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ABSTRACT 

This thesis investigates the application of fundamental indexation strategy on the Baltic 

Stock Exchange. Differently from the capitalization-weighted indices, which tend to overweight 

overvalued stocks and underweight undervalued stocks, fundamental indices are constructed using 

firm-specific accounting measures. Past research has demonstrated that the fundamental indices 

have provided superior performance compared to the traditional capitalization-weighted indices on 

many international stock markets. Furthermore, studies have also shown that the fundamental 

indices excess return could be explained by exposure to active risk factors, such as value and size. 

Regardless, the fundamental indexation approach has not been tested on the Baltic stock market. 

Thus, the aim of this thesis is to study how fundamental indices perform on the Baltic Stock 

Exchange. This study uses sales, EBITDA, EBIT, net income, book equity and composite of those 

metrics as a basis of re-weighting the cap-weighted OMX Baltic Benchmark Gross Index. 

Consequently, a back test is conducted over the period 2006-2016 and the hypothetical past returns 

of the fundamental indices are then compared against the historical returns of OMX Baltic 

Benchmark GI. The results of back testing confirm the superior performance of the fundamental 

indices against the OMX Baltic Benchmark Gross Index, both regarding the relative return and 

risk-adjusted return. In addition, the conducted Fama-French-Carhart four-factor analysis confirms 

fundamental indices’ active exposure to the value factor, but not for the size and momentum factors. 

After adjusting for these risk exposures, fundamental indices still provided statistically significant 

alpha. Thus, fundamental indices should be preferred by the investors on the Baltic stock market. 

Journal of Economic Literature (JEL) classification: G11 – Portfolio Choice, Investment 

Decision, G15 – International Financial Markets, G17 – Financial Forecasting and Simulation  

Key words: fundamental indexation, alternative weighting, performance evaluation, stock market 

indices, Fama-French-Carhart multifactor model, the Baltic Stock Exchange, value investing 
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INTRODUCTION 

Fundamental indexation has become one of the latest trends in the world of investment 

strategies.  The main idea behind the concept is the inefficiency of market capitalization weighted 

indices, which can be outperformed by alternatively weighted indices, as the market cap weighted 

indices overweight overpriced assets and underweight undervalued assets. Although it is a fairly 

new phenomenon, the industry has grown rapidly and the underlying idea has evolved into other 

alternative weighting strategies (smart beta, optimization based weighting etc.). This remarkable 

development has taken place as on the one hand these approaches provide low-cost passive index 

tracking, whilst on the other hand promise to deliver excess return over the benchmark market 

index. Although fundamental indices are widespread in foreign markets, they are still less known 

in the Baltic States, mainly because there are no fundamental indices available for the Baltic stock 

market and no research has been conducted regarding this alternative indexation strategy on the 

Baltic Stock Exchange. Therefore, this master’s thesis offers valuable information about the 

effectiveness of fundamental indexation in less developed stock markets, and also acts as a detailed 

insight for the Baltic market participants. 

This thesis mainly relies on the Arnott, Hsu and Moore’s pioneering study “Fundamental 

Indexation” published in 2005, which demonstrated that fundamentally weighted indices (i.e. 

indices which use firm-specific accounting measures as a basis of assigning weights, instead of 

market capitalization) strongly outperformed the capitalization weighted S&P500 index. Further 

research papers have similarly confirmed such superior performance of fundamentally weighted 

indices in other stock markets. Nevertheless, studies have also proved that fundamentally weighted 

indexation’s outstanding performance is not due to its ability to systematically take advantage of 

market mispricings, but rather due to the fact that excess return comes from the increased risk 

exposure to stocks with low price-to-book values and small capitalizations, which have historically 

shown superior performance.  
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The aim of this thesis is to evaluate how indexation strategies based on fundamental 

weighting perform on the Baltic Stock Exchange. The following research questions are 

investigated:  

 how does the performance of index-portfolios constructed by fundamental indexation 

approach compare to the capitalization weighted OMX Baltic Benchmark Gross Index 

performance in relative terms over the observation period? 

 what are the risk and return characteristics of the fundamental indices compared to the 

OMX Baltic Benchmark Gross Index? 

 what are the risk factor exposures of the fundamental indices, if any? 

In order to achieve the objective of this thesis, a back test is conducted to simulate the 

performance of different fundamental indices over the period 01.07.2006-31.03.2016, whereas no 

realized future information is taken into account at a given time and the investment decisions are 

solely based on information available at the time of rebalancing. This assessment should give us 

objective results on how the fundamental indexation approach would have performed through time 

and provides necessary data for comparing alternatively constructed indices to the market 

capitalization weighted index OMX Baltic Benchmark Gross Index. Based on the calculated data 

an evaluation of return, risk, and risk adjusted return is done; which thus allows to make a 

conclusion about the efficiency of fundamental indexation on the Baltic stock market. Also, to 

decompose the factor returns of the alternative indices, a Fama-French-Carhart four-factor model 

is used. Overall, the following initial hypothesis are set: 

 fundamental indices will outperform the capitalization-weighted market index OMX 

Baltic Benchmark GI, 

 fundamental indices will have better risk adjusted return compared to the capitalization 

weighted market index OMX Baltic Benchmark GI, 

 fundamental indices are more resilient during market downturn and will have lower 

downside risk and maximum drawdown, 

 fundamental indices experience positive value and size, and negative momentum factor 

tilts and the outperformance is insignificant when adjusted for these factor exposures. 

The object being researched is the OMX Baltic Stock Exchange, specifically the OMX 

Baltic Benchmark Gross Index and the fundamentally re-weighted indices based on the index. The 
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period of observation is 01.07.2006 – 31.03.2016, while the rebalancing takes place in each year’s 

1st of July. The data used for this research is taken from Nasdaq Baltic web page and Bloomberg 

database. This thesis will provide a noteworthy contribution to an otherwise poorly understood and 

researched fundamental indexation strategy on the Baltic Stock Exchange. Ultimately, this is a 

pioneering study of alternatively weighted indices in the region and will contribute to investor 

education. 

This thesis has been divided into four chapters. The first chapter introduces the concept of 

fundamental indexation, along with the disputes for and against the market capitalization index. It 

also gives a theoretical background of risk and return models.  

The second paragraph presents previous studies and findings regarding the fundamental 

indexation technique.  

The third paragraph gives an overview of the methodological approach to this thesis. 

Firstly, an explanation is given about the construction methods of the fundamental indices. 

Secondly, measures to evaluate the risk adjusted return characteristics of the indices are introduced.  

The fourth paragraph focuses on the results of the analysis conducted. Firstly, a brief 

overview of the results of the back tested fundamental indexation strategies is presented. Later the 

paragraph proceeds to a deeper period-by-period analysis and factor modelling, along with 

discussion of the results and comparing them to previous studies.  Lastly, main conclusions and 

further suggestions for future work are given. 

The author of this thesis would like to thank his supervisor Mr Fabio Filipozzi for providing 

invaluable advice, support and guidance throughout the course of writing this thesis. 
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1. THEORETICAL BACKGROUND  

Over the past years fundamental indexation has become increasingly popular among 

investors. The core concept lies in the sub-optimality of the capitalization weighted indices, which 

ultimately leads to a conclusion that instead of regular cap-weighted market indices, investors 

should invest in indices with alternative weighting schemes based on accounting measures, as in 

theory and practice this alternative weighting has shown to provide better risk adjusted return. 

Although the underlying idea of alternative weighting is simple and elegant, and many 

studies have indeed emphasised both the inefficiency of market portfolio and outperformance of 

alternative index strategies, there has also been significant criticism of this new theory. For 

example, past studies have shown that fundamental indexation captures well-known factor 

premiums (e.g. value and size), but after adjusting for these loadings, it does not generate 

statistically significant excess return compared to the market. 

The following chapter compiles and contrasts different theories and studies in order to 

provide a comprehensive understanding of the fundamental indexation concept. Primarily, since 

the fundamental indexation theory directly opposes capitalization-weighted market indices, an 

analysis is done regarding the role and feasibility of capitalization weighting. Secondly, the theory 

behind fundamental indexation concept is presented. The last part of this chapter focuses on risk 

and return models. 

1.1. Stock market indices and the central role of capitalization weighting 

A financial index is an aggregated measure of the financial market dynamics, which is 

calculated from the prices of stocks, bond or other financial instruments, and is used to measure 

movements of the capital market. (Blanchard, 1997, 174) Financial indices reflect the current 

condition and future outlook of economy. In addition, they are used by investors as a benchmark 
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to measure their portfolio return against the overall market return and are also used as a benchmark 

in asset allocation process (Amenc et al 2006). 

Indeed, the majority of indices published follow the market capitalization weighting 

scheme (also known as market value weighting). For example market indices such as S&P 500, 

FTSE, DAX and OMX Baltic Benchmark are all based on market capitalization weighting. 

Capitalization weighted indices assign weights to companies according to their market value, i.e. 

the weight of a security is dependent on the company’s market value and is expressed as a 

percentage of total sum of market values of all companies in the index. Inherently, the more 

valuable companies would make more of a difference to the index as compared to a company with 

small market capitalization. To measure percentage changes in the index, one has to compare the 

aggregated market value of an underlying securities’ portfolio in time 1 to a reference period 

aggregated market value of the underlying portfolio in time 0. Capitalization weighted index value 

change can mathematically be expressed as (Index Mathematics 2015, 6):  

∆Index =
∑ Pi1Qi0i

∑ Pi0Qi0i
 

where, 

Pi1 –  the price of each stock at time 1 in the index, 

Qi0– the number of shares used in the index calculation. 

To understand the central role of market capitalization weighted indices in today’s 

investment world, one has to turn to the capital asset pricing model (CAPM) as it is the intellectual 

foundation of market-cap weighted indexing. The financial world has relied on the capital asset 

pricing model already for more than half a century. Although the concept has its flaws1, no other 

method of asset pricing has been as widespread and recognized. The history of CAPM dates back 

to 1960’s when the eventual winner of the Nobel Prize in Economics William F. Sharpe (1964) 

and John Linter (1965) published their research on asset pricing, namely on the relationship 

between the expected return and the systematic (market) risk. The theory was built on Markowitz’s 

(1959) mean-variance model, in which the general idea is choosing between optimal portfolios (i.e. 

                                                 
1 For example see  Roll (1977), Markowitz (2005) and Dempsey ( 2013) 

(1.1) 
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portfolios providing the maximum expected return on given variance level or portfolios having the 

minimum variance on the given level of the expected return), with the assumptions of the risk 

aversion of the investors and their only preference being the mean and variance of their investment 

return (Markowitz 1959). 

In essence, the Sharpe’s idea of portfolio selection under CAPM is simple: assuming the 

presence of borrowing and lending the risk-free asset, all investors see the same opportunity set 

and they choose the same tangency portfolio (portfolio T on figure 1). The ground-breaking 

conclusion is that investors are not required to construct their portfolio based on Markowitz mean-

variance analysis, but all investors would rather invest in the market portfolio in combination with 

risk-free asset, depending on one’s risk tolerance. What’s more, because all investors hold the same 

portfolio of risky assets, the market portfolio must be the value-weight market portfolio of risky 

assets in which each asset has a weight of the total market value of all outstanding units of the asset 

divided by the total market value of all risky assets. Therefore the market portfolio is capitalization 

weighted. (Fama and French, 2004)  

 

Figure 1. Portfolio selection under CAPM with presence of risk-free borrowing and lending 

Source: (Fama and French (2004, 27)) 

Mean-variance-

efficient frontier 

with a riskless asset 

Minimum variance 

frontier for risky assets 
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Eventually the Sharpe’s CAPM framework asserts that investors own the mean-variance 

optimal portfolio of risky assets by holding the market portfolio. This ultimately means that an 

investor cannot hold a more efficient portfolio than one based on market capitalization and the 

passive investor cannot earn higher return than the market portfolio. It is also interesting to note 

that because all holdings of investors aggregate to the market portfolio (i.e. for every investor who 

is overweight in a security, another is underweight in that same security and vice versa), investing 

is a zero-sum game at most. After fees and transaction costs, the average investor who differs from 

capitalization weights must thus underperform the market portfolio and investors absent of skill in 

assessing active strategies should hold the cap-weighted market portfolio. (Perold 2007) 

Fama (1970) made the same conclusion in his efficient market hypothesis (EMH) theory, 

which states that investors cannot beat the market index as market prices fully reflect all available 

information and therefore the share value reflects the fair value of the stock at any given point in 

time. Consequently investors should settle with a cap-weighted market portfolio, whereas a 

superior return compared to the market could only be achieved by pure chance or by taking higher 

risk.  

Nevertheless, one should notice that even though holding market capitalization weighted 

portfolio makes sense from an average investor’s point of view, it does not automatically mean 

that it is the best solution for an individual investor, i.e. by definition one can outperform the market 

at someone else’s expense. This of course requires alternative weighting exposure compared to the 

cap-weighted market index. 

1.2. The (in)efficiency of capitalization-weighted indices in practice 

The key point of the previous sub-chapter was that if CAPM is true in practice, the passive 

investor cannot earn higher return than the market-cap weighted index and if so, there is no reason 

why alternative index weighting schemes should be better. There is plenty of past empirical 

evidence both to support and reject the efficiency of market portfolio, however, the majority of 

more recent studies tend to disprove CAPM and the hypothesis of capitalization weighted 

portfolio’s optimality. This therefore hints to the fact that alternative weighting schemes could be 
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more efficient. For example, Haugen and Baker (1991) constructed low-volatility portfolios with 

no short selling and cap restrictions based on Wilshire 500 index constituents, and concluded that 

during the period of 1972-1989 there were equity portfolios with equal or greater return and lower 

risk level than the market index. Additionally, research papers presented by Zhou (1991) and 

Gibbons et al (1989) used likelihood-based tests to reveal that the market value weighted NYSE 

stock portfolios are not efficient. Furthermore, Basak et al (2002) introduced a new geometric test 

to approach the optimality of market portfolio. They evaluated the horizontal distance between the 

value weighted index of stocks traded on the US stock exchanges and the efficient frontier, and 

discovered that the market portfolio is significantly inside the frontier, thus rejecting the CAPM. 

Brière et al (2012) developed a new vertical distance test for evaluating the market portfolio mean-

variance efficiency, their calculations resulted in the finding that US equity capitalization weighted 

portfolios were inefficient. 

Figure 2 graphically concludes the aforementioned sub-optimality of market-cap index both 

for the US (1963-2008) and European (1993-2008) stock market. As one can see, the market 

capitalization weighted (MC) index has not been the most efficient index as expected by CAPM, 

vice versa, compared to alternative weighting schemes, it has performed really poorly.  

 

Figure 2. Graphical representation of risk and return of differently weighted indices2 

Source: (Choueifaty (2010, 28)) 

                                                 
2 MC – market-cap weighted  index (S&P 500 / Dow Jones EuroStoxx Large Cap index), EQ – equally weighted 

index, MV – minimum variance, AB – anti-benchmark; the efficient frontier is illustrative only 
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Nevertheless, in the paper published by Levy and Roll (2010) a “reverse engineering” 

method was used to show that in order to make the market portfolio mean variance efficient (i.e. it 

will lie on the efficient frontier) only small changes are required in the sample means. Because the 

differences between sample means and true ex ante means fall within the allowed range, Levy and 

Roll thus conclude that the efficiency of market portfolio cannot necessarily be rejected. (Levy and 

Roll, 2010). 

Roll (1977) was amongst the first who argued that market efficiency cannot be actually 

measured, and stated that the market portfolio is not recognizable at all as it should not just hold 

tradable financial assets, but every marketable risky asset, including real estate, collectibles, 

durable goods and even human capital. This broad market portfolio is most likely mean variance 

efficient, but an equity portfolio consisting of all stocks on a given market may not be a good proxy 

for the market portfolio and therefore might not be optimal (Roll 1977).  

Although it seems that the consensus tends to reject market portfolio’s efficiency, some 

positive effects can be found from capitalization based weighting. Arnott et al (2005, 84) list the 

following benefits of cap-weighted market portfolio: 

 capitalization based weighting is a passive strategy, which requires no or only little 

active management and therefore no active management fee, 

 cap-weighted portfolios are automatically rebalanced as security prices fluctuate. There 

is no rebalancing cost associated, 

 cap-weighting assigns the greatest weights to the largest companies. Since market 

capitalization is highly correlated with liquidity, cap-weighting ensures that the 

portfolio is mostly invested in highly liquid stocks, thus reducing expected portfolio 

transaction costs, 

 under a “standard” interpretation of the Capital Asset Pricing Model, a broad-based cap-

weighted portfolio (a “market portfolio”) is automatically Sharpe Ratio maximized (or 

mean-variance optimal). 

Moreover, Tabner (2012) provides evidence in his research that in the case of extreme 

negative shocks, the biggest index constituents reveal lower than average covariance, which in turn 

reduces index volatility and leads to a better risk adjusted return. Furthermore, Philips (2011) 

argues that market indices are intended to gauge the overall state of the market and therefore should 
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be capitalization weighted. Then, the researcher in question adds that market-cap weighted indices 

echo the consensus assessment of each company’s value at any given moment. Thus, due to the 

fact that the new information affects the price of securities instantaneously (assuming efficient 

markets), the continuously updated market index gives an indication of how a market as a whole 

is performing and reflects the structural and risk characteristics at any given point in time (Philips 

2011).  

However, as the empirical evidence for CAPM is rather poor, the underlying assumptions 

of CAPM are impractical in real life, and although market portfolio has some positive 

characteristics, the author tends to agree with the researchers, who find that the equity market 

portfolio is not a good proxy for a market portfolio in CAPM sense and therefore alternative 

weighting schemes might provide better risk adjusted return. The author does not reject CAPM 

itself, rather opposite: it is a well-designed model providing great understanding about market 

behaviour, but as Fama and French (2004, 25) put it: “it is, after all, just a model”. 

Furthermore, apart from the invalidity of CAPM, the main claim against the capitalization 

weighting approach is that it inevitably invests more in overvalued stocks and less in undervalued 

stocks. It is essential to highlight that this approach intrinsically assumes that markets are not 

efficient and that the price of the security does not reflect the fair value of a security at given point 

of time, as expected by EMH, but rather the prices are mean reverting (e.g. over time overvalued 

stocks depreciate and undervalued stocks appreciate). Already Shiller (1981) confronted the 

efficient market pricing theory by showing that stock price movements were many times larger 

than could have been justified following the real changes in the expectations of dividend payments, 

i.e the stock prices overreacted more than the changes in fundamental values should suggest. Also, 

Brainard et al (1980) determined that stock price movements are more sporadic than the underlying 

changes in expectation on future cash flows or interest rates would predict. 

In essence, the weight of a security in a given market capitalization index is equal to:  

wi
M =

QiPi

∑ QjPj
N
j=1

 

where, 

w –  weight of the security in an index, 

(1.2) 
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Q –  quantity of i-th  security in the index, 

P  –  price of i-th  security in the index. 

Interpreting formula (1.2), ceteris paribus, if the price of a security increases, the weight of 

a corresponding security will also increase (and vice versa). Subsequently, both Treynor (2005) 

and Hsu (2006) showed that in the presence of mean-reverting random pricing errors, that is to say 

when stock prices are inefficient and thus do not fully reflect companies’ fair value (i.e. prices are 

noisy as presented by Shiller (1981) and Brainard et al (1980)), market capitalization weighting is 

a sub-optimal solution. As overvalued stocks will have higher market capitalization than their fair 

equity value and respectively undervalued stocks will have smaller capitalizations than their fair 

equity value, a capitalization weighted portfolio allocates on average more weights into overvalued 

stocks, whereas shifting weights away from undervalued stocks. Given that these pricing errors are 

not infinitely persistent, stock prices will eventually move toward fair value over time and a 

capitalization weighted portfolio would show greater decline in its value than other non-cap-

weighted portfolios due to its large exposure to stocks with positive pricing errors. (Hsu 2006). 

Figure 3 graphically represents the concept of mean reverting valuation in the context of pricing 

errors. 

 

Figure 3. Graphical representation of the concept of noisy prices and mean-reverting pricing errors  

Source: Compiled by the author 

P
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value over time 
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capitalization weighted approach 

assigns more weight to the index 
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Hsu (2006) illustrated this idea with a simple model example, whereby he assumed there 

are only two stocks on the market, both of which having a fair fundamental value of $10 (which is 

not known by the investor). Furthermore, he assumed that the market prices are noisy, and there is 

50%/50% of stock to be $2 undervalued or overvalued (i.e 20% of noise in the price). Investors 

cannot know which of the stock price is over- or undervalued as the expected mispricing is zero. 

The return of equity of the securities is assumed to be identical (10%) for simplicity. The cap-

weighting approach assigns 60% weight to the overvalued sock and 40% to undervalued stock, 

whereas based on fair value it would be 50%/50%. Consequently, even assuming the mispricing 

continues, after one period the capitalization weighted portfolio return would be 10%, whereas a 

fair value weighted portfolio would yield 10.42%. Hsu concluded that the drag is clearly coming 

from how the market capitalization weighting approach is assigning weights to over- and 

undervalued stocks and advised using weighting methods that do not depend on the market 

capitalization. (Hsu 2006) Hsu’s model is challenged by Perold (2007), who proves that 

capitalization weighting does not actually have a drag since cap-weighting does not change the 

likelihood of stock being over or undervalued. From an investors point of view, ex ante the $8 

could be overvalued and the $12 undervalued, and with this assumption the expected return of the 

equal and cap-weighted portfolio is identical. Although it should be noticed that this model also 

assumes price correction between periods. Nevertheless, Perold did not reject Hsu’s claims, and 

much like Hsu, he drew attention to the fact that a new metric should be found that could estimate 

the fair value of stock more precisely than the market price. (Perold 2007) 

The aforementioned inherent behavioural pattern of a capitalization-based index 

systematically skews the index; with increased investments in overvalued securities compared to 

undervalued securities. The consequence of this would be that investors would invariably end up 

with the greatest exposure in any stock, sector or bond at the top of a bubble, and marginal exposure 

at the bottom of the cycle. For example, during the internet bubble, IT-stocks made up ca 30% of 

S&P500, with no fundamental metrics supporting such a high valuation, whereas after the market 

crash the proportion was under 20%, and subsequently investors suffered massive losses. One 

could dispute that returns during a market boom could counterbalance the losses from downturn, 

but such high volatility will result in unfavourable risk-adjusted return.  
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1.3 . Fundamental indexation – a new paradigm of investing? 

As previously examined, the capitalization-weighted stock market index holds a distinctive 

place in the modern day investment world for several fundamental reasons, but it also has its 

drawbacks. To this length, a new theory of finance – so called “fundamental indexation” – has been 

introduced, which provides convincing evidence that holding stocks in proportion to their 

accounting or economic measure is a superior investment strategy.  

In 2005 Arnott et al published a study on fundamental indexation, showing that non-

capitalization weighted indices based on companies’ fundamental factors (such as revenue, equity, 

dividends, cash flow and employees) provided better return and lower risk than market 

capitalization weighted index in the US market over a 40 year period. According to Arnott et al, 

this approach gave a better measure of the company’s economic scale and was less sensitive to 

changes in companies’ stock prices, which overstate the real changes in underlying fundamental 

values3. They also added that any price deviation from true fair value leads the cap-weighted 

approach to underweight all undervalued stocks and overweight all overpriced stocks at the time, 

whereas the value indifferent (fundamental) strategies are not subject to these pricing errors and 

therefore will not experience the performance drag. (Arnott et al 2005, 96) 

Fundamental indexation assigns the weights of the companies in the index according to a 

firm-generated specific measure, e.g. sales, EBITDA, book value or earnings instead of 

conventional market capitalization, mathematically expressed as (Arnott et al 2005):  

XAccounting Size,i =
AccountingSize i

 ∑ Accounting Sizei
N
i=1

 

 

As those fundamental accounting sizes are correlated with market capitalization, 

fundamental indexation preserves the benefits of the market capitalization based indices, whilst 

providing superior return. Arnott et al (2005) claimed that as the weights are still concentrated 

rather on large-cap stocks, the fundamental indices had comparable liquidity and capacity level of 

traditional cap-weighted index. Furthermore, the volatility of the indices were identical to cap-

                                                 
3 e.g  prices are too volatile (noisy) relatively to fundamentals as argued also by Shiller (1981), Brainard et al 

(1980)), Treynor (2005), Hsu (2006). 

(1.3) 
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weighted indices and their CAPM betas were 0.95-0.96; as a consequence it was concluded that 

the characteristics of fundamental indices are highly identical to market cap-weighted index. (Ibid.) 

In essence, fundamental indices lie on an intersection between beta (broad market 

performance) and alpha4 (outperforming the broad market): the fundamental idea is to have a 

passive index-like strategy with the same market exposure compared to traditional cap-weighted 

index, but making the alternative indices more efficient by improving the underlying constituents 

weighting scheme and thus provide market outperformance (figure 4). (As discussed in sub-chapter 

1.2 market portfolio might not be the optimal choice for investors from risk-reward perspective).  

 

 

Figure 4. Relationship between passive management, active management and fundamental 

indexation  

Source: Compiled by the author 

It is true that fundamental indices in this form are highly appealing: providing passive 

index-like investing while delivering excess return over market index with less volatility and 

comparable market risk level in CAPM sense. Nevertheless, following the publishing of this novel 

approach to indexation, it was met with criticism from academics. Some of the criticism included 

the invalidity of noisy and mean-reverting prices assumption, arguing that the capitalization 

weighted approach does not change the likelihood that the stock is over- or undervalued. (Perold 

2007). Some have disputed that strictly speaking an index, per se, can only be cap-weighted as 

                                                 
4 Alpha is the excess return over benchmark index, usually referred regarding active management. The concept was 

firstly introduced by Jensen (1968) in his work to describe the abnormal return of the mutual funds which was not 

wholly explained by CAPM, i.e. the excess return over expected return forecasted by CAPM. 
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otherwise investors start distorting prices of securities (e.g buying too much small illiquid stocks) 

(Asness 2006). Also, the back-testing of fundamental indices did not include fees, costs, and taxes, 

which could lead to an underperformance on a net level, not to mention back-testing itself has a 

rather notorious reputation of working in theory, but not so much in practice. Furthermore, many 

researchers claimed that the fundamental indexation is nothing more than a value strategy, as the 

constituents weights difference of fundamental indexation from market capitalization based 

weighting method arises from differences in valuation ratios (Jun and Malkiel 2008, Blitz and 

Swinkels 2008). Besides, fundamental indexation was deemed to be more similar with an active 

strategy than passive indexing. (Ibid.).  

On the other hand, proponents of the strategy claimed it is more about rebalancing, 

capturing the price inefficiencies and contra-trading the market, which provides the excess return 

(Arnott et al 2005, Chow et al 2011). Kaplan (2008) argues that since the variances of market’s 

value errors on which the fundamental indexation theory are mostly based on are empirically 

unobservable, there is no definite formal proof that the fundamental indexation’s performance is 

superior compared to the market capitalization weighting; nor can be claimed that fundamental 

indexation is inferior to capitalization weighting. (Kaplan 2008, 35). Furthermore, he adds that 

although the cap-weighting approach takes into account expected growth and risk, it contains 

weighting errors if prices are noisy. Similarly, fundamental weighting holds a weighting error as it 

overlooks the expected growth and risk. Indeed, both of the weighting schemes produce an error, 

but the better weighting scheme is the one which has less severe weighting error (Kaplan 2008, 

33).  

1.4. Explaining risk and return: from CAPM to multi-factor models 

It is generally understood, that higher returns are achieved by taking higher risk. In order 

to analyse and understand the sources of excess return, one has to familiarise himself with the 

concept models of risk and expected return. This is especially important for analysing the 

fundamental indices, which promise to outperform market-cap based indices, whereas studies have 

shown that the outperformance could be attributed to taking additional risk factor exposure. 
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There are several risk and return models in finance, but they all have some mutual 

assumptions concerning risk.  Firstly, they all define risk as a variance in actual returns compared 

to an expected return; hence, riskless investment’s actual returns are always equal to the expected 

return. Secondly, risk must be measured from the perspective of the marginal investor, whose 

portfolio is well-diversified. Therefore, one should measure and be compensated only for the risk 

that an investment adds to a diversified portfolio.  This conceptual identification of risk allows us 

to classify the risk in any investment into two distinctive components: 1) a firm-specific component 

that incorporates risk that is only inherent to that investment, 2) a market component that includes 

systematic risk that affects a large subset or all investments. It is this second, systematic risk, which 

from investor’s perspective, is not diversifiable and should be rewarded. Whilst all risk and return 

models agree on this difference, they ultimately differ in the approach of how to measure this 

market risk.  (Damodaran 2012) 

CAPM asserts that the expected return of a security is explained by the risk-free rate 

(essentially a time value of money for the investor) and total risk premium (formula 1.4). The total 

risk premium is attained by multiplying equity risk premium with beta. It is this beta, which reflects 

the (broad) market risk – it is a market movement measure, which is calculated by dividing 

covariance between the market and security return by the variance of the market. It is clear that the 

market portfolio’s beta is equal to 1, whereas riskier assets have higher beta and less risky asset 

lower beta. The securities expected return is expressed as: 

Re = Rf +  β(Rm−Rf) 

where, 

Re   – expected return of stock, 

Rf   – risk-free rate, 

β   – market and security return’s covariance divided by the variance of the market, 

Rm−Rf – equity risk premium. 

 

Firstly, as is the case with every theoretical model, CAPM is founded on simplified 

assumptions, which exist only in the perfect world5. Secondly, many studies have shown that in 

                                                 
5 inter alia (1) all investors have homogeneous expectations about asset return and risk, (2) all investors are rational, 

(3) markets are perfect (e.g no transaction costs and no costs of acquiring information), (4) there are no investment 

(1.4) 
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reality beta is a poor proxy for explaining the return of a security. Reiganum (1981) presented that 

the smaller the capitalization of a firm the higher the abnormal return forecasted by CAPM, which 

by itself is inconsistent with the CAPM’s single systematic risk factor (beta) and expected return. 

Lakonishok and Shapiro (1986) concluded in their empirical research that beta could not explain 

the cross-sectional variance in returns and why the relation between average return and beta is more 

flat than expected by the CAPM. These results ultimately challenge risk and return framework of 

CAPM.  

In the competing risk and return models, such as the arbitrage pricing (APT) and multi-

factor models, betas are estimated against individual market risk factors, where each factor has its 

own risk premium. This approach assumes that beyond systematic market risk, there are other risk 

factor exposures that explain the return of a security. These so called “additional risk premiums” 

were first presented by Fama and French (1992) in a research paper based on the US stock market, 

which showed the risk and returns of stocks are multidimensional and also dependent on the size 

and book-to-market equity (B/M) variables. Their research showed that smaller companies and 

stocks with high B/M ratio (i.e. value stocks) tend to outperform stocks with bigger capitalization 

and lower B/M ratio (i.e. growth stocks). Fama and French were not specific about why B/M 

measures risk, even though a potential explanation would be that high book/price ratio represents 

stock which is distressed or a capital intensive company, making it more exposed to low earnings 

during economic downturns. The difference of return dependent on size was explained by the small 

company premium. (Fama and French 1992) 

Carhart (1997) added an additional factor to the multi-factor model: momentum. He 

discovered that momentum (i.e. the return of the stock in previous year) was a good variable 

explaining the return of mutual funds’ performance. The intuition to momentum could be 

somewhat following: market capitalization indicates where investors have been putting their 

money for a long period of time, whereas momentum reflects where it has been recently invested; 

                                                 
constraints (no limits on borrowing or lending, no short-selling restrictions, no upper bounds on holdings), (5) there 

is a risk-free asset, which is borrowed or lent at identical rates, (6) all investors maximize mean/variance utility 

functions over a common investment horizon and are risk-averse etc (Sharpe 1964) 
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therefore the momentum factor allows to capture the trend of the market. The adjusted Fama French 

three-factor model with momentum factor can be expressed as follows (Carhart 1997, 61): 

Rp − Rf =  α + β1(Rm −  Rf) + β2(HML) + β3(SMB) + β4MOM +  ε 

where, 

 

Rp – Rf  –  portfolio return minus risk-free rate, 

Rm – Rf  –  market return minus risk-free rate, 

HML   –  High minus Low, excess return of value stocks, 

SMB   –  Small minus Big, excess return of small stocks, 

MOM  –  Momentum, excess return of stocks performed better in the past year. 

 

Furthermore, previous research has confirmed the return-predictability of the same size, 

book-to-market and momentum variables in the European markets. Examples of said research 

would be (amongst others): Amel-Zadeh (2011) for the size effect, Bauer et al (2010) for the size 

and value effect, and Doukas and McKnight (2005) for the momentum effect. Rouwenhorst (1999) 

also confirmed the presence of size, value, and momentum effects in emerging markets. Lieksnis 

(2010 and 2011) also found the value, size and momentum effect existent in the Baltic market. 

The common findings in the aforementioned examples could be summarized as follows: 1) 

small stocks outperform large stocks, 2) value stocks outperform growth stocks, and 3) stocks 

exhibit momentum (stocks which have done well in the past are more likely to outperform the 

market in the future). The discovery of such factors facilitates the explanation why fundamental 

indexation offers superior returns compared to market capitalization based indices6, i.e. in addition 

to systematic market risk, fundamental indices have more exposure to systematic risk factors (i.e. 

size and value), which have been shown outperformance in the past, and which consequently 

explain the excess return of those alternatively constructed indices. This results in a positive impact 

on the indices’ return, but at the same time they alter the risk profile of the index to be more risky 

and, after adjusting for those factors, alternatively weighted indices could yield an insignificant or 

even negative alpha. 

                                                 
6 E.g Jun and Malkiel (2008), Blitz and Swinkels (2008), Chow et al (2011) 

(1.5) 
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2. PREVIOUS STUDIES ON FUNDAMENTAL INDEXATION: METHODS 

USED AND EMPIRICAL RESULTS 

 

It was concluded in the first chapter that the market capitalization based index is not mean-

variance efficient and has a bias towards overvalued stocks. Therefore, alternatively constructed 

indices should offer higher return with same or lower level of risk, or better risk adjusted return. 

This chapter analyses the results and conclusions of the previous studies related to the fundamental 

indexation and summarizes the findings.  

2.1. Previous findings on fundamental indexation 

Arnott et al (2005) proposed the fundamental indexation idea in 2005 when they published 

a research paper with the same title. Arnott, Hsu and Moore employed six alternative company size 

variables (book value, trailing five-year cash flow, trailing five-year average revenue, trailing five-

year average sales, trailing five-year gross dividends and employment) to construct the metrics 

weighted index-portfolios and back-tested7 the hypothetical return against the S&P 500 over the 

period 1962-2004. They found that on average the annual return of the alternatively weighted 

indices over S&P500 index was 1.97%. The lowest outperformance was recorded for the dividend 

weighted index with an average return of 1.66% over the market, whereas the highest 

outperformance was for the reference portfolio weighted with sales, yielding on average 2.56% 

p.a. more than the market capitalization weighted market index. What’s more, Sharpe ratios (0.44 

vs 0.32) and information ratios (0.47 vs 0.12) were significantly higher for the fundamental indices 

than for the overall market portfolio. (Arnott et al 2005) 

                                                 
7 no trading costs were assumed  
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Arnott, Hsu and Moore concluded that the excess return of the fundamental index-portfolios 

over the S&P 500 could have arisen from 1) superior portfolio construction methodology, 2) price 

inefficiency, 3) additional exposure to distress risk or 4) a mixture of the three. Whatever the cause, 

the fundamental indices were essentially more mean-variance efficient than standard cap-weighted 

index and the exact choice of weighting metrics and the number of financial metrics chosen did not 

result in statistically different performances in the long run. (Ibid.) 

Back-testing based analysis using historical stock market data has also suggested the 

superiority of fundamental indexation both in Europe and Asia. Hypothetical return statistics from 

1987 through to 2005 have shown that fundamentally weighted indices have outperformed 

capitalization-weighted indices in Greece, Ireland, France, Switzerland, Germany and Denmark by 

over 200 basis points per annum, and the outperformance in Japan has been more than 300 basis 

points a year. (Jun, Malkiel 2008). Additionally, Hemminki and Puttonen (2008) found that the 

fundamental indexation strategies in Europe outperformed DJ Euro Stoxx 50 Total Market index 

by 2%, with all strategies showing better risk-adjusted return. The researchers concluded that the 

best indexation strategy was book value and dividend-weighting, or a composite metric. 

Furthermore, Houwer and Plantinga (2009) expanded the Hemminki and Puttonen (2008) 

European stock universe research and re-weighted the DJ Stoxx 600 index constituents by 

fundamental measures. The analysis demonstrated that during the period of 1993-2007 the 

performance of fundamental indices was annually 2.4 percentage points superior compared to the 

broad-based DJ Stoxx 600 index. 

Recalling the Fama-French-Carhart model (equation (1.5)), the excess return against the 

market could also be attributable to size, value and momentum factors. Thus, the superior return 

achieved from the back testing against the benchmark index could potentially have stemmed from 

the higher exposure of fundamental indices for those factors, eventually resulting in additional risk 

beyond that of simple market risk – thus hypothetically giving rise to no significant alpha. Arnott 

et al (2005) stated that the fundamental indices overweight value stocks, but at the same time it 

could also be seen as the market capitalization indices overweight growth stocks. They admitted 

that fundamental indices have value (and to a lesser extent size) exposure and after adjusting for 

these factors, they had an estimated alpha of -0.1 percentage. Nevertheless, the researchers argued 
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that they were not looking for Fama-French alpha per se and most pure value strategies they 

examined had even lower alpha. 

A number of studies have also shown the higher performance of fundamental indexation 

over capitalization weighted indices is fully explained by positive value and size factor tilts, for 

example Jun and Malkiel (2008), Blitz and Swinkels (2008) for the US market and Estrada (2008) 

for international markets. Furthermore, Amnec et al (2011) research showed that fundamental 

indices in the US and global markets experienced positive value tilt, whereas interestingly, the US 

fundamental index experienced negative small cap exposure. This was explained as being related 

to the fact that Fama-French factors were calculated for the whole US stock universe, whereas the 

study was done in S&P500 universe, which inevitably has big cap bias compared to all US stock 

universe. However, in their later research Arnott et al (2010) concluded that even after adjusting 

for the four-factor model, fundamentally weighted global stock index strategies showed 

statistically significant alpha at 5% confidence level. The statistically significant positive Fama-

French alpha was also confirmed a year earlier by Houwer and Plantinga (2009), who also found 

the excess return present in the European market and conclude that fundamental indices added 

value.  

Also, Chow, Kalesnik and Little (2011), along with Hsu, further acknowledged in their later 

studies that the superior performance of alternative indices is due to the additional significant 

exposure to value and size variables. Similarly to Arnott et al (2005), they found that fundamentally 

weighted index models for the US stock market yielded a 2.14% annual outperformance with 

slightly higher standard deviation than market index. What’s more, global stocks outperformed the 

MSCI World Index annually by 3.5% over the period of 1987-2009, while showing slightly lower 

volatility than the market index. Nevertheless, the adjusted four-factor return decomposition model 

showed that not one of the U.S. or global fundamental indexation strategies displayed a statistically 

significant alpha compared to the market index, whereas they both experienced statistically 

significant positive value and size factor tilt. Nevertheless, Chow et al (2011) argue that the absence 

of four-factor alpha is not surprising, as the alternative strategies are not meant to seek excess return 

in a form of proprietary portfolio construction or knowingly pursue exposure to other 

factors/anomalies. Chow et al add that even without the alpha alternative indices provide exposure 

to value and size factors of which investors could benefit from. Blitz and Swinkels (2008) on the 
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other hand claim that as fundamental indices are mainly designed for simplicity and appeal, 

capturing the value premium by fundamental indexation is unlikely to be the most efficient way. 

Estrada (2008) also concluded that investors should prefer value indices over fundamental indices 

as they provide better way to capture the value factor. Interestingly, Hsu, Kalesnik and Hurti (2010) 

proved that the most popular factor indices were actually sub-optimal due to their capitalization 

weighting methodology, and thus alternative weighting gives excess return over pure factor 

exposure. (Hsu et al 2010) 

Chow et al (2011) also concluded that rebalancing frequency did not materially affect the 

results of the test, but in short term fundamental indices are highly sensitive to the rebalancing date: 

for example in 2009 fundamental index rebalanced in March outperformed market-cap weighted 

benchmark by over 10%, while over the same year, a comparable index rebalanced in September 

displays a slight underperformance due to the exposure to value factor, which in itself is time-

varying (as argued by Blitz and Swinkels (2008)).  

Perold (2007) argued that every fundamental indexing method is likely to overweight so-

called value stocks and smaller capitalization stocks for a simple reason: during some specific 

sector market bubble the market value growth of the companies exceeds any fundamental measures 

growth, and in such a case those stocks tend to have a bigger share in the capitalization based index, 

whereas they are represented much less in fundamental indices. Consequently, fundamental 

weighting assigns more weight to companies with smaller capitalization and better value 

characteristics, such as low P/E ratio, high dividend yield, low P/B values etc8. Thus, fundamental 

indexing usually performs well in periods when value and small-cap stocks outperform. (Perold 

2007)  

Although Jun and Malkiel (2008) found that fundamental indexing outperformed the 

market, they cautioned investors not to anticipate fundamental indices to outperform the market all 

the time. They also provided evidence that the value (and size) advantage based strategies tend to 

reverse towards the mean in the long run: there have been periods in history when growth stocks 

have performed better, and vice versa. During other periods, value stocks have shown greater 

                                                 
8 The past superiority of theses value characteristics in US market can, for example, be found studies conducted by 

Lakonishok et al (1994), Loughran ja Wellman (2011) and Gray ja Vogel (2012) 
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performance than growth stocks. (Jun and Malkiel 2008) Moreover, Clare, Motson and Thomas 

(2013) demonstrated that there are periods when a market capitalization weighted index can 

outperform alternatively weighted indices over a long period of time: e.g. during the period of 

1990-2000 the US market-cap weighted index outperformed fundamental indexation models, 

whereas it lagged behind during the 1970s, 1980s and 2000s. 

It is also noteworthy that research conducted by Clare, Motson and Thomas (2013) showed 

that even randomly constructed portfolios outperformed US market during a period of 1969-2011. 

This discovery to some extent confirms that in a mean-reverting pricing error economy, the 

weighting schemes that are uncorrelated with the pricing errors provide better return compared to 

the cap-weighting, irrespective of the weighting scheme. It is important to notice that there were 

also periods when market portfolio outperformed randomly constructed portfolios, but all together 

60% of the time random portfolios outperformed market cap index in a three year period. In 

addition to this, random portfolios outperformed several fundamental-based methods, namely the 

dividend, composite and sales method (Clare et al 2013).  

Chow, Hsu, Kalesnik and Little (2011) showed that the turnover of alternative weighting 

methods is considerably greater than market portfolio’s. However, despite the high turnover 

leading to elevated transaction costs, the researchers still estimated that the transaction costs would 

not fully erode the extra return against the benchmark. From another perspective, Houwer and 

Platinga (2009, 17) concluded that based on the turnover characteristics of fundamental indices 

found in their study, fundamental indexation is neither a passive nor an active strategy.  

  Regarding the outlier and downside risk, Arnott et al (2005) found that the capitalization 

weighted index had over 7 percentage points lower minimum trailing twelve month return over the 

observed period than the fundamental indices showed on average. Furthermore, their study showed 

that the maximum trailing twelve month return was 4.5 percentage points higher for the 

fundamental indices. Analysis conducted by Clare, Motson and Thomas (2013), on the other hand, 

resulted in fundamental indices having 4-7 percentage points higher maximum drawdown than the 

market cap index and concluded that fundamental indices exacerbate tail risk. 

A summary of the results from the hitherto mentioned studies on fundamental indices is 

presented in the table 1. Table clearly shows that fundamental indices offer better performance and 
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risk adjusted return, whilst the average volatility is roughly the same as their market capitalization 

based benchmark market indices.   

Table 1. Summary of previous studies regarding fundamental indexation 

Authors 

Arnot, Hsu 

and Moore 

(2005) 

Hemminki 

and Puttonen 

(2008) 

Houwer and 

Plantinga 

(2009) 

Clare, Motson 

and Thomas 

(2013) 

Period 1962–2004 1996-2006 
1993-2001; 

2001-2007 
1969-2011 

Universe S&P 500 

Europe 

(DJ Stoxx 

50) 

Europe 

(DJ Stoxx 

600) 

US 

Method Back-testing Back-testing Back-testing Back-testing 

Measure 

book equity, 

sales, 

dividends, 

net income, 

employees, 

composite 

book equity, 

sales, 

dividend, 

cash flow, 

employees 

composite 

book equity, 

sales, 

dividends, 

EBIT, 

composite 

book equity, 

sales, dividends, 

cash flow, 

composite 

Average excess 

return over cap-

weighted 

benchmark index 

1.97% 1.74% 2.4% 1.56% 

Volatility vs 

benchmark 
+0.1 pp. -0.30 pp. -0.1 pp. +0.10 pp. 

Sharpe ratio vs 

bencmark 
0.44 vs 0.32 0.55 vs 0.48 0.79 vs 0.96 0.41 vs 0.32 

Best strategy 

(return) 
Sales Dividend Equity Sales 

Best Strategy 

(Sharpe ratio) 
Income Dividend EBIT Sales, Dividend 

Factor exposure n/a n/a 

Positive 

value and 

size, mixed 

momentum 

Positive Value 

and size, 

negative 

momentum 

Beta 0.95 n/a n/a 0.97 

Source: (Arnott et al (2005), Hemminki and Puttonen (2008), Houwer and Plantinga (2009), 

Clare et al (2013), compiled by the author) 
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2.2. Concluding thoughts regarding fundamental indexation 

Although fundamental indexation has shown superiority over a market cap index in many 

back-tested research studies, both based on excess return and adjusted risk-return characteristics, 

there are a multitude of factors, which needs to be considered:  

 Fundamental indices usually have exposure to value and size risk factors. This gives rise to 

at least four complications: 1) investors are not fully aware of which factor they are exposed 

to, and to what extent, 2) CAPM and Fama-French beta-factors are time varying (Ang and 

Kristensen 2012, Blitz and Swinkels 2008), 3) factor exposure could be captured more 

efficiently (e.g. factor indices), 4) unintended exposures: e.g. value factor leads to an 

exposure to distressed firms (Avramov et al. 2013), whereas small cap tilt to illiquid stocks. 

 Possible underperformance due to the exposure to factors, which may show poor 

performance during certain times.  

 The effect of diminishing returns: if the number of investments in the fundamental 

strategies grows, the “market inefficiencies”, which these strategies exploit will ultimately 

disappear and thus will not provide excess return. Furthermore, overcrowding could lead to 

overvaluation and inferior return.  

It is rather interesting to note that upon the examination of past back-tested studies, one 

may discover that finding a portfolio weighting scheme which has not outperformed the benchmark 

capitalization weighted market index in the long run is indeed exceptionally challenging. This 

implies that either the capitalization based market index is highly inefficient, or one should be a 

little cautious when consulting back-tested results. Thus, for an improved and unbiased view, the 

real returns of the first fundamental indexation ETF-s since inception is provided for the readers. 

Table 2 summarizes the realized returns of two fundamental indices (RAFI US and global) and 

their respective market-cap weighted benchmark indices. 
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Table 2. Selected fundamental indices (RAFI) and their benchmarks annual returns 

  

FTSE RAFI 

1000 Index 

FTSE 

USA 

All Cap 

FTSE RAFI 

All-World 

3000 Index 

FTSE All-

World 

2006 19.7% 15.8% 27.6% 22.2% 

2007 3.0% 5.9% 14.2% 12.7% 

2008 -40.0% -37.0% -42.1% -41.8% 

2009 42.0% 28.4% 46.6% 36.2% 

2010 20.0% 17.0% 13.7% 13.2% 

2011 0.1% 1.1% -9.1% -7.3% 

2012 17.2% 16.4% 16.3% 17.1% 

2013 35.7% 33.4% 26.7% 23.3% 

2014 12.6% 12.5% 2.5% 4.8% 

2015 -2.5% 0.5% -5.20% -1.70% 

Annualized return: 8.2% 7.5% 6.2% 5.5% 

Excess return: 0.7%  0.7%  

     

Standard deviation (10y): 22.9% 19.5% 24.4% 21.6% 

Sharpe Ratio excl. Rf 

(10Y): 0.36 0.39 0.26 0.25 

 Source: (FTSE, Morningstar, author’s calculations) 

 

As can be seen from the table, the selected fundamental indices have outperformed the 

market index over the past 10 years, but the outperformance has been ca 0.7%, lower than the 2% 

outperformance suggested by previous studies9. Regardless, this data confirms that fundamental 

indices provide superior performance. Furthermore, it can be seen that during market downturns, 

fundamental indices have underperformed and during market growth they have outperformed. 

Strangely, some back-tested studies have suggested that fundamental indices should perform better 

during falling markets as they do not have as much exposure to overvalued stocks, whereas in 

practice this has not been the case. Adjusted for volatility, the fundamental indices return has been 

actually inferior (note that annual volatility is used, which overstates actual volatility). This might 

allude to a small-cap bias, consistent with the previous research papers. In addition, the US universe 

fundamental index has annually underperformed in 4 years out of 10, whereas all-world 

                                                 
9 Note the 0.7% figure includes transaction costs and management fees, which the studies neglect 
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fundamental index has underperformed 5 years out of 10 compared to its market capitalization 

weighted peer.   

In conclusion, earlier studies have shown back-tested fundamental strategies have 

performed considerably better than market capitalization based indices, however they are exposed 

to overall market risk, similarly to the cap-weighted market indices. The fundamental indexation 

strategies usually have a market beta that is close to 1, and their conventional risk-adjusted return 

is clearly better, yet the outperformance comes mainly from taking significant active risks 

compared to the market index (value, momentum, small cap). In fact, adjusting for these factors 

the excess return could be insignificant and can therefore actually be attributed to the factor tilting. 

Moreover, even though fundamental index strategies have beaten the market over the tested period, 

they have all seen periods of underperformance compared to the market index.  
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3. METHODOLOGY 
 

This paragraph will introduce the object being researched, the data, and the methods used for this 

thesis, as well as some practical problems and their implications.  

3.1. Data description 

The thesis concentrates on the Baltic Stock Exchange and tries to construct alternative 

fundamental indexation strategy against the OMX Baltic Benchmark GI10 (OMX BB GI) index. 

Currently the securities selection to the benchmark portfolio is the following (Rules for the 

construction and maintenance.. 2014):  

1.  To avoid seasonal fluctuations all eligible shares listed on the Exchanges are sorted 

according to the previous 12 months official turnover in Euro. 

2.  Shares with lowest turnover according to (1) corresponding to 40% in number of all shares 

are deemed ineligible.  

3.  Shares with highest turnover according to (1) corresponding to 10%, minimum 15 shares, 

are tagged qualified. 

4.  All shares according to (1) are sorted according to Industry (ICB level 1). Within each 

Industry, shares are sorted according to the free float-adjusted market cap. 

5.  Within each Industry, shares are elected according to ordering in (4), highest free float 

adjusted market cap first, until at least 85% of the Industry’s free float-adjusted market cap 

is reached. If needed additional shares with the highest turnover according to (3) are added. 

The shares with lowest turnover according to (2) are removed. The target of at least 85% 

                                                 
10 GI – Gross Index, includes dividends and reinvests them at ex-dividend date. 
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of each Industry’s free float-adjusted market cap may not be reached since some shares 

according to (2) are removed. 

Unfortunately Nasdaq Group does not disclose the exact historical constituents and weights 

of the Baltic Benchmark GI index, and it is nearly impossible to fully replicate the index 

(methodological changes over time, free float adjustment etc). This practical problem is consistent 

with observation made by Amenc et al (2012) that the lack of free access to constituents’ data and 

incomplete information on precise index construction methodology make it difficult to evaluate 

the true risk and performance of the alternative indexing strategies. 

Nevertheless, the fundamental indices tested on this thesis are constructed using the same 

constituents as did the OMX Baltic Benchmark Gross Index. The real constituents’ data was 

retrieved from the Nasdaq Baltic web page from the “New OMX Baltic Benchmark portfolio” 

market announcements, i.e. the changes and new constituents’ data of the index was recovered step 

by step for each year and thus the index replicating portfolios should hold exactly the same 

securities as the index did at the time. As also pointed out by Houwer and Plantinga (2009) this 

“real constituents” method ought to provide better understanding of fundamental indexing in 

practice and limit any apparent bias, giving a directly comparable results for evaluating 

fundamental indexation performance compared to capitalization weighted OMX Baltic Benchmark 

index GI. 

 Because the collected constituents’ data was available from 2006, the observation period 

of indices starts from the 1st of July11 2006 and ends on the 31st of March 2016, with total of 117 

monthly observations included for one index. An index includes (depending on a year) between 27 

-35 companies. The monthly dividend adjusted price data and historical financial figures, both 

nominated in euros, were obtained from Bloomberg terminal for the period 2004-2016. In case of 

missing or incorrect data, Nasdaq Baltic webpage was used to retrieve the correct numbers from 

companies’ annual reports. Portfolio performance simulation, as well as risk and return calculations 

were done in MS Excel, whereas Gretl software was used for econometric analysis. 

 

                                                 
11 OMX Baltic Benchmark index GI index is rebalanced twice a year: the first trading days of January and July 
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3.2. Method used to test fundamental indexation performance 

Similarly to other researchers (e.g. Arnott et al (2005), Jun and Malkiel (2008), Clare et al 

(2013)) a back testing method is used to mimic the hypothetical past returns of the fundamental 

indices. To evaluate the performance of fundamental indices on the Baltic stock exchange, 

hypothetical test index-portfolios based on fundamentally-based weighting schemes are 

constructed and back tested over the period 01.07.2006-31.03.2016. Securities included in the 

index-portfolios are the same as in the OMX Baltic Benchmark GI index as of July 1st of the year 

of rebalancing, and depending on the year ranging between 27 -35. For each alternative approach 

a portfolio is created using weights so that the portfolio is entirely invested and no short selling is 

allowed, additionally no limit is set on constituents weights. Mathematically expressed, the 

portfolio weights form a vector x = (x1, x2, … , xn), where ∑ 𝑥𝑖
𝑁
𝑖=1 = 1 and 1 ≥ xi  ≥ 0, for all N 

stocks.  

Stocks weights in the respective index are assigned by 5 accounting metrics: sales, 

EBITDA, EBIT (operating income), net income and book value of equity, also a combined method 

of the aforementioned variables is used. For every company the previous three year average value 

of the disclosed variables are used, i.e. only information, which was known at the time of 

rebalancing is included. 

After assigning each security its weight, a simulation of the portfolios monthly 

performances over one year period is done. The monthly returns for each stock is calculated from 

the daily total return index retrieved from the Bloomberg terminal. Based on the new OMX BB GI 

index constituents, the fundamentally weighted portfolios are also rebalanced on the 1st of July in 

each year observed. One could point out that the real OMX BB GI index is rebalanced biannually, 

but as studies have shown more frequent rebalancing than annual does not give better results (e. g 

Chow et al (2011)). Additionally, as the biannual replacement of constituents is rather minor, this 

should not have major impact for the overall results. Regarding the dividends, a dividend adjusted 

return is used, where dividends are intrinsically reinvested in the same security. 
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3.3. Evaluating the performance of the alternative strategies 

 

An important part of this thesis is an analysis conducted on the fundamental indexation 

strategies performance and direct comparison against cap-weighted market index OMX Baltic 

Benchmark GI. It is essential to understand that simply a better return compared to market index 

is not sufficient to determine the alternative indices to be superior. Investors often tend to forget 

that seemingly good theoretical concept might be impractical and more risky due to its hidden 

characteristics. The following paragraph gives an overview of the methods used for evaluating the 

risk and return features of the alternative index strategies. OMX Baltic Benchmark GI is used as a 

benchmark for the fundamental indices. 

3. 3. 1. Risk and return  

In order to gauge the risk and return together, three ratios are employed: Sharpe ratio, 

Information ratio and Tracking Error. Each of the measurements should give us a better 

understanding of the risk and reward characteristics of the alternative strategies. 

Sharpe ratio was proposed by William Sharpe (1966) and is widely accepted risk/reward 

measure. The ratio is equal to the average excess return of the portfolio divided by risk, where risk 

is the standard deviation of portfolio return. In numerical form, this is expressed as:  

Sharpe ratio =  
Rp − Rf

σp
 

where, 

Rp – Rf  –  is the excess return of the portfolio over risk free rate 

σp  –   is the standard deviation of the portfolio 

In essence the measure shows the excess return per unit risk taken. Recalling hereby the 

mean-variance framework, it is clear that investors rank the portfolios based on the highest Sharpe 

ratio, which helps them to achieve higher expected utility. This is due to the higher return of a 

portfolio, which is generated with lower level of risk. A 1-year AAA rated euro area government 

average bond yield is used for the risk-free rate in this study. 

(3.1) 
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Tracking error is a measurement of the quality of the replication. It shows how closely 

the portfolio follows certain reference index. The higher the value of the tracking error the less the 

portfolio follows the reference index. It is defined as the standard deviation of the difference 

between the portfolio and index returns. 

TE(p−b) =  σ(Rp − Rb) 

Information Ratio (IR) is a gauge of portfolio’s performance against risk and return 

relative to a benchmark. The benchmark is a reference portfolio, which should be the objective to 

outperform. In this study, the market portfolio is used as the benchmark reference. Information 

ratio can be calculated by dividing excess returns with the risk (i.e standard deviation) of the excess 

returns.  

IR =  
Rp −  R𝑏

TE(p−b)
 

where, 

Rp – Rb   –  is the excess return of the portfolio over benchmark 

TE(p−b) –  is the tracking error 

The information ratio is comparable to a Sharpe ratio: the higher the value, the better for 

the investor. An information ratio greater than zero implies that a portfolio has performed better 

than the benchmark, whereas negative value implies to a worse performance.  

Maximum drawdown (percentage) measures the worst loss (largest drawdown) of the 

market in a given time interval (Vecer 2007):  

DT
δ =  max

T−δ≤t≤T
(

Mt − St

Mt
) 

where, 

Mt – is the running maximum of the asset over given time period 

St – is the largest drop of the asset price from its maximum on a given time interval [T − δ, T] 

 Semideviation (downside risk) is a derivative from standard deviation, but it only 

measures deviation below certain benchmark value. Thus, semideviation ignores positive 

(3.2) 

(3.3) 
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deviation (which investors like) and concentrates only on outcomes below certain benchmark 

(which investors dislikes). This measure helps to evaluate the downside risk of an investment, 

and as is the case with standard deviation, the higher the semideviation, the more risky is the 

investment. Formula for calculating semideviation is as follows (Estrada 2004, 241): 

∑ √(
1

𝑇
) ∙ ∑ Min{(𝑅𝑡 − 𝐵), 0}

𝑇

𝑡=1

2

𝐵
 

 where, 

Rt  – is the return in time t 

T  – is the number of returns in the sample 

B  – is the benchmark return 

 

3. 3. 2. Factor exposure analysis 

As introduced in the chapter 1 and 2, previous studies have showed that the hypothetical 

alternative indices have outperformed the market capitalization index, but the outperformance has 

heavily relied on the factor tilting – compared to market portfolio, more weight have been put on 

the value and small stocks. In this study, a Carhart’s (1997) four-factor model is used (equation 

1.5): 

Rp − R𝑓 =  α + β1(Rm −  Rf) + β2(HML) + β3(SMB) + β4MOM +  ε 

The average monthly EONIA rate is used as a proxy for a risk-free rate and OMX Baltic 

Benchmark index GI is used as the market index, the same variables were used by Lieksnis (2010, 

2011) in his studies when he conducted research on Fama-French factor models in the Baltic stock 

market. Regarding the factor loadings, the general idea of Fama and French (1993) study is 

followed, where differentiation between returns of portfolios consisting of small and big 

companies, as well as high versus low book-to-market value companies is made. For a given year 

the test universe is limited to 30 most traded stocks on the Baltic Stock Exchange in the previous 

12 months, plus any constituent present in the real Baltic Benchmark index. Only pure value 

weighted factor portfolios are used in order to mimic returns of size or value factors, that is, in each 
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year’s July, eligible stocks are ranked based on their size or B/M measure and then divided into 

respective portfolios. The same approach is used as by Lieksnis (2010), who did Fama-French 

factor modelling research on the Baltic market. For value premium (HML), the sample is ranked 

by B/M value and divided into two groups by the median B/M value (High and Low B/M 

respectively), after which the monthly return of the both portfolios is calculated and for each month 

the return of the high B/M portfolio is deducted from the low B/M portfolio. Calculating the size 

factor (SMB) follows the same logic, but the sample is ranked based on the market capitalization 

and divided into two groups by median market-cap. The size factor SMB is consequently the 

difference between monthly small-cap portfolio and large-cap portfolio. Regarding the momentum 

factor, Carhart’s (1997) methodology is used, where stocks are ranked based on their previous 

year’s return and then subtracting returns of the lowest 30% of performers from the 30% best 

performers, leaving 40% of the stocks neutral. 

3.4. Hypotheses 

The subsequent sub-chapter provides several hypotheses, which have been formulated 

taking into account previous studies, and therefore describes the expectations of the results 

anticipated in the empirical section of this thesis. The following hypotheses are set: 

1) Performance:  

 Fundamental indices will outperform their cap-weighted peer OMX Baltic Benchmark GI 

index over the observed period 

2) Risk and risk adjusted return 

 Fundamental indices have a higher Sharpe ratio and are consequently closer to the efficient 

frontier as described by the CAPM framework than the OMX Benchmark Gross Index 

 Fundamental indices are more resilient during market downturn and will have lower 

downside risk and maximum drawdown 

3) Factor exposure: 
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 Fundamental indices better performance is explained by the positive value and size tilt, 

whereas negative momentum tilt is expected. After adjusting for these factors the 

outperformance of fundamental indices compared to the Baltic Benchmark GI is 

statistically insignificant. 
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4. EMPIRICAL RESULTS 

This chapter introduces and discusses the performance of back tested fundamentally 

weighted portfolios/indices which have been constructed based on the OMX Baltic Benchmark 

index over the period of 01.07.2006 –31.03.2016. Firstly, a brief overview of the results of the 

alternative strategies is given to introduce the main findings, followed by deeper period by period 

analysis, factor modelling, risk evaluation and results interpretation. 

4.1. Performance evaluation 

A back test was carried out over period 01.07.2006-31.03.2016 to evaluate the performance 

of hypothetical fundamental indices on OMX Baltic Stock Exchange. Table 3 presents the main 

performance results of the back test. 

Table 3. Return and risk characteristics of market and fundamental indices 01.07.2006-

31.03.2016 

  

Ending 

value of 

100 euro 

CAGR Volatility 
Sharpe 

ratio 

Excess 

return vs 

OMX BB 

GI 

Tracking 

Error vs 

Index 

Information 

ratio 

OMX BB GI 124.3 2.3% 25.4% 0.04 - - - 

Sales 144.5 3.8% 25.6% 0.10 1.59% 1.42% 1.16 

EBITDA 166.3 5.4% 24.1% 0.17 3.09% 1.54% 2.02 

EBIT 156.2 4.7% 24.2% 0.13 2.42% 1.38% 1.78 

Net income 137.4 3.3% 23.4% 0.08 1.06% 1.57% 0.67 

Equity 155.3 4.6% 24.1% 0.14 2.36% 2.05% 1.15 

Composite 152.7 4.4% 24.2% 0.13 2.18% 1.44% 1.59 

 

Source: Author’s calculations based on appendix 1 
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The results of the back-test analysis shows that during the sample period all of the 

fundamentally weighted indices outperformed greatly the market index OMX BB GI. The average 

annual return of fundamental indices was 4.4%, being 2.1 percentage points higher than the return 

of the market index. Consequently, the cumulative return of fundamentally weighted indices ranged 

between 37.4% - 66.3%, as opposed to 24.3% for the benchmark index. The highest return was 

registered by EBITDA-weighted index and the lowest by net income. 

The results also show that with the exception of sales-weighted index, all the alternative 

indices had lower annualized volatility than the market index. The net income weighted index had 

the lowest volatility, being as much as 2.0 percentage points lower compared to the market index. 

Other indices standard deviations are over 1 percentage points better than that of OMX BB Gross 

Index’s. Furthermore, the risk adjusted return expressed as Sharpe ratio is also considerably higher 

for all of the fundamental indices than is the figure for comparable benchmark index. Although 

these results are sensitive to a lot of variables (e.g. time period chosen, timing, rebalancing etc) one 

could say that OMX BB GI has performed really poorly and has been an inferior investment choice 

in the selected time period. Figure 4 graphically presents the risk and return features of the tested 

indices in the CAPM framework, where one can see the superior risk adjusted performance of 

fundamental indices.  

  

Figure 5. Graphical representation of hypothetical efficient frontier and fundamental index risk-

return characteristics in the period 01.07.2006-31.03.2016 (OMX BB GI marked with red) 

Source: Table 3 
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Regarding other risk metrics, fundamental indices tracking errors range between 1.37% - 

2.05%. The measure is the lowest for sales-weighted and the highest for equity- based weighting. 

Information ratio, which is directly related to tracking error, is the highest for sales weighted and 

lowest for net income. 

Concerning the dynamics of the fundamental indices, the overall movement is in line with 

the benchmark market index (Figure 5.). This is also supported by CAPM betas, which range from 

0.90 – 0.99 (Table 4). Furthermore, as betas are below 1, this means lower volatility (and thus 

lower risk) compared to the market index. Additionally, the excess return in CAPM sense (alpha) 

is positive for all fundamental indices, but is statistically significant (on a 10% level) only for 

EBITDA-weighted model. 

 

Figure 6. Performance of alternative indices over period 01.07.2006-31.03.2016, rebased to 100 

Source: Author’s calculations based on appendix 1 

A visual analysis shows that the market index performed well before the 2008-2009 crisis, 

but fell also the most during the crisis. Fundamental indices were less volatile in this sense.  
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Table 4. CAPM alpha and beta for fundamental indices, monthly observations  

 

  
CAPM 

alpha 

CAPM Beta vs 

Benchmark 

OMX Baltic Benchmark GI -  - 

Sales 0.13% 0.99*** 

EBITDA 0.24%* 0.93*** 

EBIT 0.19% 0.94*** 

Net income 0.08% 0.90*** 

Equity 0.19% 0.91*** 

Composite 0.17% 0.93*** 

Source: Author’s calculations based on appendix 1 

4.2. Period by period analysis 

Breaking down the returns by year, one can see a more detailed picture than the table 3 

presented. Even though the total (and annual average) return of the alternative indices was better 

than market index OMX Baltic Benchmark, it can be clearly seen from the table 5 that during four 

annual periods (2006-2007, 2009-2010, 2011-2012 and 2015-2016) the OMX Baltic Benchmark 

was the best performing index. On the other hand, it was also the worst performer of all the indices 

in three periods (2007-2008, 2008-2009, and 2013-2014). Equity weighted portfolio was the best 

performing index during three annual observation periods, but was the lagging in two of the years. 

Net income based portfolio weighting was the worst performer for three annual periods, but it did 

not show the best return for any of the year. EBIT and composite indices stand out from their peer 

group by not having any best or worst yearly performance. 
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Table 5. Annual return of indices, from 1st of July to next year’s 30th of June12,13 

  
Sales EBITDA EBIT 

Net 

income 
Equity Composite 

OMX 

BB GI 

2006-2007 42.9% 34.0% 37.7% 38.5% 39.0% 38.4% 48.6% 

2007-2008 -28.6% -24.2% -26.6% -27.4% -20.9% -25.5% -35.4% 

2008-2009 -55.9% -51.2% -52.1% -52.8% -53.4% -53.1% -57.6% 

2009-2010 76.5% 70.0% 71.2% 68.0% 67.5% 70.6% 79.1% 

2010-2011 33.1% 31.0% 32.4% 24.9% 28.6% 30.0% 28.5% 

2011-2012 -9.2% -7.3% -8.2% -8.1% -14.0% -9.4% -5.2% 

2012-2013 26.3% 32.1% 29.0% 24.9% 26.5% 27.7% 25.1% 

2013-2014 7.0% 9.6% 7.4% 9.2% 13.1% 9.3% -0.8% 

2014-2015 3.6% 2.3% 2.3% 2.7% 3.6% 2.9% 2.3% 

2015-2016 7.5% 9.7% 9.3% 7.2% 10.5% 8.8% 10.5% 

Average 

geometrical 

annual return 
3.8% 5.4% 4.7% 3.3% 4.6% 4.4% 2.3% 

Source: Author’s calculations based on appendix 1 

Moreover, the excess return of the fundamental indices is dependent on the test period 

chosen. For example, the average excess return of fundamental indices between 2006-2016 was 

2.1%, whereas between the periods of 2009-2013, the OMX Baltic benchmark index had better 

total (and annualized return) compared to the alternative indices, meaning a four year 

underperformance for the fundamental indices: the benchmark index showed an annualized return 

of 28.5%, whereas the average return of fundamental indices was 26.6%, meaning a 1.9 percentage 

point underperformance. 

One should appreciate that the main drag of the benchmark index performance is due to the 

considerably inferior return during extreme market downturn (2007-2009), which is partly 

compensated by superior return in strong growth years. This again results in higher volatility and 

thus lower risk adjusted return. It also confirms the valuation critique against market capitalization 

based indices, i.e. overweighting overvalued stocks, which results in deeper price falls especially 

during the correction phases. This could be seen from the market downturn in period 2007-2009, 

                                                 
12 30th of March for 2016 
13 Figures in bold indicate better annual return for the period than the OMX Baltic Bencmark GI; green cells mark 

the best performance in the row, pink cells mark the worst performance in the cell 
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when market capitalization index was arguably the worst performer, but also from the maximum 

drawdown figure, which is led by the same cap-weighted market index (table 6). It also shows 

inferior performance when comparing the worst one month, three month and TTM returns. 

Furthermore, all the fundamental indices show lower downside risk, whereas the downside 

deviation is the highest for the OMX Baltic Benchmark index. 

Table 6. Outlier and downside risk characteristics of the indices 

Index 
Maximum 

drawdown 

Worst 

month 

Best 

month 

Worst 

trailing 

3-months 

Best 

trailing 

3-months 

Worst 

TTM 

Best 

TTM 

Semi-

deviation 

(B=0) 

OMX BB GI -76.2% -31.0% 31.1% -55.0% 50.5% -67.2% 114.0% 17.5% 

Sales -73.6% -29.0% 37.0% -52.7% 64.4% -65.7% 119.3% 16.7% 

EBITDA -68.4% -26.1% 37.0% -49.6% 57.7% -60.4% 104.7% 15.4% 

EBIT -70.2% -27.6% 35.4% -51.1% 56.4% -61.3% 108.2% 16.0% 

Net income -71.0% -26.5% 34.3% -51.1% 53.7% -62.0% 103.9% 15.9% 

Equity -69.3% -23.1% 37.0% -48.9% 54.6% -63.8% 106.4% 15.5% 

Composite -70.5% -26.5% 36.1% -50.6% 57.4% -62.7% 108.4% 15.8% 

Source: Author’s calculations based on appendix 1 

4.3. Factor analysis 

One of the important characteristics of index returns are the factor exposures. Table 7 

summarises the exposure of the tested fundamental indices to market, value, size, and momentum 

variables. 

The market factor exposure is statistically significant for every alternative index weighting 

scheme, and is less than 1, implying lower market risk exposure. The lowest market loading is 

shown by net income and equity approaches, while sales weighted has the highest respective value. 

Moreover, all fundamental indices have a positive value tilt (HML). Nevertheless, only 

sales, EBITDA, Equity and composite indices have statistically significant value tilt. The highest 

loading of stocks with high B/M factor belongs to the equity weighting index, whereas no 

statistically significant bias is seen for the EBIT and net income indices. 
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Table 7. Multi-factor return analysis of the tested fundamental indices 2006-2016 (confidence 

levels: green 1%***, yellow 5%**, pink 10%*) 

  Alpha Rm-Rf HML SMB MOM R2 

OMX BB GI  0.0000 1 - - -   

Sales 0.0014 0.965*** 0.101*** 0.131*** -0.007 0.972 

EBITDA 0.0028** 0.918*** 0.108*** -0.007 -0.008 0.961 

EBIT 0.0020* 0.926*** 0.036 0.002 -0.018 0.968 

Net income 0.0009 0.895*** 0.029 -0.017 -0.019 0.959 

Equity 0.0028* 0.905*** 0.281*** -0.064 0.021 0.905 

Composite 0.0020* 0.922*** 0.112*** 0.009 -0.005 0.922 

Source: Appendix 2 

Three of the fundamentally weighted indices (sales, EBIT, composite) have small-cap bias, 

whereby other three (EBITDA, Net income, Equity) are tilted towards large cap stocks, albeit the 

SMB loading is statistically significant only for sales weighted index. 

Momentum does not have statistically significant effect on explaining the index return for 

any of the fundamental indices and is negative for all for the indices with the exception of equity 

weighted index for which the value is positive.  

Furthermore, all alternative indices show positive alpha after adjustment for the factor 

returns, albeit only the EBITDA-based index has statistically significant alpha on a 5% confidence 

level. Moreover, the EBIT, equity and Composite indices have positive alpha on a 10% confidence 

level. Therefore, for these 4 weighting schemes the source of excess return cannot be explained by 

the chosen value, size and momentum factors and thus provided value added performance for 

investors. 

4.4. Discussions 

Results of the back-testing showed that indices based on fundamental measures 

outperformed market capitalization weighted OMX Baltic Benchmark Gross Index over the 

observed time period irrespective of the measure used for the alternative weighting. The average 
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excess return was 2.1 percentage points per annum14. This is consistent with previous studies 

conducted on fundamental indexation, e.g. Arnott et al (2005), who found that the fundamental 

indexation outperformed on average 1.97 percentage points its capital weighted peer S&P500 

index, Hemminki and Putonen (2008) found that their back test resulted on average excess return 

of 1.76 percentage points for the Euro Stoxx 50 fundamental peer indices, and Houwer and 

Plantinga (2009) findings show that fundamentally weighted portfolios outperformed DJ Stoxx 600 

annually by 1.8 percentage points. The slightly higher outperformance compared to the other 

studies could be explained by the fact that fundamental indices have the greatest advantage in  less 

developed stock markets, where the market is most likely the least efficient, as suggested by Hsu, 

Li, Myers and Zhu (2007, 178). 

Although all the fundamental indices demonstrated considerably better returns compared 

to the market index, the excess return was not statistically significant in a CAPM alpha sense and 

therefore might be attributable to random artefacts. Nevertheless, it is noteworthy that none of the 

alternative index weighting schemes yielded lower overall return, which has been also the case 

with previous studies and therefore provides evidence of the sub-optimality of the market-

capitalization weighted portfolio, as argued by, for example Hsu (2006). Furthermore, the risk 

adjusted return (Sharpe ratio) was notably better for the alternative indices, which in the context of 

a risk-reward framework would lead investors to choose alternative indices over the OMX BB GI 

market index, and consequently raises the question of the overall efficiency of the market portfolio 

and validity of CAPM. However, as previously argued, the “market portfolio” OMX Baltic 

Benchmark GI is not a good proxy as a market portfolio in CAPM sense, which further encourages 

investors to look for alternative weighting schemes. The superior Sharpe ratio of fundamental 

indices is also consistent with previous findings by, among others, Arnott et al (2005), Jun and 

Malkiel (2008), Blitz and  Hemminki and Puttonen (2008), Houwer an Plantinga (2009), Clare et 

al (2013). 

                                                 
14 Although this study does not take into account fees and trading costs, it is worth noting that even if assuming as high 

as 1 pp. higher implication costs for the fundamental indices, they still would have shown over 1 pp. better annual 

performance over the observation period. (OMX Baltic Benchmark GI ETF annual management fee is 1%, whereas 

the active Baltic fund annual management fee is ca 2%. The example 1 pp. higher implication cost is taken as a 

difference of the two.) 
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Fundamental indices volatility was also lower than the same measure for the benchmark 

index. It is believed that the fundamental indices tended to be exposed to more mature value 

companies, which are less risky in price volatility sense. This is partially also suggested by Arnott 

et al (2005) when explaining the low volatility of dividend-weighting method. Sales weighted 

index had slightly higher volatility than the market index, but this could be explained by statistically 

significant positive small cap bias, which are more volatile. 

Despite the fact that fundamental indices showed preferable absolute and relative return for 

the observed period, there were stages where the benchmark index return was better than any of 

the fundamental indices return. This problem has been particularly emphasised in previous studies 

by Jun and Malkiel (2008) and Clare et al (2013). It is worth noting that one cannot expect the 

alternative indices to outperform every year in the first place. Still, studies have shown the 

outperformance of fundamental indices is valid in the long-term, as also proven in this thesis. The 

same tendency could be seen from table 2 in sub-chapter 2.2, where realized returns of RAFI 

fundamental indices showed outperformance in 5 (all world) and 6 (US) years out of 10 years, but 

still delivered overall better return for the 10 year period. For comparison, the composite index in 

this study showed outperformance in 6 years out of 10, in line with the realized returns of RAFI 

fundamental indices.  

The results of the back-testing also revealed that compared to the market capitalization 

based benchmark index, fundamental indices exhibited less severe price decrease during the market 

downturn, had lower semideviation and also lower maximum drawdown. This is consistent with 

the argument that market capitalization weighted approaches overweight overvalued stocks and 

during market correction those stocks tend to fall more, whereas fundamental indices are less 

volatile and invest inherently stocks with better valuation and thus soothes the market cycle. This 

behaviour of fundamental indices was also noted by Arnott et al (2005). On the other hand, Clare 

et al (2013) found that fundamental indices had 7 percentage point higher maximum drawdown 

and therefore bore higher tail risk. However, they also concluded that based on the annualised 

return, Sharpe and Sortino ratio measures that investors were eventually rewarded for this higher 

maximum drawdown risk. It is hypothesised that the difference in results may have been driven by 

the lack of exposure to small caps, as fundamental indices tested in this study did not have 

statistically significant small cap bias (except for the sales weighted index, which also had the 
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second lowest maximum drawdown, comparable to the cap-weighted index). On the other hand, it 

can be argued that the less severe drawdown of fundamental indices could also arise from the 

exposure to the more mature companies, which are more resilient to price declines, as also provided 

by Tabner (2012), although his argument was in defence of capitalization weighting. 

Interestingly, the tracking error of fundamental indices in this study is considerably lower 

than in other comparable studies carried out on fundamental indexation. For example, the study 

conducted by Arnott et al (2005) the average tracking error was 4.57%, Hemminki and Putonen 

(2008) study resulted on average tracking error of 3.7%, whereas the comparable figure in this 

study was as low as 1.55%. This might be due to the fact that the indices constituents where chosen 

to be exactly the same as in the benchmark index, which eliminated any bias for other stocks and 

gave a fully equivalent market exposure. Also, information ratio, which is directly related to 

tracking error, was materially higher than in the abovementioned reference studies.  

Fama-French-Carhart multifactor analysis demonstrated that all the fundamental indices 

exhibited positive value tilt, although it should be noted that it was not statistically significant for 

EBIT and net income based indices. This positive value tilt aligns with previous findings by Jun 

and Malkiel (2008), Blitz and Swinkles (2008) and Clare et al (2013) who claim fundamental 

indexation is a “value strategy in disguise”. Furthermore, the construction mechanism behind 

fundamental indices favours value tilting as stated by Perold (2007). For example, it is easy to 

recognize that the equity-weighted index, which had the highest value tilt bias in this study, puts 

inherently more weight to value stocks compared to the market capitalization weighting as the 

market value and fair equity value differentiation diverges.  

Regarding the small cap exposure, half of the indices experienced negative small cap 

exposure, whereas the other half positive (albeit it was statistically significant only for sales-

weighted method). This elusive result might be explained by the SMB factor construction 

methodology, as was also pointed out in earlier in this study regarding the negative small cap 

exposure of fundamental indices in Amnec et al (2011) study. The positive small cap tilt confirms 

previous findings, for example, of Jun and Malkiel (2008) and Houwer and Plantinga (2009). This 

insignificance of SMB factor could be explained by the fact that company-specific fundamental 

measures are highly correlated with market capitalization, as argued by Arnott et al (2005), and 

therefore the tilt towards small cap was not recorded. 
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Momentum factor exposure for the fundamental indices tested in this study is somewhat 

ambiguous. It is statistically insignificant for all the tested fundamental indices, which is to some 

extent in line with research conducted by Lieksnins (2011), in which he found that book-to-market 

ratio (HML factor) can partially explain the momentum effect in the Baltic Stock Exchange, and 

therefore the momentum variable may be insignificant for the model used in this work. 

Nevertheless, the negative exposure to momentum stocks confirm the fundamental weighting 

method’s indifference of market capitalization weighting and therefore does not favour recent 

winner stocks, but rather losers (as shown by Clare et al 2013). 

After adjusting for the value, size and momentum factor EBITDA weighted index showed 

positive alpha on a 5% confidence level and EBIT, equity and composite methods on a 10% 

confidence level. This is somewhat surprising as it seems fundamental weighting did add positive 

extra value compared to the benchmark index. This statistically positive outperformance is 

supported studies conducted by Houwer and Plantinga (2009) and Arnott et al (2010), whereas 

other studies, such as Jun and Malkiel (2008), Estrada (2008) and Clare et al (2013) have resulted 

in statistically insignificant Fama-French alpha, as it is the case with sales and net income weighted 

indices in this study. 

4.5. Main conclusions and suggestions 

Fundamental indexation strategies on OMX Baltic Stock Exchange outperformed 

considerably the OMX Baltic Benchmark GI index during the observation period of 01.07.2006-

31.03.2016 irrespective of the index re-weighting method. The excess return of different 

fundamental weighting strategies varied, but on average the outperformance was 2.1 percentage 

points per annum. Nevertheless, it is important to notice that fundamental indices did not 

outperform the market each year, which should not be expected by the investors in the first place. 

For example, the market index performed better than all of the fundamental indices during the years 

2006-2007, 2009-2010, 2011-2012 and 2015-2016, additionally there was a prolonged period, 

where the fundamental indices underperformed the market and thus investors should be aware of 

the potential for drag. Conversely, compared to the OMX Baltic Benchmark index, fundamental 
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indices experienced lower volatility, lower beta, lower semideviation and lower maximum 

drawdown; and thus fundamental indices could be useful tool for risk-averse investors. 

There is no ex-ante reason why the OMX BB Gross Index should be mean-variance 

efficient and therefore located on the efficient frontier. This study showed that fundamental indices 

provided better risk adjusted return (Sharpe ratio) and therefore are more efficient in a Pareto sense 

than the market index. This statistic was achieved both by higher return and lower volatility 

compared to the benchmark index. If an investor would have to choose between the OMX BB GI 

market index and fundamental indices, they should choose the latter ones.  

Capitalization-weighted index experienced the highest maximum drawdown and minimum 

monthly return, which supports the argument that market cap based weighting tends to overweight 

overvalued stocks, which will realize on excess loss during the decline of the stock market. Based 

on the realized maximum drawdown and worst monthly performance figure, fundamental indices 

have smaller tail risk and are less prone to extreme price collapses. Investors looking for a lower 

tail risk might consider fundamental indices, but as a trade-off they might lose some of the upside 

during the rising market, when growth stocks thrive. Furthermore, fundamental indices had lower 

downside deviation and demonstrated lower CAPM beta, implying to lower (market) risk. As a 

conclusion, risk adverse investors should prefer fundamental indices (especially based on the 

equity-weighting method) as an investment tool. 

Fundamental indices were exposed to the value and to a smaller extent size biases as shown 

by the Fama-French-Carhart four-factor model analysis, with value tilting being the most important 

driver for the excess return. Four out of the six indices had statistically significant positive value 

bias, which was rewarded over the observation period. Having said that, it is somewhat debatable 

if investors who are looking for factor loadings should actually prefer fundamental indices as the 

construction methodology is not designed to take advantage of the factor loadings per se. If 

investors wish to have value or size tilts in their portfolio, it would most likely be more optimal to 

actively pick stocks according to their value or size exposures. Nevertheless, it can be argued that 

fundamental indices superior performance derives from the market pricing inefficiencies and 

rebalancing effect, whereby value and size tilt is a by-product of the construction methodology of 

fundamental indices. This is also supported by the fact that after adjusting for value, size and 

momentum factors, four fundamental indices weighting schemes in the Baltic market showed 
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statistically significant alpha. The source of alpha cannot be explained by the aforementioned 

factors, and thus the indices provided excess return over the benchmark index. Investors should 

bear in mind that there might be some hidden risk factors, which have not been taken into account 

in this thesis, but over the observed period even these hidden risks were rewarded. Alternatively, 

the outperformance could just have risen from price inefficiencies and mispricing in the Baltic 

market, which were captured by the fundamental indexation strategy. 

There are four explicit suggestions that the author would like to make. Firstly, as a growing 

trend in the investment world, investors should familiarize themselves with alternative weighting 

concepts. This thesis regarding fundamental indexation on Baltic Stock Exchange may serve as a 

starting point for some investors to recognize the drawbacks of capitalization-based weighting and 

benefits of alternatively weighted indices. Secondly, investors should choose fundamental indices 

over OMX Baltic Benchmark GI as shown in this thesis; in both theory and practice fundamental 

indices should outperform the market index in the long run, although the source of excess return 

could be debatable. Thirdly, based on the results of this thesis, fundamental weighting-scheme 

based index could be launched on the Baltic Stock Exchange. This could help to better understand 

and investigate the fundamental indices in practice and acts as a benchmark for investors. Lastly, 

further studies on the alternative weighting scheme topic should be conducted as the fundamental 

indexation is only one part of the alternative weighting scheme investment universe.  

Readers should remember that the results and conclusions of this thesis are highly 

dependent on the inputs and assumptions made by the author. Altering the back-testing period 

length, changing the stocks selection methodology, imposing limit restrictions or taking into 

account transaction fees could all result in drastically different outcomes. Also, the observed time 

period was fairly short and thus conclusions made in this thesis might not be applicable for the long 

term. 

Further studies should concentrate on the liquidity and turnover characteristics of the 

fundamental indices compared to the market index, as the liquidity of the Baltic market is a major 

outstanding issue. Additionally, the studies should include a longer time period observation to 

provide more definite conclusions of the long term performance. Furthermore, future studies could 

extend the alternative weighting strategies’ universe and also test other alternative weighting 

schemes on the Baltic stock market.  
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CONCLUSION 

The aim of this master’s thesis was to evaluate the performance of fundamental indexation 

strategies on the Baltic Stock Exchange. A Fundamental index is an index in which constituents 

are weighted based on their fundamental firm-specific accounting measure (e.g. sales, book equity 

and dividends) rather than market capitalization. The main argument against the market 

capitalization weighting is that it will skew the portfolio systematically toward overpriced stocks 

and consequently underweights the undervalued stocks. Therefore market capitalization weighted 

index experiences performance drag compared to alternatively constructed indices, e.g. 

fundamental indices. 

The concept of fundamental indexation has been previously studied in many different 

countries, and in many of which fundamental indices have already been launched. The Baltic Stock 

Exchange has never been included in these studies. Thus, this thesis gives a valuable insight on 

how fundamental indexation performs on the Baltic stock market and also acts as an educational 

tool for investors. 

In order to achieve the aim of this thesis, a back test was carried out for hypothetical 

fundamental index portfolios between the period 01.07.2006 - 31.03.2016. The fundamental 

indices were weighted using five accounting measures (sales, EBITDA, EBIT, net income and 

book equity, and a composite of the five) and consisted of the same stocks that were included in 

the index OMX Baltic Benchmark GI on the 1st of July in each respective year, which was also the 

annual rebalancing date. OMX Baltic Benchmark GI also acted as a benchmark against which the 

performance evaluation was conducted. Moreover, Fama-French-Carhart four-factor analysis was 

undertaken in order to understand what was driving the returns, and to determine whether the 

outperformance was statistically significant in a Fama-French alpha context. 

The back test simulation showed that, on average, fundamental indices outperformed OMX 

Baltic Benchmark GI by 2.1 percentage points annually, although capitalization weighted index 
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outperformed all fundamental indices in 4 years out of 10. Furthermore, fundamental indices had 

lower volatility (with an exception of sales-weighted approach) and therefore considerably better 

risk adjusted return (Sharpe ratio). Fama-French-Carhart multifactor analysis showed positive 

value tilt for all of the indices, whereas it was statistically significant for only sales, EBITDA, 

equity and composite weighting approach. The small-cap exposure was mixed, but only the sales 

weighted index experienced statistically significant (positive) small-cap tilt. Momentum was 

negative and statistically insignificant for all the tested fundamental indices (with an exception of 

equity-weighting, which had positive tilt, albeit insignificant). After adjusting for the risk 

exposures, four indices showed statistically significant positive alpha at least on a 10% confidence 

level (EBITDA, EBIT, equity and composite weighting approaches).  

The results and conclusions reached in this study have therefore both confirmed and 

rejected some of the hypotheses outlined earlier in the thesis. To start with, fundamental indices 

did outperform its cap-weighted peer OMX Baltic Benchmark GI index as anticipated – the average 

annual return of the fundamental indices was over 2.1 percentage points higher than the benchmark 

index’s equivalent figure. These results confirm the findings in the earlier studies, which have seen 

the fundamental weighting approach perform better than capitalization weighting in the longer 

term. Secondly, the results confirmed that fundamental indices had better risk adjusted return as 

expressed by Sharpe ratio than the OMX Benchmark Gross Index and were therefore closer to the 

efficient frontier as described by the CAPM framework. Thirdly, fundamental indices experienced 

lower maximum drawdown, more favourable downside risk and were more resilient during market 

downturn, as was expected. Presumably this was supported by the fundamental indices value bias 

and market capitalization inherent behaviour of overweighting overvalued stocks. Lastly, it was 

expected that fundamental indices better performance is explained by the positive value and size 

factor tilt, whereas negative momentum tilt was expected. Furthermore, it was assumed that after 

adjusting for the aforementioned factors, the outperformance compared to the Baltic Benchmark 

GI would be statistically insignificant. The analysis confirmed the value bias, but the size factor 

was statistically significant only for the sales-weighted index; although negative, as expected, 

momentum was also statistically insignificant. Conversely to expectations, fundamental indices 

showed positive and statistically significant alpha after adjusting for the risk factor exposures. 
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Based on the results and conclusion made in this thesis, there are four explicit suggestions 

that the author would like to make. Firstly, investors should prefer investing in fundamental indices 

in the Baltic Stock Exchange as demonstrated in both theory and practice, fundamental indices 

should outperform the Baltic market index in the long run, although the source of excess return 

could be debatable. Secondly, investors should acquaint themselves with alternative index 

weighting concepts: as provided in this thesis capitalization-based weighting has its drawbacks and 

therefore alternatively weighted indices could be beneficial investment tools. Thirdly, based on the 

results of this thesis, fundamental weighting-scheme based index could be launched on the Baltic 

Stock Exchange. This would serve as a benchmark for investors and would help to understand and 

evaluate the fundamental indices real risk profile. And lastly, further studies on the alternative 

weighting scheme subject should be conducted on the Baltic stock exchange as the fundamental 

indexation is only one part of the alternative weighting scheme investment universe. 

It still remains to be analysed whether the excess return of fundamental indices in the Baltic 

market stems from an additional hidden risk exposure, price inefficiencies or a third unidentified 

aspect. Further studies should also concentrate on examining the turnover and liquidity 

characteristics of the indices as this is a central issue in the Baltic stock market. Furthermore, there 

are vast number of different alternative weighting schemes, which are still untested for the Baltic 

market. 

The conclusion is that based on the results of this thesis fundamental indexation is superior 

approach compared to the market capitalization weighting on the Baltic Stock Exchange. Thus, 

investors should prefer investing in fundamentally weighted indices in the Baltic stock market. 

Investors should nevertheless be cautioned: past performance does not guarantee the future returns.  
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RESÜMEE 

 

 

FUNDAMENTAALNÄITAJATEL PÕHINEVATE INDEKS-

STRATEEGIATE EDUKUSE HINDAMINE BALTI BÖRSIL 

 
Rando Tomingas 

Tavapäraselt määratakse ettevõtete osakaalud aktsiaindeksis nende ettevõtete 

turukapitalisatsiooni järgi.  Fundamentaalnäitajatel põhinevate indeksite koostamisel kasutatakse 

indeksi koostisosade kaalumisel aga ettevõtte-spetsiifilisi näitajaid, nagu müügitulu, ärikasum, 

omakapital jms. Peamine põhjus selliseks lähenemisviisiks on väide, et turukapitalisatsioonil 

põhinev indekseerimne lisab rohkem kaalu ettevõtetele, mis on ülehinnatud ja vähem kaalu 

nendele, mis on alahinnatud. Mitmed uuringud on tõestanud fundamentaalnäitajatel koostatud 

indeksite ülimuslikkust võrreldes turukapitalisatsioonil põhineva indeksiga nii tootluse kui ka 

riskiga korrigeeritud tootluse osas. Samas võib suure osa fundamentaalnäitajatel põhinevate 

indeksite üleliigsest tootlusest seletada suurenenud osakaalust väärtusaktsiate ja väikese 

turukapitalisatsiooniga aktsiate suhtes, mis on näidanud varasemate uuringute põhjal ajalooliselt 

paremat tootlust. Selline kõrvalekalle kaasneb paratamatult fundamentaalnäitajatel põhineva 

indeksi koostamise metoodika tõttu, mis kipubki eelistama madalate finantssuhtarvudega 

(väärtus)aktsiaid. Kui fundamentaalnäitajate alusel koostatud indeksi tootlust korrigeerida väärtus- 

ja suurusfaktoriga, on tihtipeale tulemuseks statistiliselt mitteoluline üleliigne tootlus võrreldes 

turukapitalisatsioonil põhineva indeksiga.  

Käesolev magistritöö eesmärgiks oli uurida fundamentaalnäitajate alusel koostatud 

indeksite tulemuslikkust Balti börsil. Selleks koostati turukapitalisatsioonil põhineva OMX Baltic 

Benchmark GI indeksi suhtes alternatiivsed võrdlusindeksid, millles ettevõtete osakaalud olid 

määratud kolme eelmise aasta keskmise müügitulu, EBITDA, EBIT, kasumi ja omakapitali 
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näitajatega. Seejärel taasloodi  nende indeksite hüpoteetilised ajaloolised tootlused ning võrreldi 

neid OMX Baltic Benchmark GI indeksi vastava perioodi tootluse- ja riskinäitajatega. Kokku viidi 

iga indeksi puhul läbi 117 kuist vaatlust.  

Läbiviidud uuring näitas, et perioodil 2006-2016 olid fundamentaalnäitajate alusel 

koostatud indeksid märgatavalt edukamad turukapitalisatsioonil põhineval turuindeksist OMX 

Baltic Benchmark GI. Vaaltusperioodil oli alternatiivsete indeksite annualiseeritud tootlus üle kahe 

protsendipunkti võrra kõrgem ning nende puhul täheldati ka madalamat annualiseeritud 

volatiilsust. Seega peaksid investorid eelistama riski-tootluse raamistikus OMX Baltic Benchmark 

GI asemel sama indeksi fundamentaalnäitajate alusel koostatud versioone, sest need pakuvad 

kõrgemat tulu madalama riskitaseme juures. Lisaks leiti, et fundamentaalnäitajatel põhinevad 

indeksid on vastupidavamad turu langusele ning ekstreemsetele kukkumistele, mis tõstavad nende 

atratiivsust investorite jaoks veelgi. Samas oli perioode, kus alternatiivsete indeksite tootlus jäi 

võrdlusindeksile OMX BB GI alla.  

Läbiviidud Fama-French-Carhart faktoranalüüs näitas, et fundamentaalnäitajatel 

põhinevad indeksstrateegiad on avatud üldisele tururiskile ning kalduvad investeerima 

väärtusaktsiatesse. See on kooskõlas ka teiste varasemate uuringutega, mis tõstavad esile 

fundamentaalnäitajatel põhinevate indeksite kalduvuse eelistama just väärtusaktsiaid. Ettevõtete 

suuruse ja momentumi faktorile avatus alternatiivsete indeksite tootlusele statistiliselt olulist mõju 

ei avaldanud. Pärast eespool mainitud faktoritega korrigeerimist näitasid neli 

fundamentaalnäitajatel põhinevat indeksit (EBITDA, EBIT, omakapital ja komposiitindeks)  

statistiliselt olulist positiivset alfat. Seega lõid need indeksid vaatlusperioodil investorite jaoks 

lisaväärtust.  

 Käesoleva uuringu põhjal peaksid investorid eelistama Balti börsil fundamentaalnäitajatel 

põhinevaid indeksstrateegiaid, sest need pakuvad paremat tootlust ja madalamat riskiprofiili. Siiski 

peab meeles pidama, et mineviku tootlus ei garanteeri sarnast tootlust tulevikus. Edasised uuringud 

peaksid keskenduma vaatlusperioodi pikendamisele ning indeksite likviidsuskarakteristikute 

uuurimisele, mis on eriti oluline just Balti aktsiaturul. Lisaks on olemas veel mitmeid mitte-

turukapitalisatsioonil põhinevaid indeksi koostamise viise, mis on Balti börsil veel testimata.  
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APPENDICES 

Appendix 1. Monthly returns of the indices July 2006 – March 2016 

  

Sales EBITDA EBIT 
Net 

income 
Equity Composite 

OMX 

Baltic 

Benchmark 

GI 

July 2006 2.8% 2.4% 3.3% 3.6% 4.7% 3.4% 1.8% 

August 2006 5.1% 3.7% 4.4% 4.6% 3.3% 4.2% 4.2% 

September 2006 3.4% 3.2% 2.5% 2.2% 3.9% 3.0% 4.4% 

October 2006 3.8% 3.3% 2.8% 2.4% 3.0% 3.1% 4.1% 

November 2006 7.4% 5.1% 5.9% 6.4% 7.2% 6.4% 8.0% 

December 2006 6.1% 6.2% 6.0% 5.7% 4.4% 5.7% 8.3% 

January 2007 11.7% 9.8% 11.5% 11.7% 8.9% 10.7% 12.5% 

February 2007 -9.6% -8.6% -9.5% -9.5% -8.0% -9.1% -11.5% 

March 2007 2.2% 1.5% 1.4% 1.3% 1.1% 1.5% 4.5% 

April 2007 -1.9% -1.6% -1.3% -1.3% -0.4% -1.3% -0.9% 

May 2007 2.4% 1.2% 2.2% 2.2% 0.5% 1.7% 0.8% 

June 2007 4.4% 4.4% 4.6% 5.1% 5.9% 4.9% 6.0% 

July 2007 2.9% 3.9% 3.4% 3.1% 4.3% 3.5% 2.8% 

August 2007 -3.5% -4.1% -4.4% -4.6% -2.9% -3.9% -4.5% 

September 2007 2.4% 2.5% 2.1% 1.7% 3.6% 2.5% 1.0% 

October 2007 -3.6% -2.9% -3.5% -3.8% 0.0% -2.7% -7.8% 

November 2007 -11.5% -12.4% -13.1% -12.3% -13.6% -12.6% -11.6% 

December 2007 2.0% 2.6% 2.1% 1.7% 2.9% 2.3% 2.7% 

January 2008 -13.2% -12.0% -12.4% -13.2% -10.3% -12.2% -14.5% 

February 2008 6.4% 6.3% 6.1% 6.6% 6.6% 6.4% 6.3% 

March 2008 -5.1% -2.8% -3.0% -3.2% -3.9% -3.6% -6.4% 

April 2008 -5.0% -3.8% -4.1% -4.4% -3.5% -4.1% -6.5% 

May 2008 -1.5% -1.6% -1.7% -1.3% -1.8% -1.6% -0.9% 

June 2008 -1.7% -1.3% -1.2% -1.0% -2.8% -1.6% -1.3% 

July 2008 -8.7% -7.8% -9.1% -8.4% -6.2% -8.0% -9.4% 

August 2008 5.6% 5.1% 5.1% 4.4% 4.6% 5.0% 5.2% 

September 2008 -20.1% -18.9% -19.0% -20.1% -21.8% -20.0% -22.1% 
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Appendix 1 continued 

 

 Sales EBITDA EBIT 
Net 

income 
Equity Composite 

OMX 

Baltic 

Benchmark 

GI 

October 2008 -29.0% -26.1% -27.6% -26.5% -23.1% -26.5% -31.0% 

November 2008 -16.5% -15.7% -16.6% -16.6% -14.9% -16.1% -16.2% 

December 2008 -3.4% -3.1% -1.4% -2.5% -5.9% -3.3% -0.3% 

January 2009 1.4% 3.8% 3.9% 2.9% -1.0% 2.2% 0.4% 

February 2009 -12.3% -11.2% -10.4% -10.4% -12.7% -11.4% -10.8% 

March 2009 -2.7% -0.8% -1.1% -0.8% -0.3% -1.1% -0.9% 

April 2009 3.2% 3.3% 3.5% 3.5% 2.8% 3.3% 2.7% 

May 2009 12.2% 11.1% 12.0% 11.4% 10.1% 11.4% 10.8% 

June 2009 -0.2% -1.8% -2.4% -1.8% 1.1% -1.1% -1.9% 

July 2009 5.2% 4.6% 3.2% 3.8% 5.0% 4.4% 4.6% 

August 2009 37.0% 37.0% 35.4% 34.3% 37.0% 36.1% 30.5% 

September 2009 14.0% 10.0% 11.9% 10.3% 7.5% 10.8% 10.3% 

October 2009 -9.3% -7.2% -6.3% -5.8% -8.1% -7.4% -6.1% 

November 2009 -2.8% -3.7% -3.0% -2.5% -3.8% -3.2% -0.9% 

December 2009 -1.1% -0.4% 0.0% 0.0% -0.1% -0.3% -0.6% 

January 2010 28.9% 27.5% 26.2% 23.5% 27.6% 26.7% 31.1% 

February 2010 -5.0% -6.5% -6.7% -6.9% -7.5% -6.5% -6.2% 

March 2010 6.8% 6.9% 7.5% 7.5% 6.8% 7.1% 7.5% 

April 2010 4.3% 4.9% 5.8% 6.8% 7.7% 5.9% 7.0% 

May 2010 -8.2% -7.7% -8.2% -8.8% -8.1% -8.2% -8.0% 

June 2010 -1.8% -1.8% -2.1% -1.2% -1.8% -1.7% -1.2% 

July 2010 5.9% 5.3% 4.8% 3.5% 5.6% 5.1% 4.6% 

August 2010 5.5% 4.6% 5.6% 3.8% 6.1% 5.1% 6.6% 

September 2010 8.1% 7.2% 6.4% 6.4% 6.8% 7.0% 6.3% 

October 2010 6.2% 4.5% 5.1% 3.2% 3.1% 4.4% 5.2% 

November 2010 5.4% 4.1% 4.4% 4.4% 3.6% 4.4% 4.1% 

December 2010 1.3% 2.1% 1.8% 1.2% 0.8% 1.5% 1.7% 

January 2011 1.8% 1.9% 2.6% 1.9% 1.5% 1.9% 2.6% 

February 2011 3.2% 2.7% 2.6% 2.9% 3.0% 2.9% 1.5% 

March 2011 -3.1% -3.2% -3.0% -3.4% -3.2% -3.2% -2.8% 

April 2011 -3.4% -3.3% -3.7% -3.0% -3.4% -3.3% -4.0% 

May 2011 0.1% 1.1% 1.4% -0.1% 1.0% 0.7% 0.5% 

June 2011 -1.4% 0.7% 1.1% 2.0% 1.1% 0.6% -0.4% 

July 2011 2.0% 1.5% 1.4% 0.4% 0.2% 1.1% 2.9% 

August 2011 -9.5% -7.5% -8.0% -8.5% -8.1% -8.3% -8.3% 
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Appendix 1 continued 

 

 

Sales EBITDA EBIT 
Net 

income 
Equity Composite 

OMX 

Baltic 

Benchmark 

GI 

September 2011 -10.3% -10.0% -9.3% -8.3% -10.0% -9.6% -9.4% 

October 2011 6.4% 5.0% 4.1% 4.1% 4.3% 4.8% 5.5% 

November 2011 -4.9% -4.3% -4.2% -4.9% -5.3% -4.7% -5.1% 

December 2011 -2.7% -2.4% -2.4% -1.3% -1.8% -2.1% -2.9% 

January 2012 3.9% 3.9% 3.5% 4.1% 3.8% 3.8% 2.7% 

February 2012 3.2% 3.5% 3.7% 3.0% 1.9% 3.1% 5.5% 

March 2012 0.5% -0.4% 0.0% -0.2% -1.1% -0.2% 0.5% 

April 2012 3.6% 3.8% 3.9% 3.4% 3.7% 3.7% 4.2% 

May 2012 -2.0% -0.8% -1.6% -0.2% -1.9% -1.3% -2.0% 

June 2012 1.6% 1.5% 1.4% 1.4% 0.5% 1.3% 2.5% 

July 2012 2.6% 2.9% 2.7% 2.7% 2.6% 2.7% 3.0% 

August 2012 2.6% 2.9% 2.8% 1.4% 2.1% 2.4% 2.4% 

September 2012 -1.4% -1.0% -1.4% -0.9% -1.2% -1.2% -1.7% 

October 2012 -0.1% 1.2% 1.0% 0.8% 0.7% 0.7% 0.1% 

November 2012 2.0% 3.1% 2.5% 1.2% 1.8% 2.1% 1.4% 

December 2012 3.8% 5.1% 4.5% 3.4% 3.5% 4.0% 5.5% 

January 2013 5.7% 5.2% 5.3% 4.7% 4.8% 5.1% 5.4% 

February 2013 -0.6% -0.9% -0.9% -0.2% -1.0% -0.7% -1.1% 

March 2013 10.6% 10.3% 10.0% 8.9% 11.1% 10.2% 8.7% 

April 2013 -0.8% 0.4% 0.3% 0.0% 0.5% 0.1% -1.0% 

May 2013 -0.6% -0.8% -0.6% 0.1% -0.7% -0.5% -1.1% 

June 2013 0.6% 0.6% 0.2% 0.8% 0.2% 0.4% 1.5% 

July 2013 2.8% 2.6% 2.6% 2.6% 3.0% 2.7% 2.8% 

August 2013 0.4% 0.1% 0.2% 0.3% 0.3% 0.3% -0.1% 

September 2013 0.8% 1.2% 0.5% 0.6% 2.1% 1.5% -0.4% 

October 2013 -0.3% 0.0% 0.2% 0.1% -0.4% -0.1% 0.2% 

November 2013 -0.4% -0.1% -0.1% -0.6% -0.3% -0.3% -0.3% 

December 2013 -0.5% -0.3% -0.6% 1.6% 0.9% 0.2% -2.6% 

January 2014 5.7% 5.7% 4.9% 4.7% 7.1% 5.6% 3.6% 

February 2014 -0.5% -0.6% -0.6% -0.3% 0.0% -0.4% -1.1% 

March 2014 -3.3% -3.0% -3.1% -2.7% -2.4% -2.9% -4.4% 

April 2014 -1.4% -0.5% -0.8% -1.5% -0.6% -1.0% -1.1% 

May 2014 1.6% 2.4% 2.4% 3.2% 1.0% 2.1% 1.9% 

June 2014 2.4% 2.2% 1.8% 0.9% 1.9% 1.8% 0.9% 

July 2014 -1.0% -1.7% -1.5% -1.1% -1.6% -1.4% -0.9% 
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Appendix 1 continued 

 

 

Sales EBITDA EBIT 
Net 

income 
Equity Composite 

OMX 

Baltic 

Benchmark 

GI 

August 2014 -2.6% -2.5% -2.5% -2.7% -2.3% -2.5% -3.1% 

September 2014 -1.4% -2.3% -1.8% -1.1% -3.0% -1.9% -1.7% 

October 2014 -1.0% -0.7% -0.8% -1.1% -0.4% -0.8% -0.9% 

November 2014 1.6% 2.4% 2.3% 1.9% 2.3% 2.1% 1.9% 

December 2014 -1.8% -2.9% -3.3% -3.1% -2.0% -2.6% -2.8% 

January 2015 5.3% 6.3% 6.3% 5.6% 6.6% 6.0% 6.4% 

February 2015 4.3% 4.7% 4.4% 4.0% 5.9% 4.7% 4.4% 

March 2015 1.0% 0.4% 0.5% 0.8% -0.4% 0.5% 0.6% 

April 2015 1.5% 0.7% 1.2% 1.6% 1.1% 1.2% 1.2% 

May 2015 -0.9% -0.7% -0.6% -0.1% -0.9% -0.7% -1.4% 

June 2015 -1.0% -1.1% -1.4% -1.6% -1.1% -1.2% -1.1% 

July 2015 1.2% 1.6% 1.6% 1.3% 1.8% 1.5% 2.2% 

August 2015 -1.0% 0.1% -0.2% -0.8% 0.0% -0.4% 0.0% 

September 2015 -1.5% -0.9% -1.3% -1.4% -0.1% -1.0% -1.5% 

October 2015 1.6% 2.0% 1.4% 1.2% 2.7% 1.8% 1.0% 

November 2015 1.6% 1.0% 1.4% 1.2% 0.5% 1.1% 1.5% 

December 2015 0.9% 0.2% 0.2% 0.0% -0.3% 0.2% 0.5% 

January 2016 -1.2% -0.9% -1.0% -0.9% -0.8% -1.0% -1.2% 

February 2016 2.5% 3.2% 3.2% 2.7% 3.1% 2.9% 3.6% 

March 2016 3.3% 3.3% 3.7% 3.7% 3.1% 3.4% 4.1% 

Source: Bloomberg terminal, Nasdaq Baltic web page, author’s calculations 
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Appendix 2. Fama-French-Carhart four-factor model results from Gretl 

 

Model 1: OLS, using observations 1-117 

Dependent variable: Sales_Rf 

 

  Coefficient Std. Error t-ratio p-value  

const 0.0013535 0.0011855 1.1417 0.25601  

RM_Rf 0.964523 0.0185342 52.0401 <0.00001 *** 

HML 0.101065 0.0337893 2.9910 0.00342 *** 

SMB 0.130588 0.0363471 3.5928 0.00049 *** 

MOM -0.00657704 0.0227019 -0.2897 0.77257  

 

Mean dependent var  0.004853  S.D. dependent var  0.074318 

Sum squared resid  0.018162  S.E. of regression  0.012734 

R-squared  0.971653  Adjusted R-squared  0.970640 

F(4, 112)  959.7514  P-value(F)  1.21e-85 

Log-likelihood  347.0647  Akaike criterion -684.1295 

Schwarz criterion -670.3186  Hannan-Quinn -678.5224 

 

 

 

 

Model 2: OLS, using observations 1-117 

Dependent variable: EBITDA_Rf 

 

  Coefficient Std. Error t-ratio p-value  

const 0.00275541 0.00130343 2.1140 0.03674 ** 

RM_Rf 0.917774 0.0203779 45.0378 <0.00001 *** 

HML 0.107825 0.0371504 2.9024 0.00446 *** 

SMB -0.00693917 0.0399626 -0.1736 0.86246  

MOM -0.0077199 0.0249601 -0.3093 0.75768  

 

Mean dependent var  0.005718  S.D. dependent var  0.069880 

Sum squared resid  0.021955  S.E. of regression  0.014001 

R-squared  0.961241  Adjusted R-squared  0.959857 

F(4, 112)  694.4181  P-value(F)  4.87e-78 

Log-likelihood  335.9697  Akaike criterion -661.9393 

Schwarz criterion -648.1285  Hannan-Quinn -656.3323 
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Appendix 2 continued 

Model 3: OLS, using observations 1-117 

Dependent variable: EBIT_Rf 

 

  Coefficient Std. Error t-ratio p-value  

const 0.00202967 0.0011979 1.6944 0.09298 * 

RM_Rf 0.926478 0.0187281 49.4700 <0.00001 *** 

HML 0.0356956 0.0341427 1.0455 0.29805  

SMB 0.00198313 0.0367272 0.0540 0.95703  

MOM -0.0182764 0.0229394 -0.7967 0.42730  

 

Mean dependent var  0.005234  S.D. dependent var  0.070158 

Sum squared resid  0.018544  S.E. of regression  0.012867 

R-squared  0.967522  Adjusted R-squared  0.966362 

F(4, 112)  834.1304  P-value(F)  2.46e-82 

Log-likelihood  345.8474  Akaike criterion -681.6948 

Schwarz criterion -667.8839  Hannan-Quinn -676.0878 

 

 

 

 

 

Model 4: OLS, using observations 1-117 

Dependent variable: Net_Income_Rf 

 

  Coefficient Std. Error t-ratio p-value  

const 0.000936315 0.00130582 0.7170 0.47485  

RM_Rf 0.894917 0.0204152 43.8357 <0.00001 *** 

HML 0.0286762 0.0372186 0.7705 0.44264  

SMB -0.0173325 0.0400359 -0.4329 0.66590  

MOM -0.0191771 0.0250059 -0.7669 0.44475  

 

Mean dependent var  0.003997  S.D. dependent var  0.067903 

Sum squared resid  0.022035  S.E. of regression  0.014027 

R-squared  0.958801  Adjusted R-squared  0.957330 

F(4, 112)  651.6291  P-value(F)  1.48e-76 

Log-likelihood  335.7552  Akaike criterion -661.5104 

Schwarz criterion -647.6995  Hannan-Quinn -655.9033 
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Appendix 2 continued 

Model 5: OLS, using observations 1-117 

Dependent variable: Equity_Rf 

 

  Coefficient Std. Error t-ratio p-value  

const 0.00280232 0.00157045 1.7844 0.07707 * 

RM_Rf 0.905452 0.0245525 36.8782 <0.00001 *** 

HML 0.281171 0.0447612 6.2816 <0.00001 *** 

SMB -0.0637048 0.0481495 -1.3231 0.18851  

MOM 0.0210468 0.0300736 0.6998 0.48548  

 

Mean dependent var  0.005132  S.D. dependent var  0.069948 

Sum squared resid  0.031872  S.E. of regression  0.016869 

R-squared  0.943844  Adjusted R-squared  0.941838 

F(4, 112)  470.6069  P-value(F)  4.98e-69 

Log-likelihood  314.1648  Akaike criterion -618.3297 

Schwarz criterion -604.5188  Hannan-Quinn -612.7226 

 

 

 

 

 

Model 6: OLS, using observations 1-117 

Dependent variable: Composite_Rf 

 

  Coefficient Std. Error t-ratio p-value  

const 0.00200954 0.00121053 1.6600 0.09970 * 

RM_Rf 0.921857 0.0189255 48.7097 <0.00001 *** 

HML 0.111781 0.0345027 3.2398 0.00158 *** 

SMB 0.00911468 0.0371145 0.2456 0.80645  

MOM -0.0054292 0.0231812 -0.2342 0.81525  

 

Mean dependent var  0.005020  S.D. dependent var  0.070105 

Sum squared resid  0.018937  S.E. of regression  0.013003 

R-squared  0.966783  Adjusted R-squared  0.965597 

F(4, 112)  814.9535  P-value(F)  8.66e-82 

Log-likelihood  344.6203  Akaike criterion -679.2405 

Schwarz criterion -665.4297  Hannan-Quinn -673.6335 

Source: appendix 1, author’s calculations 


