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Abstract 
Green investing has never been more relevant than it is today. Investors are flocking to green 

stocks and 2020 and 2021 saw a record high number of green companies being listed on the Oslo 

Stock Exchange. As green stocks are new to the market, several of them are growth stocks that 

have negative earnings due to their high investment levels. The high number of investments being 

made into green stocks and the price level of these stocks have led many academics and financial 

analysts to question whether the stock market is experiencing a green bubble. The purpose of this 

thesis is to investigate whether there is a green bubble in the Norwegian stock market. We use data 

for 48 green companies that are listed on the Oslo Stock Exchange and Euronext Growth, as well 

as the OSEBX index representing the Oslo Stock Exchange for comparison. The data is tested for 

unit roots against periods of exuberance using different variations of the Augmented Dickey-Fuller 

(ADF) test. We detect periods of exuberance in the OSEBX and among the green stocks. However, 

there is insufficient evidence to suggest that the stock market is currently experiencing a bubble, 

yet we discover tendencies that might indicate that a green bubble took place around 2020/2021. 

Moreover, the thesis will explore the drivers behind asset bubbles to better understand why bubbles 

occur, and we will see how macroeconomic factors and trends influence stock markets.  
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1. Introduction 
Sustainability is becoming increasingly more relevant and investments in green stocks on the 

Norwegian stock exchange are booming. This is a direct result of the increased focus on ESG 

(Economic, Social, and Governmental) factors among companies and their stakeholders, and the 

number of green stocks on the exchange has nearly doubled in the last few years (Nilsen & Lang-

Ree, 2021). Despite the increased popularity of green stocks, there is no fixed definition for green 

stocks. Different criteria are applied when classifying assets as green, making it difficult for 

investors to differentiate between assets. Over the last few years, we have also seen green bonds 

growing in popularity, with a growth rate of 49% in the five years prior to 2021 (World Bank, 

2021). Green bonds are debt securities used to fund environmental or climate-friendly projects. 

This increase in green bonds is referred to as the “green bond boom” by Morgan Stanley (Morgan 

Stanley, 2017). As investors seem to be increasingly aware of sustainability, green bonds can be a 

good way for companies to attract investors. 

The explosion in demand for green stocks and the price levels of those assets has academics and 

professionals drawing parallels to previous asset bubbles and suggesting that there could be a green 

bubble taking place. NHH-professor Ola Grytten claims that green stocks are overvalued as their 

price is not rooted in market fundamentals, and he fears that we could be experiencing a bubble 

where a correction is imminent (Lorch-Falch & Sættem, 2020). Our thesis aims to shed some light 

on whether this is the case, by analyzing a selection of green stocks on the Norwegian stock 

exchange. For this purpose, we have formulated the following research question: 

“Is the Norwegian stock market experiencing a green bubble?” 

To examine this research question, we use a methodology developed by Phillips, Shi, and Yu 

(2011). This methodology allows us to identify and date stamp explosive bubbles in stock returns. 

Specifically, the methodology uses the Augmented Dickey-Fuller (ADF), sup ADF (SADF), and 

generalized sup ADF (GSADF) tests for this purpose. Using these tests and applying relevant 

theory we will also address the following research questions: 

• Are there previous indications of a green bubble taking place? 

• What can be drivers behind a green bubble? 
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In the first part of our thesis, we will provide some background on green investing and the history 

of asset bubbles. We will continue by outlining some relevant theories and explain how asset 

bubbles develop. Next, we move over to the methodology and explain our data and the tests we 

will perform using the programming language R. In the last section, we will present our results 

with an in-depth discussion and draw a conclusion based on our findings.  
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2. Background 
This chapter explores the background for our research question. It dives into the history of asset 

bubbles and looks at the status green stocks have in the market. Furthermore, we elaborate on the 

impact recent events have had on the global financial markets and more specifically the Norwegian 

stock market. 

 

2.1 Green Stocks and ESG 
Sustainable investing is a growing trend, and there are several reasons for this. First, people are 

becoming more concerned with sustainability, which is an increasingly discussed topic throughout 

society. In general, people are becoming more aware of the effect global climate gas emissions 

have on the planet, which may influence investors preferences and their views on future returns on 

stock investments. In line with the increasing global awareness of sustainability, investors wish to 

make sustainable investments that align with their values and positively impact society (Danske 

Bank, 2023). Investors can use their impact and voting rights to make businesses more concerned 

with sustainability (The Economist, 2022). 

Climate gas emissions are a form of market failure (negative externalities), and Governments will 

continue to introduce regulations and environmental taxation and subsidies that will 1) increase 

costs for companies that create negative externalities, and 2) reduce costs or increase revenues for 

companies that create positive externalities (benefits for society). Environmental taxes such as 

climate gas emission taxes or fees will negatively impact the profitability of these firms 

(internalization of negative externalities). This includes taxes on energy, transport, and pollution.  

In addition, policymakers will introduce stringent environmental regulations, such as quotas, 

standards, and requirements for specific technologies. Moreover, regulations require companies to 

be transparent about their environmental impact, not only their own emissions (Scope 1), but also 

their impact on the entire value-chain (Scope 3). A recent EU law requires all large companies and 

all listed companies to disclose information on their risks and opportunities arising from social and 

environmental issues, and on the impacts of their activities on people and the environment 

(European Commission, 2023).  
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Another reason investors are choosing green stocks is that they expect better returns on green 

investments than alternative investments (Danske Bank, 2023). There are several reasons why 

investors believe green stocks generate better returns. An example of this can be that they believe 

that the demand for green stocks will keep rising and push the price upwards (Pastor, Stambaugh 

& Taylor, 2022) and that sustainable practices within a company can help to reduce costs 

(American Express, 2021). For instance, green companies will save money on taxes and other 

governmental expenses, and this can result in higher returns. The EU introduced a taxonomy 

classifying green activities, where companies classified as green will get lower taxes compared to 

“brown” companies. The companies classified as “brown” have not adopted sustainable practices, 

unlike the green companies (European Commission, n.d.) Furthermore, green companies can 

receive better interest rates from banks and face lower equity requirements (European 

Commission, 2021).  Based on this, green companies might have better opportunities for growth 

and investments compared to “brown” companies, which can lead to an expectation of high returns 

among investors. However, according to finance theory, an increase in demand can lead to a bubble 

in asset prices if the prices are not rooted in fundamental value (Aliber & Kindleberger, 2015).  

Green investing is a growing trend for several reasons, and in 2021 more than half of the IPOs on 

the Oslo Stock Exchange were “green”. According to statistics published by Euronext, by the end 

of May 2021, the market value of green companies made up 9 percent of the total market value of 

the Oslo Stock Exchange (Præsterud, 2021). A clear definition of a green stock does not exist, and 

people have various opinions on which stocks they choose to define as green. Some examples of 

definitions of sustainable investments are: 

«Green finance is a broad term that can refer to financial investments flowing into sustainable 

development projects and initiatives, environmental products, and policies that encourage the 

development of a more sustainable economy. Green finance includes climate finance but is not 

limited to it. It also refers to a wider range of „other‟ environmental objectives, for example 

industrial pollution control, water sanitation, or biodiversity protection. » (Höhne, Khosla, Fekete, 

& Gilbert, 2012). 

«Green investing seeks to support business practices that have a favorable impact on the natural 

environment. Often grouped with socially responsible investing (SRI) or environmental, social, 

and governance (ESG) criteria, green investments focus on companies or projects committed to 
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the conservation of natural resources, pollution reduction, or other environmentally conscious 

business practices. » (Chen, 2022). 

«Investment necessary to reduce greenhouse gas and air pollutant emissions, without significantly 

reducing the production and consumption of non-energy goods. » (Eyraud, Clements, & Wane, 

2013). 

ESG is a term that is closely related to green investments. ESG is not a new term but is becoming 

increasingly relevant in line with the growing awareness of sustainability in the global society and 

of the impact companies have on society. ESG metrics are used by investors to measure a company 

along three dimensions. The environmental dimension (E) addresses the company’s impact on the 

environment on the planet, including corporate policies addressing climate change, pollution, and 

energy use. The social dimension (S) evaluates a company’s impact on society, employees, 

suppliers, and customers. While the governance dimension (G) measures the company’s 

leadership, internal controls, audits, and shareholder rights (Investopedia, 2022).  

Some people argue that ESG might not be the best measurement for investors to classify green 

stocks. In an article published by The Economist (2022), the author argues that ESG should be 

reduced to one criterion, emissions. The author argues that in several non-Anglo-Saxon countries 

basing investment decisions on social or governmental factors, the S and G in ESG, is not as easy. 

Tesla is used as an example; the company scores well on the E part of ESG and is therefore 

included as an ESG-friendly company, but if one also considered the G part Tesla would display 

bad results because of their working conditions and lack of codes of business conduct (Chen & 

Dey, 2022). This caused Tesla to be kicked out of the ESG version of the S&P 500, while oil giants 

like ExxonMobil were kept in the index. Only focusing on emissions would therefore make it 

easier to determine which companies score well, and people can choose whether this is what 

matters to them (The Economist, 2022).  

ESG does make for a good tool to measure a company's impact among three important dimensions, 

however the S and G part can result in companies with low emissions receiving an overall bad 

ESG score. Regardless, this is a tool used by investors to measure the sustainability of stocks and 

ESG can therefore impact stock prices.  
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In this thesis, we use Euronext's assessment of which companies are considered green. Their 

assessment is based on the environmental dimension of ESG and includes companies with a green 

profile and companies with more environmentally friendly practices than their competitors 

(Præsterud, 2021).  

 

2.2 Impact of Covid-19 and the Russia - Ukraine War 
Both the Covid-19 pandemic and Russia’s innovation of Ukraine are events that took place during 

the testing period used in this thesis. Both events had an impact on investors' behavior across the 

world. Looking at how these events impacted investment patterns, therefore gives us a better 

understanding of the developments in the stock market and provides a foundation for 

understanding the results we present in chapter 7 of this thesis.   

Following the Covid-19 pandemic outbreak in March 2020, the stock market experienced one of 

the biggest crashes in history. The market experienced big and rapid falls within all sectors 

(Bradley & Stumpner, 2021), and both S&P500 and Dow Jones faced one of the biggest one-day 

declines in values throughout history (Blakeley, 2020). Some sectors quickly bounced back to 

normal, while others were stuck at a low value for a prolonged period. In the USA the sectors 

natural gas, food, health, and software produced the highest positive returns during corona, while 

the petroleum, real estate, entertainment, and hospitality sectors fell dramatically (Mazur, Dang, 

& Vega, 2020). The growth that followed in the stock market was supported by domestic fiscal- 

and monetary policy (Klose and Tillmann, 2022).  

A study by Kummernes and Kosmo (2021) shows that in Norway the average dividend per stock 

increased during the pandemic, even if the value of companies stagnated. The Norwegian 

government's support package, which offered financial aid to companies whose revenue was 

negatively impacted by Covid-19, was a key factor in explaining why dividends were higher than 

pre-pandemic numbers (Fraser, Ro, Solheimsnes, Sagmoen, & Hopland, 2021). 

During the pandemic, more buyers were attracted to the stock markets and Norway experienced a 

boom of new investors. This sudden explosion of interest in financial assets can be explained by 

several factors: In general, people had more time on their hands due to an increase in the 

unemployment rate, extensive use of home offices throughout society that eliminated travel time 
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to work, as well as the effect government enforced restrictions had on daily life by limiting leisure 

activities. In addition, many people had more free capital to invest, due to a reduction in private 

consumption and the low interest rates at the time. Finally, the stock prices were plunging due to 

the increased uncertainty in the markets. The price drop made investments into stocks and funds 

more attractive and affordable, as the uncertainty was regarded as short-term and future optimism 

was high (Bougroug, Kjos & Sletten, 2021).  

The war between Russia and Ukraine has kept the market from stabilizing after Covid-19. 

Boungou and Yatié (2022) published an article showing that the war contributed to a fall in stock 

prices. Moreover, Ahmed, Hasan & Kamal (2022) published a study showing that on the 21 of 

February 2022, when Russia declared two Ukrainian states as autonomous regions, European 

stocks had a considerable negative return, and the negative stock returns continued in the period 

after the event. Russia was one of the world’s biggest export countries within the oil sector but 

because of the war, several countries did impose sanctions against trading with Russia. This led to 

a growth in the price of green stocks as many started speculating that these companies would have 

to replace the oil from Russia and several countries adapted new strategies to become less 

dependent on Russian-produced energy (Defiance, 2022).  

A study by Sun and Zhang (2022) found that listed companies in EU member countries or countries 

with a high dependence on Russian exports experienced lower returns because of the Russian 

innovation. They also found that compared to other industries, companies within the oil- and gas 

industry and the defense industry have had higher returns. The high returns within the oil- and gas 

sector can be explained by the imminent threat of energy shortage, which led to an increased focus 

on energy security and a higher energy demand due to the limitations of Russian exports. 

As Covid-19 is a recent event, and the war is still ongoing, there is not a lot of research surrounding 

this, and we do not know the final effect this will have on the market. Nonetheless, the research 

mentioned in this chapter indicates a significant impact on the stock markets, one that could result 

in bubble tendencies in the market.  
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2.3 Historical Asset Bubbles 

Throughout history, the market has been through several bubbles. Studying historical asset price 

bubbles will provide insight into their drivers and effects on stock markets and the wider economy. 

Today there are differences in opinions on how to define an asset price bubble, and we do not have 

a framework for identifying bubbles. Several people are speculating on whether we will enter a 

green bubble because too much capital is being invested in too few green companies. In this 

chapter, we will present some of the most well-known bubbles throughout history. 

  

2.3.1 The Tulipmania 

The Dutch Tulipmania is the first well-known financial bubble and took place in 1636 and 1637. 

The tulip had recently been introduced in Holland and quickly became a popular status symbol 

among the wealthy Dutch. The rapid price growth of rare tulip types, created by professional 

growers and wealthy flower fanciers, attracted speculators. This led to the price of normal tulip 

bulbs also rising. The tulip market was driven by future contracts, where buyers and sellers would 

agree on a price for bulbs that would be delivered in the future. This allowed speculators to make 

huge profits without ever taking possession of the physical bulbs.  

In addition, people were spending more money than they could afford and purchased tulip bulbs 

on credit. The price of tulip bulbs rose to extremely prominent levels, with the rarest tulip bulbs 

selling for up to six times the average person's annual salary (Hayes, 2022). However, buyers were 

not able to pay the agreed price as this was set too high. The price reached its peak in February 

1637 before it eventually collapsed, and the bulb could not even be sold for 10% of the top value. 

Those who had purchased bulbs on credit were forced to sell for a lower price and could not pay 

back their loans, forcing them to declare bankruptcy (Garber, 1990). 

 

2.3.2 The South Sea Bubble 

The South Sea Bubble was a bubble that formed in the British market in 1720. The firm South Sea 

Company was granted a monopoly on trading in the South Sea and on the west coast of South 

America. The company got this monopoly in exchange for taking on a substantial portion of the 

national debt. This led to expectations for the South Sea Company to accomplish remarkable 



   
 

  15 
 

success, and a lot of speculation in the company’s stocks made the value rise from 110 to 1000 

british pounds. The stock price bubble collapsed when it was made clear that the company would 

not be able to secure profits high enough to reflect the stock price, and the price declined back to 

a value of around 100 british pounds (Høvik, 2020). 

  

2.3.3 The Kristiania Crash 

During the summer of 1899, the Kristiania Crash arose after declining prices on stocks and 

property. Prior to the crash, construction activity in Kristiania had been at an elevated level because 

of the large population growth, and new banks made it easy for people to get mortgages. Newly 

established banks had liberal policies and even accepted loans with security in stocks. Salaries 

rose, and Kristiania experienced economic growth. Prices in the stock market were also rising, and 

people were making easy profits. This, together with low interest rates, contributed to a lot of 

speculation and optimism among investors (Norges Bank, n.d.). 

Between 1890 and 1899, housing prices rose by 160%, and many made a fortune on trading 

property. During the same period, the amount of housing being built quadrupled. When the bubble 

burst six out of the seven new banks went bankrupt, and it would take 100 years before the prices 

of the properties bought in Kristiania during June 1899 would reach the same level. One out of ten 

apartments in Kristiania were left empty. Following the crash, Norges Bank became a central 

institution in the Norwegian credit market (Lilleby, 2018) 

  

2.3.4 The Wall Street Crash of 1929 

The Wall Street Crash took place in 1929 on the New York stock exchange. The crash arose from 

high economic growth and stock market activity in the US during the 1920s. This period before 

the crash is today known as the roaring twenties, and in this period the unemployment rates were 

low, and the economy was growing. 

During the summer of 1929, speculators drove stock prices to record-breaking levels. The prices 

of stocks on average went up by 10 times, and speculation became a hobby for some investors. 

Many investors were buying stocks on the margin, borrowing the money they were lacking to be 

able to invest. People were borrowing up to two-thirds of the value of stocks, making them 
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extremely fragile to a decline in stock prices. The stock market eventually crashed, and the crash 

lasted for 6 days. During this crash, American stock market values were almost halved. On the day 

that is now known as Black Tuesday, panic broke out and everyone wanted to sell their stocks at 

the same time. During this day, Wall Street investors traded around 16 million shares on the New 

York stock exchange and the market lost 11% of its total value. The Dow Jones experienced a loss 

of 89.2% from its peak (Kramer, 2021).  

The market crash led to a financial crisis which resulted in The Great Depression that lasted for 

several years. Fifteen million Americans lost their jobs, and half of the country's banks went 

bankrupt. The Dow Jones did not return to its pre-crash values before 1954, 25 years after the crash 

(Kenton, 2023). 

  

2.3.5 The Dot-Com Bubble 

The Dot-Com bubble lasted from 1995-2000 and was a bubble where stock markets in the western 

world experienced high growth within the technology sector. Technology, as well as the internet, 

was growing fast and people expected companies within this sector to make good profits over time. 

Investors put a lot of money into startups within this sector, even though many of these companies 

did not have positive earnings. Venture capitalists were also optimistic about the sector and by 

1999, 39% of all venture capitalist monetary investments went into internet companies. Low 

interest rates in the late 90s created an attractive environment for new start-ups, as it led to an 

increase in private consumption and more money was being poured into the economy. Some of 

the new start-ups that emerged did not have a business plan or product to show for. The Nasdaq 

Index, which is dominated by technology companies, rose from a value below 1000 to above 5000 

in just five years. When the bubble finally burst in March 2000, the price fell by almost 77%. 

Prices continued to fall throughout 2001, and it would take 15 years before Nasdaq would reach 

its all-time high again. Several internet companies went bankrupt due to the bubble collapse 

(Hayes, 2019). 

  



   
 

  17 
 

2.3.6 The Financial Crisis 

The Financial Crisis from 2008-2009 is one of the most well-known bubbles today. The U.S. 

economy had enjoyed a lengthy period of growth, and there was a great belief in the U.S. society 

that housing prices would continue to rise. Borrowing money was easy, even with a low credit 

score, which led to many people having high mortgages they were unable to serve. Banks sold 

these loans on to Wall Street banks, which packaged them into seemingly low-risk financial 

instruments such as mortgage-backed securities and collateralized debt obligations (Singh, 2022).  

The housing market experienced a breakdown in 2007 when several people were not able to 

manage their loans following a recent rise in interest rates. The breakdown led to a drop in housing 

prices, and people were unable to sell their houses for a price that would pay off their mortgage 

loans. The mortgage defaults affected those who had invested in these loans and the crash led to a 

lot of distrust towards the financial markets, and obtaining credit became difficult. The U.S.’s 

biggest financial institutions experienced big losses, and several went bankrupt. This developed 

into a global crisis, and the stock market plunged (Notaker, 2018). 
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3. Economic Theories on Bubbles 
In this chapter, we will review the economic theories related to asset price bubbles to investigate 

what asset bubbles are and how they occur. Asset bubbles are not a new phenomenon and extensive 

research has been done on the topic, yet there is no specific framework for it. On the other hand, 

there are several frameworks that can be useful in describing asset bubbles and some of them will 

be introduced in this chapter.  

 

3.1 Efficient Market Hypothesis 

A relevant starting point to discuss irrational asset pricing is the Efficient Market Hypothesis 

(EMH), which is a fundamental economic theory that originates from Eugene Fama’s analysis of 

capital markets from 1970 «Efficient Capital Markets: A review of Theory and Empirical Work» 

(Fama, 1970). The theory suggests that capital markets are effective and that excess returns cannot 

be achieved using historical data or other publicly available information. All relevant information 

relating to a company, or a financial instrument, is already reflected in the price of that company 

or asset. According to the theory all assets trade at fair value, which implies that no assets are 

overvalued or undervalued in the market (Beaver, 1981). Given that the EMH holds, financial 

bubbles will never occur due to all assets being traded at fair value. 

In the past, the EMH was widely accepted by academics within finance (Ying, Yousaf, Ain, 

Akhtar, & Rasheed, 2019). An index fund is an example of a financial instrument where one, in 

theory, should gain market return on investments in line with the EMH. The popularity of index 

funds has skyrocketed in the last decade (Parr, 2020). In more recent times, the EMH has been 

challenged by research that indicates that excess returns can be achieved by investors. The 

existence of excess returns means that the market is not efficient, and assets are not traded at fair 

value, both preconditions of the EMH (Ying et al., 2019). 

 

3.2 Asset Bubbles 

The fair value of a company equals the present value of all future cash flows generated by the 

company. A commonly used valuation method within fundamental analysis is the Discounted Cash 

Flow (DCF) method. Investors use DCF to determine whether a financial instrument is a sound 
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investment, based on the present value being above or below the market value of the asset (Bøhren, 

Michalsen, & Norli, 2017).  

Asset bubbles occur when the price of one or more financial instruments grows rapidly over time, 

and the initial price increase leads to an expectation of continued price growth. The expectation 

attracts new buyers, especially investors who prioritize yield, rather than the assets use and the 

ability to generate earnings. It is a precondition that the price cannot be explained by earning 

capacity and that the asset is overvalued (Siegel, 2003). The price growth is led by momentum and 

speculation. Harrison and Kreps (1978) introduce a new motive for speculation and claims that 

“investors exhibit speculative behavior if the right to resell an asset makes them willing to pay 

more for it than they would pay if obliged to hold it forever.”  

According to Aliber & Kindleberger (2015), an asset bubble has the following 5 steps:  

 

  

Figure 3.1: The Kindleberger-Minsky bubble pattern (Aliber & Kindleberger, 2015) 
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Displacement 

Displacement can occur because of an exogenous shock on the macroeconomic level that leads to 

an economic expansion. Bubbles usually begin with a new idea or innovation that causes increased 

interest and investments in a particular asset or market. This can be driven by good monetary terms, 

political events, innovative technology, or regulatory changes.  

 

Boom 

In line with the spike in demand for the asset or market, the price increases. This attracts new 

investors, as buyers have a fear of missing out (“FOMO”) on the investment opportunity, while 

the price remains at today's level - given the expectation of continuous growth. The spike in 

demand is also driven by increased media coverage of the assets or sector, or extensive marketing 

of the product or service behind the asset. Investors purchase assets with the sole purpose of 

making a quick yield from the price growth, even if they have an insufficient understanding of the 

assets’ fundamental value.  

 

Euphoria 

The new buying and selling pattern of investors will lead to a market imbued with irrationality, 

where investors ignore risks in the search for profits. In this phase, the market prices are no longer 

rooted in fundamental value and the market is characterized by speculation and euphoria. In this 

scenario, investors will be lured into believing that the upside is limitless, resulting in record high 

price levels.  

 

Financial distress 

After a while, the bubble will burst as investors realize that the prices are not sustainable. This will 

result in an abrupt price decline and a state of panic among investors who hurry to sell off their 

assets. At this point, many investors have spent beyond their means, which results in great financial 

distress.  
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Revulsion 

In the end, investors will withdraw from the financial markets as they become less attractive. Many 

investors have now lost money on their investments, as they did not exit the market before the 

collapse. What was once a state of euphoria, has been turned into revulsion.  

 

3.3 Irrational Exuberance 

Irrational Exuberance is a concept within behavioral finance and was first introduced by former 

chairman of the Federal Reserve, Alan Greenspan, in 1996 and elaborated by Shiller. The term 

refers to a state of mania where investors are so confident that the price of an asset will continue 

to rise, that they lose sight of its underlying value. The stock market will be characterized by high 

valuations and indifferent thinking among millions of people. Indifferent thinking refers to a 

common belief among investors that the upside is limitless. Furthermore, the investors have in 

common that they do not examine the long-term value of stock investments. On the contrary, the 

motivation behind their investments are emotions, random attentions, and perceptions of 

conventional wisdom - a behavioral pattern that is heavily influenced by news media. The news 

media do not necessarily provide investors with a correct impression of aggregate stock market 

level. In fact, the media's need to attract viewers or readers gives them little incentive to report on 

quantitative analysis. Additionally, news can be unreliable when the focus is to provide the 

audience with a compelling story - rather than a story based on reality (Shiller, 2000).  

There are opposing views on irrational exuberance. On one hand, Shiller argues that in a free 

society it is not feasible to protect people completely from the consequences of their own errors, 

as this means depriving them of the possibility to achieve their own fulfillment. Furthermore, 

society cannot be protected from irrational exuberance or irrational pessimism - both emotional 

reactions that are a part of the human condition. The solution is to develop policies that deal with 

asset bubbles in a way that provides people with better opportunities to take positions in the free 

market. This requires better forms of social insurance and better financial institutions, to manage 

risks effectively (Shiller, 2000). Others argue that society needs irrational exuberance because it 

allows entrepreneurs to gain access to the cheap financing necessary to fund ventures with heavy 

startup costs. Furthermore, it gives the investors direct access to the risks and rewards of promising 
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investment opportunities that can generate significant wealth. This is often not the case for such 

ventures, as they are mostly funded by large corporations or government agencies (Brenner, 2005).  

 

3.4 Rational Bubbles 

In economic theory, given the assumption of rationality, asset prices must reflect market 

fundamentals. Hence, the price of an asset is based on available information on current and future 

returns derived from the asset. Therefore, all price deviations from fundamentals are considered 

evidence of irrationality. The theory of rational bubbles was developed as an alternative to this 

assumption, suggesting that rational asset bubbles can exist even if expectations and behaviors are 

rational, and information is symmetrical. The theory is based on the work of Blanchard and Watson 

(1982) and Jean Tirole (1982) and has since gained the support of many, such as Diba and 

Grossman (1988). Despite the underlying assumptions of rationality and symmetrical information, 

deviations from an asset's fundamental value and the market price may still occur, as the market 

price may contain a bubble element.  

Rational bubbles may arise from investors’ expectation of future price increase for the asset, one 

that exceeds the investors’ required return. In this instance, investors have good reason to believe 

that an asset is undervalued based on its prospects, and therefore continue to buy the asset even 

when the price exceeds its fair value. Based on the theory of rational bubbles, Cuthbertson and 

Nitzsche (2005) defines the following equation: 

 

𝑃!   =   ∑ 𝛿"#
"$% 𝐸!𝐷!&% + 𝐵!   =  𝑃!

' + 𝐵!                     (1) 

Where 𝑃! is the market price and 𝐵! is the rational bubble term. The actual market price, 𝑃!, will 

deviate from the fundamental value by the value of the rational bubble term, 𝐵!. According to the 

rational bubble theory, rational investors are still willing to hold the stock and no abnormal returns 

are made. 

It is necessary to understand rational bubbles, to be able to differentiate rational behavior from 

irrational behavior among investors. By acknowledging that investors can pay a price that exceeds 

fair value for stocks and still exhibit rational behavior, we can better understand the behavior of 
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investors who buy into stocks or markets that show signs of irrational exuberance. In the next 

chapter we will have a look at a selection of the research that currently exists on asset bubbles.  
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4. Literature Review 
Research into asset bubbles has been ongoing for years as asset bubbles are not a new phenomenon. 

However, as mentioned previously there is no fixed definition of an asset bubble and no standard 

framework to apply for detecting bubbles. This thesis will use recursive ADF tests to detect asset 

bubbles, yet there are several other approaches that can be applied. This section will review 

literature on asset bubbles and explore some of the most common methods for bubble detection.   

 

4.1 Research into Asset Bubbles 

Studying behavioral finance can provide valuable insight into how asset bubbles occur. Minsky 

has been one of the most influential voices in explaining how behavioral factors can systematically 

lead to macroeconomic bubbles. He argues that periods of stability in the financial markets lead to 

overconfidence among investors, resulting in over-investing and the emergence of asset price 

bubbles (Minsky, 2008). Moreover, Shiller´s theory that continually rising prices might induce 

mass euphoria driven by sensationalist news media coverage, has inspired a lot of research (Shiller, 

2000). Shiller´s theory suggests that a stage of euphoria occurs among investors, in accordance 

with Aliber & Kindleberger´s 5-step model that we introduced in chapter 3 of this thesis. (Aliber 

& Kindleberger, 2015).  

Sornette and Cauwels (2014) define a bubble as “a period of unsustainable growth, when the price 

of an asset increases ever more quickly, in a series of accelerating phases of corrections and 

rebounds”. They argue that since bubbles leave specific traces, they can be recognized before they 

burst. Sornette and Cauwels's findings show that unregulated or loosely regulated financial 

markets tend to give rise to speculative and Ponzi-type finance, making financial markets 

intrinsically unstable (Sornette & Cauwels, 2014). 

Another area of interest for researchers is to study the consequences of asset bubbles. Historically, 

asset bubbles have impacted output rates, employment rates and consumption. The burst of bubbles 

has resulted in a banking crisis on several occasions, as the collapse of asset prices has caused 

defaults and bankruptcies. This scenario can have negative, long-lasting effects on the economy, 

where banks stop lending money to businesses – causing a drop in investment levels (Aliber & 

Kindleberger, 2015). Furthermore, bubbles can influence societal attitudes toward financial 
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markets, as many people lose faith in the market and withdraw from it (Dagher, 2018). Together 

with the introduction of financial regulation that often follows a bubble collapse, negative attitudes 

could slow down financial innovation, increase credit costs for businesses and hinder the creation 

of new businesses. Overall, financial markets play an essential role in economic growth and the 

financing of innovation and entrepreneurship, so a hindrance of financial markets has large 

economic and societal costs (Beck & Levine, 2004).  

While most researchers argue in favor of the prevention of asset bubbles, there are some that point 

to the benefits of asset bubbles. Many historical bubbles have been associated with transformative 

technologies that have had a significant impact on the economy by stimulating growth and 

productivity (Gordon, 2016). Olivier (2001) argues that the developed technology can help 

stimulate future innovation and encourage more people to become entrepreneurs, even bubble 

companies may use the technology that is developed during the bubble to move into different 

industries. 

There have also been discussions on how politicians should act when a bubble is present. In an 

article published in 2007, Barlevy argues that policymakers need to be careful when deciding to 

stem asset bubbles. This is because bubbles will only occur under certain conditions which may 

be relevant to the desirability of acting to burst a bubble. That is, if a bubble is occurring this can 

be a sign that the economy is experiencing certain structural problems. In this case, one will have 

to carefully decide if bursting the bubble will alleviate or worsen these problems (Barlevy, 2007). 

Cogley (1999) points out that it can be hard to identify whether an asset is overvalued, and 

therefore we have a risk of deflating assets that are not overvalued, possibly causing great harm. 

Throughout the years several methods for detecting asset bubbles have been developed and some 

of the most common methods are presented below.  

 

4.1.1 Variance Bounds Tests 

Variance bounds tests were first introduced by Shiller (1981), and LeRoy and Porter (1981). Shiller 

argues that stock markets are inefficient and fluctuate too much. According to economic theory, 

stock prices should equal the present value of expected dividends. Dividends are very stable and 
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only experience small fluctuations, likely due to the signal effect. Consequently, stock prices 

should also be stable, but this is not the case.  

The variance bounds tests demonstrate how the variability in dividends sets an upper bound to the 

variability of stock prices. It derives from the present value model and assumes that prices are 

formed accordingly. The following equation is used to test for variance bound:  

 

𝑉(𝑃!∗)  =  𝑉(𝑃!)  +  𝜑𝑉(𝜀!)  ≥ 𝑉(𝑃!)                   (2) 

Where 𝑃!∗ is the ex-post rational price, 𝑃! is the price according to fundamentals, 𝜑	 is 

 
 * !
(!#$)+ 

& 

 ,%-. !
(!#$)/

&
0 
 and 𝜀! is the difference between actual and expected dividends.  

A violation of the variance bound might indicate the presence of a bubble. However, a critique 

against this model is that it has several implementation issues that makes it unsuitable for bubble 

detection. For instance, the test cannot be applied to non-stationary data and the use of the mean 

price as the terminal ex-post rational price creates a bias towards rejection in small samples 

(Gürkaynak, 2005). 

 

4.1.2 West´s Two-Step Tests 

West (1987) introduced the two-step test. This tests both the model and no-bubble hypotheses at 

the same time. West discovered that in the absence of bubbles, the Euler equation, which is 

fundamental to asset pricing without arbitrage, can be estimated alone providing information 

regarding the discount rate. By representing dividends as an autoregressive process, one can 

determine the connection between dividends and the fundamental stock price of the market by 

knowing the discount rate and the parameters of the AR process. One can directly estimate the 

relationship between stock prices and dividends by egressing the stock prices on dividends. Under 

the null hypothesis that there are no bubbles, the ‘actual’ relationship should not differ from the 

‘constructed’ one. If the two estimates of the impact of dividends on equity prices differ, one can 

apply specification tests to the Euler equation and the AR representation of dividends. By doing 
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this one can rule out model misspecification and leave bubbles as the only possible reason for this 

difference in estimates (Gürkaynak, 2005). 

There are, however, issues with this test. The first issue is related to non-stationarity, according to 

West the test can be applied to appropriately differenced data if the data is nonstationary. Detecting 

non-stationarity can be difficult, West, therefore, runs his tests in levels and in differences. Another 

issue with this test lies in determining the order of the AR process that governs dividends, as well 

as the issue of information available to agents but not to the econometrist: Investors form their 

expectations about future dividends by considering more information than just the history of the 

dividend process. Dezhbakhsh and Demirguc-Kunt (1990) also criticize West’s methodology by 

arguing that his tests have size distortion in small samples, rejecting the null too often, and are 

inconsistent under the bubble alternative. Another issue critics point out is that a rejection of the 

coefficient restrictions may be due to other factors than a bubble. This is argued for by pointing to 

the fact that agents might attribute a small probability to an event that will have a large impact on 

the asset price (Gürkaynak, 2005). 

 

4.1.3 Integration/Cointegration Bases Tests 

Diba and Grossman (1987) found that a rational bubble cannot start, therefore if a bubble exists it 

must have always existed. Their reasoning depends on the impossibility of negative prices and the 

lack of arbitrage. A lack of arbitrage implies that there are no excess returns from holding an asset 

with a bubble component, that is: 

 

𝐸!(𝐵! + 1) = (1 + 𝑟)𝐵!                        (3) 

 

In this case, the actual bubble process follows a stochastic difference equation: 

𝐵!&%  −  (1 + 𝑟)𝐵!   =  𝑧!&%                     (4) 

𝑤𝑖𝑡ℎ 𝐸!(𝑧!&")  = 0∀𝑖 ≥ 1          (5)  
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If 𝐵! is zero, the bubble will start with the next nonzero realization of z. If this is a negative number, 

the bubble will be negative and expand in absolute value. This implies that the stock price will be 

negative in a finite time, however, this is impossible given free disposal. When the expected 

realization of 𝑧	 can’t be negative when the bubble component is zero, it cannot be positive either. 

To rule out arbitrage opportunities it needs to be zero. Therefore, when 𝐵! is zero all future 

realizations of 𝑧	 must be zero with probability one. When this is the case the bubble can´t start. 

Diba and Grossman find that this argument rules out rational bubbles and proposes a way to 

empirically test the absence of bubbles (Gürkaynak, 2005). 

This test was criticized by Evans (1991). He points out that it is possible that a bubble will collapse 

to a small nonzero value and then continue increasing. This goes against Diba and Grossman who 

argue that bubbles only start on the initial date of trading, implying that a bubble cannot pop and 

restart. Evans performed Monte Carlo experiments of the Diba and Grossmans test. Here he tried 

using values up to 0.95 for the probability of the bubble collapsing, so that the case would be that 

the bubble periodically collapses. Doing this Evans found that the tests do not perform well in this 

case, as the test failed to reject the no-bubble hypothesis in most cases. Evans also tested for the 

probability of the bubble collapsing being smaller than 0.75 and found that the tests almost never 

detect bubbles (Gürkaynak, 2005). 

 

4.1.4 Intrinsic Bubbles 

When Froot and Obstfeld (1991) presented their theory, they suggested that a bubble is tied to the 

level of dividends. Their bubble identification process depends entirely on the level of dividends. 

Under the null hypothesis of no bubbles, prices are a linear function of dividends, and the price-

dividend ratio is constant. Different behavior of the price-dividend ratio in the lack and presence 

of bubbles can be used to form a bubble test. Froot and Obstfeld test for bubbles by running 

regressions of price-dividend ratios on a constant and dividends. Not finding any significant 

coefficients, except for the constant, in these regressions will indicate a lack of bubbles, while 

finding a nonlinear relationship between prices and dividends will be interpreted as signaling the 

presence of a bubble (Gürkaynak, 2005). 

This test shows that a nonlinear relationship between stock prices and dividends does exist, but 

this is taken as a sign of a bubble only because the model is assumed to be linear. Driffill and Sola 
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(1998) criticize Froot and Obstfeld by focusing on the case when the underlying stock pricing 

model is nonlinear. Driffill and Sola find that the assumption of the time invariance of Froot and 

Obstfeld’s random walk characterization of the log dividends, which is central to the analysis and 

results, can be rejected when specification tests are applied to data (Gürkaynak, 2005). 

 

4.1.5 Bubble as an Unobserved Variable  

Wu (1997) presented estimated values of bubbles under the ‘bubble as a deviation from the present 

value model’ detection interpretation. He specified the present value model, assuming that 

different dividends follow an AR process. Using a Kalman filter, Wu estimates the bubble as an 

unobserved variable subject to the no-arbitrage condition. This shows that a big portion of the 

movement in stock prices can be explained by the bubble. However, Wu often ends up with a 

negative estimated bubble. The fact that bubbles cannot be negative is a well-established 

theoretical prediction. Therefore, Wu´s bubble process serves as a clear indication of the model's 

failure in other dimensions (Gürkaynak, 2005). 
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5. Methodology and Data  
In this chapter we will present the methodology and data used to detect irrational exuberance in 

the Norwegian stock market. The methodology is based on the Augmented Dickey-Fuller test 

(ADF) and other versions of the test - the SADF and GSADF tests. Combined the tests provide a 

foundation for examining explosive behavior in markets. Finally, we will present our data and 

describe how the model can be implemented.  

 

5.1 Model Specifications 

The literature that explains how to identify bubbles from market fundamentals originates from the 

Lucas model for asset pricing. The Lucas model is based on the idea that individuals and firms 

have rational expectations and that the economy is in a state of equilibrium. (Lucas, 1978). It can 

be used to identify asset bubbles by analyzing how changes in monetary or fiscal policy affect the 

economy and prices of different assets.  

Based on Blanchard & Watson’s (1982) efficient market condition, the fundamental price of an 

asset is given by: 

 

𝑃!   =   %
%&1

𝐸!(𝑃!&% + 𝑋!&%)          (6) 

Where 𝑃!   is the asset price in period 𝑡	, 𝑅	 is the risk-free rate and 𝑋!&% represents the economic 

fundamentals that can affect the stock market in period 𝑡	. 𝐸! is the expectation. The equation 

represents what the price of an asset should be given that it does not contain a bubble element and 

can be used by investors to evaluate the price of an asset.  

The main model used in this thesis is variations of the ADF model that are used to examine 

behavior that cannot be explained by market fundamentals and is explosive in nature. 

(Vasilopoulos, Pavlidis, & Martínez-García, 2020).  
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5.2 The ADF Test 
The standard ADF test, introduced in 1981 by Dickey and Fuller, is used to test for a unit root in 

time series (Dickey & Fuller, 1981). The ADF regression equation which sets the basis for the 

SADF and GSADF is the following: 

 

∆𝑦!   =  𝛼2%,24 + 𝛽2%,24 𝑦!-% + ∑ 𝛿2%,24"5
"$% ∆𝑦!-% + 𝜀!        (7)  

Here 𝑘	is the lag order, 𝑡	 is the error term and 𝑦	 show the variable of interest at time 𝑡	. The ∆	 is 

the difference operator, 𝑟1	symbolizes the starting point while 𝑟2	is the ending point. The total 

period of the sample is given by 𝑇	, and 𝑟2 = 𝑟1 + 𝑟𝑤	where 𝑟𝑤	 is the window size of the 

regression and are all regression coefficients. The null and alternative hypothesis of the regression 

are: 

 

𝐻6 :  𝛽2%,24  =  0   →   (𝑢𝑛𝑖𝑡 𝑟𝑜𝑜𝑡) 

𝐻% :  𝛽2%,24  >  0   →   (exp 𝑙 𝑜𝑠𝑖𝑣𝑒 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟) 

Here unit root would be the case of no bubble. Unit root is a stochastic trend, having unit root 

means we have a systematic pattern that is unpredictable. On the other hand, explosive behavior 

would signal that we do have a bubble. When the beta coefficient is bigger than 1 it suggests 

explosive behavior because the time series is growing faster than its historical performance. 

𝐴𝐷𝐹2%24￼is the denotation of the ADF test statistics corresponding to the null hypothesis listed 

above, and the equation is given by:    

𝐴𝐷𝐹!"!# =	
$%!",!$

&'($%!",!$)
             (8) 

 

This standard ADF test is obtained by estimating the equation (7) on the full sample of 

observations. By setting 𝑟2 = 1	 and 𝑟1 = 0	 we get 𝑟𝑤 = 1	  

The following equation gives us the limit distribution of  𝐴𝐷𝐹6% under the null unit of a unit root. 

 ∫'
!89:8

(∫'
!89 &)

               (9) 
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Where 𝑊	 is a Wiener process. 

There are some limitations to the ADF test. First, it cannot date stamp explosive behavior. Another 

limitation is that it only works if the bubbles collapse periodically. 

 

5.3 The SADF Test 
The SADF test was developed as a new way of testing explosive behavior by Philips, Wu, and Yu 

(2011), due to the limitations of the traditional ADF test. Their approach uses a supremum ADF 

test, incorporating recursive regression, right-sided unit root tests and a new method for confidence 

interval construction for growth parameters in the stock market exuberance. The SADF test proves 

far better than traditional cointegration-based tests at detecting exuberance arising from various 

sources, including behavior that is mildly explosive. In addition, it allows for explosive behavior 

to be date stamped.  

 

The SADF statistic can be defined as: 

𝑆𝐴𝐷𝐹(!*) =	
&+,

!$∈[!%,"]
            (10) 

And has a limit distribution of: 

&+,
!$∈[!%,"]

		 ∫%
!$2342

(∫%
"	23 $)"/$

            (11) 

 

The test runs the ADF test on a forward expanding sample sequence. The obtained results are the 

sup value of the corresponding ADF test statistic sequence. The model uses a fixed point, 𝑟0	 and 

a point, 𝑟2	, that can expand freely from 𝑟0	 to 1	.  

The null hypothesis is rejected if the SADF statistic exceeds the right-tailed critical value from its 

limit distribution. Since the test allows for date stamping, the alternative hypothesis is that 

explosive behavior occurs at a certain point in time within the data sample. A limitation with the 

SADF model is that it does not provide a consistent estimate of the end date for later occurrences 
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of explosive behavior when several episodes of exuberance are present in the data set. 

(Vasilopoulos et al., 2020).  

 

5.4 The GSADF Test 

The GSADF test was first introduced by Philips, Shi and Yu (2015) to solve the time stamping 

issues of the SADF test, and it has proven more powerful than the ADF and SADF test at detecting 

explosive behavior (Vasilopoulos et al., 2020). The test produces a consistent estimate of the 

starting point and the end point for explosive behavior. The general idea of the model is consistent 

with the SADF test, the difference being that the regression extends the sample sequence to a 

broader and more flexible range. In addition to having a flexible end point, 𝑟2	, which lies within 

the range 𝑟0	 to 1	, it also introduces a flexible end point, 𝑟1	, with a range from 0	 to   𝑟2 − 𝑟0	.  

The GSADF statistic can be defined as: 

𝐺𝑆𝐴𝐷𝐹	(𝑟*) = 	
𝑠𝑢𝑝

𝑟# ∈ [𝑟*, 1]
𝑟" ∈ [0, 𝑟# − 𝑟*]

	5𝐴𝐷𝐹!"
!$6                    (12) 

 

And has a limit distribution of: 

𝑠𝑢𝑝
𝑟# ∈ [𝑟*, 1]

𝑟" ∈ [0, 𝑟# − 𝑟*]
	= 	 7

"
$!'62(!$)$72(!")$87	∫!"

!$ 	2(!)	4![2(!$)72(!")]

!'
"/$	9!'∫!"

!$ 	2(!)$	4!7:∫ !"
!$2(!)4&;	$<	"/$

8             (13) 
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5.5 Date Stamping 

The ADF-test does tell us if we have episodes of exuberance, however it does not show when these 

episodes took place. In 2015 Philips et al. introduced backwards SADF test to date stamp bubble 

periods. This test performs a SADF test on a backward expanding sample sequence, called the 

BSADF test. Unlike the SADF test, the ending point in the BSADF test is fixed at 𝑟2	 while the 

starting point varies from 0	 to 𝑟2 − 𝑟0	. The BSADF is given by the following equation: 

 

𝐵𝑆𝐴𝐷𝐹!#(𝑟*) = 	
𝑠𝑢𝑝

𝑟" ∈ [0, 𝑟# − 𝑟*]
	5𝐴𝐷𝐹!"

!$6              (14) 

 

The dating estimates are given by the formulas: 

𝑟̂= =
𝑖𝑛𝑓

𝑟4 ∈ [𝑟6, 1]
{𝑟4: 𝐵𝑆𝐴𝐷𝐹24(𝑟6) > 𝑠𝑐𝑢24> }	𝑎𝑛𝑑	𝑟̂' =

𝑖𝑛𝑓
𝑟4 ∈ [𝑟̂= , 1]

	{𝑟4: 𝐵𝑆𝐴𝐷𝐹24(𝑟6) > 𝑐𝑢24> }		        (15) 

where 𝑠𝑐𝑢24>  is the 100(1 − 𝛼)% critical value of the SADF for 𝑟4𝑇 observations. 𝑟= is the 

origination date while rf corresponds to the termination date.  

Implementing this test requires a minimum window size, 𝑟0	, and the autoregressive lag length. 

The choice of 𝑘	 evidence indicates that when the number of lags is fixed to a small amount, the 

proposed right-tailed unit root methodologies work well. 

The minimum window size needs to be big enough to allow initial estimation, however it should 

not be too big as that can lead to missing short episodes of exuberance. In their article from 2015 

Philips et. al. recommends setting the minimum window size to: 𝑟0 = 0.01 + %.@
A

 (Philips et al. 

2015). 

Critical values need to be obtained either through Monte Carlo simulations or bootstrapping, as 

the distributions are non-standard and depend on the minimum window size. (Vasilopoulos et al., 

2020).  
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6. Description of Data  
As discussed in chapter 2.1 there are different opinions as to what stocks can be considered green. 

There is no clear generally accepted definition of green stocks. In our study we therefore rely on 

the Euronext definition of which companies are considered green. The list of green stocks was 

published in 2021 (Aksjenorge, 2021).  

The period we examine stock price return data over is 10 years from 01.01.2013-01.01.2023, based 

on daily closing prices. We find 10 years to be a suitable period as green stocks are relatively new 

to the market. By looking at daily prices, we will be able to detect blips, which are unexpected, 

minor, and typically temporary deviations from the general trend, in the market and separate it 

from explosive behavior. We have chosen to exclude companies with less than 400 observations. 

The accuracy of our analysis depends on how many observations we have, and using data collected 

over a long period will provide us with more observations – resulting in higher accuracy. Given 

this criterion, we are left with data from 48 companies. All our data is collected from Thomson 

Reuters Eikon.  

Table 6.1 contains descriptive statistics for all the green stocks we use in this thesis. There are 

large price variations between the stocks as the mean price varies from 0.440 to 151.816. High 

standard deviations show that there are significant price movements in the stock of certain 

companies. The standard deviation for our selection of companies ranges from 0.224 to 100.679.  
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Table 6.1: Descriptive statistics of data in this study 
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Figure 6.1 displays how the green stocks included in our data set are distributed among different 

sectors according to data retrieved from Thompson Reuters. Here the 48 companies are split into 

five sectors. Alternative energy is the largest sector with 44% of the companies operating in this 

sector, followed by energy support, construction, and components with 27%.  

 

 

 

Figure 6.1: Sector distribution among green stocks 

 

We also analyze explosive behavior in a wider stock price index to see if the bubble behavior in 

our selection of green stocks is unique to these stocks. Here we chose to use the most common 

index for the Norwegian stock market which is Oslo Exchange Benchmark Index (OSEBX). This 

index is dividend adjusted and includes 69 of the most traded and largest shares listed on the Oslo 

Stock Exchange. All the stock included in the index as of 31.12.22 can be found in the appendix 

(Euronext, 2022). We collected data from the same 10-year period as for the green stocks and 

ended up with 2632 observations. Using this data, we made a descriptive table showing the mean, 

minimum and maximum value of the index and the standard deviation (Table 6.2).   
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Table 6.2: Descriptive statistics of OSEBX 

 

Figure 6.2 represents a chart where the OSEBX index is given by the blue line, and the Low Carbon 

100 Europe index is given by the green line. The chart shows the price movements of both indexes 

during our research period. The prices are given in Euros. We were not able to find data from 

Thompson Reuters Eikon on a green index consisting of Norwegian stocks alone, such as OBX 

ESG, therefore we used the index Low Carbon 100 Europe. This index is designed to reflect price 

level trends of companies in Europe that have the relative best climate score. All of the stocks 

included in the index can be found in the appendix (Euronext, 2019). Stock markets tend to 

correlate with each other. The Norwegian stock market is heavily influenced by other markets, and 

European markets due to their close affiliation through the EEA agreement (Gjerde & Sættem, 

1999). This suggests that by using the Low Carbon 100 Europe index, we will be able to obtain 

results that match those we would achieve by using a Norwegian index. 

As we can tell by figure 6.2, the price movements of the two indexes have been similar during our 

research period. Here we can see the percentage change in price since the beginning of the period, 

which makes it easy to spot the relative changes in price between the two indexes. From the graph 

we can tell that the OSEBX index was harder affected by Covid-19. However, the green index 

seems to have lower growth in recent years. From the beginning of the period until 2018 the green 

index was the fastest growing, and the period between 2015-2017 is where the green index was 

growing the most compared to the OSEBX. In the next chapter, we will look further into this by 

performing unit root tests to examine exuberance in the market and by looking at the stock's P/E 

ratios.  



   
 

  39 
 

Figure 6.2: Price development of the Low Carbon 100 Europe (green line) and OSEBX Index (blue 

line) 
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7. Analysis and Results 
In this section we present the results from the unit root tests we performed in R. Furthermore, we 

will analyze the overall Norwegian stock market and green stocks, to determine whether the market 

has experienced exuberance that points to the existence of a green bubble. In the end, we will have 

a look at the Price/Earnings ratio for our selection of stocks, to see how they are priced relative to 

their earnings and other stocks in the market.  

We use the programming language R to perform our analysis of exuberance in the Norwegian 

stock market. R has several packages that are designed to detect explosive behavior in a data set. 

We use the Exuber and Exuberdata packages since they provide a comprehensive set of tools for 

analyzing financial time series data and are commonly used to detect bubbles in the stock market. 

Exuber and Exuberdata detect bubbles using different variations of the ADF test that we presented 

in the methodology part of this thesis. The package can be applied to a group of time series - such 

as a stock portfolio.  

 

7.1 OSEBX  

Prior to examining the results for our selection of green stocks, we want to analyze whether we 

can detect exuberance on the Norwegian stock exchange. We use the OSEBX index, which is 

representative of the overall Norwegian stock market.  

The first step of the analysis is to obtain the right-tailed critical values for the ADF, SADF and 

GSADF test statistics. In table 7.1, the test statistics and corresponding 90%, 95% and 99% Monte 

Carlo critical values are presented.  

 

 

Table 7.1: Critical values, 10-year period OSEBX 
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The null hypothesis of a unit root is rejected at the 1% significance level for the GSADF test, as 

the test statistic exceeds the critical value. This is indicative of explosive behavior and suggests 

that a bubble is present in the market. We cannot reject the null hypothesis based on our ADF and 

SADF test statistics and the corresponding critical values. As we know, the GSADF statistic 

addresses the limitations of the other tests and is proven more powerful than the ADF and SADF 

tests at detecting explosive behavior (Vasilopoulos et al., 2020). In other words, our results are in 

line with previous research.  

By date stamping our results, we can determine the duration of the periods of exuberance in the 

market. Figure 7.1 shows the test statistics for GSADF for OSEBX, and the red dotted line 

represents the critical values at the 1% significance level. By looking at the figure alone, we can 

detect explosive behavior in 2020, where the test statistic exceeds the critical value. Date stamping 

allows us to get accurate dates for the period of exuberance - and a period of exuberance in the 

Norwegian stock market is detected in March 2020, between the dates 09.03.2020 and 20.03.2020 

(Table 7.2).  

 

 

Figure 7.1: Date-stamping plot for OSEBX 
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Table 7.2: Date stamping of OSEBX exuberance 

 

Although we detect an episode of explosive behavior in the Norwegian market, the duration of the 

episode indicates that it is a blip, rather than a bubble. While a blip is a short-term deviation from 

the general trend in the market, a bubble typically has a longer duration and is more significant 

(Vasilopoulos et. al. 2020). Figure 7.1 visualizes the movement in stock prices. The lack of a 

buildup that is typical for asset bubbles before a collapse in prices also advocates for this. The 

episode of exuberance found place in March 2020, which was the same time that Covid-19 hit 

Norway and the country shut down. This led to a lot of uncertainty amongst investors, which 

caused unusual investment behavior that can explain the exuberance. 
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7.2 Green Stocks 

Although our previous results suggest that there has been no indication of bubble behavior in the 

wider stock market, it is possible that a bubble is restricted to green stocks. Green stocks are quite 

new to the Norwegian Stock Exchange from a historical perspective, and several of our stocks do 

not have data for the entire 10-year period we are testing for. Nonetheless, we believe our data set 

contains a sufficient enough number of observations from a wide selection of stocks to justify 

using an unbalanced panel data set.  

The Monte Carlo critical values for our data are presented in table 7.3, while table 7.4 consists of 

the test statistics for the different stocks. Most of the stocks in our portfolio have experienced 

periods of exuberance within the past ten years. This becomes evident as the null hypothesis is 

rejected at the 1% significance level for 31 out of the total 48 stocks when applying the GSADF 

test to our dataset. For the SADF test there is also evidence found of exuberance in the portfolio, 

as we can reject the null hypothesis for 35 companies at the 1% significance level.  

 

 

Table 7.3: Critical values for green stocks 

 



   
 

  44 
 

.
Table 7.4: Test statistics for 10-year period green stocks 
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It is fair to assume that our portfolio will be more volatile than the OSEBX index since our portfolio 

contains fewer stocks from a limited segment of the market and is therefore less diversified. The 

difference in diversification can explain some of the price movements. Figure 7.2 visualizes the 

GSADF test statistics for the green stocks over a 10-year period. The red line still represents a 1% 

significance level.  

Our results show that we can reject the null hypothesis of a unit root at the 1% significance level 

for the GSADF test for 31 companies (Table 7.4). With a unit root at the 5% significance level, 

we can reject the null hypothesis for 3 companies. Overall, our results indicate explosive behavior 

for 34 companies. We used the rules-of-thumb proposed by Phillips et al. (2015) to compute the 

minimum window size and the minimum duration of an episode of exuberance, respectively. This 

gave us a minimum window size of 8 days for our dataset, and we have only included episodes of 

exuberance lasting at least 8 days. This left us with periods of exuberance for 30 companies.  
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Figure 7.2: Date-stamping plot for green stocks (explosive behavior threshold = red line) 
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We would like to establish whether the periods of exuberance for the different stocks coincide with 

each other. By looking at table 7.5, we can see a pattern where most stocks had longer periods of 

exuberance in 2021, with some stocks experiencing significant periods of exuberance between 

2019 and 2022. The long duration of the exuberance suggests that we are talking about a bubble 

and not a blip. The sudden and sharp drop in stock prices after the period of exuberance, which is 

shown in figure 7.2, is also indicative of a bubble. However, the results suggest that none of the 

stocks in our portfolio are currently showing signs of explosive behavior.  

The listing date of the companies can also explain why we identify more periods of exuberance in 

the past few years, as some of the stocks are new to the Oslo Stock Exchange from a historical 

perspective and have only been listed for a few years. We had a look at the listing date of the stocks 

in our portfolio and compared it to the periods of exuberance. Fourteen out of the thirty stocks 

where evidence of exuberance is found, experienced exuberance within 2 months after they were 

listed on the Norwegian Stock Exchange. Most of these stocks were listed on the exchange in 2020 

or 2021. There is no direct link between IPOs and exuberance, unless the pricing is too low 

according to market participants - in which case they will be willing to pay more than the initial 

offering price, resulting in exuberance. Our results seem to indicate that there might be a 

correlation between exuberance and IPOs in our portfolio. This can be due to initial hype caused 

by extensive media exposure, as it is frequently observed that the listing price of IPOs is 

significantly lower than the closing price on the day it is listed. The price will eventually stabilize 

once the hype is over, and the stocks receive less media exposure (Jang, 2010). This is also 

according to the “Displacement” step in the Kindleberger-Minsky model where a new idea or 

innovation leads to increased interest and investments in a specific asset or market (Aliber & 

Kindleberger, 2015).  
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Table 7.5: Periods of exuberance 
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Focusing on when the periods of exuberance found place, 21 out of the 48 companies in our dataset 

experienced episodes of exuberance during the period November 2020 – April 2021 (Table 7.5). 

During this period, our dataset consisting of green stocks had an average price increase of 47.30%. 

The 21 stocks experiencing episodes of exuberance had an average increase in price of as much as 

87.99% during the same period. Six of the companies in our data set were not listed in this period 

and are therefore not considered in these calculations. During the period from November 2020 to 

April 2021 the OSEBX increased by 42.83%. 

 

7.3 Financial Ratio Analysis  

In addition to our time series analysis performed in R, we will be using financial ratio analysis to 

provide another angle to our research and help us determine whether a green bubble is present in 

the Norwegian stock market.  

The Price/Earnings ratio (P/E ratio) of a stock equals the price of a share of the stock relative to its 

earnings per share. Investors and stock analysts are using P/E ratios to help determine whether a 

stock is reasonably priced, by looking at whether the valuation of the stock in the market can be 

justified from an earnings perspective (Shen, 2000). Return on equity (ROE) measures the 

profitability of a company by looking at net income relative to shareholder equity (Damodaran, 

2007).  
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Overall, a high P/E ratio represents a high valuation. A high P/E ratio and a low ROE indicates 

that a stock is overpriced, as the pricing in the market is high compared to its earnings and thereby 

cannot be justified by market fundamentals (Liu, Han, & Wang, 2016). Our analysis's objective is 

therefore to examine the relationship between the two measurements. Table 7.6 presents the P/E 

ratio and ROE of our green stock portfolio as of 30.12.2022, which represents the final date 

included in our dataset where data was available from Thompson Reuters Eikon. 

 

Table 7.6: P/E ratio and ROE of green stocks, 30.12.2022 
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The P/E ratio used is a trailing P/E ratio, meaning that it uses actual earnings over the past 12 

months. This can explain why some of the green stocks have missing values, as some of them are 

new to the market and earnings cannot be retrieved for a 12-month period. Out of our stock 

portfolio of 48 stocks, 11 are listed as N/A. By looking at table 7.6, we can see that most stocks 

have a negative P/E ratio and ROE. This is because most companies are currently experiencing 

negative earnings, which relates to current macroeconomic conditions elaborated in chapter 2. 

Nonetheless, the stocks may still have a high price due to the expectation of positive cash flows in 

the future. Most of the companies that make up our portfolio were founded in the last 5 years, 

meaning that the stocks are typically growth stocks. The companies will therefore be characterized 

by high investment levels to support growth, and this will result in a negative cash flow and thereby 

negative financial ratios.  

The large variation in financial ratios between different stocks can be partially explained by the 

companies operating in different sectors. The extent to which companies are affected by 

macroeconomic conditions may vary between different sectors. We have compared how the 

different sectors the green stocks operate in with the periods of exuberance to determine whether 

we can establish a pattern. We can see that among the stocks that experienced three or more periods 

of exuberance, most of them operate in the Alternative Energy sector. The sector that appears to 

be the least affected by exuberance is the Energy Support, Construction, and Components sector 

– suggesting that the companies in this sector experience less volatility. See figure 6.1 for an 

overview of how the companies in our portfolio are distributed between sectors.  

There are very few companies that have excessive P/E ratios, which seems to indicate that the 

Norwegian stock market is not currently experiencing a green bubble. The most extreme example 

of an excessive P/E ratio is Arendals Fossekompani ASA with a P/E ratio of 2072.19 and a ROE 

of a mere 0.18. Given that our portfolio overall showed similar traits, we would have evidence in 

support of a green bubble.  

Since the periods of significant exuberance do not overlap with the period these financial ratios 

were taken from, it is appropriate to look at financial ratios from 2021 when exuberance is detected 

for several stocks. By doing so, we can determine if there are further indications of a green bubble 

happening in the past.  
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Table 7.7 consists of P/E ratios and ROE for the green stocks as of 01.01.2021. Most of the stocks 

still have a negative P/E ratio and ROE and only a very few companies have excessive P/E ratios. 

The most extreme example of an excessive P/E ratio from 2021 is yet again Arendals 

Fossekompani ASA with a P/E ratio of 1991.02 and an ROE of 3.09 – a significant difference 

between the two financial ratios. However, excessive P/E ratios do not appear to be a trend amongst 

our selection of green stocks and based on financial ratios we do not have the evidence to conclude 

that a green bubble has taken place in the past. 

 

 
Table 7.7: P/E ratio and ROE of green stocks, 01.01.2021 
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8..Discussion                        
Green investments are trending, and this has sparked concerns over a possible green bubble in the 

stock market. Acquiring knowledge of historic bubbles can be a useful tool to help us understand 

the development of asset bubbles, as there are limited tools to detect bubbles. By comparing 

historic bubbles to today's market for green stocks, we can draw parallels between the two.  

In chapter 2.3 we focused on some of the most well-known and biggest asset bubbles in history. 

All of these share similarities with the market of green stocks today, which is characterized by 

speculation and large investment volumes. Out of the bubbles mentioned in this chapter, there is 

one that stands out and shares several similarities with today's green stock market. The Dot-Com 

bubble in the late 90s arose from people investing in internet companies as these were fast-

growing, on trend and expected to generate high returns. In chapter 3.2 we focused on the 

Kindleberger-Minsky bubble pattern consisting of 5 steps. The first step is displacement, and it 

explains how bubbles usually begin with a new idea or innovation that raises interest and 

investments in a particular asset or market (Aliber & Kindleberger, 2015). Green stocks have 

experienced an increase in interest and investment volumes during recent years. The green stocks 

are expected by several investors to generate high returns, and there is no doubt that sustainability 

is a very relevant theme in today's global environment. Similar to the green initiatives pushed 

forward by the government nowadays, the government also put political focus and funds into new 

technology in the times before the Dot-Com bubble.  

Our results from the GSADF test suggest that most of the stocks in our portfolio have experienced 

one or more periods of exuberance within the timeframe we studied. Many stocks experienced 

exuberance in 2020/2021 and as we know Covid-19 was on everyone's radar during these years. 

In chapter 2.2 we elaborated on the impact Covid-19 had on the Norwegian stock market and 

investments peaked during this period. The exceptionally high investment level during this period 

can explain why we find evidence of exuberance. However, the observed exuberance may also 

have an alternative explanation to the “green” bubble hypothesis. It can be explained by the fact 

that most of the stocks in our portfolio were listed on the Norwegian Stock Exchange in 2020/2021, 

as it has been observed that stocks tend to trade for a higher price than the initial listing price 

shortly after being listed (Jang, 2010). Kindleberger and Minsky's model describes the boom phase 

as the period when investors are attracted to a stock by the sudden increase in demand and price 
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(Aliber & Kindleberger, 2015). Today, green stocks are getting a lot of media exposure, and the 

demand and prices have reached a high level. We also saw similar tendencies in the times before 

the Dot-Com bubble, when technology stocks were getting a lot of attention and had an extremely 

high demand and price. During the boom phase, companies will often hurry to get listed as the 

demand and prices are both high. One can say that this might be the case today as 23 out of the 54 

stocks considered green by Oslo Børs in June 2021, were new listings as of 2021 (AksjeNorge, 

2021).  

Euphoria is the third phase in the Kindleberger-Minsky bubble pattern model, and the final step 

before the bubble bursts. During this phase prices rise to extreme levels, attracting more investors 

who are ignoring the risk in hopes of a good profit. Prices are no longer rooted in fundamental 

value, and the market is full of speculation with investors being lured into believing that the upside 

is limitless (Aliber & Kindleberger, 2015). As we saw in chapter 7.3, 36 out of the 48 green stocks 

used in this report have a negative P/E ratio. This tells us that these companies have negative 

earnings, but investors still seem to be willing to buy into these companies in the hope of a future 

profit.  

As previously mentioned, sustainability is a much-talked-about topic these days. It is a focus point 

of governments around the world, and it receives a lot of media exposure. This leads to a lot of 

speculation in the market for green stocks. Investors in today's market can display exuberant 

market behavior, where they forget the stock's fundamental value, and a mix of enthusiasm and 

confidence drives the stock price to extreme levels. In an article by Finansavisen, Lars Erik Moen 

discusses how the government is setting strict demands for fund managers considering sustainable 

portfolios (Hammernes, 2021). An EU regulation requires fund managers to be transparent 

regarding the sustainability of their stock portfolios, by reporting to the authorities and sharing 

reports with the media, which acts as an incentive to include more green companies in the funds. 

The regulation was introduced to better display the negative impact investments have on various 

sustainability factors (World Bank, 2021). Lars Erik Moen points out that there are not enough 

green companies fulfilling the government demands for fund managers to choose from, which will 

lead to an over demand for the stocks they can choose to invest in. He also points out how investors 

want to stay ahead of the requirements from authorities, leading to an even higher demand for 

these stocks (Hammernes, 2021).  
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We must expect our portfolio of green stocks to be volatile compared to the overall market given 

by the OSEBX index, as it does not have the same level of diversification as the index. Even though 

the portfolio consists of companies that operate within different sectors, the companies are all 

considered green and share similarities. The amount of volatility can be sector dependent and this 

might explain why some stocks show no indications of exuberance, as the stocks in our portfolio 

operate in different sectors. We find that the stocks of companies in the Alternative Energy sector 

appear to be more exposed to exuberance, while the Energy Support, Construction, and 

Components sector experienced far less exuberance. This can also be a result of varying interest 

in different sectors and investors might favor a certain sector when they opt to invest in green 

stocks. For instance, the Alternative Energy sector has gained a lot of media exposure lately due 

to the increased focus it has gained because of the Russia-Ukraine war. Media exposure influences 

investors' trading habits and Alternative Energy is therefore likely to be a hot sector to invest in 

nowadays. If the Alternative Energy sector receives a larger portion of the investments into green 

stocks as opposed to the Energy Support, Construction, and Component sector, it can explain why 

exposure to exuberance appears to be sector dependent.  

Overall, we do not find evidence of a green bubble currently existing in the Norwegian market 

based on the conducted time series analysis in R and financial ratio analysis. There are very few 

episodes of exuberance detected in our portfolio during 2022. Moreover, most stocks have negative 

P/E ratios due to their negative earnings and we observe that excessive P/E ratios are the exception 

in our portfolio. We cannot conclude that a bubble took place around 2020/2021, even though most 

stocks experienced one or more periods of exuberance at the time which is indicative of an asset 

bubble. As mentioned prior in the thesis, there are several other factors that can explain the periods 

of exuberance. According to Siegel (2003), one cannot identify bubbles immediately but must wait 

for a sufficient amount of time to establish whether prices can be justified by subsequent cashflows. 

Based on our financial ratios analysis most stocks had negative P/E ratios in 2021 as well and 

excessive P/E ratios did not appear to be a trend amongst the green stocks.  

It is important to note that detecting bubbles in financial markets is not a definitive way to predict 

market crashes, but it can be used as a signal for potential market corrections or increased risk. 

The detection of bubbles using econometric analysis is not a straightforward task and it is not 

always possible to detect them with high accuracy. Combined with historical knowledge of 
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bubbles it will however help us gain a better understanding of the market and contribute to better 

risk management among investors.   
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9..Conclusion 

The demand for sustainable investments is growing in line with the green transition the global 

society is facing. Companies are becoming increasingly more aware of their ESG rating, and 

especially the environmental aspect is gaining more recognition among investors who are buying 

into green stocks on an unparalleled scale. There is little doubt that green investing is trending, 

and the substantial media exposure of green companies and opportunities in green technology is 

evidence of this. Governments are also incentivizing companies to implement sustainable solutions 

and reduce their carbon footprint, through efforts like environmental taxes and climate gas 

emission taxes. Overall, this has led to an increase in IPOs of green companies on the Norwegian 

Stock Exchange.  

During Covid-19 the Norwegian Stock Exchange experienced a boom of investors that were 

attracted to the stock markets and before the market was able to stabilize, the Russian innovation 

of Ukraine was a reality and resulted in yet another shock on the global financial markets. 

Simultaneously, the Norwegian stock market has seen many stocks reach prices that surpass 

fundamental value even if the macroeconomic environment did not call for growth. Nonetheless, 

many green companies are experiencing negative earnings and are losing equity due to the high 

investment levels that are necessary to support growth.   

The aim of our thesis is to establish whether a green bubble is, or has been, present in the 

Norwegian stock market. Prior to doing so we have provided some background to the situation in 

today's stock market, and presented a selection of literature on asset pricing bubbles and some of 

the models that can be used to detect such bubbles. Variations of the Augmented Dickey-Fuller 

(ADF) tests have been applied to our selection of 48 green stocks and the OSEBX index. The 

results indicate that there is no green bubble in the Norwegian stock market as of today. However, 

there are indications of a bubble taking place in the years 2020/2021, as most stocks experienced 

significant periods of exuberance at the time. Nonetheless, it is difficult to conclude that a bubble 

took place during this period, as there are several other factors that can explain the explosive 

behavior of the stocks. For instance, many stocks were listed during this period and research 

suggests that stocks often trade at a higher price than the initial offering price, shortly after the 

IPO. Moreover, Covid-19 likely played a role as the stock markets attracted many new investors 
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during this period and investment volumes peaked. Even though we find evidence that can be 

indicative of a bubble, one can never be confident that a bubble exists before it eventually bursts. 

The main limitation of this study relates to the sample size used and the potential errors of the 

model. As mentioned earlier, green stocks are new to the market and several of the stocks in our 

green stock portfolio only have data from the last few years. Some stocks were excluded from the 

analysis, as they had what we considered to be an insufficient number of observations. Another 

limitation is that the recursive ADF tests are relatively new, and it is likely that alterations will be 

made to the model to make it more accurate in terms of detecting bubbles. In fact, the model has 

difficulties discovering bubbles before they reach their peak and burst, which is a clear 

disadvantage given that the aim is to become aware of bubbles before the market collapses. 

Another limitation that is worth mentioning is the use of the Low Carbon 100 Europe index. It 

would be more ideal to use a green index from the Norwegian Stock Exchange, as we cannot be 

sure that the European stock markets behave the same as the Norwegian stock market. 

There are additional avenues for future research that we have not touched upon as these are outside 

the scope of our thesis. Future research should aim to develop a standard framework for detecting 

asset bubbles, as no universal framework currently exists. A framework must be able to distinguish 

between rational bubbles and irrational bubbles, and a study must therefore involve behavioral 

finance and consider macroeconomic factors. An extension of this study would be to include the 

stocks that are new to the market and therefore have fewer observations. Moreover, a study could 

dive deeper into the behavioral aspect of asset bubbles by studying investor behavior under 

different conditions.  
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Table A2: Companies included in the Low Carbon 100 Europe as of 31.03.2023 

 


