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Abstract 

 
A new hypothesis, The Adaptive Markets Hypothesis (AMH), is applied to the Swedish stock 
market context by testing the variability of the risk-return trade-off over different investment 
horizons and market environments. Yearly returns and volatility are measured on OMXS30 
index between1986 and 2017 over a variety of different investment horizons. Through the 
sample observations, a number of distinct market environments become apparent. A 
regression analysis is then used to test the statistical significance of the risk-return 
relationship. The results show a weak – and varying – statistical relationship between risk and 
return, implying that risk is not a reliable explanatory variable for average returns. The length 
of the investment horizon and the market environment the investment is being made in are 
shown to be influential factors on changes to the risk-return relationship. These findings from 
the OMXS30 index support the AMH, showing that the risk-return relationship is dynamic 
and subject to changes over different investment horizons and in different market 
environments.  
 
Key Words: Adaptive markets hypothesis; risk-return trade-off; volatility anomaly; market 
environment   
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Definition of Terms 
Risk-return trade-off – The notion that taking on higher risk is rewarded with higher 
average returns, and vice versa (Lo, 2017, p. 258) 
Standard Deviation – A common statistical measurement of variability or dispersion (Hillier, 
et al., 2016). In a financial context, standard deviation measures how much a return can 
deviate from the mean. The larger the deviation, the larger the volatility or risk of the 
investment.  
Return variability – The range of returns over a given time period expressed as the 
difference between the highest return and lowest return (Malkiel, 1999, p. 355) 
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1. Introduction 
This chapter includes background on the risk-return trade-off, an overview of risk-return anomalies, as well as a 
discussion of the viability of the risk-return trade-off. The problem formulation and purpose sections define the 
targets and intentions of this paper. 
 
Since the 1980’s, the global economy has been dominated by globalization and huge 
demographic changes – boosting economic growth and increasing productivity. However, this 
era is coming to an end as the economic and political trends change. Today’s markets are 
larger, faster and more diverse than at any other time in history (Lo, 2012, p. 20). The 
exponential increase in world population has increased the scale of interactions among market 
participants and the complexity of financial markets. Micro and macroeconomic 
developments over preceding decades, in combination with financial innovation and 
technological advancement, provide reasons to believe that today’s market environment is 
objectively different than the market environment of the 20th century. We are currently 
experiencing an explosion of financial innovations in the form of new information and 
payment systems, loaning services, cryptocurrencies, electronic markets, roboadvisors and 
artificial intelligence (Shiller, 2003, p. 2). Data is to the 21st century what oil was to the 20th 
century: a motor for growth (The Economist, 2017, pp. 13-16). Data flows are creating: new 
infrastructure, new businesses, new monopolies, new politics and shaping a new economy. 
Professor Shiller (2003) of Yale University, forecasts that the entire economy will be 
transformed within just a few decades.  
 
These developments represent shifts in the economic environment that are subsequently 
reflected in market dynamics: increased volatility, trading volume, market capitalization, 
trade execution times, and number of listed securities (Lo, 2012, p. 20). These changes, in 
combination with the turmoil of the 2007-2009 financial crisis has many market participants 
questioning the fundamental framework on which financial decisions have historically been 
made, namely the Efficient Markets Hypothesis (EMH). Even legendary central banker Alan 
Greenspan, a stark proponent of the EMH, found himself in a “state of shocked disbelief” 
over his inability to explain the financial crisis through the lens of efficient markets 
(Andrews, 2008). Attempts to model markets using physics- or mathematics-based has gone 
out of style (Authers, 2018). It has instead become fashionable to use biological or medical 
analogies for markets and modeling markets based on living organisms seems far more 
plausible today than it did pre-financial crisis.  
 
Finance in the new economic era differs drastically from the financial environment of the 
latter half of the 20th century (Lo, 2012, p. 20). Financial economist Robert Haugen (2010, p. 
1) claims that this could be the beginning of a paradigm shift away from efficient-markets-
based finance and towards what he calls “new finance” – an admission that the market can be 
ineffective, imprecise and where investors are subject to irrational behavior. This isn’t to say 
that the EMH is wrong, only incomplete (Lo, 2012, p. 18). Markets are “right” most of the 
time, however, they are not perfect. Like any other human invention, markets can too 
occasionally break down for predictable and understandable reasons. 
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1.1 Background 

The idea that financial markets operate efficiently became widespread in the 1960’s and 70’s 
(The Economist, 2017, pp. 57-59). Efficient markets are defined as markets in which prices 
always fully reflect available information (Fama, 1970, p. 383). The EMH has its roots in an 
observation that stock prices appear to move randomly – known as a “random walk” (Fox, 
2009, p. xiv). Due to the random nature of stock returns, there are therefore no investment 
strategies that will produce consistent, market beating returns over the long-term (Malkiel, 
1999, p. 200). How then does an investor that wants to make larger than average returns 
achieve those returns? “Risk, and risk alone, determines the degree to which returns will be 
above or below average” (Malkiel, 1999, p. 200). Out of an investment perspective, financial 
risk is the probability that expected returns will not materialize and/or that investments will 
lose value. The higher the volatility, the higher the probability that an investment will do 
better or worse than expected (Fox, 2009, p. 54). The notion that taking higher risks is 
rewarded with higher returns, also known as the risk-return trade-off, is a cornerstone of 
financial theory (Authers, 2014). Finance students have been taught for decades that return is 
a linear function of risk within most asset classes (Swedroe, 2017). 
 
However, financial research and finance in practice have shown that in recent decades, the 
risk-return trade-off is not as reliable as theory suggests. Between the 1920’s and the 1960’s, 
the risk-return trade-off was flat, with high-risk and low-risk stocks generating relatively 
equal returns (Authers, 2014). However, since the 60’s, high-risk stocks have averaged lower 
returns than low-risk stocks, and the risk-return trade-off has inverted (Authers, 2014). This 
phenomenon, known as the risk-return paradox (also called the volatility effect, or the low 
volatility anomaly), has multiple suspected causes, ranging from behavioral biases, issues 
with economic modeling, or changes in the investing environment. Financial academics and 
professionals have been aware of the anomaly since the 1970’s, and it has since then become 
well documented in both equity and bond markets around the globe (Swedroe, 2017). Despite 
being a well-known and documented phenomenon, it is not widely accepted by the financial 
community (Forbes, 2017). That’s why it’s often referred to as a “phenomenon” or an 
“anomaly” – it runs counter to established financial theory. Quantitative analysts Van Vliet & 
De Koning (2017, p. 1) refer to this as an inconvenient truth because it suggests that standard 
asset pricing models are flawed or wrong.  
 
A rise in the popularity of publications on the findings of the volatility anomaly in the 
aftermath of the 2007-2008 financial crisis has led to a proliferation of low-volatility 
investing strategies (Swedroe, 2017). This is evident in the recent proliferation of, and 
movement of billions of dollars of institutional investors’ capital into, low-volatility funds. 
The findings of low volatility researchers and practitioners do not negate the idea of a linear 
risk-return trade-off; however, they add to the growing supply of data that suggests a re-
examination of the traditional financial view that greater risk is rewarded with greater return 
(Authers, 2016). Markets and market prices tend to move slowly upwards over time, while 
downwards corrections tend to happen quickly and more violently (Authers, 2016). A 
premium for risky investments exists, although it may not be realized while the volatility is 
happening. This implies that that investors should pay closer attention to market dynamics 
over time. 
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1.2 Problem Discussion 

As stated in the introduction, it has recently become fashionable to look at markets out of a 
biological perspective. A new hypothesis, the Adaptive Markets Hypothesis (AMH), has 
received increasing attention in recent academic literature (Ghazani & Araghi, 2014, p. 52). 
According to the AMH, market efficiency is should not be viewed as a steady state; rather as 
dynamic and context-dependent. By extension, the risk-return trade-off should also be viewed 
as dynamic and context-dependent (Lo, 2012, p. 24). Despite methodological differences in 
risk-return research, the conclusions that have been drawn are consistent: evidence of risk-
return anomalies are persistent and have been documented in markets around the world. 
However, possible explanations vary widely, and the varying explanations have led to a broad 
questioning of the viability of the risk-return trade-off, and by extension the efficiency of 
markets.  
 
Volatility is one of the distinguishing features of equities as an investment vehicle, separating 
it from other forms of financial investment such as bank deposits or bonds (Waldenström, 
2014, p. 243). Because stocks are riskier than other investment alternatives, it is thought that 
stocks should offer a risk premium as compensation for holding a riskier asset. Empirical data 
shows that the discrepancies in the risk-return trade-off were first documented in the 1970’s. 
Early tests of capital asset pricing models led to the then surprising conclusion that high-beta 
assets had lower returns than low-beta assets (Jensen, et al., 1972). Haugen & Heins (1975) 
reported similar findings while testing the relationship between risk and return over a 55-year 
period from 1926-1971. Their results did not support the conventional risk-return trade-off, 
and indicated instead that, over the long-term, portfolios with less variance experience greater 
average returns than portfolios with higher variance (Haugen & Heins, 1975, p. 782). 
Financial economists Fama & French (1992, p. 428) eventually confirmed these findings, 
examining a 27-year investment period from 1963-1990, citing numerous empirical 
contradictions in the assumption that risk and return are positively correlated. Baker, et al., 
(2011, p. 41) conclude, after testing a 40-year period from 1968–2008, that regardless of 
whether risk is defined as beta or variance, low-risk stocks outperform high-risk stocks. Low-
risk stocks also show smoother, less volatile long-term return patterns. They note that since 
the 1980’s, when institutional investors became more numerous, better capitalized and took 
over a larger share of the stock market, the return gap has widened.  
 
Baker, et al., (2011, p. 44) attempt to explain the low-volatility anomaly with irrational 
individual investor behavior, claiming that individual investors are predisposed to investing in 
high-volatility stocks due to certain behavioral biases, namely: investors’ preference for 
lotteries. Buying a low-priced, volatile stock is likened to buying a lottery ticket - there is a 
small chance of the stock’s price rising exponentially, and a much larger chance of the stock’s 
price declining in value. This causes high-volatility stocks to become overvalued which leads 
to lower future returns. Xi, et al. (2016, p. 46) results support this claim, indicate that 
investors prefer high-volatility stocks due to cognitive biases. When individual investors act 
irrationally, institutional investors should take advantage of easy arbitrage opportunities, 
pressing stock prices towards a more “correct” value (Baker, et al., 2011, p. 45). However, 
due to regulations, mutual funds often must select a benchmark and show fund performance 
against the benchmark in their prospectuses. The use of a benchmark limits the ability of 
institutional investors to take advantage of arbitrage opportunities by incentivizing investment 
in high-volatility stocks as a simple strategy for generating above average returns (Blitz & van 
Vliet, 2007, p. 111). This suggest that outperforming the market in so called “bull” markets, 
markets where share prices are rising, is more important than outperforming the market in 
"bear” markets, markets where share prices are falling. Asset managers are therefore willing 
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to invest in high-volatility stocks that tend to outperform the benchmark in bull markets. 
Thus, high-volatility stocks become overpriced and low-volatility stocks become underpriced. 
This raises demand for high-volatility stocks and the heightened demand subsequently attracts 
new investment while simultaneously lowering the expected return. Thus, the volatility effect 
is not easily arbitraged away. Moreover, because institutional investors are judged on short-
term performance, and may jeopardize their reputations or jobs for underperforming their 
benchmarks, this creates an opportunity for individual investors to profit from discrepancies 
in the risk-return trade-off – as long as they stick to long-term holding strategies (Haugen, 
2010).  
 
The length of time that an investor holds onto an investment is commonly thought to play a 
critical role in the actual level of risk that the investor assumes. Economist and Princeton 
University professor Malkiel (1999, p. 355) writes that positive stock returns over long 
investment horizons are a fundamental truth of finance that are supported by centuries of 
historical data, claiming that a substantial amount of risk associated with stocks can be 
eliminated through long-term ownership. Lundblad (2007, p. 146) argues that the mixed 
findings on risk-return trade-off can be viewed as sampling errors, and that longer data spans 
are needed to reliably detect a positive risk-return trade-off. He documents a positive risk-
return relationship using data a data-set that spans nearly two centuries. Over a long enough 
investment horizon investing in stocks produces positive returns, and on average, the lower 
the assumed risk, the lower the return – and vice versa (Lo, 2017, p. 259). However, a long-
term investment horizon is not always a reliable predictor of positive stock returns. For 
example, Malkiel (1999, p. 355) uses a 25-year investment horizon, 1950-1997 to exemplify 
the “fundamental truth” that long-term holding periods produce positive returns with 
relatively low volatility, citing an average yearly return of nearly 11%. However, when 
compared to a 25-year investment horizon on Japan’s Nikkei 225 stock market index between 
1989-2014, the result showed the opposite – high volatility with a corresponding average 
yearly return of –3.2%, implying that risk is not always rewarded, and that the of the risk-
return trade-off is dependent on the market environment (Lo, 2017, p. 262). Maynard Keynes 
(1924, p. 80) alleges that using the “long run” as a guide can be misleading, famously stating 
that “in the long run we are dead”.  
 
In the research into the volatility anomaly, cited above, the investment horizons that were 
examined range from 27-years to nearly two centuries. A long-term positive risk/return 
correlation has been shown to exist over long-term, but few investors have the luxury of a 
century long investment horizon (Lo, 2017, p. 259). But how long is the “long-term” out of an 
individual investors perspective? Examining this question out of a Swedish context provides a 
few simple recommendations for different investment horizons. The Swedish Shareholders 
Association, an independent organization working in the interest of private individuals who 
invest in stock, recommends long-term investment as a “golden rule” for investment success 
(Wilke, 2015, p. 35). A long-term investing horizon on the Swedish stock market is generally 
ten or more years (Aktiespararna, 2006). Other actors on the Swedish stock market support 
this claim. Carnegie Fonder, one of Sweden’s largest independent fund management 
companies, considers a five-year investment horizon relatively short. Because investing in 
stocks is inherently risky, they recommend 20 years as a realistic long-term investment 
horizon for individual investors (Amcoff, 2018). Lastly, Arturo Arques, an economic advisor 
at Swedbank, classifies the short-term as 0–3 years, the mid-term 3–7 years, the long-term as 
everything over 7-years, and recommends stocks as an investment alternative if the individual 
has a minimum investment horizon of 5–6 years (Andersson, 2015).  
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Over a decade long investment horizon, 1901–2012, the average return of the Swedish stock 
market has been 7,6% per year (Waldenström, 2014, p. 250). However, the variability of 
average returns as been shown to fluctuate over time, some decades produced average returns 
as high as 30% while other decades produced negative returns. This implies that the timing of 
the investment, or the market environment that the investment is being made in is a crucial 
factor in determining the return over a holding period. The AMH argues that the risk-return 
trade-off is not a fundamental law of finance, rather that the relationship between risk and 
return is dynamic and can change over time and from market to market. Investing in stocks 
with a long-term buy and hold strategy may or may not be an effective strategy for generating 
consistent positive returns – it depends on the market environment in which the investor is 
investing.  
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1.3 Problem Formation 

Although previous research into the volatility anomalies and AMH includes a variety of US, 
European, Asian and Middle Eastern stock markets, the Swedish stock market environment is 
yet to be examined. Previous research into the risk-return trade-off has produced mixed 
results, with some claiming that the volatility anomaly creates an opportunity for individual 
investors to profit from risk-return inconsistencies if a long-term investment horizon is 
employed. One of the central tenants of the AMH is that risk isn’t necessarily rewarded, even 
in the long-term. Rather, the relationship between risk and return is dynamic and the risk-
return relationship is dependent on the market environment – different market environments 
can be expected to produce different financial outcomes.  
 
The idea of a new financial environment, in combination with international evidence of the 
volatility anomaly and implications of the AMH, raises questions about the variability of the 
risk-return trade-off over different length investment horizons and in conjunction with 
environmental changes on the Swedish stock market.  
 
 
1.4 Research Questions  

How do different investment horizons affect the risk-return trade-off? 
How credible is risk as an explanatory variable for returns?  
How do changes in the market environment affect the risk-return trade-off? 
Is there evidence of risk-return anomalies? 
Is there evidence of a new market environment?  
 
 
1.5 Purpose  

The purpose of this study is to examine the variability of the risk-return trade-off over 
different investment horizons and within different market environments. 
 
 
1.6 Limitations 

In this paper, the scope of the research questions and purpose are limited to return and 
volatility data from the Swedish OMXS30 stock market index from the period 1986–2017.   
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2. Theoretical Framework 
This chapter presents a deeper explanation of the AMH, as well as a presentation of previous research and a 
theoretical frame of reference for the methodology and analysis of the results. 
 
2.1 The Adaptive Markets Hypothesis 

Recent developments in neuroscience and evolutionary biology confirm that the extremely 
rational behavior assumed by the EMH captures only a portion of actual human behavior in a 
financial context (Lo, 2017, p. 176). Economic behavior is only one aspect of human 
behavior, and all human behavior is the product of biological evolution. Financial markets 
therefore follow biological laws rather than statistics-based financial laws. Competition, 
innovation, and adaptation are the building blocks of evolution, and humans can adapt their 
behavior to new environments. The AMH seeks to bridge the gap between modern finance 
and behavioral finance by stating that markets aren’t governed by financial laws and that 
humans are neither always rational or always irrational. Much of what behavioral economists 
cite as counterexamples to economic rationality – loss aversion, overconfidence, overreaction, 
other behavioral biases – is consistent with an evolutionary model of individuals adapting to a 
changing financial environment (Lo, 2012, p. 24). 
 
An evolutionary perspective to decision making is grounded in Nobel laureate Herbert 
Simon’s ideas of bounded rationality. Simon states that the problem of rational decision 
making is limited both by the physiology of the choosing organism as well as the environment 
the choice is being made in (Simon, 1955, p. 101). Behavior is therefore not exclusively 
intrinsic, rather behavior is influenced by and evolves in response to the particular 
environment that it is present in (Lo, 2004, p. 16). Decisions are made based on limited 
computational abilities, limited access to information, and, just as it’s difficult to make a 
perfectly rational decision, it’s also difficult to know if a made decision is truly optimal (Lo, 
2017, p. 182). AMH adds to bounded rationality by arguing that individuals determine the 
point at which a decision is satisfactory through trial and error. Individuals learn about the 
quality of their choices by receiving feedback based on the outcomes of the decision and use 
that feedback to alter decisions. Emotion is one of the primary feedback mechanisms that 
influences our heuristics – the emotions we feel serve as signals about our environment and 
give us feedback about our behavior in that environment. Haugen (2010, p. 65) explains that 
the apparent positive correlation between risk and return is easily violated by fear. He claims 
that investors are afraid of volatility, so that, as volatility in the market index rises, investors 
overreact. Sudden increases in volatility trigger a fight-or-flight response, putting downward 
pressure on security prices, causing the “fundamental law” of the risk/return correlation to be 
temporarily violated (Lo, 2017, p. 261). Conversely, drops in volatility are accompanied by 
rises in the general level of stock prices (Haugen, 2010, p. 65). After the emotional responses 
have subsided, the positive relationship between risk and return is restored (Lo, 2017, p. 261).  
 
Out of a macro-perspective, markets are comprised of a population of “living organisms” 
competing to survive – rather than static, inanimate objects subject to the mathematical laws 
of finance (Lo, 2017, p. 2). Stock prices reflect information dictated by the environmental 
conditions and the behavior of groups of market participants, active in the economy (Lo, 
2004, p. 18). Natural selection then eliminates market participants that are least suited to a 
given market environment and rewards those that are best adapted to it (Lo, 2017, p. 195). 
Economic expansions and contractions, booms and busts, are the consequences of market 
participants’ behavior adapting to changing environments (Lo, 2017, p. 9). The AMH has 
numerous practical implications, including measuring and testing: the risk/reward tradeoff, 
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return predictability, the existence of arbitrage opportunities, market efficiency as a dynamic-
state rather than a steady-state, the adaptation of investment strategies, and portfolio 
allocation (Lo, 2004; Lo, 2012; Lo, 2017). 
 
 
2.2 Testing the Adaptive Markets Hypothesis 

Previous AMH research has focused primarily on examining return predictability as a 
function of market efficiency, by challenging the random walks assumption of returns. As 
stated above, the AMH has numerous practical implications, testing return predictability is 
one of them. While it is not directly relevant to this paper, return predictability has been the 
most researched aspect of the AMH, making up the bulk of previous research. This research is 
however indirectly relevant in the form of providing clues about aspects or factors of the 
market environment that have been shown to have an effect on stock market performance.  
 
One of the main assumptions of the previous research is the ‘relative efficiency’ aspect of the 
AMH – the idea that market efficiency varies over time as a function of the market 
environment, leading to return predictability. Environmental factors include: economic or 
political crises, economic bubbles, regulatory changes, inflation and interest rates (Kim, et al., 
2011, p. 875). Using a variety of statistical tests (variance ratio test, automatic portmanteau 
test, and generalized spectral test) on the Dow Jones Industrial Average Index, Kim, et al. 
(2011, p. 876) conclude that return predictability is in fact highly context dependent and 
dynamic. Their results are consistent with the AMH, showing that the changing market 
conditions have an effect on the degree of return predictability. Market events such as 
bubbles, market crashes, and political and economic crises, as well as inflation, risk-free 
interest rates, and stock market volatility are some of the market conditions that influence the 
degree of market efficiency. Other researchers have run similar tests on international markets 
and reported similar results. Ghazani & Araghi (2014) ran a similar set of statistical tests on 
the TEPIX index on the Tehran stock exchange. They conclude that market efficiency 
changes over time, leading to periods of return predictability, citing specific events such as 
falling oil prices in 2009 and collapse of the domestic currency in 2011 as shocks to the 
economic system that influenced market efficiency. Urquhart & McGroarty (2016) used 
similar tests on the S&P 500, FTSE100, NIKKEI225 and EURO STOXX 50 indexes. The 
AMH does not suggest any specific indicators of market conditions, thus the researchers 
regressed the results of the statistical tests with general market conditions of bull, bear, and 
normal to determine how the measures of return predictability were related to market 
conditions. They concluded that certain market conditions were more favorable to periods of 
return predictability, however these results varied from market to market. For example, a bull 
market represented a period of return predictability on the FTSE100 but not on the S&P500, 
concluding that investors need to examine markets individually since the dynamics of the 
individual markets vary over time along with their specific market conditions.  
 
 
2.3 Theoretical Frame of Reference 

The purpose of this paper is to test the variability of the risk-reward relationship using the 
theoretical perspective of the AMH. In contrast to the all-or-nothing assumptions of market 
efficiency made by the EMH, the assumption that market efficiency is dynamic is being 
made. Market behavior is assumed to be neither completely rational nor completely irrational. 
Rather, these factors can change over time in relation to changes in the market environment.  
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While the AMH has been applied extensively to testing the random walks assumption by 
testing return predictability, it has been applied less extensively on examining the risk-return 
trade-off. The theoretical perspective does not suggest a methodology for testing the risk-
return relationship, and methodological procedures are therefore borrowed from previous 
research in the volatility anomaly. The methodology for examining the research questions is 
influenced by the methodology used by Blitz & van Vliet (2007). They examined the risk-
return trade-off by creating portfolios of large-cap stocks based on a volatility ranking. From 
the resulting time-series of returns, averages and standard deviations were calculated, and the 
risk-return relationship was examined over the chosen investment horizon (Blitz & van Vilet 
2007).  
 
The evolutionary principles of the AMH can then be applied to the Swedish stock market to 
analyze the empirical observations. As Urquhart & McGroarty (2016) state in their research, 
the AMH does not suggest any specific indicators of market conditions or specific methods of 
examining the market environment. It does however, theoretically guide the practitioner 
towards general areas of interest in the market environment. The AMH specifically mentions 
fight-or-flight responses caused by sudden increases in volatility leading to fear and 
overreaction in the market, as well as and economic expansions and contractions as a result of 
changing economic behavior. In this case, the analysis will then focus on sudden increases 
and decreases in volatility and changes in economic behavior. Previous research by Ghazani 
& Araghi (2014), Urquhart & McGroarty (2016) and Kim et al. (2011) support this reasoning, 
having analyzed their results using extreme market events, economic expansions and 
contractions, as well as economic and political crises. 
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3. Methodology  
By combining elements of previous research on the AMH and the volatility anomaly, a method for examining the 
risk-return trade-off on the Swedish stock market can be developed. A general overview of the choice of method 
is presented, followed by a deeper explanation of the different methodological elements. 
 
3.1 Methodological Overview  

The purpose of this paper is to examine changes to the risk-return relationship over time using 
different investment horizons. Risk measurement techniques are based in statistics – 
examining the relationship between risk and return is therefore an inherently statistical 
undertaking. Therefore, a quantitative method is best suited to measuring and examining 
changes in the risk-return relationship. As stated in above, in chapter 2.3, the theoretical 
perspective is based in the AMH, while the methodology is based on previous research into 
the risk-return trade-off. The general methodology consists of data gathering, calculating 
average returns and volatility, dividing the 1986–2017 population into sample periods and 
documenting observations within each sample period. 
 
 
3.2 Data Gathering 

3.2.1 Data Population – 1986–2017 
The data most relevant to the research questions and purpose is from the 1980’s and onwards. 
This because the Swedish economy was highly regulated up until the 1980’s with very little 
stock market activity (Waldenström, 2014). The availability of stock market data pre-1980’s 
is also limited, and it is therefore impractical as a data source. Following the example of 
previous research into risk-return anomalies, individual company data was sought-after. 
However, due to data availability limitations, individual company data was only accessible for 
a 15-year period, 2002–2017. This period was judged to be too small of a population to fully 
examine long-term investment horizons. 
 
Utilizing index data became a natural solution to this problem, as data is available for longer 
historical periods. A number of different indexes were considered, for example, Affärsvärlden 
Generalindex (AFGX), which has data between 1901–2009, and the OMX Stockholm 30 
(OMXS30), which has data between 1986–2018. The AFGX was a potential choice for 
examining the research questions, as it allows for measurement of changes over a very long-
term horizon that includes a multitude of market environments and captures a broader picture 
of the stock market through the inclusion of large-, mid-, and small-cap companies. However, 
due to the lack of stock market activity until the 1980’s, the 1901–1979 period is not as 
interesting to the purpose of examining the effect of market changes on the risk-return 
relationship as the post-1980 period. Furthermore, the AFGX was discontinued in 2009, so 
capturing the 2009–2017 period would have required complementing the AFGX with a 
Nasdaq index, which poses difficulties when measuring changes over time across differing 
index base values (VA Finans, n/a). Therefore, the OMXS30 index was considered to be more 
conducive to the purpose of the research. The 1986–2017 period was judged to be a 
sufficiently long to allow for sampling of long-, mid- and short-term investment horizons as 
recommended for individual investors on the Swedish stock market, as well as providing an 
opportunity to examine market developments over a variety of economic environments.  
 
Historic data on the Swedish stock market was collected primarily from Statistics Sweden 
(SCB) and the Swedish Central Bank (Riksbanken). 
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3.2.2 Return Data 
Return data on the OMXS30 is collected from Nasdaq (2016). Returns on the OMXS30 are 
recorded daily over the period 1986-2017. The OMXS30 is comprised of the 30 shares which 
have the highest volume of trading on the Nasdaq Stockholm stock market. The index is 
evaluated and adjusted semi-annually to allow for adjustments and a correct representation of 
changes in the equity market. The base value of the index, which is the starting value for the 
index, is set at 125 and began on 30 September 1986. The returns are calculated using Price 
Return (PR) Index Value method. The PR index reflects changes in the market value of shares 
during the trading day and does not include ordinary dividends. Therefore, the return data, 
and the following volatility measurements that are based on the return data, reflect only 
returns based on capital gains.  
 
One of the limitations when using an index, is that it does not allow for dividing the stocks 
into separate portfolios, as done in previous risk-return research. Therefore, the index itself 
can be viewed as a proxy for one portfolio, and the research questions will be examined 
through the lens of the risk and return measurements the OMXS30 portfolio, as opposed 
examining the risk-return relationship by comparing many portfolios. While limiting in one 
sense, the use of an index as a portfolio proxy is beneficial in other ways. For example, the 
requirement of readjusting or rebalancing the portfolio to match changes in the underlying 
stocks is eliminated, as the index is rebalanced periodically and automatically by Nasdaq. 
Rebalancing is therefore already included in the index return data.  
 
In order to use the index data as a proxy for portfolio returns, the changes in index values 
need to first be converted into percentages. The index is converted into percentage returns 
using closing prices from the first trading day of period and the last trading day of the period.  
 

%	𝐼𝑛𝑑𝑒𝑥	𝐶ℎ𝑎𝑛𝑔𝑒 = 	 (𝐼𝑉/ − 𝐼𝑉/12)/𝐼𝑉/12 
 ( 1 ) 

𝐼𝑉/ = Index value at time (t) 
𝐼𝑉/12= Index value at time (t-1) 
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3.3 Average Returns 

Although daily return data is available for the OMXS30, the index values are converted to 
yearly returns. Since the research question aims to examine returns over longer investment 
horizons, using yearly returns is more conducive to measuring the effects of long- and mid-
term holding periods. If the question aimed to examine instead daily, weekly or monthly 
volatility, daily returns may have been a better choice.  
 
Time-weighted returns are then measured for the population period of 32 years, and the 
sample periods: 24-, 16-, 8-, 4- and 2-years. Time-weighted returns are also known as 
geometric means and are preferable to other return measuring methods, such as arithmetic 
means, because they include compounding of returns over the specific holding period and 
more accurately reflect the actual average yearly returns over the holding period (Watsham & 
Parramore, 1997). 
 

𝑅6 = [(1 + 𝑅2) ∗ (1 + 𝑅;) ∗ … ∗ (1 + 𝑅=)]2/= − 1	 
( 2 ) 

 𝑅6 = Time-weighted mean rate of return per period 
 𝑅? = Portfolio return during the interval  
 𝑁 = The number of intervals in the sample period 
 
 
3.4 Volatility 

Previous research has used both variance, standard deviation and beta as risk measurements 
when testing the risk-return trade-off. Beta has numerous advantages, for example company 
betas are easily available public information. However, previous research has shown that beta, 
although commonly used, is not always a dependable or accurate risk metric. The use of an 
index as a proxy for a portfolio also limits the use of beta due to the lack of historical 
information available on individual company betas. Therefore, this paper will focus instead on 
standard deviation as a risk measurement. Standard deviation is also a commonly used and 
accepted risk metric and can be easily calculated using the available return data. The term 
‘volatility’ will be used interchangeably with standard deviation for the duration of the paper.  

 
 

𝜎; =
B(𝑅2 − 𝑅6); + (𝑅; − 𝑅6); + ⋯+ (𝑅= − 𝑅6);

𝑁 − 1  
( 3 ) 

𝜎; = Standard Deviation 
𝑅? = Return over period 
𝑅6 = Time-weighted mean rate of return 
𝑁 = Number of return intervals in the sample period  
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3.5 Sample Periods  

Investment horizons can vary drastically depending on a wide variety of factors –individual 
investors have differing objectives and the investment horizon is one of many factors used to 
achieve set objectives. Therefore, this paper will analyze a range of investment horizons with 
the aim of examining common investment horizons that are applicable to a variety of 
investment objectives. However, the chosen sample investment horizons are not completely 
arbitrary. As stated in chapter 1.2 Problem Discussion, individual Swedish investors are 
recommended to invest in stocks over the long-term investment horizons, with long-term 
recommendations ranging from between 5–20+ years. The assumption is being made that the 
typical individual investor on the Swedish stock market follows these recommendations 
according to their own personal objectives.  
 
Each sample period represents a possible investment horizon for an investment in the 
OMXS30 portfolio, under the assumption that the investment was made on the first trading 
day of January and ended with the last trading day in December in each sample. Each 
observation in the sample represents a possible outcome of that investment in the OMXS30 
portfolio, bought and held for the length of the sample period.  
 
3.5.1 Long-term Category: 24-year and 16-year samples 
A 24-year sample horizon was chosen because it fits into the longest of the recommended 
investment horizons. Because the population is only 32 years, a 24-year sample was also short 
enough period to provide a sufficient number of observations to analyze the observations with 
a regression analysis. The 24-year investment horizon consists of nine observations.   
 
The 16-year investment horizon was chosen so that the results would include two sample 
horizons that fall within a long-term investment horizon category, while simultaneously being 
sufficiently unlike than the preceding 24-year horizon, that the observations can be expected 
to produce different results. The 16-year investment horizon sample consists of seventeen 
observations. 
 
3.5.2 Middle-term Category: 8-year and 4-year samples 
The 8-year horizon was chosen to ensure that the gap between the 16-year sample was 
sufficient to provide a meaningful result. Although one recommendation states that a mid-
term horizon consist of 7 years, the recommendations are interpreted as suggestions, and in 
order to achieve a larger spread between the two mid-term investment horizons 8-years was 
used instead. The eight-year investment horizon consists of twenty-five observations. 
 
A 4-year holding period was chosen to include two sample periods in the mid-term 
investment horizon category. The 4-year investment horizon consists of twenty-nine 
observations. 
 
3.5.3 Short-term Category: 2-year sample 
Although the recommendations for the Swedish stock market advise to avoid investing in 
with an investment horizon less than three years, a 2-year sample period was chosen to 
accommodate the assumption that not all individuals follow investment horizon 
recommendations. The 2-year investment horizon consists of thirty-one observations. 
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3.6 Result Analysis 

There are numerous options for statistically measuring the relationship between the variables 
of return and volatility. The correlation coefficient is often used in finance to describe the 
association between two variables (Watsham & Parramore, 1997). However, the correlation 
coefficient is only a measure of statistical association and does not infer causality between the 
variables. The purpose of this study is to examine the relationship between volatility and 
return based on the assumption that return is dependent on volatility. Because the purpose is 
to examine causality, regression is a better tool for measuring the risk-reward relationship 
where return is defined as the dependent variable and volatility is defined as the independent 
variable.  
 
Further analysis of the results will be conducted according to the AMH, analyzing changes in 
the risk-return trade-off by examining changes in the market environment in the 
corresponding observations. The extent to which the market environment can be analyzed is 
limited to available historical data and information. However, certain environmental data is 
easily and publicly available, such as: inflation rates, interest rates, business cycles, 
meaningful market events, etc. The focus in the analysis will be primarily based on broad, 
general market conditions such as extreme market events as well as economic expansions and 
contractions, rather than detailed and specific events, similar to the method applied by 
Urquhart & McGroarty (2016).  
 
 
3.7 Method Criticism   

The chosen method can be considered to be simplified compared to previous research into 
risk-return anomalies. The use of elementary risk & return measurements, while common and 
legitimate, are limiting in that they do not capture as detailed a picture of the Swedish stock 
market as more advanced measurement methods. Measuring risk using standard deviation 
assumes that returns are normally distributed. The results are likely to show some skewness in 
the return distributions. However, according to Malkiel (1999), standard deviation as a risk 
measurement is still useful as long as the returns are reasonable symmetric. Monthly average 
returns for the OMXS30 were plotted on a histogram to test for skewness and showed a slight 
positive skewness, although were reasonably symmetric, see Appendix 1. 
 
The choice of data may raise some potential issues in the results and can also affect the 
reliability of the research. The index data does not include dividends or transactions costs 
associated with rebalancing a portfolio, so the presented return data is missing elements that 
are present when investing with portfolios in practice. Since the exclusion of dividends effects 
the accuracy of the average returns, it also effects the accuracy of the volatility measurements, 
which are based on average returns. However, Waldenström (2014) writes that almost all 
variation in stock returns across different investment horizons stems from changes in stock 
prices, whereas dividends tend to remain fairly stable over time. Therefore, while the result 
may have been more correct with the inclusion of dividends, they are not crucial to the 
accuracy of the result. Controlling for specific company or portfolio factors like company size 
or volatility also becomes impossible through the use of an index. Although not crucial to the 
results, the ability to control for specific portfolio factors minimizes the probability of data 
biases and measuring errors.  
 
The assumptions made when choosing sample period lengths can also be problematic. The 
recommended investment horizons, see 1.2 Problem Discussion, can be viewed as vague. It 
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can be questioned whether or not people actually follow investment recommendations 
provided by stock market authorities. Lack of data availability on individuals’ actual 
investment holding periods presents difficulties in accurately representing realistic investment 
horizons. While simplifying assumptions are practical and aid in producing a meaningful 
result, this particular assumption may not present an accurate picture of reality. The 2-year 
sample period was included to compensate for the fact that some investors do not follow the 
recommendations when investing in equity. It is also worth drawing a distinction between 
investing and speculating. While there are many variables that contribute to defining the 
difference between speculation and investment, speculation is generally short-term, while 
investment is generally long-term. The longer investment horizons that characterize investing 
ignore short-term price swings for the sake of long-term growth, while speculation utilizes 
short holding periods to capitalize on short-term price swings. A distinction between investing 
and speculating is drawn in this paper – owning or trading equity is not viewed as equivalent 
to investing. Therefore, individuals that do not follow the investment recommendations, or 
with shorter investment horizons than 2-years, can potentially be considered speculators.  
 
Lastly, since the index started in September 30, 1986, the observations that include 1986 are 
actually nine months shorter than the other observations. 1986 was included despite this, 
because only one observation from each sample includes 1986, and the average return for that 
year was less than one percent. Therefore, despite being less than a year long, the impact on 
the overall results of including 1986 was judged to be minimal.  
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4. Empiricism 
This chapter consists of three parts. The first section presents yearly return data collected from the OMXS30 
index and offers examples of how the data population was divided into sample periods. The second section 
presents the data that was collected on the Swedish stock market. Lastly, the third section presents the empirical 
risk-return findings of the sample periods. 
 
4.1 Return and Volatility Data 

 
Figure 4.1 - OMXS30 closing values September, 30 1986 and 29 December 2017 

According to the methodology presented in chapter 3.2.2 Return Data, yearly 
returns in percent are calculated from index values using equation ( 1 ), where 
𝐼𝑉/ is equal to the closing index value on the last trading day of the year, and 
𝐼𝑉/12 is equal to the closing index value on the first trading day of the year. 
First and last day closing index value data for the 1986–2017 period can be 
found in Appendix 1. For example, the 1987 return percentage is calculated 
from index values: (105,15 – 127,18)/127,18, for a return of –0,1732, or –
17,32%. This procedure is then repeated for the remaining years in the 
population. The results are presented in Table 4.1. 
 
Subsequently, the average returns and volatility for each sample period are 
calculated from the yearly return data using equation ( 2 ) for average returns, 
and ( 3 ) for volatility. As stated in chapter 3.5 Sample Periods, the risk-return 
variability is then examined via observations. Each observation represents a 
possible outcome of holding the OMXS30 portfolio from the first trading day 
of the observation to the last trading day of the observation. For example, the 
24-year sample period consists of nine 24-year-observations – starting with 
one observation at the beginning of the period, 1986–2009 and moving successively forward 
one year at a time until 2017 is reached. Which, in the case of the 24-year sample period, 
included nine observations representing nine possible investment outcomes based on different 
points in time when the investment could have been made. The procedure of starting at the 
beginning of each sample period and successively moving forward one year at a time until the 
end of the sample period has been reached, is then repeated over the remaining sample 
periods. The results of the sample periods are presented in chapter 4.3 Results.  
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OMXS30 1986-2017

Average Yearly Return: 7,47% Standard Deviation: 25,04%

Yearly Returns 
1986–2017 

1986 0,94% 

1987 -17,32% 

1988 53,52% 

1989 36,56% 

1990 -27,27% 

1991 14,94% 

1992 8,09% 

1993 50,20% 

1994 1,72% 

1995 17,70% 

1996 36,79% 

1997 29,57% 

1998 15,95% 

1999 64,90% 

2000 -12,85% 

2001 -18,74% 

2002 -40,75% 

2003 23,60% 

2004 15,11% 

2005 28,38% 

2006 19,09% 

2007 -7,10% 

2008 -37,42% 

2009 37,18% 

2010 19,93% 

2011 -16,06% 

2012 10,54% 

2013 17,96% 

2014 10,59% 

2015 -1,16% 

2016 8,81 

2017 3,28% 

Table 4.1 - Yearly 
returns 1986–2017 
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4.2 Swedish Stock Market Data 

4.2.1 GDP Data 
As stated in 3.6 Results Analysis, the focus of the analysis will be on general economic 
conditions, or states, such as economic expansions, recessions and depressions as well as 
extreme market events, like crashes and bubbles. Economic conditions lack exact definitions; 
there do however exist guidelines indicating the state of a nation’s economy. For the purpose 
of this paper, indications of the state of the Swedish economy between 1986–2017 are defined 
according to the following: 
 
Recession: Is loosely defined as a period with two or 
more successive quarters of negative GDP growth 
(Ahnemark, 2016). 
 
Depression: A very deep recession, indicated by a 
dramatic slowdown in economic activity. Can be loosely 
defined as a period where the average GDP growth is 
negative for two years (Edvinsson, 2005). Edvinsson 
notes that a depressionary state may include individual 
quarters that exhibit positive growth, claiming that those quarters can be ignored without 
effecting the definition of the period.  
Expansions: Period between two recessions (Edvinsson, 2005). 
As GDP growth is an indicator of the state of the economy, the GDP growth data for the 
Swedish economy was collected between 1986–2017 and can be seen below in Figure 4.2.  
Based on the definitions given above, the period 1986–2017 includes: five expansionary 
states, three recessions, and one depression. These economic states and corresponding time 
periods are listed above in Table 4.2 
 

 
Figure 4.2 – Quarterly GDP change from preceding year in percent 
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QUARTERLY GDP CHANGE FROM PRECEDING PERIOD

Period State of the economy 

1986 Q1 – 1990 Q3 Expansion 
1990 Q4 – 1993 Q3 Depression 
1993 Q4 – 2001 Q1 Expansion 
2001 Q2 – 2002 Q1 Recession 
2002 Q3 – 2008 Q3 Expansion 
2008 Q4 – 2009 Q4 Recession 
2010 Q1 – 2012 Q1 Expansion 
2012 Q2 – 2013 Q1 Recession 
2013 Q2 – 2017 Q4  Expansion 

Table 4.2 – States of the economy 
1986–2017 

Source: Statistiska centralbyrån (SCB) 
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4.2.2 Inflation and Risk-free Rate Data 
According to previous research by Kim et al., (2011) other environmental factors such as 
inflation and risk-free interest rates have been shown to have an effect on stock market 
performance. Inflation and risk-free rate data for the period 1986–2017 were collected from 
the Swedish Central Bank. The inflation data shows a 10% peak in the early 1990’s and 
subsequent drop to the 2% level after the Swedish Central Bank abandoned the fixed currency 
exchange rate and replaced it with an inflation target of 2% in 1992 (Pettersson, et al., 2009, 
p. 20). Since then the inflation rate has generally fluctuated between 0% and 4%, as can be 
seen below in Figure 4.3. 
 

 
Figure 4.3 – Swedish inflation rate 1986–2017 in percent 

The interest on government bonds is often referred to as the risk-free rate because owning 
government bonds usually carries little to no risk of default. Data on interest rate levels for 5- 
and 10-year government bonds was collected for the period 1986–2017 from the Swedish 
central bank. The term ‘risk-free rate’ will be used to describe the interest rate on government 
bonds for the duration of this paper. The risk-free rate data shows a gradual declining over the 
1986–2017 period from a peak of nearly 14% in 1990 down to negative and near-negative 
values in 2016, as visible below in Figure 4.4 
 

 
Figure 4.4 – Swedish 5- and 10-year risk-free rates, 1986–2017 in percent

-2,0

0,0

2,0

4,0

6,0

8,0

10,0

12,0

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

INFLATION RATE 1986–2017

Source: Riksbanken

-2
0
2
4
6
8

10
12
14
16

1987 Kvarta
l 1

1988 Kvarta
l 1

1989 Kvarta
l 1

1990 Kvarta
l 1

1991 Kvarta
l 1

1992 Kvarta
l 1

1993 Kvarta
l 1

1994 Kvarta
l 1

1995 Kvarta
l 1

1996 Kvarta
l 1

1997 Kvarta
l 1

1998 Kvarta
l 1

1999 Kvarta
l 1

2000 Kvarta
l 1

2001 Kvarta
l 1

2002 Kvarta
l 1

2003 Kvarta
l 1

2004 Kvarta
l 1

2005 Kvarta
l 1

2006 Kvarta
l 1

2007 Kvarta
l 1

2008 Kvarta
l 1

2009 Kvarta
l 1

2010 Kvarta
l 1

2011 Kvarta
l 1

2012 Kvarta
l 1

2013 Kvarta
l 1

2014 Kvarta
l 1

2015 Kvarta
l 1

2016 Kvarta
l 1

2017 Kvarta
l 1

RISK-FREE RATE 1986–2017 SE GVB 5Y SE GVB 10Y

Source: Riksbanken



 

 23 

4.2.3 Extreme Market Events 
The 1986–2017 was subject to a number of extreme 
market events including market crashes and bubbles as 
well as economic and political crises. Market crashes 
consist of the 1987 flash crash, the 2000 dot-com bust and 
the 2008 global financial crisis (Hedberg & Karlsson, 
2016, p. 227–237). Between 1990-1994 the Swedish 
economy underwent a simultaneous banking, housing and 
currency crisis in conjunction with the depressionary state 
(Hedberg & Karlsson, 2016, p. 230–232; SCB, n/a). 
Bubbles include the late 1990’s IT-bubble and the US 
housing bubble. Although the US housing bubble was 
primarily present on the US market, it was mirrored on the 
Swedish stock market via an intense expansionary period, 
leading to the stock market’s, up until that point, all-time 
high (SCB, n/a; Pettersson, et al., 2009). A summary of 
extreme market events with corresponding dates are listed in Table 4.3. 
 

Extreme market events   

Market Crashes  

October flash crash 1987 

Dot com bust 2000–2003 

2008 financial crisis 2008–2009 

  

Bubbles  

IT bubble 1998–2001 

US housing bubble 2003–2007 

  

Economic & Political Crises  
Banking, housing and currency 
Crisis 1990-1994 

Table 4.3 - Extreme market events 
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4.3 Results 

The empirical findings of each sample investment horizon are presented below. The results are presented in 
chart-form, with the Y-axis consisting of percent, representing both average returns and volatility, and the X-
axis displaying the sample observations.  
 
4.3.1 24-year Sample Observations 

The 24-year sample consists of 9 observations. The results in Figure 4.5 show that the 
average returns and standard deviation are relatively stable throughout all nine observations 
with no extreme values or obvious outliers. The return variability, the difference between the 
highest and lowest returns, for the sample is only 2,59%. The differences between the 24-year 
sample observations and the 7,47% average return and 25,04%, volatility of the 32-year 
population, visible in Figure 4.1, are marginal in comparison. The observations do show 
slightly higher returns and volatility but regardless of which point in time an investment in the 
OMXS30 portfolio is made, the relationship between the average return and the standard 
deviation do not appear to differ drastically. Although average returns are positive in all 
observations, there does not appear to be a consistent risk-return relationship between the 
level volatility and average returns.  
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Figure 4.5 – 24-year sample observations 
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4.3.2 16-year Sample Observations 

 
Figure 4.6 – 16-year sample observations 

The 16-year sample consists of 17 observations. The results in Figure 4.6 show that both the 
return and volatility levels are more varied than the previous 24-year observations, with an 
average return variability of 12,57%, ranging between 0,27%–12,84%. It can also be noted 
that, similar to the 24-year sample period, average returns are positive in all seventeen 
observations. However, the relationship between average return and volatility appears to be 
less stable than the previous 24-year observations, notable in observations where the standard 
deviations appear to vary to a lesser degree than the average returns. Examining the five 
observations starting between 1995–1999, Figure 5 shows a declining average return, from 
8,11% to 3,53%, while the volatility remains stable above 28%. Also notable is the sudden 
drop in volatility present in the three observations starting between 2000–2002.  
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4.3.3 8-year Sample Observations 

 
Figure 4.7 – 8-year sample observations 

The 8-year sample consists of 25 observations. The results in Figure 4.7 show that the 
relationship between volatility and average returns varies drastically in comparison to the 
previous sample periods. The return variability for the sample is 32,58% – nearly three times 
as great as the return variability of the 16-year sample, ranging from 26,57% to -6,01%. The 
8-year sample also shows the first observations that have produced negative average returns, 
2000–2007 and 2001–2008 respectively. Notable observations include, 1991–1998 and 1992–
1999, which have high average returns relative to low volatility, and 2000–2007, 2001–2008, 
and 2002–2009, which have low and negative average returns relative to high volatility. 
Similar to the 16-year sample observations, the most current observations also show a stark 
drop in volatility levels, as seen in observations 2009–2016 and 2010–2017. The 8-year 
sample observations show that returns on an investment in the OMXS30 portfolio with this 
investment horizon would be strongly affected by the point in time the investment is made. A 
general trend appears to be that average returns decrease in the observations post-1994–2001. 
None of those observations produced equally high average returns as the pre-1994–2001 
observations, although a number of them have higher volatility.  
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4.3.4 4-year Sample Observations 

 
Figure 4.8 – 4-year sample observations 

The 4-year sample period consists of 29 observations. The results in Figure 4.8 show a 
continued increase of the return variability, ranging from 35,68% to –15,14%, for a total 
return variability of 50,82%. Distinct periods where the risk-return relationship varies 
drastically from one group of observations to the next are evident in this sample. For example, 
observations starting between 1991–1996 have high average returns relative to volatility, 
while observations starting between 1999–2001, have very high volatility relative to negative 
average returns. Also notable are the observations starting between 2009–2014 for a sudden 
drop and subsequent decrease of volatility, similar to the 16- and 8-year observations. Nearly 
a quarter of the potential investment outcomes would have resulted in negative average 
returns. An investment made in the OMXS30 portfolio with a 4-year investment horizon 
would generated higher returns with lower risk between 2012–2017, and negative returns with 
very high risk between 1999–2004.  
 

14,47%

5,96%

15,06%

5,39%

7,94%

17,38% 18,08%

25,24%

20,69%

24,71%

35,68%

21,22%

7,87%

-8,79%

-15,14%

-9,02%

2,00%

21,45%

13,08%

-2,90%
-1,28% -1,11%

-3,58%

11,15%

7,04%

4,89%

9,26% 8,83%

5,28%

32,97%

40,18%

23,09%

17,47%

32,02%

21,72% 21,60% 21,34%

15,35%

9,92%

20,67%

32,48%

38,53%

46,79%

26,93%

30,26%

32,47%

5,73%

15,08%

29,84%

32,83% 32,98%
34,23%

22,33%

16,65%
14,99%

7,91%
7,88% 5,36%

-20%

-10%

0%

10%

20%

30%

40%

50%

1 9 8 6 - 1 9 8 9

1 9 8 7 - 1 9 9 0

1 9 8 8 - 1 9 9 1

1 9 8 9 - 1 9 9 2

1 9 9 0 - 1 9 9 3

1 9 9 1 - 1 9 9 4

1 9 9 2 - 1 9 9 5

1 9 9 3 - 1 9 9 6

1 9 9 4 - 1 9 9 7

1 9 9 5 - 1 9 9 8

1 9 9 6 - 1 9 9 9

1 9 9 7 - 2 0 0 0

1 9 9 8 - 2 0 0 1

1 9 9 9 - 2 0 0 2

2 0 0 0 - 2 0 0 3

2 0 0 1 - 2 0 0 4

2 0 0 2 - 2 0 0 5

2 0 0 3 - 2 0 0 6

2 0 0 4 - 2 0 0 7

2 0 0 5 - 2 0 0 8

2 0 0 6 - 2 0 0 9

2 0 0 7 - 2 0 1 0

2 0 0 8 - 2 0 1 1

2 0 0 9 - 2 0 1 2

2 0 1 0 - 2 0 1 3

2 0 1 1 - 2 0 1 4

2 0 1 2 - 2 0 1 5

2 0 1 3 - 2 0 1 6

2 0 1 4 - 2 0 1 7

4  YEAR SAMPLE OBSERVATIONS
Average Return Standard Deviation



 

 28 

4.3.5 2-year Sample Observations 

 
Figure 4.9 – 2-year sample observations 

The 2-year sample period consists of 31 observations. The results in Figure 4.9 show that, 
more than any of the other sample periods, the relationship between average returns and 
volatility appears to be non-existent. Many possible outcomes are represented in the 
observations: high volatility with low returns in observations 1989–1990, 2002–2003, and 
2008-2009; high returns with low volatility in observations 1988–1989, 1996–1997, and 
2005–2006; high returns with high volatility in observations 1992–1993 and 1998–1999; and 
low returns with low volatility in observations 2014–2015, 2015–2016, and 2016–2017. The 
return variability of 75,4% is the highest of all the sample periods, ranging from -30,61% to 
44,79%. Nearly a third of possible investment outcomes resulted in negative returns. 
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4.3.6 Return Variability Summary 
As a short summary for the results 
presented above, the length of the 
investment horizon appears to have a 
meaningful influence on the return 
variability, visible in Figure 4.10. The 
relationship between investment horizon 
length and return variability is clear: the 
shorter the horizon the higher potential 
gains and losses, and the longer the 
horizon, the lower the potential gains 
and losses. This indicates that the 
investment horizon is an important factor 
in determining return levels when 
composing a portfolio. However, this 
simple summary is potentially 
misleading, as it exhibits the range between the two most extreme values of each sample 
period and does not provide any information about the frequency of average return levels 
within each sample period. Although Figure 4.10 provides a general overview of potential 
returns and losses over different investment horizons, it is lacking in detail. To provide a more 
detailed description of the relationship between risk, return and the length of investment 
horizons, a regression analysis is conducted on the sample period results in the following 
chapter.  
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5. Analysis  
This chapter consists of two parts. The first section is a regression analysis of sample period observations from 
chapter 4.3. The second section consists of an analysis of the risk-return relationship in conjunction with the 
Swedish stock market data as well as discussion of how the results relate to previous research.  
  
5.1 Regression Analysis 

While the empirical risk-return data from chapter 4.3 Results gives a visual overview of 
changes to the risk-return relationship over time, it does not offer a conclusive way to 
describe the changes over time and over different investment horizons. A regression analysis 
is used to test the significance of the statistical relationship between risk and return across the 
various sample periods and aims to provide a more thorough picture of the changes to the 
risk-return relationship over time. Besides contributing a more accurate statistical analysis, 
the regression analysis can also be used as an aid for identifying underlying trends in changes 
to the risk-return relationship.  
 
5.1.1 24-year Sample Regression 
The regression analysis of the 24-year sample observations shows that only a portion of the 
changes to average returns are explainable by changes in volatility levels, evident in the 𝑅; 
value of 28,74%. This supports the visibly weak relationship between average returns and 
volatility evident in the 24-year sample, visible in Figure 4.5. This analysis also shows a 
positively sloped linear relationship, indicating that for an investment held with a 24-year 
investment horizon higher risk is generally rewarded with higher returns. Closer examination 
of the error terms reveals that investments in the OMXS30 portfolio made post-1990, tend to 
have slightly lower volatility levels than those with starting points pre-1990.  
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Figure 5.1 – 24-year sample regression 
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5.1.2 16-year Sample Regression 
The 16-year regression analysis shows a weakening of the explanatory ability of volatility for 
changes in average returns. This is evident in the 𝑅; value of 25,37%, visible in Figure 5.2. 
Similar to the 24-year regression, a positively sloping trendline indicates that for a 16-year 
investment horizon, higher risk is generally rewarded with higher returns. However, upon 
closer inspection of the error terms, this seems odd due to the low number of average returns 
that are above the trendline in conjunction with high volatility values. Notable observations 
are 2000-2015, 2001-2016 and 2002-2017, which appear to be outliers, having much lower 
volatility and return percentages in comparison to the other fourteen observations. If, as a 
thought experiment, the three outlying periods are ignored, and a new regression analysis is 
run on the remaining 14 observations, they actually show a negative relationship between 
average return and volatility, visible in Figure 5.3. This suggests that an investment in the 
OMXS30 portfolio made post-2000 is being influenced by a factor or change to the market 
environment that is not evident pre-2000. 
 

 
Figure 5.2 – 16-year sample regression 

 

 
Figure 5.3 – 16-year sample regression minus outliers  
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5.1.3 8-year Sample Regression 
The 8-year regression analysis shows a continued decrease in 𝑅; value showing a low 6%, 
visible in Figure 5.4. When examining the error terms, it is noticeable that nearly all of the 
observations that begin post–2000 fall below the trend line, are below average, while nearly 
all of the observations above the trend line are pre-2000, are above average. This suggests a 
difference between the pre- and post-2000 time periods that affected the average return levels. 
Unlike the two previous sample horizons, the 8-year regression shows a negatively sloping 
trendline, exhibiting a slightly negative linear relationship between average return and 
volatility. This implies that high volatility observations were generally not accompanied by 
high average returns, although as stated above, this relationship is very weak, and it is 
therefore difficult to draw the conclusion that high volatility is accompanied by lower returns 
for the 8-year sample period.  
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5.1.4 4-year Sample Regression 
The 4-year sample regression confirms some of the patterns that are observable in the 24-, 16- 
and 8-year sample regressions. The 4-year regression also shows a negative linear relationship 
between average return and volatility, implying that generally, higher volatility was not 
rewarded with higher average returns, visible in Figure 5.5. Although the 𝑅; value of 19% is 
much greater in comparison to the 8-year regression, it still shows that volatility is a weak 
explanatory variable for average returns. However, similar to the 8-year regression it is 
observable that the error terms above the trendline tend to consist of observations from the 
pre-2000 period, while the error-terms below the trendline tend to consist of observations 
from the post-2000 period, implying two different market environments.  
 

 
Figure 5.5 – 4-year sample regression 
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5.1.5 2-year Sample Regression 
The 2-year regression analysis shows an extremely low R2 value of 1,7%, visible in Figure 
5.6. This implies changes in volatility levels had virtually no effect on changes to average 
returns in a short-term investment horizon and indicates that the risk-return relationship is 
nearly non-existent for a 2-year investment horizon. In contrast to the other sample 
regressions, the volatility measurements appear to be clustered around 10% level, while the 
other sample regressions tend to have volatility clustering around the 20–30% mark. Upon 
closer examination, the observations with the highest volatility are accompanied by low 
average returns. Data from chapter 4.3.6 Return Variability shows that while the return 
variability is much higher in the 2-year sample period compared to the other sample periods, 
the regression analysis shows that the volatility measurements appear to actually be lower in 
comparison. The majority of observations show less than 20% volatility, while in all other 
sample periods, the majority of observations have volatility measurements between 20–30%.  
 

 
Figure 5.6 – 2-year sample regression 
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5.1.6 Concluding Comments – Regression Analysis 
When examining the return variability across all sample periods in Figure 4.10, it is 
observable that return variability decreases as the length of the investment horizon increases. 
The 2-year sample shows a much higher return variability than the 24-year sample, implying 
higher risk, but it also offers potentially much higher average returns. From this perspective 
the risk-return trade-off, that higher risk is accompanied with potential higher average return, 
can be confirmed. However, this conclusion can be misleading. The 2-year regression 
analysis showed that a large portion of observations clustered around the low 10% volatility 
measurement, implying that a higher average return variability is generally accompanied by 
low volatility compared to the 24-year regression, which shows low average return variability 
accompanied by volatility levels between 24–29%.  
 
The regression analysis also implies that the length of the investment horizon has a noticeable 
effect on the risk-return relationship, regardless of starting point. The 24- and 16-year 
regressions showed positively sloping trendlines, implying that over the long-term higher risk 
is rewarded with higher average returns. While the 8- and 4-year regressions show the 
opposite, negatively sloping trendlines, indicating that over a mid-term investment horizon, 
higher volatility did not necessarily lead to higher average returns. The 2-year sample 
regression showed an absence of a statistical risk-return relationship. These results imply that 
the risk-return relationship is, to an extent, dependent on the length of the investment horizon. 
While the regression analysis presents evidence that the length of an investment horizon 
influences the risk-return relationship, the 𝑅; values are low across all sample regressions, 
implying that there are other factors that have a stronger influence on the risk-return 
relationship than the length of the investment horizon. However, what the regression analysis 
ultimately confirms is that volatility is a weak explanatory variable for average returns over 
all sample periods. This raises questions about the viability of the idea that the only way to 
increase returns is by taking on more risk.  
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5.2 Environmental Analysis  

Through observable patterns in the preceding regression analysis as well as in the empirical findings, prevalent 
trends in the economic environment can be identified. The chapter closes with a brief discussion of the 24-year 
sample period. 
 
Some of the general trends that can observed from the results and the regression analysis are: 

(1) The highest returns in all samples are seen in observations with the majority of the 
holding period is in the 1990’s. 

(2) The lowest returns in all samples are exhibited in observations with the majority of the 
holding period is in the 2000’s. 

(3) The observations with ending points after 2013 have unusually low volatility in 
comparison to the other observations. This is observable in all sample periods. 

 
The division the population into three distinct market environments is supported by 
observable patterns in the empirical findings, visible in chapter 4.3 Results, as well as by the 
regression analysis, visible in chapter 5.1 Regression Analysis. What these trends indicate 
about the Swedish stock market environment is that the 1990’s and the 2000’s exhibit 
different features, and therefore produced different risk-return relationships. The existence of 
observable trends confirms the AMH, showing that the risk-return relationship is unstable 
over time and varies as a function of the market environment, rather than being a static, 
financial “law” that adheres to all markets at all times (Lo, 2012).   
 
Based on the identified trends, it can be generalized that there are essentially three different 
market environments that are captured by the 31-year population, a 1986–2000 environment, 
a 2001–2012 environment, and a 2013–2017 environment. A visualization of the division of 
the empirical findings into three distinct environments can be seen in Appendix 3, while 
descriptions of the three environments are listed below: 
 
The 1986–2000 environment, is characterized by high returns relative to volatility. Average 
returns are positive in all observations but three over all sample periods. In nearly a fifth of 
the 47 observations that make up the pre-2000 environment, the average return levels are 
actually higher than the volatility levels – implying an environment that supports low risk and 
high return. In comparison to the other two market environments, the average return levels are 
consistently higher, and in many observations the volatility levels are also lower.  
 
The 2001–2012 environment is characterized by low returns relative to volatility. Of the 50 
observations that are included in this environment, 24 have a 3% or less average return, and 
15 of those 24 actually have negative average returns. Meanwhile the volatility levels are 
relatively high in comparison to the average returns, and in many observations the volatility 
levels are higher than the 1986–2000 environment, which produced much higher average 
returns. 
 
The 2013–2017 environment is characterized by low volatility. The average return levels vary 
depending on the length of the sample period, while the volatility in this environment is 
consistently the lowest across all observations and sample periods. Also notable about this 
environment is that the volatility levels abruptly decline after 2012 – this is interpreted as a 
signal that some factor in the market environment has changed.  
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5.3 Market Environments 

If the OMXS30 index is juxtaposed with empiricism from 4.2 Swedish Stock Market Data, it 
can be observed that the shifts between the three market environments listed above, tend to 
occur in conjunction with shifts in the state of the economy and extreme market events. 
According to the AMH, sudden increases in equity volatility insight a flight or fight response 
from market participants (Lo, 2012). This response has in turn an effect on the risk-return 
relationship.  
 

 
Figure 5.7 – Juxtaposition OMXS30 closing values 1986–2017 with states of the economy and extreme market events 

5.3.1 1986–2000  
The environment 1986–2000 consists of two expansionary states, a depression and the IT-
bubble. An interesting aspect of this period is that it includes a depressionary phase, 1990–
1994. Despite a shrinking GDP, the average returns to the OMXS30 portfolio are positive, 
and in fact, relatively high. Excluding the 24-, 16-, and 8-year sample periods because they 
are too large to capture specifically what happened between 1990–1994, the 4- and 2-year 
observations show positive returns throughout this depressionary state, and even the 
observation showing that holding the portfolio exclusively during the depression, 1990-1993, 
would have produced a positive average yearly return of 7,94%. Although the 2-year sample 
period produced negative outcomes in two observations, and showed some heightened 
volatility levels, the other three observations that fall within the depressionary period 
produced positive average returns. Although the effect of the depressionary state is difficult to 
detect on the risk-return relationship, upon closer inspection, it appears to fluctuate randomly. 
The risk-return relationship appears takes on many forms under the 1990–1994 depression, 
there are observations with: high volatility and negative returns, high returns relative to low 
volatility, high volatility with coupled high returns, low volatility coupled with low returns, 
and others that fall somewhere in between those listed above. This randomness can be 
interpreted not as a reflection of the depressionary state of the market, rather as a reflection of 
the general turmoil of this period. The depressionary state coincided with an international 
market downturn, a crisis in the banking and real estate sector, a currency crisis and the fixed 
exchange rate target was abandoned and replaced with an inflation target of 2% (Pettersson, et 
al., 2009). Based on the empirical data that has been collected, two basic conclusions can be 
drawn for the 1990–1994 period: the risk-return relationship is not noticeably affected by the 
state of the market, or that other unknown factors that are not present in the empiricism are 
creating positive average returns despite the turmoil of the market environment. This is in 
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contrast to Kim et al., (2011, p. 877) who concluded that political and economic crises had the 
largest impact on return predictability in their research on the AMH.  
 
While the depressionary period is doesn’t seem to have any notable effect on the risk-return 
relationship, the effect of the IT-bubble is visible in the 2-, 4-, and 8-year sample 
observations. In these sample periods, the observations show high returns coupled with low 
volatility. When compared with previous research into the volatility anomaly by Blitz & van 
Vliet (2007) the bubble period includes numerous observations that exemplify the existence 
of the risk-return anomaly. According to Lo (2012, p. 25) the extreme market environment 
can be interpreted as having caused overconfident behavior, which has led to an inversion of 
the risk-return relationship during the bubble period.  
 
5.3.2 2001–2012  
The environment 2001–2012 consists of three recessions, two expansionary phases, one 
bubble and one market crash. This period begins with a market crash in combination with a 
recessionary state caused by the popping of the IT-bubble in 2000. Interestingly, when the IT-
bubble pops in 2000, causing a market crash, it is observable in the 16-, 8-, 4-, and 2-year 
sample periods that the risk-return relationship inverts. This inversion consists, however, of 
high volatility coupled with low and negative average returns, the opposite of the relationship 
exhibited in the bubble environment. This can be interpreted as opposite to the low volatility 
anomaly, in other words, a “high volatility anomaly”. Not only is the high volatility anomaly 
apparent in the aftermath of the IT-crash, it is also observable in the market crash following 
the 2008 financial crisis. This is especially evident in the 2-, and 4-year samples. Both market 
crashes and subsequent recessionary states are accompanied by the high volatility anomaly. 
Moreover, in the years between the two crashes, 2003–2007, which included an expansionary 
phase and a bubble, the risk-return relationship inverts again, and the low volatility anomaly 
is apparent. This confirms the findings of Ghazani & Araghi (2014, p. 58) who concluded that 
shocks to the macroeconomic environment increase the uncertainty of the entire market and 
allow for the possibility of information exploitation by creating a pattern. In this case, there is 
evidence of the high volatility anomaly during market crashes and the low volatility anomaly 
during bubbles. Despite this, both the inflation levels and the risk-free rates don’t appear to 
have had much effect on the risk-return relationship in this period, in contrast to Kim et al. 
(2011) who concluded that inflation levels and risk-free rates were important factors when 
testing the AMH using the Dow Jones Industrial Average index.  
 
Throughout the period that encapsulates the 2001–2012 market environment, it is observable 
that the risk-return relationship is influenced by the state of the market. This influence, 
though, grows steadily weaker with the length of the sample period. The 16-, and 24-year 
sample periods don’t show nearly as much return volatility in this period, despite the state of 
the market and extreme market events.  
 
5.3.3 2013–2017 
The third market environment, 2013–2017, does however exhibit evidence of the state of the 
market in all sample periods, including the 24- and 16-year periods. This risk-return 
relationship in this market environment is characterized by very low volatility. This period 
begins at the end of a recession and consists of one expansionary phase. The empirical data 
reflects this given that average returns are positive in all observations in all samples. 
However, the relationship between risk and return is somewhat different than the other two 
market environments given the low volatility levels. Of the three environments, the 2013–
2017 market environment appears to confirm the classical definition of the risk-return trade-
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off – low average returns coupled with low volatility. This could be attributed to historically 
low inflation levels and risk-free rates visible in Figure 4.3 and Figure 4.4. GDP growth also 
appears to be lower than the three previous expansionary states, visible in Figure 4.2. The 
GDP data shows that the economy is steadily growing, albeit slowly. The risk-return 
relationship in this environment seems to reflect that through low volatility coupled with low 
positive returns. Unlike the other two market environments, this expansionary state does not 
include a bubble, which could explain why the average return levels are lower in comparison. 
Furthermore, the relative stability of this environment, while evident in all the sample 
observations, is especially evident in the 2-year sample observations. The 2-year observations 
tend to change drastically from one observation to the next while exhibiting relative stability 
in this environment. While the evidence is not exhaustive, this environment could support the 
claim made by Lo (2012, p. 20) that we are currently in a new market environment that is 
significantly different than the preceding market environments.  
 
5.3.4 24-year Sample Period Discussion 
The stability of average returns and volatility in the 24-year sample period are striking. The 
length of the 24-year holding period appears to have an equalizing effect on the average 
returns over time. The regression analysis in Figure 5.1 shows that there is a slight linear 
relationship between the return and volatility, implying that risk only explains a portion of the 
average returns, while changes to the market environment do not appear to be explanatory 
variables. This may be due to a sampling error, as the 24-year sample holding period is 
sufficiently long that the individual observations include nearly the same recessionary and 
expansionary economic states and extreme market events as one another. This could explain 
why the observations of the 24-year sample period observations appear to produce stable 
volatility and average return measurements – all nine observations capture nearly identical 
market changes and events. Despite a potential sampling error, what the result shows is that a 
long-term investment horizon that is subject to numerous recessionary and expansionary 
states, multiple bubbles and market crashes, produces a positive average yearly return over 
the long-term. This supports the claim made by Lo (2017) that over the long-term stocks 
produce positive averages. However, long-term averages hide important features of the 
financial environment – in this case, a depression, numerous recessions, and two bubbles.  
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6. Conclusions  
In this chapter, the findings and analysis of the study will be summarized to answer the research questions and 
purpose. 
 
The purpose of this study is to examine the variability of the risk-return trade-off over 
different investment horizons and within different market environments. Evidence is found 
through the regression analysis that the statistical relationship between risk and return is 
weak. Volatility only explains a small percentage of average returns, and the statistical 
relationship between risk and return changes with the length of the investment horizon. Even 
at its highest, volatility could only explain 28% of the variation of average returns, and the 
percent of returns that could explained with volatility lessened as the investment horizon 
became shorter. Also notable is that the slope of the trendline changed from positive to 
negative to flat as the investment horizons became shorter. The long-term investment 
horizons, 24- and 16-years, showed a positive linear relationship between risk and volatility. 
While the mid-term investment horizons, 2- and 4-years, showed a negative linear 
relationship between risk and volatility. Lastly, the short-term investment horizon, 2-years, 
effectively showed no relationship between volatility and average returns. From this, the 
conclusion can be drawn that the variability of the risk-return trade-off is affected by the 
length of the investment horizon – long-term horizons showed positive risk-return trade-offs, 
mid-term horizons showed negative risk-return tradeoffs, and the short-term horizon showed 
no relationship.  

The environmental analysis showed that changes to the risk-return relationship are strongly 
influenced by changes in the market environment. This is evident in the presence of multiple 
risk-return anomalies. The results show that the risk-return relationship changes drastically in 
conjunction with changes in the market environment. For example, evidence of the low 
volatility anomaly was evident in expansionary states and bubbles. Conversely, recessionary 
states and market crashes showed evidence of the opposite, the high volatility anomaly. While 
these are extreme events they show that the “financial law” that higher risk is rewarded with 
higher returns is easily violated by changes in the market environment. Another notable 
aspect of the environmental analysis was the evidence that the current market environment is 
quite different than the two preceding environments. While a conclusion cannot be drawn 
based on the given empiricism as to if or why we are currently in a new financial 
environment, it can be noted that there is some variable that is significantly affecting the 
volatility levels that does not appear to have existed in the two preceding market 
environments.  

While it is difficult to draw any conclusions on how the examined variables of time and 
environment influence each other, each variable independently demonstrates an inconsistency 
in the risk-return relationship and provides evidence of the variability of this relationship. 
The conclusion can be drawn that the risk-return relationship is multi-faceted, and while the 
risk-return trade-off may be a good rule of thumb in the right market environment, in 
combination with a long-term investment horizon, this study adds to the existing literature by 
showing that relationship between risk and return is more complex than a simple trade-off. 
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7. Further Discussion 
The final chapter in this study will discuss implications and limitations of the research, as well as further areas 
of research. 
 
The results of this paper show some evidence of return and volatility patterns evident in 
certain market environments and indicate potential discrepancies in some of the assumptions 
made by established financial theories, notably the EMH. This is evident in reoccurring risk 
and return patterns, as well as a challenge to the notion that taking on higher risk is rewarded 
with higher returns. These results support the claim made by Andrew Lo (2012, p. 18) that the 
EMH isn’t wrong, only incomplete. However, one of the paradoxes with finance is that it can 
only be understood backwards, by studying the past, while the focus of the profession/subject 
is forwards, on the future. While the purpose of this paper has been fulfilled, the results only 
aid in an understanding of previous risk and return patterns in previous market environments. 
So what, if anything, can these results tell us about the future?  
 
As stated in chapter 6. Conclusions, the empirical data and results of this paper also indicate 
that the market environment post-2008–2009 financial crisis is different than the preceding 
market environments. Although it is difficult to objectively measure the degree of change to 
the current financial environment and what is causing the change, it can be expected that the 
future inevitably includes changes to financial and political institutions, financial instruments, 
as well as technology and innovation, as stated in chapter 1. Introduction. However, while 
financial instruments, institutions and technology change quickly over time, human nature 
and human behavior does not. From that perspective, the human behavior (and biases evident 
in human behavior) underlying financial markets can be expected to remain constant despite 
changes to the surrounding market environment.  
 
In a financial context, this indicates that on psychological grounds alone, there are financial 
situations, in case of this paper, economic expansions and contractions, that produce 
predictable behavioral patterns – and by extension, predictable risk and volatility outcomes. 
While the scope of this paper is limited and lends itself only to limited assumptions about the 
future, what the results do indicate about the future are that financial anomalies based in 
behavioral biases are likely to continue, regardless of changes to the financial environment. 
The form these anomalies will take in the future is difficult to say, but it is certain that 
systematic biases evident in human behavior will continue to create market anomalies. With a 
deeper understanding of how underlying human nature and psychological biases influence 
financial behavior, financial anomalies can be better understood and incorporated into theory 
and practice. 
 
 
7.1 Implications 

The insights provided by this paper indicate that the risk and return are not as strongly 
correlated as previously thought. The implications of this for individual investors are two-
fold; firstly, it is important to heed to market dynamics at the time the investment is being 
made, as the outcome of the investment even over long-term investment horizons, is strongly 
affected by the market environment. Since volatility as an explanatory variable for returns 
weakens as the investment horizon decreases, the investor is left more exposed to changes in 
the market environment. Secondly, the length of the investment horizon also has an effect on 
the outcome of the investment. The results showed that higher risk generally produced higher 
returns over long-term investment horizons, while lower risk generally produced higher 
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returns in mid-term investment horizons. However, risk-return relationship has been shown to 
be unstable, even over long-term investment horizons, and therefore risk cannot be depended 
on as a reliable predictor of future returns. While the perspective of this paper has been on 
individual investors, the resulting concept – that risk and return are weakly correlated – may 
also be applicable to other types of investing.  
 
More generally, the results indicate that there are multiple variables that influence the risk and 
average return levels of an investment – volatility is one of many explanatory variables, 
although has been shown to be a generally a weak explanatory variable. What has become 
apparent over the course of this study is that risk and return may better be thought of as two, 
almost completely separate entities. While there is evidence of some relationship between risk 
and return, though they seem to be independently affected by different variables. 
 
 
7.2 Limitations 

The chosen factors of the market environment limit the scope of the research – important 
environmental factors, such as societal, technological, and political changes over the course of 
the 31-year population, are not captured by the collected empiricism. The use of publicly 
available, quantitative data limits the depth of the analysis. The empirical data from the 
Swedish stock market is very broad and therefore allows for a broad analysis. One of the 
strengths of the AMH is that it allows for and finds meaning in: behavior, emotions and 
evolutionary processes in a financial context. Qualitative contributions could have therefore 
added deeper meaning to the analysis and conclusion. However, up to now, previous research 
into the AMH has focused mainly on quantitative methods, even by Andrew Lo, the 
researcher behind the AMH. For the hypothesis to add to the current and future understanding 
of markets an increased focus on qualitative methods is needed. However, these elements are 
not easily measured quantitatively, with high reliability, in a way that that can be generalized 
to a macro-market level. This leads to a more general limitation concerning the financial tools 
that are available for measuring and analyzing financial phenomenon. The available tools are 
based in statistics, and are going to, by default, only measure phenomenon that can be 
captured statistically. While this lends itself to producing results that have high reliability and 
are easier to generalize, the AMH posits that financial markets are comprised of countless 
variables, many of which are intangible, and may not be measurable statistically. 
 
 
7.3 Further Research 

Due to the above listed limitations, future research topics should include elements of both  
quantitative and qualitative methods to capture a more nuanced picture of market 
environments. One of the most striking aspects of the AMH is its allowance of emotions in 
economic modeling. Future topics could incorporate an increased focus on this, and other, less 
tangible market-influencing-factors. Another area where the AMH could be useful in future 
research is in entrepreneurship. Although it is fundamentally a financial theory, the biological 
elements of the AMH –adaptation, competition and survival – are extremely applicable to 
entrepreneurial research involving innovative companies and products, new markets, and 
competitive strategies.  
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Appendix 1 – Monthly Return Distribution OMXS30 1986–2017 
 

 
The distribution of monthly returns was used because yearly returns consisted of too few data 
points to accurately measure the average return distribution. 
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Appendix 2 - First and Last Day Closing Data 1986–2017 
 

1986 1986-09-30 125  
 1986-12-30 126,18 0,94% 
1987 1987-01-02 127,18  

 1987-12-30 105,15 -17,32% 
1988 1988-01-04 103,98  

 1988-12-30 159,63 53,52% 
1989 1989-01-02 152,67  

 1989-12-29 208,48 36,56% 
1990 1990-01-02 206,69  

 1990-12-28 150,33 -27,27% 
1991 1991-01-02 145,19  

 1991-12-30 166,88 14,94% 
1992 1992-01-02 166,19  

 1992-12-30 179,63 8,09% 
1993 1993-01-04 183,07  

 1993-12-30 274,98 50,20% 
1994 1994-01-03 279,59  

 1994-12-30 284,4 1,72% 
1995 1995-01-02 287,13  

 1995-12-29 337,96 17,70% 
1996 1996-01-02 343,07  

 1996-12-30 469,29 36,79% 
1997 1997-01-02 462,85  

 1997-12-30 599,71 29,57% 
1998 1998-01-02 604,82  

 1998-12-30 701,31 15,95% 
1999 1999-01-04 727,1  

 1999-12-30 1198,97 64,90% 
2000 2000-01-03 1211,79  

 2000-12-29 1056,11 -12,85% 
2001 2001-01-02 1041,66  

 2001-12-28 846,49 -18,74% 
2002 2002-01-02 832,4  

 2002-12-30 493,2 -40,75% 
2003 2003-01-02 514,79  

 2003-12-30 636,29 23,60% 
2004 2004-01-02 644,48  

 2004-12-30 741,88 15,11% 
2005 2005-01-03 747,76  

 2005-12-30 960,01 28,38% 
2006 2006-01-02 963,39  

 2006-12-29 1147,27 19,09% 
2007 2007-01-02 1164,12  

 2007-12-28 1081,44 -7,10% 
2008 2008-01-02 1058,37  

 2008-12-30 662,33 -37,42% 
2009 2009-01-02 693,78  

 2009-12-30 951,72 37,18% 
2010 2010-01-04 963,56  

 2010-12-30 1155,57 19,93% 
2011 2011-01-03 1176,85  

 2011-12-30 987,85 -0,1606 
2012 2012-01-02 999,43  

 2012-12-28 1104,73 10,54% 
2013 2013-01-02 1129,96  

 2013-12-30 1332,95 17,96% 
2014 2014-01-02 1324,35  

 2014-12-30 1464,55 10,59% 
2015 2015-01-02 1463,78  

 2015-12-30 1446,82 -1,16% 
2016 2016-01-04 1394,39  

 2016-12-30 1517,2 8,81% 
2017 2017-01-02 1526,83  

 2017-12-29 1576,94 3,28% 
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Appendix 3 – Swedish Stock Market Data

Risk-free rates 1987–2017 

Period 5-Year 10-Year 

1987 Kvartal 1 11,2663 11,4913 

1987 Kvartal 2 11,3576 11,6186 

1987 Kvartal 3 11,7159 11,9462 

1987 Kvartal 4 11,5425 11,7992 

1988 Kvartal 1 11,2235 11,4425 

1988 Kvartal 2 11,1908 11,4198 

1988 Kvartal 3 11,3239 11,498 

1988 Kvartal 4 11,1473 11,1425 

1989 Kvartal 1 10,7485 10,6692 

1989 Kvartal 2 11,1743 11,1008 

1989 Kvartal 3 11,2005 11,0926 

1989 Kvartal 4 12,169 11,9516 

1990 Kvartal 1 14,008 13,4771 

1990 Kvartal 2 13,6119 13,2964 

1990 Kvartal 3 13,4926 13,1692 

1990 Kvartal 4 13,344 12,8589 

1991 Kvartal 1 11,7211 11,4882 

1991 Kvartal 2 11,081 10,954 

1991 Kvartal 3 10,5921 10,5052 

1991 Kvartal 4 10,3316 9,9769 

1992 Kvartal 1 9,7883 9,4705 

1992 Kvartal 2 10,0032 9,5814 

1992 Kvartal 3 11,172 10,5462 

1992 Kvartal 4 10,7538 10,4873 

1993 Kvartal 1 9,0302 9,7755 

1993 Kvartal 2 8,1742 9,0822 

1993 Kvartal 3 7,0294 7,9164 

1993 Kvartal 4 6,5894 7,4695 

1994 Kvartal 1 6,691 7,379 

1994 Kvartal 2 8,5282 9,21 

1994 Kvartal 3 10,6506 11,2659 

1994 Kvartal 4 10,4802 11,0452 

1995 Kvartal 1 10,5603 11,0014 

1995 Kvartal 2 10,4934 10,9192 

1995 Kvartal 3 9,8643 10,1651 

1995 Kvartal 4 8,7002 9,0092 

1996 Kvartal 1 8,0267 8,6039 

1996 Kvartal 2 7,6563 8,3986 

1996 Kvartal 3 7,2965 8,0889 

1996 Kvartal 4 6,1558 7,1455 

1997 Kvartal 1 5,7402 6,863 

1997 Kvartal 2 6,1366 7,053 

1997 Kvartal 3 5,7471 6,4808 

1997 Kvartal 4 5,8116 6,2192 

1998 Kvartal 1 5,221 5,5369 

1998 Kvartal 2 4,9189 5,1566 

1998 Kvartal 3 4,622 4,856 

1998 Kvartal 4 4,2034 4,538 

1999 Kvartal 1 3,6963 4,227 

1999 Kvartal 2 3,8798 4,5443 

1999 Kvartal 3 5,0621 5,4778 

1999 Kvartal 4 5,3175 5,6862 

2000 Kvartal 1 5,6167 5,7734 

2000 Kvartal 2 5,2878 5,2955 

2000 Kvartal 3 5,2182 5,2948 

2000 Kvartal 4 4,8493 5,1 

2001 Kvartal 1 4,4491 4,8299 

2001 Kvartal 2 4,7894 5,1967 

2001 Kvartal 3 4,8655 5,2775 

2001 Kvartal 4 4,6443 5,1113 

2002 Kvartal 1 5,2101 5,4163 

2002 Kvartal 2 5,3943 5,6363 

2002 Kvartal 3 4,8447 5,1635 

2002 Kvartal 4 4,5261 5,0081 

2003 Kvartal 1 4,0821 4,584 

2003 Kvartal 2 3,8269 4,4336 

2003 Kvartal 3 4,0685 4,6412 

2003 Kvartal 4 4,3531 4,8942 

2004 Kvartal 1 3,7853 4,4947 

2004 Kvartal 2 3,9188 4,649 

2004 Kvartal 3 3,8755 4,4531 

2004 Kvartal 4 3,562 4,0931 

2005 Kvartal 1 3,1516 3,8189 

2005 Kvartal 2 2,7148 3,3472 

2005 Kvartal 3 2,4902 3,0626 

2005 Kvartal 4 3,037 3,3124 

2006 Kvartal 1 3,2013 3,4324 

2006 Kvartal 2 3,5831 3,8879 

2006 Kvartal 3 3,6733 3,8303 

2006 Kvartal 4 3,6325 3,6661 

2007 Kvartal 1 3,875 3,8726 

2007 Kvartal 2 4,2348 4,2099 

2007 Kvartal 3 4,2984 4,3064 

2007 Kvartal 4 4,2014 4,2775 

2008 Kvartal 1 3,817 4,0086 

2008 Kvartal 2 4,2348 4,2149 

2008 Kvartal 3 4,2565 4,1338 

2008 Kvartal 4 2,7637 3,2187 

2009 Kvartal 1 2,1978 2,8896 

2009 Kvartal 2 2,6238 3,4571 

2009 Kvartal 3 2,6633 3,3963 

2009 Kvartal 4 2,571 3,256 

2010 Kvartal 1 2,5926 3,2774 

2010 Kvartal 2 2,1777 2,8207 

2010 Kvartal 3 2,0353 2,5591 

2010 Kvartal 4 2,3758 2,8997 

2011 Kvartal 1 3,1168 3,347 

2011 Kvartal 2 2,879 3,0648 

2011 Kvartal 3 1,9213 2,2409 

2011 Kvartal 4 1,3269 1,7563 

2012 Kvartal 1 1,4141 1,8473 

2012 Kvartal 2 1,2235 1,5922 

2012 Kvartal 3 1,0286 1,4233 

2012 Kvartal 4 0,9694 1,5026 

2013 Kvartal 1 1,3385 1,9031 

2013 Kvartal 2 1,3688 1,8205 

2013 Kvartal 3 1,809 2,3609 

2013 Kvartal 4 1,7164 2,3745 

2014 Kvartal 1 1,544 2,2537 

2014 Kvartal 2 1,1685 1,9155 

2014 Kvartal 3 0,7051 1,5632 

2014 Kvartal 4 0,2848 1,1572 

2015 Kvartal 1 0,188 0,6572 

2015 Kvartal 2 0,2118 0,6976 

2015 Kvartal 3 0,0875 0,7309 

2015 Kvartal 4 0,125 0,7945 

2016 Kvartal 1 -0,0472 0,8661 

2016 Kvartal 2 -0,2035 0,7048 

2016 Kvartal 3 -0,4469 0,1599 

2016 Kvartal 4 -0,2033 0,4249 

2017 Kvartal 1 0,0019 0,6683 

2017 Kvartal 2 -0,1086 0,5306 

2017 Kvartal 3 -0,0297 0,6395 

2017 Kvartal 4 -0,0976 0,7703 
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Inflation rate 1986–2017 

1986 4,2 

1987 4,2 

1988 5,8 

1989 6,4 

1990 10,5 

1991 9,3 

1992 2,3 

1993 4,7 

1994 2,2 

1995 2,5 

1996 0,5 

1997 0,5 

1998 -0,2 

1999 0,5 

2000 1,0 

2001 2,4 

2002 2,2 

2003 1,9 

2004 0,4 

2005 0,5 

2006 1,4 

2007 2,2 

2008 3,4 

2009 -0,3 

2010 1,3 

2011 2,6 

2012 0,9 

2013 0,0 

2014 -0,2 

2015 0,0 

2016 1,0 

2017 1,8 
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Appendix 4 – Division of Results into Distinct Market Environments 
24-year division  

 
16-year division 

 
 

12,62%

9,06%

11,84%

9,84% 9,42%

12,84%

11,35%

7,61%
7,00%

8,11%

5,85%

4,45%
3,84% 3,53%

0,27%

1,67%

3,21%

27,99%

31,30%
30,25%

28,48% 28,10%

25,91%
26,56%

29,67%
28,68% 28,66%

29,46%
28,54% 28,09% 28,01%

23,30% 22,94%
22,08%

0%

5%

10%

15%

20%

25%

30%

35%

1 9 8 6 - 2 0 0 1

1 9 8 7 - 2 0 0 2

1 9 8 8 - 2 0 0 3

1 9 8 9 - 2 0 0 4

1 9 9 0 - 2 0 0 5

1 9 9 1 - 2 0 0 6

1 9 9 2 - 2 0 0 7

1 9 9 3 - 2 0 0 8

1 9 9 4 - 2 0 0 9

1 9 9 5 - 2 0 1 0

1 9 9 6 - 2 0 1 1

1 9 9 7 - 2 0 1 2

1 9 9 8 - 2 0 1 3

1 9 9 9 - 2 0 1 4

2 0 0 0 - 2 0 1 5

2 0 0 1 - 2 0 1 6

2 0 0 2 - 2 0 1 7

16 YEAR SAMPLE OBSERVATIONS

Average Return Standard Deviation

8,37%
9,24% 9,31%

7,82% 7,16%
9,05% 8,37% 8,40%

6,72%

28,62% 28,52% 28,47%
27,09% 26,58%

25,29% 25,43% 25,42%
24,05%

0%

5%

10%

15%

20%

25%

30%

35%

1 9 8 6 - 2 0 0 9

1 9 8 7 - 2 0 1 0

1 9 8 8 - 2 0 1 1

1 9 8 9 - 2 0 1 2

1 9 9 0 - 2 0 1 3

1 9 9 1 - 2 0 1 4

1 9 9 2 - 2 0 1 5

1 9 9 3 - 2 0 1 6

1 9 9 4 - 2 0 1 7

24-YEAR SAMPLE OBSERVATIONS

Average Return Standard Deviation
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8-year division 

 
 
 
4-year division 

 
 

11,16% 11,52%

16,56%
14,89% 14,14%

20,99%

26,57%

23,21%

14,10%

6,65% 7,30%
5,02% 4,89% 5,24%

-2,04%

-6,01%

0,34%

9,59%

4,42% 3,89%
2,79% 1,85% 2,64%

9,99%

6,15%

30,29% 30,10%

27,03%

24,50% 23,82%

15,98%

21,68%

25,46%
27,54%

34,45% 34,67%
33,24% 33,13% 33,25%

24,62%

28,01%
30,29%

23,98%
25,41% 25,26%

24,21% 23,69% 23,36%

15,61%

11,53%

-10%

-5%

0%

5%

10%

15%

20%

25%

30%

35%

40%

1 9 8 6 - 1 9 9 3

1 9 8 7 - 1 9 9 4

1 9 8 8 - 1 9 9 5

1 9 8 9 - 1 9 9 6

1 9 9 0 - 1 9 9 7

1 9 9 1 - 1 9 9 8

1 9 9 2 - 1 9 9 9

1 9 9 3 - 2 0 0 0

1 9 9 4 - 2 0 0 1

1 9 9 5 - 2 0 0 2

1 9 9 6 - 2 0 0 3

1 9 9 7 - 2 0 0 4

1 9 9 8 - 2 0 0 5

1 9 9 9 - 2 0 0 6

2 0 0 0 - 2 0 0 7

2 0 0 1 - 2 0 0 8

2 0 0 2 - 2 0 0 9

2 0 0 3 - 2 0 1 0

2 0 0 4 - 2 0 1 1

2 0 0 5 - 2 0 1 2

2 0 0 6 - 2 0 1 3

2 0 0 7 - 2 0 1 4

2 0 0 8 - 2 0 1 5

2 0 0 9 - 2 0 1 6

2 0 1 0 - 2 0 1 7

8 YEAR SAMPLE OBSERVATIONS

Average Return Standard Deviation

14,47%

5,96%

15,06%

5,39%

7,94%

17,38% 18,08%

25,24%

20,69%

24,71%

35,68%

21,22%

7,87%

-8,79%

-15,14%

-9,02%

2,00%

21,45%

13,08%

-2,90%
-1,28% -1,11%

-3,58%

11,15%

7,04%
4,89%

9,26% 8,83%

5,28%

32,97%

40,18%

23,09%

17,47%

32,02%

21,72% 21,60% 21,34%

15,35%

9,92%

20,67%

32,48%

38,53%

46,79%

26,93%

30,26%
32,47%

5,73%

15,08%

29,84%

32,83% 32,98%
34,23%

22,33%

16,65%
14,99%

7,91%
7,88% 5,36%

-20%

-10%

0%

10%

20%

30%

40%

50%

1 9 8 6 - 1 9 8 9

1 9 8 7 - 1 9 9 0

1 9 8 8 - 1 9 9 1

1 9 8 9 - 1 9 9 2

1 9 9 0 - 1 9 9 3

1 9 9 1 - 1 9 9 4

1 9 9 2 - 1 9 9 5

1 9 9 3 - 1 9 9 6

1 9 9 4 - 1 9 9 7

1 9 9 5 - 1 9 9 8

1 9 9 6 - 1 9 9 9

1 9 9 7 - 2 0 0 0

1 9 9 8 - 2 0 0 1

1 9 9 9 - 2 0 0 2

2 0 0 0 - 2 0 0 3

2 0 0 1 - 2 0 0 4

2 0 0 2 - 2 0 0 5

2 0 0 3 - 2 0 0 6

2 0 0 4 - 2 0 0 7

2 0 0 5 - 2 0 0 8

2 0 0 6 - 2 0 0 9

2 0 0 7 - 2 0 1 0

2 0 0 8 - 2 0 1 1

2 0 0 9 - 2 0 1 2

2 0 1 0 - 2 0 1 3

2 0 1 1 - 2 0 1 4

2 0 1 2 - 2 0 1 5

2 0 1 3 - 2 0 1 6

2 0 1 4 - 2 0 1 7

4 YEAR SAMPLE OBSERVATIONS
Average Return Standard Deviation
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2-year division 

 
 
 
 

-9,50%

12,66%

44,79%

-0,34%

-8,57%

11,46%

27,42%

23,61%

9,42%

26,89%

33,13%

22,57%

38,28%

19,88%

-15,84%

-30,61%

-14,42%

19,28%
21,57%

23,65%

5,18%

-23,75%

-7,35%

28,26%

0,33%

-3,68%

14,19% 14,22%

4,55% 3,70%
6,01%

11,60%

50,68%

12,00%

45,68%

30,04%

4,85%

29,88%

34,45%

11,31%
13,51%

5,11%

9,63%

34,74%

55,66%

4,17%

15,61%

46,25%

6,00%

9,39%
6,58%

18,55%

21,54%

53,73%

12,21%

25,55%

18,85%

5,25% 5,22%

8,31%
7,05%

3,91%

-40%

-30%

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

1 9 8 6 - 1 9 8 7

1 9 8 7 - 1 9 8 8

1 9 8 8 - 1 9 8 9

1 9 8 9 - 1 9 9 0

1 9 9 0 - 1 9 9 1

1 9 9 1 - 1 9 9 2

1 9 9 2 - 1 9 9 3

1 9 9 3 - 1 9 9 4

1 9 9 4 - 1 9 9 5

1 9 9 5 - 1 9 9 6

1 9 9 6 - 1 9 9 7

1 9 9 7 - 1 9 9 8

1 9 9 8 - 1 9 9 9

1 9 9 9 - 2 0 0 0

2 0 0 0 - 2 0 0 1

2 0 0 1 - 2 0 0 2

2 0 0 2 - 2 0 0 3

2 0 0 3 - 2 0 0 4

2 0 0 4 - 2 0 0 5

2 0 0 5 - 2 0 0 6

2 0 0 6 - 2 0 0 7

2 0 0 7 - 2 0 0 8

2 0 0 8 - 2 0 0 9

2 0 0 9 - 2 0 1 0

2 0 1 0 - 2 0 1 1

2 0 1 1 - 2 0 1 2

2 0 1 2 - 2 0 1 3

2 0 1 3 - 2 0 1 4

2 0 1 4 - 2 0 1 5

2 0 1 5 - 2 0 1 6

2 0 1 6 - 2 0 1 7

2 YEAR SAMPLE OBSERVATIONS
Average Return Standard Deviation


