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Abstract 

 

Water is a precious commodity and it is essential for all aspects of our lives. The lack of 

attention being directed to the use and control of water systems in many places has led 

to acute shortages in the availability of potable water throughout the world. This is 

mainly due to significant imbalances between water demand and supply, and as a result, 

water is an important asset today. For these reasons, investment in water is an issue of 

growing concern for the entire world. The demand for this finite resource is growing at 

an increasingly accelerated rate. In the major markets of the world, the water index is 

one vehicle that has helped to improve investments in the water market in countries 

which record water-related indices and funds. Issues such as stock returns, the 

complexity of stock prices, and the impact of investor adoption relationships contribute 

to future investments in the water companies which make up the water indices.  

 

Overall, this thesis seeks to examine the performance of water investments in great 

depth, and the nature of the water markets more generally. The main aim of the thesis is 

to understand, examine, model, and forecast water indices, water markets and water 

funds using univariate and multivariate analyzes. Taking into account the overall 

dynamics of the market, this study examines whether the water market is a desirable 

market for investors. That is, whether investors can gain appropriate benefits from 

investing in the global water industry by using, for example, “investment” hypothesis. 

The study is conducted in four phases in terms of the time periods before, during and 

after the global financial crisis (GFC). This allows the author to more critically consider 

the nature of the water industry.  The initial results of the four major studies show that 
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water assets have generally outperformed the stock market, before, during and after the 

GFC of 2008-2010.   

 

The four studies are designed to answer the four major aims and their related research 

objectives, questions and hypotheses. The thesis utilizes the four water indices (the 

WOWAX, the S-Net, the S&P and the MSCI ACWI), and their 72 components, four 

water markets (Asia, Europe Latin America and the US), and two water funds (Pictet 

and KBC Eco). The water companies’ stocks are represented by the WOWAX, the S-

Net Global water industry, the S&P and the MSCI ACWI. The study period covers 

January 1, 2004 to October 31, 2014 in different periods (full, pre-GFC, GFC and post-

GFC).  

 

The first study critically investigates the impact of ownership and capital structure on 

water companies’ performance, in order to examine the nature of impacts during 

different periods (full, pre-GFC, GFC and post-GFC). This is done using multivariate 

and unbalanced panel regression analysis. The study compares and contrasts the 

relationships between performance, ownership (foreign ownership and institutional 

ownership) and capital structure (leverage and short-term debt to assets). This study also 

uses five control variables representing tangibility, asset growth, risk, age and free cash 

flow. The study shows that foreign ownership improves the financial performance of the 

global water companies’ in different periods of strain and stress (full, pre-GFC, GFC 

and post-GFC). In particular, institutional ownership influences the financial 

performance of the global water companies during the GFC period. The results further 

suggest that either “leverage” or “short-term debt to assets” could be chosen in order to 
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conform to water companies’ regulatory requirements. Moreover, the results show that 

ownership and capital structure jointly influence water companies’ performance.   

 

The second study analyzes the stock returns and volatility of the four water indices, four 

water markets and two water funds in different periods (full, pre-GFC, GFC and post-

GFC) with the purpose of investigating the profitability of water-related investments 

using ARMA(1,1)-GARCH(1,1) and EGARCH(1,1) models. The coefficient estimation 

of the ARMA(1,1)-GARCH(1,1) model confirms that the conditional volatility process 

GARCH(1,1) model has a positive effect on the serial autocorrelation of squared 

residuals for water indices, water markets and water funds during full, GFC and post-

GFC periods. Again, the EGARCH (1, 1) model shows the persistence of volatility in 

four water indices, four water markets and two water funds in different periods (full, 

pre-GFC, GFC and post-GFC); with asymmetric volatility (leverage) for Asia and the 

US, the S-Net and Pictet in full, pre-GFC and GFC periods, and the WOWAX in GFC 

and post-GFC periods.  

 

 The third study investigates the extent and manner of equity price interdependence 

among four water indices (the WOWAX, the S-Net, the S&P and the MSCI ACWI) 

using the vector auto-regression (VAR) framework. This study employs methods of 

Granger causalities, variance decomposition and impulse responses. There is a 

significant Granger causality between the S-Net and the MSCI ACWI; and the S-Net 

and the S&P indices at the 1% level of significance. This shows that these indices are 

significantly linked. The S-Net was the most influential index amongst the indices, in 

that the forecast variance can be accounted for by the S-Net being at a level of 55.75%. 
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The third study also indicates that the four water indices are interdependent and related; 

so the water indices are influenced by movements in other water indices. 

 

The fourth study further examines the data set for short-term and long-term behavior 

among water indices and water markets. In addition to inter-relationship analysis, the 

fourth study examines the linkages between the four water indices (S-Net, WOWAX, 

S&P and MSCI ACWI) and four water market indices (Asia, Europe, Latin America 

and the US). Using the Johansen test for co-integration in different periods (full, pre-

GFC, GFC and post-GFC), the fourth study finds the existence of integrating vectors in 

the different periods. This suggests that when the water market indices are combined, a 

linear relationship forces these indices into a long-run equilibrium relationship. The 

Granger causality approach within a co-integration framework also allows us to assess 

the dynamic linkages between the stock price indices of the four water indices and the 

four water markets. To further confirm the empirical results in the co-integration frame, 

the fourth study uses the autoregressive distributed lag (ARDL) based bounds approach 

for a robustness check. These results confirm significance at the 5% level for the 

parameter over different periods (full, pre-GFC, GFC and post-GFC).  

 

Overall, the results of this thesis explain water investment performance in terms of the 

water indices, water markets and water funds’ returns and volatility persistence and 

asymmetric effects, which imply potential spillovers from these water assets. Further, 

this thesis highlights the importance of foreign and institutional investors’ roles in 

global water companies’ performance in different periods, providing reference for water 

investors and for researchers. As research into water assets is somewhat lacking in the 

finance literature, this thesis contributes to an understanding of the importance of water 
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investment markets by studying an important aspect of the generated trading stock 

markets analysis. This thesis also contributes to a determination of which water assets 

global capital will flow into or out of, and how these assets influence water investors 

throughout the world. 

 

Keywords: Water; Investment performance; Ownership and capital structure; Time-

series analysis; Water indices; Water markets; Water funds 
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Chapter 1 

Introduction 

 

1.1 Rationale: Water and the global water industry 

 

This thesis seeks to gain a better understanding of worldwide investments involving in 

water. Overall, the thesis aims to examine the returns and risks related to the 

performance of the “global water industry” in terms of water investment. To be explicit, 

the water industry’s economic performance demands examination in terms of the 

viability of investment in it. However, before such a study is possible, an extensive 

review and an appropriate understanding of the global water industry, including its 

infrastructure, are presented in this section. The rationale, contribution and significance 

of the study are also presented. 

 

Water is a precious commodity and it is essential for all aspects of our lives 

(Jayawardena, 2012; Tularam and Properjohn, 2011). People need water to drink, to 

grow food, and to sustain their daily existence (Beppu, 2007; Wild et al., 2010). There 

is no substitute for water - it sustains life and is required in almost every human activity. 

The world’s population is increasing day by day, and in fact by 2011, had increased to 7 

billion and is currently growing by an additional 82 million persons yearly (United 

Nations, 2013a). It is important to note that in 1950 the world’s population was only 2.5 

billion (Tularam and Hassan, 2016; Haub, 2011), and by 2050, it is projected to reach a 

total of somewhere between 8.3 billion and 10.9 billion (Tularam and Hassan, 2016).  

Urbanization has also been growing at a fast rate around the world, especially so in 

many developing countries (Tularam and Hassan, 2016; Tularam and Murali, 2015). It 
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has been predicted that around 72% people throughout the world are going to be living 

in cities by the year 2050 (Tularam and Marchisella, 2014; DESA, 2011). Population 

expansion and rapid urbanization have placed great pressure on water supplies, and this 

demand is higher presently than at any other time in history, mainly due to the steep rise 

in the world’s population (Roca et al., 2015; Roca and Tularam, 2012). Such increasing 

demands are met with limited supply, and as a result, water is becoming an increasingly 

scarce resource. From the perspective of global need, water is our most important 

resource (Tularam and Krishna, 2009) and it is something we cannot afford to take for 

granted. 

 

Chronic water shortages are noted in many parts of the world; for example, in Southern 

Spain, Central Asia, the Middle East, Bangladesh, Pakistan, Southern India, Northern 

China, the US and Midwest US, Mexico and the Andes (Roca et al., 2015; Tularam and 

Marchisella, 2014; Wild et al., 2010). Since 1970, our fresh water reserves have shrunk 

by 40% and this has been compounding due to the acid and saline pollution of many of 

the world’s coastal aquifers (Roca et al., 2015; Tularam and Ilahee, 2008, 2010; 

Tularam and Keeler, 2006; Tularam and Singh, 2009; United Nations, 2005). Australia 

is also affected, since much of the country is often badly impacted by long periods of 

drought and major flood events, where much surface water is often lost to surface flows 

(Roca et al., 2015; Tularam and Ilahee, 2010, 2007a, 2007b). As a result, water is 

becoming an increasingly scarce resource throughout the world.  

 

In recent years, climate change variables have further compounded the problems of 

water scarcity. The effects of climate change and population growth have led to a 

worldwide water deficit, which in turn has provided major challenges for many 
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countries (Tularam and Illahee, 2008; Tularam and Properjohn, 2011; Tularam and 

Ilahee, 2007, 2010; Wild et al., 2010). The United Nations (UN) forecasts that by 2030, 

almost half of the world’s population will live in areas facing water stress or water 

scarcity (United Nations, 2013). In the face of a global shortage and increasing 

consumption, many cities and towns are now facing serious challenges in meeting their 

current and future demand for water. In addition, agriculture, industry and urban 

populations continue to make competitive demands for water resources (Tularam and 

Properjohn, 2011; National Water Commission, 2009). For the above mentioned 

reasons, water utility owners and managers must be willing to critically examine water 

scarcity and water security in a changing climate, where energy costs and greenhouse 

emissions could influence water supply options (Tularam and Properjohn, 2011; 

CSIRO, 2009). 

 

There are a number of definitions that have been used to describe water scarcity, but 

most of these definitions have not received absolute recommendations. One of the main 

requirements is that an unqualified definition of water scarcity must suggest possible 

ways to conduct both qualitative and quantitative assessments (Tularam and Hassan, 

2016). A definition of water scarcity was proposed by Winpenny (1997), and the World 

Water Development Report (UN-Water, 2006) defines water scarcity as:  

 

The point at which the aggregate impact of all users impinges on the 

supply or quality of water under prevailing institutional arrangements to 

the extent that the demand by all sectors, including the environment, 

cannot be satisfied fully, a relative concept that can occur at any level of 

supply or demand. Scarcity may be a social construct (a product of 



4 

 

affluence, expectations and customary behavor) or the consequence of 

altered supply patterns stemming from climate change. Scarcity has 

various causes, most of which are capable of being remedied or 

alleviated... (FAO, 2012, p.5; Tularam and Hassan, 2016). 

 

Water scarcity is said to exist when the fresh water availability per capita per annum is 

less than 100m3. The minimum agreed amount of fresh water for human survival is 

around 35,318.3ft3/yr (1000m3/yr) (Tularam and Hassan, 2016; Tularam and 

Marchisella, 2014). A water stress situation is defined as existing when fresh water 

availability per capita per year is higher than 1000m3/capita/yr and less than 

1700m3/capita/yr (Steinman et al., 2004; Victoria, 2012).  

 

Yet another often defined measure is water shortage. Water shortage is defined as the 

ratio of the total fresh water withdrawal to the available rainfall (USDE, 2006). The 

condition of water scarcity exists when fresh water demand exceeds the water supply 

available in a certain situation and/or place, that is, water requirements are not met. 

Water scarcity can also be expressed in a formula: “water scarcity = water demand - 

available supply” (FAO, 2012; Tularam and Hassan, 2016). 

 

As the demand for this finite resource grows, the water industry is becoming one of the 

most important of the world. But a significant imbalance exists between water demand 

and supply (Tularam and Properjohn, 2011). This has led to a situation where 

investment in water is a major issue of growing concern for countries throughout the 

world. The scarcity has allowed finance industry and the academic community to 



5 

 

become more interested in understanding the various aspects of water supply and 

demand.  

 

In the past, lack of attention to the use and control of many water systems around the 

world has, in many places, led to acute shortages in the availability of drinking and 

potable water, and indeed in many instances, shortages in water for general use (Roca, 

Tularam, and Reza, 2015; Tularam and Murali, 2015; Tularam and Marchisella, 2014; 

Tularam and Properjohn, 2011; Wild et al., 2010). The world appears to have the 

required amount of stored water for the masses, but more than 2.6 million people are 

still living with shortages, using untreated water or experiencing extreme water crises 

(Jin et al., 2016). While 70% of the earth's surface is covered by water, 97% of this is 

saltwater, which unless treated is unfit for human use (Roca, Tularam, and Reza, 2015; 

Roca and Tularam, 2012). Of the remaining 3% of the world’s water resources, only 

about 1% is available for human consumption (Roca et al., 2015; Roca and Tularam, 

2012).  

 

Over the past 100 years, water consumption has increased daily, while the available 

fresh water reserves have shrunk by about 40% since 1970. This shrinkage leaves no 

doubt that the water industry continues to suffer from global shortages, not only caused 

by the rising consumption levels of the population, but more importantly due to losses 

from leakage experienced by much of the aging infrastructure, which controls water 

storage and system flows (Roca et al., 2015; Tularam and Ilahee, 2010; Tularam and 

Singh, 2009; Tularam and Keeler, 2006). In the past, there has been a lack of investment 

in the water industry in order to sustain the system for the longer term; but this has in 

recent times received attention from the major investment markets. 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)
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The UN forecasts suggest that by 2050 the earth’s fresh water resources will have to be 

shared by over 9 billion people (United Nations, 2013). But it would appear that water 

crises will be a far greater problem in the future due to climate change effects and 

urbanization. The various predicted impacts of climate change will make it vital for all 

countries to expand their investments in water utilities and water infrastructure as well 

as water treatment plants. This expansion will only fulfil the future requirements of the 

population, but may not satisfy the industrial and agricultural needs that will be vital in 

meeting the demands of food security (Tularam and Hassan, 2016; Tularam and 

Marchisella, 2014; Tularam and Properjohn, 2011; Wild et al., 2007).  

 

The World Bank estimates that a further investment of around US$600 billion is needed 

to fund the water requirements of our planet (Masons Water Yearbook, 2002-2003; 

Masons Water Yearbook, 2010-2011), in addition to that estimated by the global water 

industry itself (US$700 billion) (Geman and Kanyinda, 2007; Roca and Tularam, 2012; 

Roca, Tularam, and Reza, 2015). The current scenario then displays appropriate 

investment opportunities for larger investors. To date, over 90% of the global water 

supply is in the public domain (Roca et al., 2015; Roca and Tularam, 2012; Wild et al., 

2007); however, private funding appears to be an effective and efficient way of meeting 

the overall financial needs of the water industry. As the water sector is quickly 

expanding and the market is becoming rather economically resilient, there are many 

opportunities for investments in this industry from markets with a view to better 

financial returns. If larger investors realize the future importance of the water industry 

for the diversification of benefits, then clearly this will lead to the increased likelihood 

of more crucial investment; that is needed in the water industry for a sustainable water 

supplies over time.  

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)
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At present the water market exists, and with the recent introduction of various water 

indices, the market has improved on the whole. There is indeed a water market where 

large and small investors can get involved and own shares in the entire market, not only 

in specific water companies (Roca et al., 2015). The present market is mature enough 

for investors to take a position in or out of the water market as desired. Many countries 

have privatized their water industries, meaning that investment in water critically 

depends on the nature of the water companies, water indices and water markets.  

 

This research examines the performance of the water industry and the potential for 

make a gain through water investments. On one hand, a water index can provide liquid 

and tradable exposure to water companies in related businesses throughout the world. 

The water indices are specially designed to reflect the major movements of prices in the 

water market and therefore will be used to represent the “water industry market” for the 

purpose of this study. On the other hand, water funds pool individual investors’ money, 

and a professional fund manager invests it. These funds are then invested in water 

treatment and purification, water utilities and water monitoring, thus forming the 

emerging industry infrastructure. According to the Resource Investment Optimization 

System (RIOS), “Water funds are conservation financing mechanisms that gather 

investments from water users and direct the funding toward the protection and 

restoration of key lands upstream that filter and regulate water supply”1 (p.1).  

 

Recently, more and more investors have become interested in the global water market 

due to the worldwide privatization of the water sector, and this has created many more 

investment opportunities. The water market is a composite of many separate water 

market segments, each defined by water system and administrative boundaries; of 

                                                           
1 http://www.naturalcapitalproject.org/pubs/RIOS_brief.pdf 
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varying size, activity, and connectivity with each other. In fact the S-Network Global 

Index (2012) now records the size of the global water market as being around US $375 

billion2. The current lack of research in the area of water investment adds importance to 

this study. 

 

According to Jin et al. (2015), although the water industry is rather large and dynamic, 

research into the risk and returns on water investment in the stock market has been 

limited. Some work has focused on policymaking (e.g., performance of public and 

private ownership, economies of scale and internal and external effects of public 

benefit) and only a few studies have examined the profitability of water investment 

(e.g., portfolio diversification, risks and returns, and the performance of listed water 

companies). In particular, currently the research into water investments has focused on 

the risks and returns of water investments, but the analysis is often limited because of 

the lack of availability of long term data. Previous researchers have also focused mainly 

on one type of water index; for example, the WOWAX or the Palisades Water Index, to 

represent the water asset class.  Using this data, it has been difficult to track the 

performance of the global water market. In the case of the few studies that have 

examined the profitability of water investment, the results show that water assets have 

generally outperformed the stock market, before, during and after the global financial 

crisis of 2008-2010. 

 

 

 

 

 

                                                           
2 http://www.snetglobalwaterindexes.com/market.html 
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1.2 Research motivation 

 

The fundamental motivation for this study is that the existing studies apparently lack of 

elementary analyzes on water, which is now a valuable resource commodity for humans 

if the world’s population is to survive into the future. Given the growing demand for 

water services and an increase in water companies worldwide, it is expected that water 

companies’ stakeholders adopt more comprehensive investment analyzes. The literature 

review presented in this study shows that more in-depth analysis of the water industry 

than has been conducted thus far is needed.  

 

It is clear that water is integral to the future of water-related industries and that water is 

a vital resource for our survival in the future. Water-related industries need research 

attention; in particular, a focus on the future of water infrastructure.  

 

Therefore, the main motivation for this study can be summarized by the following:  

  

 Increased attention must be paid to water, as it is becoming a scarce commodity. 

 An increase in the privatisation of the water sector throughout the world. 

 Much increased investment is required in water industries around the world. 

 The current lack of research into the relationship between returns and volatility 

of the water indices, water funds and water markets. 

 Little work has been done thus far on the dynamic nature of the relationships 

that exist among water indices, water funds and water markets. 

 Overall, limited in-depth research has been done in the worldwide water 

investment field. 
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In essence, the abovementioned motivation for this study shows the need for research 

into the global water industry in terms of the structure and performance of water 

markets. Attention to these issues will improve understandings of the relationships that 

may exist between water indices, water funds and water markets. Aspects such as stock 

returns, the complexity of stock prices, and the impact of investor adoption relationships 

all contribute to future investments in the water companies which make up the water 

indices. An investigation of the relationship between the risks of international contagion 

or spill-over and the water sectors is also important.  

 

Research into the price linkages between the water indices and water markets is 

generally lacking (Roca and Tularam, 2012) and investors are not well informed about 

the international diversification benefits of the water industry. This study compares the 

performance of a water index and a water market with the purpose of investigating the 

profitability of water-related investments and their international diversification benefits 

in the context of interdependence or financial integration.  

 

This thesis extends the literature by providing an in-depth analysis of the statements 

described above. These are motivated by growing evidence in the econometrics, 

accounting and finance literature that the water companies’ share prices often fail to 

immediately reflect in in-depth investor information. This thesis provides some answers 

to a gap in the data by shedding more light on the question of whether or not investors 

should invest in the water companies within water indices.  

 

 



11 

 

1.3 Aims and objectives of the research 

 

1.3.1 Aims  

 

In terms of ownership, capital structure and returns, this thesis aims to examine the 

effect these have on the investment performance of water indices, water markets and 

water funds. An analysis of water investment will be undertaken in a univariate and 

multivariate examination, in order to understand the dynamic relationships and 

interactions, and to gain an understanding of whether or not water indices, water 

markets and water funds are desirable tools for investment. That is, whether water 

investors can gain appropriate benefits from investing in the global water industry. 

 

1.3.2 Objectives 

 

This research incorporates four studies designed to answer four major research 

objectives, which are:  

 

1) To determine the relationships between ownership, capital structure and 

performance of water companies around the globe;   

2) To develop relationships among water indices, water markets and water funds 

using returns and volatility information; 

3) To investigate the extent and manner of equity price interdependence among 

four water indices using multivariate analysis; 

4) To study the equity price linkages between water indices and water markets 

around the world using multivariate analysis. 
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Figure 1.1 below provides a diagrammatic representation of the aim and specific 

objectives of the thesis. 

 

Figure 1.1. Overall research objectives 

 

Study 1:                         Study 2:                                 Study 3:                 Study 4:                             
Ownership,                     Returns and                            Equity price            Linkage            

capital structure               volatility of                           interdependence      between   

and                                 water investment                    among four water    water indices 

performance                                                                  indices                     and 

                                                                                                                       water markets 

 

                                                                                           

                                                                                          

 

 

 

 

 

 

In order to achieve its aim, as indicated in Figure 1.1, the thesis therefore conducts four 

specific inter-connected studies, as follows: 

 

 Study 1: An examination of the relationship between ownership, capital structure and 

performance of the global water companies. 

 

This first study seeks to investigate how ownership and capital structure are related to 

the performance of water companies, and examines how water company stocks are 

related to the profitability of water investment within water indices. The sub-objectives 

of this study are: 
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(i) To assess the relationships between ownership, capital structure and water 

companies’ performance; 

(ii) To examine the impact of the global financial crisis (GFC) on the relationship 

between ownership and capital structure in water companies and their 

performance; 

(iii) To investigate the effect of pre-GFC and post-GFC performance on the 

relationship between ownership and capital structure in water companies and 

their performance. 

 

 Study 2: An analysis of returns and volatility of water indices, water markets and 

water funds. 

 

The second objective relates to a univariate analysis of water indices, water market 

indices and water funds in order to gain an in-depth understanding of the nature of each 

type of investment in terms of correlations, returns and volatility. All of these analyzes 

will also help in understanding how the global water industry incorporates water 

indices, water market indices and water funds into investment decision making. The 

sub-objectives of the second study are: 

 

(i) To develop univariate models of water indices, water funds and water markets; 

(ii) To predict prices using the model based on returns and volatility of water indices, 

water markets and water funds; 

(iii) To examine the correlations among water indices, water funds and water 

markets and study possible diversification in the industry.  
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 Study 3: An investigation into the interdependence of global water indices: A VAR 

analysis. 

The third objective is to conduct a multivariate time series analysis of water indices, 

investigating the extent and structure of equity price interdependence among water 

indices around the world. The sub-objectives of this study are: 

 

(i) To develop models of the extent and structure of equity price interdependence 

among four water indices in the global water industry using a VAR 

framework based on full, pre-GFC, GFC and post-GFC time periods; 

(ii) To examine the nature of dependencies among water indices during three main    

periods over time: pre-GFC, GFC, and post-GFC periods. 

 

  Study 4: An examination of the linkage between water indices and water markets 

around the globe. 

 

The fourth objective is to conduct a multivariate time-series analysis of water indices and 

water markets, investigating co-integration between water indices and water markets 

around the world. The sub-objectives of this study are: 

 

(i) To develop models of dynamic linkages between four water indices and 

four water markets in the global water industry using a VECM framework 

based on full, pre-GFC, GFC and post-GFC time periods; 

(ii) To examine the nature of interactions between water indices and water 

markets during three main periods over time: pre-GFC, GFC and post-GFC 

periods. 
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1.4  Contributions of the thesis 

 

The objective of the first study is to show that both ownership and capital structure 

affect the performance of the water industry, and to determine whether the water 

companies’ stocks are related to the profitability of water investment within water 

indices. Importantly, this appears to be the first study into the various existing water 

indices (WOWAX, S-Network Global Water Index, S&P Global Water Index, and 

MSCI ACWI Water Utilities Index), analysing the global water companies’ stock 

performances in relation to their organizational structures.   

 

The study of the relationships that exist between ownership, capital structure and the 

accounting variables of the water indices and their water components reveals the type of 

water investment strategy that may be adopted by investors. As a result, the existence of 

a substitute relationship would mean that investors can adopt a defensive water 

investment strategy. Alternatively, the existence of a complementary relationship will 

signify the existence of an aggressive strategy. The results of this study provide an 

overview of the performance of water indices and their components, combined with a 

review of the structure of ownership in privately held water companies.  

 

In summary, the first study analyzes water indices and their water companies 

throughout the world’s developed and developing countries. For investment purposes, 

the analysis of this study will provide a critical evaluation of investment analysis. The 

author empirically explores the performance of water investment.  
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The second study makes a number of significant contributions to the current literature. 

Firstly, this is the second study to investigate relationships between the returns and 

volatility of the water indices, water markets and water funds in different periods (full, 

pre-GFC, GFC and post-GFC). Secondly, this study searches for correlations and 

dynamic relationships in water indices, water markets and water funds which may 

provide value for shareholders in the global water industry. Thirdly and importantly, in 

a qualitative manner, this study addresses the value relevance of the markets which 

have a profound impact on the water industry in relation to water funds, water indices 

and their components.  

 

Due to the lack of research on dynamic relationships between water indices and water 

markets, the third study develops vector autoregressive (VAR) models. The models 

provide information regarding interdependence and the extent of integration among 

water indices. As previously mentioned, the nature of directional effects is critical to 

water sector investors if they are to diversify internationally across water markets. The 

contributions of this study to the literature are threefold. This is the first study to 

examine the interdependence between four water indices during different periods (full, 

pre-GFC, GFC and post-GFC). Secondly, this study is also the first attempt to use 

forecast statistics in the global water industry. Thirdly and most importantly, this study 

compares the performance of four water indices. It investigates the profitability of 

water-related investments to determine which water indices global capital will flow in 

or out of, and how these indices influence investors in the water industry around the 

world. For this reason, the issue of integration of the global water price has important 

implications for water investment. In this context, water indices have been introduced 

to meet the needs of investors who are interested in investing in the global water 
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industry. Thus, these four indices have been designed to assist investors in capturing 

the movements of the global water industry. 

 

If the water indices are found to be closely linked or integrated, then there is a chance 

that shocks in one water index will spill over to another water index, creating 

contagion risk. If this is the case, investors and regulators may then be able to address 

contagion effects in the water industry. 

 

Due to the lack of research into the dynamic relationships between water indices and 

water markets, the fourth study uses the Vector Error Correction Model (VECM) and 

the Autoregressive Distributed Lag (ARDL) approach. This fourth study makes a 

number of significant contributions to the current literature. Firstly, this study is on co-

integration and its effects; in particular, between water indices and the world water 

markets during different time periods. The study, which is the first of its type, 

differentiates between periods and examines the full phase, pre-GFC phase, GFC 

phase and finally, the post-GFC phase. Secondly, this study uses a novel technique to 

examine co-integration, employing a model based on the VECM in addition to the 

ARDL approach. This modelling approach can provide more appropriate and more 

accurate information regarding the nature of co-integration effects between water 

indices and water markets. Thirdly and most importantly, this study is the first to 

investigate the stability of the short-run and long-run coefficients of the models 

developed by applying the cumulative sum (CUSUM) and cumulative sum of squares 

(CUSUMSQ) testing approaches. 

 

Overall, the findings and conclusions of this thesis will significantly contribute to the  
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existing literature on the global water industry in the following manner:  

 By providing evidence on investment performance as a determinant of water 

stock price. 

 By developing time series models involving water indices, funds and markets. 

 By end-users gaining appropriate benefit from this research, because the 

findings may help create a greater level of interest in water investment and thus 

lower water prices and provide better services, alleviating water shortage and 

scarcity. 

 

1.5 Overview of methodology 

 

This research includes data on water markets and water funds as well as on water 

indices and their components. The methods are divided into three sections, and in 

essence, a qualitative framework is used to explore the financial instruments in the three 

phases of the research work. Table 1.2 provides an overview of the methods. 
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Table 1.1. Overview of the study 
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and panel regression  

models, 

combination of  

ARMA and  

ARMA-GARCH  

and E-GARCH  

time series  

models and VAR  

analysis, VECM  

model and ARDL 

approach. 

Model  

development 

3rd Phase 

Process 

 research 

Using software  
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The research encompasses a review of the water indices and water markets literature 

pertaining to water investment and the ownership structure of water companies. 

 

The multivariate and panel regression models are used to search for the types of effects 

financial variables have on performance. The methodology is drawn from the empirical 

methodology that has been recently applied to this type of study (Binder, 1985).  

 

The first study in this thesis takes into account a two-stage decision making process in 

which companies are involved in three periodic analyzes; that is, a full period, pre-GFC 

and post- GFC period and over the GFC period. Models have been developed to help 

explain the performance of water companies using the multivariate regression models.  

 

The second study examines the relationships between returns and volatility of the water 

indices, water funds and water markets. Univariate autoregressive integrated-moving 

average (ARMA) (French et al., 1987; Tularam, 2010) models, a combination of 

ARMA-GARCH and E-GARCH (Tularam, 2010) and E-GARCH (1, 1) time series 

models have been employed to obtain more robust and informative results.  

 

The third study empirically investigates the extent and manner of equity price 

interdependence among four water indices using a Vector Auto Regression (VAR) 

framework. The vector autoregressive (VAR) (Roca and Tularam, 2012; Sims, 1980), 

Granger causality (Granger, 1969; Roca and Tularam, 2012), impulse response (Roca 

and Tularam, 2012; Roca et al., 2010), and  forecast error variance decomposition 

(FEVD) (Pesaran and Shin, 1998; Roca and Tularam, 2012; Roca et al., 2012; Roca et 
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al., 2010) have been applied to obtain more robust and informative results regarding the 

integrated nature of the global water industry.  

 

The fourth study empirically examines and analyzes the linkages between water indices 

and water markets worldwide in order to understand whether the information is value 

relevant. The unit root tests (Dickey-Fuller, 1979 and 1981) and co-integrated vector 

autoregressive error correction model (VECM) (Johansen, 1988; Johansen and Juselius, 

1990), Granger causality (Granger, 1969; Roca and Tularam, 2012), and the 

autoregressive distributed lag (ARDL)-based bounds testing approaches (Pesaran et al., 

2001) have been applied to obtain more robust and informative results regarding the 

integrated nature of the global water industry.  

 

1.6 Major findings of the thesis 

 

An overview of the major findings in the thesis is presented as follows.  

 

1.6.1 An examination of the relationships between ownership, capital structure and 

performance of global water companies 

 

The overall objective of this thesis is to investigate investment performance in the 

global water industry. The aim of the first study is to critically investigate the impact of 

ownership and capital structure on water companies’ performance, in order to examine 

the nature of impacts during different periods (full, pre-GFC, GFC and post-GFC 

periods). This is done using time-series multivariate and panel regression analysis. The 

study compares and contrasts the relationships between performance and ownership 

structure (foreign ownership and institutional ownership), capital structure (leverage and 
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short-term debt to assets). This study uses 5 control variables that represent tangibility; 

asset growth, risk age and free cash flow are developed to test independent variables 

that best explain the performance of companies. The first study finds that foreign 

ownership improves financial performance of the global water industry in different 

periods (full, pre-GFC, GFC and post-GFC periods) of strain and stress. The results 

suggest that either “leverage” could be chosen more for conforming to water 

companies’ regulatory requirements, or “short-term debt” for conforming to assets 

which are short term. Overall, the results show that ownership and capital structure 

jointly affect performance.   

 

1.6.2 An analysis of returns and volatility of water indices, water markets and 

water funds 

The second study analyzes the stock returns and volatility of the four water indices, four 

water markets and two water funds in different periods (full, pre-GFC, GFC and post-

GFC) with the purpose of investigating the profitability of water-related investments. 

The coefficient of ARMA(1,1)-GARCH(1,1) results confirms that the conditional 

volatility process GARCH(1,1) has a positive effect on the serial autocorrelation of 

squared residuals for water indices, water markets and water funds during full, GFC and 

post-GFC periods. Again, the EGARCH(1,1) model results show the significance of   

and  , suggesting persistence of volatility from four water indices, four water markets 

and two water funds in different periods (full, pre-GFC, GFC and post-GFC) and 

asymmetric volatility (leverage) for Asia and the US, S-Net and Pictet in full, pre-GFC 

and GFC periods and the WOWAX in GFC and post-GFC periods. The results will 

guide water investors in their decision making. The WOWAX is not highly correlated 

with water markets and water funds, which suggests that it may provide a possible 
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opportunity for portfolio diversification in different periods (full, pre-GFC, GFC and 

post-GFC). 

 

1.6.3 An investigation into the interdependence of global water indices: A VAR 

analysis 

 

 The third study investigates the extent and manner of equity price interdependence 

among four water indices – the World Water Index (WOWAX), the S-Network Global 

Water Index, the S&P Global Water Index and the MSCI ACWI Water Utilities Index 

using the Vector Auto-Regression (VAR) framework for the period 2004-2014. This 

study employs methods of Granger causalities, variance decomposition and impulse 

responses. This study finds Granger causality significance between S-Net and MSCI 

ACWI and S-Net and S&P indices at the 1% level of significance, suggesting that the 

indices are significantly linked. Further, the fact that S-Net is the most influential index 

amongst the indices in the forecast variance can be accounted for by S-Net being at a 

level of 55.75%.  The third study indicates that the four water indices are interdependent 

and related, so that water indices are influenced by movements in other water indices. 

 

1.6.4 An examination of the linkage between water indices and water markets 

around the globe 

 

The fourth study investigates the link between four water indices (S-Net, WOWAX, 

S&P and MSCI ACWI) and four water markets (Asia, Europe, Latin America and the 

US). Using the Johansen test for co-integration in different periods (full, pre-GFC, GFC 

and post-GFC periods), the fourth study finds the existence of integrating vectors in the 

different periods. This suggests that when the water market indices are combined, a 
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linear relationship forces these indices into a long-run equilibrium relationship. The 

Granger-causality approach within a co-integration framework also allows us to assess 

the dynamic linkages between the stock price indices of four water indices and four 

water markets. To further confirm the empirical results in the co-integration frame, the 

fourth study uses the Autoregressive Distributed Lag (ARDL) based bounds approach 

for a robustness check. These results confirm significance at the 5% level of 

significance for the parameter over different periods (full, pre-GFC, GFC and post-

GFC).  

 

1.7 Structure of the thesis 

 

This thesis is presented in ten chapters. A brief description of each of the ten chapters is 

provided below. 

 

Chapter 1: Introduction - This chapter provides an overview of the study and a 

background of the water industry more generally but also includes details of the water 

industry market.  

 

Chapter 2: Institutional Background - This chapter provides an overview of the global 

water industry.  

 

Chapter 3: Literature Review and Theoretical Framework - This chapter reviews the 

related literature and theoretical framework that is pertinent to this study. The chapter 

also discusses the results and findings of all of the related work that has been done in 

this field, thus highlighting the research gaps that form the basis of this thesis.  
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Chapter 4: Research aims, objectives, questions and hypothesis - The gaps identified in 

the background literature review then help develop more specific aims, objectives, 

questions and hypothesis that are to be addressed and tested in this thesis.  

 

Chapter 5: Data and methodology - The methodology is presented in this chapter 

together with procedures used in obtaining the data, as well as the data itself. This 

chapter also reviews the various models used in this research, specifically those that will 

be used to address the research questions proposed.  

 

Chapter 6: Study 1 Results – This chapter presents the results of Study 1 using a 

comprehensive sample of 72 water companies over the period of 2004-2014 in different 

periods (full, pre-GFC, GFC and post-GFC). 

 

Chapter 7: Study 2 Results – This chapter presents the results of Study 2 to predict the 

relationships among water indices, water funds and water markets using return and 

volatility information in different periods (full, pre-GFC, GFC and post-GFC). 

 

Chapter 8: Study 3 Results – This chapter presents the results of Study 3 to investigate 

the extent and manner of equity price interdependence among four water indices using a 

Vector Auto-Regression (VAR) framework in different periods (full, pre-GFC, GFC 

and post-GFC). 

 

Chapter 9: Study 4 Results – This chapter presents the results of Study 4 by examining 

the long-run relationship between four water indices (S-Net, WOWAX, S&P and MSCI 

ACWI) and four water markets (Asia, Europe, Latin America and US), using the 
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Johansen test and ARDL approaches for co-integration in different periods (full, pre-

GFC, GFC and post-GFC). 

 

Chapter 10: Summary and Conclusions, discusses the implications and limitations of the  

research and directions for future research.  

 

Figure 1.2 provides a structure of the thesis. 
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Figure 1.2. Structure of the thesis 
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Chapter 2 

Institutional Backgrounds 

 

2.1   Introduction 

 

The global water industry is enormous and is one of the world’s three largest industry 

groups (along with oil and gas, and electrical power) in terms of embedded capital 

(Summit Global Management, 2017). The water industry is a particularly dynamic and 

interesting industry, consisting of a number of large companies which are heavily reliant 

on environmental conditions (Berlant, 2007; Pesceto, 2008). According to Impax Asset 

Management (2013), “Water investments with strong growth potential have business 

models that are addressing supply-demand imbalances”. 

 

This chapter takes the following form. Section 2.2 provides a brief historical 

background of public and private contributions to the development of the water industry 

in order to develop the study setting and context. An overview of the current situation 

regarding supply and demand within the water industry is examined in Section 2.3, and 

the prospective future of the water market is examined in Section 2.4.  An analysis of 

water as an investment is described in Section 2.5, and a summary is provided in 

Section 2.6. 

 

2.2 History of public and private contributions to the development of the water 

industry 

 

There is no more water on the earth today than there was hundreds of millions of years 

ago.  There is no less either. Water was first formed about 4.5 billion years ago and 
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mankind has been around for only 60,000 years3.  In Europe, urban water systems began 

developing between the 17th and18th centuries (Hall and Lobina, 2006). The demand 

for water consumption grew in the 19th and 20th centuries, and initially in response, 

private companies began to be formed during the 19th century. During this period, in 

almost all European countries and in the US, municipal government took over the 

utilities, and 82% of the largest cities were served by municipal operations (Hall and 

Lobina, 2006). As a result, the public sector operated the overwhelming majority of 

services in cities in all countries. However, the standard of drinking water greatly 

improved between 1910 and 1916; meaning that water treatment, supply and 

distribution could be advanced for the commercial water industry. This allowed private 

water companies to buy the public entities (during the early 1900s), so it was possible to 

access public money needed to fund improvements such as new steel water mains and 

double filtration4. 

 

2.3 Water demand is outpacing supply 

 

Many parts of the world are facing chronic water shortages (Roca, et al., 2015; Wild et 

al., 2010). Water shortages are occurring due to rapid population growth and economic 

development. There are shortages in the amount of water necessary to sustain daily life, 

leading to serious food shortages caused by the effect of this lack on ecosystems 

(Beppu, 2007; Jones, 2009). Demand for water far surpasses the sustainable yield of 

both conventional and non-conventional water resources. The resulting demand-supply 

gap is being bridged through groundwater diminution (Ouda, 2014). Clearly 

groundwater is important because 90% of irrigation water comes from the ground, as 

                                                           
3http://www.energyandcapital.com/resources/water-investments 
4 http://www.thameswater.co.uk/about-us/850_2612.htm 
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does 75% of drinking water (White et al., 2010). By 2025, nearly two-thirds of the 

world's population will be water stressed due to the greater demands being placed on 

freshwater resources by a burgeoning human population5. According to the 2030 Water 

Resources Group, global water requirements will increase from 4,500 billion m3 to 

6,900 billion m3 by 2030. 

 

 

Currently, 20% of the world’s population (1.1 billion people) do not have reliable 

access to an improved supply of drinking water and some 2.6 billion do not have access 

to basic sanitation (Tularam and Murali, 2015).  By 2050, more than 4 billion people, 

nearly half the world’s population, are expected to live in countries that are chronically 

short of water (WHO and UNICEF, 2006). Back in 1970, the amount of water 

desalinated was less than 0.8 million m3 water per day globally. In 2009, this figure has 

increased to well over 59 million m3 per day (Wild et al., 2010, 2007). The demand for 

water derives from agriculture, production of energy, industrial uses and human 

consumption. In recent decades, water consumption has dramatically increased. Today, 

10% of water is used for domestic purposes, 70% for agriculture and 20% for industrial 

production (Deutsche Bank Research, 2010; Wild et al., 2010, 2007; Societe Generale, 

2006).  

Figure 2.1. The proportion of water uses in the world 

 

                                                           
5 http://www.energyandcapital.com/resources/water-investments 
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2.4 The water  market 

 

Though water has been a challenging sector for investors, water markets across the 

globe are extending and new opportunities are impending. The global water market is 

worth between US$400 and US$500 billion, including US$175 billion for municipal 

and industrial water and wastewater capital expenditure (Global Water Intelligence, 

2007; Wild et al., 2010). The water markets are basically divided into water and 

wastewater markets (White et al., 2010). Importantly, Wild et al. (2007) suggest that 

certain segments of the water market can look forward to growth rates of 5% to 10% 

over the next 15 years, but there will be major differences across regions and sectors. It 

is noted that the most comprehensive water markets are currently in Asia (especially in 

China and Japan), Europe and North America. According to this analysis, the North 

American water market will experience only modest growth rates in the coming years. 

 

In most countries, public authorities or state owned organisations are responsible for the 

drinking water supply and wastewater treatment. Globally, private water companies 

hold only 19% of water supply and wastewater treatment companies, while the other 

81% of water companies are owned by public authorities or state owned organisations. 

The proportion of private companies is expected to rise to almost 30% by 2016 (Roca, 

Tularam and Reza, 2015; Roca and Tularam, 2012; Global Water Intelligence, 2007). 

Only a few countries have engaged the private sector in operating, modernising and 

expanding their water infrastructure. 

 

Today, private companies in the water sector are becoming more diverse than they were 

a decade ago. In recent years, private companies have improved water utilities, water 

infrastructure, and water treatment services (Roca et al., 2015). The continuing 
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involvement of private water companies and the fact that there are still billions of 

people who do not have a reliable water supply suggests a substantial growth and future 

market for the private companies in the global water industry (Societe Generale, 2006). 

However, in spite of the recent trend of water industry privatisation, government 

agencies still control most of the water infrastructure around the world (Masons Water 

Yearbook, 2010-2011). But Ouda (2014) argues that the public sector is not efficient, 

and thus under private ownership, the performance of water utilities could be improved.  

 

The water industry is also severely fragmented in the sense that there are rather diverse 

water operating plants. Globally, there are about 250,000 water plants in service, 

operating under very different economic and legal conditions, and a number of global 

water companies have managed to undertake consolidation through the acquisitions of 

smaller plants. (Roca and Tularam, 2012; Wild et al., 2010, 2007). These global players 

are trying to develop a global distribution network which will inexorably speed up the 

consolidation of the water market (Roca and Tularam, 2012; Wild et al., 2010, 2007).  

 

Table 2.1. Business climate for private companies in the water sector 

Country Private Investor 

Africa                   Very little interest in private investors. 

China    Private investors are welcome, even though 

certain restrictions apply. 

CIS  Difficult market, because tariffs are low and 

there is a huge investment requirement. 

Far East Basically open to private investors. 

Latin America Basically negative towards private investors, 

especially in Argentina and Bolivia. Interest is 

growing in Colombia and Peru, however. Brazil 

has a flourishing market. 

Middle East and North Africa  Numerous investment opportunities. Libya 

expected to open up soon for private investors. 

New EU member states. 

 

Governments want to retain control, at least as 

long as the EU makes contributions. 

North America  

 

There is very little support for private companies 

in the US. In Canada they are basically 
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unwelcome. 

South Asia / India  Private companies are not welcome, except in 

Tamil Nadu and Gujarat. 

Spain  Has benefited from EU financing in the past, but 

is now increasingly looking for private investors 

for the wastewater segment. 

Western Europe Very few growth opportunities for private 

companies. 

 

Source: Wild et al. (2007) 

 

2.5 Investing in water 

 

Investment in water is now an issue of growing concern for companies and countries 

around the globe, as demand for this finite resource grows at an accelerated rate 

(Summit Global Management, 2010). There are significant imbalances worldwide with 

respect to the distribution of water and the existence of suitable infrastructure.  This 

concern, paired with tightening environmental regulations, bodes well for investors who 

understand how to take advantage of water’s new opportunities and avoid the pitfalls. 

The smart money is on water which is becoming the oil of the 21st century. Water had 

been “essentially overlooked” during the recent commodities boom, despite clear 

warnings over shortages that would require sizeable investments to overcome. It is an 

industry that requires capital, and one in which the returns can be quite attractive for 

investors in equities (Summit Global Management, 2010). 

 

Investments in the water industry will have to increase over the next few decades so that 

with the growing demand, people can still survive. As there is a great need for 

investment in the global water sector, governments and investors have an important 

opportunity to invest in water companies, water funds and water indices. The developed 

countries will have to boost investment in their existing water infrastructure (Deutsche 
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Bank Research, 2010). According to the Environmental Protection Agency (EPA), to 

ensure safe drinking water for all Americans, water infrastructure in the US needs 

investment of nearly $400 billion over the next two decades. Further, about $384 billion 

will be needed by 20306 in order to upgrade the treatment plants' storage tanks and 

water distribution systems. Over the last two decades, privatization has been an 

important issue throughout the world. The World Bank and other financial institutions 

are promoting water utility privatization, so water services have accordingly been 

privatized in several countries; however, this is the optimum solution to the chronic 

water supply and service problems of developing countries (Ouda et al., 2014; Romano 

and Guerrini, 2014). For example, the UK, France, Portugal, Spain, Italy and 

Switzerland have all been involved in privatization processes (Romano and Guerrini, 

2014). As Saoul (1997) describes, ‘‘Privatisation should lead to improved standards, 

greater efficiency, and a better allocation of resources within the water industry. 

Provided that the customers are fully protected….” (p. 480). This means that 

privatization would lead to the best of all possible worlds via the ability of new owners 

to intervene and control activities and performance. 

 

Recently water has become a “big” business. The water distribution, purification and 

infrastructure sector is expected to grow by 4% to 6% per year for the foreseeable future 

in most of the developing and developed countries. In emerging markets, the increase is 

as much as 15% per year (Twibell, 2006). This growth will give a “fantastic” 

opportunity for long-term water investors. One way to play the global water boom is to 

invest in individual water-related companies that are well positioned to benefit from 

                                                           
6http://www.nasdaq.com/article/4-water-etfs-for-the-coming-spending-boom-etf-news-and-commentary-

cm265391#ixzz3KiwHlezC 

 

http://www.nasdaq.com/article/4-water-etfs-for-the-coming-spending-boom-etf-news-and-commentary-cm265391#ixzz3KiwHlezC
http://www.nasdaq.com/article/4-water-etfs-for-the-coming-spending-boom-etf-news-and-commentary-cm265391#ixzz3KiwHlezC
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growing demand. Investment opportunities also exist among smaller and medium size 

water companies (Jin et al., 2015; Goldman Sachs, 2013). According to Jin et al. (2015):  

 

The traditional way by which investors can participate in the water sector is 

to directly purchase equities of water companies. However, recently other 

forms of financial instruments have been introduced allowing more choices 

for investors to gain exposure to the water market. Water indices and the 

related ETFs are vehicles developed to mirror the market in meeting 

investors’ needs to take positions in the whole water market rather than in a 

specific water company. They offer investors the flexibility of buying and 

selling the whole water market with a single transaction (p.3). 

 

There are now a number of water-related indices that have been introduced so investors 

can take a position in or out of the water market as desired. According to Rompotis 

(2009), the water index is one of the vehicles that has been developed to mirror the 

market in meeting investors’ needs to take positions in the entire water market, rather 

than just in a specific water company. Yet, in addition to tracking the water market, 

investors prefer to “jump quickly” in and out of the market with just one order. The 

development of the water market has led to the development of water exchange traded 

index funds (ETFs). Water EFTs are in fact baskets of water-related shares, which aim 

to replicate the performance of the water market. The EFTs offer investors the 

flexibility of buying or selling in the whole water market with a single transaction (Roca 

et al., 2015). 
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2.5.1 Global water indices 

 

The water index is one vehicle that has improved the water market, where investors can 

become involved in the entire market, rather than in a specific water company. For 

example, the American Stock Exchange (AMEX) introduced the Palisades Water Index 

(ZWI) in 2003 and from August 2005, began publishing this index on a regular basis 

(Roca, Tularam and Reza, 2015). In this context, water indices are assuming a greater 

role for investors interested in the market. These water indices reflect the risks and 

returns of the entire water industry market. There are several other water indices in the 

world. The Dow Jones Index and the Sustainable Asset Management (SAM) group 

(SAM is a Swiss firm that specializes in sustainable asset management) collaboratively 

introduced the World Water Index (WOWAX) in February 2006. The WOWAX is 

comprised of 20 of the largest publicly traded companies in the water-related business 

worldwide. Companies in the WOWAX are required to have their primary source of 

revenue in one or more water investment clusters, for example, water utilities, water 

infrastructure and water treatment (Roca et al., 2015; Societe Generale, 2006). In the 

meantime, the French bank Societe Generale, Dow Jones Indexes and SAM all 

launched a certificate “SAM Sustainable Water Fund” replicating the performance of 

this index, providing direct access to investors in the water industry via the WOWAX. 

The Dutch bank ABN Amro provides a similar product - the ABN “Water Certificaat”, 

which is also directly related to the WOWAX (Geman and Kanyinda, 2007; Roca and 

Tularam, 2012). As the SAM Sustainable Water Fund invests all of its assets in 

companies that are active in the water sector, it is an ideal tool to use in examining and 

analyzing the water industry.  

 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)


37 

 

Most recently, the Janney Global Water Index (JGI) was launched in June 2007, and is 

comprised of 60 of the largest companies in the global water industry. The S-Network 

Global Water Index is also comprised of 60 of the largest companies of the industry. 

This index is designed to have a balanced representation from different segments of the 

water industry consisting of the following two clusters: a compilation of 30 water 

utilities, and S-Network Water Technology and Infrastructure, which embraces 30 water 

technology and infrastructure stocks. The Janney Global Water Index (JGI) was merged 

with the S-Network Global Water Index7. The S&P Global Water Index is comprised of 

50 of the largest publicly traded companies based on their relative importance. This 

composite index is further divided into two sub-indexes: 25 water utilities and 

infrastructure companies (water supply, water utilities, waste water treatment, water, 

sewer and pipeline construction, water purification, water well drilling and water 

testing) and 25 water equipment and materials companies (water treatment chemicals, 

water treatment appliances, pumps and pumping equipment, fluid power pumps and 

motors, plumbing equipment, totalizing fluid meters and counting devices)8. The MSCI 

ACWI Water Utilities Index was launched on September 15, 1999. The MSCI ACWI 

Water Utilities Index includes large and mid-cap securities across 23 developed markets 

countries and 23 emerging markets countries9. 

 

From the above discussion it is noted that the WOWAX is comprised of the 20 largest 

companies in the global water business, where S-Net and S&P are comprised of 60 and 

50 of the largest companies in the global water business, respectively. However, the 

MSCI ACWI index has only 7 components. The WOWAX index covers three clusters: 

water infrastructure, water treatment, and water utilities; whereas S-Net and MSCI 

                                                           
7 http://www.snetglobalwaterindexes.com 
8 http://etfdb.com/index/sp-global-water-index/ 
9 http://www.msci.com/resources/factsheets/index_fact_sheet/msci-acwi-water-utilities- index.pdf 
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ACWI cover only two clusters: water utilities, and water technology and infrastructure. 

The S&P Index constituents are allocated into two sub-indexes: water utilities and 

infrastructure companies, and materials companies. Although the WOWAX index is 

based in France, the S-Net, S&P and MSCI ACWI indices are based in the US. 

Nevertheless, these four water indices stock prices are shown in US dollar terms. For 

comparison of the four water indices, Tables A1-A4 are included in the Appendix (each 

of the tables includes the water company’s name, country and water sector).  

 

2.5.2 Global water funds  

 

The importance of the water industry is increasing day by day and investors are 

encouraged to participate in the water sector. In this context, water indices are 

performing a great role for those investors who are interested in this market. The ZWI is 

an equally weighted index comprised of companies engaging in the fundamental 

activities of the global water industry, such as distribution, filtration, pumps and pipes, 

and treatment (Geman and Kanyinda, 2007).  Following the publication of the ZWI, two 

exchange traded funds (ETFs), Power Shares Water Resources (PHO) and Power 

Shares Global Water (PIO) were successively introduced to investors to assist them to 

keep track of companies included in the Palisades Water Index (ZWI) (Keenan, 2008). 

As such, there are other ETFs available to investors, for example, the Guggenheim S&P 

Global Water Fund (CGW) which is based on the S&P Global Water Index, and First 

Trust ISE Water (FIW) which is based on the ISE Water Index (Atkinson, 2009). 

However, often a number of companies included in these water indices generate only a 

small portion of their revenue from water-related products or services. Questions were 
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raised as to whether these water ETFs can be defined as pure water funds (Kearney, 

2008).  

 

Water funds also have been created for investors so that they can have opportunities to 

invest their money in the water market. US investors are offered the Pictet Global Water 

Fund by Swiss banker Pictet and Cie for the Pictet Global Water Fund (Roca et al., 

2013; Roca and Tularam, 2012). In 2000, Pictet Asset Management in Geneva launched 

the first water fund in the world, which is the largest specialist water fund around the 

globe and which is up by 25% since 2006 (Roca et al., 2013; Roca and Tularam, 2012; 

Geman and Kanynda, 2007; Global Water Intelligence, 2007).   

 

Recently water funds have flourished throughout the world. Several well-known 

specialized water funds include Pictet Water Fund, SAM Sustainable Water Fund, 

Sarasin Sustainable Water Fund, Swiss Canto Equity Fund Water, and Tareno Water 

Fund. Several structured water products offered by major investment banks include 

ABN Amro Water Stocks Index Certificate, BKB Water Basket, ZKB Sustainable 

Basket Water, Wagelin Water Shares Certificate, UBS Water Strategy Certificate, and 

Certificate on Vontobel Water Index (Global Water Intelligence, 2007). There are also 

several water funds, as shown in Table 2.2.  
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Table 2.2. Global water funds around the world 

Manager Fund Launch 

date 

Description 

Aqua Terra 

AM 

Praetor Water Fund 2005 Euro-denominated managed 

fund 

 Kinetics Water Inf. Fund 2007 US-denominated debt and equity 

fund 

 Claymore Global Water 

UIT 

2005 Investment trust with fixed 

global portfolio 

 Claymore US Water UIT 2005 Investment trust with fixed US 

portfolio 

CLSA Cap. 

Part. 

Clean Water Asia Fund 2007 Singapore based water hedge 

fund 

Credit Suisse PL100 World Water Trust 2007 Australian investment trust 

Hanwha Water fund 2007 Reportedly launched a fund in 

Korea 

KBC AM Eco Water Fund 2000 Korean mirror fund 

 Samsung Global Water 

Fund 

2007 US-based global hedge fund 

KITM Water fund 2007 Reportedly launched a fund in 

Korea 

Lyxor AM 

(SG) 

Lyxor Dynamic Water 

Fund 

2007 Hong Kong based water hedge 

fund 

MFS Aqua 

Man. 

MFS Water Fund 

(Australia) 

2007 Australian managed fund 

Pictet AM Pictet Water Fund 2000 Luxembourg based global 

managed fund 

 Nomura Water Fund 2004 Mirror of Pictet Luxembourg 

fund 

 Criterion Water Inf. Fund 2007 Mirror of Pictet Luxembourg 

fund 

Power Shares Water Portfolio 2005 Tracks Palisades US water index 

 Global Water Portfolio 2007 Tracks Palisades Global water 

index 

SAM Sustainable Water Fund 2001 Global managed fund 

 Nikko Global Water Fund 2007 Mirror of SAM Sustainable 

Water Fund 

S&P Indices Guggenheim S&P Global 

Water Fund 

2007 US fund tracking S&P Water 

Index 

 KDB S&P Global Water 

Fund 

2007 Korean fund tracking S&P 

Water Index 

 iShares Global Water 

Fund 

2007 UK fund tracking S&P Water 

Index 

 ABN AMRO Water 

Certificate 

2005 Unit trust with 10 stocks 

selected by S&P 

Summit Global Summit Master Water 

Equity Fund 

1999 US-based global hedge fund 

Terrapin AM Water Fund 2005 US based global hedge fund 

 

Source: Global Water Intelligence (2007) 
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2.6 Chapter summary and conclusion 

 

Institutional information has provided a background for the operating context of the 

study. This was achieved through an overview of the water industry internationally, 

combined with a review of the structure of water indices. The term 'global water 

industry' is used often in this thesis and it refers to water indices, and their components 

(water utilities, water treatment and water infrastructure) and water funds. The purpose 

of this background is to identify the demand and supply of water throughout the world. 

This chapter has also provided an overview of the current problems threatening the 

water sector. The shortage of financial investments in the global water industry has 

affected the shortage in water supply around the world. In order to solve the water crisis 

problems, private investment in the water industry would be the best way to meet the 

financing needs of the water market globally. This chapter also considers a critical 

evaluation of the water market. In addition, the chapter seeks to familiarize the reader 

with the water companies within water indices. A study of these companies allows the 

author to empirically explore the relationship between ownership structure and 

performance. Water indices and their component stocks will be studied in this thesis as 

being representative of the water market as a whole. The water sector is expanding 

rapidly and this market is economically resilient, thus, investment in the global water 

industry should lead to good financial return. 
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Chapter 3 

Literature Review and Theoretical Framework 

 

3. 1 Introduction 

 

There has been a vast amount of literature examining the demand for water, its pricing 

and the water market in general. However, the amount of literature that is available on 

the study of returns and volatility, interdependence or the co-integration of water indices 

and water funds is limited. This chapter discusses the available literature concerning the 

relationship between ownership structure and the performance of water utilities in 

developed and developing countries. Most of the previous studies conducted in this area 

have been carried out by government water utilities and their trading partners.  

However, the breadth of studies that has been carried out in Australia and Asian 

countries is considerably smaller, and previous studies on ownership only concentrate 

on public and private aspects of the relationship.  

 

The aim of this literature review is to present the group of studies on water investment 

and ownership and capital structure as they relate to the studies on performance. 

Consequently, a review of the studies in relation to this subject is important. This is 

because the use of water indices and water funds is new, and different analysts use 

different types of financial variables and equations to analyze the relationship between 

ownership structure and water utilities. A review of these various approaches can be 

used to supplement, and at the same time form a basis of comparison, for use in the 

analysis in this study. Therefore, the following sections will attempt to cover an analysis 
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of previous literature and discover what can be learned from it in order to enlighten the 

current area of study. 

 

Initially, this chapter reviews the existing literature on ownership and capital structure, 

returns and volatility, international financial market integration and investment in the 

water industry. Gaps in the research are highlighted in Sections 3.2.5, 3.3.5 and 3.4.5. 

 

3.2  Literature review for Study One 

 

3.2.1 Introduction 

 

Ownership structure is a very important part of the corporate governance of a company. 

Ownership structure is related to shares which are held by shareholders, giving them 

voting rights and capital returns. According to La Porta et al. (1998), “Ownership relies 

on voting rights rather than cash flow rights.” Ownership structure deals with levels of 

ownership concentration and different types of ownership (Repei, 2000). Generally 

included in the structure of ownership are insiders such as directors and employees, and 

outsiders consisting of shareholders, representing individuals, institutions and 

government (see Figure 3.1). 
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Figure 3.1. Ownership structure (adapted from Repei, 2000; Zheka, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ownership structure plays a central role in the governance of firms (Romano and 

Guerrini, 2014). The relationships between ownership and capital structure and firm 

performance have been an important research topic during the last three decades, 

producing an ongoing debate in the literature relating to corporate finance. Theoretical 

and empirical research on the relationship between ownership structure and firm 

performance was originally motivated by the separation of ownership and control, 

identified by Berle and Means (1932). In 1932 Berle and Means published a book titled 

“The Modern Corporation and Private Property”, which discussed the ownership of 

capital and argued that “The separation of ownership and control in large corporations 

put effective power in the hands of professional managers rather than owners; 

ownership of larger corporations is dispersed, and thus owners are more detached”. For 

this reason, since 1932, the impact of the separation of ownership and control on firm 

performance has been a subject of debate (Changati and Damanpour, 1991). Jensen and 
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Meckling (1976) and Fama and Jensen (1983) explain the agency theory, which 

describes the conflict of interests between inside owners and outside shareholders. They 

demonstrate that the amount of leverage in a firm’s capital structure affects the agency 

conflicts between managers and shareholders by constraining or encouraging managers 

to act more in the interest of shareholders. Jensen and Meckling (1976) emphasize the 

importance of the agency costs of equity arising from the separation of ownership and 

control of firms, whereby managers tend to maximize their own utility rather than the 

value of the firm. 

 

Jensen and Meckling identify two types of conflict of interest, namely the conflicts 

between shareholders and managers, and those between shareholders and debt holders. 

They show that ownership structure is therefore expected to affect the level of leverage. 

Agency conflict only comes about when owner managers and outside shareholders are 

aware of a manager’s tendency to appropriate perquisites from the firm’s resources for 

his own consumption. This view was challenged by Demestz (1983), who points out the 

offsetting of significant management ownership. He assesses the validity of the Berle 

and Means (1932) thesis by using the five largest shareholding interests and a set of 

control variables, in which ownership structure is treated as an endogenous variable. He 

finds no evidence of a relation between profit rate and ownership concentration. On the 

contrary, according to Fama (1980) and Jensen and Ruback (1983), a manager with a 

high ownership percentage has sufficient votes to guarantee his employment without 

any market control. A firm’s ownership structure can be affected by firm-specific risk. 

This is because firms have different characteristics and operate in different 

environments. As a result, the optimal ownership structure varies across firms. La Porta 

et al. (1998) argue that differences in legal environments may help explain why firms 
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are financed and owned differently in different countries. These researchers find a 

strongly negative or positive correlation between ownership structure and firm 

performance.  

 

Many studies have been conducted to examine the relationship between ownership 

structure and firm performance (Khamis et al., 2015; Manawaduge and Zoysa, 2013). 

Ownership structure and capital structure may have a positive or a negative effect on the 

amount of debt held in a firm’s performance (Margaritis and Psillki, 2010). Some 

studies, such as that by Fama and Jensen (1983) argue that insider share ownership 

stakes may also be associated with adverse ‘entrenchment’ effects that can lead to an 

increase in managerial opportunism at the expense of outside investors. Whether firm 

value would be maximized in the presence of large controlling shareholders depends on 

the entrenchment effect (Claessens et al., 2002; Villalonga and Amit, 2006; Dow and 

McGuire, 2009). Several studies document either a direct (e.g., Shleifer and Vishny, 

1986; Claessens et al., 2002; Hu and Zhou, 2008) or a non-monotonic (e.g., Morck et 

al., 1988; McConnell and Servaes, 1995; Davies et al., 2005) relationship between 

ownership structure and firm performance, while others (e.g., Demsetz and Lehn, 1985; 

Himmelberg et al., 1999; Demsetz and Villalonga, 2001) find no relation between 

ownership concentration and firm performance.  

 

In response to the failure of the relationship between ownership concentration and firm 

performance, Demsetz and Lehn (1985) argue that the scope for moral hazard is greater 

for managers of riskier firms, which therefore means that those managers must have 

greater ownership stakes to align incentives. They use Tobin’s Q and accounting profit 

rate as alternative measures of performance. However, they also estimate a piecewise 
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linear regression of Tobin’s Q on insider ownership, and this provides evidence of a 

non-monotonic relation. The estimated piecewise regression was positive for 

management holdings between 0% and 5% of outstanding shares, negative for 

management holdings between 5% and 25%, and positive once more for management 

holdings greater than 25%. On the other hand, Hill and Snell (1988) show that 

ownership structure affects firm performance, as measured by profitability through 

strategic structure, whereas Demsetz and Lehn (1985) find no relationship between 

stock concentration and profitability by using a similar measure of stock concentration. 

Their findings are in conflict with those of Demsetz and Lehn (1985) concerning the 

impact of stock concentration upon profitability. Shleifer and Vishny (1986) confirm 

the findings of Berle and Means (1932). They show the importance of the role played 

by large shareholders, and show how the price of a firm’s shares increases as the 

proportion of shares held by the large shareholders rises. They argue theoretically for a 

positive relationship between ownership concentration and firm value.  

 

Compared with the study by Demsetz and Lehn (1985), Morck et al. (1988) investigate 

the relationship between management ownership and the market valuation of a firm. 

They estimate the pricewise linear relationship using the profit rate, measure 

performance primarily by Tobin’s Q, and managerial ownership as the combined 

shareholdings of all board members who had a minimum stake of 0.2%. Morck et al. 

(1988) show that board ownership has increased between 0% and 5%, decreased 

between 5% and 25%, and increased beyond 25%. Their results confirm that a simple 

linear structure on the data is inappropriate. Although they ignore the endogeneity issue 

altogether, Kole (1995) suggests that the different findings by Morck et al. (1988) are 

attributable to differences in the size of the firms analyzed. Similarly, McConnell and 
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Servaes (1995) extend their earlier work by adding a sample of 1,943 firms for the year 

1988. Hence, the samples of McConnell and Servaes’ obviously contain firms which are 

smaller than those contained in the Morck et al. sample.  Kole (1995) argues that, on 

average, the positive relationship between Tobin’s Q and managerial ownership is 

sustained at higher levels of ownership for small firms than for large firms.  

 

A recent study by Ruan et al. (2009) investigates the influence of managerial ownership 

on firm performance through capital structure choices, using a sample of civilian-run 

firms listed on the Chinese stock market between 2002 and 2007. This study replicates 

the nonlinear relationship between managerial ownership and firm value described in 

the research by Cho (1998) and Morck et al. (1988) using Ordinary Least Squares 

(OLS) regression. Their regression results show that they occur at 18% and 64% of 

managerial ownership, whereas Morck et al.’s (1988) regression results show 5% and 

25%, and Cho’s (1998) results show 7% and 38%, respectively. They argue that higher 

ownership is needed in order to motivate the alignment of their own benefit with 

shareholders’ interests. Other studies following Morck et al. (1988) include those by 

Cho (1998), Hermalin and Weisbach (1988; 1991), Kole (1995) Himmelberg et al. 

(1999), Holderness et al. (1999), Loderer and Martin (1997), McConnell and Servaes 

(1990; 1995) and Wu and Cai (2002). 

 

Holderness et al. (1999) re-examine the central aspects of Demestz and Lehn’s (1985) 

study and Morck et al.’s (1988) study. They investigate the relationship between 

managerial ownership and firm performance and find a significantly positive relation 

between firm performance and managerial ownership, with a 0% to 5% range of 

managerial shareholdings. On the other hand, they do not find a statistically significant 
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relation beyond 5% managerial shareholdings, which contradicts Morck et al.’s (1988) 

findings. Further, they confirm the endogeneity of managerial shareholdings. The 

managerial shareholding is found to depend negatively on firm size, performance 

volatility, volatility squared, regulation, and financial leverage. 

 

By extending Demsetz and Lehn’s (1985) study, Himmelberg et al. (1999) add new 

variables to explain the variation in ownership structure. They re-examine theoretical 

explanations of the empirical link between managerial ownership and firm performance. 

These results are dubious as they are based on the assumption that managerial 

ownership is exogenous in regressions, when they measure the impact of ownership on 

performance by regressing variables like Tobin's Q on managerial ownership, without 

controlling for fixed effects. Again Demsetz and Lehn (2001) investigate the relation 

between the ownership structure and the performance of corporations. They use a 223-

firm random subsample of the sample in the original Demsetz and Lehn (1985) study. 

They analyze the conceptual issues surrounding each of the three main aspects that 

seem to explain the differences in results observed across studies. These aspects are the 

measurements of firm performance, the measure of ownership structure used, and 

whether or not the endogeneity of ownership structure is taken into account in the 

estimation of the effect of ownership on performance. However, Demsetz and Lehn 

(2001) do not provide strong evidence by which to reject the belief that firm 

performance and managerial equity ownership are unrelated. However, Margaritis and 

Psillaki’s (2010) results are supported by Demsetz and Lehn (1985), Himmelberg et al. 

(1999) and Demsetz and Villalonga (2001) for large publicly traded US firms. They 

note that their results are also consistent with the stable ownership structures of 
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continental European firms, and in particular, smaller unlisted companies that comprise 

the bulk of the firms in their sample. 

 

3.2.1.1 Foreign ownership and performance 

 

Foreign investment has risen around the world (Musallam, 2015; Nakanoa and Nguyen, 

2013). Many researchers have tried to discover the relationship between foreign 

ownership and firm performance (Mihai and Mihai, 2014). Although a vast amount of 

empirical work has been done on foreign ownership and firm performance, no 

consensus has been reached (Mihai and Mihai, 2014). Khanna and Palepu (2000) 

explore the relationship between family ownership, domestic institutional ownership, 

and foreign institutional ownership and firm performance using data from Indian firms. 

They find that foreign institutional ownership impacts firm value (Tobin’s Q). However, 

they show that domestic institutional ownership is negatively linked with firm value 

(Tobin’s Q). This finding is consistent with that of Douma et al. (2006), who examine 

the relationship between foreign ownership (separated into institutional and corporate 

ownership) and Indian firms’ performance using firm level data for the period from 

1999 to 2000. Their results show that foreign ownership positively impacts on firm 

performance. Similarly, Huang and Shiu (2009) show that in Taiwanese firms, stocks 

with high foreign ownership perform better than stocks with low foreign ownership. 

 

The previous literature notes that the different types of ownership (ownership 

concentration, foreign ownership, institution ownership, government ownership, diverse 

ownership, board effectiveness and manager/ insider ownership) affect a firm’s 

performance. Ongore (2011) finds that, in Kenya, foreign ownership positively impacts 



51 

 

corporate performance. The author states that foreign investors can help to improve the 

corporate management team, and his study provides evidence of ways in which massive 

resources can be accessed. Musallam (2015) also finds that foreign ownership has a 

positive and significant impact on corporate performance. This study concludes that an 

increase in foreign ownership may enhance corporate performance, as a linear 

relationship exists. Finally, Musallam (2015) argues that investors may make 

appropriate investment decisions about investing in those companies associated with 

foreign ownership. 

 

In recent years, Phung and Le (2013) find a negative impact of foreign ownership on 

firm performance using the data of firms listed on the Ho Chi Minh Stock Exchange 

during the period 2008-2011. They also show that foreign investors suffer from 

asymmetric information, and then tend to increase debt in order to mitigate the problem 

of agency. However, in another study on listed firms in the Vietnamese stock 

exchanges, Phung and Mishra (2015) point out that foreign ownership has a concave 

relationship with firm performance, which is similar to the relationship and firm 

performance increases, with an increase of foreign ownership up to a level of 43 percent 

and then a decrease. Similarly, Vy and Trinh (2016) state that foreign ownership and 

firm profitability has a U-shaped relationship in the context of Vietnam. They note that 

firm profitability increases when foreign ownership increases to about 25.7 percent and 

when foreign ownership goes below 25.7 percent, profitability decreases. However, 

only a few studies have investigated the possible non-linear relationship between the 

degree of foreign ownership and firm performance. These studies include those by 

Greenaway et al. (2014), Gurbuz and Aybars (2010), Azzam et al. (2013), Park (2002), 

and Phung and Hoang (2013). 
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3.2.1.2 Institutional ownership and firm performance 

 

Since 1970, institutional ownership of common stock has been increasing and has been 

playing a vital role (Brickley et al., 1988). It is noted that the previous literature finds 

that institutions influence firms’ performance but presents mixed results. Brickley et al. 

(1988) report a significant difference between pressure insensitive and pressure 

sensitive institutions in terms of voting for or against anti-takeover amendments. Their 

results suggest that institutional investors are less subject to management influence. 

Cornett et al. (2007) follow Brickley et al.’s (1988) and Almazan et al.’s (2005) studies. 

Cornett et al. (2007) attempt to reveal the impact of institutional investor ownership on 

firm performance in the US, using multivariate regressions during the period of 1993 to 

2000. They find a significantly positive relation between the percent of institutional 

stock ownership and operating cash flow returns. However, they employ only pressure 

insensitive institutional investors’ effects on corporate value. 

 

In order to reveal the relationship between different types of institutional ownership and 

performance, Ferreira and Matos (2008) provide evidence regarding the role of 

institutional ownership in 27 countries for the period of 2000 to 2005 using time-series 

and cross-sectional regressions. They find that foreign and independent (insensitive) 

institutions affect firms’ value (Tobin's Q) and operating performance (return on assets, 

or ROA, and net profit margin). However, they also show that the applicable 

coefficients for domestic and non-independent (sensitive) institutions are either negative 

or insignificant. Ferreira and Matos’ (2008) results are similar to those of Chung et al. 

(2012) who examine the effect of institutional ownership on improving firms’ efficiency 

of equity real estate investment trusts (REITs) for the period of 1998 to 2005.  Chung et 
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al. (2012) use a stochastic frontier approach and find that the average inefficiency of 

equity REITs is around 45.5%, and that institutional ownership can improve the firm’s 

corporate governance. Thus, institutional investors reduce firm inefficiency. 

  

Some studies find that that institutions are masters at influencing firm performance, but 

the results are mixed. Elyasiani and Jia (2010) find a positive relationship between firm 

performance and the stability of institutional ownership using a simultaneous equations 

model. These authors suggest that insensitive institutional investors and investors 

owning 5% or more of shares have a greater positive impact on firm performance (as 

measured by industry adjusted ROA) than sensitive institutional investors and 

institutional investors owning less than 5% of the outstanding shares. Similarly, Lin et 

al. (2017) examine the relationship between institutional ownership and firm 

performance for the period of 2004 to 2014 using a simultaneous equations model with 

a generalized method of moment’s estimator. They find that institutional ownership has 

a significantly positive effect on firm performance and is robust to accounting for 

deregulation, contemporaneous market conditions, and different stock market boards. 

However, all institutional investors are not active monitors and do not perform to 

improve firm performance. Their result is consistent with the findings of Ferreira and 

Matos (2008) and Yuan et al. (2008). Again, Firth et al. (2016) show that pressure 

insensitive institutional ownership has a significantly positive effect on firm 

performance. However, pressure sensitive institutional ownership does not seem to 

generate such an effect. 

 

Bhattacharya and Graham (2009) also investigate the relationship between institutional 

ownership and firm performance in Finland for the period of 2004 using a 3 SLS model, 



54 

 

and find an endogeneity problem between firm performance and institutional 

ownership. Their results show that a simple ownership concentration index does not 

influence firm performance. Their results are consistent with those of Agrawal and 

Knoeber (1996), Karpoff et al. (1996), Duggal and Millar (1999) and Faccio and Lasfer 

(2000), who find no such significant relation. Cornett et al. (2007) report that the impact 

of institutional ownership on firm performance is still unclear. 

 

From the above discussion, this author finds that the ownership structure affects 

companies’ performance in different ways, such as the variances in the types of 

shareholders and their voting rights, and the different kinds of ownership concentration 

control the companies’ directors/managers have and how these affect performance. The 

research for ownership structure can be performed from multiple perspectives 

(individual, insider, family, blockholders, foreign, institutional and government or state 

ownership). 

 

3.2.2 Capital structure and firm performance 

 

Capital structure is a very important instrument for financial decision making because it 

is directly related to the risks and returns of a company (Vătavu, 2015). The theory of 

capital structure has been a bewildering issue in the corporate finance literature since 

1958. Modigliani and Miller (1958) introduced the theory of “capital structure 

irrelevance” which is well known around the world. They were unable to discern how 

financial leverage affects firms’ performance. Their theory has been criticized because, 

in reality, there are no perfect capital markets. Modigliani and Miller (1963) revised 

their early theory by incorporating tax benefit and they argue that market imperfection 
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is a determinant of the capital structure of firms. Although Modigliani and Miller’s 

theory is criticized by researchers, their theory makes sense in relation to worldwide 

research into capital structure.  The four major theories of capital structure are the trade-

off theory, the agency costs theory, the pecking order theory, and the market timing 

theory.  

 

According to the trade-off theory (Kraus and Litzenberger 1973; Myers 1984), costs and 

benefits of debt and equity financing could be associated with taxes, bankruptcy costs 

and agency costs. Jensen and Meckling (1976) expanded and developed the agency 

costs theory, which contends that target conflicts exist between managers and 

shareholders (agency cost of equity) or between shareholders and debt holders (agency 

cost of debt). Jensen (1986) argues that managers are under pressure from high debt 

levels until they are able to create cash flow to pay their interest. Hence, surplus cash 

can reduce agency costs. In contrast to the trade-off theory, Myers and Majluf (1984) 

developed the pecking order theory, based on the notion of transaction costs, issuing 

costs and asymmetric information between firms’ managers and investors. They state 

that the pecking order theory is a hierarchy of financing, i.e., retained earnings is used 

first, then debt is issued and finally new shares are issued.  

 

Recently, Baker and Wurgler (2002) introduced the market timing theory of capital 

structure. They state that “equity market timing refers to the practice of issuing shares at 

high prices and repurchasing at low prices.” Thus using this theory, firm managers 

could increase current shareholder’s wealth and there is no notion of optimal capital 

structure to maximize firm value.   
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In 1976 Jensen and Meckling (1976) identified the possibility of the influence of capital 

structure on firm performance. During the following decades, finance researchers 

(Myers, 1984; Myers and Majluf, 1984; Fama and French, 1998; Fama and French, 

2002; Mesquita and Lara, 2003) extended the Jensen and Meckling (1976) theory and 

examined the relationship between capital structure and firm performance over the 

previous decades. Nevertheless, empirical evidence of a relationship between capital 

structure and financial performance is contradictory and is mixed (Williamson, 1988). 

According to DeAngelo and Masulis (1980), Leland (1994) and Ross (1977), higher 

profitability firms can borrow more to shield their income from corporate taxes, which 

predicts a positive relation between profitability and leverage. Jensen (1986) and 

Williamson (1988) argue that debt can be acted on as a disciplining device that restrains 

managers’ behavior, which is supported by DeAngelo and Masulis (1980), Leland 

(1994) and Ross (1977). Hence, higher profitability firms should have more debt 

(Anwar and Sun, 2015). 

 

A number of studies have identified a positive relationship between capital structure and 

firm performance (Taub, 1975; Roden and Lewellen, 1995; Champion, 1999; Chang, 

1999; Ghosh et al., 2000; Hadlock and James, 2002). Some other studies provide 

empirical evidence of a negative relationship between capital structure and financial 

performance (Kester, 1986; Friend and Lang, 1988; Titman and Wessels, 1988; Rajan 

and Zingales, 1995; Wald, 1999; Gleason et al., 2000; Booth et al., 2001; Chiang et al., 

2002; Fama and French, 2002; Zeitun and Tian, 2007). Sometimes, empirical evidence 

of mixed and contradictory results is found among measured variables of capital 

structure and those of a firm’s financial performance with representative meaning (e.g., 

Ebaid, 2009; de Jong et al., 2008; Nguyen and Ramachandran, 2006; Abor, 2005). 
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Demsetz and Villalonga (2001) interpret that the negative association between leverage 

and firm value relates to the relative inflation between the current time period and the 

earlier time period when companies had issued much of their debt. Like Demsetz and 

Villalonga (2001), Ruan et al. (2009) also show the negative association between capital 

structure and firm value. 

 

In a more recent study, Margaritis and Psillaki (2010) examine the impact of ownership 

structure and capital structure on firms’ performance using a sample of French 

manufacturing firms. Their results support the core prediction of the Jensen and 

Meckling (1976) agency cost hypothesis, in that higher leverage is associated with 

improved efficiency over the entire range of observed data. Margaritis and Psillaki 

(2010) point out that concentrated ownership is positively associated with debt level in 

capital structure. Their results also show a positive correlation between the increase in 

managerial ownership and the increase in business performance. Quang and Xin (2014) 

investigate the relationship between capital structure, ownership structure and financial 

performance. They show that the higher the level of state ownership in a firm, the better 

its financial performance, whereas managerial ownership does not affect financial 

performance. Quang and Xin (2014) also find that capital structure has a negative 

impact, with statistical significance on financial performance. 

 

Under the agency costs assumption of ownership and capital structure and firm 

performance, Berger and Patti (2006) employ a simultaneous equation model for reverse 

causality from performance to capital structure. They also use profit efficiency as an 

indicator of firm performance to measure agency costs. Li et al. (2009) examine how the 

interaction between ownership structures and institutions affects leverage decisions. 
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They show that state ownership has a positive effect on leverage and firm access to 

long-term debt, whereas foreign ownership is negatively associated with all measures of 

leverage. 

 

3.2.3 Ownership structure and performance in the water industry 

 

Recently, much debate has taken place about how best to improve the financial 

performance of the water utilities throughout the world (Florio and Fecher, 2011; 

Romano and Guerrini, 2014). During the early 1900s, water utilities were privatized in 

several countries (Romano and Guerrini, 2014; Roca et al., 2015). A number of studies 

provide empirical evidence of a relationship between government and private 

company’s ownership structure and water utilities performance (Crain and Zardkoohi, 

1978; Feigenbaum and Teeples; 1983; Bhattacharyya et al., 1994; Shih et al., 2006; 

Romano and Guerrini, 2014). As Saal and Parker (2001) note, a major issue has been 

that of private versus government ownership, and the consequent impact on efficiency 

levels. Some studies find that there is no perceptible difference between government 

and private water companies (Feigenbaum and Teeples, 1983; Byrnes et al., 1986; 

Teeples and Glyer, 1987; Houtsma, 2003; Garcia-Sanchez, 2006; da Silva e Souza et 

al., 2007). On the other hand, other studies document that privately owned companies 

are more effective than public water utilities (Crain and Zardkoohi, 1978; Morgan, 

1977; Raffiee et al., 1992), and that others (Mann and Mikesell, 1976; Bruggink, 1982; 

Fox and Hofler, 1985; Lambert et al., 1993; Bhattacharyya et al., 1994; Shih et al., 

2006) are more effective than privately owned companies. A summary of the findings of 

recent studies of ownership in the water industry is given in Table A5.  
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3.2.4 Literature review summary for Study One 

 

In terms of the relationship between ownership, capital structure and firms’ 

performance, ownership structure is mainly considered to be either blockholders’ 

ownership, foreign ownership, institutional ownership and managerial ownership, or 

public and private ownership (only water industry). Capital structure is measured by 

leverage, long-term debt to asset and short-term debt to asset. In addition, previous 

studies also used firm-specific variables as control variables. The main findings from 

the literature review reveal that there is a positive relationship between ownership, 

capital structure and firms’ performance, whereas other studies show negative 

correlation between ownership, capital structure and firms’ performance. Some studies 

confirm that different types of ownership structure and capital structure influence firms’ 

performance as well. Some studies compare efficiency, in which ownership structure 

(public or private ownership) is more likely to influence the efficiency of water utilities.  

 

3.2.5 Research gap for Study One 

 

In the theoretical and empirical literature, there is a great deal of information about the 

impact of ownership and capital structure on firm performance. Over the last few 

decades, most of the related research has concentrated on corporate governance (such as 

ownership structure, blockholders, board of directors, etc.). The research into the impact 

of ownership structure is rich and diverse, covering many topics in accounting, finance 

and economics. Empirical studies have linked ownership structure to both corporate 

finance outcomes (such as firm value, profitability, leverage, investment and risks and 

returns) and capital structure variables (such as leverage, short-term debt and long-term 



60 

 

debt), and have studied the market reaction to shareholders and estimated the private 

benefits of control. The impact of the water industry ownership structure has been a 

focus of public and private debate, and academic and policy debate over the last two 

decades. However, few studies have examined the relationship between ownership 

(public or mixed) structure and water companies’ efficiency (Romano and Guerrini, 

2014; Abbott and Cohen, 2009). Only one study has been done on board structure 

(Romano and Guerrini, 2014), and this article analyzes the effects of ownership, board 

size and composition on the performance of Italian water utilities, finding that private or 

mixed ownership utilities show higher profitability than entirely publicly owned firms. 

To the author’s knowledge, to date no study has investigated the effects of ownership 

and capital structure on water indices and their components around the world.  

 

The above discussion reflects the research gaps in the existing literature on the 

relationship between ownership, capital structure and water utilities performance. This 

study addresses the gaps in existing studies to extend the work in order to test the 

existence of the impact of ownership and capital structure on private water companies’ 

performance throughout the world. To the best of our knowledge, this study is one of 

the first to examine the relationship between ownership and capital structure on private 

water companies’ performance. This study provides empirical results within the context 

of the ownership structures’ (foreign ownership and institutional ownership) and capital 

structures’ (leverage and short-term debt to asset) effect on the performance of water 

stocks, particularly following the financial crisis of 2008. This focus provides not only a 

new perspective on ownership and capital structure, but also gives a helpful reference to 

water investment researchers.  
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3.3 Literature review for Study TWO  

 

3.3.1 Introduction 

 

According to Beg and Anwar (2012):  

Volatility refers to fluctuations in a variable over a period of time. A 

number of variables are subject to volatility, which can be measured by the 

variance of the relevant time series. Asset price volatility is an important 

concern among researchers in the area of finance. Volatility results in 

unpredictability, uncertainty and risk. Increased volatility reflects higher 

risk, which can adversely affect investor wealth (p.1).  

 

Stock market volatility is related to the general health of the economy. It can be used to 

measure the market risk of a single instrument or an entire portfolio of instruments.  In 

various aspects, the volatility in water prices, such as those for water indices, water 

managed funds, water exchange traded funds (ETFs) and water markets, is similar to 

financial volatility as it relates to the risk and returns associated with the global water 

industry. Nevertheless, as the characteristics of the water industry may be different from 

those of financial markets, the results are subject to empirical risk analysis, and warrant 

investigation.  

 

 A number of papers have examined the relationship between stock market volatility 

(risk) and expected returns in the US, European and Asian stock and bond markets 

(Koutmos, 1996). The findings of these research papers, however, have been 

inconclusive. Researchers have investigated the time series behavior of stock prices in 
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terms of volatility by using generalized autoregressive conditional heteroskedasticity 

(GARCH) models. Pindyck (1986) and Chou (1988) claim that much of the decline in 

stock prices during the 1970s is directly related to the increase in volatility.  Poterba and 

Summers (1986), French et al. (1987), Baillie and De Gennaro (1990) and Poon and 

Taylor (1992) find a weak relationship between stock market volatility and expected 

returns. Glosten et al. (1993) and Nelson (1991), on the other hand, report that positive 

unanticipated returns reduce conditional volatility, whereas negative unanticipated 

returns increase conditional volatility. 

 

Several studies have been conducted on the asymmetry of the impact of news (Koutmos 

and Booth, 1995; Tularam et al., 2009; Krishnamurti et al., 2013). In the finance 

literature, well known studies on the asymmetric effect of news include those by Black 

(1976), French et al. (1987), Schwert (1990), Nelson (1991), Bae and Karolyi (1994). 

According to Roca (2000), this phenomenon is usually explained in terms of the so 

called “leverage effect”. However, French et al. (1987) state that the “leverage effect” 

may not be the only explanation for the asymmetric impact of news on volatility. Many 

GARCH models that allow for asymmetric impact have been developed. The 

exponential GARCH (EGARCH) model (Pagan and Schwedt, 1990; Nelson, 1991) and 

the GJR-GARCH model (Glosten et al., 1993) are highly used in asymmetric GARCH 

models. 

 

A summary of the findings of these studies with regard to different equity and bond 

markets and their relationship between returns and volatility with GARCH models is 

shown below. 
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3.3.2 Returns and volatility from stock and bond markets around the world 

 

In relation to returns and volatility, finance researchers can easily use the GARCH 

model and a two-step ARIMA-regression model which was developed by French et al. 

(1987). Only the contemporaneous relationship between returns and volatility is studied 

using daily and monthly returns on the NYSE stock index, and daily returns on Standard 

and Poor’s (S&P) Index. French et al. (1987) conclude that the relationship between the 

two unexpected components is negative using the GARCH-M model and a two-step 

ARIMA-regression model. They find evidence that the expected market risk premium is 

positively related to the predictable volatility of stock returns, and that unexpected stock 

market returns are negatively related to the unexpected change in the volatility of stock 

returns. They also investigate any lead/lag relationship between stock returns and 

volatility, and they make no adjustment for the mean return. Following French et al. 

(1987), Schwert (1989) examines the relation of stock volatility with real and nominal 

macroeconomic volatility, economic activity, financial leverage, and stock trading 

activity.  

 

Specifically, Poon and Taylor (1992) investigate the relationship between stock returns 

and market volatility using a two-step ARIMA-regression model to analyze the 

relationship between stock returns and volatility, and to estimate the cross correlations 

between each of the returns and excess returns and each of the expected and unexpected 

volatility estimates. They fit exponential ARCH and GARCH (1, 1) models by using 

daily, weekly, fortnightly and monthly data on the Financial Times All Share Index, and 

find that GARCH (1, 1) is the best fit. However, their result cannot establish any clear 

relationship between stock returns and market volatility. Their returns series is not 
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adjusted for dividends, though French et al. (1987) show that dividend adjustments have 

little effect on their estimates of monthly volatility. 

 

It is therefore important to identify the development of ARCH and GARCH models. Lin 

et al. (1994) examine volatility spillovers between the Japanese and US stock markets 

for the period of 1985-1989 by applying the GARCH-in-mean model. Using intraday 

data, they find that cross-market interdependence in returns and volatilities is generally 

bi-directional between the New York and Tokyo markets. Lin et al.’s (1994) results for 

contemporaneous correlations and lagged spillovers are consistent with the findings of 

Hamao et al. (1990) and Becker et al. (1992), who find that the degree and persistence 

of shocks originating in the US or Japanese stock markets are extensively understated.  

 

Specifically, some studies focus on the asymmetry in the relation between stock return 

and volatility. For example, Pagan and Schwert (1990) study the relationship between 

stock return and volatility of the US stock market. They show that the best model is the 

EGARCH (1, 2) model, as it is able to capture most of the asymmetry in the relation 

between stock return and volatility. Nelson (1991) introduces the EGARCH model to 

investigate the relationship between market risk, asset returns and changing conditional 

volatility by applying the ARCH, GARCH (1, 1)-M, ARMA (2, 1) and EGARCH 

models. He finds that risk premium is negatively (though weakly) correlated with 

conditional variance. However, the asymmetric relation between returns and changes in 

volatility is highly significant.  Nelson’s (1991) EGARCH model comes closest to the 

explanatory power of the Pagan and Schwert (1990) nonparametric models, because it 

reflects the asymmetric relation between volatility and past returns. Schwert (1990) also 

confirms Nelson’s (1991) findings regarding the asymmetric volatility, and the model 
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has a much more flexible method of capturing the leverage effect as compared to the 

previous GARCH models. 

 

To explain the negative skewness and excess kurtosis, Campbell and Hentschel (1992) 

estimate a model of volatility feedback in stock returns, and develop a quadratic 

generalized autoregressive conditionally heteroskedastic (QGARCH) model. They find 

that their model elucidates the scrutinized asymmetric volatility prototype in stock 

returns. However, they cannot integrate leverage effects in the QGARCH model. Bae 

and Karolyi (1994) study the volatility spillovers between the Japanese and the US 

stock markets, allowing for the differing impacts of “bad news” and “good news”. They 

find that “bad news” in one market, which they measure in terms of negative stock 

return innovations, has a much larger impact on overnight and next-day return volatility 

in the other market than equivalent “good news” or positive return innovations. 

 

In response to the stability of the GARCH model in explaining the return and volatility 

relationship, Engle and Ng (1993) develop EGARCH, GJR and partially nonparametric 

(PNP) models to capture most of the asymmetry. Nelson (1991) finds that high 

persistence in daily data and negative unexpected returns had vastly different effects on 

future conditional variance; the expected impact of a positive unexpected return is 

negative. In contrast, Nelson (1991) and Engle and Ng (1993) find different effects for 

positive and negative unexpected returns, but both lead to variance increases. Engle and 

Ng (1993) provide new diagnostic tests, a partially nonparametric model for discovering 

the empirical relations between news and volatility, and a metric for interpreting the 

differences between volatility models. The authors show that three asymmetric versions 

of the GARCH (1, 1) model are fitted: their results indicate that the GJR is the best at 
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parsimoniously capturing this asymmetric effect. However, there is evidence that the 

variability of the conditional variance implied by the EGARCH is too high.  The PNP 

model successfully exposes the shape of the news impact curve and is a useful approach 

to modelling the conditional heteroskedastic asymmetry.  

 

Glosten et al. (1993) also study the role of model specification in determining the 

estimated relation between risk and return by applying GARCH-M and EGARCH-M 

models. They find a negative relation between the conditional mean and the conditional 

variance of the excess return on stocks. This relation becomes stronger and statistically 

significant when conditional variance is allowed to have deterministic monthly seasonal 

adjustments and depends on the nominal risk-free interest rate. Moreover, Koutmos and 

Booth (1995) extend Nelson’s (1991) univariate exponential generalized autoregressive 

conditional heteroskedasticity model. They study the dynamic interaction of the Tokyo, 

London and New York stock markets. They investigate the relationship between stock 

returns and volatility spillovers. In this research, they find multidirectional lead or lag 

relationships and asymmetric volatility interaction among the stock markets of the UK, 

France, Germany and Italy. 

 

Furthermore, most research on return and volatility focuses on the US market. Despite 

the importance of the relationship between return and volatility, there is a paucity of 

empirical research into the Australian market. Nicholis and Tonuri (1995) try to 

explicate the volatility of the Australian stock market by applying several asymmetric 

GARCH models, i.e., EGARCH, AGARCH and GJR-GARCH. Their results show that 

the asymmetric EGARCH (1, 2) model gives the best representation of the volatility of 

returns. Kearns and Pagan (1993) fit ARCH, GARCH and EGARCH models to the 
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data, and they find that the asymmetric EGARCH (1, 2) model gives the best 

representation of the volatility of the returns. Tularam et al. (2009) use ARCH, GARCH 

and EGARCH models to examine the volatility of Australian superannuation funds in 

relation to share and bond markets in the US and Australia. The authors find that 

volatility from the Australian share market affects the performance of Australian 

superannuation funds more than does the US share market. Nevertheless, 

superannuation funds are not exceedingly associated with the bond market. 

 

Karunanayake and Valadkhani (2011) investigate the interdependence of return and co-

volatility across four highly integrated international stock markets in Australia, 

Singapore, the UK and the US by applying GARCH and MGARCH models. Their 

results are line in with the findings of Theodossiou and Lee (1993). Theodossiou and 

Lee (1993) indicate statistically significant and positive coefficients for the one-lag 

conditional variance, thereby suggesting the presence of high volatility persistence. 

They also find that the positive return spillover effects are only unidirectional and run 

from both the US and the UK (the bigger markets) to Australia and Singapore (the 

smaller markets). These results are consistent with the univariate GARCH-M 

application. They find that there is no significant relationship between stock market 

volatility and expected returns for major European stock markets. Two years later, 

Theodossiou and Lee (1995) present additional insight into the nature of stock market 

volatility and its relation to expected returns for ten industrialized countries, where 

significant conditional heteroskedasticity is found to be present in the return series of all 

markets, indicating the presence of volatility clustering. That is, the tendency of large 

stock price changes followed by large stock price changes, but with unpredictable sign. 

The authors use the GARCH-M model to examine the conditional heteroskedasticity 
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(volatility) of stock market returns in all countries. Stock market volatility in Australia 

is best represented by a GARCH (1, 0) or an ARCH (1, 1) model. Theodossiou and Lee 

(1995) find that there is no relationship between conditional volatility and expected 

returns in any of the ten national stock markets.  

 

With regard to the asymmetry of volatility, Gallo and Pacini (2000) investigate the 

effect of trading activity on market volatility by applying an EGARCH (1, 1) model. 

They find that ARCH effects in the stock market and persistence of volatility are due to 

the opening price and the closing price of the previous day’s accounts. Chen and Kuan 

(2002) also study US stock index returns, applying the GARCH and EGARCH models 

based on daily stock indices data on the Korean KOSPI, the Japanese Nikkei and the 

Taiwanese SE weighted index for the period 1980-1997, and the Singaporean Straits 

Times price index (ST) for the period 1985-1997. The authors conclude that the time 

irreversibility of these four index returns may be largely attributed to volatility 

asymmetry, and that such asymmetry may be captured using a proper EGARCH model. 

Bradant and Jones (2006) study some asymmetry between market returns and volatility, 

and they find that the EGARCH models significantly improve the in-sample fit and 

accuracy of out-of-sample forecasts. Beach and Orlov (2007) use GARCH (1, 1) and E-

GRACH-M (1, 1) to find the optimal portfolio for international diversification. They 

show that returns on portfolio rely on market equilibrium weights.  

 

In addition, the cross correlations have increased markedly over decades. In relation to 

the cross section, Demos (2002) derives the cross correlations between the levels and 

the squares of an observed series, under the assumption that the mean parameter is time 

varying and the conditional variance follows a flexible parameterization which nests the 
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autoregressive stochastic volatility and the exponential GARCH specifications. In the 

same spirit as Demos (2002), Kaaranasos and Kim (2003) focus on the cross 

correlations between the levels and the squares of the ARMA(r, s)-EGARCH (p, q) 

model. They show that, rather than the GARCH model, the EGARCH model presents 

the perfect scenery of model autocorrelation of rectangle returns. 

 

Because of the importance of understanding the relationship between return and 

volatility, Basher et al. (2007) only investigate the time-varying risk-return relationship 

for Bangladesh, which is a small but economically booming country. They examine the 

impact of institutional factors such as a circuit breaker on volatility for the Dhaka Stock 

Exchange of Bangladesh by applying the GARCH-M (1, 1) model. Their results also 

show a significant relationship between conditional volatility and the DSE stock returns, 

but the risk-return parameter is found to be both negative and positive.   

 

Like Basher et al. (2007), Alborg et al. (2008) apply GARCH, EGARCH, GJR and 

APARCH models to examine the mean return and conditional variance of the Tel Aviv 

Stock Exchange. They find that the EGARCH model gives better forecasts than the 

GARCH model, while the APARCH and GJR models give the poorest forecasts. 

Siourounis (2002) studies the effectiveness of the Athens stock exchange by applying 

various GARCH type models.  The results of this study show that the market is not 

efficient, and factors such as political instability influence the price behavior of the 

stock market.  

 

More recently, Krishnamurti et al. (2013) apply EGARCH (1, 1) and EGARCH-GED 

models to examine the empirical relationship between intra-day volatility and trading 



70 

 

volume by using the intra-day Shanghai A-Share Index data during 2004 to 2006. They 

find that the asymmetric volatility phenomenon is reversed in the Shanghai Stock 

Exchange during bull markets. This means that volatility increases more with good 

news than with bad news. Beg and Anwar (2012a) apply an RS-TGARCH model to 

estimate the degree of persistence of shocks on volatility, due to a shift in the 

unconditional variance of the process, which is not captured by the GARCH or 

TGARCH models, using the OECD countries monthly nominal UK pound (UKP), or 

US dollar (USD) exchange rate series data for the period of January 1973 to June 2009. 

They find that volatility persistence in the exchange rate return series is due to pure 

shocks, but the deterministic regime switching does not appear to affect volatility 

persistence. Beg and Anwar’s 2012b study is also similar to their 2012a study (Beg and 

Anwar, 2012b; Beg and Anwar, 2012a). The authors investigate the inherent nonlinear 

dynamics of the UK pound (UKP), or the US dollar (USD) exchange rate returns 

volatility for the period of January 1973 to July 2011 using RS-TGARCH and RS-

TFIGARCH. They find that the volatility persistence and leverage effects are associated 

with exchange rate returns series.  

 

Abdalla (2012) also investigates returns and volatility of exchange rates in a series of 

nineteen Arabian countries during the period of 1 January 2000 to 19 November 2011 

applying GARCH (1, 1) and EGARCH (1, 1) models. The author shows that EGARCH 

(1, 1) captures leverage effects for all currencies - except for the Jordanian dinar. This 

study also applies an autoregressive moving average ARMA (1, 1) model, as the 

conditional mean in the returns series is employed as an initial regression test, and does 

not find ARCH effects in the residual series. 
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Gil-Alana and Tripathy (2014) examine the volatility persistence and across six ferrous 

metal spots and future series (aluminium, copper, lead, nickel, zinc and tin) in India for 

the period of 1 January, 2009 to 30 June, 2012 by applying TARCH, GARCH, 

EGARCH and TGARCH models. The authors’ results confirm the symmetric, 

asymmetric and leverage effect by GARCH TGARCH and EGARCH respectively. 

Dedi and Yavas (2016) analyze the relationship between five countries’ (Germany, the 

United Kingdom, China, Russia and Turkey) equity market returns and volatility using 

MARMA, GARCH, GARCH-in-mean, and  EGARCH models by applying daily data 

on country exchange-traded funds (ETF) based on the MSCI indices from 31 March 

2011 to 11 March 2016. They show that EGARCH (1, 1) captures a leverage effect with 

returns, and markets are more sensitive to the “bad” news than to the “good” news. 

 

3.3.3 Returns and volatility within the water industry 

 

To the best of the author’s knowledge, only two studies have been undertaken into the 

returns and volatility of the water industry. Morana and Sawkins (2000) use daily share 

price data for the ten English and Welsh water and sewerage companies for the period 

December 1989 to March 1998, to investigate the water industry's periodic review of 

prices by applying both AR-GARCH and stochastic volatility models. They find that a 

significant reduction in the volatility of share prices for eight of the ten water and 

sewerage companies follows the announcement of revised industry price-caps. 

Recently, Tularam and Reza (2016) examine the links between idiosyncratic risk and 

return among four water exchange traded funds (PowerShares Water Resources 

Portfolio, Power Shares Global Water, First Trust ISE Water Index Fund, and 

Guggenheim S&P Global Water Index ETF) using the Markov switching model for the 
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period from 2007 to 2015. The authors show that the generated transition probabilities 

have a high and low probability of switching between Regimes 1 and 3, respectively, 

and they also find that the idiosyncratic risk for most of the exchange traded funds 

moves from low volatility (Regime 2) to very low volatility (Regimes 1 and 3).  

 

3.3.4 Literature review summary for Study TWO 

 

In terms of the relationship between returns and volatility, finance researchers use the 

data being employed by using a standardized index of stock markets, energy markets, 

real-estate markets, social responsible investment markets, etc., with a wide variety of 

different countries’ stock exchanges. Most of the studies use ARCH, GARCH, E-

GARCH and multivariate GARCH models. Some studies find a positive relationship 

between stock market volatility and expected returns. From the literature review in 

Study 2, it can be seen that other studies find that there is no significant relationship 

between stock market volatility and expected returns. Some studies also capture the 

asymmetry and leverage effect with returns and volatility, and find that markets are 

more sensitive to “bad” news than to “good” news. It is noted that there are only two 

studies (Morana and Sawkins, 2000; Tularam and Reza, 2016) which are undertaken 

from the perspective of a water investor. 

 

3.3.5 Research gap for Study TWO 

 

From the above literature review, the author finds that some studies have found that a 

negative (weak) relationship exists between stock market volatility and expected 

returns. On the contrary, other studies show a positive relationship. To the best of the 
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authors’ knowledge, there are no studies into the volatility of water indices, water funds 

and water markets in relation to stock markets. The present study seeks to address this 

gap by applying ARMA, ARMA-GRACH and EGARCH models. This study uses an 

EGARCH model instead of a GJR-style GARCH model, i.e., TGARCH (GRJ). Because 

the volatility response from the TGARCH (GJR) model displays only the negative 

market shocks, it is not always easy to optimize a TGARCH (GJR) model. However, 

because the EGARCH model is asymmetric, its use avoids the need for parameter 

constraints and provides more flexible parameters than other ARCH models (Dedi and 

Yavas, 2016; Tularam et al., 2009). 

 

The only study which investigates the UK water industry's periodic review of prices by 

applying both AR-GARCH and stochastic volatility models is that by Morana and 

Sawkins (2000). In addition, and more significantly, in terms of the motivation for this 

present study, none of this research into financial volatility has focused on the water 

sector, the water indices, water funds or water equity markets. The motivation for the 

current study is also derived from the need to understand that water asset prices exhibit 

volatility persistence and asymmetric effects that could imply potential spillovers from 

water markets, which will be observed by water indices and water funds. This research, 

therefore, provides knowledge about the financial volatility among water indices, water 

funds and water markets around the world. This study is important for a number of 

reasons. Water indexes (WOWAX, S&P Global Water Index, MSCI World Water 

Index and S-Net Global Water Index), water funds (Pictet Water Fund, Sustainable 

Water Fund, Eco Water Fund and Summit Master Water Equity Fund) and water 

markets (US, Europe, Asian and the Latin American Water Market) are very new in the 

finance literature.  
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3.4 Literature review for Studies Three and Four  

 

3.4.1 Introduction 

The issue of financial market integration is an important area of study. In the literature 

there are different definitions of what is meant by financial integration. The theoretical 

concept of financial market integration is closely associated with the law of “one price” 

(Shepherd, 1994; Stavárek et al., 2011). It is noted that the law of “one price” states that 

if there are identical risks and returns in assets, they could be priced identically 

regardless of where they are transacted. If the law of “one price” does not exist, 

arbitrage opportunities will arise (Stavárek et al., 2011). However, when identical assets 

carry different returns, it means that there are barriers to capital flows between countries 

or indices, thus segmenting the financial markets (Pungulescu, 2013). With increasing 

integration of international equity and bond markets, the attractiveness of international 

portfolio diversification will tend to decline, as returns are the same across the financial 

markets (Kearney and Lucey, 2004). In particular, when the correlations become 

increasingly positive and strengthen, the diversification benefits tend to decline. It is 

noted that financial integration leads to a reduction in the cost of capital and an increase 

in the average price of financial assets. Baele et al. (2004) consider a market for a 

particular set of financial instruments or services to be fully integrated if all potential 

market participants have the same relevant characteristics. The existence of financial 

market integration necessitates that financial markets are tuned to the same risk factors; 

and the risk premia on each factor is the same in all markets.  

 

Baele et al. (2004) and Stavárek et al. (2011) describe interrelated benefits of financial 

integration as more opportunities for risk sharing and risk diversification, better 
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allocation of capital among investment opportunities and potential for higher growth. 

Thus, financial integration implies equality of price or risk-adjusted returns and co-

movements in prices.  

Though water-related indices have been around for a while (the first was developed in 

1999), there is still no explicit answer to the question of the extent to which the water 

sector of the water indices are integrated. If water indices are found to be integrated, 

then it follows that the risk of shocks to one water index may spill over or spread to 

others, and potentially cause major global problems for water investors (something 

which regulators will have to address). 

 

Generally, a statistical measure of the changes in a portfolio of stocks along with 

comparing observations of variables serve to provide validity to an index. Support for 

index theory spans 409 years, since an original study in 1707 compared prices of a 

market basket of goods across regions (Diewert and Nakamura, 1993). The theory of the 

consumer price index was developed by English economist Joseph Lowe in 1823 

(Diewert, 2007). Further development of index number theory includes studies by 

Diewert (1987), Fishers (1922), Paasche (1874) and Laspeyres (1871). Water indices 

have been developed with the formulation of weight as per index values. Water index 

values are calculated using price data. Water indices have been constructed using 

Laspeyres price index, which was proposed by the German economist Laspeyres in 

187110. He developed the index number theory for determining price increases by 

calculating the inflation rate. However, the appropriateness of a Laspeyres price index 

depends on quantities which are taken as weights and weighted aggregative price index, 

and the ratio of the total cost of purchasing during the base year. This index number 

                                                           
10 http://www.policonomics.com/etienne-laspeyres/  

http://www.investopedia.com/terms/p/portfolio.asp
https://en.wikipedia.org/wiki/Inflation
http://www.britannica.com/topic/price-index
http://www.policonomics.com/etienne-laspeyres/
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expresses the relative change in price, quantity, value or other units11. The practice of 

index number theory is mostly influenced by economics and statistics. The WOWAX, 

S-Net, S&P, MSCI ACWI indices are the water-related indices of interest in Study 3. 

Laspeyres’ formulas are used for the calculation of the return index and the price index 

of the WOWAX, S-Net and S&P, whereas the MSCI ACWI Index is calculated either 

by using the price adjustment factor (PAF) or the index divisors. These measures are 

assumed to be similar to each other in formulation. The index computation formula and 

adjustment tables are given in Tables A6-A7 in the Appendix. Given the above 

information regarding financial integration theory, we would expect that (i) water 

indices are independent, (ii) water indices are integrated, and (iii) causality among the 

four water indices. 

 

The theoretical concept of co-integration is used to capture the notion that can be 

extended to series with trends or explosive autoregressive roots (Granger, 1986; Engle 

and Granger, 1987; Blake and Formby, 1997). The notion that the non-stationary 

variables may possess long-run equilibrium relationships within the multivariate 

structure, and have a tendency to move toward a long-run equilibrium, is present in 

every time period (Granger, 1986; Engle and Granger, 1987; Blake and Fomby, 1997). 

Engle and Granger (1987) show that a corresponding error-correction representation is 

present whenever there is evidence of co-integration; the changes in the dependent 

variable are a function of the level of disequilibrium in the co-integrating relationship. 

The basic concept of co-integration has been applied in a variety of economic and 

finance models to examine the relationships between variables such as: consumption 

and income, production and sales, stock prices and dividends, money and demand, and 

                                                           
11 According to OECD (2013) ‘… A Laspeyres index number is a form of index number where prices, 

quantities or other units of measure over time are weighted according to their values in a specified base 

period … ’. 
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nominal exchange rates and relative prices, and so on.  In addition to many other 

authors, specifically Campbell and Shiller (1987) promote a present value model for 

stocks and bonds using the theory of the co-integrated vector autoregressive model.  

 

Much literature has been written about financial co-integration. Previous researchers 

have performed studies identifying the co-integration of financial markets. Some studies 

like those of Kwan et al. (1995), Ewing et al. (1999), Seabra (2001), Ahmad et al. 

(2005), Valadkhani and Chancharat (2008) and Marashdeh and Shrestha (2010) reject 

the integration hypothesis and conclude that the markets considered for the study are 

integrated, and that diversification of funds to earn abnormal profits will be worthless. 

Other studies such as those by Huth (1994), Janakiramanan and Lamba (1998), Siklos 

and Ng (2001), Click and Plummer (2005), Syriopoulos (2007), Gooijer and 

Sivarajasingham (2008) and Siddiqui (2009b) accept the same hypothesis and find that 

the markets considered are the right target for investments. A summary of the findings 

of these studies with regard to different equity and bond markets and their relationship 

with risk-adjusted returns is shown below. 

 

3.4.2 The integration of the emerging stock and bond markets around the world 

 

Although previously many countries deregulated their markets and investors could 

freely invest, in recent years, global financial markets have become more integrated and 

investments are growing enormously. The group of markets that was first examined 

were the markets of the US and the EU countries. The early literature of stock market 

interdependence mainly confirms the interdependence of mature markets. Agmon 

(1972) examines the relationship among four countries’ equity markets. He finds that 
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the US, the UK, Japan and Germany comprise a “single multinational equity market”, 

and there is a high degree of relationship among the four markets but there are no 

significant lags in the response of non-markets to changes in the US market. Hilliard 

(1979) also cannot find significant lags between the US and the other markets. He 

investigates the structure of international equity market indices on 10 world exchanges 

during the financial crisis of 1973-74 by applying cross-spectral analysis. The author 

reports that there is no lead/lag relationship among markets. The findings by Hilliard 

(1979) are in line with those of Bertoneche (1979), confirming that contemporaneous 

relationships of the European markets have higher dependencies, compared to their 

dependencies with the US. 

 

Further discussion is consistent with earlier findings and conforms to a general finding 

of US market dominance. Eun and Shim (1989) investigate dependencies across the 

group of developed markets. They show the existence of leads and lags among stock 

markets. Their results also confirm the results of Malliaris and Urrutia (1992). Malliaris 

and Urrutia (1992) find the US to be leading Australia during the stock market crash of 

1987 using Granger-causality tests. With the use of variance decomposition analysis, 

Eun and Shim (1989) find that any national market is not exogenous, in that the 

market’s own innovations fully account for its variance; however, there is a substantial 

amount of interaction among markets. Eun and Shim (1989) also show that the US and 

the UK explain 15% and 6% of Australia’s forecast error variance, respectively. Based 

on VDC analysis, Park and Fatemi (1993) also have the same finding as that of Eun and 

Shim (1989) with regard to the relationship between Australia and the US and the UK. 

Other studies confirming this result are those by Janakiramanan and Lama (1998), 

Sheng and Tu (2000) and Mecnalis (1993). 
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Espitia and Santarnari (1994) find that there is a high correlation among markets and a 

similar pattern in the transmission of information. They also show that the price co-

movement between US and European markets could also be due to the reaction of one 

of the markets to the indirect effect of the Asian market. Eun and Shim (1989) find that 

the Australian markets react to the US market on day 1, and then on day 2, react to the 

UK reaction to the US market. 

 

In general, Kasa (1992) points out that stock markets that are co-integrated have a long-

run relationship in that long-run correlations of returns are higher than short-run 

correlations typically examined. However, Richards (1995) points out that a major 

reason for the findings noted in Kasa (1992) is due to an inappropriately long lag length 

(used) in the estimation process. With shorter lags, Richards (1995) finds that the five 

developed country stock indices are not co-integrated. 

 

Though Kwan et al. (1995) find no co-integration among the markets, their results 

indicate that there is adequate evidence to refute the notion of informationally efficient 

stock markets. According to Masih and Masih (1997), the stock market crash does not 

affect the leading role played by the US market over other markets. Roca et al. (1998) 

find that five ASEAN equity markets are not significantly integrated in the long term. 

Roca (1999) also does not reject the hypothesis that the Australian market is not 

significantly co-integrated with any of the markets in the long-run. Roca and 

Selvanathan (2001) test co-integration in the short or long-run between Australia and 

the Asian countries of Hong Kong, Singapore and Taiwan, but they find that there is no 

significant interaction between Australia and any of the three markets. 
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Chong et al. (2003) study the relationships between Australia's stock market and the 

five largest international markets of France, Germany, Japan, the UK and the US. Their 

findings disclose that returns in the Australian market are not strongly correlated with 

the major foreign markets investigated. Further, Tahai et al. (2004) use the co-

integration of order two models, I (2) and I (1) to specify potential co-integration 

structure. They find that in the joint co-integration tests, there is one common I (2) trend 

and two I (1) trends in the financial equity market returns of the G7 countries.  

 

Syriopoulos (2004) finds that Central European stock markets tend to display stronger 

linkages with their mature counterparts, whereas the interdependencies between the 

individual Central European markets and the other Central European neighbours appear 

rather weak. He also finds that long-run co-movements imply that diversifying risk and 

attaining superior portfolio returns by investing in different Central European markets 

may be limited for international investors. By applying the Johansen procedure, 

Syriopoulos (2007) also shows the presence of one co-integrating vector between the 

Central European, the US, and the German stock markets in both the pre-EMU and 

post-EMU sample periods, indicating a stationary long-run relationship. 

 

In stating the importance of understanding the financial co-integration between 

developed and developing countries, Hoque (2007) investigates the co-integration 

among the equity markets of Bangladesh, India, Japan and the US. He finds that the US 

market has an effect on the Bangladesh market. However, the results show that in 

replying to the shocks in the Indian market, the Bangladesh stock market is weak. It is 

incredible that the Japanese market cannot create a response in the Bangladesh market. 

Bergen and Jansen (2009) find that the LM-test turns out to be an incredibly well-built 
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indication of better co-movement transversely across the board for both stock markets 

and bond markets. Changing the date and the momentum of the alteration between low 

and high correlation regimes extensively varies transverse country association. 

 

In a recent study, Nashar (2013) finds that Egypt has maintained limited de facto 

integration in the international financial market, despite the de jure financial openness. 

In order to investigate the reasons behind such limited de facto integration, the study 

uses quarterly data for the period February 2001- November 2011 by estimating a 

vector error correction model (VECM). The investigator’s white noise (zero mean and 

no serial correlation) process is weakly stationary. However, the converse is not true. A 

stationary process does not imply that it is a white noise process. 

 

Sun and Sajid (2015) examine the interrelationship between electricity consumption and 

industrial production, electricity consumption and entrepreneurship in Singapore’s 

manufacturing sector for the period of 1983-2014, employing Johansen’s VECM and 

the autoregressive distributed lag (ARDL) approach. They find that industrial 

production, electricity consumption and entrepreneurship are co-integrated. Their 

ARDL results present at the 5% level of significance are consistent with Johansen’s co-

integration results.  

 

Similarly, Raja (2015) shows that the autoregressive distributed lag (ARDL) bound 

testing co-integration approach confirms the validity of a long-run relationship between 

foreign capital inflows and private savings in Pakistan for the period of 1973 to 2011. 

Again, Anwar and Alexander (2016) investigate the relationship between openness to 

trade and pollution in Vietnam from 1980 to 2011, using structural breaks and the 



82 

 

bounds testing approach to co-integration, based on an autoregressive distributed lag 

(ARDL) model. Their results show a statistically significant (10% level of significance) 

long-run relationship amongst pollution, openness to trade, energy consumption and 

real national income in Vietnam. Magazzino (2016) studies the link among real GDP, 

CO2 emissions, and energy use in the six Gulf Cooperation Council (GCC) countries 

(Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United Arab Emirates) using annual 

data for the years 1960-2013; stationary, structural breaks, and co-integration tests have 

been conducted. They find that the country of Oman is the only co-integrating vector in 

a long-run relationship at the 5% level of significance.  

 

In spite of the many applications mentioned in financial studies, it seems that the 

VECM method or approach has not been used in the examination of the relationships 

between water indices and water markets, particularly for the longer term. To test for 

the existence of long-run equilibrium relationships between water indices and water 

markets, this study uses the bounds test approach in the co-integration test domain that 

has been developed by Pesaran et al. (2001) and Pesaran et al. (1998). 

 

The idea that integrated variables share an equilibrium relation was first formalized by 

Granger (1981) and Engle and Granger (1987). The long-run equilibrium relationships 

generated by market forces and behavioral rules and the idea underlying co-integration 

has allowed the specification models which can capture part of such beliefs (Granger, 

1986).  According to Engle and Granger (1987), “Equilibrium is a stationary point 

characterized by forces which tend to push the economy back toward equilibrium 

whenever it moves away.” They explain that co-integration is used to test for the 

existence of equilibrium relationships within a multivariate dynamic model. 
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Currently, there is no clear or explicit answer to questions about the extent to which the 

water sector of the water indices and the water markets is integrated. The definition of 

water market integration is also ambiguous, but can be said to represent the process of 

how water indices and water markets become more interconnected with those in other 

(energy and agriculture) sectors. It is also important to investigate integration between 

financial water markets to aid international portfolio diversification benefits, price 

volatility and economic growth. This and other related VECM information is also 

valuable to regulators. If water indices and water markets are found to be integrated, it 

follows that the risk of shocks that can have an impact on other water indices or water 

markets can “spill over and spread” to cause other global problems for water investors 

(something which regulators will have to address). 

 

3.4.3 The Asian and African financial crises 

 

Much research has been done on the global impact of the Asian financial crisis in 1997 

and 1998 (Click and Plummer, 2005). Little research has concentrated on the issue of 

the relationship between this crisis and stock market integration in different parts of the 

world. Yet researchers have also focused on the co-integration among some Asian 

capital markets, before, during, and after the crisis. Applying the Johansen (1988) 

multivariate co-integration and error-correction tests, Sheng and Tu (2000) investigate 

the linkages among national stock markets before and during the period of the Asian 

financial crisis. Their results do not show any co-integratiing relationship before the 

period of the financial crisis.  
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Tan and Tse (2002) find that markets appear to be more integrated after the crisis than 

before, and that Asian markets are most heavily influenced by the US, but that the 

influence of Japan is increasing. Their results also show that within the ESEA region 

itself there is a large increase in the extent of capital market integration, as indicated by 

the increased correlation in the post-crisis period. Jang and Sul (2002) also offer 

bivariate co-integration tests among the three ASEAN-5 markets studied. Based on 

Granger-causality test, they find that before the crisis, there was almost no co-

movement in the stock markets among Thailand, Indonesia, Korea, Japan, Hong Kong, 

Singapore and Taiwan. However, uni-directional and bi-directional linkage among 

Asian equity markets has increased sharply since the financial crisis struck Asia in June 

1997. During the 8 months of the post-crisis periods, after January 1998 when the 

financial crisis reached its peak, and the corresponding 8 months in 2000, a strong co-

movement is found and in some cases, the linkage among Asian stock markets gets even 

stronger. Jang and Sul (2002) also offer bivariate co-integration tests among the three 

ASEAN-5 markets studied. Based on the Granger-causality test, they find that before 

the crisis, there was almost no co-movement in the stock markets among Thailand, 

Indonesia, Korea, Japan, Hong Kong, Singapore and Taiwan. However, uni-directional 

and bi-directional linkages among Asian equity markets has increased sharply since the 

financial crisis struck Asia in June 1997.  

 

By applying the vector auto-regression (VAR) model, Click and Plummer (2005) find 

the degree of co-integration between the stock markets in Indonesia, Malaysia, the 

Philippines, Singapore and Thailand in the period after the Asian financial crisis. 

Hatemi and Roca (2005) also scrutinize the relationship between exchange rates and 

stock prices in Malaysia, Indonesia, Philippines and Thailand for the periods 



85 

 

immediately before and during the 1997 Asian crisis, Hatemi and Roca (2005) find that 

two variables are significantly linked in the non-crisis period. However, during the 

crisis period variables are not linked at all. Again, Hatemi and Roca (2007) investigate 

the equity market price interdependence between Australia on one hand, and Japan, the 

US, the UK, Hong Kong, Singapore, Taiwan and Korea on the other hand, by applying 

the Hacker and Hatemi-J (2005) bootstrap Granger-causality tests with leveraged 

adjustments. Hatemi and Roca (2007) find that there are insignificant long-term causal 

linkages in both the periods before and after the Asian crises. 

 

Wang et al. (2003) study the financial crisis on the African markets. They investigate 

the financial integration between five major African countries’ stock markets in South 

Africa, Egypt, Morocco, Nigeria and Zimbabwe and the US by applying the generalized 

impulse response analysis (Pesaran and Shin, 1998) model. Wang et al. (2003) also 

explore the impact of the 1997-1998 global emerging market crises on African stock 

market integration. For this reason, they divide their sample period into two sub periods; 

(a) pre-crisis period and (b) post-crisis period. Their results show that after the crisis, 

the interdependence in both long-run relationships and short-run causal linkages 

between African stock markets and US market are decreasing.  

 

3.4.4 Literature review summary for Studies Three and Four 

 

From the above literature review, it is very clear that the majority of research into stock 

market integration is concentrated in developed countries like the US, the UK and 

Australia, and Asian countries such as Hong Kong, Singapore, Taiwan, Korea, 

Thailand, Indonesia and Japan. There are many industries such as the energy, oil and 
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gas industries, and the water industry which have caught the attention of researchers in 

order to study the markets or indices co-integration. Most of the studies have used a 

correlation matrix, a unit root test to test the stationarity of the stock market prices, 

VAR analysis, Granger causality test, a VDC test examining the linkages among the 

markets for short term relationship, the error correction model, Johansen’s co-

integration test, ARDL approach, and the Gregory-Hansen test to examine co-

integration and long-run relationships. 

 

3.4.5 Research gap for Studies Three and Four 

 

From the above literature review, it is very easy to say that there is a need to conduct 

further work, as there is no consensus among these studies as to whether indices are 

integrated or not. For example, some studies often report inconsistent results using 

differing time periods and data. There are some studies that have rejected the integration 

hypothesis and which have concluded that the markets considered for the study are 

integrated, and diversification of funds to earn abnormal profits will be worthless; 

whereas other studies accept the same hypothesis and find that markets considered are 

appropriate targets for investments.  

 

Few researchers have conducted water-related VAR analysis or indeed any forecasting 

in the global water industry. However, in other industries they have performed analysis 

using index data (see Sukcharoen et al., 2014; Tularam and Saeed, 2016; Vlady et al., 

2008). A few studies examine the relationship between indices of the same type such as 

oil, gas, and electricity. For example, Tang and Xiong (2012) find that index investment 

in commodity markets and prices of non-energy commodities are strongly correlated 
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with oil prices; they show that commodity prices have become more correlated with 

each other, thus increasing the price volatility of non-energy commodities. Ordu and 

Soytaş (2015) study the relationship between energy commodity price movements on 

market and electricity index returns in Turkey for the periods before, during, and after 

the year 2008 using VAR analysis. Although Ordu and Soytas (2015) show that oil does 

not Granger-cause either the electricity index or the market index in any period, 

commodity dependence may be driving the link between commodity and asset prices. 

 

The study by Roca and Tularam (2012) appears to be the only one that examines the 

structure of dynamic linkages among the US, Europe and Asian water markets. They 

find that world water stock market prices are indeed significantly interdependent, 

although this interdependence varies across time periods. However, their results indicate 

that the mean of daily returns on the DS Water Index are negative, ranging from-

0.103% to -0.018%, and the standard deviations (SD) are mostly between 1% and 1.5%. 

Roca and Tularam (2012) examine just three water markets, whereas this research 

involves four water indices and four water markets. Also, Roca and Tularam (2012) do 

not provide forecasts for the global water markets. This author attempts to use forecast 

statistics so as to consider predictor functions, which is optimal in the sense that they 

minimize the root mean squared error (RMSE). There are few studies, if any, that have 

conducted VAR analysis as well as prediction. Again, it appears that no study has yet 

conducted a much deeper analysis of the multivariate structure – in particular the 

existence of long-run relationships concerning water indices and water markets using 

the VECM and ARDL approaches. This study therefore aims to fill these important 

gaps. Importantly, in terms of motivation, this is one of the first studies to examine 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tularam%2C+Gurudeo+Anand)
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short-run relationships among four water indices over “full”, “pre-GFC”, “GFC” and 

“post-GFC” time periods. 

 

In summary, research on the price linkages between water indices is generally lacking 

and investors in the industry are not well informed about the exact nature of the water 

industry dependencies and correlations. This study provides an initial attempt to study 

in-depth the nature of the water industry using well-established modelling processes 

such as VAR, thus providing the extent of integration among water indices. Currently, 

there is no clear or explicit answer about the extent to which the water sector of the 

water indices and the water markets are integrated. The definition of water market 

integration is also ambiguous, but can be said to represent the process of how water 

indices and water markets become more interconnected with those in other (energy, oil 

and gas and agriculture) sectors. It is also important to investigate the integration 

between financial water markets to aid international portfolio diversification benefits, 

price volatility and economic growth. This and other related VECM information is also 

valuable to regulators and watchdogs. If water indices and water markets are found to 

be integrated, it follows that the risk of shocks that can have an impact on other water 

indices or water markets can “spill over and spread” to cause other global problems for 

water investors.  

 

3.5 Investment returns in the water industry 

 

3.5.1 Introduction 

 

In the past, the water sector was controlled by government agencies. Since the early 

1990s, many countries have started a process of deregulation in the water sector by 
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transferring water companies from public institutions to private owners (Jin et al., 2014; 

Prasad, 2006). However, in spite of the recent trend in water industry privatisation, most 

water infrastructure remains in the control of government agencies at this stage (Jin et 

al., 2014; Pinsent Masons, 2010). An examination of water finance and investment may 

help explain the position of water resources (Tularam, 2014). 

 

By 2030, under an average economic growth scenario and if no efficiency gains are 

assumed, global water requirements would grow from 4500 billion 3m  today to 6900 

billion 3
m  (Tularam, 2014). This is about 40% above the current accessible, reliable 

supply. This global figure is really the aggregation and other such estimations show an 

even worse situation: one-third of the population, concentrated in developing countries, 

will live in basins where this deficit is larger than 50% (Roca et al., 2015; Tularam and 

Reza, 2016). As global water demand is becoming high in the 21st century, it is possible 

to argue that profit motivated investors can place their money in the “water companies 

as a good investment vehicle”. Investors can enter the water markets through investing 

in water projects and related bonds, stocks and other derivatives (Jin et al., 2014). 

Despite the importance of investment in water, most of the literature emphasizes 

policymaking issues (e.g., impact of ownership arrangements, economies of scale, and 

water trading and pricing and external effects of the public good). However, the amount 

of literature that is available on the study of the investment risk and return of water 

companies is limited. Previous work on performance in the water sector may not make 

much contribution to the main issues in this thesis. This thesis aims to carry out 

investment analysis of water indices and the water companies within it. Very few 

studies have been completed on water indices. The following sections will attempt to 
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cover an analysis of the literature and discover what can be learned from it to enlighten 

the current area of study. 

 

3.5.2. Risks and returns of water stocks 

 

The English and the Welsh water industries were pioneers in the privatization of water 

utilities. Buckland and Fraser’s (2000) research explore the behavior of estimated 

returns and risk parameters in the ten English and Welsh water and sewerage (WASCs) 

industries which were privatized in 1989. In their analysis, Buckland and Fraser (2000) 

use the Capital Asset Pricing Model (CAPM) and Kalman filter model to generate 

estimates of time-variation in both systematic risk (beta) and abnormal returns (alpha) 

coefficients. They also attempt to investigate the extent to which observed variation is 

associated with regulatory structure, regulatory events and other external, political 

influences. Their results suggest that utilities’ betas are not constant but are variable. 

They find that all ten UK water utilities made statistically significant abnormal profits 

over the period. Buckland and Fraser (2001) also investigate time-varying risk 

parameters and explain the scale and behavior of abnormal returns observed in the 

equity of ten water companies in the UK. This study again employs the CAPM and 

techniques of the Kalman filter to generate estimates of time variation in both 

systematic risk and abnormal returns coefficients. They find that political and regulatory 

impacts upon both risk and returns and influence could persist over time by affecting 

the long-term trend of betas. However, in other times, betas are not so sensitive to 

political risks. 
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In contrast, Antoniou et al. (2000) find that abnormal returns are driven to some extent 

by revisions to expected future dividends, and these returns are generally zero on 

average over their sample. Their study also analyzes ten UK water companies with a 

conditional CAPM to explain expected returns. Moreover, the Financial Times 

Actuaries (FTA) All-Share stock index is used as the proxy for the market portfolio. 

The CAPM is allowed to change in risk characteristics not captured by the traditional 

approach. Antoniou et al. (2000) also use VAR and GARCH procedures while 

decomposing risk estimates, concluding that regulatory uncertainty and unanticipated 

expectations revision are important in utilities' riskiness. They find that the water 

portfolio has a statistically significant positive alpha. This confirms the existence of 

abnormal returns in the water sector. However, by adopting a general model that allows 

for time variation in investors’ perceptions of risk, Antoniou et al. (2000) also argue that 

the observed high stock returns are better explained by the time-varying risk premium, 

and the abnormal returns are much smaller than anticipated. That is, the observed high 

returns on stocks of water companies are rewards for taking extra risks rather than 

abnormal returns. 

 

According to Howe and Howe (2006), a stock return is simply the percentage change in 

price (including dividends) of an index or individual stock over some horizon. In this 

case, their proxy for the market return is the value-weighted return of all stocks in the 

Centre for Research in Security Prices (CRSP) database for the time. Howe and Howe 

(2006) also determine whether large highly publicized contract failures have negatively 

affected the market value of a water firm. They regress the returns of the firm on these 

market returns over the estimation period, in their case a one-year period ending 60 days 
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prior to the event, and use the slope and intercept of the regression to predict what the 

firm stock returns should be during the event period, given the market return. 

 

Jin et al. (2014) conduct a survey of the literature on water investments. Their review 

finds that there are various ways for private investors to participate in the water sector, 

and water stocks have outperformed the broad stock market; however, the returns on 

water investments vary substantially with the chosen assets. Roca et al. (2013) examine 

the returns on water investments based on portfolio and asset pricing theories. They also 

investigate the correlation of water with stocks and bonds, and its systematic risk. They 

base their analysis on WOWAX - an investable water equities index. Roca et al. (2013) 

use the MSCI World index as a proxy for stocks and the Barclay index to represent 

bonds. Their results show that water provides much better returns than traditional assets 

together with diversification benefits, particularly during times of market stress. Jin et 

al. (2015) also conduct an investigation into the risk and returns of water in a 

portfolio context. They analyze the profitability of water-related investments and their 

diversification benefits in the context of a portfolio. Their results indicate that the water 

asset class outperforms the traditional asset classes. WOWAX outperformed the 

traditional asset classes between 2004 and 2012, and has the capacity to produce 

diversification effects in portfolios primarily comprised of listed equity and bond assets. 

In addition, their study suggests that the diversification benefits of the water index are 

likely to be a result of its superior performance over the stock benchmark, rather than 

its low correlation with traditional asset classes. 

 

In a similar manner, Roca et al. (2013), Jin et al. (2015) and Gilroy et al. (2013) 

investigate whether the inclusion of water as an asset in a traditional portfolio consisting 
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of stocks and bonds provides diversification benefits. Their base portfolio consists of a 

traditional stock and bond portfolio where the MSCI World Index represents a global 

stock investment and the Barclays Capital Global Aggregate Bond Index is used as a 

proxy for global investment grade bond investments. Gilroy et al. (2013) also use the 

Palisades Global Water Index that is calculated by the Dow Jones Indexes to represent 

water as an investment asset. Their results show that higher returns come with higher 

risk, high positive correlation with the MSCI World Index; and slightly negative 

correlation with bonds. But, Gilroy et al. (2013) were not able to show the potential 

benefits with the Palisades Global Water Index.  

 

Furthermore, Pescetto (2008) investigates the impact of regulation on the systematic 

risk of 10 water companies in England and Wales using dynamic GARCH model. The 

author shows that systematic risk does not appear to have been altered by regulatory 

action over the sample period. Similarly, Buckland and Williams (2013) study the 

returns on securities issued by regulated water companies in differently regulated 

economies of the UK and the US, using data from 1976 to 2010. They find that the out 

turn levels of systematic risk in the equities of US listed water utilities are low, and 

investors experience systematic risks that are appreciably lower than those used by US 

regulators in historic rate cases; and they are lower than the betas estimated for UK 

water utilities over the same period. Nevertheless, that systematic risk experienced by 

the US and the UK investors in water stocks has increased since 2000. Mirroring the 

results from the 1990s, the results suggest that UK regulators chronically overestimate 

the risks borne by investors in water utilities, resulting in lax pressure on permitted 

returns and higher prices than are needed to provoke efficient supply. Buckland and 

Williams’ (2013) examination confirms that there are striking differences between the 
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regulatory risks and patterns of returns for water utilities in the US and the UK. 

Buckland et al. (2015) investigate the risk of UK and US water utilities using different 

rate-of-return regulatory regimes (for the period of January 2, 1980 to May 6, 2011) by 

applying the Capital Asset Pricing Model. The results confirm that there are striking 

differences between the regulatory risks and patterns of returns for private sector water 

utilities in the UK and the US. The authors show that utilities’ betas are not constant.  

 

Recently, Jin et al. (2015) examine water companies’ exposure to asset liquidity risk 

using the Fama-French three-factor model augmented with an asset liquidity factor, 

which is estimated using a panel regression model. They find that water firms with a 

larger proportion of illiquid assets-in-place demand higher stock returns than firms with 

a smaller proportion of illiquid assets. Their results support the notion that the 

irreversibility or illiquidity of assets-in-place produces a distinct effect in explaining 

water stock returns.  

 

Specifically, some studies have focused on the performance of water investment 

consistent with performance of ethical or socially responsible investments. For example, 

Applying Jensen’s (1968) alpha model, Alvarez and Javier Rodriguez (2015) investigate 

the performance and diversification value of water-related funds for the period of 2007 

to 2012. The authors’ results confirm that water-related funds are positively correlated 

with the US, and these funds also offer diversification benefits to investors with 

internationally dense portfolios. Rompotis’ (2016) study examines the returns of the 

four water ETFs (PowerShares Water Resources Portfolio, Guggenheim S&P Global 

Water Index; ETF Power Shares Global Water and First Trust ISE Water Index Fund) 

vis-à-vis the performance of various benchmarks using the Capital Asset Pricing Model. 
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This examination confirms that the performance of water ETFs is normal overall, and 

can be considered satisfactory by a socially responsible investor who seeks competitive 

rather than above average returns. 

 

Perhaps the study by Geman and Kanyinda (2007) is the best attempt in the water 

investment research field. They measure the performance and volatility of the World 

Water Index (WOWAX) between December 2003 and June 2006, and find that the 

index increased by more than 80% during this period. Meanwhile, the volatility is 

remarkably low (consistently less than 12% for more than the half year from December 

2005 to August 2006). Additionally, they compare the WOWAX’s performance in 

relation to the three major commodity investments (i.e., Dow Jones-AIG total return 

index, Dow Jones-AIG Energy Sub-index and Dow Jones-AIG Petroleum Sub-index). 

Their results indicate that the WOWAX outperforms the Dow Jones-AIG total return 

index, which since the year 2000 has itself been a particularly successful investment. 

They also suggest that the WOWAX, and hence the water sector, is a good investment 

choice. However, their study only examines the WOWAX’s performance for two and a 

half years. Further, research on fundamental analysis and risk and return of the twenty 

water companies that make up the WOWAX does not exist. Recently, Roca et al. (2015) 

investigate the fundamental variables that could serve as indicators of profitability of 

investment in the water company stocks of the WOWAX. They examine the 

relationship between eleven company variables and abnormal returns with regards to the 

twenty companies that comprise the WOWAX. The results of the analysis find that nine 

of the fundamental variables are significant, which can therefore serve as signals of 

profitability for investment in the water industry.  
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From the above literature review, it is very clear that investment in water is now an 

important issue around the world. However, capital in the water market is mostly pooled 

in developed countries (e.g., the US, the UK). Most of the studies undertaken to date 

have only analyzed developed countries. Recently, water researchers have placed 

emphasis on the performance of water indices and water ETFs, while some studies have 

also focused on the benefits of portfolio diversification of water indices.  Water 

researchers have been investigating the risks and returns relationships of the water 

industry. Further, some studies examine the abnormal returns of water companies. The 

UK’s water industry has generated more research work because the UK is the world’s 

pioneer of water utility privatization. A summary of the findings of recent studies of the 

performance of the water industry is given in Table A8.  

 

3.6 Chapter summary and conclusion  

 

This chapter has presented a review of the literature and the theoretical framework on 

ownership, capital structure and performance, volatility and stock returns, financial 

integration, water investment and the models used in analysis. As previously stated, this 

major study investigates the performance of the global water industry. Following recent 

studies into ownership and capital structure, volatility and stock returns, financial 

integration and water investment, this thesis has reviewed the literature on the effect of 

ownership and capital structure on performance, volatility and stock returns, financial 

integration and water investment. This chapter has also reviewed the agency theory 

(Jensen and Meckling, 1976) of the ownership structure, trade-off theory (Kraus and 

Litzenberger 1973; Myers 1984), pecking order theory (Myers and Majluf, 1984) and 

market timing theory (Wurgler, 2002) of capital structure for the first study. These 
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theories can provide a better understanding of the adjustment behavior of ownership and 

capital structure decisions. The index number theory (Diewert, 1987; Fishers, 1922; 

Paasche, 1874; Laspeyres, 1871) and the theoretical concept of financial market 

integration (Shepherd, 1994; Baele et al., 2004; Stavárek et al., 2011) and co-integration 

and long-run equilibrium (Granger 1986; Engle and Granger 1987; Blake and Formby, 

1997) models are used for the third study.  
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Chapter 4 

Research Aims, Objectives, Questions and Hypothesis Testing 

 

4.1 Introduction 

 

The main aim of this thesis is to investigate the performance of water-related 

investments in terms of their ownership and capital structure, risk and returns, 

interdependence, financial integration and co-integration contexts.  

 

Water investors are conscious of the fact that international water stocks have different 

characteristics, so that by diversifying among different water indices or water markets, 

the investment performance of the water stocks can be improved. The specific 

accounting and financial variables being considered include the profitability of the 

water companies, the relationships between the ownership and capital structure of water 

stocks, and the performance of water companies around the world. These water indices, 

water markets and water funds reflect the risks and returns of the entire water industry 

market, and are likely to provide international diversification of investors’ financial 

capital. 

 

Recently, water investment has gained wider acceptance in the finance literature, for 

example, water is now considered to be an investment instrument (Jin et al., 2014). 

Water is also considered to be one of the possible “alternative assets” (Gilroy et al., 

2013; Jin et al., 2015). The institutional background and literature review showed the 

rationale for employing water indices, water funds, and water companies as instruments 

representing the whole of the global water market. A number of global institutional 

investors have started to invest their money in the water industry through water indices, 
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water funds and water exchange traded funds (ETFs) to take up the water crisis 

challenge (Roca and Tularam, 2012; Roca et al., 2015; Tularam and Reza, 2016). 

However, the relationship between ownership (foreign ownership and institutional 

ownership) and capital structure (leverage and short-term debt to asset) and the 

profitability of the water companies has not yet been fully investigated.  

 

As the water market is characterized by stable growth rates and high dividend ratios, 

global investors generally believe that water assets can provide them with desirable risk-

return trade-offs (Jin et al., 2015). It is not surprising then that current private water 

investment is a driving force in the industry, but much empirical evidence is needed to 

support this (Jin et al., 2015). There is much work to be done in order to fully 

comprehend the nature of interactions among the variables in the global water industry. 

For investors keen to invest in the global water industry, knowledge about financial 

integration among global water indices is both important and beneficial. Broader 

knowledge brings more opportunities for risk sharing and risk diversification, including 

better allocation of capital among investment opportunities and potential for higher 

growth (Baele et al., 2004; Stavárek et al., 2011). The extent of correlation between the 

performance of water indices and water markets also needs further examination to 

determine whether investors can benefit from investing in both indices and water 

markets in short-run and long-run cases. 

 

This chapter presents all subsequent steps to empirically answer the research questions 

and aims, and generates a set of specific objectives, questions and propositions, 

including relevant statistical hypothesis tests. In response to the main gaps in the 
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literature and the theoretical framework, the author has developed the following 

research objectives, questions and hypotheses that need to be tested. These are presented  

in Table 4.1.
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Table 4.1. Summary of the research objectives, questions, hypothesis and methodology for a study of water investment 

performance 

Research  Objectives Sub-Research 

Objectives  

Research Questions Research Hypothesis Methodology 

Study One seeks to 

investigate how 

ownership and capital 

structure are related to 

the performance of 

water companies. This 

study examines how the 

water company stocks 

are related to the 

profitability of water 

investment within water 

indices. 

 

 

 

 

 

 

 

 

 

 

 

 

The sub-objectives of 

the first study are to: 

 

(i) assess the 

relationship between 

ownership, capital 

structure and water 

companies’ 

performance.  

 

(ii) examine the impact 

of the global financial 

crisis (GFC) on the 

relation between 

ownership and capital 

structure in water 

companies and their 

performance. 

 

(iii) investigate the 

effect of the pre-GFC 

and post-GFC periods 

on the relation between 

ownership and capital 

1) Do ownership and 

capital structure affect 

the performance of 

water indices and their 

water companies’ 

stocks? Does this 

performance vary in 

different time periods? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first hypothesis of 

the first study is: 

                       

H0: There is no 

relationship between 

foreign ownership and 

water companies’ 

performance in 

different periods (full, 

pre-GFC, GFC and 

post-GFC). 

 

H1: There is a positive 

or negative significant 

relationship between 

foreign ownership and 

water companies’ 

performance, and this 

relationship varies 

during different periods 

(full, pre-GFC, GFC 

and post-GFC). 

 

The second hypothesis 

Multivariate and 

unbalanced panel 

regression models. 
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structure in water 

companies and their 

performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of the first study is: 

 

H0: There is no 

relationship between 

institutional ownership 

and water companies’ 

performance, and the 

performance varies across 

different periods (full, 

pre-GFC, GFC and post-

GFC). 

 

H1: There is a positive or 

negative relationship 

between institutional 

ownership and water 

companies’ performance, 

and the performance 

varies across different 

periods (full, pre-GFC, 

GFC and post  

GFC). 

 

The third hypothesis of 

the first study is:  

 

0H : There is no 

relationship between 

leverage and water 

companies’ 

performance, and the 

performance varies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



103 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

across different periods 

(full, pre-GFC, GFC 

and post-GFC).     

 

1H : There is a positive 

or negative relationship 

between leverage and 

water companies’     

performance, and the 

performance varies 

across different periods 

(full, pre-GFC, GFC 

and post-GFC). 

  

The fourth hypothesis 

of  the first study is: 

  

H0: There is no 

relationship between 

short-term debt to asset 

and water companies’ 

performance, and the 

performance varies 

across different periods 

(full, pre-GFC, GFC 

and post-GFC). 

 

H1: There is a positive 

or negative relationship 

between short-term debt 

to asset and water 

companies’ 
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The second objective 

relates to univariate 

analysis on water 

indices, water markets 

water funds to 

understand how the 

global water industry 

incorporates water 

indices and water funds 

into investment decision 

making. More 

specifically, this study 

involves the 

examination of the 

dynamic relationships 

among water indices, 

water funds and water 

markets. 

 

 

 

 

 

 

The sub-objectives of 

the second study are to: 

 

(i) develop univariate 

models of water indices, 

water funds and water 

markets. 

 

(ii) predict prices using 

the model based on 

returns and volatility; 

water indices, water 

funds and water 

markets. 

 

(iii) examine the 

correlations among 

water indices, water 

funds and water markets 

and study possible 

diversification in the 

industry.  

 

 

 

 

 

 

(2) To what extent can 

we find out the returns 

of investing in different 

financial instruments 

(water indices, water 

markets and water 

funds) associated with 

water? Is it profitable to 

invest in water and how 

risky is it? 

 

performance, and the 

performance varies 

across different periods 

(full, pre-GFC, GFC 

and post-GFC). 

 

The first hypothesis of 

Study Two is: 

 

H0: There is no trend 

among water indices, 

water funds and water 

markets in the context 

of the global water 

industry, which varies 

across different periods 

(full, pre-GFC, GFC 

and post-GFC). 

 

H1: There are trends 

exists among water 

indices, water funds and 

water markets in the 

context of the global 

water industry which 

varies across different 

periods (full, pre-GFC, 

GFC and post-GFC). 

 

The second hypothesis 

of Study Two is as 

follows:  

 

 

 

 

 

 

ARMA, a combination 

of ARIMA-GARCH, 

EGARCH time series 

models.  
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H0: Stock returns are 

not affected by 

volatility in the water 

indices, water funds and 

water markets.  

 

H1: Stock returns are 

affected by volatility in 

the water indices, water 

funds and water 

markets.  

     

The third objective is to 

conduct a multivariate 

time series analysis of 

water indices and water 

markets, investigating 

the extent and structure 

of equity price 

interdependence among 

water indices around the 

world. 

 

The sub-objectives of 

this study are to: 

 

(i) develop models of 

the extent and structure 

of equity price 

interdependence among 

four water indices in the 

global water industry 

using a VAR framework 

based on full, pre, GFC 

and post-GFC time 

periods. 

 

(ii) examine the nature 

of dependencies among 

water indices during 

three main periods over 

time: pre-GFC, GFC, 

3) Are water indices 

globally independent 

and integrated? 

 

The first hypothesis of 

Study Three is: 

 

0H : There are negative 

linkages among four 

water indices in 

different periods (full, 

pre-GFC, GFC and 

post-GFC). 

 

 1H : There are positive 

linkages among four 

water indices in 

different periods (full, 

pre-GFC, GFC and 

post-GFC). 

 

The second hypothesis 

Vector auto-regression 

(VAR) framework. 

Study Three examines 

Granger causalities, 

forecast error variance 

decomposition (FEVD) 

and impulse responses. 
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and post-GFC periods. of the third study is: 

0H : Granger causality 

does not have an effect 

among each of the water 

indices in different 

periods (full, pre-GFC, 

GFC and post-GFC). 

 

1H : There are Granger 

causality effects among 

each of the water 

indices in different 

periods (full, pre-GFC, 

GFC and post-GFC). 

 

The fourth objective is 

to conduct a multivariate 

time series analysis of 

water indices and water 

markets, investigating 

co-integration between 

water indices and water 

markets around the 

world. 

The sub-objectives of 

this study are to: 

 

(i) develop models of 

dynamic linkages 

between four water 

indices and four water 

markets in the global 

water industry using a 

VECM framework 

based on pre-GFC, 

GFC, and post-GFC 

periods.  

 

 (ii) examine the nature 

of interactions between 

Are water indices co-

integrated with the 

world water markets? 

The first hypothesis of 

the third study is: 

 

0H : There are negative 

linkages among four 

water indices in 

different periods (full, 

pre-GFC, GFC and 

post-GFC). 

 

1H : There are positive 

linkages among four 

water indices in 

different periods (full, 

pre-GFC, GFC and 

post-GFC). 

Vector error correction 

(VECM) model 

(Johansen 1988; 

Johansen and Juselius 

1990) and 

Autoregressive 

Distributed Lag 

(ARDL) approach. 
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water indices and water 

markets during three 

main periods over time: 

pre-GFC, GFC, and 

post-GFC periods. 

 

 

 

The second hypothesis 

of Study Four is as 

follows: 

0H : There is no two-

way causation between 

water indices and water 

markets in different 

periods (full, pre-GFC, 

GFC and post-GFC). 

 

 1H : There is a two-way 

causation between water 

indices and water 

markets in different 

periods (full, pre-GFC, 

GFC and post-GFC). 

 

             Note: A discussion of research methods is provided in Chapter 5. 
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This thesis extends the literature review by examining the questions described in Table 

4.1. The four water indices (WOWAX, S-Net, S&P and MSCI ACWI), and their 

components, four water market indices (Asia, Europe, Latin America and the US) and 

two water funds (Pictet and  KBC Eco)  are designed to reflect major movements of the 

global water industry, and are used to represent the global water market for the purposes 

of this thesis. Study One attempts to answer the question of whether ownership and 

capital structure matter for water companies’ performance in different periods (full, pre-

GFC, GFC and post-GFC). Study Two attempts to reveal the volatility of the global 

water industry in different periods. Study Three investigates the extent and manner of 

equity price interdependence among four water indices in different periods. Study Four 

investigates the question of co-integration between water indices and water markets 

around the world in different periods (full, pre-GFC, GFC and post-GFC). Specifically, 

this thesis seeks to help fill the major gaps identified in the previous chapter (the 

literature review and theoretical framework) by studying the major research questions, 

as summarized in the following four research studies.  

 

4.2 Study One 

 

One of the aims of this study is to empirically examine the relationship between 

ownership, capital structure and water companies’ performance. Specifically, this study 

investigates the reciprocal relationship between ownership and capital structure and the 

global water industry, and the consequent effect of this relationship on performance. 

Study One asks, “do ownership and capital structure affect the performance of water 

indices and do their water companies’ stocks vary in different time periods?” 
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During the last three decades, important issues concerning how ownership and capital 

structure affect corporate value have been studied (Demsetz and Villalonga, 2001; 

Denis and McConnell, 2003; Ruan et al., 2009). There appear to be strong links 

between ownership and capital structures and water companies’ performance, and 

between water businesses and water investors. It is not surprising then that investment 

in the water sector, such as in water companies, has been affected by ownership and 

capital structure. Ownership structure (foreign ownership, institutional ownership and 

blockholders’ ownership, managerial ownership and equity ownership) play important 

disciplining and monitoring roles (Erkens et al., 2012; Gillan and Starks, 2007; 

McConnell and Servaes, 1995).  

 

Specifically, ownership structure involving factors such as foreign ownership, and 

institutional ownership, appears to be linked with the performance of water firms (Jin et 

al., 2014; Roca et al., 2015; Romano and Guerrini, 2014). However, it is difficult to 

evaluate the types of investments and growth opportunities that are likely to be 

associated with insider and outsider shareholders.  According to Ebaid (2009), capital 

structure could be explained by two dominant theories: the trade-off theory and the 

pecking order theory. For this study, the trade-off theory is assumed, and based on this a 

number of financial variables are considered. The variables selected are those that 

normally influence a firm’s financial decision making, and it is assumed that these 

decisions are made by managers using the trade-off theory.  

 

To answer the main research question, this study empirically investigates the impact of 

ownership and capital structure on water companies’ performance. On the basis of 

theoretical analyzes and available empirical evidence (Ruan et al., 2009), this study 
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seeks to test the following hypotheses regarding the structure of water companies in an 

attempt to answer the first research question. 

 

The first hypothesis of Study One is as follows: 

 

H0: There is no relationship between foreign ownership and water companies’ 

performance during the different periods (full, pre-GFC, GFC and post-GFC). 

               

               H1: There is a positive or negative relationship between foreign ownership and 

water companies’ performance during the different periods (full, pre-GFC, 

GFC and post-GFC). 

 

Foreign ownership has a significant positive and negative impact on firm performance. 

However, Douma et al. (2006) examine the relationship between foreign ownership and 

firm performance using Indian firm level data and they find that foreign ownership 

positively impacts firm performance. Similarly, Huang and Shiu (2009) state that 

foreign ownership is positively linked with Taiwanese firms. Ongore (2011) and 

Musallam (2015) find that foreign ownership positively affects corporate performance. 

During the GFC period, ownership structure systems had an unfavorable impact on the 

performance of firms, and to this day they still cause problems for firms, leading some 

to fall into financial crises. Therefore, it can be reasonably assumed that the impact of 

foreign ownership on water companies’ performance could vary in different periods 

(full, pre-GFC, GFC and post-GFC).   

 

The second hypothesis of Study One is as follows: 
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                 0H : There is no relationship between institutional ownership and water 

companies’ performance in different periods (full, pre-GFC, GFC and post-

GFC). 

 

              1H : There is a positive or negative relationship between institutional ownership 

and water companies’ performance in different periods (full, pre-GFC, GFC 

and post-GFC). 

 

Cornett et al. (2007) find a significantly positive relation between the percentage of 

institutional ownership and operating cash flow returns. This finding is similar to the 

results of Elyasiani and Jia (2010). Similarly, Lin et al. (2017) find that institutional 

ownership has a significantly positive effect on firm performance and is robust to 

accounting for deregulation, contemporaneous market conditions, and different stock 

market boards. Hence, it can be reasonably assumed that institutional ownership is 

associated with water companies’ performance positively, varying in different periods 

(full, pre-GFC, GFC and post-GFC).   

 

The third hypothesis of Study One is as follows: 

 

         H0: There is no relationship between leverage and water companies’ 

performance in different periods (full, pre-GFC, GFC and post-GFC).   

  

          H1: There is a positive or negative relationship between leverage and water 

companies’ performance in different periods (full, pre-GFC, GFC and post-

GFC). 
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Leverage has a significantly positive impact on firm performance, which relates to 

Jensen’s (1986) agency cost hypothesis. He finds that firms with higher leverage are 

linked with improved operational efficiency. His finding is in line with the results of 

Himmelberg et al. (1999). Even after controlling for the relevant sources of 

endogeneity, the author could still expect a positive relationship between leverage and 

water companies’ performance. It can be reasonably assumed that there is a positive 

relationship between leverage and water companies’ performance in different periods 

(full, pre-GFC, GFC and post-GFC).   

 

The fourth hypothesis of Study One is as follows: 

 

         H0: There is no relationship between short-term debt to asset and water 

companies’ performance in different periods (full, pre-GFC, GFC and post-

GFC). 

 

         H1: There is a positive or negative relationship between short-term debt to 

asset and water companies’ performance in different periods (full, pre-GFC, 

GFC and post-GFC). 

 

Sometimes, empirical evidence giving mixed and contradictory results is found among 

measured variables of capital structure and those of a firm’s financial performance with 

representative meaning (e.g., Ebaid, 2009; de Jong et al., 2008; Nguyen and 

Ramachandran, 2006; Abor, 2005). Abor (2005) finds a significantly positive 

relationship between short-term debt to asset (STDA) and profitability. This finding is 

similar to the results of Ebaid (2009). Based on the literature review, it can be 
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reasonably assumed that STDA has a positive relationship with water companies’ 

performance in different periods (full, pre-GFC, GFC and post-GFC).   

 

4.3 Study Two 

 

Another aim of this study is to conduct a univariate analysis of water indices, water 

funds and water markets to understand how the global water industry incorporates water 

indices, water markets and water funds into investment decision making (as discussed in 

Sections 1.3 and 1.3.3.1). The purpose of this study is to predict the relationships among 

water indices, water funds and water markets using return and volatility information. 

The second study asks, to what extent can we reveal the returns of investing in different 

financial instruments (water indices, water markets and water funds) and how are they 

associated with water? Is it profitable to invest in water and how risky is it? 

 

There are a number of water indices, water markets and water funds that have had 

significant impacts on the global water industry (Jin et al., 2015), but the investments in 

water indices, water markets and water funds appear to be in an underinvestment phase 

in the water industry today. For this reason, longer term backing in expanding water 

infrastructure is insignificant at present. However, what is clear is that the water sector 

is expanding rapidly and the market appears to be economically resilient. Consequently, 

investments in this industry should lead to better financial returns in the future (Jin et 

al., 2014), but this needs further study because of the paucity of research in this field to 

date. 
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Due to prior lack of attention, this study examines the relationships between water 

indices, water markets and water funds and their dynamics using time-series methods. 

Although the water asset class might have weak relationships (low risk and low 

correlation) with other assets (Jin et al., 2014; Berlant, 2007), it is nevertheless 

important to examine whether a cyclical nature exists in the data sets and/or whether a 

simple trend relationship exists between water indices, water markets and water funds 

that may be exploited by water investors and companies. Hence, to answer this, this 

study empirically investigates the relationships among water indices, water funds and 

water markets using return and volatility information. In this study, there are two main 

hypotheses that are to be tested. The null and alternative hypotheses in the first case is: 

 

0H : There is no trend among water indices, water markets and water funds in 

the context of the global water industry in different periods (full, pre-GFC, 

GFC and post-GFC). 

 

1H : There are trends among water indices, water markets and water funds in 

the context of the global water industry in different periods (full, pre-GFC, 

GFC and post-GFC). 

   

Investment decisions relating to the water indices and water funds are dependent on the 

“good” or “bad” performance of water companies in various environmental, social and 

corporate governance sectors, as well as being based on ethical criteria (Nikolaou et al., 

2014). Although the water industry is anticompetitive in nature, water firms have a 

tendency to remain somewhat stable and the global water market is not likely to be 

easily affected by the volatility of economic conditions. Nevertheless, water investment 
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risks have gained much attention recently (Nikolaou et al., 2014). To date, the risk or 

volatility in the global water industry has not been critically investigated, even when 

volatility in the industry is one of the economically significant determinants of stock 

prices. An investigation into volatility and stock returns can highlight the ways in which 

the financial structure of a firm can have a significant impact on the risk and returns of 

water firms’ stocks. The understanding of risk and return is important not only in the 

assessment of the price of a stock, but also for the evaluation of different managerial 

actions such as managerial investment and financing decisions. Therefore, the second 

hypothesis is formulated as follows:  

 

0H : Stock returns are not affected by volatility in the water indices, water 

funds and water markets in different periods (full, pre-GFC, GFC and post-

GFC). 

 

  1H : Stock returns are affected by volatility in the water indices, water funds    

and water markets in different periods (full, pre-GFC, GFC and post-GFC). 

 

4.4  Study Three 

 

This study pertains to interaction among indices related to the water industry; namely 

the World Water Index (WOWAX), the S-Network Global Water Index (S-Net), the 

S&P Global Water Index (S&P) and the MSCI ACWI Water Utilities Index (MSCI 

ACWI). This study aims to explore the extent of interdependence or integration among 

water indices around the world. One of the objectives is to develop models of dynamic 

linkages among four water indices in the global water industry using a VAR framework. 
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The objective is to examine the nature of dependencies during three main periods over 

time: namely the pre-GFC, GFC, and post-GFC periods. In so doing, this study will 

provide evidence of performance of each index and the nature of Granger causalities 

within the water industry over periods of growth in relation to shocks. This information 

will be useful for investors and institutions in making investment decisions; in other 

words, when to engage or not engage in water investment activities. So, this study asks, 

“are water indices globally independent and integrated?” 

 

To answer this research question, analysis of Granger causality, FEVD and impulse 

response are conducted. There is a need to examine and identify indices that are more 

influential, i.e., how one index may affect another index as well as the nature and speed 

of interaction among indices. These four water indices are designed to reflect major 

movements of the water market. This analysis of indices represents the water industry 

for the purpose of this paper. Informed by the literature and theoretical framework, this 

study also tests two separate hypotheses.   

 

The first hypothesis in Study Three is as follows: 

 

H0: There are no linkages among four water indices in different periods (full, 

pre-GFC, GFC and post-GFC). 

 

 H1: There are a positive linkages among four water indices in different periods 

(full, pre-GFC, GFC and post-GFC). 

The second hypothesis in Study Three is as follows: 
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   H0: There are no significant Granger causalities among each of the water indices 

in different periods (full, pre-GFC, GFC and post-GFC). 

 

H1:  There are some significant Granger causality effects among each of the 

water indices in different periods (full, pre-GFC, GFC and post-GFC). 

         

4.5 Study Four 

 

This main aim of the fourth study is to investigate the long-run relationship between 

water indices and water markets, which it appears that no study has yet analyzed or 

examined, based on a multivariate structure, for example, the existence of long-run 

relationships concerning water indices and water markets using the VECM and ARDL 

approaches. Hence, to answer the research question, this study empirically examines the 

nature of interactions between water indices and water markets in terms of short-term 

and long-term relations. This study asks, “are water indices co-integrated with the world 

water markets?”  

 

As the size of the water market and water investment has increased gradually 

throughout the world, water investors now have the opportunity to diversify into 

international water markets (and water indices) to achieve additional benefits from their 

investments. The size of the benefits from international diversification depends crucially 

on the correlations between the water indices and the water markets. It is important to 

study the extent of stock price linkages or integration among water indices and world 

water markets, because such links tend to determine the profitability of investment 

across the global water industry. The review of the literature shows that generally, 
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dynamic studies of the price linkages between water indices and water markets are 

lacking, and that water investors are not well informed about the benefits of co-

integration and the international diversification. To answer this research question, this 

study empirically investigates the co-integration between four water indices and four 

water markets and tests the following two hypotheses. 

 

The first hypothesis in Study Three is as follows: 

 

         0H : There are no co-integrating relationships between water indices and water 

markets in different periods (full, pre-GFC, GFC and post-GFC). 

 

 1H : There is at least one co-integrating relationship between water indices and water 

markets in different periods (full, pre-GFC, GFC and post-GFC). 

 

The second hypothesis in Study Four is as follows: 

 

0H : There is no Granger causation between water indices and water markets in 

different periods (full, pre-GFC, GFC and post-GFC). 

  

1H  : There is a two-way causation between water indices and water markets in 

different periods (full, pre-GFC, GFC and post-GFC). 
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4.6 Chapter summary and conclusion  

 

This chapter includes research aims and objectives which assess the investment 

performance of the water industry. The aim of this chapter is to discuss and clarify the 

questions that need to be answered. It has also included the hypotheses pertaining to 

each objective. The research hypothesises have been formulated based on a literature 

review and the theoretical framework in agency theory, trade-off theory, pecking order 

theory and market timing theory, indexation number theory, financial integration and 

co-integration theory. In this chapter, Section 4.2 presents the research design to meet 

the first specific objective of Study One and the four related hypothesises that address 

the main variables for ownership and capital structure regarding the relationship 

between ownership, capital structure and water companies performance. Section 4.3 

includes the specific objective and hypotheses of Study Two regarding relationships 

among four water indices; four water markets and two water funds in investment 

decision making (using return and volatility information). Thus, based on the objectives, 

two test hypothesises are developed for Study Three and Study Four in Sections 4.4 and 

4.5 respectively. Section 4.6 presents the objectives of Study Four and develops 

hypotheses based on the literature review and theoretical framework pertaining to the 

research questions. 
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Chapter 5 

Data and Methodology 

5.1 Introduction 

 

The overall objective of this thesis is to investigate the investment performance of the 

global water industry. The first study examines the relationships between ownership and 

capital structure in water companies and their performance. The second study uses 

univariate time series analysis of water indices, water markets and water funds, in order 

to understand how the global water industry incorporates water indices, water markets 

and water funds into investment decisions making. The third study uses a multivariate 

analysis of water indices to investigate the extent and structure of equity price 

interdependence or linkages between water indices. The fourth study examines the 

possibility of co-integration between water indices and water markets, also using 

multivariate analysis. This chapter has drawn on more general methodology and 

statistical techniques, rather than those suitable for testing the empirical models 

developed in Chapter Four.  

 

This chapter also explains the nature of the multivariate regression and panel regression 

analysis which is conducted in the first study. This chapter also conducts univariate 

analysis, including autoregressive moving average (ARMA), a combination of 

autoregressive moving average (ARMA)-generalized autoregressive conditional 

heteroscedasticity (GARCH) and exponential generalized autoregressive conditional 

heteroscedasticity (EGARCH) models. These are used in the second study. Used in the 

fourth study are time-series multivariate analysis, including vector auto regression 

(VAR) analysis which includes a Granger causality test, impulse responses, forecast 

error variance decomposition (FEVD), unit root tests and a vector error correction 



121 

 

model (VECM), as well as an autoregressive distributed lag (ARDL)-based bounds 

approach which is needed when studying the nature of the dynamic relationships 

between the water indices and the water markets.  

 

5.2 Data and method for Study One 

 

 

5.2.1 Data and variables measures 

 

Study One uses the data generated by 72 water companies, including the four most 

important and recognized water indices; namely, the World Water Index (WOWAX), 

the S-Network Global Water Index, the S&P Global Water Index and the MSCI ACWI 

Water Utilities Index. The selected water indices are composed of publicly traded 

companies that have been active in the global water industry, with a large proportion of 

their revenues generated through water businesses. The companies are listed in different 

stock markets throughout the world, for example, the New York Stock Exchange, the 

Toronto Stock Exchange, the London Stock Exchange, Euro Next Paris, the Helsinki 

Stock Exchange, the Shanghai Stock Exchange, the Tokyo Stock Exchange, the Korea 

Stock Exchange, the Philippine Stock Exchange, and the Stock Exchange of Singapore, 

for the period 2004-2014.  

 

The above companies have their primary source of revenue in one or more water 

investment clusters, for example, water utilities, water infrastructure and water 

treatment (Societe Generale, 2006). Therefore, by including the 72 water companies, the 

sample serves as an appropriate benchmark of the global water market and is a “good” 

representation of it. Data pertaining to each of the variables are collected for the 72 
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companies from Bloomberg, OSIRIS, the Thomson DataStream database, and from 

individual water company’s websites, based on annual financial statements. 

 

This study tests four variables for water companies’ performance: the return on assets, 

return on equity, Tobin’s Q ratio and stock return. Two ownership structure variables 

are used, namely, foreign ownership and institutional ownership; and two capital 

structure variables, namely, leverage and short-term debt to total assets. This study also 

includes five control variables, namely, tangibility, asset growth, risk, age and free cash 

flow, in order to examine the effect of 72 water companies.  

 

The companies selected in this study may be ranked at the “top” level within their 

sectors based on their free-floating market capitalization. As noted earlier, the water 

indices are considered to be an appropriate representation of the water sector. This is 

because the included companies have their primary source of revenue from at least one 

of the three clusters: water utilities, water infrastructure and water treatment. Moreover, 

these indices related to the sample used in this study do aggregate the effect of 

ownership and capital structure on performance of the 72 major listed water company 

stocks. In this manner, the sample includes important variables and investment 

instruments that investors can apply to take a long or short position in the water sector 

(Societe Generale, 2006). 

 

5.2.1.1 Sample period 

 

The period covered by this study is from January 1, 2004 to December 31, 2014. This 

period is selected because the WOWAX data can only be traced from January 1, 2004. 
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Between 2004 and 2011, the world’s economy underwent great fluctuations, with rises 

and falls of bull and bear markets. The remarkable volatility experienced during these 

years makes this period a more valuable and interesting one for the purpose of this 

research. 

 

5.2.1.2 Global financial crisis (GFC) 

 

The world experienced a major slowing down of the economy and a financial crisis 

beginning in the year 2008. The global financial crisis (GFC) was so named because of 

the contagious financial instability that engulfed all the major economies of the world 

for years soon after 2007 (Bancel and Mittoo, 2011; Taylor, 2009). The crisis was 

triggered at the end of September 2008, largely by the collapse of many firms and banks 

(Brunnermeier, 2009; Taylor, 2009). Financial scandals not only arose in American 

enterprises but in also other countries’ enterprises (Taylor, 2009). The bankruptcies of 

financial firms were of concern since their collapses had a considerable impact on the 

world’s economy.  

 

Highly concentrated ownership structures and poor systemic corporate governance have 

been blamed for the causes leading to the world’s financial crisis (Erkens et al., 2012). 

Adverse ownership structure systems have had an unfavorable impact on the 

performance of firms during the crisis, and to this day still cause problems for firms, 

leading some to fall into financial crises. The turmoil caused by the global financial 

crisis within the financial industry has sometimes been described as the most serious 

financial crisis since the Great Depression (Kirkpatrick, 2009). According to the 

literature review, it seems that the financial industry has paid little attention to an 
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important policy issue; namely, the role that financial regulation plays in influencing the 

development of ownership structure and corporate governance principles (Dyck and 

Zingales, 2004). Consequently, research into the ownership structure of private water 

companies is both timely and urgent. 

 

For this reason, the overall sample period of 72 major listed water companies is divided 

into three sub-periods, including the GFC, between January 1, 2008 and December 31, 

2010 (Berger et al., 2012; Roca et al. 2010; Hatemi-J and Roca, 2011). Accordingly, the 

first sub-period (period 1) will range from January 1, 2004 to December 31, 2007, and 

this includes a bull market; the second sub-period (period 2) will range from January 1, 

2008 to December 31, 2010, which includes the GFC; and the third sub-period (period 

3) from January 1 2011 to December 31, 2014 represents the post-GFC performance.  

 

 

5.2.1.3 Variable definitions 

 

This section describes the measures of the dependent variable (water companies’ 

performance) and independent variables (ownership, capital structure and other control 

variables) that are used to examine the relationships between foreign and institutional 

ownership and water companies’ performance. This thesis uses return on assets (ROA) 

and return on equity (ROE), Tobin’s Q ratio (Tobin’s Q) and stock returns (RET) to 

measure the profitability of global water companies. ROA and ROE are used to capture 

the water companies’ accounting performance. Tobin’s Q and RET are employed for 

presenting the water companies’ market performance. The first profitability measure, 

ROA, is defined as the water companies’ net income divided by total assets (Ebaid, 

2009; Firth et al., 2016). The second profitability measure this study uses is ROE, 
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obtained by dividing net income by average shareholders’ equity (Ebaid, 2009; 

ElGhouty, 2015). The third profitable measure is Tobin’s Q, measured from the market 

value of equity plus the book value of liabilities divided by the book value of total 

assets (Hutchinson, et al., 2015; Pathan and Faff, 2013). RET is the fourth profitable 

measure which is measured from the mean of the daily stock returns in a year (Pathan 

and Faff, 2013; Chaganti and Damanpour, 1991). 

 

Ownership structure relates to shares which are held by the shareholders of a company 

(Phung et al., 2016). Ownership structure is mostly measured by the percentage of 

shares held by investors, and it is employed to represent the percentage of shares held 

by investors in a firm (Phung and Le, 2013; Phung and Mishra, 2015). This thesis uses 

two measures of ownership structure: foreign ownership (FOROWN) and institutional 

ownership (INSTOWN). In terms of the independent variables, FOROWN is measured 

as foreign shareholdings, as a percentage of the total outstanding shares (Arouri et al.; 

2014; Choi and Hasan, 2005). Foreign shareholders are not citizens, and the 

headquarters of the company they hold share in is located overseas. Institutional 

ownership (INSTOWN) is denoted as the percentage of the total number of outstanding 

shares held by banks, insurance companies, pension funds, broker dealers, other 

investment firms, and hedge funds (Cornett et al., 2007; Ferreira and Matos, 2008; 

Hutchinson, et al., 2015; Firth et all., 2016). Institutional investors have the expertise to 

analyze financial information (Lim et al., 2014). 

  

This thesis also measures capital structure using two variables: leverage (LEV) and 

short-term debt to asset (STDA). LEV is defined as the ratio of total debt to total assets 

(Bharath et al., 2013; Lim et al. 2014; Farooq, 2015; Firth et al., 2016). STDA is 
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measured by the ratio of short-term debt to total assets (Ebaid, 2009; Proença, 2014). 

Short-term debt is related to current liabilities, which are usually included bank 

overdrafts, lines of credit and liabilities to suppliers (Proença, 2014). 

 

The control variables in this thesis are motivated by previous studies (e.g., Cornett et al., 

2007; Bharath et al., 2013; Farooq, 2015). Four other variables are included to control 

for asset tangibility (TANG), asset growth (GROWTH), risk (RISK), age (AGE) and 

free cash flow (FCF). TANG is defined as the fixed tangible assets divided by the total 

assets (Firth et al., 2016; Li et al., 2009). GROWTH is defined as the growth in total 

assets over the past year (Farooq, 2015). It is expected that firms with high growth 

opportunities need more financing. (Farooq, 2015). RISK is calculated as the standard 

deviation of the stock returns in a given year (Firth et al., 2016; Hutchinson, et al. 

2015). AGE is measured by the number of years since the date of incorporation of the 

company (Douma et al., 2006; Phung and Mishra, 2015). FCF is measured by operating 

net income before depreciation expenses, less corporate income tax, interest expenses, 

and cash dividends. FCF is defined as net cash flow from operating activities minus 

capital expenditures (Lin and Lin, 2016). 
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Table 5.1. Summary of the variables used in this study 

Variable name Notation Description 

Performance   

Return on assets ROA Net income divided by total assets 

Return on equity ROE Net income divided by average  shareholders’ 

equity 

Tobin’s Q ratio Tobin’s Q The sum of the market value of equity plus the 

book value of liabilities divided by the book value 

of total assets 

Stock Returns RET The mean of the daily stock returns in a year. The 

daily stock return is computed as the ratio of 

logarithmic stock prices  

 

Ownership structure 

  

Foreign ownership FOROWN Percentage of shares owned by foreign 

shareholders  

Institutional 

ownership 

INSTOWN Percentage of shares owned by institutional 

investors 

 

Capital structure 

  

Leverage LEV Total debt to total assets 

Short-term debt to 

total assets 

STDA Short-term liabilities divided by total assets 

 

Control variables 

  

Tangibility TANG Fixed tangible assets divided by the total assets 

Asset growth GROWRH Percentage growth in depreciation adjusted total 

assets from end of year t-2 to end of year t-1. 

Risk RISK Standard deviation of stock returns 

Age AGE Number of years of a firm from date of 

incorporation  

Free cash flow FCF Operating net income before depreciation 

expenses, less corporate income tax, interest 

expenses, and cash dividends 

 

 

5.2.2 Methodology for Study One 

 

In this section, the statistical models are presented. In Study One, the multivariate and 

panel regression models are used to identify the ways in which the important variables 

of ownership and capital structure are affected by the performance measure variables of 

the global water companies. 
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5.2.2.1 Multivariate regression model 

 

To investigate the relationships between ownership, capital structure and a water 

company’s performance over a period of eleven years, this study employs multivariate 

regression and panel regression models. The multivariate regression model has been 

employed to identify important ownership, capital structure and control variables that 

may have a significant causal effect on the performance of water companies in four 

water indices. The multivariate regression method is drawn from the empirical 

methodology that has been recently applied to this type of study (Binder, 1985). Using 

this powerful method, causal relationships between ownership, capital structure and a 

water company’s performance can be tested. A relationship model is: 

        

ititit4it3it2it10it ξZSTDAβLEVβINTOWNβFOROWNββEPERFORMANC γ      (5.1)                                                             

where the subscripts i  denote individual water companies ( i = 1,2,. . . ,120) and t  is the 

time period  (t = 2004, 2005,. . . ,2014) is used. The coefficients 0  and 
 
are the 

parameters to be estimated and 1 , 2 , 3  and 4   are the vector of coefficients, while 

itξ
 
denotes the disturbance or error term. The ownership structure variables comprise 

two dimensions, namely, FOROWN and INSTOWN; while capital structure comprises 

LEV and STDA. itZ  is a vector of control variables; including SIZE, TANG, 

GROWTH, RISK, AGE and FCF. 

 

5.2.2.2 Panel regression model 

 

In terms of time series and multivariate regression, to investigate the relationship  



129 

 

between ownership, capital structure and performance, this research uses a panel 

regression model, used in the studies undertaken by Nadarajah et al. (2016) and Roca et 

al. (2015). This dynamic model aims to empirically test our four main hypotheses 

regarding the relationships between ownership, capital structure and water companies’ 

performance. 

 

it

5

1j
itj4it3it2it10it ξSTDAβLEVβINTOWNβFOROWNββEPERFORMANC Zγ  



  (5.2) 

where PERFORMANCE is a dependent variable and is measured by various means. 

ROA, ROE, Tobin’s Q and RET and FOROWN, INTOWN, LEV and STDA are taken 

to be the independent variables; itZ  is a vector of control variables. The coefficients 0β  

and j  are the parameters to be estimated and so are 1 , 2 , 3  and 4  which are the 

vector of coefficients. The subscripts i  denote the individual water companies ( i = 1,2,. 

. . ,72)  and t  is the time period ( t = 2004, 2005,. . . , 2014). itξ   denotes a disturbance 

or error term. 

 

 

5.3 Data and method for Study Two 
 

5.3.1 Data sample 

 

This study utilizes the World Water Index (WOWAX), the S-Network Global Water 

Index (S-Net), the S&P Global Water Index (S&P), the MSCI ACWI Water Utilities 

Index (MSCI ACWI); and the DS Water Index for the Asia, Europe, Latin America and 

the US, and the Pictet Water Fund (Pictet) and the KBC Eco Water Fund (KBC Eco). 

The data are obtained from the Thomson Reuters DataStream database except for the 

data relating to WOWAX, which is obtained from the Societe Generale website. These 

water indices, water markets and water funds data have been selected based on the 

completeness of data starting from January 1, 2004 to October 31, 2014. There are four 
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indices, four water markets and two water funds in this dataset. The overall sample 

period is divided into three sub-periods, similarly to Study One.  Figure 5.1 shows the 

trend in water stock returns in different periods. In this case, daily data is utilized in the 

form of returns on the price indices as calculated by the following formula: 

100)/Price(PricenR 1ttt l  and the returns )(R t are in US dollars (Roca and Tularam, 

2012).   

 

Figure 5.1.  Movement of four water indices (S-Net, WOWAX, S&P and MSCI 

ACWI), four water markets (Asia, Europe, Latin America and US) and two water 

funds (Pictet and KBC Eco). 
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Data Sources: The website of Societe Generale and Thomson Reuters DataStream database. 
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5.3.2 Methods used in Study Two 

 

Morana and Sawkins’ (2000) study is the only one which has investigated the volatility 

of share prices in the water industry in particular. They use eight water and sewerage 

companies in the UK and apply AR (1)-GARCH (1, 1)) and stochastic volatility models 

to analyze their data. Models such as the autoregressive moving average (ARMA), 

combined ARMA (1,1)-GARCH (1,1) and EGARCH (1,1) models appear to have 

hardly ever been applied in water industry research, and therefore such time-series 

models, when appropriately applied, can help provide critical analysis and in-depth 

information regarding the modelling relationship in the water research area.  

 

5.3.3 Multilinear regression  

 

Two variables can be used in a simple linear regression model. The model equation can 

be written as:  

                                              tt0t ξXαΦY                                                         (5.3) 

A more detailed investigation of this type also involves the multilinear regression 

models to confirm the nature of the relationships among water indices, water markets 

and water funds. The regression model can be estimated by this statements as:     

                                         t2t21t1t ξXαXαΦY                                                (5.4) 

where tX  is the set of explanatory variables in binary format, 1α  and 2α   are the 

vectors of estimated coefficients, Φ  is the intercept and tξ  representing the error term.   
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5.3.4 Autoregressive moving average (ARMA) model 

 

A time-series univariate analysis is also conducted for an individual series for volatility 

of changes. The study examines and analyzes the dynamic relationships among water 

indices, water markets and water funds using the general ARMA (p, q) model (Saeed 

and Tularam, 2016; Tularam, 2010; Zhou et al., 2009) with the conditional mean being 

applied to all variance models. The origin of the ARMA model is the autoregressive AR 

model of order p; MA, the moving average framework of order q; and the expressions 

for the AR, MA and ARMA models are: 

                AR model:  




p

1i
ititpti2ti1tit yφξyφ...yφyφy ,               (5.5)    

              MA model:  jt

q

1j

jtptj2tj1tjt ξλξξλ...ξλξλy 



  ,               (5.6)           

                                        ARMA model:   tjt

p

1i

q

1j

jitit ξξλyφμy   
 

 
 

              (5.7) 

This equation can also be written in compact form as follows: 

                                                        
  tt ξ(L)μ)(yLφ 

                                      
(5.8) 

when all the roots of 0zγz....γzγ1(z)γ p21  , ARMA (p, q) process are stationary, 

and  invertible if the roots of the characteristic equations are .(z)  

 

5.3.5 ARMA-GARCH model 

 

The ARIMA-GARCH model is a combination of an ARMA model which is used to 

model mean behavior, and an ARCH model which is used to model the ARCH effect in 

the residual series from the ARMA model. Following Wang et al. (2005) and Tularam 

(2010), one can write the whole ARMA (p, q)-GARCH (p, q) model as follows:
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  tt ξ(L)μ)(yLφ 

                                          
(5.9) 

                                                tjt
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j

q

1j
1t

2
p
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t ξρβσαωσ  





                         (5.10) 

where (L) is lag polynomials, and t tt Z . Importantly, pipi β,...,β,α,...,α  are 

constant coefficients. A fact that should be mindful when modelling conditional 

variances is that ω , iα and jβ  are non-negative. 

 

 

5.3.6 Exponential GARCH (EGARCH) model 

 

In order to examine the asymmetric effects in time-series analysis, the exponential 

GARCH (EGARCH) model is introduced by Nelson (1991). The EGARCH model 

allows for the asymmetric effects of the good news and bad news on conditional 

variances. This study uses the EGARCH (p, q) model as an exponential function when 

p=1, q=1 which is: 
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          (5.11) 

The advantage of the EGARCH model is that the conditional variance is positive; and 

the parameters can be allowed to take negative values. The asymmetric positive and 

negative shocks )(ε 1t  on conditional variance and 1)(0,N,~
σ

ε

1
2

t

1t



  are captured in 

the parameter  . The negative coefficient of   indicates that volatility rises more than 

the positive coefficient  . The parameter   (a negative sign) ensures that bad news 

generates more volatility than good news. The coefficient of 𝛼 captures the assembling 

effects of the volatility. 
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5.4 Data and methods for Study Three 

5.4.1 Data sample 

 

This study utilizes the World Water Index, the S-Network Global Water Index, the S&P 

Global Water Index, and the MSCI ACWI Water Utilities Index obtained from the 

Thomson Reuters DataStream database. The data used for this study has already been 

described in Studies One and Two. Figure 5.2 shows the water indices movement 

during the full period and Figure 5.3 shows the water indices movement during the GFC 

period. 

 

Figure 5.2. WOWAX, S-Net, S&P and MSCI ADWA Water indices movement,  

2004-2014 
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Notes: This figure presents the four water indices (WOWAX, S-Net, S&P and MSCI ACWI) share prices 

movements during the full period. 

Data Sources: The website of Societe Generale and Thomson Reuters DataStream database. 
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Figure 5.3. WOWAX, S-Net, S&P and MSCI ADWA water indices movement during the 

GFC period 
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Notes: This figure presents the four water indices (WOWAX, S-Net, S&P and MSCI ACWI) stock returns 

movements during the GFC period. 

Data Sources: The website of Societe Generale and Thomson Reuters DataStream database. 
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5.4.2 Methods used in Study Three 

 

In this section, the vector autoregression model is fully explained using dynamic 

iterative functions, allowing us to determine Granger causality, impulse response, and 

variance decomposition aspects of the multivariate time series model.  

 

5.4.2.1 Vector autoregression (VAR) analysis 

 

VAR analysis is a form of non-structural econometric modelling introduced by Sims 

(1980) in response to difficulties associated with structural modelling. A vector 

autoregression (VAR) was called an “alternative style of econometrics” by Sims (1980). 

A vector autoregression (VAR) analysis requires the optimal lag length of each data 

series to be determined and that each data series be stationary (Roca, 2000; Roca and 

Tularam, 2012).  The VAR model has proven to be an entirely different approach to 

examining the relationships of stock markets and it is useful for describing the dynamic 

behavior of economic and financial time series data (Roca, 2000; Zivot and Wang, 

2006)). As Christ (1993, p.26) describes, “In VAR, a set of observable variables is 

chosen, a maximum lag length is chosen, and the current value of each variable is 

regressed on the lagged values of that variable and all other variables. No exogenous 

variables exist; all observable variables are treated as endogenous.”  Figure 5.4 shows 

the time series techniques and data used in the Study Three. 
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Figure 5.4. Time series techniques and data used in Study Three 
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Sims (1980) introduces the VAR model formed in a nonstructural econometric model 

framework. This study estimates a multivariate time series VAR model using four 

selected water indices; that is, within a VAR system. In a multivariate time series 

analysis, Return (x), consisting of n variables is characterized by a VAR model of an 

autoregressive order, less than or equal to p : 

                                            tkt

P

1k
j0t ξxββx  



                                                  (5.12) 

where tx  is an n×1 column vector of daily water indices returns, 0β  and jβ  
are, 

respectively, 4×1 and 4×4 matrices of coefficients, p is the lag length and tξ  is a 4×1 

column vector of serially uncorrelated error terms. The i , thj  component of jβ  
measure 

the direct effect on the th
i market of a change in the return to the thj  index in 

the k periods - in effect, the th
i  component of t is the innovation of the th

i  index, which 

cannot be predicted from past returns of other indices in the system. 

 

The multivariate data is represented by a VAR process of order p , VAR ( p ), which can 

be written as an infinite order vector MA )( model as in Equation (5.13) (Bruggemann 

et al., 2008): 

                                      tξx...ΦxΦΦx ptp1t10t                                        (5.13)                                                                            

where 0Φ  is a 1n  vector of intercept parameters, and 1Φ , p2,...,1,i   are fixed nn  

parameter matrices. 
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5.4.2.2 Granger causality test 

 

The Granger causality analysis (Granger, 1969) allows us to study which water index is  

Influencing or “Granger causing” another index; and identifies which indices are the 

frontrunners and, which are the “admirers” (Roca and Tularam, 2012). We use the 

bivariate Granger (1969, 1980) causality test to examine the interdependencies. In 

particular, the methodological structure allows Granger causality tests to be conducted 

to indicate whether there is one or “two-way Granger causality” between each pair of 

the four water indices; namely, the WOWAX, the S-Net, the S&P and the MSCI ACWI.  

 

Essentially, Granger's definition of causality is framed in terms of predictability. Vector 

autoregressive (VAR) models have been used frequently to test Granger causality 

relationships between two subsets of variables. According to Emirmahmutoglu and 

Kose (2011), in the VAR framework the Granger causality test is based on a null 

hypothesis, which is formulated as zero restrictions on the coefficients of the lags of a 

subset of the variables. 

 

In a bivariate VAR describing x  and y  variables, y does not Granger cause x  if the 

coefficient metrics are lower triangular for all j  Equation (5.14): 

        t12tp12t1p1tp21t211t111t ξxb...xbxa...xaxacx                    (5.14)                                                            
 

If the null is not rejected, 2tx  can not Granger cause 1tx . Thus, if 1tx  Granger 

causes 2tx , we write (Equation 4) the following equation in a similar manner: 

        t12tp12t1p1tp21t211t122t ξxb...xbxa...xaxacx                   (5.15)                          

More particularly, in p = 2 case scenario the VAR may be written as follows: 
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For the bivariate VAR, 2tx  does not Granger cause if φ  is lower triangular for all j , as 

claimed. This leads to the following: 

                        2t121t111t ξ(L)Ψ(L)ξΨx   and   2t2t22 ξ(L)xφ                              (5.19)                                                        

Furthermore, it is noted that (L)ψij is the identity matrix and
 

0L)(ψ21   if and only if  

0(L)φ22    given that 0(L)φ21  . Therefore, if 1tx fails to Granger cause 2tx  then the 

MA )( representation can be written:   
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where:  

 3(3)2(2)1(1)(0)

ij LijψLijψLijψijψ(L)ψ
 

with 0ψand1ψψ 21
(0)

22
(0)

11
(0)  . 

 

5.4.2.3 Impulse response analysis 

 

An impulse response analysis measures the duration and effect of water indices in one 

index to another by tracing the effects of a shock to one endogenous variable on the 
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other variables in the VAR structure. Such dynamic relationships between variables are 

captured by the impulse response function. If the VAR (p) model is stationary, then it 

has a moving average (MA) representation as shown in Equation (5.21): 

                                            it
0i

it ξΘωx 





                                                            (5.21) 

where 0

1

p1m φ)φφ(Iω   is the mean of the process. The MA matrices 

iΘ contain the responses to forecast errors tξ  
that occurred i  periods ago. These 

responses are difficult to interpret if the contemporaneous residual correlation is high.  

 

Cholesky decomposition has been applied to orthogonalized shocks as obtained by ξΣ . 

As the results of the impulse response analysis could depend on the ordering of the 

variables, we use generalized impulse responses (Pesaran and Shin, 1998) to remove the 

dependence on the variable ordering. In the latter approach, shocks are orthogonalized 

by looking at a shock in variable m and integrating out the effects of other shocks using 

the distribution of the errors, i.e., the correlation among the components of tξ  is taken 

into account. If tξ  has a multivariate normal distribution, then it can be shown that: 

    m

1T

Mm2m,1m,mmt δmmσσ...,σσδξΕ   

                                     mmm
1

mξ δσe                                                                   (5.21)                                                                                                               

where 4)(M,1,n,jσmj,   denotes the elements of ξΣ and me  is an 1m  selection 

vector with a 1 in position k  and zeroes elsewhere. Hence, the response vector to a 

shock in variable m that occurred i periods ago is shown in Equation (5.22): 

                                   
mm

m

mm

mξi

mm

mmξi

σ

δ

σ

eΘ

σ

δeΘ 



                                          (5.22) 
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We scale mδ  such that the shocks have a size of one standard deviation, i.e., we set 

mm σδ  and thus report the response vectors: 

                                   

mm

mξi

m
σ

eΘ
1(i)θ


            h0,...,ifor                             (5.23) 

which will give the generalized impulse responses of the variables; in tx
 
to a shock in 

variable m that occurred i periods ago. 

 

Similarly, the orthogonalized impulse response functions of x and z with respect to a 

variable - t  specific shock in the thj  equation are given by: 

                             21,0,i,ΙeΘ'Θθ(m),ΙeΘ(i)θ mimim                               (5.24) 

which measures the effect of one standard error shock to the thj equation, at time t  on 

expected values of x  at time t (Pesaran and Shin, 1998). 

 

5.4.2.4 Forecast Error Variance Decomposition (FEVD) 

 

To examine which water index can affect other water indices, this study executes a 

forecast error variance decomposition (FEVD) analysis within the context of a VAR. 

The FEVD decomposes variation in an endogenous variable into the component shocks 

to the endogenous variables in the VAR. The generalized impulse analysis aids the 

derivation of error FEVDs (Roca and Tularam, 2012). There are in fact two ways of 

investigating FEVD, and since the first orthogonal method is well known, it is not 

reviewed here. The second generalized version involves forecast at mt   conditional on 

data available at 1t   and the error in predicting mtR  is given by: 
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                         (5.27) 

 where (m)ε t
 

is an 1m  matrix and the total forecast error covariance is       

'
i

m

0i
i

(j)

t ΘΘ(m)]Cov[ε 


. It is important now to consider the forecast error covariance 

matrix of predicting mtR   conditional on information at 1t   and given values of the 

shocks to the thj  equation ( ijtΨ , 1jtΨ  , mjtΨ  ). 
 

 

For an analysis of the forecast error variance decompositions this study follows Pesaran 

and Shin (1998). The form this study uses is shown in Equation (5.28) (for notation 

details, see earlier notes including Equations (5.26) and (5.27) : 
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This study also conduct a number of diagnostic tests before performing the VAR 

analysis. In order to determine the stationary of the data, unit root tests (the Augmented 

Dickey-Fuller (ADF) and Phillips-Perron (PP) tests) are conducted first. The optimal 

lags to be used in the model are also tested first, based on the Schwartz information 

criterion (SIC). As these tests are already well-known in the literature, discussions of 

these tests are not provided. 
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5.5 Data and method for Study Four 

5.5.1 Data sample 

 

 This study utilizes the S-Network Global Water Index, the World Water Index, the 

S&P Global Water Index, and the MSCI ACWI Water Utilities Index and the DS Water 

Index data for the Asian, European, Latin American and US water markets. The data 

used for this study has already been described in Studies One and Two. Figure 5.5 

shows the trend in water stock returns in different periods. Figure 5.5 also shows a net 

decline in the water indices and water markets during the GFC period. 

 

Figure 5.5.  Four water indices’ (S-Net, WOWAX, S&P and MSCI ACWI) 

movement in four water markets (Asia, Europe, Latin America and US) 
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Data Sources: The website of Societe Generale and Thomson Reuters DataStream database. 
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5.5.2 Methods used in Study Four 

 

5.5.2.1 Unit root tests 

 

Unit root tests determine whether each data series has unit roots (non-stationary) or 

whether unit roots do not exist (that is, the data is stationary). There are three popular 

tests: the augmented Dickey-Fuller (ADF) test, the Philips-Perron (PP) and the 

Kwiatkowski, Phillips, Schmidt and Shin (KPSS) test. The null hypothesis of non-

stationarily )0( 00 :H
 
can be tested using the three possible forms of the augmented 

Dickey-Fuller (1979, 1981) tests. Those tests are given by the following equations: 

 
 

                                          t

1k

1i
iti0t ξΔXΨΦΔX 




                                                     (5.29) 

 

                                     t

1k

1i
iti1t0t ξΔXΨλΨΦΔX 




                                            (5.30) 

 

                                t

1k

1i
iti1t0t ξΔXΨλΨγTΦΔX 




                                      (5.31) 

 

This augmented specification is then used to test the hypothesis using t statistic. An 

important result can be obtained by ADF, which is that the asymptotic distribution of 

the t-ratio for 0  is independent of the number of lagged first differences included in 

the ADF regression (Roca et al., 2010). Additionally, the Phillips-Perron (PP) tests 

support the Dickey-Fuller tests which are based on the assumption of random error 

terms. According to To et al. (1994), the Phillips-Perron tests may be employed as, “the 

test corrects for serial correlation and autoregressive heteroscedasticity of the error 

term”. Phillips and Perron (1988) develop a generalization of the ADF test procedure 
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that allows for fairly mild assumptions concerning the distribution of errors. Phillips and 

Perron (1988) tests are given by the following equation: 

                                t1t0t ξXΦΔX                                                                            (5.32) 

 

It is clear that the Phillips-Perron (PP) test statistic is a modification of ADF t statistic 

of the coefficient from the AR (1) regression that takes into account of the serial 

correlation in t  (Binh, 2013). 

 

Another unit root test is the Kwiatkowski, Phillips, Schmidt and Shin (KPSS) test 

(Kwiatkowski et al., 1992), which is the test of the null hypothesis that an observable 

series is stationary against the alternative of a unit root test. The KPSS tests are given by 

the following equation: 

                                            ζδxy ttt                                                                (5.33) 

 

It is clear that the Phillips-Perron (PP) test statistic is a modification of ADF t statistic 

of the coefficient from the AR (1) regression that takes into account the serial 

correlation in t  (Binh, 2013). 

 

 

5.5.2.2 Vector error correction (VECM) model  

 

Non-stationary economic time-series may be co-integrated and such a situation may be 

tested using multivariate regression methods. The testing for co-integration is usually 

based on the Johansen approach (Johansen 1988; Johansen and Juselius, 1990). The 

method is based on a likelihood ratio test. An advantage is that it takes into account the 

error structure of the underlying process, and in this manner provides a somewhat 
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powerful test to that helps correctly specify models. The co-integrated vector 

autoregressive (VAR) model can be written in a VECM: referred to as a vector error 

correction model form (Johansen 1988; Johansen and Juselius, 1990). The mathematical 

time-series form is as follows:  

 

                   tktk2t21t1t ξXΦXΦXΦX                                                       (5.34) 

 

 

where tX
 
is a x1n column vector of daily water market returns and each of iΦ  is a x1n  

matrix of parameters, and t is an unobservable error term vector with mean zero and 

time-invariant. The error correction model may be written in a VECM form using the 

Johansen (1988) representation as follows:  

 

                t1t1kt1k2t21t1t ξΘXΔXΨΔXΨΔXΨΔX                          (5.35) 

  

 

Or succinctly in the following form: 

 

 

                                        tkt
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itit ξΘXΔXΨΔX  




                                         (5.36) 

 

where the matrix Θ  encompasses information regarding the long-run relationships that 

may exist. It may be decomposed byΘ=   where   is the speed of adjustment to 

equilibrium coefficients, and the long-run matrix of coefficients is . Here k-1 vectors 

are treated in a multivariate framework as
1tX α 

 . The VECM model using lagged terms 

can be represented using three variables model as follows: 
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The mathematical form of the co-integration part-equation of VECM is as follows:  

])αα([ )αα()αα([XΘ 2312131122122211121211111t1     























1t

1t

1t

F

E

D

                  (5.38)                       

   

In a simplified form Equation (5.37) can be written as:  

 

 

             )1t231t221t21121t131t121t11111t1 FαEαD(α)FαEαD(αXΘ       (5.39)           

  

 

which clearly gives the co-integrating vectors with their respective “speediness 

adjustment” terms 11  and 12 . From Equation (6), one can obtain estimates for both 

co-integrating vectors, while the “simple” equation has only a linear combination of the 

two long-run relationships. 

 

Johansen and Juselius (1990) formulate a dynamic model to study whether trend should 

enter into either the short-run or the long-run model, or both. According to Johansen 

and Juselius (1990), using L 1 , where L is the lag operator, one can re-write the 

Johansen and Juselius (1990) model by applying the form presented in the Binh (2013) 

equation. 

t2t21t1t

1

11kt1k1t1t ξυμt)X1X(

υ

μ

α

ΔXΨΔXΨΔX 

















                (5.40)                        

where )Ψ(Ι
k

1i
i



  and )Ψ(Ι
i

1j
ii 



  

 

 

To determine the number of co-integrating relationships, there are two methods and 

both involve the estimation of matrix . The likelihood ratio test statistic for the 

presence of at most “m-1” co-integration vectors is: 
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                                                  (5.41) 

 

where  iλ̂  are the estimated values of the characteristics roots obtained from the Ψ  

matrix. When all 0λ i 
ˆ , the  (r)λ trace  statistic is equal to zero and i  is the number of the 

characteristic roots, which are significantly different from zero, and T is the number of 

usable observations.  

 

Alternatively, the maximum eigenvalue test can be applied to find out whether there are 

co-integrating vectors; one has up to r co-integrating relationships, with the alternative 

suggesting that there are 1)(r  vectors. The test statistics are based on the eigenvalues, 

which can be obtained from the estimation procedure: 

                                  1)rλln(1T1)r(r,λmax 


                                              (5.42)                                     

 

where 1)(m...,21,0,r  and )λ(1 i
ˆ  is equal to 1 and since 0ln(1) . 

 

 

Given ̂ , ̂ , ̂  and  ̂  are the maximum likelihood estimators of Ωandδγ,Ψ,  in the 

VECM model,  one can follow the results in Lütkepohl (1990), Lütkepohl and Reimers 

(1992) and Pesaran and Shin (1996) to establish the asymptotic results (as T): 

 

                                     )ΣN(0,~γδ],[]δγ,Ψ[vech co}{T  ˆˆˆ                                  (5.43)                                                   

                                                                                                            

 

where ‘vech’ is a column stacking operator that stacks the elements on and coΣ , is 

asymptotically independent from the satisfies. We use the following representation in 

order to describe the required results that a time series of length T and p pre-sample 

values are available. 

)λ(1nT(r)λ
m

1ri
itrace l 



 ˆ

http://www.sciencedirect.com/science/article/pii/016518899290005Y
http://www.sciencedirect.com/science/article/pii/016518899290005Y
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π)(dΩ
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5.5.2.3 A Lagrange multiplier (LM) test 

 

The Lagrange multiplier (LM) test is used for the presence of autocorrelation in the 

residuals. In order to test the null hypothesis of stationarity, a LM test is conducted 

using residuals as follows: 

                                               
2^T

1t

2

t ζσ/δLM 


                                                            (5.46) 

 where ,ζ T1,2,...,tδ
t

1i i,
t 



  are the residuals from the regression of y on an intercept 

and time trend. And 
2^

ζσ  is the estimate of the error variance from this regression. 

 

 

 

5.6 Chapter summary and conclusion  
 

 

The methodology section has outlined the basis for the application of the univariate and 

multivariate time series analysis model for return and volatility, generalized 

interdependence, and co-integration. Several studies of ownership and capital structure 

performance of firms have justified the use of such time series analysis. The effects of 

ownership and capital structure on performance (based on the decisions of investors in 
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water companies) have led to their use in this thesis. The author will use a multivariate 

time series analysis, a panel regression model, to investigate the impact of the test 

variables. In particular, the ownership structure variables concern foreign ownership and 

institutional ownership; while the capital structure variables are leverage and short-term 

debt to total assets, and control variables are tangibility, asset growth, risk, age and free 

cash flow. The use of the multivariate and panel regression model allows the empirical 

studies of this study to explore decisions related to investment in water companies. This 

chapter also presented methods of a univariate time series analysis in the second study 

such as ARMA, ARMA-GARCH and EGARCH methods. The literature shows that 

these models are generally used to examine the relationship between returns and 

volatility.   

 

In the final sections of this chapter, multivariate methods of time series analysis present 

the VAR and VECM analysis framework, and the models such as tests for unit root, lag, 

and Granger causality are included. To measure the rate of effect of one variable on 

another, the impulse response is used to understand the amount of variance that is 

explained by another variable. This analysis is reflected as the ‘FEVA’. In addition, the 

ARDL-based bounds approach is used for a robustness check in Study Four. 
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Chapter 6 

 

Study One Results: 

An examination of the relationships between the ownership, capital 

structure and performance of the global water companies 

6.1 Introduction 

 

As mentioned in Chapter One Section 1.3.1, overall the thesis aims to examine the 

performance of the global water industry in terms of water investment. To achieve this 

aim, Study One asks, do ownership and capital structure affect the water companies’ 

performance of water companies’ stocks in different time periods (full, pre-GFC, GFC 

and post-GFC). 

 

With reference to Figure 6.1, Study One investigates the linkage between ownership, 

capital structure and performance of 72 water companies for the period of 2004-2014 in 

different periods (full, pre-GFC, GFC and post-GFC). This study uses four performance 

variables (ROA, ROE, Tobin’s Q and RET), two ownership variables ((FOROWN and 

ISTOWN), two capital structure variables (LEV and STDA) and five control variables 

(tangibility, asset growth, risk, age and free cash flow). Study One runs multivariate and 

unbalanced panel regression models to test the hypothesis with regard to the 

relationship linkage between ownership, capital structure and performance of water 

companies. For robustness test checking, the author has used a panel robust clustered 

model. The significant findings establish the relationship between ownership, capital 

structure and performance in multivariate and panel regression models. The findings 

from this study achieve the first aim of this thesis. 
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Figure 6.1. Research methodology for examination of the relationship between 

ownership, capital structure and water companies’ performance 
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6.2 Data preliminaries 

 

Table 6.1 shows some descriptive statistics for the dependent and independent variables 

which are used in this research.  The first study uses four performance measures (ROA, 

ROE, Tobin’s Q and RET) in different periods.  From Table 3, it can be seen that all 

mean returns of performance indicators are positive during the full, pre-GFC, GFC and 

post-GFC periods except for RET in the GFC period. The highest mean of foreign 

ownership (FOROWN) is 17.40 in the GFC period and the lowest mean is 15.36 in the 

pre-GFC period. The highest mean of institutional ownership (INSTOWN) is 49.35 in 

the post-GFC period and lowest mean is 40.16 in the pre-GFC period. The mean of 

leverage (LEV) is 24.34, 23.48, 25.24 and 24.69 during the full, pre-GFC, GFC and 

post-GFC periods, respectively. The mean of short-term debt on total assets (STDA) is 

0.05 in full and GFC periods, and 0.04 during the pre and post-GFC periods. During the 

full, pre-GFC and post-GFC periods, the skewness values of ROA and ROE have, in 

general, a negative asymmetric tail, whereas Tobin’s Q, RET, FOROWN, INSTOWN, 

LEV and  STDA are  positive, i.e., have a symmetric tail. However, only the skewness 

values of ROE have a negative asymmetric tail in GFC periods. The kurtosis values of 

ROA, ROE, Tobin’s Q, RET, foreign ownership, institution ownership, leverage and 

short-term debt on total assets are higher than three; thus the distribution could be fat-

tailed in the different periods. Subsequently the Jarque-Bera results are statistically 

significant in different periods.  
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Table 6.1. Descriptive statistics 

 
ROA ROE Tobin’s Q RET FOROWN INSTOWN LEV STDA TANG GROWTH RISK AGE FCF 

 

Full Period: Jan 2004-Oct 2014 

 Mean  5.15  8.21  12.36  2.976  16.53  45.77  24.34  0.05  26.74  18.94  14.79  55.71  130.02 

 Median  5.55  9.63  1.370  0.102  12.48  46.35  24.23  0.02  22.42  6.392  1.02  38.00  32.22 

 Maximum      38.44  113.14  756.52  279.55  95.80  99.05  83.44  0.44  91.00  2198.44  266.34  239.00  3160.90 

 Minimum     -70.10 -527.02  0.30 -155.46    0.00    1.25    0.00  0.00    0.00     -65.41      0.00      1.00 -1029.69 

 Std. Dev.  7.99  28.44  66.71  30.90  14.86  23.78  16.50  0.06  23.77  113.76  26.10  48.26  341.14 

 Skewness -3.16 -10.53  7.24  0.94  1.545  0.17  0.28  2.11  1.00  14.60  3.29  1.50  4.02 

 Kurtosis  27.46  178.46  61.20  16.06  6.26  2.16  2.33  8.84  3.23  242.50  20.61  5.00  29.03 

 Jarque-Bera  20357.05  995494.9  114679.1  5551.08  644.34  26.21  24.77  1655.56  128.27  1848406.  11141.92  415.39  23606.50 

 Probability  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

 Observations  765  765  765  764  765  765  764  764  752  762  756  764  763 

 

Pre-GFC Period: Jan 2008-Dec 2010       

 Mean  5.37  10.11  15.69  6.08  15.36  40.16  23.48  0.04  30.02  25.89  13.75  53.70  89.26 

 Median  5.76  10.16  1.49  0.13  12.05  36.41  23.54  0.025  24.88  7.99  0.98  36.00  20.38 

 Maximum  24.94  55.96  706.99  85.16  77.15  92.27  61.85  0.33  90.55  1546.44  266.34  232.00  1483.70 

 Minimum -67.30 -148.76  0.30 -102.96  0.00  1.25  0.00  0.00  0.00 -60.70  0.00  2.00 -900.47 

 Std. Dev.  8.30  17.79  76.40  23.80  13.97  24.13  15.79  0.05  24.98  109.94  27.35  48.07  247.67 

 Skewness -3.6823 -3.85  6.079  0.07  1.65  0.39  0.15  1.58  0.83  10.94  4.830  1.52  2.26 

 Kurtosis  28.86  32.93  42.63  6.79  6.85  2.17  2.13  5.92  2.77  143.59  37.52  5.07  14.23 

 Jarque-Bera  7954.49  10513.96  18909.04  158.71  283.03  14.36  9.30  204.78  30.81  221866.5  14029.06  149.42  1608.09 

 Probability  0.00  0.00  0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 Observations  264  264  264  264  264  264  264  264  260  263  262  264  263 

 

GFC Period: Jan 2008-Dec 2010       

 Mean  5.15  9.14  8.82 -0.27  17.40  47.83  25.24  0.05  26.12  25.20  20.21  55.15  143.59 

 Median  5.16  8.77  1.27 -0.04  14.02  49.05  24.95  0.03  23.20  5.55  4.88  37.00  40.50 

 Maximum  38.44  94.46  416.47  279.55  75.96  98.38  83.44  0.44  91.00  2198.44  151.46  235.00  1893.24 

 Minimum -22.60 -72.48  0.39 -155.46  0.00  4.94  0.00  0.00  0.00 -37.75  0.00  1.00 -675.96 

 Std. Dev.  6.71  15.71  45.77  40.67  14.48  22.07  17.67  0.07  23.60  175.17  29.90  48.31  332.80 

 Skewness  0.02 -0.94  6.70  1.56  1.243  0.10  0.37  2.26  0.99  10.87  1.84  1.50  2.71 

 Kurtosis  8.24  13.32  49.57  15.59  4.84  2.35  2.39  9.18  3.29  125.72  6.24  4.99  12.30 
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 Jarque-Bera  244.51  977.21  20852.52  1494.73  85.11  3.99  8.16  521.51  35.56  137867.5  214.21  115.35  

 Probability  0.00  0.00  0.00  0.00  0.00  0.13  0.01  0.00  0.00  0.00  0.00  0.00  0.00 

 Observations  213  213  213  213  213  213  213  213  210  213  213  213  213 

 

Post-GFC Period: Jan 2008-Dec 2010      

 Mean  5.17  6.027  11.93  2.58  16.97  49.35  24.69  0.04  24.07  8.88  11.72  58.01  156.90 

 Median  5.50  9.56  1.33  0.19  12.20  49.62  24.53  0.02  18.18  5.49  0.50  40.00  41.91 

 Maximum  23.60  113.14  756.52  163.04  95.80  99.05  68.53  0.40  88.98  204.68  145.28  239.00  3160.90 

 Minimum -45.18 -527.02  0.43 -123.13  0.00  4.18  0.00  0.00  0.00 -65.41  0.00  1.00 -1029.69 

 Std. Dev.  7.35  40.617  70.21  28.08  15.86  23.75  16.13  0.06  22.50  23.43  20.82  48.44  411.79 

 Skewness -2.36 -9.14  7.91  0.13  1.62  0.08  0.28  2.17  1.17  5.18  2.62  1.48  4.44 

 Kurtosis  17.26  111.24  70.77  10.41  6.54  2.16  2.32  8.91  3.74  41.42  11.88  4.98  29.74 

 Jarque-Bera  2710.53  144616.3  58126.99  660.25  277.49  8.73  9.32  643.34  71.38  18941.48  1266.05  153.0891  9501.37 

 Probability  0.00  0.00  0.00  0.00  0.00  0.01  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

 Observations  288  288  288  288  288  288  287  287  282  287  285  287  287 

Notes: This table reports the descriptive statistics of dependent (ROA, ROE, Tobin’s Q and RET), independent (FOROWN, INSTOWN, LEV and STDA) and control (TANG, GROWTH, 

RISK, AGE and FCF) variables. Descriptive statistics include daily mean, median maximum, minimum, standard deviation (std.dev.) and performance-related statistics in different (full, pre-

GFC, GFC and post-GFC) periods. 
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6.3 Analysis based on correlations 

 

Table 6. 2 presents the correlation matrix between dependent, independent and control 

variables. The matrix shows a positive and negative correlation between ownership 

(FOROWN and INSTOWN) and capital structure (LEV and STDA) and performance 

(ROA, ROE, Tobin’s Q and RET) variables in different periods (full, pre-GFC, GFC 

and post-GFC). During the full period, only FOROWN is positively correlated with 

ROA; whereas INSTOWN, LEV and STDA are negatively correlated with ROA. 

Ownership (FOROWN and INSTOWN) variables are positively correlated with ROE. 

However, capital structure (LEV and STDA) variables are negatively correlated with 

ROE. Positive relationships exist between FOROWN and STDA, and Tobin’s Q; 

whereas there is a negative relationship between INSTOWN and LEV, and Tobin’s Q. 

It is noted that all ownership (FOROWN and INSTOWN) and capital structure (LEV and 

STDA) variables are positively correlated with RET. During the pre-GFC period, 

INSTOWN and LEV are positively correlated with ROA. However, FOROWN and 

STDA are negatively correlated with ROA. INSTOWN, LEV and STDA are positively 

correlated with ROE; whereas only FOROWN is negatively correlated with ROE. 

FOROWN, LEV and STDA are positively correlated with Tobin’s Q; however only 

INSTOWN is negatively correlated with Tobin’s Q. One the other hand, only 

INSTOWN is positively correlated with RET; whereas FOROWN, LEV and STDA are 

negatively correlated with RET in the pre-GFC period.  

 

During the GFC period, ownership (FOROWN and INSTOWN) variables are positively 

correlated with ROA and ROE. Nonetheless, capital structure (LEV and STDA) are 

negatively correlated with ROA and ROE. FOROWN, LEV and STDA are positively 
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correlated with Tobin’s Q and RET; whereas only INSTOWN is negatively correlated 

with Tobin’s Q and RET. During the post-GFC period, ownership (FOROWN and 

INSTOWN) variables are positively correlated with ROA, whereas capital structure 

(LEV and STDA) variables are negatively correlated with ROA. Only FOROWN is 

positively correlated with ROE. However, INSTOWN, LEV and STDA are negatively 

correlated with ROA. FOROWN and STDA are positively correlated with Tobin’s Q; 

whereas there is a negative correlation between INSTOWN and LEV, and Tobin’s Q.  

Ownership (FOROWN, and INSTOWN) variables are positively correlated with RET. On 

the contrary, capital structure (LEV and STDA) is negatively correlated with RET. In 

contrast to general perceptions, these ownership (FOROWN and INSTOWN) and capital 

structure (LEV and STDA) variables can improve water companies’ performance. 

 

In this study, multicollinearity among the regressors is not a serious concern because the 

correlation coefficients between independent variables do not exceed 0.8 or 0.9, which 

is consistent with Bryman and Cramer’s (1997) observations. In addition, in a 

multivariate setting, the average variance inflation factor (VIF) of 1.65 is close to 2, and 

it suggests that multicollinearity between the independent variables does not bias the 

coefficient estimates in the regression model because the average VIF is not 

substantially greater than 10.  
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Table 6.2. Correlation analysis 

 ROA ROE Q RET FOROWN INSTOWN LEV STDA TANG GROWTH RISK AGE FCF 

 

Full period: Jan 2004-Oct 2014 

ROA 1             

ROE 0.58 1            

Tobin’s Q     -0.04 -0.02 1           

RET 0.10 0.07 0.04 1          

FOROWN 0.04 0.04 0.03 0.06 1         

INSTOWN      -0.04 0.02    -0.11 0.00 0.26 1        

LEV -0.11 -0.06 -0.01 0.01 0.09 0.06 1       

STDA -0.14 -0.13 0.14 0.02 0.07 0.03 0.30 1      

TANG  0.12 0.05 -0.01 -0.00 0.07 -0.01 0.19 0.04 1     

GROWTH -0.02 0.00 -0.00 0.11 0.08 0.05 0.15 0.02 -0.07 1    

RISK -0.17 -0.10 0.00 -0.03 -0.03 0.15 0.03 0.25 -0.03 0.05 1   

AGE 0.18 -0.00 -0.07 -0.00 -0.05 -0.17 -0.22 -0.06 -0.01 -0.09 -0.09 1  

FCF 0.14 0.13 -0.04 0.01 -0.08 0.05 -0.04 -0.08 -0.08 -0.05 -0.01 0.01 1 

 

Pre-GFC period: Jan 2004-Dec 2007                               

ROA 1             

ROE 0.86 1            

Tobin’s Q -0.12 -0.17 1           

RET 0.09 0.10 0.05 1          

FOROWN -0.04 -0.00 0.03 -0.09 1         

INSTOWN 0.07 0.22 -0.18 0.08 0.25 1        

LEV 0.03 0.07 0.02 -0.01 -0.04 0.00 1       

STDA -0.08 0.02 0.21 -0.08 -0.01 -0.03 0.34 1      

TANG 0.07 -0.00 -0.01 0.02 0.02 -0.04 0.31 0.17 1     

GROWTH -0.08 -0.07 0.00 0.21 0.06 0.06 0.16 -0.07 -0.09 1    

RISK -0.14 -0.10 0.01 0.10 -0.04 0.06 0.01 0.16 0.01 0.00 1   

AGE 0.15 0.07 -0.09 0.08 -0.03 -0.18 -0.19 -0.10 -0.06 -0.12 -0.07 1  

FCF 0.10 0.13 -0.05 -0.00 -0.07 0.11 0.03 -0.01 -0.05 -0.04 -0.00 0.04 1 
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GFC period: Jan 2008-Dec 2010       

ROA 1             

ROE 0.84 1            

Tobin’s Q -0.00 0.02 1           

RET -0.00 0.03 -0.00 1          

FOROWN 0.08 0.20 0.07 0.17 1         

INSTOWN 0.00 0.12 -0.06 -0.03 0.27 1        

LEV -0.24 -0.11 0.01 0.13 0.08 0.03 1       

STDA -0.33 -0.30 0.19 0.13 0.08 0.007 0.34 1      

TANG 0.16 0.13 -0.04 -0.00 0.14 -0.02 0.17 -0.05 1     

GROWTH -0.04 -0.01 -0.01 0.10 0.11 0.08 0.23 0.08 -0.10 1    

RISK -0.20 -0.22 0.01 -0.04 -0.02 0.28 0.05 0.36 -0.06 0.09 1   

AGE 0.18 0.04 -0.05 -0.09 0.00 -0.15 -0.26 -0.13 -0.01 -0.10 -0.128 1  

FCF 0.25 0.30 -0.03 0.05 -0.13 0.09 -0.07 -0.13 -0.07 -0.08 -0.01 -0.00 1 

 

Post-GFC period: Jan 2011-Oct 2014 

ROA 1             

ROE 0.50 1            

Tobin’s Q 0.02 0.01 1           

RET 0.25 0.10 0.06 1          

FOROWN 0.06 0.02 0.03 0.09 1         

INSTOWN -0.22 -0.06 -0.05 0.00 0.25 1        

LEV -0.25 -0.13 -0.06 -0.11 0.20 0.11 1       

STDA -0.10 -0.17 0.07 -0.01 0.13 0.09 0.21 1      

TANG 0.18 0.06 -0.01 -0.04 0.08 0.06 0.10 0.02 1     

GROWTH 0.13 0.13 0.00 -0.04 0.16 0.08 -0.01 0.00 -0.12 1    

RISK -0.26 -0.11 -0.00 -0.15 -0.05 0.13 0.02 0.21 -0.08 0.00 1   

AGE 0.21 -0.05 -0.05 0.04 -0.09 -0.19 -0.24 0.02 0.04 -0.11 -0.09 1  

FCF 0.13 0.11 -0.04 0.00 -0.08 -0.04 -0.08 -0.07 -0.09 -0.05 -0.03 -0.00 1 

Notes: This table reports correlation results among dependent (ROA, ROE, Tobin’s Q and RET), independent (FOROWN, INSTOWN, LEV and STDA) and control 

(TANG, GROWTH, RISK, AGE and FCF) variables in different (full, pre-GFC, GFC and post-GFC) periods. Please see Table 5.1 for the definition of each variable.
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6.4   Multivariate regression analysis 

 

Study One attempts to confirm the multivariate regressions results that could affect 

water companies’ performance in relation to ownership, capital structure and firm-

specific control variables during different periods. It is noted that ownership and capital 

structure variables are statistically significant with the performance measure (ROA, 

ROE, Tobin’s Q and RET) at the 1%, 5%, and 10% levels, respectively. To investigate 

the nature of the relationships more generally, the results of multivariate regression 

analysis are presented in Tables 6.3-6.6.  

 

Employing ROA as a performance measure, in Table 6.3, the multivariate regression 

results present that FOROWN positively affects the performance variable ROA during 

the full and post-GFC periods at the 10% and 1% levels of significance respectively. 

These results support the author’s hypothesis (H1) which is developed in Chapter Four, 

and which shows similar results to those of Musallam (2015) and Arouri et al. (2011). 

Multivariate regression results show that FOROWN does not affect the ROA in pre-GFC 

and GFC periods. These results also support another hypothesis (H0) which is developed 

in Chapter Four, also in line with Mihai and Mihai (2013). During the pre-GFC period, 

the multivariate regression result shows that INSTOWN positively and significantly 

impacts ROA at the 5% level of significance. This result suggests that institutional 

investors can reduce conflict of interest, thereby contributing to improving the firm 

value (Chen et al., 2007; Cornett et al., 2007). However, there is no significant 

correlation between INSTOWN and performance variable ROA in the full and post-GFC 

periods. These results support those of Pirzada et al. (2015). More importantly, 

multivariate results suggest a significantly negative relationship between INSTOWN and 
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ROA in the post-GFC period at the 1% level of significance, which is consistent with 

prior empirical studies such as those by Cornett et al. (2007) and Changati (2001). The 

coefficient of the capital structure measured by LEV and STDA has a negative impact 

on firm performance variable ROA in full and GFC periods. During the full and GFC 

periods, LEV affects the ROA at 1% and 10% level of significance, respectively. These 

results are line in with those of Vătavu (2015) and Liu (2011). This evidence supports 

the pecking order theory within the context of the global water industry. Although debts 

can reduce agency problems between managers and investors and increase property 

generation, high debts mean high risk of loss of payment capacity.  

 

In Table 6.4, the multivariate regression estimate results show that FOROWN positively 

and significantly impacts ROE only in the GFC period at the 1% level. These results 

support hypothesis (H1) and indicate that FOROWN in firms facilitates stronger outside 

monitoring of managers and helps reduce agency costs; thereby increasing the firm 

value. Another finding is that INSTOWN positively impacts ROE at the 1% level of 

significance in the pre-GFC period. During the post-GFC period, the results reveal a 

negative relation between the LEV and ROE; whereas Quang and Xin (2014) show that 

LEV and ROE are correlated at the 1% level of significance. During the full and GFC 

periods, the estimate results show that STDA negatively and significantly affects ROE 

at the 1% level of significance in full and GFC periods. This result is in line with 

Vătavu’s (2015) study, which finds a significantly negative relationship between the 

STDA and ROE at the 1% level of significance. This result indicates that water 

company profit can be increased, because increasing STDA is related to low interest 

rate.  
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When Tobin’s Q is used as a performance variable, in Table 6.5 multivariate regression 

result shows that FOROWN is significant at the 10% level of significance in the full 

period. This result indicates that foreign ownership helps to reduce agency costs, and 

therefore, contributes to improve the firm value, thereby increasing the firm value 

(Arouri et al., 2014). This result is in line with studies by Phuang and Mishra (2016) and 

Douma et al. (2006). The multivariate regression results show that FOROWN is not 

correlated with the performance variable Tobin’s Q in pre-GFC, GFC or post-GFC 

periods. These results are in line with Phung and Li’s (2013) analysis. In the full period, 

INSTOWN has a positively significant relationship with Tobin’s Q at the 1% level of 

significance. The first study result suggests that institutional investors can reduce 

conflicts of interest, thereby increasing the water companies’ value (Chen et al., 2007; 

Cornett et al., 2007). The results lend support to studies undertaken by McConnell and 

Servaes (1990). They find that INSTOWN has a positive relationship with firms’ Tobin’s 

Q. It is noted that although institutional ownership is not significant in a “random effect 

case”, yet the multivariate regression result shows that INSTOWN is negatively related 

with Tobin’s Q at the 1% level of significance in the pre-GFC period.  LEV and STDA 

have a significantly positive impact on firm performance-LEV and STDA affect 

Tobin’s Q variable at the 5% and 1%, levels of significance, respectively, in the full 

period. This evidence supports the trade-off theory within the context of global water 

companies because the higher the debt, the higher the profitability (Berkman et al., 

2016; Abor, 2005). During the pre-GFC and GFC periods, results indicate a significant 

positive relationship between STDA and Tobin’s Q, and therefore, STDA effects 

Tobin’s Q variable at the 1% level of significance.  
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 This thesis tests whether the ownership and capital structure has an impact on RET. 

Table 6.6 shows that FOROWN has an impact on RET (at the 5% and 10% level) in the 

pre-GFC, GFC and post-GFC periods. These results are consistent with previous studies 

which recognize that when a firm is exposed to international investment, the governance 

of the firm improves and expropriation will reduce (Mitton, 2004; 2002). However, 

during the pre-GFC period, INSTOWN is positively correlated with RET at the 10% 

level of significance in both models’ cases. Hence, the second hypothesis (H0) is also 

supported. The results show that there is no relation between INSTOWN and RET in full 

and post-GFC periods in the multivariate regression model (Table 6.7), a result that is 

consistent with that of Changati (2001). He reports that INSTOWN does not impact total 

RET. Further, Gompers and Metrick (2001) find a positive relation between INSTOWN 

and RET.  During the GFC period, the empirical result shows that INSTOWN does not 

affect RET. However, Erkens et al. (2012) find that INSTOWN is negative and 

significant at the 1% level of significance in the GFC period. Vyas (2011) also reports 

that institutional investors pressure firms into timelier recognition of “write downs” 

during the GFC period. LEV has a significant effect on RET, only during the post-GFC 

period at the 5% level of significance. Thus, the trade-off theory could be considered. 

However, STDA does not impact RET in full or any sub-periods in the multivariate 

regression model. 
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Table 6.3. Regression results with ROA as the performance measure  

Dependent Variable: ROA 

                      Full  Pre-GFC GFC Post-GFC 

Independent 

Variable 

Multivariate 

Regression 

Random  

effects 

Multivariate 

Regression 

Random 

 effects 

Multivariate 

Regression 

Random 

Effects  

Multivariate 

Regression 

Random 

effects  

FOROWN  0.03 

(0.09)* 

 0.00 

(0.89) 

-0.04 

(0.27) 

-0.01 

(0.60) 

 0.04 

(0.11) 

 0.02  

(0.48) 

 0.06 

(0.01)** 

 0.04  

(0.11) 

INSTOWN -0.00 

(0.76) 

-0.00 

(0.97)   

 0.04 

(0.04)** 

 0.03 

(0.42) 

 0.00 

(0.88) 

-0.01 

(0.46) 

-0.05 

(0.00)*** 

-0.03 

(0.03)***   

LEV -0.04 

(0.01)*** 

-0.06 

(0.02)*** 

 0.03 

(0.30) 

 0.00 

(0.93) 

-0.07 

(0.00)*** 

-0.07 

(0.04)** 

-0.10 

(0.00)*** 

-0.18  

 (0.01)*** 

STDA -8.78 

(0.06)* 

-8.07 

(0.06)* 

-11.99 

(0.22) 

-23.68  

(0.07)* 

-17.01 

(0.01)*** 

-14.00 

(0.02)*** 

-1.59 

(0.80) 

-5.36 

(0.53) 

TANG  0.05 

(0.00)*** 

 0.01   

(0.01)*** 

 0.02 

(0.17) 

 0.01 

(0.61) 

 0.05 

(0.00)*** 

 0.05 

(0.01)*** 

 0.07 

(0.00)*** 

 0.06 

(0.02)*** 

GROWRH  0.00 

(0.42) 

 0.00 

(0.04)** 

-0.00 

(0.23) 

 0.00 

(0.02)*** 

 0.00 

(0.30) 

 0.00 

(0.25) 

 0.05 

(0.00)*** 

 0.06  

(0.02)*** 

RISK -0.04 

(0.00)*** 

-0.01 

(0.32)   

-0.04 

(0.02)** 

-0.02 

(0.05)** 

-0.02 

(0.15) 

-0.03 

(0.13) 

-0.06 

(0.00)*** 

 0.01 

(0.11)   

AGE  0.02 

(0.00)* 

 0.02 

(0.07)* 

 0.028 

(0.00)***   

 0.02 

(0.15) 

 0.01 

(0.10) 

 0.00 

(0.55) 

 0.02 

(0.018) 

-0.02 

(0.26) 

FCF  0.00 

(0.00)* 

 0.00 

(0.09)* 

 0.002 

(0.24) 

 0.00  

(0.09)* 

 0.00 

(0.00)*** 

 0.00 

(0.14) 

 0.00 

(0.00)***   

 0.00 

(0.04)** 

 Intercept  3.49 

(0.00) 

 4.45 

(0.04) 

 1.80 

(0.28) 

 2.92   

(0.41) 

 4.31 

(0.00) 

 6.39 

(0.00) 

 6.60 

(0.00) 

 7.68 

(0.00) 

R Squared  0.11  0.04  0.09  0.14  0.24  0.13  0.27  0.27 

Observations  744  744  258  258  210  210  280  280 

Notes: This table reports the presents multivariate and unbalanced panel (random effects) regressions of Equations (5.1) and (5.2) on the impact of ownership and capital 

structure on performance. The independent variables are ownership (FOROWN and STOWN), capital structure (LEV and STDA) and the dependent variable includes 

performance, which is defined as the Return on Assets (ROA). Please see Table 5.1 for the definition of each variable. p-values are given in parentheses. 

 

  *, ** and *** represent significance at t 10, 5 and 1% levels, respectively; and p-values are given in brackets. 
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Table 6.4. Regression results with ROE as the performance measure  

Dependent Variable: ROE 

                          Full period Pre-GFC GFC Post-GFC 

Independent 

Variable 

Multivariate 

Regression 

Random  

effects 

Multivariate 

Regression 

Random  

effects 

Multivariate 

Regression 

Random 

Effects  

Multivariate 

Regression 

Random 

effects  

FOROWN  0.03 

(0.09)* 

 0.00 

(0.89) 

-0.04 

(0.27) 

-0.01 

(0.60) 

 0.04 

(0.11) 

 0.02  

(0.48) 

 0.06 

(0.01)** 

 0.04  

(0.11) 

INSTOWN -0.00 

(0.76) 

-0.00 

(0.97)   

 0.04 

(0.04)** 

 0.03 

(0.42) 

 0.00 

(0.88) 

-0.01 

(0.46) 

-0.05 

(0.00)*** 

-0.03 

(0.03)***   

LEV -0.04 

(0.01)*** 

-0.06 

(0.02)*** 

 0.03 

(0.30) 

 0.00 

(0.93) 

-0.07 

(0.00)*** 

-0.07 

(0.04)** 

-0.10 

(0.00)*** 

-0.18  

 (0.01)*** 

STDA -8.78 

(0.06)* 

-8.07 

(0.06)* 

-11.99 

(0.22) 

-23.68  

(0.07)* 

-17.01 

(0.01)*** 

-14.00 

(0.02)*** 

-1.59 

(0.80) 

-5.36 

(0.53) 

TANG  0.05 

(0.00)*** 

 0.01   

(0.01)*** 

 0.02 

(0.17) 

 0.01 

(0.61) 

 0.05 

(0.00)*** 

 0.05 

(0.01)*** 

 0.07 

(0.00)*** 

 0.06 

(0.02)*** 

GROWRH  0.00 

(0.42) 

 0.00 

(0.04)** 

-0.00 

(0.23) 

 0.00 

(0.02)*** 

 0.00 

(0.30) 

 0.00 

(0.25) 

 0.05 

(0.00)*** 

 0.06  

(0.02)*** 

RISK -0.04 

(0.00)*** 

-0.01 

(0.32)   

-0.04 

 (0.02)** 

-0.02 

(0.05)** 

-0.02 

(0.15) 

-0.03 

(0.13) 

-0.06 

(0.00)*** 

 0.01 

(0.11)   

AGE  0.02 

(0.00)* 

 0.02 

(0.07)* 

 0.028 

(0.00)***   

 0.02 

(0.15) 

 0.01 

(0.10) 

 0.00 

(0.55) 

 0.02 

(0.018) 

-0.02 

(0.26) 

FCF  0.00 

(0.00)* 

 0.00 

(0.09)* 

 0.002 

(0.24) 

 0.00  

(0.09)* 

 0.00 

(0.00)*** 

 0.00 

(0.14) 

 0.00 

(0.00)***   

 0.00 

(0.04)** 

Intercept  3.49 

(0.00) 

 4.45 

(0.04) 

 1.80 

(0.28) 

 2.92   

(0.41) 

 4.31 

(0.00) 

 6.39 

(0.00) 

 6.60 

(0.00) 

 7.68 

(0.00) 

R Squared  0.11  0.04  0.09  0.14  0.24  0.13  0.27  0.27 

Observations  744  744  258  258  210  210  280  280 

Notes: This table reports the presents multivariate and unbalanced panel (random effects) regressions of Equations (5.1) and (5.2) on the impact of ownership and capital 

structure on performance. The independent variables are ownership (FOROWN and STOWN), capital structure (LEV and STDA) and the dependent variable includes 

performance, which is defined as the Return on Equity (ROE). Please see Table 5.1 for the definition of each variable. p-values are given in parentheses. 

 

*, ** and *** represent significance at 10, 5 and 1% levels, respectively; and p-values are given in brackets. 
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Table 6.5. Regression results with Tobin’s Q as the performance measure  

Dependent Variable Tobin’s Q 

                                          Full  Pre-GFC GFC Post-GFC 

Independent 

Variable 

Multivariate 

Regression 

Random 

Effects 

Multivariate 

Regression 

Random 

effects 

Multivariate 

Regression 

Fixed effects Multivariate 

Regression 

Fixed  

effects 

FOROWN  0.29  

(0.09)*** 

  0.29 

(0.19)     

 0.48 

(0.15) 

 0.31 

(0.12)      

 0.32 

(0.17) 

 0.77 

(0.06) 

 0.20 

(0.48) 

-0.55 

(0.27) 

INSTOWN -0.40 

(0.00)*** 

-0.79 

(0.02) ***     

-0.71 

(0.00)*** 

-0.17     

 (0.25)   

-0.18 

(0.26) 

-0.37 

(0.28) 

-0.23 

(0.21) 

-0.11 

(0.48) 

LEV -0.32 

(0.04)** 

-0.93 

(0.01)***     

-0.27 

(0.42) 

-0.10     

 (0.82)     

-0.16 

(0.42) 

-0.26 

(0.42) 

-0.48 

(0.08)* 

-0.04   

(0.09)* 

STDA 173.54 

(0.00)*** 

86.31  

(0.45)      

302.15 

(0.00)*** 

240.48      

(0.05)**     

134.98 

(0.01)*** 

131.85 

(0.02)***   

116.50  

(0.10)   

-71.74 

(0.30) 

TANG -0.05 

(0.57) 

 0.16  

(0.28)     

-0.16 

(0.41) 

 0.06    

(0.82)      

-0.09 

(0.52) 

 0.10 

(0.47)     

-0.01 

(0.92) 

 0.73 

(0.24)   

GROWRH -0.00 

(0.97) 

 0.02 

(0.01)*** 

 0.01 

(0.76) 

-0.02    

 (0.50)     

-0.00 

(0.67) 

 0.00 

(0.46) 

-0.03 

(0.85) 

 0.04 

(0.34) 

RISK -0.14  

(0.56) 

-0.00 

(0.98)     

-0.19 

(0.05)** 

-0.04    

 (0.75)     

-0.05 

(0.64) 

-0.38 

(0.26)  

-0.07 

(0.73) 

 3.47 

(0.20) 

AGE -0.05 

(0.00)*** 

-0.38 

(0.02)***     

-0.03 

(0.82) 

 0.00   

(0.87) 

-0.06 

(0.34) 

-0.12 

(0.43) 

-0.13 

(0.14) 

-0.06 

(0.52)   

FCF -0.00 

(0.54)    

-0.01 

(0.06)*     

-0.00 

(0.87) 

 0.00       

(0.87)     

-0.00 

(0.99) 

 0.00 

(0.75) 

-0.00 

(0.47) 

-0.00 

(0.87) 
Intercept 36.49 

(0.00) 

26.38     

(0.06)     

45.35 

(0.00) 

 0.00    

(0.87)     

16.04 

(0.15) 

23.74 

(0.36)     

37.50 

(0.01) 

-187.95 

(0.22) 
R Squared  0.05     0.00                           0.10  0.03    0.05  0.13                           0.02  0.05 
Observations  744  744  258  258  210  210  280  280 

Notes: This table presents the results of multivariate and unbalanced panel (fixed and random effects) regressions of Equations (5.1) and (5.2) on the impact of ownership 

and capital structure on performance. The independent variables are ownership (FOROWN and STOWN), capital structure (LEV and STDA) and the dependent variable 

includes performance, which is defined as the Tobin’s Q. Please see Table 5.1 for the definition of each variable. p-values are given in parentheses.  

 

*, ** and *** represent significance at 10, 5 and 1% levels, respectively; and p-values are given in brackets. 
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Table 6.6. Regression results with RET as the performance measure  

Dependent Variable: RET 

                       Full  Pre-GFC GFC Post-GFC 

Independent 

Variable 

Multivariate 

Regression 

Random  

Effects 

Multivariate 

Regression 

Random 

effects  

Multivariate 

Regression 

Fixed 

effects  

Multivariate 

Regression 

Random  

effects 

FOROWN  0.12   

(0.11) 

 0.15   

(0.06)**     

-0.23  

(0.03)** 

-0.24   

(0.04)**     

 0.55   

(0.00)*** 

 0.65  

(0.02)**   

 0.19 

 (0.07)** 

 0.19  

(0.10) 

INSTOWN -0.02  

(0.68) 

-0.04    

(0.48)     

 0.11  

(0.06)*** 

 0.13 

(0.04)**    

-0.19  

(0.17) 

 0.01  

(0.90) 

 0.02  

(0.77) 

 0.01  

(0.89) 

LEV -0.04 

(0.59) 

-0.03    

(0.71)     

-0.05 

(0.57)   

-0.04  

(0.67)   

 0.12  

(0.49) 

 0.39  

(0.09)*    

-0.22 

(0.03)** 

-0.28 

(0.04)** 

STDA 19.74 

(0.30) 

35.27    

(0.41)     

-30.94 

 (0.26)   

-44.19    

(0.09)*** 

70.94 

(0.12) 

32.07 

(0.63) 

15.37 

(0.57) 

22.13 

(0.57) 

TANG  0.00 

(0.95) 

-0.01       

(0.73)     

  0.08 

 (0.19) 

 0.09    

 (0.13)     

-0.05 

(0.66) 

 0.02 

(0.83) 

-0.08 

(0.25) 

-0.09 

(0.30) 

GROWRH  0.03    

(0.00)*** 

 0.03      

(0.00)***      

  0.05 

 (0.00)*** 

  0.06  

(0.00)***      

 0.01 

(0.31) 

-0.01 

(0.00)*** 

-0.08 

(0.22) 

-0.09 

(0.20) 

RISK  0.05 

(0.20) 

-0.10       

(0.41)     

  0.09 

 (0.06)***  

 0.15    

(0.05)**    

-0.10 

(0.33) 

-0.31 

(0.23) 

-0.21 

(0.00)*** 

-0.00 

(0.79) 

AGE  0.00 

(0.95) 

 0.00     

(0.97)     

  0.06 

 (0.04)** 

 0.07  

(0.10)     

-0.07 

(0.24) 

-0.06 

 (0.47)  

-0.00 

(0.99) 

-0.25 

(0.29) 

FCF  0.00 

(0.40) 

 0.00       

(0.32)     

 -0.00 

 (0.76) 

-0.00    

(0.76)     

 0.01 

(0.09) 

 0.01 

(0.38) 

-0.00 

(0.88) 

-0.00 

(0.71) 

Intercept  1.63 

(0.67) 

 2.17     

(0.58)     

 -0.45 

 (0.92)   

-2.95    

(0.55) 

-3.00 

(0.76) 

-17.57 

(0.28) 

 8.34 

(0.14) 

11.16  

(0.05) 

R Squared  0.02    0.04   0.10  0.23  0.08  0.09  0.05  0.11 

Observations  744  744   258  258  210  210  280 280 

Notes: This table presents the results of multivariate and unbalanced panel (fixed and random effects) regressions of Equations (5.1) and (5.2) on the impact of ownership 

and capital structure on performance. The independent variables are ownership (FOROWN and STOWN), capital structure (LEV and STDA) and the dependent variable 

includes performance, which is defined as the Stock Returns (RET). See Table 5.1 for variable definitions. p-values are given in parentheses. 

 

 *, ** and *** represent significance at 10, 5 and 1% levels, respectively; and p-values are given in brackets. 
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6.5 Panel (fixed and random effects) regression model  

 

To confirm the multivariate regression analysis results, this study uses an unbalanced 

panel regression model. Therefore, the panel regression continues with estimation of the 

fixed effects and random effects models. The first study conducts the Hausman (1978) 

test to determine whether the specification provides appropriate results. The results from 

this test indicate that both the fixed effects and random effects models are preferable in 

different periods (full, pre-GFC, GFC and post-GFC). This study analyzes results from 

the fixed and random effect models and the results from these tests are presented in 

Tables 6.3 to 6.6. 

 

In Table 6.3, the random effects result shows that there is no significant relationship 

between FOROWN and the performance variable ROA in different periods (full, pre-

GFC, GFC and post-GFC) periods. These results are not consistent with multivariate 

regression results in the full period for dynamic endogeneity. During the post-GFC 

period, the result is not similar to the multivariate regression result. The results show 

that INSTOWN does not affect ROA in full, pre-GFC and GFC periods. The results are 

not similar, possibly because of any heteroscedastic and autocorrelation problems. 

However, random effects result shows that INSTOWN is positively significant with the 

performance variable ROA at the 5% level of significance, whereas multivariate 

regression results are negatively significant with the performance variable ROA at the 

5% level. This result is supported by the multivariate regression analysis. The capital 

structure variable LEV is negatively significant at the 1% level in full, GFC and post-

GFC periods (random effects); LEV was noted to be negatively significant at the 1% 

level when multivariate and random effects analysis was used. STDA are negatively 
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significant with the performance variable ROA in full, pre-GFC and GFC periods at the 

10 % and 1% levels of significance, respectively. These variables reveal significant 

results with 90% and 99% levels of confidence. It is important to note that the results 

further confirm that the significance and the directions of the coefficients are the same 

in multivariate and panel regression models. The random effect results with ROA as the 

performance measure are shown in Table 6.3.  

 

In Table 6.4, the random effects result shows that the estimated coefficients and p-value 

of FOROWN is not the same as in the multivariate regression results in full and post-

GFC periods. During the pre-GFC period, the random effects result shows that the 

estimated coefficients of INSTOWN is not positively related to the performance 

variable ROE at the level of 1% significance. It is noted that INSTOWN is significant 

with ROE at the 5% level of significance in the multivariate regression results. The 

random effects result shows that INSTOWN negatively affects the performance variable 

ROE in the post-GFC period at the 1% level, but importantly, the p value of INSTOWN 

is significant at the 5% level in multivariate regression results. In Table 6.4, the random 

effects result shows that LEV is negatively significant with ROE at the 1% level in full, 

GFC and post-GFC periods, whereas the findings remain the same as those reported in 

Table 6.6. The random effects result of STDA is negatively related to the performance 

variable ROE in the full, pre-GFC and GFC periods at the 10% and 1% levels of 

significance, respectively. However, the random effects result in the GFC period is not 

the same as is reported in the multivariate regression model. The random effects results 

differ from multivariate regression model results because of unobserved heterogeneity, 

simultaneity and dynamic endogeneity.  
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Employing Tobin’s Q as a performance measure, Table 6.5 reports that during the full 

period, FOROWN is positively significant with the performance variable Tobin’s Q in 

multivariate regression results. However, in the full period, the random effects result is 

not significant for FOROWN. The random effects result finds that INSTOWN negatively 

impacts on the performance variable Tobin’s Q at the 1% level of significance in the 

full period. In the full and post-GFC periods, panel (random and fixed effects) 

regression results show that LEV negatively affects the performance variable, Tobin’s 

Q. These results further confirm the significance with the same directions of the 

coefficient with the multivariate regression. During the pre-GFC and GFC periods, the 

random and fixed effects results of STDA show the same results as those reported in 

multivariate regression results. However, in the full and post-GFC periods, the panel 

regression results further show that STDA is statistically insignificant for 

autocorrelation.  

  

To examine the relationship between ownership, capital structure and RET of water 

companies, the random and fixed effects results are report in Table 6.6. FOROWN is 

strongly and positively related to the performance variable RET in the pre-GFC and 

GFC periods at the 5% and 10% levels of significance, respectively. These results are 

consistent with multivariate regression results. However, the random effects results do 

not confirm the multivariate regression results in the full and post-GFC periods. During 

the full and post-GFC periods, the random effects results confirm that INSTOWN and 

LEV impact on RET (the same directions of the coefficients with multivariate 

regression). The random effect result shows that the coefficient of STDA is negative as 

expected; and is statistically significant at the 10% level in the pre-GFC period. The 

random effect result is different from multivariate regression results for dynamic 

endogeneity. 
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6.6 Discussion of results 

 

This study investigates the effects of ownership and capital structure on the performance 

of the global water industry. The results of this study show a positive impact of 

FOROWN on water companies’ performance in different periods (full, pre-GFC, GFC 

and post-GFC). This evidence is supported by several authors, for example, Chhabra 

and Majumdar (1999), Douma et al. (2006), Musallam (2015), Zakaria et al. (2014), 

Mokaya and Jagongo (2015), These authors suggest that foreign ownership positively 

impacts firm profitability. This means that the firms having higher foreign ownership 

may achieve superior performance. Some authors, such as Lee (2008), Mihai and Mihai 

(2013), find no significant impact of foreign investors on firm profitability. Their 

findings are similar to the results of this study.   

 

A number of papers have examined the direct impact of INSTOWN on firm 

performance. Nesbitt (1994), Smith (1996) and Del Guercio and Hawkins (1999) find a 

positive relation between INSTOWN and various measures of firm performance. 

However, Agrawal and Knoeber (1996), Karpoff et al. (1996), Duggal and Millar 

(1999) and Faccio and Lasfer (2000) find no such significant relation. Thus, the impact 

of INSTOWN on firm performance is still unclear. This study adds to the literature on 

INSTOWN and firm performance. For the global water companies, the first study finds a 

strong relationship between INSTOWN and performance in different periods (full, pre-

GFC and GFC post-GFC). This suggests that INSTOWN plays a vital role in improving 

the performance of water companies.  
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The relationship between capital structure and profitability is controversial, both 

theoretically and empirically (Rajan and Zingales, 1995; Booth et al., 2001). However, 

this study’s results show that LEV has a negative influence on firm performance in the 

full and GFC periods. This evidence supports the “pecking order theory”. Further, 

STDA positively and negatively related to water companies’ performance in different 

periods (full, pre-GFC, GFC and post-GFC). This evidence supports the pecking order 

theory and the predictions of the trade-off theory. Although debts can reduce agency 

problems between managers and investors, high debts increase the risks for companies. 

It is to be noted that increasing the STDA with a relatively low interest rate will lead to 

an increase in the profit levels of water companies. Vo (2017) reports that more 

profitable firms are associated with higher LEV. Thus, profits could be reduced 

significantly due to the very high costs of borrowing. 

 

6.7 Chapter summary and conclusion 

 

This chapter presents the results of tests of hypotheses developed in Chapter Four on the 

relationship between ownership (FOROWN and INSTOWN), capital structure (LEV and 

STDA) and water companies’ performance in different periods (full, pre-GFC and GFC 

and post-GFC) using both multivariate and unbalanced panel regression models (for the 

period 2004-2014).  

 

The multivariate and panel regression results show that that foreign ownership impacts 

ROA in full and post-GFC periods. The findings support the notion that foreign 

ownership is correlated with ROE in the GFC period only, whereas FOROWN has a 

positive relationship with Tobin’s Q in pre-GFC, GFC and post-GFC periods. FOROWN 
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influenced only the full period. This study’s results indicate that FOROWN improves 

financial performance of the global water industry in different periods. Specifically, this 

is strong support for the hypothesis that FOROWN increases water companies’ 

performance. It is important to note that FOROWN plays a vital role in the GFC period; 

in this case, foreign investment inflows impact the performance of water companies 

during the period 2008 to 2010 and onwards. 

 

The evidence also suggests a negative association between LEV and ROA in full, GFC 

and post-GFC periods. It seems that LEV has no relationship with ROE, but, LEV 

positively impacts on Tobin’s Q and RET in full and post-GFC periods, respectively. 

The results show that STDA is negatively related with ROA and ROE in full and GFC 

periods. The first study also shows a statistically significant positive relation of STDA 

and Tobin’s Q in full, pre-GFC and GFC periods. However, significant results are not 

indicated between STDA and RET in different periods (full, pre-GFC, GFC and post-

GFC). The results suggest that either LEV could be chosen more for conforming to 

water companies’ regulatory requirements, or for STDA, which is for short time 

periods.  
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Chapter 7 

 

Study Two Results: 

An analysis of returns and volatility of water indices, water markets 

and water funds 

7.1 Introduction 

 

This chapter conducts and presents the results of Study Two. The purpose of this study 

is to examine the relationships among water indices, water market indices and water 

funds using returns and volatility information in different periods. Specially, this study 

asks, to what extent are the returns of investment in different financial instruments 

(water indices, water market indices and water funds) associated with water? Is it 

profitable to invest in water, and indeed how risky is it? 

 

 This study uses a univariate time-series model to examine the relationships among 

water indices, water markets and water funds for the period 2014-2014, in order to 

evaluate the returns and volatility of water indices, water funds and water markets in 

full, pre-GFC, GFC and post-GFC periods.  

 

To achieve the aim of Study Two, hypotheses and univariate time-series methods are 

developed in Chapters Four and Five, respectively. See Figure 7.1 for a summary of the 

research description and how each method answers the specific hypothesis. 
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Figure 7.1.  Research methodology for examination of the relationship among water 

indices, water markets and water funds using return and volatility information 
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Results Generated 

 

-Linear multiregression analyses  

-ARMA (1, 1) model 

-Ljung box-Q test 

 

 

Results Generated 
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model 
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-The first hypothesis of study Two  

- The second hypothesis of study 

Two 
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7.2 Data preliminaries 

 

Table 7.1 shows that stock returns are positive with the exception of those of the Pictet 

Group. Asia has the highest positive mean return (0.04), while the lowest positive mean 

return (-0.00) is for Pictet in the full period. During the pre-GFC period, stock returns 

are positive except for the World Water Index (WOWAX). However, all stock returns 

are negative except for the WOWAX during the GFC period. The stock returns of 

Europe, Latin America and Pictet are not positive in the post-GFC period. During the 

full period, the skewness values of the S&P, Europe, Latin America and KBC Eco 

generally have a negative asymmetric tail. However, the WOWAX, S-Net, 

MSCIACWI, Asia, US and Pictet have positive, i.e., asymmetric tail in the pre-GFC 

period. During the GFC period, the skewness values are related to the symmetric 

(WOWAX, MSCI ACWI, Europe and Pictet) and asymmetric (S-Net, S&P, Asia, Latin 

America and KBC Eco) tails that have positive and negative value. The skewness 

values are related to the asymmetric tail that extends towards more negative values than 

positive ones for the pre-GFC period. The kurtosis values of all water indices, water 

markets and water funds statistics are higher than three, suggesting that all of the time 

series are fat-tailed for the full period and three sub-sample periods. Subsequently the 

Jarque-Bera results are statistically significant. Thus, the assumption of normal 

distribution is not fulfilled. 

 

Table 7.2 shows that stock returns are positive for all the water indices and water 

markets during full, pre-GFC and post-GFC periods. However, during the GFC period, 

stock returns are only positive for the WOWAX. During all of the periods, the kurtosis 

values of all water stock index and water market index returns are higher than 3, so the 
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returns distribution could be fat-tailed. The skewness values are related to the 

asymmetric tail that extends towards more negative values than the positive ones for the 

full period and three sub-sample periods. Since the Jacque-Bera results are statistically 

significant the analysis rejects the null hypothesis of a normal distribution for all stock 

returns. The difference in the returns is important for analysis. 
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Table 7.1.  Descriptive Statistics 

 WOWAX S-Net S&P MSCI ACWI Asia Europe Latin America US Pictet KBC Eco 

 

Full Period: Jan 2004-Oct 2014   

 Mean  0.03  0.03  0.03  0.03  0.04  0.01  0.00  0.03 -0.00  0.03 

 Median  0.02  0.07  0.08  0.04  0.00  0.01  0.07  0.00  0.00  0.06 

 Maximum  0.72  9.27  10.90  15.86  13.27  13.96  10.54  12.14  4.61  10.92 

 Minimum  0.00 -7.55 -8.07 -8.52 -9.23 -10.09 -12.25 -7.56 -3.84 -8.42 

 Std. Dev.  0.05  1.04  1.11  1.21  1.55  1.41  1.71  1.35  0.61  1.14 

 Skewness  4.60 -0.43 -0.33  0.41  0.40 -0.04 -0.53  0.35  0.13 -0.31 

 Kurtosis  36.24  10.84  11.86  17.67  8.19  10.91  7.89  10.10  6.37  12.60 

 Jarque-Bera 140135.30     7333.34     9317.92   25460.85    3259.47     7382.23    2952.22     5998.03    1349.24   10905.00 

 Probability  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

 Observations  2827  2827  2827  2827  2827  2827  2827  2827  2827  2827 

 

Pre-GFC period: Jan 2004-Dec 2007                               

 Mean -0.0  0.07  0.08  0.07  0.09  0.09  0.06  0.05  0.01  0.07 

 Median -0.02  0.11  0.116  0.07  0.00  0.09  0.10  0.00  0.01  0.08 

 Maximum  0.000  2.50  2.92  6.08  13.27  3.71  10.54  6.44  1.95  2.75 

 Minimum -0.72 -3.17 -3.51 -5.06 -6.63 -3.25 -8.16 -7.39 -1.73 -3.35 

 Std. Dev.  0.06  0.73  0.76  1.00  1.92  0.91  1.65  1.35  0.52  0.77 

 Skewness -4.06 -0.42 -0.29  0.09  0.77 -0.07 -0.13 -0.29  0.01 -0.33 

 Kurtosis  26.99  4.10  4.14  4.96  6.73  3.88  6.18  5.84  3.79  4.57 

 Jarque-Bera  27903.69  84.14  72.56      170.02      711.34 35.07      445.35      366.69        27.62      128.35 

 Probability  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

Observations  1043  1043  1043  1043  1043  1043  1043  1043  1043  1043 

 

GFC Period: Jan 2008-Dec 2010       

 Mean  0.02 -0.01 -0.01 -0.02 -0.01 -0.08 -0.01 -0.00 -0.01 -0.01 

 Median  0.01  0.05  0.07  0.02  0.00 -0.05  0.10  0.00 -0.00  0.06 

 Maximum  0.10  9.27  10.90  15.86  5.83  13.96  8.65  12.14  4.61  10.92 

 Minimum  0.00 -7.55 -8.07 -8.52 -9.23 -10.09 -12.25 -6.45 -3.84 -8.42 

 Std. Dev.  0.02  1.49  1.60  1.68  1.48  2.00  2.03  1.66  0.79  1.65 

 Skewness  1.60 -0.28 -0.17  0.63 -0.58  0.18 -0.92  0.81  0.27 -0.14 

 Kurtosis  5.77  8.07  8.79  15.91  7.72  8.50  8.93  10.08  6.21  9.16 
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 Jarque-Bera      586.69      853.15    1100.60    5498.51     774.98      994.49    1263.38    1728.09      347.98    1244.69 

 Probability  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

 Observations  784  784  784  784  784  784  784  784  784  784 

 

Post-GFC period: Jan 2011-Oct 2014 

 Mean  0.0  0.02  0.02  0.04  0.02 -0.00 -0.03  0.05 -0.00  0.04 

 Median  0.01  0.03  0.04  0.03  0.00  0.00  0.02  0.02  0.00  0.06 

 Maximum  0.48  3.58  3.61  5.06  6.56  4.12  6.49  9.05  2.31  4.08 

 Minimum  0.00 -5.50 -5.51 -4.07 -6.07 -7.21 -7.89 -7.56 -2.10 -5.70 

 Std. Dev.  0.05  0.88  0.94  0.94  1.11  1.27  1.48  1.04  0.55  0.95 

 Skewness  3.51 -0.40 -0.41 -0.11 -0.15 -0.34 -0.26  0.39 -0.07 -0.39 

 Kurtosis  21.74  6.53  6.27  4.72  5.57  5.10  4.96  12.70  4.57  6.22 

 Jarque-Bera   16703.68      548.06      476.57      126.52      280.13      205.01      172.54     3954.23      104.48      458.75 

 Probability  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

 Observations  1000  1000  1000  1000  1000  1000  1000  1000  1000  1000 

Notes: This table reports the descriptive statistics for four water indices-World Water Index (WOWAX), S-Net Global Water Index (S-Net), S&P Global Water Index 

(S&P) and MSCI ACWI Water Utilities Index (MSCI ACWI) and four water markets-Asia, Europe, Latin America and US water markets, and two water funds- Pictet 

Global Water Fund (Pictet) and KBC ECO Water Fund (KBC Eco). Descriptive statistics include daily mean, maximum, minimum, standard deviation (std.dev.) and 

performance-related statistics in different (full, pre-GFC, GFC and post-GFC) periods. 

 

Data are collected from the Thomson Reuters DataStream database. Daily data are transformed to the form of and the prices are in US dollars.   
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7.3 Analysis based on correlations 
 

 

Table 7.2 presents a preliminary analysis of correlations between water equities (water 

indices water markets) and water mutual funds. The results show that water equities and 

water mutual funds are correlated with each other. The S-Net and S&P, the S-Net and 

KBC Eco, and the S&P and KBC Eco are highly correlated in the different periods (full, 

pre-GFC, GFC and post-GFC). However, the WOWAX has low correlation with the 

other three water indices, four water markets and two water funds in the full period. 

During the pre-GFC period, the WOWAX is significantly negatively correlated with 

four water indices, four water markets and two water funds. The WOWAX is 

significantly positively correlated with the MSCI ACWI, Europe and Pictet but is 

significantly negatively correlated with the S-Net, S&P, Asia, Latin America, US and 

KBC Eco in the GFC period. During the pre-GFC period, the WOWAX is significantly 

negatively correlated with the MSCI ACWI and the US. Nevertheless, the WOWAX is 

positively correlated with the S-Net, S&P, Asia, Europe Latin America, Pictet and KBC 

Eco. From these results, some doubts arise about the assumption that investing in the 20 

component stocks of the WOWAX can bring investors diversification benefits in 

different periods (full, pre-GFC, GFC and post-GFC). Jin et al.’s (2015) results also 

indicate that the WOWAX has the capacity to produce diversification effects in 

portfolios. The author finds that Pictet and KBC Eco significantly correlates with Asian, 

Latin American and US water markets during the full, pre-GFC, GFC and post-GFC 

periods. The results of the correlation analysis therefore indicate the trend of positively 

correlated returns between water equities and water funds over the years. 
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7.2. Correlation matrix among water indices, water market indices and water funds 

 WOWAX S-Net S&P MSCI ACWI Asia Europe Latin America US Pictet KBC Eco 

 

Full Period: Jan 2004-Oct 2014  

WOWAX         1          

S-Net 0.01         1         

S&P 0.01 0.94*         1        

MSCI ACWI 0.01 0.67  0.71*         1       

Asia 0.01 0.29 0.26 0.14         1      

Europe 0.02   0.71*  0.79*   0.72* 0.18         1     

Latin America 0.02 0.58 0.56 0.40 0.21 0.42         1    

US 0.01 0.54 0.49 0.48 0.07 0.27 0.28         1   

Pictet 0.02 0.42 0.47 0.35 0.13 0.54 0.27 0.09         1  

KBC ECO 0.01 0.93 0.91 0.64 0.24 0.68 0.53 0.52 0.41 1 

 

Pre-GFC period: Jan 2004-Dec 2007                               

WOWAX 1          

S-Net -0.03 1         

S&P -0.02    0.88* 1        

MSCI ACWI -0.03 0.61 0.62 1       

Asia -0.00 0.30   0.27* 0.10 1      

Europe -0.03 0.68   0.76*   0.82* 0.14  1     

Latin America -0.03 0.56 0.50 0.32 0.17 0.37  1    

US -0.05 0.48 0.39 0.24 0.03 0.19 0.23 1   

Pictet -0.02 0.34 0.40 0.40 0.05 0.49 0.17 0.06 1  

KBC ECO -0.04   0.88* 0.85* 0.58 0.22 0.68 0.49 0.46 0.39 1 

 

GFC Period: Jan 2008-Dec 2010      

WOWAX 1          

S-Net -0.03 1         

S&P -0.02    0.96* 1        

MSCI ACWI 0.01    0.71*   0.76* 1       

Asia -0.00 0.36 0.34 0.21 1      

Europe 0.01   0.71*   0.79* 0.69 0.29 1     

Latin America -0.00 0.65 0.66 0.50 0.27 0.50 1    
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US -0.03 0.56 0.51 0.61 0.14 0.28 0.31 1   

Pictet 0.00 0.42 0.48 0.32 0.24 0.57 0.34 0.06 1  

KBC ECO -0.04   0.95*  0.94* 0.68 0.33 0.69 0.60 0.55 0.41 1 

 

Post-GFC Period: Jan 2011-Oct 2014      

WOWAX 1          

S-Net 0.01  1         

S&P 0.01   0.95*         1        

MSCI ACWI        -0.04 0.63   0.72*         1       

Asia 0.01 0.25 0.22 0.09         1      

Europe 0.01   0.73*   0.81*   0.75* 0.12         1     

Latin America 0.00 0.51 0.51 0.36 0.20 0.37         1    

US        -0.04 0.61 0.61 0.59 0.04 0.36 0.33         1   

Pictet 0.02 0.49 0.54 0.36 0.12 0.56 0.26 0.19         1  

KBC ECO 0.01   0.92*  0.90* 0.59 0.21 0.68 0.49 0.57 0.46 1 

Notes: This table reports the correlation results among four water indices, four water markets and two water funds during full, pre-GFC, GFC and post-GFC periods. 

This table shows that S-Net is highly and significantly correlated with S&P, and MSCI ACWI is also highly and positively correlated with Europe in different (full, 

pre-GFC, GFC and post-GFC) periods. 

 

*Correlation above 0.70 
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7.4 Linear multiregression analyzes: Return-association models  

 

 

Table 7.3 shows the relationship among water indices, water market indices and water 

funds in different periods. During the full period, the results of Model 1 show that p-

values are not significant between the WOWAX and other water indices, water markets 

and water funds. In Model 2, the S&P and four water markets are significant with the S-

Net at the 1% level of significance. The MSCI ACWI and Pictet are significant at the 

10% level of significance. In Model 3, the return of the S&P is associated with one 

water index (MSCI ACWI), four water markets (Asia, Europe, Latin America and US) 

and two water funds (Pictet and KBC Eco). The associations between the S&P and 

MSCI ACWI Asia, Europe, Latin America and US Pictet and KBC Eco are highly and 

positively significant (1% level of significance). However, the returns of the WOWAX 

do not affect the returns of the S&P. The returns of the MSCI ACWI are positively 

related with the returns of the S-Net, Europe, Latin America and US. The S-Net, Europe 

and US (at the 1% level of significance), and Latin America is significant at the 5% 

level of significance. On the contrary, the return of the Asian water market and Pictet 

water fund is negatively significant with the MSCI ACWI at the 5% and 1% levels, 

respectively. In Model 5, the returns of S-Net and Latin America are significant with the 

Asian water market at the 1% and 5% levels of significance, respectively. The MSCI 

ACWI and Europe have a strong negative relation on Asia at the 10% and 1% levels, 

respectively. In Model 6, it can be seen that the S-Net, Latin America, Pictet and KBC 

Eco positively affect Europe at the 1% level of significance. The US has a negative 

strong relation with Europe at 1% level of significance. In Model 7, the Latin American 

water market has a positive link with the S&P, Asia and Europe. This one water index 

and two water markets are significant at the 1% level of significance, whereas the S-Net 
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and MSCI ACWI are positively significant with US at the 1% level of significance. In 

Model 9, the S-Net and Europe have a positive relationship with Pictet. However, the 

MSCI ACWI and US have a weak and negative relationship with Pictet. S&P, Asia, US 

and Pictet affects the KBC Eco at the 1% level of significance. The relationship of 

MSCI ACWI and Europe, and KBC Eco is negative but is significant at the 1% level of 

significance. For the full period, linear multi regression analyzes equations are shown 

below. 

 

7.4.1 Full period: Jan 2004-Oct 2014  

 

Model 1 

ξPictet0.00US0.02AmericaLatin0.02

Europe0.040.00AsiaACWI MSCI 0.02Net-S0.02 0.00 WOWAX

1t1t1t

1t1t1-t1tt







  

Model 2 

ξPictet0.12US0.09AmericaLatin0.05Europe0.07

Asia0.04ACWI MSCI0.01P&S0.93WOWAX0.00 0.00 NetS

1t1t1t1t

1t1-t1tt







  

Model 3 

ξECOKBC61.0Pictet0.02US0.094AmericaLatin0.07

Europe0.25Asia0.03ACWI MSCI 0.07WOWAX0.00 0.00 P&S

1t1t1t1t

1t1t1-tt 1t







  

Model 4 

ξPictet0.04US0.25AmericaLatin0.052

Europe80.5Asia20.04NetS0.13WOWAX0.01 0.00 ACWIMSCI

1t1t1t

1t1tt 1t







  

Model 5 

ξPictet0.01US0.11AmericaLatin0.05

Europe0.05ACWI MSCI 0.06Net-S0.39WOWAX0.000.00 Asia

1t1t1t

1t1-t1tt 1t
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Model 6 

ξEcoKBC0.23PictetUS0.17

AmericaLatin0.050.00AsiaACWI MSCI 0.49WOWAX0.010.00 Europe

1t1t1t

1t1t1-t1tt









 

Model 7 

ξPictet0.01US0.00Europe0.03

0.01AsiaACWI MSCI 0.03P&0.04S WOWAX0.01 caLatinAmeri

1t1t1t

1t1-t1tt







  

Model 8 

ξPictet0.07AmericaLatin40.0 Europe0.39

Asis70.0ACWI MSCI 0.40Net-S0.62WOWAX0.010.00 US

1t

1t1-t1tt 1t







   

Model 9 

ξUS0.08AmericaLatin0.02Europe0.52

0.00AsiaACWI MSCI 0.08Net-S0.13 WOWAX0.000.00 ictet

1t1t1t

1t1-tt 1t1t








P

 

Model 10 

ξPictet0.00US0.08AmericaLatin0.01Europe0.07

0.00AsiaACWI MSCI 0.03P&S0.95WOWAX0.000.00 ECOKBC

1t1t1t1t

1t1-tt 1t1t







  

 

 

7.4.2 Pre-GFC period: Jan 2004-Dec 2007                               

 

During the pre-GFC period, the results of Model 1 show that the WOWAX is not 

affected by the other three water indices, four water markets and two water funds. In 

Model 2, the MSCI ACWI, Asia, Europe Latin America, US and Pictet strongly and 

positively affect the S-Net. However, KBC Eco has a negative effect, with S-Net at the 

1% level of significance. In Model 3, the S&P is positively associated with Asia, 

Europe, Latin America US and KBC Eco at the 1% level of significance, whereas the 

relationship of S&P and MSCI ACWI and Pictet is negative. However, the results are 

significant at the 1% level of significance. In Model 4, the S-Net and the US have a 
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positive relationship with MSCI ACWI. But Pictet has a negative relationship with 

MSCI ACWI, significant at the 1% level. In Model 5, Asia is strongly and positively 

related with the S-Net and MSCI ACWI and is significant at the 1% level. The US and 

Pictet have a negative relationship with Asia but this is significant at the 1% level. In 

Model 6, Europe has a strong and positive relationship with the MSCI ACWI, Asia, 

Latin America and Pictet. They are significant at the 10% level of significance. 

However, the S-Net has a negative relationship with the US. In Model 7, the S&P, Asia 

and Europe have an effect on Latin America. Both are significant at the 1% level of 

significance. In Model 8, Latin America has a positive relationship with KBC Eco. 

Nevertheless, Latin America is positively affected by Asia and Pictet. Asia and Pictet 

are significant at the 1% level of significance. In Model 9, the S-Net and Europe 

positively, and MSCI ACWI and US negatively influence Pictet. In Model 10, KBC 

Eco has a positive relationship with the S&P, Asia and US. However, the MSCI ACWI 

and European water market negatively affects KBC Eco. For the pre-GFC period, 

multilinear regression equations are shown below.     

 

Model 1 

ξEcoKBC04.0Pictet0.01US0.05AmericaLatin0.03

Europe0.030.00AsiaACWI MSCI 0.00P&S0.08 0.00 WOWAX

1t1t1t1t

1t1t1-t1tt









 

Model 2 

ξEcoKBC61.0Pictet0.02US120.AmericaLatin0.15

Europe0.12Asia0.11ACWI MSCI 0.07WOWAX0.01 0.00 NetS

1t1t1t1t

1t1t1-t1tt









 

Model 3 

ξECOKBC0.52Pictet0.00US0.06AmericaLatin0.09

Europe0.42Asia0.08ACWI MSCI 080.WOWAX0.00 0.00 P&S

1t1t1t1t

1t1t1-tt 1t
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Model 4 

ξPictet0.00US0.05AmericaLatin0.01

Europe0.77Asia0.03NetS0.07WOWAX0.00 0.00 ACWIMSCI

1t1t1t

1t1tt 1t







  

Model 5 

   

ξPictet1.41US4.82

AmericaLatin0.43ACWI MSCI0.07Net-S0.49WOWAX0.000.00 Asia

1t1t

1t1-t1tt 1t







 

 

Model 6 

ξPictet0.19US0.01

AmericaLatin0.100.04AsiaACWI MSCI 0.71WOWAX0.000.00 Europe

1t1t

1t1t1-t1tt









Model 7 

ξPictet0.03US0.03

Asia0.04ACWI 0.02MSCIP&S0.48 WOWAX0.02 AmericaLatin

1t1t

1t1-t1tt









 

Model 8 

         
ξEcoKBC0.53Pictet30.1AmericaLatin0.00

Europe0.03Asis0.07ACWI MSCI 0.01WOWAX0.030.00 US

1t1t

1t1t1-t1tt







  

Model 9 

ξUS0.05AmericaLatin0.02Europ0.49

Asia0.02ACWI MSCI 0.01Net-S0.06WOWAX0.010.00 Pictet

1t1t

1t1-tt 1t1t









 

Model 10 

ξPictet0.05US0.15AmericaLatin0.07Europe0.03

0.00AsiaACWI MSCI 0.05P&S0.67WOWAX0.010.00 EcoKBC

1t1t1t1t

1t1-tt 1t1t









 

 

 

 

 



189 

 

7.4.3 GFC period: Jan 2008-Dec 2010      

 

During the GFC period, the results of Model 1 show that p-values are not significant 

between the WOWAX and other water indices, water markets and water funds. In 

Model 2, the MSCI ACWI, Asia, Europe, Latin America, US, Pictet and KBC Eco have 

a positive relationship on S-Net. In Model 3, the MSCI ACWI, Asia, Europe, Latin 

America, US, Pictet and KBC Eco are positively related to the S&P (at the 1% level of 

significance). However, the US water market has a negative impact on the S&P. In 

Model 4, Europe, Latin America and US positively influence the MSCI ACWI, whereas 

Pictet is negatively affected by the MSCI ACWI (at the 1% level of significance). In 

Model 5, the S&P, Europe, Latin America and Pictet have a positive relationship with 

Asia, nevertheless, the MSCI ACWI negatively relates to Asia. In Model 6, MSCI 

ACWI, Asia and KBC Eco are positively related to Europe (at the 1% level of 

significance) whereas the US negatively affects Europe (at the 1% level of 

significance). In Model 7, the S-Net, MSCI ACWI and Pictet have a positive effect on 

Latin America, but, the US has a negative relation with Latin America. Model 8 shows 

that the S-Net and MSCI ACWI positively affects the US, Europe and Latin America, 

and Pictet has a negative impact on the US. In Model 9, the S-Net, Asia, Europe and 

Latin America have a strong positive relation with Pictet, whereas the MSCI ACWI and 

the US have a strong negative influence on Pictet. Model 10 shows that the S-Net, 

Europe and the US positively impact KBC Eco at the 1% and 5% levels of significance, 

respectively, however, Asia and Latin America have a negative impact on KBC Eco. For 

the GFC period, the multilinear regression analyzes equations are shown below.     
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Model 1 

ξPictet0.00US30.0AmericaLatin0.03

Europe0.030.00AsiaACWI MSCI 0.07Net-S0.13 0.00 WOWAX

1t1t1t

1t1t1-t1tt









 

Model 2 

ξEcoKBC81.0Pictet0.02US040.

Europe0.06Asia0.05ACWI MSCI 0.06WOWAX0.00 0.00 NetS

1t1t1t

1t1t1-t1tt









 

Model 3 

ξEcoKBC0.66Pictet0.02US0.00

AmericaLatin0.09Europe0.19ACWI MSCI 120.WOWAX0.000.00 P&S

1t1t1t

1t1t1-tt 1t









Model 4 

ξPictet0.04US0.42

AmericaLatin0.01Europe0.54Asia0.02WOWAX20.0 0.00 ACWIMSCI

1t1t

1t1t1tt 1t









Model 5 

ξPictet080.US0.03

AmericaLatin0.08Europe0.06 P&S270.WOWAX0.000.00 Asia

1t1t

1t1-t1tt 1t







 

 

Model 6 

ξEcoKBC0.44US0.941

AmericaLatin1.550.06AsiaACWI MSCI 0.54WOWAX0.010.00 Europe

1t1t

1t1t1-t1tt









Model 7 

ξPictet60.0US0.10Europe03.0

Asia0.03ACWI MSCI110.Net-S610. WOWAX10.0 00.0caLatinAmeri

1t1t

1t1-t1tt









  

Model 8 

ξPictet090.AmericaLatin0.009Europe0.38

Asia0.01ACWI MSCI 0.58NetS0.52WOWAX0.010.00 US

1t1t

1t1-t1tt







  

Model 9 

ξUS0.11AmericaLatin0.07Europ0.54

Asia0.06ACWI MSCI 0.09Net-S0.10WOWAX0.000.00 Pictet

1t1t

1t1-tt 1t1t
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Model 10 

ξUS020.AmericaLatin0.03Europe0.04

0.02AsiaACWI MSCI 0.01Net-S940.WOWAX00.00.00 EcoKBC

1t1t1t

1t1-tt 1t1t









 

7.4.4 Post-GFC period: Jan 2008-Dec 2010       

 

During the post-GFC period, the results of Model 1 show that only the MSCI ACWI 

affects the WOWAX (at the 5% level of significance). In Model 2, Asia, Europe, Latin 

America, US, Pictet and KBC Eco positively influence the S-Net (at the 1% level of 

significance). However, only the MSCI ACWI has a negative effect on the S-Net. In 

Model 3, MSCI Asia, Latin America, US, Pictet and KBC Eco are positively associated 

with the S&P. The results of Model 4 show that the WOWAX, Europe, Latin America 

and US have a positive impact on the MSCI ACWI, whereas Pictet has a negative 

relationship with the MSCI ACWI. In Model 5, the S&P and Latin America are 

positively related to Asia (at the 1% level of significance), but Europe and the US have 

a negative relationship with Asia. In Model 6, the MSCI ACWI, Asia, Pictet and KBC 

Eco have a strong positive relationship with Europe, whereas the US has a negative 

relationship with Europe. In Model 7, the S-Net, MSCI ACWI and Asia positively 

influence Latin America. In Model 8, the S&P and MSCI ACWI have a positive effect 

on the US, however, Asia, Europe and Pictet are negatively related to the US. In Model 

9, the S-Net, MSCIACWI, Europe and US have a strong and positive relation with 

Pictet. In Model 10, the S&P, Latin America, Europe and the US are positively 

significant at the 1%, 10% and 5% levels of significance, respectively; whereas MSCI 

ACWI and Europe are negatively related (at the 1% level of significance). For the pre-

GFC period, multilinear regression analyzes equations are shown below.     
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Model 1 

ξEcoKBC03.0Pictet0.00US20.0

AmericaLatin00.03Europe0.070.00AsiaACWI MSCI 11.0 0.00 WOWAX

1t1t1t

1t1t1t1-tt









 

Model 2 

ξEcoKBC64.0Pictet0.03US16.0AmericaLatin50.0

Europe210.Asia0.07ACWI MSCI 0.04WOWAX0.00 0.00 NetS

1t1t1t1t

1t1t1-t1tt









 

Model 3 

ξEcoKBC0.63Pictet130.US0.06

AmericaLatin50.0Asia0.39ACWI MSCI 230.WOWAX0.010.00 P&S

1t1t1t

1t1t1-tt 1t









 

Model 4 

ξPictet0.07US0.35

AmericaLatin0.01Europe0.65Asia0.00WOWAX30.0 0.00 ACWIMSCI

1t1t

1t1tt 1t









Model 5 

ξPictet000.US0.19

AmericaLatin0.11Europe230.0 P&S460.WOWAX0.000.00 Asia

1t1t

1t1-t1tt 1t







 

 

Model 6 

ξEcoKBC0.36Pictet220.US23

AmericaLatin0.010.02AsiaACWI MSCI 0.58WOWAX0.020.00 Europe

1t1t1t

1t1t1-t1tt









 

Model 7 

ξPictet20.0US000.Europe46.0

Asia0.08ACWI MSCI080.Net-S460. WOWAX00.0 00.0caLatinAmeri

1t1t

1t1-t1tt









  

Model 8 

ξPictet0970.AmericaLatin0.01Europe0.60

Asia90.01ACWI MSCI 0.50P&S0.79WOWAX0.160.00 US

1t1t

1t1-t1tt
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Model 9 

ξUS020.AmericaLatin0.01Europe0.02

0.0AsiaACWI MSCI 0.02Net-S230.WOWAX00.00.00 Pictet

1t1t1t

1t1-tt 1t1t









 

Model 10 

ξPictet020.0.04USAmericaLatin20.0Europe0.07

0.00AsiaACWI MSCI 0.10P&S001.WOWAX00.00.00 EcoKBC

1t1t1t1t

1t1-tt 1t









 



194 

 

Table 7.3.  Return-association empirical model 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 

   

  Full Period: Jan 2004-Oct 2014                        

Constant  0.00 

(0.00) 

 0.00 

(0.71) 

 0.00 

(0.18) 

 0.00 

(0.11) 

 0.00 

(0.43) 

 0.00 

(0.09) 

 0.00 

(0.14) 

 0.00 

(0.62) 

 0.00 

(0.63) 

 0.00 

(0.91) 

WOWAX  -  0.00 

(0.61) 

-0.00 

(0.28) 

-0.01 

(0.35) 

 0.00 

(0.75) 

 0.01 

(0.22) 

 0.01 

(0.28) 

 0.01 

(0.33) 

 0.00 

(0.69) 

 0.00 

(0.54) 

S-Net -0.02 

(0.46) 

 -  -  0.13 

(0.00) 

 0.39 

(0.00) 
 - 

-  0.62 

(0.00) 

 0.13 

(0.00) 

 - 

S&P  -  0.93 

(0.00) 

 -  -  - 
 - 

 0.04 

(0.00) 

 -  -  0.95 

(0.00) 

MSCI ACWI -0.02 

(0.35) 

-0.01 

(0.07) 

 0.07 

(0.00) 

 - -0.06 

(0.03) 

 0.49 

(0.00) 

 0.03 

(0.14) 

 0.40 

(0.00) 

-0.08 

(0.00) 

-0.03 

(0.00) 

Asia  0.00 

(0.75) 

 0.04 

(0.00) 

 0.03 

(0.00) 

-0.02 

(0.03) 

 -  0.00 

(0.51) 

 0.01 

(0.00) 

-0.07 

(0.00) 

 0.00 

(0.60) 

 0.00 

(0.95) 

Europe  0.04 

(0.19) 

-0.07 

(0.00) 

 0.25 

(0.00) 

 0.58 

(0.00) 

-0.05 

(0.10) 
 - 

 0.03 

(0.00) 

-0.39 

(0.00) 

 0.52 

(0.00) 

-0.07 

(0.00) 

Latin  America  0.02 

(0.35) 

 0.05 

(0.00) 

 0.07 

(0.00) 

 0.02 

(0.04) 

 0.05 

(0.01) 

 0.02 

(0.07) 

 - -0.04 

(0.01) 

 0.02 

(0.17) 

 0.01 

(0.13) 

US  0.02 

(0.33) 

 0.09 

(0.00) 

 0.04 

(0.00) 

 0.25 

(0.00) 

-0.11 

(0.00) 

-0.17 

(0.00) 

-0.00 

(0.79) 
 - 

-0.08 

(0.00) 

 0.08 

(0.00) 

Pictet  0.00 

(0.69) 

-0.12 

(0.07) 

 0.02 

(0.00) 

-0.04 

(0.00) 

 0.01 

(0.60) 

 0.23 

(0.00) 

 0.01 

(0.40) 

-0.07 

(0.00) 

 -  0.00 

(0.70) 

KBC Eco  -  -  0.61 

(0.00) 

 -  -  0.34 

(0.00) 

 -  -  -  - 

R Squared  0.00  0.91  0.93  0.62  0.10  0.83  0.33  0.40  0.31  0.85 

 

    Pre-GFC period: Jan 2004-Dec 2007                               

Constant  0.00  0.00 

(0.22) 

 0.00 

(033) 

0.00  0.00 

(0.67) 

 0.00 

(0.03) 

 0.00 

(0.33) 

 0.00 

(0.31) 

 0.00 

(0.28) 

 0.00 

(0.90) 

WOWAX  -  0.01 

(0.40) 

 0.01 

(0.23) 

-0.00 

(0.85) 

-0.00 

(0.94) 

 0.00 

(0.98) 

-0.02 

(0.34) 

 -.038 

(0.16) 

-0.13 

(0.63) 

-0.01 

(0.51) 

S-Net  -  -  -  0.07 

(0.01) 

 0.49 

(0.00) 
 - 

 -  -  0.06 

(0.20) 
 - 



195 

 

S&P  0.08 

(0.23) 
 - 

 -  -  - 
 - 

 0.48 

(0.00) 
 -  - 

 0.67 

(0.00) 

MSCI ACWI  0.00 

(0.99) 

 0.07 

(0.00) 

-0.08 

(0.00) 
 - 

 0.07 

(0.00) 

 0.71 

(0.00) 

 0.02 

(0.55) 

 -0.01 

 (0.70) 

-0.01 

(0.74) 

 0.05 

(0.05) 

 

Asia -0.00 

(0.90) 

 0.11 

(0.00) 

 0.08 

(0.00) 

-0.03 

(0.10) 
 - 

 0.04 

(0.01) 

  

0.04 

(0.10) 

 

-0.07 

(0.00) 

-0.02 

(0.35) 

 0.00 

(0.58) 

Europe -0.03 

(0..58) 

 0.12 

(0.00) 

 0.42 

(0.00) 

 0.77 

(0.00) 
 -  -  -  - 

 0.49 

(0.35) 

 0.03 

(0.27) 

Latin  America -.032 

(0.38) 

 0.15 

(0.00) 

 0.09 

(0.00) 

-0.01 

(0.41) 

-0.43 

(0.66) 

 0.10 

(0.00) 

 -  0.00 

(0.76) 

-0.02 

(0.50) 

 0.07 

(0.00) 

US -.055 

(0.13) 

 0.12 

(0.00) 

 0.06 

(0.00) 

 0.05 

(0.00) 

-4.82 

(0.00) 

-0.01 

(0.42) 

 0.03 

(0.21) 
 - 

-0.05 

(0.15) 

 0.15 

(0.00) 

Pictet 
-0.01 

(0.64) 

-0.02 

(0.56) 

-0.00 

(0.96) 

-0.00 

(0.05) 

 

-1.41 

(0.15) 

 0.19 

(0.00) 

-0.03 

(0.25) 

-.0.13 

(0.00) 

 -  0.05 

(0.00) 

 

KBC Eco -0.04 

(0.51) 

 0.61 

(0.00) 

 0.52 

(0.00) 
- 

 - 
 - 

 -  0.53 

(0.00) 

 -  - 

R Squared 0.00  0.84  0.85  0.68   0.12  0.72  0.26  0.24 0.50  0.87 

 

 GFC Period: Jan 2008-Dec 2010       

Constant  0.00 

(0.00) 

 0.00 

(0.76) 

 0.00 

(0.65) 

 0.00 

(0.62) 

 0.00 

(0.95) 

 0.00 

(0.14) 

 0.00 

(0.64) 

 0.00 

(0.75) 

 0.00 

(0.86) 

 0.00 

(0.56) 

WOWAX  - -0.00 

(0.84) 

 0.00 

(0.90) 

 0.02 

(0.33) 

 0.00 

(0.99) 

 0.01 

(0.38) 

 0.01 

(0.50) 

  -0.01 

(0.54) 

 0.00 

(0.96) 

-0.00 

(0.44) 

S-Net -.135 

(0.54) 

 -  - 
 -  -  - 

 0.61 

(0.00) 

 0.52 

(0.00) 

 0.10 

(0.07) 

 0.94 

(0.00) 

S&P 
 -  - 

 -  -  0.27 

(0.00) 
 -  -  -  -  - 

MSCI ACWI  0.07 

(0.22) 

 0.06 

(0.00) 

 0.12 

(0.00) 
 - 

-0.12 

(0.04) 

 0.54 

(0.00) 

 0.11 

(0.01) 

 0.58 

(0.00) 

-0.09 

(0.05) 

-0.01 

(0.33) 

Asia  0.00 

(0.86) 

 0.05 

(0.00) 
- 

-0.02 

(0.23) 
 - 

 0.06 

(0.00) 

 0.03 

(0.25) 

-0.01 

(0.69) 

 0.06 

(0.04) 

-0.02 

(0.06) 

Europe  0.05  0.06  0.19  0.54  0.06  -  -.0.03 -0.38  0.54  0.04 
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(0.43) (0.00) (0.00) (0.00) (0.33) (0.50) (0.00) (0.00) (0.01) 

Latin  America  0.03 

(0.50) 
 - 

 0.09 

(0.00) 

 0.11 

(0.00) 

 0.08 

(0.05) 

 1.55 

(0.12) 

 - -0.09 

(0.00) 

 0.07 

(0.05) 

-0.03 

(0.02) 

US -0.03 

(0.54) 

 0.04 

(0.00) 

-0.00 

(0.48) 

 0.42 

(0.00) 

 0.03 

(0.51) 

-10.94 

(0.00) 

-0.10 

(0.00) 
 - 

-0.01 

(0.00) 

 0.02 

(0.05) 

Pictet  0.00 

(0.96) 

 0.01 

(0.34) 

 0.02 

(0.00) 

-0.04 

(0.09) 

 0.08 

(0.05) 
 - 

 0.06 

(0.05) 

-0.09 

(0.00)  

 - 
 - 

KBC Eco 
 - 

 0.81 

(0.00) 

 0.66 

(0.00) 
- 

 -  0.44 

(0.00) 

 - 
 - 

 -  - 

R Squared 0.09  0.96  0.97  0.82 0.36  0.82  0.66  0.71 0.59  0.95 

 

 Post-GFC Period: Jan 2011-Oct 2014      

Constant  0.00 

(0.00) 

 0.00 

(0.48) 

 

 0.00 

(0.20) 

0.00 

(0.00) 

 

 0.00  

(0.53) 

 0.00 

(0.02) 

 

 0.00 

(0.15) 
0.00 

(0.59) 

 0.00 

(0.81) 
 0.00 

(0.42) 

WOWAX  -  0.00 

(0.64) 

 

 0.01 

(0.31) -0.03 

(0.04) 

 0.00 

(0.95) 

 

 

 0.02 

(0.19) 

 

 0.00 

(0.89) 

-0.01 

(0.46) 

 0.00 

(0.98)  0.00 

(0.87) 

S-Net  - - - 

-  - - 

 0.46 

(0.00) 

 

- 

 0.23 

(0.00) 

 

- 

S&P 

 - - 

- - 
 0.46 

(0.00) 

 

- - 

 0.79 

(0.00) 

 
 - 

 1.00 

(0.00) 

 

 

MSCI ACWI 
-0.11 

(0.04) 

-0.04 

(0.01) 

 

 0.23 

(0.00) 

 

- 
 0.00 

(0.91) 

 0.58 

(0.00) 

 

 0.08 

(0.09) 

 

 0.50 

(0.00) 

 

 0.02 

(0.00) 

 

-0.10 

(0.00) 

 

Asia 

 0.00 

(0.90) 

 0.07 

(0.00) 

 

 0.03 

(0.00) 

 

 

0.00 

(0.84) 
 - 

-0.02 

(0.08) 

 

 0.08 

(0.00) 

 

-0.09 

(0.00) 

 

 0.01 

(0.68) 

 0.00 

(0.82) 

Europe  0.07 

(0.19) 

 0.21 

(0.00) 
 - 

0.65 

(0.00) 

-0.23 

(0.00) 
 - 

-.046 

(0.40) 

-0.60 

(0.00) 

 0.02 

(0.00) 

-0.07 

(0.01) 
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Latin  America 
 0.00 

(0.84) 

 0.05 

(0.00) 

 

 0.05 

(0.00) 

 

0.01 

(0.05) 

 0.11 

(0.01) 

 

 0.01 

(0.52) 

 -  0.01 

(0.69) 

 0.01 

(0.54) 

 0.02 

(0.08) 

 

US 
-0.02 

(0.52) 

 

 0.16 

(0.00) 

 

 0.06 

(0.00) 

 

0.35 

(0.00) 

 

-0.19 

(0.00) 

 

-0.23 

(0.00) 

 0.00 

 

(0.85) 

 

 - 

 0.02 

(0.00) 

 

 0.04 

(0.03) 

Pictet 
 0.00 

(0.96) 

 0.03 

(0.01) 

 

 0.13 

(0.00) 

 

-0.07 

(0.00) 

 

 0.00 

(0.87) 

 0.22 

(0.00) 

 

 0.02 

(0.54) 

-0.07 

(0.09) 

 

 - -0.02 

(0.19) 

KBC Eco  0.03 

(0.47) 

 0.64 

(0.00) 

 0.63 

(0.00) 
 - 

 

 - 

 0.36 

(0.00) 

 

  - 

 

  - 

  

  - 

  

 - 

R Squared  0.09  0.88 0.88 0.68  0.78  0.85   0.52   0.74   0.59  0.91 
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7.5 ARMA model 

 

This study uses the Akaike information criterion (AIC) and the Bayesian Schwarz 

criterion (BIC) to choose the ARMA term, which minimize the corresponding value of 

the criteria. This study has selected the ARMA(1,1) model of the conditional mean, and 

the estimated results of ARMA(1, 1) are found to have a significant p-value for the 

coefficients of water indices, water markets and water funds in different periods. The 

orders p and q of the ARIMA models are identified and estimated for both series using 

the Box and Jenkins' methodology. Table 7.4 displays the results of the fitted ARMA 

models. To examine the relative forecasting power of ARMA model, this study attempts 

to use forecast statistics so that this study can consider predictor, which is optimal in the 

sense that they minimize the Root Mean Squared Error (RMSE), the Mean Absolute 

Error Deviation (MAE) and Mean Absolute Percent Error (MAPE) for the forecasts of 

the ARMA model. The observed and fitted values, and forecast figures for the water 

indices, water market indices and water funds are included in Fig.B1 in the Appendices.   
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  Table 7.4. ARMA (1, 1) Model 

 WOWAX S-Net S&P MSCI 

ACWI 

Asia Europe Latin 

America 

   US Pictet KBC Eco 

   

  Full Period: Jan 2004-Oct 2014   

Constant 0.03 

(0.00) 

-0.00 

(0.72) 

 0.03 

(0.40) 

0.01 

(0.24) 

0.03 

(0.19) 

-0.01 

(0.15) 

-0.02 

(0.22) 

0.00 

(0.99) 

-0.00 

(0.61) 

 0.00 

(0.62) 

AR(1) 0.98 

(0.00)*** 

0.22 

(0.09)* 

-0.07 

(0.06)* 

0.67 

(0.09)* 

0.18 

(0.21) 

-0.91 

(0.00)***    

 0.52 

(0.00)***    

0.67 

(0.00)*** 

0.97 

 (0.00)***    

 0.30 

(0.00)***    

MA (1) 0.91 

(0.00)*** 

0.35 

(0.00)*** 

-0.22 

(0.05)** 

0.69 

(0.08)* 

0.30 

(0.03)** 

-0.86 

(0.00)***    

 0.59 

(0.00)***    

0.74 

(0.00)*** 

 0.98 

(0.00)****    

 0.54 

(0.00)***    

R-Squared 0.16  0.93  0.93 0.63 0.12 0.75  0.35 0.41  0.33  0.89 

   

Pre-GFC period: Jan 2004-Dec 2007                               

Constant -0.05 

(0.00)    

0.00 

(0.27) 

0.08 

(0.00) 

0.01 

(0.40) 

0.09 

(0.07) 

0.01 

 (0.28) 

-0.05 

(0.20) 

0.05 

0.10 

 0.01 

(0.33) 

-0.00 

(0.52) 

AR(1)  0.99 

(0.00)***    

0.24 

(0.14) 

0.23 

(0.25) 

0.87 

(0.00)***   

0.01 

(0.97) 

 -0.96 

 (0.00)***    

 0.89 

(0.00)***    

0.87 

(0.00)***    

  0.75 

 (0.02)** 

 0.18 

(0.06)*    

MA (1)  0.94 

(0.00)***    

0.41 

(0.01)*** 

0.08 

(0.68) 

0.90 

(0.00)***    

0.09 

(0.80) 

 -0.98 

 (0.00)***    

0.91 

(0.00)***    

0.90 

(0.00)***    

  0.78 

 (0.01)** 

 0.46 

(0.00)***    

R-Squared  0.11  0.88  0.85 0.70   0.15   0.81  0.33  0.32   0.26  0.83 

   

  GFC Period: Jan 2008-Dec 2010       

Constant 0.02 

(0.00)    

-0.00 

(0.49) 

-0.01 

(0.77) 

-0.03 

(0.46) 

-0.01 

(0.81) 

-0.07 

(0.16) 

-.00 

(0.57) 

0.017 

  (0.76) 

0.00 

(0.92) 

 0.01 

(0.47) 

AR(1) 0.01 

(0.00)***   

0.94 

(0.00)***    

-0.18 

(0.24) 

 0.73 

(0.00)***    

-0.99 

(0.00)*** 

-0.85 

(0.00)***    

 0.01 

(0.93) 

0.74 

  (0.07)* 

-0.57 

(0.42) 

 0.98 

(0.00)***    

MA (1) 0.02 

(0.00)***    

0.98 

(0.00)***    

-0.38 

(0.00)*** 

 0.77 

(0.00)***    

-1.00 

(0.00)*** 

-0.76 

(0.00)***    

 0.19 

(0.33) 

0.77 

  (0.05)** 

-0.60 

(0.38) 

 1.00 

(0.00)***    

R-Squared 0.01 0.96   0.96  0.70   0.17   0.75  0.47 0.52  0.36   0.92 
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Post-GFC period: Jan 2011-Oct 2014 

Constant 0.03 

(0.00) 

-0.00 

(0.46) 

0.00 

0.79 

0.05 

(0.01)    

0.02 

0.39 

-0.04 

(0.08)    

-0.07 

0.11 

0.02 

(0.40) 

-0.00 

 (0.76) 

0.01 

0.16 

AR(1) 0.97 

(0.00)*** 

-0.05 

(0.80) 

0.05 

(0.86) 

 -0.98 

(0.00)***    

0.71 

(0.00)***    

 0.93 

(0.00)***    

0.43 

(0.42) 

-0.72 

(0.00)*** 

 -0.76 

(0.00)***    

0.08 

(0.52) 

MA (1) 0.86 

(0.00)*** 

0.07 

(0.74) 

0.15 

(0.64) 

-0.97 

(0.00)***    

 0.77 

(0.00)***    

 0.92 

(0.00)***    

0.47 

(0.36) 

-0.60 

(0.00)*** 

-0.79 

(0.00)***    

0.31 

(0.01)** 

Notes: The estimation results from this table denotes the forecast for four water indices, four water markets and two water funds in different (full, pre-GFC, GFC and 

post-GFC) periods which is derived from the ARMA(1,1) model. 

 

At the end of each day, we run the following model using daily stock returns in different (full, pre-GFC, GFC and post-GFC) periods: 

 

AR model:  




p

1i
ititpti2ti1tit yφξyφ...yφyφy , 

MA model:  jt

q

1j

jtptj2tj1tjt ξλξξλ...ξλξλy 



  , 

ARMA model:   tjt

p

1i

q

1j

jitit ξξλyφμy   
 

   

 

*, ** and *** represent significance at 10, 5 and 1% levels, respectively; and p-values are given in brackets. 
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7.6 Ljung–Box Q test 

 

The Ljung-Box Q test tests whether a significant correlation is present in order to 

perform a lack-of-fit hypothesis test for model misspecification by being applied to the 

residuals and squared residuals of the fitted ARIMA-GARCH model. The results are 

presented in Table 7.5. According to the results, most of the p-values are above 0.05 

which indicates the acceptance of the null hypothesis of model accuracy under the 5% 

significance level. Therefore, the models are specified, in that there is a good fit of the 

daily stock return datasets of four water indices, four water markets and two water 

funds. 

 

Table 7.5.  Ljung–Box Q test results for ARMA (p, q) models 

Ljung–Box 

statistic 

 

Residuals Squared residuals 

Test statistic p-Value Test statistic p-Value 

 

Full Period: Jan 2004-Oct 2014   

Q(4)   644.75 0.00 307.32 0.00 

Q(8) 1034.00 0.00 344.52 0.00 

Q(12) 1342.32 0.00 386.35 0.00 

Q(16) 1632.51 0.00 419.21 0.00 

Q(20) 1977.84 0.00 477.13 0.00 

Q(24) 2266.41 0.00 516.09 0.00 

 

Pre-GFC period: Jan 2004-Dec 2007                               

Q(4) 134.00 0.00   56.48 0.00 

Q(8) 275.96 0.00   83.61 0.00 

Q(12) 365.60 0.00 107.86 0.00 

Q(16) 502.89 0.00 185.15 0.00 

Q(20) 556.65 0.00 194.05 0.00 

Q(24) 427.81 0.00 139.33 0.00 

 

GFC Period: Jan 2008-Dec 2010       

Q(4)   2.77 0.59   4.98 0.28 

Q(8) 10.22 0.25 14.90 0.06 

Q(12) 17.79 0.12 25.09 0.01 

Q(16) 28.66 0.02 31.85 0.01 

Q(20) 29.84 0.07 35.97 0.01 

Q(24) 30.56 0.16 37.72 0.03 
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Post-GFC Period: Jan 2011-Oct 2014   

     

Q(4) 142.49 0.00   59.97 0.00 

Q(8) 267.76 0.00   88.92 0.00 

Q(12) 374.57 0.00 123.31 0.00 

Q(16) 508.48 0.00 200.23 0.00 

Q(20) 558.87 0.00 208.05 0.00 

Q(24) 610.82 0.00 214.58 0.00 

Note: This table reports the Ljunge Box statistics for the standardized residuals and squared residuals in 

different (full, pre-GFC, GFC and post-GFC) periods, with 24 lagged values included. Ljung–Box Q 

test results for ARIMA-GARCH model's goodness of fit. 

 

7.7 Autocorrelation and Partial Autocorrelation Functions 

 

The author shows that Autocorrelation Function (ACF) and Partial Autocorrelation 

Function (PCF) become much smoother because ARMA can successfully decompose 

autoregressive process and moving average components, then obtain stationary 

residuals. From ACF and PACF plots of residuals, it can be noted that most values are 

within bounds (whereas 95% confidence interval for Gaussion white noise). There is 

no discernible pattern in the ACF and PACF in the daily return data. However, the 

ACF shows that, although the row data themselves are largely uncorrelated, the 

variances exhibits some correlation. This indicates the possibility of a variance process 

close to being non-stationary, and a GARCH-type model may suit this situation. The 

ACF and PACF of daily returns are displayed in B2 and B3 respectively in the 

Appendix.  

 

 

7.8 ARMA (1, 1)-GARCH (1, 1) model 

 

In this study, a new water investment prediction model has been proposed which is 

based on non-linear time-series ARMA (1, 1)-GARCH (1, 1) models. This model is a 

combination of the linear time-series ARMA model and the nonlinear GARCH model. 

In this research, the ARMA (1,1)-GARCH (1,1) model is used to model the four water 
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indices, four water markets and  two water funds. The models are based on the 

conditional volatility process during the different periods. Table 7.6 shows that 

parameters for the S-Net, S&P and Pictet AR (1) are not significant in the full period. 

During the pre-GFC period, all parameters are significant. However, in the case of 

Asia, the US and Pictet MA (1) are not significant. The parameters for the S-Net, S&P 

and Asia, in the case of MA (1) are not significant for the GFC period. During the 

post-GFC period, only Latin America market’s MA (1) parameter is not significant. 

The parameter estimates that are not significant are kept because omitting orders of the 

AR (p) and MA (q) process results in a higher AIC-value.  The parameters of GARCH 

(1, 1) are significant. This is important because the conditional variance facilitates the 

comparison between the ARMA and the GARCH models. In the ARMA (1,1)-

GARCH (1,1) model,  and   show a high degree of persistency in the conditional 

volatility of stock returns concerning the water indices, water markets and water funds, 

which means an “explosive” volatility. The coefficient of ARMA (1,1)-GARCH (1,1) 

results confirm that the conditional volatility process GARCH (1,1) has a positive 

effect on the serial autocorrelation of squared residuals for water indices, water market 

indices and water funds in full, GFC and post-GFC periods. These results are 

consistent with those of Jánský and Rippel (2011). However, in pre-GFC periods, the 

p-value of the S&P indicates the acceptance of the null hypothesis. 
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  Table 7.6. ARMA-GARCH (1, 1) model 

 WOWAX S-Net S&P MSCI 

ACWI 

Asia Europe Latin 

America 

US PICTET KBC ECO 

   

  Full Period: Jan 2004-Oct 2014   
  0.99 

(0.00)***    

 0.04 

(0.75) 

 -0.16 

(0.43) 

-0.80   

(0.00)***    

 0.47 

(0.00)***    

-0.84 

(0.00)***    

 0.60 

(0.00)***    

 0.41 

(0.02)**    

0.50 

(0.75)   

0.17 

(0.00)***    
  -0.77 

(0.00)***    

-0.181 

(0.17) 

 0.07 

(0.72) 

 0.78 

(0.00)****    

-0.55 

(0.00)****    

 0.83 

(0.00)***    

-0.64 

(0.00)***    

-0.49   

(0.00)***    

-0.51 

(0.05)** 

-0.37 

(0.00)***    
  1.99 

(0.00)    

 0.05 

(0.00)    

 0.05 

(0.00)    

 0.02 

(0.00)    

 0.07 

(0.00)    

 0.04 

(0.00)    

 0.09 

(0.00)    

0.04 

(0.00)    

0.02 

(0.00)    

0.28 

(0.00)    

  0.31 

(0.00)***    

 0.92 

(0.00)***    

 0.93 

(0.00)***   

 0.96 

(0.00)***    

 0.92 

(0.00)***    

 0.95 

(0.00)***    

 0.72 

(0.00)***    

0.95 

(0.00)****    

 0.96 

(0.00)***    

 0.46 

(0.00)****    
  0.00 

(0.00)    

 0.00 

(0.00)    

 0.00 

(0.00)    

 0.00 

(0.00)    

 0.01 

(0.00)    

 0.00 

(0.00)    

 0.35 

(0.00)    

0.00 

(0.00)    

0.00  

(0.00)    

0.03  

(0.00)    

   

  Pre-GFC period: Jan 2004-Dec 2007                               
   0.99 

(0.00)***    

 0.38 

(0.01)**   

0.94 

(0.00)***    

0.87 

(0.00)***    

0.31  

(0.11) 

-0.96 

(0.00)***    

0.90 

(0.00)***    

0.25 

(0.47) 

0.61 

(0.34) 

0.07 

(0.52) 
  -0.94 

(0.00)***    

-0.53 

(0.00)*** 

-0.96 

(0.00)***    

-0.90 

(0.00)***    

-0.45 

(0.01)**    

0.97 

(0.00)***    

-0.92 

(0.00)***    

-0.33 

(0.329) 

-0.63 

(0.30) 

-0.34 

(0.00)    
   0.34 

(0.00)   

 0.05 

(0.00)  

0.12 

(0.00)   

0.12 

(0.00)    

0.04 

(0.00)   

0.16 

(0.00)    

0.08 

(0.00)    

0.16 

(0.00)    

0.01 

(0.00)   

0.23 

(0.00)    

   0.72 

(0.00)***    

 0.84 

(0.00)*** 

0.19 

(0.08)* 

0.48 

(0.00)***    

0.93 

(0.00)    

0.40 

(0.00)***    

0.62 

(0.00)***    

0.19 

(0.09)*    

0.97 

(0.00)** 

0.34 

(0.00)**    
   0.00 

(0.00)    

0.00 

(0.00) 

0.05 

(0.00)    

0.12 

(0.00)    

0.08 

(0.00)    

0.06 

(0.00)    

0.54 

(0.00)    

  0.81 

(0.00)    

0.00 

(0.23) 

0.04 

(0.00)    

   

  GFC Period: Jan 2008-Dec 2010       
  0.98 

(0.00)***    

-.002 

(0.94) 

-0.45 

(0.09)* 

 0.70 

 (0.00)***    

0.31   

(0.40)   

-0.78 

(0.00)***    

0.33 

(0.21)   

-0.57 

(0.14) 

0.98 

(0.00)*** 

 0.32 

(0.01)**    
  -0.97 

(0.00)***    

-0.09 

(0.76) 

0.34 

(0.22) 

-0.76   

  (0.00)***    

 -0.40   

(0.27)  

 0.69 

(0.00)***    

-0.46 

(0.05)** 

0.62 

(0.09)*  

-0.97 

(0.00)*** 

-0.54 

(0.00)***    
  0.05 

(0.00)    

 0.03 

(0.00)    

0.07 

(0.00)    

0.03 

(0.00)    

0.15 

(0.00)    

 0.04  

(0.00)    

0.08 

(0.00)    

  0.09 

(0.00) 

0.05 

(0.00) 

0.34 

(0.00)    
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  0.80 

(0.00)***    

 0.96  

(0.00)***    

0.92 

(0.00)***    

0.96 

(0.00)***    

0.82 

(0.00)***    

 0.94   

(0.00)***    

0.82 

(0.00)***    

0.88   

(0.00)*** 

0.80 

(0.00)*** 

0.55 

(0.00)***    
   0.00 

(0.02)    

 0.00 

(0.50) 

0.00 

(0.02) 

 0.00   

(0.64) 

 0.04 

(0.00)    

 0.00 

(0.20) 

 0.19 

(0.00) 

0.03 

(0.00) 

 0.00 

(0.01) 

 0.02 

(0.00)    

   

  Post-GFC Period: Jan 2011-Oct 2014       
   0.98 

(0.00)***    

-0.15 

(0.56) 

 0.07 

(0.80) 

-0.97  

(0.00)*** 

 0.75 

(0.00)*** 

 0.94 

(0.00)*** 

 0.37 

(0.62) 

-0.70 

(0.00)*** 

 0.54 

(0.63) 

-0.08 

(0.73)   
  -0.92 

(0.00)***    

0.03 

(0.90) 

-0.17 

(0.54) 

0.96 

(0.00)*** 

-0.83 

(0.00)*** 

-0.94 

(0.00)*** 

-0.41 

(0.58) 

 0.64 

(0.00)*** 

-0.52 

 (0.65) 

-0.04 

(0.87)    
  0.11 

(0.00)    

 0.06 

(0.00) 

 0.12 

(0.00) 

 0.10 

(0.00) 

 0.09 

(0.00) 

 0.05 

(0.04) 

 0.07 

(0.00) 

 0.14 

(0.00) 

 0.03 

(0.00) 

 0.33 

(0.00) 

  0.89 

(0.00)***    

 0.88 

(0.00)*** 

-0.00 

(0.00)*** 

 0.66   

(0.00)*** 

 0.87   

(0.00)*** 

-0.11 

(0.76) 

 0.82 

(0.00)*** 

 0.56  

(0.00)*** 

 0.94 

(0.00)*** 

 0.10 

 (0.11) 
  0.00 

(0.00)    

 0.00  

(0.021) 

 0.03   

(0.00) 

 0.06 

(0.00) 

 0.03 

(0.01) 

 0.36 

(0.00) 

 0.16   

(0.00) 

 0.13  

(0.00) 

 0.00 

(0.06) 

 0.06 

(0.00) 

Notes: table presents the estimation results of an ARMA-GARCH (1,1) model for four water indices, four water markets and two water funds returns and volatility in 

different (full, pre-GFC, GFC and post-GFC) periods. 

 

Model:   At the end of each day, we run the following model using daily stock returns in different (full, pre-GFC, GFC and post-GFC) periods: 
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t ξρβσαωσ  





 

where (L) is lag polynomials, and t tt Z . Importantly, pipi β,...,β,α,...,α  are constant coefficients. A fact that should be mindful when modelling 

conditional variances is thatω , iα and jβ  are non-negative. 

 

*, ** and *** represent significance at 10, 5 and 1% levels, respectively; and p-values are given in brackets. 
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7.9 EGARCH (1, 1) model 

 

To understand the volatility of water indices, water markets and water funds, the 

parameter estimation results for the EGARCH (1, 1) model are shown in Table 6. Based 

on the minimum AIC, the EGARCH (1, 1) model is selected.  Therefore, EGARCH (1, 

1) provides a better fit for water indices, water markets and water funds. During the full 

period, the results show that the parameter   does not present the leverage effect on the 

volatility of the water indices, water markets and water funds except in the US water 

market. However, during the pre-GFC period, the US water market has a significant 

leverage effect. The parameter   coefficient of Europe and Pictet are negative and 

statistically significant at the 1% level of significance in the pre-GFC period. The 

parameter   coefficient of the WOWAX and Pictet, and the S-Net and Pictet are 

negative and statistically significant at the 1% level of significance as well in the GFC 

and post-GFC periods, respectively. The parameter   for the EGARCH (1, 1) model 

confirms that bad news generates the volatility of the WOWAX, S-Net, Europe and 

Pictet during the pre-GFC, GFC and post-GFC periods. The results are consistent with 

those of Cheung and Ng (1992), Koutmos (1992), Poon and Taylor (1992), and 

Asteriou and Begiazi (2013). 

 

To understand the volatility of water indices, water markets and water funds, the 

parameter estimation results for the EGARCH (1, 1) model are shown in Table 7.7. 

Based on the minimum Akaike’s information criterion (AIC), the EGARCH (1, 1) 

model is selected.  Therefore, EGARCH (1, 1) provides a better fit for water indices, 

water markets and water funds. During the full period, the results show that the 

parameter   does not present the leverage effect on the volatility of the water indices, 
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water markets and water funds except for the US water market. However, during the 

pre-GFC period, the US water market has a significant leverage effect. The parameter   

coefficient of Europe and Pictet are negative and statistically significant at the 1% level 

of significance in the pre-GFC period. The parameter   coefficient of the WOWAX and 

Pictet, and the S-Net and Pictet are negative and statistically significant at the 1% level 

of significance as well in the GFC and post-GFC periods, respectively. The parameter 

  for the EGARCH (1, 1) model confirms that bad news generates the volatility of the 

WOWAX, S-Net, Europe and Pictet during the pre-GFC, GFC and post-GFC periods. 

The results are similar to those of Cheung and Ng (1992), Koutmos (1992), Poon and 

Taylor (1992), and Asteriou and Begiazi (2013). 
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Table 7.7.  EGARCH (1, 1) model 

 WOWAX S-Net S&P MSCI 

ACWI 

Asia Europe Latin 

America 

US Pictet KBC Eco 

 

Full period: Jan 2004-Oct 2014   
w   0.07 

(0.00)   

-0.12 

(0.00)    

-0.16 

(0.00)    

-0.00  

(0.08)    

-0.12 

(0.00)    

-0.07 

(0.00)    

 0.04 

(0.00)    

-0.10 

(0.00)   

-0.00  

(0.01) 

-0.49 

(0.00)   

   1.00   

(0.00)***   

0.98 

(0.00)***    

0.98 

(0.00)***   

0.99 

(0.00)***    

 0.17 

(0.00)***    

0.99 

(0.00)***    

 0.94 

(0.00)***    

 0.99 

(0.00)***   

 0.99 

(0.00)***   

 0.74  

(0.00)***  
   0.27 

(0.00)***    

-0.01 

(0.07)*    

-0.00 

(0.00)***    

 0.07   

(0.35) 

-0.01 

(0.07)*    

 0.00 

(0.74) 

 0.10 

(0.00)***   

-0.00 

(0.73) 

 0.06 

(0.00)***   

 0.52 

(0.00)***   
   0.11  

(0.00)***    

 0.11 

(0.00)***    

0.15 

(0.00)***    

0.00   

(0.94) 

 0.17 

(0.00)***    

0.10 

(0.00)***    

-0.05 

(0.00)***    

0.13 

(0.00)***   

 0.00 

(0.18) 

-0.03 

(0.00)***   

 

Pre-GFC period: Jan 2004-Dec 2007                               
w  -0.11 

(0.00)    

-0.04 

(0.00)    

-1.05 

(0.00)    

-0.47 

(0.00)    

 0.03  

(0.00)    

-3.79 

(0.00)    

 0.16 

(0.00)    

 0.11 

(0.00)   

 -2.78 

(0.00)   

 -1.16   

(0.00)   

   1.00 

(0.00)***    

0.03 

(0.00)***    

 0.25 

(0.00)***    

 0.60 

(0.00)***    

 0.97 

 (0.00)***    

-0.98 

(0.00)***    

 0.74 

(0.00)***    

 0.55 

(0.00)***   

-0.72 

(0.00)***   

 0.49 

(0.00)***   
   1.50 

(0.00) ***   

-0.02 

(0.02)**    

-0.07 

(0.02)**   

 0.31 

(0.00)***    

 0.08 

 (0.00)***    

 0.02    

(0.00)***    

 0.21 

(0.001)***    

 0.32 

(0.00)*   

-0.04   

(0.33) 

0.60 

(0.00)***   
   1.68 

(0.00)***    

0.99 

(0.01)***    

 0.65 

(0.00)***    

-0.00 

(0.98) 

 0.04   

(0.00)***    

-0.02 

(0.00)***    

-0.04 

(0.18) 

0.08 

(0.00)***   

-0.03 

( 0.21) 

-0.06 

(0.05)**   

 

GFC period: Jan 2008-Dec 2010       
w  -14.44 

(0.00)    

0.00 

(0.46) 

-0.00 

(0.47) 

 0.00 

(0.18) 

 0.02 

(0.00)    

 0.00 

(0.38)     

 0.00 

(0.03)     

0.01 

(0.00)    

-0.95 

(0.00)    

-0.16 

(0.00)    

  -0.84 

(0.00)***    

1.00 

(0.00)***    

 0.98 

(0.00)***    

 1.00 

(0.00)***    

 0.96 

(0.00)***    

 0.99 

(0.00)***     

 0.98 

(0.00)***     

0.98 

(0.00)***    

-094 

(0.00)***    

 0.57 

(0.00)***    
  -0.07 

(0.09)*    

0.07 

(0.00)***    

 0.12 

(0.00)***    

 0.06 

(0.00)***    

 0.30  

 (0.00)***    

 0.06 

(0.00)***   

 0.03 

(0.00)***     

 0.18 

(0.00)***    

-0.00 

(0.44) 

 0.83 

(0.00) ***   
  -0.00 

(0.91) 

-0.00 

(0.91) 

-0.09 

(0.00)***    

 0.03 

(0.00)***    

-0.01 

(0.50) 

-0.06 

(0.00)***    

-0.07 

(0.00)***     

-0.07 

(0.00)***    

-0.06 

(0.00)***    

-0.25 

(0.00)***    
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Post-GFC period: Jan 2008-Oct 2014       
w  -0.11 

(0.00)    

-5.94 

(0.00)    

-3.10 

(0.00)    

-0.26 

  (0.00)    

-0.04 

(0.00)    

-1.96  

 (0.00)    

 0.02 

(0.00)    

-0.16 

(0.00)    

-3.22 

(0.00)    

-1.58 

(0.00)    

   1.00 

(0.00)***    

-0.93 

(0.00)***    

0.02 

(0.93) 

 0.79 

(0.00)***    

0.09 

(0.00)***    

-0.83 

(0.00)***    

 0.94  

(0.00)***    

 0.79  

(0.00)***    

-0.97 

(0.00)***    

 0.58 

(0.00)***    
  -0.89 

(0.00)***    

0.05   

(0.00)***    

0.25 

(0.00)***    

 0.19  

(0.00)***    

0.03 

(0.01)*** 

 0.04 

 (0.16) 

 0.03 

(0.00)***    

 0.28 

(0.00)***    

-0.01 

(0.38) 

-0.08 

(0.00)***    
   1.05 

(0.00)***   

-0.04  

(0.00)***    

0.03 

(0.43) 

 0.03 

(0.17) 

0.97 

(0.00)***    

 0.01 

(0.64) 

-0.09 

(0.00)***    

-0.01   

(0.70) 

 0.00 

(0.57) 

 0.49 

(0.00)***    

Notes: This table presents the estimation results of an asymmetric EGARCH (1,1) model for four water indices, four water markets and two water funds leverage in 

different (full, pre-GFC, GFC and post-GFC) periods. 

 

Model:   At the end of each day, we run the following model using daily stock returns in different (full, pre-GFC, GFC and post-GFC) periods: 
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 are captured in the parameter  . The negative 

coefficient of   indicates that volatility rises more than the positive coefficient  . The parameter   (a negative sign) ensures that bad news generates more volatility 

than good news. The coefficient of 𝛼 captures the assembling effects of the volatility. 

 

Symbols *, ** and *** represent significance at 10, 5 and 1% levels, respectively; and p-values are given in brackets. 

 

 

 

 

 

  



210 

 

7.10 Discussion of results 

 

One of the objectives of this study is to analyze the relationship among water indices, 

water markets and water funds and their volatility and returns in different periods (full, 

pre-GFC, GFC and post-GFC). This study therefore uses a number of statistical 

methodologies. Firstly, in this study, the correlation results show that the S-Net, S&P, 

MSCI ACWI and KBC Eco are highly correlated in different periods. Based on the 

minimum Akaike’s information criterion and the significance of the estimated 

univariate ARMA (p, q) models, the coefficients criteria leads to the ARMA (1, 1) 

model of the conditional mean. Hence, the ARMA (1, 1) model is successfully used to 

decompose autoregressive process and moving average components, and then to obtain 

stationary residuals. The LB-Q statistics (Ljung and Box, 1978) of the residuals are 

statistically highly significant. The fitted values are used to estimate the expected and 

unexpected volatility. The results show that significant ARMA (1, 1)-GARCH (1, 1) 

model effects appear in the data in different periods. The results show that the S-Net, 

S&P, Asia, Latin America and Pictet AR (1) and MA (1) parameters are not significant 

in different periods. The GARCH (1, 1) model results ( and  ) show that the water 

indices, water markets and water funds capture the “extremely” high level of stock 

return volatility in different periods (full, pre-GFC, GFC and post-GFC). These results 

are unlike those of German and Kanyinda (2007), who report that the WOWAX has a 

higher return but lower risk. Jin et al.’s (2015) results also confirm Geman and 

Kanyinda’s (2007) results (also their belief that the water sector can be considered as an 

alternative investment asset class). However, Tularam and Reza (2016) report that water 

investment has a lower systematic risk and a positive effect on the water exchange 

traded index funds returns during different regimes. The results of the EGARCH (1, 1) 

model indicate that all the estimated coefficients of four water indices, water markets 
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and water funds are statistically significant at the 1% level in different periods (full, pre-

GFC, GFC and post-GFC). The asymmetric (leverage) effect is captured by the negative 

sign of parameter estimate which is statistically significant in full, pre-GFC and GFC 

periods. The existence of the leverage effect is observed in the returns of the US water 

market, the S-Net and the Asian water market, and the WOWAX in full, pre-GFC and 

GFC periods, respectively. However, the overall results of the EGARCH (1, 1) model 

show that global water industry is more sensitive to “good” news than to “bad” news. 

Unlike previous related studies, this study explicitly accounts for potential asymmetries 

that may exist in the volatility transmission mechanism. 

 

7.11 Chapter summary and conclusion 

 

This chapter reports on the study of “univariate analysis” regarding the stock returns 

and volatility of the four water indices, four water markets and two water funds in 

different periods (full, pre-GFC, GFC and post-GFC) with the purpose of investigating 

the profitability of water-related investments using ARMA (1, 1)-GARCH (1,1) and E-

GARCH (1, 1) models for the period 2004-2014. The study also examines the 

performance of the water indices, water markets and water funds investment in different 

periods (full, pre-GFC, GFC and post-GFC). The extent of correlation between the 

performance of water indices, water markets and water funds is also studied to 

determine whether investors can benefit from investment in this market. This study 

enriches the literature by providing recent evidence about the performance of these 

special types of water indices, water markets and water funds which has not been 

previously studied.  In this study, the ARMA (1, 1) model is used for the daily returns 

of four water indices, four water markets and two water funds and average rainfall 
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series. ARMA–GARCH models are developed to take into account both the volatility 

and the returns of the daily time-series data. Importantly, the motivation for this study is 

derived from the need to understand the returns and volatility of the global water 

industry; whether or not water indices, water markets and water funds are desirable 

tools for water investment. Thus, water investors can gain an understanding into the 

prospect of higher positive returns from investment in the global water industry. The 

findings suggest that asymmetric effects can be captured using an EGARCH (1, 1) 

model, which is the better model in the time-series data. The EGARCH (1, 1) model’s 

results show the significance of   and   suggesting persistence of volatility from four 

water indices, four water markets and two water funds in different periods; and a 

coefficient of   for asymmetric volatility (leverage) for Asia and the US, the S-Net and 

Pictet in full, pre-GFC and GFC periods, and the WOWAX in GFC and post-GFC 

periods. Hence, water investors are able to exercise more care when considering the 

volatility of these assets when making investment decisions relating to the global water 

industry. 
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Chapter 8 

 

Study Three Results: 

An investigation into the interdependence of global water indices: 

a VAR analysis 

8.1  Introduction 

 

This chapter presents results from Phase One of the broader study that aims to a 

multivariate time-series analysis of water indices. The purpose of Study Three is to 

investigate the extent and manner of equity price interdependence among four water 

indices using a vector auto regression (VAR) framework. In this framework, the third 

study examines Granger causalities, forecast error variance decomposition (FEVD) and 

impulse responses covering the period 2004-2014. The sample period is divided into 

three sub-periods (pre-GFC, GFC and post-GFC) for detailed analysis. In doing so, this 

study provides evidence of the performance of each index and the nature of causalities 

within the water industry over periods of growth and shocks. This information will be 

useful for investors and institutions in making important investment decisions. Hence, 

this study asks, are water indices globally interdependent and integrated? 

 

To achieve the research aim and hypotheses, multivariate time-series methods are 

developed, as were used in the models as shown in Chapters 4 and 5 respectively. 

Figure 8.1 provides a summary of the research description and how each method 

answers the specific hypothesis. 
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Figure 8.1.  Research methodology for investigation of the extent and manner of 

equity price interdependence among four water indices 
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8.2 Data preliminaries 

 

Over the entire period the performance of the WOWAX, the S-Net, the S&P and the 

MSCI ACWI are quite similar (See Figure 5.2 on page 127), except during the GFC 

period (See Figure 5.3 on page 128). It is noted that during the GFC period, the 

performance of the WOWAX is better than that of the S-Net, the S&P and the MSCI 

ACWI.  

 

In Table 8.1, descriptive statistics of the data including skewness and kurtosis are 

presented. In general, the skewness of the return series indicates distributions around the 

means, but with fat tails in several cases (Roca et al., 2010). Since the Jacque-Bera 

results are statistically significant, the assumption of normal distribution is not fulfilled. 

Nevertheless, the ADF and PP tests have consistently rejected the null hypothesis 

0):H  i.e.( 0   that the series has a unit root, and thereby confirm that all return series 

are stationary. 
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Table 8.1. Descriptive statistics 

 WOWAX  S-Net       S&P MSCI ACWI 

Full period: January 2004-October 2014 

 Mean  0.037  0.032  0.034  0.037 

 Median  0.019  0.074  0.080  0.047 

 Maximum  3.167  9.279  10.901  15.864 

 Minimum -42.406 -7.553 -8.070 -8.522 

 Std. Dev.  0.893  1.049  1.114  1.219 

 Skewness -37.929 -0.435 -0.338  0.413 

 Kurtosis  1804.208  10.842  11.869  17.678 

 Jarque-Bera  3.830 7333.349  9317.925  25460.85 

 ADF 

-50.740 

  (0.00) 

-46.096 

  (0.00) 

-36.333 

  (0.00) 

-33.313 

  (0.00) 

 PP 

 

-50.740 

  (0.00) 

-46.096 

  (0.00) 

-45.790 

 (0.00) 

-53.340 

  (0.00) 

 

Pre-GFC: January 2004-December 2007 

 Mean  0.034  0.007  0.030  0.089 

 Median  0.019  0.062  0.067  0.00 

 Maximum  0.208  2.018  1.946  2.363 

 Minimum  0.000 -2.290 -2.429 -2.163 

 Std. Dev.  0.040  0.809  0.896  0.975 

 Skewness  2.171 -0.252 -0.252  0.083 

 Kurtosis  8.199  3.296  3.070  2.639 

 Jarque-Bera  208.463  1.555  1.182  0.715 

ADF 

-9.184 

(0.00) 

-8.539 

(0.00) 

-8.773 

(0.00) 

-8.892 

(0.00) 

PP 

 

-9.184 

(0.00) 

-8.547 

 (0.00) 

-8.778 

(0.00) 

-8.920 

(0.00) 

     

     

GFC:  January 2008-December 2010 

 

 Mean  0.021 -0.017 -0.019 -0.028 

 Median  0.015  0.058  0.079   0.027 

 Maximum  0.104  9.279  10.901 15.864 

 Minimum  0.000 -7.553 -8.070  -8.522 

 Std. Dev.  0.020  1.496  1.600   1.689 

 Skewness  1.604 -0.289 -0.180   0.636 

 Kurtosis  5.777  8.077  8.793 15.911 

 Jarque-Bera  588.426  853.153  1100.600 5498.517 

ADF  

-9.375 

(0.00) 

-9.101 

(0.00) 

-9.403 

(0.00) 

  -4.901 

(0.00) 

PP 

 

-25.298 

(0.00) 

-24.756 

(0.00) 

-23.884 

  (0.00) 

-23.986 

(0.00) 

 

Post-GFC: January 2011-October 2014 

 Mean  0.049  0.078  0.080  0.075 

 Median  0.030  0.110  0.116  0.072 
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 Maximum  3.166  2.502  2.927  6.088 

 Minimum -42.406 -3.173 -3.512 -5.069 

 Std. Dev.  1.470  0.737  0.765  1.006 

 Skewness -23.113 -0.420 -0.299  0.091 

 Kurtosis  668.329  4.109  4.145  4.969 

 Jarque-Bera  19330219  84.148  72.568  170.022 

ADF 

-30.803 

  (0.00) 

-27.434 

(0.00) 

-27.765 

(0.00) 

-32.863 

 (0.00) 

PP 

 

-30.776 

  (0.00) 

-27.146 

  (0.00) 

-27.459 

  (0.00) 

-33.083 

  (0.00) 

Notes: This table reports the descriptive statistics for four water indices-World Water Index (WOWAX), 

S-Net Global Water Index (S-Net), S&P Global Water Index (S&P) and MSCI ACWI Water Utilities 

Index (MSCI ACWI). Descriptive statistics include daily mean, median, maximum, minimum, standard 

deviation (std.dev.) and performance-related statistics in different (full, pre-GFC, GFC and post-GFC) 

periods. 

 

Data are collected from the Thomson Reuters DataStream database. Daily data are transformed to the 

form of 100)/Price(PricenR 1ttt l  and the prices are in US dollars.   

 

 

8.3 Analysis based on correlations 

 

In Table 8.2, this study conducts a preliminary analysis of correlations amongst the 

water indices. The results show that the MSCI ACWI has the lowest correlation with 

other indices, while the S&P is the most associated with other indices (highest 

correlation). The results of the correlation analysis therefore indicate that the water 

indices are becoming associated over the years. According to financial integration 

theory, this means that common stochastic trends in returns emerge and the 

specification of dynamic paths leads towards greater integration between the returns on 

equities (Kearney and Lucey, 2004). During the GFC period, the WOWAX and the S-

Net, as well as the WOWAX and the S&P, are closely correlated. During the pre-GFC 

and post-GFC periods, correlations between four indices are also found. These results 

are in line with the literature on the links between three water markets (Roca and 

Tularam, 2012). However, in the full, pre-GFC, GFC and post-GFC periods, the S-Net 

and the S&P are the indices that are most positively correlated among other indices, 
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because there is consistent pattern in the variation of the water indices prices and 

because these water indices are cyclical. 

 

The overall scenario shows the trend of positively correlated returns between four 

indices throughout the results. Since the correlation in some cases is close to zero while 

not being negative, it is still possible for some scope for hedging for international 

diversification. Hence, water investors may gain benefits from hedging throughout 

investment periods. 

 

Table 8.2. Correlation matrix among water indices 

                                                            WOWAX               S-Net                S&P           MSCI ACWI                                                                                                                                     

Full period: January 2004-October 2014 

WOWAX                1    

S-Net                     0.14   1   

S&P                     0.13   0.94                 1   

MSCI ACWI                                      0.13 0.68                 0.71    1  

 

Pre-GFC: January 2004-December 2007 

WOWAX                                                  1          

S-Net                                                         0.03                    1                                     

S&P                                                           0.04                    0.98                1                       

MSCI ACWI                                            0.10                     0.74                0.80                    1 

 

GFC:  January 2008-December 2010 

WOWAX                                                1                      

S-Net                                                      -0.03                      1                      

S&P                                                         0.33                       0.88               1                        

MSCI ACWI                                           0.26                       0.62                0.62                  1 

 

Post-GFC: January 2011-October 2014 

WOWAX                                                1                        

S-Net                                                       0.35                          1                      

S&P                                                         0.33                          0.88              1                         

MSCI ACWI                                           0.26                          0.61              0.62                   1 

Notes: This table reports the correlation results among four water indices-World Water Index 

(WOWAX), S-Net Global Water Index (S-Net), S&P Global Water Index (S&P) and MSCI ACWI Water 

Utilities Index (MSCI ACWI) during full, pre-GFC, GFC and post-GFC periods.  
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8.4 VAR analysis 

 

Table 8.3 shows the lag determination criteria of the VAR. The optimum lag of the 

VAR is determined based on the results of the Schwarz information criterion (SIC) test. 

Further results are shown in Table 8.3, which confirms that a lag of 1 is statistically 

significant and appropriate for use in this section of this study. 

 

Table 8.3. Optimal lag determination 

 Lags 

Periods 0                             1                              2                            3 

Full period: 

January 2004- 

October 2014 

 

Pre-GFC: 

January 2004-

December 2007 

 

GFC: January 

2008-December 

2010 

 

Post-GFC: 

January 2011-

October 2014 

 

8.765 

  

 

 

1.099 

 

 

 

1.968 

 

 

8.816 

8.751* 

 

 

 

-0.845* 

 

 

  

1.264*  

 

 

8.810* 

8.779 

 

 

 

1.099 

 

 

 

2.583 

 

 

 8.938 

8.815 

  

 

 

3.155 

 

 

 

2.902 

 

 

9.031 

 

 Note:  * denotes lowest Schwarz information criterion. 

 

Table 8.4 presents the results of the VAR analysis - all indices used in the VAR 

framework have significant coefficients. The items show that there is significant 

interdependence/   interrelation among all indices, i.e., either as an index influencing 

another index or as an index that is being influenced. The VAR analysis is supported by 

the findings of the correlation analysis. As an example, for the different periods, the 

VAR equations are shown below: 
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Full period: January 2004-October 2014  

 

The equation for the full period is:                    

 

ξACWI MSCI 0.002 P&S 0.122 

Net-S 0.151WOWAX0.0400.034 WOWAX

1-t1-t

1t1tt



                                                (8.1) 

          

ξACWI MSCI 0.037- P&S 0.080 

Net-S 0.088WOWAX0.0060.028 Net-S

1-t1-t

1t1tt



 
                                             (8.2) 

ξACWI MSCI 0.033- P&S 0.064 

Net-S 0.266WOWAX0.0070.029 P&S

1-t1-t

1t1tt



 
                                                      (8.3)   

ξACWI MSCI0.034-P&S0.071-

Net-0.203SWOWAX0.0120.033ACWIMSCI

1-t1-t

1t1tt



                                                    (8.4) 

 

The VAR coefficients of the four water indices are presented above. The coefficient 

estimates of the VAR model in Equation (8.1), indicate that the S&P has a strong and 

negative effect on the WOWAX.  The effect of the MSCI ACWI on the WOWAX is 

small but significant. Equation (8.2) also shows that the MSCI ACWI weakly but 

positively affects the S-Net. The WOWAX and the S&P’s VAR coefficient results show 

that their effects are small on the S-Net (yet the coefficient is significant). Equation 

(8.3) shows that the MSCI ACWI has a strong and negative relationship with the S&P. 

The WOWAX has a weak positive relationship with the S&P, whereas the S-Net has a 

strong positive relationship with the S&P. The S&P has a strong and negative effect on 

the MSCI ACWI. However, Equation (8.4) shows that the S-Net has a strong and 

positive relationship with the MSCI ACWI. The WOWAX has also a weakly positive 

but significant effect on the MSCI ACWI. 
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Pre-GFC period: January 2004-December 2007        

 

The equation for the pre-GFC period is:    

         
ξACWI MSCI 0.035 P&S 0.241 

Net-S 0.422WOWAX0.0160.039 WOWAX

1-t1-t

1tt 1t




                                                    (8.5)          

ξACWI MSCI 0.046- P&S 0.018 

Net-S 0.211WOWAX0.0010.063 Net-S

1-t1-t

1t1tt



                                                  (8.6)
 

ξACWI MSCI 0.082- P&S 0.129 

Net-S 0.392WOWAX0.0020.066 P&S

1-t1-t

1t1tt



 
                                                     (8.7)

 

ξACWI MSCI0.081-P&S0.186-

Net-0.303SWOWAX0.0190.075ACWIMSCI

1-t1-t

1t1tt



                                                 (8.8)
 

 

During the pre-GFC period, as noted in Equation (8.5), the coefficient estimates of the 

VAR model show that the S-Net has a strong positive relationship with the WOWAX. 

On the contrary, the S&P and the MSCI ACWI have a strong negative relationship with 

the WOWAX. Equation (8.6) also shows that the S&P and the MSCI ACWI negatively 

affect the S-Net; whereas the WOWAX has a low effect on the S-Net. The estimation in 

Equation (8.7) shows that the MSCI ACWI has a negative relationship with the S&P 

and decreases the effect on the S&P. The WOWAX has a slight effect on the S&P. 

However, the S-Net has a strong positive effect on the S&P. Equation (8.8) shows that 

while the S&P has a strong negative impact on the MSCI ACWI, the WOWAX and the 

S-Net have a strong positive impact on the MSCI ACWI.  
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GFC period: January 2008-December 2010 

 

The equation for the GFC period is:   

     
ξACWI MSCI 0.000 P&S 0.000 

Net-S 0.000WOWAX0.0050.018 WOWAX

1-t1-t

1tt 1t




                                                    (8.9)                                                                

ξACWI MSCI 0.046- P&S 0.203 

Net-S 0.031WOWAX0.0120.021- Net-S

1-t1-t

1t1tt



                                                 (8.10) 

ξACWI MSCI 0.012- P&S 0.074

Net-S 0.213WOWAX1.0910.030- P&S

1-t1-t

1t1tt



 
                                               (8.11)        

ξACWI MSCI0.081P&S0.074

Net-0.303SWOWAX3.6330.159ACWIMSCI

1-t1-t

1t1tt



                                                     (8.12) 

 

During the GFC period, Equation (8.9) indicates that the S-Net and the S&P have a 

strong negative effect on the WOWAX. The VAR coefficient results of the MSCI 

ACWI suggest a rather small positive effect on the WOWAX. The estimation in 

Equation (9) is similar to that in Equation (8.10), suggesting that the MSCI ACWI has a 

strong negative effect on S-Net returns. The WOWAX has a strong positive relationship 

with the S-Net whereas the S&P has a weak positive relationship with the S-Net. 

Equation (8.11) indicates that the WOWAX and the S-Net have a strong positive effect 

on the S&P. The MSCI ACWI negatively affects the S&P. The estimation in Equation 

(8.12) shows that the WOWAX has a very strong positive effect on the MSCI ACWI 

whereas the S&P and the MSCI ACWI have a weak positive effect on the MSCI ACWI.   

 

Post-GFC period: January 2011-October 2014      

 

The equation for the post-GFC period is:    
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ξACWI MSCI 0.029 P&S 0.243 

Net-S 0.421WOWAX0.0160.033 WOWAX

1-t1-t

1tt 1t




                                                  (8.13)                                                             

ξACWI MSCI 0.042- P&S 0.024 

Net-2S 0.21WOWAX0.0020.063 Net-S

1-t1-t

1t1tt



                                                 (8.14)
 

ξACWI MSCI 0.077- P&S 0.134

Net-S 0.393WOWAX0.0020.064 P&S

1-t1-t

1t1tt



 
                                               (8.15)

 

ξACWI MSCI0.076-P&S0.193

Net-0.305SWOWAX0.0190.074ACWIMSCI

1-t 1-t

1t1tt



                                            (8.16)
 

 

In the post-GFC period, Equation (8.13) confirms that the S-Net and the S&P have a 

strong negative effect on the WOWAX. The MSCI ACWI negatively affects the 

WOWAX. In Equation (8.14), the S&P and the MSCI ACWI negatively affect the 

WOWAX, whereas the S-Net strongly affects the WOWAX. The estimation in 

Equation (8.15) shows that the MSCI ACWI has a negative effect on the S&P. 

Although the WOWAX has a weak positive relationship effect on the S&P, the S-Net 

has a strong positive effect on the S&P. The estimation in Equation (8.16) indicates that 

the S&P has a negative effect on the MSCI ACWI, whereas the effects of the WOWAX 

are very small (weak positive) on the MSCI ACWI. However, the S-Net has a very 

strong positive impact on the MSCI ACWI. 

 

Using this framework, we also explore other more interesting dynamic relationships 

among the water indices using tools such as Granger causality (GC), variance 

decomposition (VDC) and impulse response (IR) analyzes for the three periods 

identified. 
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Table 8.4. VAR coefficients 

       WOWAX S-Net     S&P           MSCI ACWI 

 

Full period: January 2004-October 2014 

C 0.034     0.028         0.029              0.033 

 (0.01)     (0.01)         (0.02)             (0.02) 

WOWAX (-1) 0.040     0.006         0.007              0.012 

 (0.01)***    (0.02)**         (0.02)**             (0.02)** 

S-Net (-1) 0.151     0.088         0.266              0.203 

 (0.05)**    (0.05)**        (0.06)***             (0.06)*** 

S&P (-1)      -0.122     0.080        -0.064             -0.071 

 (0.05)**    (0.05)**         (0.06)***             (0.06)*** 

MSCI ACWI (-1) 0.002    -0.037        -0.033             -0.034 

 (0.01)***    (0.02)**         (0.02)**             (0.02)** 

     

  Pre-GFC: January 2004-December 2007 

C  0.039     0.063          0.066                0.075 

 (0.04)    (0.02)         (0.02)               (0.03) 

WOWAX (-1)  0.016     0.001          0.002                0.019 

 (0.03)**     (0.01)*         (0.01)*               (0.02)** 

S-Net (-1)  0.422     0.211          0.392                0.303 

 (0.13)    (0.06)***      (0.07)***               (0.09)*** 

S&P (-1) -0.241    -0.018      -0.129               -0.186 

 (0.13)    (0.06)***      (0.06)***               (0.09)*** 

MSCI ACWI (-1) -0.035    -0.046      -0.082               -0.081 

 (0.05)**    (0.02)**       (0.03)**               (0.04)** 

GFC:  January 2008-December 2010 

C  0.018   -0.021        -0.030                         -0.159 

 (0.00)   (0.14)        (0.15)               (0.17) 

WOWAX (-1)  0.005    2.012         1.091                3.633 

 (0.05)**   (3.50)        (3.71)                (4.13) 

S-Net (-1) -0.000    0.031         0.213                0.074 

 (0.00)*   (0.20)        (0.21)                (0.23) 

S&P (-1) -0.000    0.203         0.074                0.121 

 (0.00)*   (0.20)        (0.21)                (0.23) 

MSCI ACWI (-1)  0.000   -0.046        -0.012                 0.006 

 (0.00)*   (0.06)***        (0.06)***                (0.07)*** 

Post-GFC: January 2011-October 2014 

C  0.033  0.063 0.064                 0.074 

 (0.04)  (0.02) (0.02)                (0.03) 

WOWAX (-1)  0.016  0.002  0.002                 0.019 

 (0.03)** (0.01)* (0.01)*                (0.02)** 

S-Net (-1)  0.421  0.212  0.393                 0.305 

 (0.13) (0.06) (0.07)***               (0.09)*** 

S&P (-1) -0.243 -0.024 -0.134               -0.193 

 (0.13) (0.06)*** (0.06)***                (0.09)*** 

MSCI ACWI (-1) -0.029 -0.042 -0.077                -0.076 

 (0.05)**  (0.02)**  (0.03)**                (0.04)** 

Notes: SEs are given in parentheses. 

*, ** and *** denote significance at 10, 5 and 1% levels, respectively. 
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8.5 Granger causality 

 

The Granger causality tests isolate either one-way or two-way Granger causalities 

between the four water indices; namely, the WOWAX, S-Net, S&P and MSCI ACWI. 

These Granger causalities are shown in Table 8.5 based on the VAR model. The results 

show that each index in fact affects the other and these effects are of significance in 

statistical terms. In the full study period, all indices are Granger causing each other at 

the 1% (high) level of significance; which means that all indices are significantly linked. 

Specifically, there is a two-way Granger causality between the S-Net and the MSCI 

ACWI at the 1% (high) level. This implies feedback from the second hypothesis ( 1H ) 

which envisages a two-way causation between S-Net and S&P water indices. Therefore, 

the MSCI ACWI Granger causes the S-Net at the 1% (high) level of significance; 

however, only the S-Net Granger causes the WOWAX at the 10% (low) level of 

significance. The two-way Granger causality results are supported by research by Roca 

and Tularam (2012), who point out that each water market affects others at the 1% 

(high) and 5% (medium) level of significance during the full period. 

 

In the pre-GFC period (January 2004 - October 2007), the causality is noted to be both 

ways for the S-Net and the S&P at the 10% (low) level of significance in the direction 

of the S-Net to the S&P and the S&P to the S-Net and the MSCI ACWI; however, there 

is no causality noted from the WOWAX to other indices (also confirmed by correlations 

of the WOWAX and others). The second hypothesis (H0) is relevant in the case of the 

WOWAX. 
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In the GFC period, the world’s economy was performing poorly and the effect of 

indices was slightly weakened during this time. There is a two-way Granger causality 

between the S-Net and the S&P at the 10% (weak) level of significance. Hence, there 

are significant short-term relationships between the S-Net and the S&P which support 

the second hypothesis ( 1H ). Therefore, the Granger causality is weaker at the 10% level 

of significance from the S&P to the MSCI ACWI; and from the MSCI ACWI to the 

WOWAX.  

 

In the post-GFC period, the economies appear to be more globalized. There is more 

information available on water indices based on data analysis, as water investors can 

easily invest their money by searching the internet, with increased attention on data 

analysis. The results show that causality is at the 1% (high) level of significance from 

the S&P to the S-Net; with the MSCI ACWI Granger causing the S-Net at the 5% 

(medium) level of significance; while the S&P index Granger causes the MSCI ACWI 

at the 10% (low) level of significance, supporting the second hypothesis ( 1H ). Thus 

these results are comparable to the literature on the casuality among oil, electricity and 

market indexes (Ordu and Soytaş, 2015).   

 

Overall, these results clearly show that the following three water indices: S-Net, S&P 

and MSCI ACWI, Granger cause each other, have rather close linkages and support the 

second hypothesis ( 1H ). Hence, there are significant short-term relationships among 

these three water indices. In a similar manner to the pre-GFC period, there is no 

significant Granger causality between the WOWAX and other indices. Thus, there is no 

significant short-term relationship among the WOWAX and the other three water 
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indices in the Granger sense. Figure 8.2 shows the flow and strength of causality based on the 

VAR model in a visual diagram. 

Table 8.5. Granger causality test results 

 WOWAX S-Net  S&P MSCI ACWI 

 

Full period: January 2004-October 2014 

 

WOWAX -   0.458 

 (0.92) 

 0.556 

(0.90) 

  1.319 

 (0.72) 

S-NET  9.426 

(0.02) * 

    - 19.249 

(0.00) *** 

11.617 

 (0.00) *** 

S&P  6.130 

(0.10) 

  1.814 

 (0.61) 

    -   2.226 

 (0.52) 

MSCI ACWI  0.386 

 (0.94) 

21.762 

 (0.00) *** 

23.258 

 (0.00) *** 

     - 

 

Pre-GFC: January 2004-December 2007 

 

WOWAX -  5.8846 

(0.20) 

 4.749 

(0.31) 

 2.315 

(0.67) 

S-NET  5.575 

(0.23) 

 -  8.076 

(0.08) * 

 7.146 

(0.12) 

S&P  5.400 

(0.24) 

10.873 

(0.02) * 

-  9.375 

(0.05) * 

MSCI ACWI 2.298 

(0.68) 

 6.909 

(0.14) 

 3.295 

(0.50) 

    - 

 

GFC:  January 2008-December 2010 

 

WOWAX 

 

- 

 

 2.484 

(0.64) 

 

 4.164 

(0.38) 

  

 4.815 

(0.30) 

S-NET   7.183 

 (0.12) 

-  9.257 

(0.05) * 

 

 6.399 

(0.17) 

 

S&P  7.422 

(0.11) 

 7.102 

(0.130) 

-  8.318 

(0.08) * 

MSCI ACWI  9.428 

(0.05) * 

 5.672 

(0.22) 

 6.338 

(0.17) 

    - 

 

Post-GFC: January 2011-October 2014 

 

WOWAX  - 10.983 

(0.02) 

 4.137 

(0.38) 

 1.170 

(0.88) 

S-NET   1.557 

 (0.81) 

-  0.208 

(0.99) 

 4.700 

(0.31) 

S&P   1.412 

 (0.84) 

30.982 

(0.00) *** 

-  9.131 

(0.05) * 

MSCI ACWI   2.226 

 (0.69) 

13.896 

(0.00) ** 

 4.478 

(0.34) 

     - 

Notes: All test statistics are Chi-squared with the p-values listed in brackets.  

*, ** and *** denote significance at 10, 5 and 1% levels, respectively. 
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Fig. 8.2. Significant linkages between water indices in the WOWAX, S-Net, S&P and MSCI ACWI 

 

Full Period: January 2004-October 2014                                                                                                      Pre-GFC: January 2004-October 

2007 

 

 

 

 

 

 

        

GFC:  January 2008-December 2010                                                                                                              Post-GFC: January 2011-October 

2014 

                                                                 

 

 

 

 

 

 

 

 
Notes:                  indicates null hypothesis is rejected at the 10% level of significance 

                            indicates null hypothesis is rejected at the 5% level of significance 

                            indicates null hypothesis is rejected at the 1% level of significance 
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The null hypothesis is that the row variable does not Granger cause the column variable. 

All test statistics are Chi-squared with the p-values listed in brackets (The asterisks: 

***, ** and * each indicate significance findings at the 1, 5 and 10 percent levels, 

respectively).  This study follows Tularam et al. (2012) and regress in the following 

manner. For the attention of exchangeable planetary, this study only regresses the full 

period equations as follows N(0,1))~(ε : for the full period. As an example, the 

Granger causality equations are as shown below: 

 

ξNetS.05830WOWAXWOWAX 1)(1)(                                                                (8.17) 

ξP&S.05830WOWAXWOWAX
1)(1)( 
                                                                   (8.18) 

ξACWIMSCI.0580WOWAXWOWAX 1)(1)(                                               (8.19) 

ξWOWAX9.426NetSNetS 1)(1)(                                                           (8.20) 

ξP&S19.2494NetSNetS 1)(1)(                                                                (8.21) 

ξACWIMSCI11.6171NetSNetS 1)(1)(                                                   (8.22) 

ξWOWAX6.1301P&SP&S 1)(1)(                                                                 (8.23) 

ξNetS1.814P&SP&S 1)(1)(                                                                        (8.24) 

ξACWIMSCI2.2261P&SP&S 1)(1)(                                                            (8.25) 

ξWOWAX0.3869ACWIMSCACWIMSCI 1)(1)(                                         (8.26) 

ξNetS21.7625ACWIMSCACWIMSCI 1)(1)(                                            (8.27) 

ξP&S23.2580ACWIMSCACWIMSCI 1)(1)(                                               (8.28) 
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8.6 Forecast error variance decomposition (FEVD) 

 

The forecast error variance decomposition (FEVD) results are shown in Table 8.6. From 

the VDC results, the author may identify indices that are more or less influential; or 

more or less open. That is, author can also infer from the FEVD results, the extent of 

“openness” of all the indices. The FEVD analysis shows the percentage of the forecast 

variance for a particular index arising out of random shocks that could be coming from 

each index listed in columns. The number in the diagonal line is the percentage of each 

index’s forecast variance that is due to itself, while the number in the last column refers 

to the total percentage of an index’s (listed in each row) forecast variance due to all 

other indices. The total effect of each index on other indexes is given by each value 

shown in the column titled “effect on other indices”. Thus, the outputs of the FEVD 

indicate the impact of each water index on other water indices. 

 

Table 8.6 shows that the water indices are indeed affected by other indices. In the whole 

study period, in the last column, the S&P is most open with 90.39% of the four indices 

and its forecast variance driven by other indices. For example, the S-Net is the most 

influential index in the forecast variance and can be accounted by S-Net at a level of 

55.75%. 

 

In the pre-GFC period, as shown in the last column, the four indices are being affected 

by the other indices. These indices have also become open, and in fact, the WOWAX 

has the largest portion of the forecast error variance of other indices (91.29%), followed 

by the MSCI ACWI at 79.45%, the S&P at 70.63% and then the S-Net at 53.45%, 

respectively. The S-Net accounts for the largest percentage (74.76%) of forecast 
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variance of the other indices. So, the S-Net is the most influential index in this period. 

In the GFC period, the S&P and the MSCI ACWI indices are open indices for investors 

and they became more open with 91.23% of the S&P’s, and 55.45% of the MSCI 

ACWI’s respectively; and 63.90% of the S&P’s forecast variance is accounted for by 

other indices. In the post-GFC period, it is only the S&P that is most open with 78.98% 

of its forecast variance being driven by other indices; while in the cases of the S-Net, it 

is found to be the most influential index on other indices which, on average, account for 

a total of 70.93% of the forecast variance of all other indices. Approximately similar 

results are found in the literature on the links among five SRI market indices (Roca et 

al., 2010).  

 

In summary, the FEVD analysis results indicate that all indices have become more 

independent from each other during all of the periods. The S&P is the most open of all 

indices except in the pre-GFC period; while the S-Net is the most influential index of 

forecast variance of other indices. 
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Table 8.6: Forecast error variance decomposition results 

                                                                          Independent Variable 

Dependent Variable WOWAX S-Net S&P MSCI 

ACWI 

Total effect 

from 

other indices 

Total effect 

from 

other indices 

(%) 

Full Period: January 2004-October 2014 

 

 

 

WOWAX  99.63   0.12 0.23 0.00 0.35  0.35 

S-Net 2.15 96.99 2.15 0.73 5.03  4.93 

S&P 1.78 87.80 9.59 0.81 90.39 90.43 

MSCI 1.67 43.43 6.48 48.40 51.58 51.59 

Total effect on other 

indices 

5.50 131.35 8.86 1.54 147.35  

Total influence              5.23                  57.52         51.97            3.08            117.80  

on other indices (%)  

Column (1- 4) 

 

Pre-GFC: January 2004-December 2007 

 

     - 

 

WOWAX   8.68   47.81 24.82 18.66   91.29 91.31 

S-Net   5.15   46.53 27.98 20.32   53.45 53.46 

S&P   4.65   45.46 29.35 20.52   70.63 70.46 

MSCI   3.62   44.58 31.25 20.53   79.45 70.46 

Total effect on other 

indices 

Total influence    

On other indices (%) 

Column (1- 4) 

13.42 

 

60.72                         

137.85 

 

  74.76 

84.05 

 

74.18      

59.50 

 

74.34 

294.82  

 

284.00 

 

 

- 

 

GFC: January 2008-December 2010 

 

 

 

WOWAX 95.51    0.42   3.31   0.75    4.48 4.48 

S-Net   2.32  95.26   1.09   1.31    4.72 4.72 

S&P   1.54  88.10   8.75   1.59  91.23 91.24 

MSCI   0.82  43.54 11.09 44.53  55.45 55.46 

Total effect on other 

indices 

Total influence 

on other indices (%) 

Column (1- 4) 

 

  4.68  

 

  4.67 

132.06 

 

  58.09 

15.49 

 

 63.90 

  3.65  

 

 7.57 

155.88  

 

 134.23 

 

 

- 

Post-GFC: January 2011-October 2014 

 

 

 

WOWAX 98.76     0.76   0.39 0.06     1.21 1.21 

S-Net 11.58   88.12   0.04 0.24   11.86 11.86 

S&P   9.89   68.43 21.00 0.66   78.98 78.98 

MSCI   6.79   31.93   3.23 58.03   41.95 41.97 

Total effect on other 

indices 

Total influence 

on other indices (%) 

Column (1- 4) 

28.26 

 

 22.24 

 

101.12 

 

  53.43 

  3.66 

 

14.84 

0.96 

 

1.62 

 

134.00  

 

92.13. 

 

 

- 
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8.7 Impulse response 

 

The impulse response analysis evaluates the speed, duration and impact amongst the 

water indices by tracing the effect of a shock from one endogenous variable to the other 

variables in the VAR framework.  This study estimates the generalized impulse 

response functions based on Pesaran and Shin (1998). The results of the generalized 

impulse responses are presented in Figure 8.3, showing the impulse responses for the 

full period, pre-GFC period, GFC period and post-GFC period, with the responses 

plotted over 10 years. In the full period, the WOWAX and the S-Net are most 

responsive indices, while the S&P and the MSCI ACWI are the least open indices. 

During the pre-GFC period, the WOWAX, the S-Net and the MSCI ACWI have 

become more responsive. This indicates that these three indices have become more 

interdependent with the indices of the S&P. Particularly during the pre-GFC period, the 

S-Net is the more sensitive to other indices, which provides further indication that these 

indices have been more affected by events in the S&P index. During the GFC and post-

GFC periods, the responses show mixed signals, which indicate that each index can 

complete the responses to other indices within the time period. Previous results on 

impulse response analysis among five SRI market indices in studies by Roca et al. 

(2010) are in line with the results of this study. 

 

In summary, impulse responses analysis results show that the integration has been 

increasing among four water indices during the different periods (full, pre-GFC, GFC 

and post-GFC) and the response results also point to a cyclical pattern over a relatively 

protracted period. Hence, this generally supports the concept of four statistically 

effectual water indices. 
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Fig. 8.3. Generalized impulse responses among water indices 
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          GFC Period: Jan 2008-Dec 2010       
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8.8 Forecasting performance  

 

VAR analysis provide a convenient representation of the forecasting systems of 

financial time series. To examine the relative forecasting power of VAR models, this 

study attempts to use forecast statistics so that the author can consider predictors, which 

are optimal in the sense that they minimize the root mean squared error (RMSE), the 

mean absolute error deviation (MAE) and mean absolute percent error (MAPE) for the 

forecasts of the VAR model. As can be seen in Table 8.7, the result of RMSE, MAE and 

MAPE contain output forecast results, which are generated by the output models. The 

results show that the S-Net and the S&P perform better than both the WOWAX and the 

MSCI ACWI during the full period.  For the pre-GFC and GFC period, the performance 

of the WOWAX is better than the other three indices. However, the MAPE of the 

WOWAX is higher than other indices in the GFC periods. The RMSE and the MAE of 

the MSCI ACWI have increased substantially in the pre-GFC and GFC periods, 

revealing the increasing volatility of the water stock market. In the post-GFC period, the 

RMSE, MAE and MAPE of the WOWAX, the S-Net and the S&P are less than the 

MSCI ACWI. Thus, it is noted that in spite of shorter lead times (3 months), the overall 

performance of the model was acceptable. Forecast results are obtained using VAR 

models where a constant term is included. Figure 8.4 compares forecasting results with 

actual data for the VAR model.   
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 Table 8.7: Forecasting performance 

 WOWAX S-Net S&P MSCI ACWI 

Full period: Jan 2004- 

October 2014 

    

Root mean squared error 0.24 0.21 0.21 0.31 

Mean absolute error 0.18 0.16 0.15 0.23 

Mean abs. percent error      124.24         49.96    83.77       124.57 

 

Pre-GFC period: Jan 

2004- December 2007 

    

Root mean squared error 0.02 0.39 0.39 0.84 

Mean absolute error 0.01 0.39 0.28 0.84 

Mean abs. percent error      104.08         52.95    75.83 0.66 

 

GFC period: Jan 2008-

December 2010 

    

Root mean squared error 0.04 0.18 0.18 0.63 

Mean absolute error 0.03 0.14 0.13 0.51 

Mean abs. percent error      253.19         53.02    50.52       165.94 

 

Post-GFC period: Jan 

2011-October 2014 

    

Root mean squared error 0.08 0.28 0.24 0.56 

Mean absolute error 0.06 0.22 0.19 0.44 

Mean abs. percent error      122.06         82.84  189.47       207.82 

Note: This table reports the forecasting performances of four water indices-World Water Index 

(WOWAX), S-Net Global Water Index (S-Net), S&P Global Water Index (S&P) and MSCI ACWI Water 

Utilities Index (MSCI ACWI) in different (full, pre-GFC, GFC and post-GFC) periods. 
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Figure. 8.4. Forecasting performance of the WOWAX, S-Net, S&P and MSCI 

ACWI  
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    GFC Period: Jan 2008-Dec 2010       

            

-.15

-.10

-.05

.00

.05

.10

.15

.20

.25

5 10 15 20 25 30 35 40 45 50 55 60

Actual Forecast ± 2 S.E.

WOWAX

-3

-2

-1

0

1

2

3

5 10 15 20 25 30 35 40 45 50 55 60

Actual Forecast ± 2 S.E.

S-Net

 

             

-3

-2

-1

0

1

2

3

5 10 15 20 25 30 35 40 45 50 55 60

Actual Forecast ± 2 S.E.

S&P

-4

-3

-2

-1

0

1

2

3

4

5 10 15 20 25 30 35 40 45 50 55 60

Actual Forecast ± 2 S.E.

MSCI ACWI
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8.9 Discussion  

 

Recent studies on the integration of the water markets have not examined the nature 

of relationships between water markets in much detail, either before or after major 

shock periods. The previous studies have not used forecast statistics and GFC period 

to examine their interactive influences during the short or long-run water markets’ 

periods. In this study, the WOWAX, the S-Network Global Water Index, the S&P 

Global Water Index and the MSCI ACWI Water Utilities Index are selected to 

represent the water asset classes. More specifically, the aim of this study is to 

investigate the extent and manner of equity price interdependence among four water 

indices using a VAR framework. In this framework, the author examines Granger 

causalities, variance decomposition and impulse responses covering the period 2004-

2014. The sample period is divided into three sub-periods (pre-GFC, GFC and post-

GFC) for detailed analysis. 

 

In terms of correlation analysis, this study finds that most of the four water indices – 

the WOWAX, the S-Net, the S&P and the MSCI ACWI significantly affect each 

other. It is noted that the four water indices respond to each other quite rapidly and 

within a short period of time. These water indices have close linkages and the effects 

appears to differ within different periods.  

 

During the full period, although the WOWAX and the S-Net, the WOWAX and 

S&P, and the WOWAX and the MSCI ACWI are closely correlated, the S-Net and 

the S&P, and the S-Net and the MSCI ACWI appear to be independent. Within the 

pre-GFC, GFC and post-GFC periods, the WOWAX and the S-Net, the WOWAX 
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and S&P, and the WOWAX and the MSCI ACWI are closely correlated. However, 

the S-Net and S&P, the S-Net and the MSCI ACWI, and the S&P and the MSCI 

ACWI are interdependent. These results reveal that these indices may be considered 

as being more significantly integrated over the periods; however, since the 

correlation in some cases is close to zero, there is still some scope for hedging. 

 

The VAR analysis was utilized to examine the Granger causality, FEVD and impulse 

response structure. Granger causality provides the justification for the predictive 

ability of models based on available information criteria. During the full and GFC 

periods, there are two-way Granger causalities at the 1% (high) and 10% (weak) 

levels of significance between the S-Net and the S&P (1%) and the S-Net and the 

MSCI ACWI (1%). During the full period, the effect of the S-Net and the MSCI 

ACWI on the S&P was at a high (1%) level of significance. The impact of the S&P 

on the MSCI ACWI and the MSCI ACWI on the WOWAX was at a weak (10%) 

level of significance in the GFC period. However, there is no significant Granger 

causality noted from the WOWAX to other indices in either the pre or the post-GFC 

periods. Table 8.8 shows two-way Granger causality test results. 

 

 

The FEVD analysis reflects the percentage of the forecast variance for a particular 

index arising out of any random shocks coming from each index. The FEVD analysis 

results indicate that the WOWAX and the S-Net are interlinked with each other 

during all the periods except the pre-GFC period. Only the S-Net is significantly 

open during the pre-GFC period. These two indices are influenced by movements in 

other water indices. It is noted that during all the periods, the S&P and the MSCI 

ACWI have become more interdependent indices. This may be due to these two 
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water indices becoming less open to the effect of other indices. Thus, the S-Net is the 

most influential index of forecast variance of other indices, which may reveal the 

high globalization effect of these four indices.  

 

Finally, an impulse response analysis has been conducted to investigate the 

transmission of a price shock from one index to other indices. The results of the 

impulse response analysis also point to increasing integration among four water 

indices over the periods. However, the S&P has become less responsive during all of 

the periods. The results reveal that each index efficiently responds to shocks coming 

from other indexes in different periods (full, pre-GFC, GFC and post-GFC). The 

forecasting performance results support the VAR analysis. Forecasting results 

concerning across all four indices. Based on the VAR analysis gradually 3 months 

was conducting for each of period. This study found the RMS were low, suggesting 

the VAR models to forecast for short-terms in them of appropriates.  

 

In summary, the VAR models of this study provide a better understanding of the 

overall picture of the water industry, especially during the different periods analyzed. 

The analyzes show that the relationships between and amongst the four water indices 

are discernable using the time-series methodology. There is a risk of shocks in one 

water index spilling over to another water index, creating contagion risks which 

regulators will need to address.  

 

 

 

 



243 

 

8.10 Chapter summary and conclusion 

 

This chapter presents the results of some aspects of the third study of the thesis (the 

research objective, as described in Section 1.3.2 of this thesis). In particular, the first 

sub-objective of the third study’s results and analysis are presented. The four water 

indices data used in this analysis are obtained from a well-accepted database of 

financial data, dating from January 1, 2004 to October 31, 2014. In the analysis 

presented, only the daily data has been utilized and it is in the form of returns based 

on the price indices.  

 

In this analysis, the extent and manner of equity price interdependence among water 

indices of the World Water Index (WOWAX), the S-Network Global Water Index, 

the S&P Global Water Index and the MSCI ACWI Water Utilities Index using the 

vector auto regression (VAR) framework are investigated. Specifically, this study 

examines Granger causalities, variance decomposition and impulse responses using 

daily data. However, due to the nature of shocks experienced in the financial industry 

during the full period, the periodic analysis is divided into three sub-periods (Jin et 

al., 2015; Hatemi-J and Roca, 2011; Roca et al., 2010). 
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Chapter 9 

 

Study Four Results: 

An analysis of the inter-linkages between water indices and water 

markets around the globe 

9.1  Introduction 

 

As mentioned in Chapter 1 Section 1.3.1, overall, the thesis aims to examine the 

performance of the global water industry in terms of water investment.  To achieve 

the thesis aim, this chapter conducts and presents the results of Study Four. This 

study seeks to conduct a multivariate time series analysis of water indices and water 

markets, investigating the co-integration between water indices and water market 

indices around the world. The purpose of this study is to investigate the long-run 

relationships between four water indices (S-Net, WOWAX, S&P and MSCI ACWI) 

and four water market indices (Asia, Europe, Latin America and US), using daily 

data for the period January 2004 - October 2014. This study uses the Johansen test 

and ARDL approaches for co-integration in different periods (full, pre-GFC, GFC 

and post-GFC periods). It is important to study the extent of stock price linkages 

between water indices and world water market indices because such links tend to 

determine the profitability of investment diversification across the global water 

industry. Hence, to answer the main research question, this study empirically 

examines the nature of interactions between water indices and water markets. Thus, 

this study asks, are water indices co-integrated with the world water markets?  

 

 



245 

 

To achieve the research aim, hypotheses and a multivariate time series VECM 

method were developed in Chapters Four and Five respectively. See Figure 9.1 for a 

summary of the research and discussion about how each method answers the specific 

hypothesis. 

 

Figure 9.1.  Research methodology for investigation of the extent and manner of 

equity price interdependence among four water indices 
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9.2 Data preliminaries 

 

Table 9.1 shows that stock returns are positive for all the water indices and water 

markets during full, pre-GFC and post-GFC periods. However, during the GFC 

period, stock returns are only positive for the WOWAX. For all the periods the 

kurtosis values of all water stock index and water market index returns are higher 

than 3, so the returns distribution could be fat tailed. The skewness values are 

related to the asymmetric tail that extends towards more negative values than the 

positive ones for the full period and for the three sub-sample periods. Since the 

Jarque-Bera results are statistically significant, the analysis rejects the null 

hypothesis of a normal distribution for all stock returns. The difference in the 

returns is important for analysis.  
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Table 9.1. Descriptive statistics 

 S-Net 

 

WOWAX S&P MSCI ACWI      Asia Europe 

Latin 

America  US 

  

Full period: Jan 2004-Oct 2004 

 

 Mean  0.03 

 

 0.03  0.03  0.03  0.04  0.01  0.00  0.03 

 Median  0.07   0.01  0.08  0.04  0.00  0.01  0.07  0.00 

 Maximum  9.27   3.16  10.90  15.86  13.27  13.96  10.54 12.14 

 Minimum -7.55  -42.40 -8.07 -8.52 -9.23 -10.09 -12.25 -7.56 

 Std. Dev.  1.04   0.89  1.11  1.21  1.55  1.41  1.71  1.35 

 Skewness -0.43  -37.92 -0.33  0.41  0.40 -0.04 -0.53  0.35 

 Kurtosis 10.84  1804.20 11.86 17.67  8.19 10.91  7.89 10.10 

 

Jarque-Bera 7333.34 

 

 3.83  9317.92  25460.85  3259.47  7382.23  2952.22 

  

5998.03 

Probability (0.00)   (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  0.00  (0.00) 

 

Pre-GFC period: Jan 2004-Dec 2007 

 Mean  0.07  0.04  0.08  0.07  0.09  0.09  0.06  0.05 

 Median  0.11  0.03  0.11  0.07  0.00  0.09  0.10  0.00 

 Maximum  2.50  3.16  2.92  6.08  13.27  3.71  10.54  6.44 

 Minimum -3.17 -42.40 -3.51 -5.06 -6.63 -3.25 -8.16 -7.39 

 Std. Dev.  0.73  1.47  0.76  1.00  1.92  0.91  1.65  1.35 

 Skewness -0.42 -23.11 -0.29  0.09  0.77 -0.07 -0.13 -0.29 

 Kurtosis  4.10 668.32  4.14  4.96  6.73  3.88  6.18  5.84 

 Jarque-Bera 84.14 193.30 72.56 170.02 711.34  35.07 445.35 366.69 

 Probability ( 0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)   
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GFC period: Jan 2008-Dec 2010 

 Mean -0.01  0.02 -0.01 -0.02 -0.01 -0.08 -0.01 -0.00 

 Median  0.05  0.01  0.07  0.02  0.00 -0.05  0.10  0.00 

 Maximum  9.27  0.10 10.90  15.86  5.83  13.96  8.65  12.14 

 Minimum -7.55  0.00 -8.07 -8.52 -9.23 -10.09 -12.25 -6.45 

 Std. Dev.  1.49  0.02  1.60  1.68  1.48  2.00  2.03  1.66 

 Skewness -0.28  1.60 -0.17  0.63 -0.58  0.18 -0.92  0.81 

 Kurtosis  8.07  5.77  8.79  15.91  7.72  8.50  8.93  10.08 

 Jarque-Bera  853.15  588.42  1100.60  5498.51  774.98  994.49  1263.38  1728.09 

 Probability  0.00  0.00  0.00  (0.00)  (0.00)  (0.00)  (0.00)  (0.00) 

          

Post-GFC Period: Jan 2011-Oct 2014 

 Mean  0.02  0.03  0.02  0.04  0.03 -0.00 -0.03  0.05 

 Median  0.038  0.01  0.04  0.03  0.00  0.00  0.02  0.02 

 Maximum  3.58  0.48  3.61  5.06  6.56  4.12  6.49  9.05 

 Minimum -5.50  0.00 -5.51 -4.07 -6.07 -7.21 -7.89 -7.56 

 Std. Dev.  0.88  0.05  0.94  0.94  1.11  1.27  1.49  1.04 

 Skewness -0.40  3.51 -0.41 -0.11 -0.15 -0.34 -0.26  0.39 

 Kurtosis  6.52  21.75  6.27  4.72  5.54  5.10  4.94  12.69 

 Jarque-Bera  546.01  16725.87  476.55  126.36  273.93  205.13  168.71  3938.26 

Probability (0.00)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Notes: This table reports the descriptive statistics for four water indices-World Water Index (WOWAX), S-Net Global Water Index (S-Net), S&P Global Water Index 

(S&P) and MSCI ACWI Water Utilities Index (MSCI ACWI), and four water markets-Asia, Europe, Latin America and US water markets. Descriptive statistics 

include daily mean, median, maximum, minimum, standard deviation (std.dev.) and performance-related statistics in different (full, pre-GFC, GFC and post-GFC) 

periods. 

 

Data are collected from the Thomson Reuters DataStream database. Daily data are transformed to the form of 100)/Price(PricenR 1ttt l  and the prices are in 

US dollars.
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9.3 Preliminary results based on correlations 

 

Table 9.2 displays a preliminary analysis of correlations between water indices and 

water markets. The results of the correlation analysis indicate that the water indices and 

water markets are becoming more linked over time, or associated over the years. In the 

full, pre-GFC, GFC and post-GFC periods, the correlation coefficients between water 

indices and water markets are found to be relatively high and positive, indicating long-

term association and contemporaneous interactions between water indices and water 

markets. The highest correlations occur between the S-Net and the S&P, the S-Net and 

the MSCI ACWI, the S-Net and Europe, the S-Net and Latin America, the S&P and the 

MSCI ACWI, the S&P and Europe, the S&P and Latin America, the S&P and the US, 

and between the MSCI ACWI and Europe, while the lowest correlation is between the 

WOWAX and the S&P and the WOWAX and the US.  

 

In Table 9.2, this study conducts a preliminary analysis of correlations between water 

indices and water markets. The results show that co-integration emerges between the 

water indices and water markets. The European, Latin American and US water markets 

are strongly correlated with the S-Net, S&P and MSCI ACWI whereas the Asian water 

market is not strongly correlated with water indices in the different periods (full, pre-

GFC, GFC and post-GFC). However, the WOWAX has low correlation with the four 

water markets in full and pre-GFC periods. On the contrary, the WOWAX significantly 

correlates with the Asian, Latin American and US water markets in a negative manner 

during the GFC period. The WOWAX is also significantly negatively correlated only 

with the US water markets during the post-GFC period. These results show some doubts 

regarding the hypothesis that investment (in the 20 water companies’ stocks of the 
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WOWAX) may provide investors with diversification benefits. Jin et al. (2015) note 

that the diversification benefits of the WOWAX may not be significant either during or 

after the time of the global financial crisis. Hence, investors should be mindful of 

diversification benefits issues when making investment decisions. 
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Table 9.2. Correlation between water indices and water markets 

 S-Net WOWAX S&P MSCI ACWI Asia Europe Latin America   US 

 

Full period: Jan 2004-Oct 2014 

S-Net 1        

WOWAX 0.14 1       

S&P 0.94* 0.13 1      

MSCI ACWI 0.67 0.13 0.71* 1     

Asia 0.29 0.08 0.26 0.14 1    

Europe 0.71* 0.10 0.79* 0.72* 0.18 1   

Latin America 0.58 0.10 0.56 0.40 0.21 0.42 1  

US 0.54 0.11 0.49 0.48 0.07 0.27 0.28    1 

 

Pre-GFC period: Jan 2004-Dec 2007 

 

S-Net 1        

WOWAX 0.35 1       

S&P 0.88* 0.33 1      

MSCI ACWI 0.61 0.26 0.62 1     

Asia 0.30 0.10 0.27 0.10 1    

Europe 0.68 0.26 0.76* 0.82* 0.14 1   

Latin America 0.56 0.18 0.50 0.32 0.17 0.37 1  

US 0.48 0.19 0.39 0.24 0.03 0.19 0.23 1 

 

GFC period: Jan 2008-Dec 2010 

 

S-Net 1        

WOWAX -0.03 1       

S&P 0.96* -0.02 1      

MSCI ACWI 0.71* 0.01 0.76* 1     
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Asia 0.36 -0.00 0.34 0.21 1    

Europe 0.71*  0.01 0.79* 0.69 0.29 1   

Latin America 0.65 -0.00 0.66 0.50 0.27 0.50 1  

US 0.56 -0.03 0.51 0.61 0.14 0.28 0.31 1 

 

Post-GFC period: Jan 2011-Oct 2014 

 

S-Net 1        

WOWAX 0.01 1       

S&P                                 0.95* 0.01 1      

MSCI ACWI 0.63 -0.04 0.71* 1     

Asia 0.25 0.01 0.22 0.09 1    

Europe 0.73* 0.01 0.81* 0.75* 0.12 1   

Latin America 0.51 0.00 0.51 0.35 0.21 0.37 1  

US 0.61 -0.04 0.61 0.59 0.04 0.36 0.33 1 

Notes: This table reports the correlation results between four water indices-World Water Index (WOWAX), S-Net Global Water Index (S-Net), S&P Global Water 

Index (S&P) and MSCI ACWI Water Utilities Index (MSCI ACWI) and four water markets-Asia, Europe, Latin America and US water markets in different (full, pre-

GFC, GFC and post-GFC) periods. 

 
*Correlation above 0.70.  
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9.4 Test results for unit roots  

 

The presence of a unit root in the water indices and water markets returns is tested using 

augmented Dicky–Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski-Phillips-

Schmidt-Shin (KPSS) tests. Table 9.3 shows that the ADF and the PP tests show a 1% 

level of significance in both levels as well as in the first differences. Hence, the ADF 

and PP tests consistently reject the null hypothesis that the series has a unit root in both 

levels and in first differences in different periods; confirming that all return series are 

stationary in different periods. However, during the full, pre-GFC and GFC periods, the 

KPSS does not reject the null hypothesis in both levels and in first differences. The 

KPSS test only rejects the null hypothesis during the post-GFC period. The test results 

for unit roots are presented in Table 9.3.  
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Table 9.3. Test results for unit roots 

  S-Net WOWAX S&P MSCI 

ACWI 

Asia Europe Latin 

America 

US 

Full period: Jan 2004-October 2014 

 

ADF 

 

 

In levels 

 

In first 

difference 

 

 

-46.09 

(0.00) 

-21.04 

(0.00) 

 

 

-50.74  

(0.00) 

-22.58 

 (0.00) 

 

 

-45.79 

(0.00) 

-25.60 

(0.00) 

 

 

 

-25.62 

(0.00) 

-44.75 

(0.00) 

 

 

-54.85 

(0.00) 

-48.26 

(0.00) 

 

 

-50.99 

(0.00) 

-43.37 

(0.00) 

 

 

-52.43 

(0.00) 

-45.83 

(0.00) 

 

 

-56.77 

(0.00) 

-45.74 

(0.00) 

PP In levels 

 

In first 

difference 

-45.86 

(0.00) 

-606.66 

(0.00) 

-50.68 

(0.00) 

-1215.27 

(1.00) 

45.36 

(0.00) 

-467.08 

(0.00) 

-53.34 

(0.00) 

-1536.36 

(1.00) 

-54.86 

(0.00) 

-957.29 

(0.00) 

-50.97 

(0.00) 

-512.95 

(0.00) 

-52.43 

(0.00) 

-800.28 

(0.00) 

-57.46 

(0.00) 

-775.38 

(0.00) 

KPSS In levels 

 

In first 

difference 

 

LM-Stat:  

0.11 

LM-Stat:  

0.02 

LM-

Stat: 0.17 

LM-Stat: 

0.03 

LM-Stat: 

0.12 

LM-Stat: 

0.01 

LM-Stat: 

0.18 

LM-Stat: 

0.40 

LM-

Stat: 0.08 

LM-Stat: 

0.03 

 LM-Stat: 

0.22 

LM-Stat: 

0.00 

LM-Stat: 

0.17 

LM-Stat: 

0.04 

LM-Stat: 

0.09 

LM-Stat: 

0.01 

Pre-GFC period: Jan 2004-December 2007 

 

ADF Intercept 

 

Trend and 

Intercept 

-27.43 

(0.00) 

-25.34 

(0.00) 

-30.80 

(0.00) 

-26.97 

 (0.00) 

-27.76 

(0.00) 

-25.79 

(0.00) 

-32.86 

(0.00) 

-26.50 

(0.00) 

-34.94 

(0.00) 

-29.25 

(0.00) 

-30.49 

(0.00) 

-26.68 

(0.00) 

-30.61 

(0.00) 

-27.44 

(0.00) 

-33.70 

(0.00) 

-28.73 

(0.00) 

PP In levels 

 

In first 

difference 

-27.43 

(0.00) 

-300.26 

 

-30.77 

(0.00) 

-601.95 

(0.00) 

-27.45 

(0.00) 

-266.35 

(0.00) 

-33.08 

(0.00) 

-306.14 

(0.00) 

-32.86 

(0.00) 

-367.59 

(0.00) 

-30.45 

(0.00) 

-275.69 

(0.00) 

-30.61 

(0.00) 

-370.48 

(0.00) 

-33.76 

(0.00) 

-299.99 

(0.00) 

KPSS In levels 

 

In first 

difference 

LM-Stat: 

0.03 

LM-Stat:  

0.08 

LM-Stat: 

0.27 

LM-Stat: 

0.26 

LM 

Stat: 0.04 

LM-Stat: 

0.08 

LM 

Stat: 0.04 

LM-Stat: 

0.07 

LM-Stat: 

0.07 

LM-Stat: 

0.03 

 LM-Stat: 

0.02 

 LM-Stat: 

0.07 

LM-Stat: 

0.13 

LM-Stat: 

0.10 

LM-Stat: 

0.13 

LM-Stat: 

0.04 

  



255 

 

GFC period: Jan 2008-December 2010 

ADF In levels 

 

In first 

difference 

-24.94 

(0.00) 

 

-24.46 

(0.00) 

-30.80 

(0.00) 

 

-12.91 

(0.00) 

-23.98 

(0.00) 

 

-15.57 

(0.00) 

 

-25.06 

(0.00) 

 

-25.15 

(0.00) 

 

-26.21 

(0.00) 

 

-22.19 

(0.00) 

 

-25.24 

(0.00) 

 

-14.08 

(0.00) 

 

-27.90 

(0.00) 

 

-14.08 

(0.00) 

 

-27.06 

(0.00) 

 

-15.41 

(0.00) 

 

PP In levels 

 

In first 

difference 

-24.75 

(0.00) 

-44.98 

(0.00) 

-25.29 

 

-47.09 

(0.00) 

-23.88 

(0.00) 

-40.96 

(0.00) 

-25.03 

(0.00) 

-40.69 

(0.00) 

-26.33 

(0.00) 

-41.68 

(0.00) 

-25.20 

(0.00) 

-41.68 

(0.00) 

 

-27.85 

(0.00) 

-49.65 

(0.00) 

-27.36 

(0.00) 

-49.65 

(0.00) 

KPSS In levels 

 

 

In first 

difference 

LM Stat:  

0.34* 

 

LM-Stat: 

0.05 

LM-Stat: 

0.37* 

 

 LM-Stat: 

0.02 

LM-Stat: 

0.35* 

 

LM-Stat: 

0.05 

LM-Stat: 

 0.43* 

 

 LM-Stat: 

0.01 

LM-Stat: 

0.47** 

 

LM-Stat: 

0.21 

LM-Stat: 

0.38* 

 

LM-Stat: 

0.02 

 LM-Stat: 

0.30 

 

 LM-Stat: 

0.03 

LM-Stat: 

0.31 

 LM-

Stat: 

0.08 

Post-GFC period: Jan 2011-October 2014  

ADF In levels 

 

In first 

difference 

19.11 

(0.00) 

-25.82 

(0.00) 

-11.16 

(0.00) 

-24.81 

(0.00) 

 

 

-29.50 

(0.00) 

-25.79 

(0.00) 

-30.73 

(0.00) 

-27.37 

(0.00) 

 

-30.26 

(0.00) 

-27.93 

(0.00) 

-30.79 

(0.00) 

-27.68 

(0.00) 

-30.27 

(0.00) 

-26.69 

(0.00) 

-21.27 

(0.00) 

-26.90 

(0.00) 

PP In levels 

 

In first 

difference 

19.11 

(0.00) 

-25.82 

(0.00) 

-19.30 

(0.00) 

 

-294.33 

(0.00) 

-29.51 

(0.00) 

 

-304.96 

(0.00) 

-30.85 

(0.00) 

 

-335.50 

(0.00) 

-30.36 

(0.00) 

 

-305.76 

(0.00) 

-30.80 

(0.00) 

 

-458.07 

(0.00) 

-30.27 

(0.00) 

 

-405.40 

(0.00) 

-39.49 

(0.00) 

 

-362.28 

(0.00) 

KPSS In levels 

 

In first 

difference 

LM Stat: 

 0.15 

LM-Stat:  

0.10 

LM-

Stat: 1.35*** 

LM-Stat: 

0.09 

LM-Stat: 

0.10 

LM-Stat: 

0.16 

LM-Stat: 

0.02 

LM-Stat: 

0.08 

LM-

Stat: 0.21 

LM-Stat: 

0.11 

LM-Stat: 

0.22 

LM-Stat: 

0.28 

LM-Stat: 

0.15 

LM-Stat: 

0.04 

LM-Stat: 

0.15 

LM-Stat: 

0.11 
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Notes: p-values in parentheses. 
* Represents significance at the10% level. 
** Represents significance at the5% level. 
*** Represents significance at the 1% level. 
 



257 

 

9.5 Johansen’s co-integration test 

 

Having established the unit root tests on the data for the order of integration, this study 

proceeds to the examination of Johansen’s co-integration test by relying on max-

eigenvalue and trace eigenvalue statistics. Table 9.4 shows the maximum eigenvalue 

statistic that tests the null hypothesis that the number of co-integrating vectors are 

present in the series, at the 5% level of significance during the full, pre-GFC, GFC and 

post-GFC periods. Thus, an interesting interpretation is noted, in that all of the 8 

variables in the system tend to move together towards a long-run equilibrium. The trace 

eigenvalue test also reports the presence of only one co-integrating vector at the 5% 

level of significance during the full period. However, the null hypothesis tests confirm 

that the number of co-integrating vectors are present at the 5% level of significance 

during pre-GFC and post-GFC periods. Five co-integrating vectors at the 5% level of 

significance during the GFC period are presented in Table 9.4. The graph of this co-

integrating relationship is shown in Figure 9.2. 
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Table 9.4. Johansen’s co-integration test 

 Eingenvalue test 

                                                                         

Trace test 

Max-Eingenvalue 

statistics    

0.05 critical 

value    

p-values**      Trace statistics 0.05 critical 

value    

p-values**       

 

Full period : Jan 2004-Oct 2014 

      

None*   824.57 52.36                     0.00             5409.02  159.52  1.00 

At most 1*   747.03 46.23                          0.00               4584.45  125.61  1.00 

At most 2*   731.77 40.07                             0.00              3837.41    95.75  1.00 

At most 3*   701.49 33.87 0.00               3105.64    69.81  1.00 

At most 4*   665.86 27.58 0.00               2404.15    47.85  1.00 

At most 5*   625.57 21.13 0.00               1738.28    29.79  1.00 

At most 6*   612.17 14.26 0.00                1112.71    15.49  1.00 

At most 7*  500.54   3.84 0.00                  500.54      3.84  0.00 

 

Pre-GFC period: Jan 2004-Dec 2007 

      

None*   179.05  52.36  0.00  1001.65  159.52  0.00 

At most 1*   152.03  46.23  0.00  822.59  125.61  0.00 

At most 2*   138.77  40.07  0.00  670.56    95.75  0.00 

At most 3*   132.51  33.87  0.00  531.79    69.81  0.00 

At most 4*   118.98  27.58  0.00  399.27    47.85  0.00 

At most 5*   102.64  21.13  0.00  280.29    29.79  0.00 

At most 6*     93.54  14.26  0.00  177.64    15.49  0.00 

At most 7*     84.10    3.84  0.00    84.10      3.84  0.00 

 

GFC Period: Jan 2008-Dec 2010 

      

None*   311.02 52.36  0.00  1794.19  159.52  1.00 

At most 1*   294.99 46.23  0.00  1483.17  125.61  1.00 

At most 2*  267.66 40.07  0.00  1188.18    95.75  1.00 

At most 3*   229.60 33.87  0.00    920.51    69.81  0.00 

At most 4*   200.80 27.58  0.00    690.90    47.85  0.00 

At most 5*   182.21 21.13  0.00    490.09    29.79  0.00 

At most 6*   172.88 14.26  0.00    307.88    15.49  0.00 

At most 7*   135.00   3.84  0.00    135.00      3.84  0.00 
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Post-GFC period: Jan 2011-Oct  2014 

      

None *  138.57  52.36  0.00  652.99  159.52  0.00 

At most 1*   124.52  46.23  0.00  514.41  125.61  0.00 

At most 2*   107.17  40.07  0.00  389.89    95.75  0.00 

At most 3*     81.70  33.87  0.00  282.72    69.81  0.00 

At most 4*    70.69  27.58  0.00  201.01    47.85  0.00 

At most 5*    55.37  21.13  0.00  130.32    29.79  0.00 

At most 6*    39.10  14.26  0.00    74.95    15.49  0.00 

At most 7*    35.85    3.841  0.00    35.85      3.84  0.00 

Notes: * denotes rejection of the hypothesis at the 0.05 level. 

            **MacKinnon-Haug-Michelis (1999) p-values. 
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Figure 9.2. Co-integration relationship 
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Table 9.5. Normalized co-integrating vector 
Normalized co-integrating coefficients (standard error in parentheses) 

S-Net WOWAX S&P MSCI ACWI Asia Europe 

Latin 

America US 

Full period: Jan 2004-Oct 2014 

 

 

 1.000000          -0.06         -0.66         0.14       -0.22     -0.30      0.04     0.25 

  (0.02)**  (0.03)**  (0.02)**   (0.01)***     (0.02)**  (0.01)***    (0.01)*** 

Pre-GFC period: Jan 2004-Dec 2007 
       

 1.000000           0.10        -1.54       -0.60        0.07      0.94      -0.18     0.09 

  (0.02)**        (0.07)*       (0.05)**       (0.01)***     (0.07)*  (0.02)** (0.02)** 

GFC period: Jan 2008-Dec 2010 

 

 1.000000        -39.25       -0.58           0.16         0.56      0.40       -0.73     0.06 

          (8.17)       (0.27)          (0.19)        (0.17)     (0.19)       (0.14)    (0.15) 

Post-GFC period: Jan 2011-Oct 2014 

 

 1.000000         -0.05        -1.00      -0.02       -0.73      0.05         0.22     0.06 

         (0.54)        (0.09)*      (0.06)*  (0.04)**     (0.06)*  (0.03)    (0.06)* 

Notes: p-values in parentheses. 
* Represents significance at the10% level. 
** Represents significance at the5% level. 
*** Represents significance at the 1% level. 
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An econometric interpretation of these results could recommend that there is a common 

trend shared by the four water indices and four water markets. Thus, it is noted that the 

eight variables are co-integrated and follow the same stochastic trend. The presence of 

co-integration suggests that the relationship among water indices and water markets can 

be most appropriately represented by an error correction model rather than by other 

models. 

 

9.6 Lagrange-multiplier test 

 

The Lagrange-multiplier test is used in order to check for the presence of 

autocorrelation in residuals. The Lagrange-multiplier test results in Table 9.6 show a p-

value of <0.00, suggesting that the eight variables in the VECM model are a statistically 

significant improvement in model fit. 
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Table 9.6. Lagrange-multiplier test 

Lag Chi-square value Degrees of freedom Prob > Chi-square 

 

Full period: Jan 2004-Oct 2004 

 

1 1506.10 64 0.00 

2 2203.79 64 0.00 

3 2693.52 64 0.00 

 

Pre-GFC period: Jan 2004-Dec 2007 

1 334.14 64 0.00 

2 505.08 64 0.00 

3 602.86 64 0.00 

 

GFC period: Jan 2008-Dec 2010 

1 103.93 64 0.00 

2    0.00 64 0.00 

3    0.00 64 0.00 

 

Post-GFC period: Jan 2011-Oct 2014 

1 499.14 64 0.00 

2 770.82 64 0.00 

3 920.24 64 0.00 

Notes: Log-likelihood evaluates at the parameter under H0.  
             H0: No autocorrelation at lag order. 
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9.7 Autoregressive distributed lag (ARDL)-based co-integration analysis 

 

The test for relationship between the co-integration and error correction models was 

first done by Granger in 1981 (Engle and Granger, 1987), and this test was soon 

improved by Johansen in 1988 (Johansen, 1988). However, the Johansen approach 

requires all variables to be integrated of order one, which is not always satisfied. In 

response, Pesaran et al. (2001) propose an autoregressive distributed lag (ARDL)-based 

bounds testing approach. The ARDL procedure ensures that the variables under 

consideration are not integrated at an order higher than one. The ARDL approach is a 

preferable application regardless of whether the underlying regressors are purely I (0) or 

purely I (1), or are mutually co-integrated.   

 

Moreover, the ARDL approach is used mainly for robustness because it performs better 

than other co-integration approaches when dealing with small sample sizes (Tian and 

Ma, 2010). Pesaran et al. (2001) argue that this approach could be an appropriate 

alternative to establishing short-run and long-run relationships compared to Johansen’s 

approach to co-integration.   This study is the first where the ARDL is applied to 

examine water stock market integration in the global water industry. 

 

The ARDL modelling approach to co-integration involves estimating the following 

error correction model for each water index and water market. The ARDL model can be 

written in terms of the variables, as shown below: 



265 

 

)(9.1ξUSλAmericaLatinλ

EuropeλAsiaλMSCI_ACWIλ
,

P&SλWOWAXλ

NetSλΔUScAmericaLatinΔcΔEuropecΔAsiac

ΔMSCI_ACWIdP&ΔScΔWOWAXbΔS_NetaΔS_Net

ti,kti,8kti,7

kti,6kti,5kti,4
kti

3kti,2

kti,1kti,

n

0k
kkti,

n

0k
kti,

n

0k
kkti,

n

0k
k

kti,

n

0k
kkti,kkti,

n

0k
kkti,

n

1k
k0t

k

n

0k

a













































_

__

 

where   is the difference operator, tNet-S  is the log of dependent variable, and ti , is a 

disturbance term; and n is the number of lags. This equation is based on the application 

of an F-test, which can be used for investigating one or more long-run relationships. 

From the above equation, the null hypothesis of no co-integration for each of the 

dependent variables is stated as: 0876543210 λλλλλλλλ:H  ; and it is 

tested against the alternative hypothesis of co-integration as :1H  at least one is not 1λ  

is not zero. 

 

This study now investigates the long-run relationship between four water indices and 

four water markets using the bounds test for co-integration within the ARDL modelling 

approach. The optimal lag length is required and this calculation is based on AIC and 

SBC test statistics. However, based on Monte Carlo evidence, Pesaran and Smith (1998) 

find that the SBC is preferable when confirmed with the use of the AIC, in that SBC can 

select a parsimonious model with the smallest possible lag length. In contrast, the AIC 

selects the maximum relevant lag length (Ang 2007; Marashdeh and Shrestha, 2010).  

 

This study uses the SBC as a lag selection criterion to determine the optimal lag length, 

and considers a maximum lag length of four. A significant F-statistic indicates the 

existence of a long-run relationship among variables involved in the equations. During 
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the full period, the estimated value of the F-statistic (3, 2789) is 42.59, which is greater 

than the upper bound critical value of 4.73 as provided in Pesaran et al.’s (2001) 

analysis. The results of p value (1% level of significance) confirm that water indices and 

water markets are co-integrated.  During the pre-GFC period, the computed F-statistic 

(3, 1004) is 15.78 and during the GFC period, the F statistic (3, 313) is 11.52, 

respectively. The F-statistics are found to be above the upper bound critical value of 

4.73, even at a 1% significant level; thus, it can be concluded that there exists a steady 

state of equilibrium between the variables. However, during the post-GFC period, the 

computed F-statistic (3, 997) is 2.16; which falls below the critical value of 4.73 at the 

10% significance level, suggesting that the result is not significant.  

 

The bounds test results for co-integration for different periods (full, pre-GFC, and GFC 

and post-GFC) are presented in Table 9.7. The estimated error correction terms and 

long-run coefficients of the selected ARDL models for different periods are reported in 

Tables 9.8 and 9.9, respectively. This study can write the estimated long-run 

equilibrium relationships in levels using the results in Table 9.5. The signs and level of 

the significance are based on Johansen’s co-integration approach. Therefore, the results 

from the ARDL bounds testing confirm that our results are robust. 
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Table 9.7.  ARDL bounds testing approach 

                                                Full Period:                            Pre-GFC Period:                                  GFC Period:                Post-GFC Period:    

                                           Jan 2004-Oct 2014                  Jan 2004-Dec 2007                               Jan 2008-Dec 2010      Jan 2011-Oct 2014 

 

Variable Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob 

1-tS_Net  -0.116        0.000*** -0.117       0.000*** -0.106 0.104 -0.141       0.000*** 

2-tS_Net  0.001 0.940 -0.023 0.468 0.137     0.038** -0.037 0.255 

3-tS_Net  -0.013 0.476 -0.009 0.765 0.026 0.679 0.032 0.318 

tWOWAX  0.014     0.020** 0.020   0.001* -1.922 0.072* -0.007 0.963 

1-tWOWAX  -0.002 0.650 -0.003 0.623 0.683 0.484 -0.210 0.197 

2-tWOWAX  -0.008 0.189 -0.008 0.202 -0.196 0.845 0.177 0.278 

3-tWOWAX  -0.011 0.068* -0.009 0.149 -0.582 0.568 -0.060 0.714 

tP&S  0.876      0.000*** 0.650       0.000*** 0.933      0.000*** 0.943       0.000*** 

1-tP&S  0.097      0.000*** 0.114       0.000*** 0.089 0.195 0.133       0.000*** 

2-tP&S  0.011 0.547 0.025 0.401 -0.068 0.307 0.026 0.461 

3-tP&S  0.013 0.494 0.030 0.302 -0.025 0.709 -0.039 0.257 

tACWIMSCI _  -0.012  0.090* 0.101       0.000*** -0.084       0.000*** -0.096       0.000*** 

1-tACWIMSCI _  -0.008 0.273 0.038     0.022** -0.009 0.662 -0.019 0.187 

2-tACWIMSCI _  0.007 0.335 0.035     0.031** 0.019 0.402 -0.017 0.229 

3-tACWIMSCI _  0.005 0.440 0.017 0.294 -0.031 0.172 0.019 0.172 

tAsia  0.031       0.000*** 0.032       0.000*** 0.044     0.011** 0.025       0.000*** 

1-tAsia  -0.002 0.616 -0.001 0.740 0.022 0.183 0.000 0.944 

2-tAsia  0.003 0.358 0.010     0.046** -7.850 0.996 0.007 0.354 

3-tAsia  -0.004 0.227 -0.010     0.050** 0.002 0.869 0.012 0.078 

tEurope  -0.050       0.000*** -0.036 0.101 -0.067       0.000*** -0.024 0.049 

1-tEurope  0.014 0.062* -0.028 0.195 -0.008 0.708 0.019 0.108 
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2-tEurope  -0.001 0.827 -0.021 0.338 -0.021 0.345 0.016 0.187 

3-tEurope  0.003 0.662 -0.026 0.227 0.006 0.756 0.002 0.847 

ticaLatin_Amer  0.037       0.000*** 0.066       0.000*** 0.021 0.174 0.016     0.006** 

1-ticaLatin_Amer  -1.055 0.998 -0.006 0.322 0.001 0.906 0.008 0.157 

2-ticaLatin_Amer  0.005 0.168 0.009 0.171 -0.008 0.535 0.010 0.093 

 3-ticaLatin_Amer  -0.005 0.166 0.001 0.830 0.003 0.776 -0.009 0.122 

tUS  0.065      0.000*** 0.077      0.000*** 0.119       0.000*** 0.060       0.000*** 

1-tUS  -0.009  0.083* -0.000 0.921 -0.017 0.349 -0.003 0.790 

2-tUS  -0.010    0.051** -0.025    0.001** -0.007 0.657 0.001 0.889 

3-tUS  0.006 0.239 -0.003 0.651 0.019 0.234 0.005 0.642 

Constant 0.002 0.824 0.006 0.720 0.062 0.307 -0.015 0.310 

Trend line -1.626 0.814 6.916 0.819 -2.585 0.691 3.695 0.187 

R-squared 0.920  0.849  0.938  0.933  

Adjusted R-squared 0.919  0.845  0.931  0.930  

S.E. of regression 0.298  0.290  0.348  0.233  

F-statistic       1003.796        178.270       132.860      419.750  

 Mean dependent var 0.032  0.076  -0.0380  0.025  

 S.D. dependent var 1.050  0.737  1.326  0.889  

Akaike info criterion 0.432  0.393  0.826  -0.034  

 Schwarz criterion 0.501  0.550  1.221  0.127  

 Durbin-Watson stat 1.992  1.989  2.083  1.991  

Notes:  The dependent variable is S-Net, estimated over the period 2004 to 2014. 

             *, ** and *** indicate significance at 10, 5 and 1% levels, respectively.  
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Table 9.8.  Error correction for the selected ARDL approach  

                   Selected model: ARDL (3, 3, 3, 3, 3, 3, 3, 3) 

                                                Full Period:                            Pre-GFC Period:                                  GFC Period:                Post-GFC Period:    

                                           Jan 2004-Oct 2014                  Jan 2004-Dec 2007                               Jan 2008-Dec 2010      Jan 2011-Oct 2014 

Regressor Coefficient Prob Coefficient Prob Coefficient  Coefficient Prob 

1-tNet  0.012 0.668 0.032 0.482        -0.163 0.066 0.005 0.916 

2-tNet  0.013 0.473 0.009 0.760        -0.026 0.658 -0.032 0.315 
WOWAX  0.014 0.007 0.020 0.000        -1.922 0.033 -0.007 0.961 

1-tWOWAX  0.020 0.001 0.017 0.006 0.779 0.454 -0.117 0.517 

2-tWOWAX  0.011 0.035 0.009 0.095 0.582 0.515 0.060 0.694 
P&S  0.876 0.000 0.650 0.000 0.933 0.000 0.943 0.000 

1-tP&S        -0.025 0.351 -0.056 0.146 0.093 0.300 0.013 0.779 

2-tP&S  -0.013 0.479 -0.030 0.264 0.025 0.691 0.039 0.235 
ACWIMSCI _  -0.012 0.047 0.101 0.000        -0.084 0.000 -0.096 0.000 

1-tACWIMSCI _  -0.013 0.079 -0.053 0.002 0.011 0.616 -0.002 0.880 

2-tACWIdMSCI _  -0.005 0.367 -0.017 0.231 0.031 0.108 -0.019 0.120 
Asia   0.031 0.000 0.032 0.000 0.044 0.001 0.025 0.000 

1-tAsia  0.000 0.809 -0.000 0.933        -0.002 0.877 -0.019 0.008 

2-tAsia  0.004 0.157 0.010 0.021        -0.002 0.843 -0.012 0.037 
Europe        -0.050 0.000 -0.036 0.052        -0.067 0.000 -0.024 0.021 

1-tEurope        -0.001 0.833 0.048 0.028 0.015 0.462 -0.018 0.123 

2-tEurope        -0.003 0.611 0.026 0.156        -0.006 0.713        -0.002 0.822 

icaLatin_Amer  0.037 0.000 0.066 0.000 0.021 0.087 0.016 0.001 

1-ticaLatin_Amer  0.000 0.996           -0.010 0.119 0.005 0.728        -0.000 0.885 

2-ticaLatin_Amer  0.005 0.102           -0.001 0.803        -0.003 0.735 0.009 0.066 
US  0.065 0.000 0.077 0.000 0.119 0.000 0.060 0.000 

1-tUS  0.004 0.438 0.029 0.000        -0.012 0.509 -0.006 0.556 
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2-tUS        -0.006 0.167 0.003 0.590 -0.019 0.172 -0.005 0.578 

Constant 0.002 0.656 0.006 0.464  0.062 0.003 -0.015 0.034 

CointEq(-1)       -1.129 0.000          -1.149 0.000 -0.942 0.000  -1.1466 0.000 

 

Notes:  

2-t1-t1-t S_NetS_NetNet  
                                                                                                                                            (9.2)

 

2-t1-t2-t S_NetS_NetNet  
                                                                                                                                            (9.3)

 

1-tt WOWAX WOWAXWOWAX -
                                                                                                                               (9.4)

 

2-t1-t1-t WOWAXWOWAXWOWAX  
                                                                                                                        (9.5)

 

3-t2-t2-t WOWAXWOWAXWOWAX  
                                                                                                                       (9.6)

 

1-tt P&SP&SP&S - 
                                                                                                                                                   (9.7)

 

2-t1-t1-t P&SP&SP&S  
                                                                                                                                            (9.8)

 

3-t2-t2-t P&SP&SP&S  
                                                                                                                                           (9.9)

 

1-tt ACWIMSCIACWIMSCIACWIMSCI - ___ 
                                                                                                          (9.10)

 

2-t1-t1-t ACWIMSCIACWIMSCIACWIMSCI  ___ 
                                                                                                  (9.11)

 

3-t2-t2-t ACWIMSCIACWIMSCIACWIMSCI  ___ 
                                                                                                  (9.12)
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1-tt AsiaAsiaAsia - 
                                                                                                          (9.13)

 

2-t1-t1-t AsiaAsiaAsia  
                                                                                                   (9.14)

 

3-t2-t2-t AsiaAsiaAsia  
                                                                                                  (9.15)

 

1-tt EuropeEuropeEurope - 
                                                                                               (9.16)

 

2-t1-t1-t EuropeEuropeEurope  
                                                                                        (9.17)

 

3-t2-t2-t EuropeEuropeEurope 
                                                                                       (9.18)

 

1-tt icaLatin_AmericaLatin_AmericaLatin_Amer - 
                                                             (9.19)

 

2-t1-t1-t icaLatin_AmericaLatin_AmericaLatin_Amer  
                                                      (9.20)

 

3-t2-t2-t icaLatin_AmericaLatin_AmericaLatin_Amer  
                                                     (9.21)

 

1-tt USUSUS - 
                                                                                                                 (9.22)

 

2-t1-t1-t USUSUS  
                                                                                                          (9.24)

 

3-t2-t2-t USUSUS  
                                                                                                         (9.25)                           



272 

 

 Table 9.9. Estimated long-run coefficients using the ARDL approach 

S-Net 

                                                            Full Period:                              Pre-GFC Period:                                       GFC Period                 Post-GFC Period 

                                           Jan 2004-Oct 2014                  Jan 2004-Dec 2007                              Jan 2008-Dec 2010      Jan 2011-Oct 2014 

Regressor Coefficient Prob Coefficient Prob Coefficient Prob* Coefficient Prob 

WOWAX -0.007 0.010           -0.000 0.011 -2.141 0.312 -0.088 0.662 

S&P  0.885 0.019 0.714 0.038 0.986 0.000 0.927 0.000 

MSCI ACWI -0.007 0.013 0.167 0.029 -0.111 0.021 -0.098 0.000 

Asia  0.025 0.007 0.027 0.009 0.073 0.075 0.040 0.004 

Europe -0.030 0.014           -0.098 0.039 -0.096 0.039 0.012 0.567 

America  0.033 0.007 0.061 0.011 0.018 0.612 0.022 0.041 

US  0.046 0.010 0.041 0.015 0.121 0.001 0.055 0.012 

Time trend       -0.000 0.000 0.000 0.000 -0.000 0.690 0.000 0.186 

Notes: The dependent variable is S-Net, estimated over the period 2004 to 2014. 

            Lag length selected based on Schwarz Bayesian Criterion. 
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9.8 Stability test - CUSUM and CUSUMSQ  

 

 This study then tests the stability (short-run and long-run coefficient) of the estimated 

model using CUSUM and CUSUMSQ tests. This thesis shows whether the estimated 

model is stable for periodic analysis. The straight lines in Figures 9.3 and 9.4 represent 

critical bounds that are significant at the 5% level. The results of CUSUM and 

CUSUMQ tests are shown in Figures 9.3 and 9.4.  

 

Figure 9.3. Plot of cumulative sum recursive residuals for model stability  

(ARDL approach) 
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Figure 9.4. Plot of cumulative sum of squares recursive residuals for model 

stability (ARDL approach) 
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9.9 Granger causality  

 

A major feature of this analysis is the direction and the level of significance in the 

Granger causality. This study also tests the Granger causality using the Granger 

causality tests for the full period. Table 9.10 shows that there is a two-way causation 

between the S-Net and the S&P, the S-Net and Asia, the S&P and the MSCI ACWI, the 

S&P and Europe, the MSCI and Asia, and the MSCI and the US at the 1% level. The 

WOWAX and Asia, and the S&P and the US are significant at the 10% level; and these 

correspond to the water index and water market linkages within the full period.  
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During the pre-GFC period, there is a two-way Granger causation among the S-Net and 

the MSCI ACWI, the S-Net and Asia, the S-Net and Europe, the S-Net and the US, the 

S&P and the US at the 1% level. The S-Net and Latin America, and the MSCI ACWI 

and Latin America are significant at the 10% level of significance. The results show that 

water indices are statistically linked to water markets but with differing levels of 

significance. The significance nevertheless is noteworthy in terms of the associations 

between markets and indices. These findings indicate that the global water indices are 

dealing with aggregate world water market indices, and therefore may reveal new 

information. 

 

During the GFC period, at the 1% level of significance, the MSCI and Asia, the MSCI 

and Europe, the MSCI and Latin America, the US and Asia, the US and Europe, and the 

US and Latin America are significantly related. The S&P and the US, Asia and the US, 

and Europe and the US are also significantly related but at the 5% level of significance. 

The S-Net Granger causes the US, Europe and the S&P, Europe and the US, the US and 

the MSCI ACWI, the MSCI ACWI and the US, and Asia and Latin America at the 10% 

level. This also shows that the relationships among the water markets and water indices 

are bidirectional; that is, they depend upon each other in many cases. 

 

During the pre-GFC period, the S-Net and the S&P, the S-Net and Europe, the S&P and 

Latin America are significantly related at the 1% level of significance. Asia affects the 

US, and the US affects Europe at the 5% level of significance. At the 10% level of 

significance, the MSCI and the S-Net, the S-Net and Asia, the S&P and Asia, the S&P 

and Europe, the S&P and the US, the MSCI and Latin America, the MSCI ACWI and 

the US, and the US and Latin America are noted to be significantly related. After the 
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GFC period, the S&P and the MSCI ACWI are not significantly linked to the US water 

market. Also, the WOWAX is not significantly linked with four water markets. Hence, 

water markets are influencing the S-Net and the WOWAX. 

 

In summary, the empirical results show that water indices Granger cause water markets 

in the different periods (full, pre-GFC, GFC and post-GFC).  It is noted that the 

WOWAX does not Granger cause with four water markets. This indicates that the 

WOWAX can be used to forecast the water market indices with its own lags. The first 

hypothesis ( 0H ) is relevant in the case of the WOWAX but the casualty hypothesis is 

supported by other water indices. These results imply that envisaging a two-way 

causation between water indices and water markets is relevant in the case of the global 

water industry.  
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 Table 9.10. Granger causality tests (3 lags) 

 S-Net WOWAX S&P MSCI Asia Europe  Latin America  US 

 

Full period: Jan 2004-Oct 2014  

                           

S-Net -  1.16 

(0.32) 

 6.98 

(0.00)*** 

 9.90 

(2.00) 

89.49 

 (3.00) 

45.26 

(1.00) 

20.68 

(3.00) 

 1.43 

(0.23) 

WOWAX 1.10 

(1.16) 

-  0.17 

(0.91) 

 0.85 

(0.46) 

  2.41 

 (0.06)* 

 0.63 

(0.58) 

 0.30 

(0.81) 

 1.63 

(0.17) 

S&P 1.11 

(0.34) 

 0.36 

(0.78) 

-  6.66 

(0.00)*** 

80.67 

 (5.00) 

36.04 

(7.00) 

15.94 

(3.00) 

 1.76 

(0.32) 

MSCI (7.74 

(4.00) 

 0.24 

(0.86) 

 8.10 

(2.00) 

-   0.09 

 (0.00)*** 

 0.37 

(0.77) 

 0.89 

(0.44) 

 0.78 

(0.50) 

Asia (4.08) 

(0.00)*** 

 0.56 

(0.63) 

 2.01 

(0.10) 

 1.39 

(0.24) 

-  0.92 

(0.59) 

15.84 

(4. 10) 

 1.43 

(0.23) 

Europe 1.11 

(0.34) 

 0.20 

(0.89) 

 5.71 

(0.00)*** 

 0.42 

(0.73) 

 9.58 

(3. 06) 

-  0.12 

(0.94) 

 2.09 

(0.09)* 

Latin America 1.19 

(0.31) 

 1.45 

(0.22) 

 1.14 

(0.33) 

 2.28 

(0.07)* 

 0.92 

(0. 59) 

 1.55 

(0.19) 

-  4.25 

(0.00)*** 

US 1.01 

(0.38) 

 1.60 

(0.18) 

 2.36 

(0.06)* 

 5.83 

(0.00)*** 

32.84 

(7.21) 

18.47 

(7.12) 

13.08 

 (2.08) 

- 

 

Pre-GFC period: Jan 2004-Dec 2007       

                         

S-Net -  2.63 

(0.04)** 

 9.10 

(6.00) 

 5.24 

(0.00)*** 

27.69 

 (3.17) 

 5.97 

(0.00)*** 

 2.37 

(0.06)* 

 5.03 

(0.00)*** 

WOWAX  0.33 

0.80 

-  0.28 

(0.83) 

 1.57 

(0.19) 

  1.87 

 (0.13) 

 1.45 

(0.22) 

 0.27 

(0.84) 

 1.64 

(0.17) 

S&P 0.16 

(0.91) 

 0.81 

(0.48) 

-  1.69 

(0.16) 

23.17 

(2.14) 

 1.66 

(0.17) 

 1.07 

(0.35) 

 4.00 

(0.00)* 

MSCI 1.05 

(0.36) 

 0.35 

(0.07) 

 0.88 

(0.44) 

-  6.09 

(0.00)*** 

 0.37 

(0.77) 

 0.89 

(0.44) 

 0.78 

(0.50) 

Asia 5.79 

(0.00)*** 

 0.40 

(0.74) 

 2.26 

(0.07)* 

 1.39 

(6.09) 

-  0.92 

(0.59) 

 1.16 

(0.30) 

 1.43 

(0.23) 
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Europe 1.03 

(0.37) 

 0.44 

(0.72) 

 0.68 

(0.56) 

 0.42 

(0.73) 

 9.58 

(3.06) 

-  0.12 

(0.94) 

2.09 

(0.09)* 

Latin America 0.09 

(0.96) 

 1.58 

(0.19) 

 1.05 

(036) 

 2.28 

(0.07)* 

15.84 

(4.10) 

 1.55 

(0.19) 

- -2.31 

US 3.30 

(0.01)*** 

 1.69 

(0.16) 

 3.77 

(0.01)*** 

 2.08 

(0.10) 

 7.21 

(9.05) 

 4.32 

(0.00)*** 

 4.25 

(0.00)*** 

- 

 

GFC period: Jan 2008-Dec 2010       

 

S-Net -  0.51 

(0.66) 

 0.49 

(0.68) 

 2.06 

(0.10) 

 1.59 

(0.18) 

13.42 

(2.08) 

  2.47 

(0.06)* 

WOWAX  0.48 

(0.68) 

-  0.52 

(0.66) 

 0.64 

(0.58) 

 0.28 

(0.83) 

 0.18 

(0.90) 

 0.27 

(0.84) 

 1.20 

(0.30) 

S&P 0.51 

(0.66) 

 0.85 

(0.46) 

-  2.08 

(0.10) 

14.82 

(5.09) 

11.98 

(2.07) 

12.62 

(8.08) 

 3.18 

(0.02)** 

MSCI 1.17 

(0.32) 

 0.65 

(0.58) 

 1.60 

(0.18) 

-  7.26 

(0.00)*** 

 5.57 

(0.00)*** 

 5.94 

(0.00)*** 

 2.60 

(0.05)** 

Asia 0.15 

(0.92) 

 

 1.15 

(0.32) 

 0.24 

(0.86) 

 0.34 

(0.79) 

-  0.65 

(0.57) 

 2.39 

(0.06)* 

 3.13 

(0.02)** 

Europe 1.59 

(0.18) 

 0.37 

(0.77) 

 2.26 

(0.08)* 

 1.80 

(0.14) 

 5.75 

(0.00)*** 

-  0.68 

(0.56) 

 3.46 

(0.01)*** 

Latin America 0.96 

(023) 

 0.42 

(0.73) 

 0.60 

(0.61) 

 1.16 

(0.32) 

11.48 

(4.07) 

 1.44 

(0.22) 

-  1.74 

(0.15) 

US 0.75 

(0.52) 

1.19 

(0.30) 

 0.56 

(0.63) 

 2.44 

(0.06)* 

 4.65 

(0.00)*** 

 5.06 

(0.00)*** 

 4.18 

(0.00)*** 

- 

 

Post-GFC period: Jan 2011-Oct 2014 

 

S-Net -  0.97 

(0.40) 

 4.70 

(0.00)* 

 1.50 

(0.21) 

55.66 

(3.33) 

 5.52 

(0.00)*** 

 6.26 

(0.00)*** 

 2.50 

(0.05) 

WOWAX 0.95 

(0.41) 

-  1.61 

(0.18) 

 0.28 

(0.83) 

 0.20 

(0.89) 

 1.87 

(0.13) 

 0.99 

(0.39) 

 0.50 

(0.67) 

S&P 0.35 

(0.35) 

 1.03 

(0.37) 

-  0.65 

(0.58) 

54.62 

(1.32) 

 2.74 

(0.04)** 

 4.01 

(0.00)*** 

 2.31 

(0.07)* 
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MSCI 2.09 

(0.09)* 

 1.61 

(0.18) 

 1.78 

(0.14) 

- 23.26 

(1.14) 

 1.46 

(0.22) 

 2.22 

(0.08)* 

 2.58 

(0.05)** 

Asia 2.17 

(0.08)* 

 0.20 

(0.89) 

 2.46 

(0.06)* 

 0.70 

(0.54) 

-  1.17 

(0.16) 

 1.56 

(0.19) 

 2.95 

(0.03)** 

Europe 0.40 

(0.74) 

 0.28 

(0.83) 

 0.93 

(0.49) 

 1.11 

(0.34) 

 2.58 

(0.05)** 

-  1.31 

(0.26) 

 1.85 

(0.13) 

Latin America 0.40 

(0.74) 

 0.53 

(0.65) 

 0.13 

(0.93) 

 0.06 

(0.97) 

35.06 

(2.21) 

 0.31 

(0.81) 

-  

US 0.63 

(0.59) 

 0.87 

(0.45) 

 0.08 

(0.96) 

 1.77 

(0.06)* 

31.66 

(1.19) 

 2.78 

(0.03)** 

 2.50 

(0.05)* 

- 

Notes: All test statistics are Chi-squared with the p-values listed in brackets.  

*, ** and *** indicate significance at 10, 5 and 1% levels, respectively. 
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9.10 Forecasting performance  

 

The process of modelling finally allows us to predict with some level of certainty. This 

study uses the VECM to forecast the shorter lead times (3 months) in water stock prices 

of four major water indices as well as those of the four water markets. For each index, 

this study estimates the VECM model for the full, pre-GFC, GFC and post-GFC 

periods. In comparing these out-of-sample (3 months) forecasts with the actual values, 

Study Four utilizes root mean squared error (RMSE) analysis for the forecasts of the 

VECM model. The results are reported in Table 9.11. While not tabulated here, these 

accurate forecasting results provide unambiguous support for the VECM process as a 

forecasting device across all four water indices and four water markets. It suggests that 

the VECM yields consistently better out-of-sample forecasts in terms of RMSE, mean 

absolute error (MAE) and mean absolute percent error (MAPE) during the different 

periods. Figure 9.5 compares forecasting results with actual data for VECM model. 
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Table 9.11.  Forecasting performance  

 WOWAX S-Net S&P MSCI 

ACWI 

Asia Europe Latin 

America 

US 

 

Full period: Jan 2004-Oct 

2014 

Root mean squared error 

Mean absolute error 

Mean abs. percent error 

 

 

    0.24 

    0.18 

124.24 

 

 

  0.21 

  0.16 

49.96 

 

 

  0.21 

  0.15 

83.77 

 

 

    0.31 

    0.23 

124.57 

 

 

  93.83 

  69.83 

166.31 

 

 

  50.79 

  37.84 

156.57 

 

 

137.49 

103.73 

585.23 

 

 

      82.33 

      0.18 

9297.69 

 

Pre-GFC period: Jan 

2004- Oct 2007 

Root mean squared error 

Mean absolute error 

Mean abs. percent error 

 

 

 

    0.02 

    0.01 

104.08 

 

 

 

  0.39 

  0.39 

52.95 

 

 

 

  0.39 

  0.28 

75.83 

 

 

 

   0.84 

   0.84 

   0.66 

 

 

 

  2.50 

  1.81 

192.72 

 

 

 

    1.43 

    1.14 

391.67 

 

 

 

    1.92 

    1.41 

157.52 

 

 

 

    1.53 

    1.23 

418.29 

 

GFC period: Jan 2008-

Dec 2010 

Root mean squared error 

Mean absolute error 

Mean abs. percent error 

 

 

 

    0.04 

    0.03 

253.19 

 

 

 

  0.18 

  0.14 

53.02 

 

 

 

  0.18 

  0.13 

50.52 

 

 

 

    0.63 

    0.51 

165.94 

 

 

 

    0.78 

    0.64 

181.44 

 

 

 

    1.03 

    0.79 

264.65 

 

 

 

    1.12 

    0.85 

143.87 

 

 

 

      0.71 

      0.58 

1498.79 

 

Post-GFC period: Jan 

2011-Oct 2014 

Root mean squared error 

Mean absolute error 

Mean abs. percent error 

 

 

 

    0.08 

    0.06 

122.06 

 

 

 

  0.28 

  0.22 

82.84 

 

 

 

    0.24 

    0.19 

189.47 

 

 

 

    0.56 

    0.44 

207.82 

 

 

 

    0.92 

    0.73 

112.95 

 

 

 

    0.91 

    0.71 

185.18 

 

 

 

    1.38 

    1.10 

200.93 

 

 

 

    0.92 

    0.71 

104.21 
Note: This table reports the forecasting performances of four water indices-World Water Index (WOWAX), S-Net Global Water Index (S-Net), S&P Global Water 

Index (S&P) and MSCI ACWI Water Utilities Index (MSCI ACWI) and four water markets-Asia, Europe, Latin America and US water markets in different (full, pre-

GFC, GFC and post-GFC) periods. 
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Figure 9.5.  Forecasting performance of WOWAX, S-Net, S&P and MSCI ACWI 

 

Full period: Jan 2004-Oct 2014 
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Pre-GFC period: Jan 2004-Dec 2007                               
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GFC period: Jan 2008-Dec 2010      
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Post-GFC period: Jan 2008-Dec 2010       
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9.11 Discussion 

 
 

 

With the objective of examining the performance of the water indices and water markets 

in different periods, this study uses a number of tools to reach conclusive findings. The 

results show that the water indices and water markets are positively and significantly 

correlated in both long-run and short-run phases during the different periods. Thus, 

water indices have a strong positive influence on the water markets. The water indices 

and water markets tend to move together in the same direction. However, although this 

study finds the existence of a long-run relationship between water indices and water 

markets, there is an opportunity for portfolio diversification, which is an inverse 

relationship between the benefits of portfolio diversification and the level of co-

integration. The results can be comparable to the literature on the stock market 

integration within the Gulf Cooperation Council (GCC) countries (Marashdeh and 

Shrestha 2010), which suggest that portfolio diversification will not return additional 

benefits. More generally, investors in the water market could be constrained to water 

indices and water markets because there are possibilities of diversification with other 

sectors or assets. This indicates that the global water industry could play a vital role in 

competing with other alternative investments (socially responsible investments, 

infrastructure, real estate, arts, etc.) for a share of the international capital flow. 

 

The empirical results show that there is a two-way Granger causation between water 

indices and water markets in different periods (full, pre-GFC, GFC and post-GFC), 

implying the feedback hypothesis, envisioning a two-way causation between water 
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indices and water markets in different periods. But, the WOWAX and the S-Net do not 

Granger cause with the four water markets.  

 

In this study, Johansen's methodology is used to confirm the presence of co-integration 

in order to evaluate the robustness of the results. This study also testes the ARDL-based 

bounds testing procedure to confirm the co-integration results. Approximately similar 

results are found in studies by Marashdeh (2005) and Katircioglu (2009), which are in 

line with this study. It is noted that there is a common stochastic trend among the eight 

variables, and that the estimated model is stable across the different periods. 

 

9.14 Chapter summary and conclusion 

 

This study focuses on co-integration and Granger causality approaches in investigating 

the relationship between four water indices (the S-Net, the WOWAX, the S&P and the 

MSCI ACWI) and four water markets (Asia, Europe, Latin America and the US). The 

study uses daily data for the period from January 2004 to October 2014; it examines the 

possibility of co-integration between the water indices and water markets using the 

Johansen model test for different periods (full, pre-GFC, GFC and post-GFC).  

 

The results of the co-integration tests reveal that there is a long-run equilibrium 

relationship between water indices and water markets during the four study periods. 

When the water indices and the water market indices are combined, a linear relationship 

forces these indices into a long-run equilibrium relationship. The analysis shows that 

VECM is an important tool for the analysis of water indices and water markets. Using a 
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Granger causality approach within a co-integration framework, this study also assessed 

the dynamic linkages between the stock price indices of four water indices and four 

water markets. In order to confirm the empirical results, the ARDL-based bounds test 

for co-integration, which was developed by Pesaran and Shin (1999) and Pesaran et al. 

(2001). The ARDL bounds testing results confirm that the estimated parameters are 

statistically significant in the different periods. This analysis also allowed the 

examination of the stability (short-run and long-run coefficients) of the estimated model 

using the CUSUM and CUSUMQ tests. The findings indicate that the estimated models 

are stable in different periods. The extent of stock returns linkage or integration among 

water indices and world water market indices is noted and this information tends to 

determine the profitability of investment diversification across the global water 

industry. 
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Chapter 10 

Conclusion 

 

10.1 Summary  

 

Since 1990, private water investment has increased throughout the world and global 

water markets have developed rapidly. The fast growth of water investment has raised 

many questions and puzzles surrounding the performance of this global industry. This 

thesis examines the performance of the global water industry, specifically, four inter-

connected studies:  

 

Study One: An examination of the relationships between ownership, capital structure 

and performance of the global water companies. 

Study Two: An analysis of returns and volatility of water indices, water markets and 

water funds. 

Study Three: An investigation into the interdependence of global water indices: a VAR 

analysis. 

Study Four: An analysis of the inter-linkages between water indices and water markets 

around the globe. 

 

The thesis utilizes the four water indices (WOWAX, S-Net Global water industry, S&P 

and MSCI ACWI), and their 72 components, four water markets (Asia, Europe Latin 

America and US), and two water funds (Pictet and Eco KBC). The water companies’ 

stocks are represented by the WOWAX, S-Net Global water industry, S&P and MSCI 

ACWI. The study period covers January 1, 2004 to October 31, 2014. The overall 
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sample period is divided into three sub-periods as it includes the period of the global 

financial crisis (GFC), between January 1, 2008 and December 31, 2010 (Berger et al., 

2012; Roca et al., 2010; Hatemi-J and Roca, 2011). Accordingly, the pre-GFC period is 

from January 1, 2004 to December 31, 2007, and this includes a bull market; the GFC 

period ranges from January 1, 2008 to December 31, 2010; and the post-GFC period is 

from January 1, 2011 to December 31, 2014.  

 

This thesis attempts to reveal the profitability of water indices and their components, 

water market indices and water funds with the purpose of investigating the performance 

of water-related investments. The first study critically examines the impact of 

ownership and capital structure on water companies’ performance using multivariate 

and unbalanced panel regression analysis. To examine the relationships between 

ownership, capital structure and performance of water companies, this study uses four 

performance variables (ROA, ROE, Tobin’s Q and RET), two ownership structure 

variables (FOROWN and INSTOWN), two capital structure variables (LEV and STDA) 

and five control variables that represent tangibility (TANG), asset growth (GROWRH), 

risk (RISK), age (AGE) and free cash flow (FCF). 

 

Using a multivariate regression model, this study finds that foreign ownership impacts 

on ROA, in full and post-GFC periods. The findings in this study support the notion that 

foreign ownership (FOROWN) is correlated with ROE only in GFC periods; whereas 

foreign ownership has a positive relationship with Tobin’s Q in pre-GFC, GFC and 

post-GFC periods. The results indicate that FOROWN improves financial performance 

of the global water industry in different periods. Specifically, the results provide strong 
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support for the hypothesis that FOROWN increases water companies’ performance. It is 

important to note that FOROWN plays a vital role during the GFC period and on the 

impact of performance on water companies in the years 2008 to 2010 and onwards. 

 

The empirical results show that institutional ownership (INSTOWN) is significantly 

related to ROA in pre-GFC and GFC periods; whereas INSTOWN has a positive 

relationship with Tobin’s Q in full and pre-GFC periods. It is noted that during the post-

GFC period, INSTOWN does not affect performance variables (ROA, ROE, Tobin’s Q 

and RET) in this period. However, the results indicate that INSTOWN influences the 

financial performance of the global water companies during the GFC period. Moreover, 

the results provide strong support for the hypothesis that INSTOWN affects water 

companies’ performance. 

 

The findings present evidence of a negative association between leverage and ROA in 

full, GFC and post-GFC periods. The results also reveal that leverage (LEV) has no 

relationship with ROE. LEV positively impacts Tobin’s Q and stock RET in full and 

post-GFC periods, respectively. Short-term debt to assets (STDA) is negatively related 

with ROA and ROE in full and GFC periods. There is a statistically significantly 

positive relation between STDA and Tobin’s Q in full, pre-GFC and GFC periods. 

However, the first study cannot find a significant result between STDA and RET in full 

and any sub periods. The results suggest that leverage could be chosen for conforming 

to water companies’ regulatory requirements or STDA, which are for a short time. This 

study shows that water companies were affected by the crisis and used short-term debt 

during the GFC period. Overall, the results of the first study suggest that ownership and 
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capital structure have jointly affected the water companies’ performance in different 

periods (full, pre-GFC, GFC and post-GFC). 

  

The second study analyzes the stock returns and volatility of the four water indices, four 

water market indices and two water funds in different periods (full, pre-GFC, GFC and 

post-GFC) with the purpose of investigating the profitability of water-related 

investments. In terms of correlation analysis, the results show that the S-Net, S&P and 

KBC Eco are highly correlated with each other in different periods. However, during 

the pre-GFC period, the WOWAX is negatively correlated with three water indices, four 

water market indices and two water funds. The WOWAX is also negatively correlated 

with the S-Net, the S&P, Asia, Latin America, the US and KBC Eco in the GFC period. 

During the post-GFC period, the WOWAX is significantly negatively correlated with 

the MSCI ACWI and the US. Hence, hedging is still possible for international portfolio 

diversification. As the theory of international portfolio diversification suggests that the 

less integrated or linked markets are, the more the benefits will flow from international 

diversification (Solnik, 1974; Solnik and Noetzlin, 1982), water investors may be able 

to gain benefits from international portfolio diversification in different periods. The 

results of ARMA-GARCH modelling show that there are significant volatility spillovers 

from water indices, water markets and water funds. In such a situation, ARMA models 

can provide information that will help decision makers in understanding the dynamic 

behavior of the water investment to establish methods and proper utilization of water 

assets. In the case of water, the asymmetric effects can be captured using an EGARCH 

(1, 1) model, which is a better model in time-series data. The EGARCH (1, 1)  model’s 

results show that   and   suggest persistence of volatility from four water indices, four 
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water markets and two water funds in different periods, and a coefficient of   posits  an 

asymmetric volatility (leverage) for Asia and the US, the S-Net and Pictet in full, pre-

GFC and GFC periods. In the GFC and post-GFC periods, the EGARCH (1, 1) model 

shows asymmetric volatility (leverage). The asymmetric effect shows the high 

coefficient of the WOWAX (0.98) in the post-GFC period, which could imply potential 

spillovers from other water assets.  

 

In the third study, the WOWAX, S-Network, S&P and MSCI ACWI are selected to 

represent the water asset classes. More specifically, this study investigates the extent 

and manner of equity price interdependence among four water indices using a vector 

auto regression (VAR) framework. Analysis of Granger causalities, forecast error 

variance decomposition (FEVD) and impulse responses results shows that most of the 

four water indices (WOWAX, S-Net, S&P and MSCI ACWI) significantly affect each 

other in different periods (full, pre-GFC, GFC and post-GFC). It is noted that the four 

water indices respond to each other quite rapidly within a short period of time. The 

results of this study indicate that water indices are interdependent and integrated. 

However, the level of integration among the indices is still relatively low, and water 

investors should be really mindful when making investment decisions.  

 

The fourth study focuses on short-term and long-term relationships between four water 

indices (S-Net, WOWAX, S&P and MSCI ACWI) and four water markets (Asia, 

Europe, Latin America and the US). The possibility of co-integration between the water 

indices and water markets is tested using the Johansen model for different periods (full, 

pre-GFC, GFC and post-GFC). The performance of water indices and water markets is 
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also studied to determine whether investors can benefit from investing in both indices in 

short-run and long-run cases. This study enriches the literature by providing evidence 

on the performance of these special types of water indices and water markets that have 

not been studied previously. Johansen’s co-integration results suggest that there is a 

statistically significant (at a 5% level) long-run relationship between water indices and 

water markets during the full period and three sub-sample periods. When the water 

indices and the water markets are combined, a linear relationship forces these indices 

into a long-run equilibrium relationship.  

 

Further, the ARDL bounds testing results confirm that the estimated parameters are 

statistically significant in the different periods. Further, examination of the stability 

(short-run and long-run coefficients) of the estimated model using the CUSUM and 

CUSUMQ tests, indicates that the estimated models are stable in different periods. The 

most important long-term linkage provides indispensable information about the stability 

and predictability of these markets. 

 

The overall results from the four studies show strong evidence that the inclusion of 

water investments into portfolios is beneficial. However, the investment performance of 

the global water industry clearly shows that water companies’ performance is affected 

by leverage in full and post-GFC periods. Leverage also impacts on water indices, water 

markets and water funds returns in different periods (full, pre-GFC, GFC and post-

GFC). Moreover, a short-run relationship is found to exist among water indices and a 

long-run relationship exists between water indices and water markets in different 

periods (full, pre-GFC, GFC and post-GFC). 
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Therefore, the main results for these four studies can be summarized as follows:  

 

 FOROWN affects the ROE only in the GFC period;  

 FOROWN is significantly related to Tobin’s Q in the pre-GFC, GFC and post-

GFC periods; 

 INSTOWN is correlated with the ROA in the pre-GFC and GFC periods; 

 INSTOWN impacts on ROE and RET in the pre-GFC period only; 

 there is a negative association between LEV and ROA in different periods (full, 

GFC and post-GFC); 

 LEV positively impacts on Tobin’s Q and stock RET in full and post-GFC 

periods, respectively; 

  STDA is negatively related with ROA and ROE in full and GFC periods, and 

there is a positive relation between STDA and Tobin’s Q in full, pre-GFC and 

GFC periods; 

 the WOWAX is significantly negatively correlated with the S-Net, S&P, Asia, 

Latin America, the US and KBC Eco in the GFC period; 

 confirms volatility spillovers from water indices, water markets and water funds; 

 shows the significance of   for asymmetric volatility (leverage) for Asia and the 

US, the S-Net and Pictet in full, pre-GFC and GFC periods, and the WOWAX in 

GFC and post-GFC periods; 

 most of the four water indices – the WOWAX, S-Net, S&P and MSCI ACWI 

significantly affect each other; 

 water indices are interdependent and integrated in different periods; and 
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 there is a statistically significant (at a 5% level) long-run relationship between 

water indices and water markets during the full period and three sub-sample 

periods. 

 

10.2 Implications 

 

This thesis has established the importance of water investment around the globe. 

Currently, 20% of the world’s population (1.1 billion people) holds about 7% of its 

water. This study highlights the current lack of research into investment in the water 

industry. However, this thesis highly focuses on the water crisis, the challenges of water 

management and the importance of water investments. The thesis has significant 

implications for water resource management and for investors in the water industry. The 

water industry continues to suffer from global shortages, and in order to address this 

fact, the industry needs a huge amount of investment. This investment cannot wholly be 

provided by governments; hence, private sector participation is needed to push the 

industry forward. To invest in the water industry, private companies need to improve 

their capital structure. Investors’ (foreign and institutional) capital structure affects 

investment performance. Therefore, the above findings contribute to addressing the 

current, major knowledge gap. This is the first empirical study to investigate the impact 

of ownership and capital structure on water companies’ performance in different periods 

(full, pre-GFC, GFC and post-GFC). The findings contribute to the literature by 

expanding the information on the performance of water companies in various periods. 

These results provide a sound basis for investors to increase their knowledge of foreign 

ownership, institutional ownership, leverage and short-term debt to asset.  This study 
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also sheds light on the ways in which investors, regulators and government can gain an 

understanding of the implications of foreign ownership and institutional ownership.

  

 

The second study discusses the volatility and returns that arise from four water indices, 

four water markets and two water funds. Water investors and policy makers could 

benefit from a broader understanding of these water assets’ relationships. This study has 

implications for investors in the water industry and for international institutions in their 

decision making regarding the influence of water investment in their portfolios. The 

asymmetric volatility phenomenon points to the fact that institutional factors are the 

major driving forces behind empirical regularities in the water markets. If governments 

decide to improve the water infrastructure through public-private partnerships, they 

must realize that private water investors expect to be reimbursed for any volatility in the 

market. 

 

The VAR models provide a better understanding of the overall picture of the water 

industry, especially during the different periods analyzed. The analyses show that the 

relationships between and amongst the four water indices are discernable using the 

times-series methodology. The empirical evidence of this study is of value to investors, 

policy makers and regulators. The analyses of Granger causalities, forecast variance, 

and impulse response help important aspects of the data analyzes that will assist policy 

makers in developing policies that ultimately influence international water portfolio 

investments; and even diversification strategies, since water indices appear to be closely 

linked or integrated. There is a risk of shocks in one water index spilling over to another 
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water index, creating contagion risk, which regulators will need to address. The most 

indispensable long-term linkage information is in the form of stability and 

predictability. The presence of co-integrating relationships between global water indices 

and world water markets has important implications for policies regarding investment in 

the water industry.  

 

10.3 Limitations 

 

It is important to note that the WOWAX is selected to represent the water asset class in 

this study. Since the inception of the WOWAX can only be traced back to January 

2004, the data relating to the performance of water related assets prior to 2004 were not 

available. This aspects of a sample and its related data appears to be a weakness. It is 

also noted that water companies accounting variables are adopted in the first study. 

Firstly, due to the unavailability of some data, this study is based on unbalanced panel 

data. The limitations of studies based on unbalanced panel data are well known; 

however, it will be useful to repeat this exercise when balanced panel data becomes 

available. Unfortunately, owing to data limitations, the author is unable to investigate 

the reasons for this negative effect in further detail. 

  

Another limitation of Study One was borne in mind when checking multi-collinearity. 

Study One did not take into account a very important ownership structure variable - 

blockholders and capital structure variable long-term debt to asset. This study also did 

not take into account size, non-debt tax shields and dividend as a control variable. By 

taking these accounting variables into the analysis, the results would provide more 
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appropriate evidence of the relationship between ownership, capital structure and water 

companies’ performance. The limitation of this research is in the qualitative analysis 

aspects of the data triangulation and the confirmation of some of the major findings. 

 

10.4 Future research 

 

Research into water investments is scarce or limited.  This study contributes to the 

literature by closing the research gap in water investment and thus expanding our 

knowledge on the performance, risk and returns, interdependence and co-integration 

properties of investment in the water industry. More work remains to be done on the net 

effects of concentrated ownership, block and managerial ownership, corporate 

governance and chief executive officer (CEO) compensation in the global water 

industry. This research can be further extended with a study investigating the 

relationships among concentrated ownership, corporate governance, and CEO 

compensation and investment performance and risk taking within the global water 

industry. Corporate governance research with a focus on the determination of capital 

structure and cost of capital for water utilities and water infrastructure companies, 

especially following the global financial crisis of 2008, could be included. Also, this 

research can be extended in other directions and some examples of the possibilities for 

future research are as follows: 

 

1) Future research may address the value relevance of the market, which will have 

a profound impact on the water industry as it relates to water funds, water ETFs 

and water indices and their components.  
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2) Further research may help understand this issue with a complementary 

investigation of the co-integration among the water indices, water funds and 

water ETFs in terms of the extent, duration and speed of co-movement of water 

indices, water funds and water ETFs stock prices, based on a Markov regime 

switching approach. 

 

3) An evaluation of the relationships between the financial risks and returns of 

water indices, water funds and water ETFs by using new financial real option 

theory.  

 

4) An exploration of the intertemporal relation between expected returns and risks 

of the global water industry and size/book-to-market portfolios. 

 

5) An investigation of the claim that water is an asset class in its own right, 

employing the asset pricing approach. 

 

6) An examination of the relationships in the Australian water market compared 

with other water markets worldwide, based on a dynamic conditional correlation 

multivariate GARCH model, which could provide accurate correlations over 

time that can be incorporated into portfolio models. 

 

7) An investigation of the impact of weather, climate change, and greenhouse gas 

emissions on the market value of the global water industry using time-series 

analysis. 
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Appendices 

 
Appendix A 

 

Table A1. Overview of water companies comprising the WOWAX 

Company name (20) Country Water sector 

Maezawa Industries Inc Japan Water utilities 

Pentair Ltd. UK Water infrastructure 

Miura Co Ltd Japan Water infrastructure 

Toto Ltd Japan Water utilities 

Beijing Enterprises Water Group Limited Hong Kong Water utilities 

Smith (A.O.) Corporation US Water infrastructure 

Xylem Inc US Water infrastructure 

Perkin Elmer Inc US Water infrastructure 

Danaher Corporation US Water infrastructure 

Coway Co. Ltd South Korea Water treatment 

Severn Trent Plc UK Water utilities 

Veolia Environment SA France Water utilities 

Watts Water Technologies Inc US Water infrastructure 

Kurita Water Industries Ltd Japan Water treatment 

American Water Works US Water utilities 

Suez Environment SA France Water utilities 

Masco Corporation US Water infrastructure 

United Utilities Group PLC UK Water utilities 

Gebrit AG Switzerland Water infrastructure 

Calgon Carbon Corporation US Water treatment 

Source: http://www.sglistedproducts.fi/File/SG_Wowax.pdf 

 

 

  Table A2. Overview of water companies comprising the S-Net Global Water Index 

Company name (60) Country  Water sector 

Pentair Ltd. US 
  Water technology and     

infrastructure 

Geberit AG  Switzerland 
Water technology and   

infrastructure 

Pall Corp US 
 Water technology and 

infrastructure 

United Utilities Group Plc UK   Water utilities 

Veolia Environment France   Water utilities 

American Water Works Co Inc US   Water utilities 

Xylem Inc US 
  Water technology and 

infrastructure 

Severn Trent UK   Water utilities 

Cia de Saneamento Basico Es de S Paulo ADR Brazil   Water utilities 

IDEX Corp US 
Water technology and       

infrastructure 

HD Supply Holdings Inc US 
Water technology and 

infrastructure 

Kurita Water Industries Japan 
Water technology and    

infrastructure 

Aalberts Industries NV Netherlands   Water technology and 

http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PNR
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=XYL
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SEV
http://www.sglistedproducts.fi/File/SG_Wowax.pdf
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PNR
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=GEBN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PLL
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=UU
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=VIE
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AWK
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=XYL
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SVT
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SBS
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=IEX
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=HDS
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=6370
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AALB
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infrastructure 

Coway Co Ltd South Korea 
Water technology and 

infrastructure 

Ebara Corp Japan 
Water technology and 

infrastructure 

Guangdong Investment Ltd. China 
Water technology and 

infrastructure 

Suez Environment SA France Water utilities 

Tetra Tech Inc US 
Water technology and 

infrastructure 

Doosan Heavy Indust & Construct South Korea 
Water technology and 

infrastructure 

Watts Water Technologies Inc US 
Water technology and 

infrastructure 

Pennon Group UK Water utilities 

Franklin Electric Co US 
Water technology and 

infrastructure 

Aqua America Inc US Water utilities 

Salcon Berhad Malaysia Water utilities 

Puncak Niaga Holding BHD Malaysia 
Water technology and 

infrastructure 

Itron Inc US 
Water technology and 

infrastructure 

Consolidated Water Co (Cayman) US Water utilities 

Tianjin Capital Environmental Protection Group 

Co Ltd H Shares 

 

China 

 

Water utilities 

Pure Cycle Corp US Water utilities 

Hera Spa Italy Water utilities 

Connecticut Water Service Inc US Water utilities 

Sembcorp Industries Singapore Water utilities 

Middlesex Water Co US Water utilities 

Manila Water Co Inc Philippines Water utilities 

American States Water Co US Water utilities 

York Water Co US Water utilities 

SJW Corp US Water utilities 

California Water Services Group US Water utilities 

Artesian Resources Corp A US Water utilities 

Aguas Adina’s SA A Chile Water utilities 

Mueller Water Products US 
Water technology and 

infrastructure 

Cia Saneamento de Minas Gerais Brazil Water utilities 

Athens Water Supply & Sewage Greece Water utilities 

Thai Tap Water Supply PCL Thailand Water utilities 

Beijing Enterprises Water Group Ltd. China Water utilities 

Acea Spa Italy Water utilities 

China Water Affairs Group Ltd. China Water utilities 

Calgon Carbon Corp US 
Water technology and 

infrastructure 

Lindsay Corporation US 
Water technology and 

infrastructure 

Uponor Oyj Finland 
Water technology and 

infrastructure 

http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=021240
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=6361
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=270
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SEV
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=TTEK
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=034020
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PNN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=FELE
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=WTR
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SALC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PNH
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=ITRI
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CWCO
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=1065
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=1065
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PCYO
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=HER
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CTWS
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SCI
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=MSEX
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=MWC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AWR
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=YORW
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SJW
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CWT
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=ARTNA
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AGUAS
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=MWA
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CSMG3
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=EYDAP
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=TTW
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=371
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=ACE
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=855
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CCC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=LNN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=UNR1V
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Aegion Corp. US 
Water technology and 

infrastructure 

Gorman-Rupp Co US 
Water technology and 

infrastructure 

Badger Meter Inc US 
Water technology and 

infrastructure 

Hyflux Ltd Singapore 
Water technology and 

infrastructure 

PICO Holdings Inc US 
Water technology and 

infrastructure 

SIIC Environment Holdings Ltd Singapore 
Water technology and 

infrastructure 

China Everbright Water Ltd. US 
Water technology and 

infrastructure 

Layne Christensen Company US 
Water technology and 

infrastructure 

Organo Corp Japan 
Water technology and 

infrastructure 

Nihon Trim Co Ltd Japan 
Water technology and 

infrastructure 

Source: http://www.snetglobalwaterindexes.com/index-jgi.php 

 

 

 

     Table A3. Overview of water companies comprising the S&P Global Water Index 
 

Company name (50) Country Water sector 

United Utilities Group PLC UK Water utilities 

Geberit AG  Switzerland Water infrastructure 

Pentair Inc UK Water infrastructure 

Beijing Enterprises Water Group Limited Hong Kong Water utilities 

Severn Trent Plc UK Water utilities 

Danaher Corporation US Water infrastructure 

American Water Works US Water utilities 

Veolia Environment SA France Water utilities 

Alfa Laval AB Sweden Water infrastructure 

Suez Environment SA France Water utilities 

Xylem Inc US Water infrastructure 

IDEX Corp US Water infrastructure 

Pennon Group UK Water utilities 

American States Water Co US Water utilities 

Coway Co. Ltd South Korea Water treatment 

Aqua America Inc US Water utilities 

Cia de Saneamento Basico Es de S Paulo 

ADR 

Brazil Water utilities 

Andritz AG Austria Water infrastructure 

China Everbright Water Ltd. US Water infrastructure 

Israel Chemical Corp Israel Water infrastructure 

Rotork Plc UK Water infrastructure 

Halma Plc UK Water infrastructure 

Guangdong Investment Ltd China Water infrastructure 

Sulzer AG UK Water infrastructure 

http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AEGN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=GRC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=BMI
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=HYF
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PICO
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SIIC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=LAYN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=6788
http://www.snetglobalwaterindexes.com/index-jgi.php
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=GEBN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SEV
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=XYL
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=IEX
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=PNN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AWR
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=WTR
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SBS
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SBS
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Ebara Corp Japan Water infrastructure 

Aalberts Industries NV Netherlands Water infrastructure 

Beijing Enterprises Water Group Limited Hong Kong Water utilities 

Arcadis NV Netherlands Water infrastructure 

Kurita Water Industries Ltd Japan Water treatment 

Tetra Tech Inc US Water infrastructure 

Hera Spa Italy Water utilities 

Kemier OYJ Finland Water treatment 

Watts Water Technologies Inc US Water infrastructure 

Itron Inc US Water infrastructure 

Franklin Electric Co US Water infrastructure 

Mueller Water Products US Water infrastructure 

Fomento De Construs Y Contra Spain Water infrastructure 

California Water Services Group US Water utilities 

Calgon Carbon Corporation US Water treatment 

Aegion Corporation US Water infrastructure 

Interpump Group Italy Water pumps 

Badger Meter Inc US Water infrastructure 

Lindsay Corporation US Water infrastructure 

United Envirotech Ltd Singapore Water treatment 

Gorman-Rupp Co US Water infrastructure 

SIIC Environment Holdings Ltd Singapore Water infrastructure 

Layne Christensen Company US Water infrastructure 

China Water Affairs Group Ltd. China Water utilities 

Connecticut Water Service Inc US Water utilities 

Torishima Pump Mfg. Co Japan Water infrastructure 

Source: http://us.spindices.com/indices/equity/sp-global-water-index 

 

  Table A4. Overview of water companies comprising the MSCI ACWI Water Utilities   

Index 

Company name (7) Country Water sector 

American Water Works US Water utilities 

United Utilities Group Plc UK Water utilities 

Severn Trent Plc UK Water utilities 

Guangdong Investment Ltd China Water infrastructure 

Beijing Enterprises Water Group Ltd Hong Kong Water utilities 

Sabesp On Brazil Water utilities 

Aguas Andinas SA Chile Water utilities 

Source: https://www.msci.com/documents/10199/5bef2cf2-8772-4f78-a21a-3d6bb9ded7d5 

 

 

 

 

 

http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=6361
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=AALB
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=TTEK
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=HER
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=ITRI
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=FELE
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=MWA
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CWT
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=BMI
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=LNN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=GRC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=SIIC
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=LAYN
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=855
http://www.snetglobalwaterindexes.com/index-constituent.php?pg=jgi&tick=CTWS
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Table A5. Studies on ownership in water industry 

Author(s) and Date Country Method (s) Results 

Mann and Mikesell 

(1976) 

US Cost function Publicly owned 

water utilities are 

more efficient than 

comparable privately 

owned water utilities. 

 

Morgan (1977) US Cost function Privately owned 

water utilities are 

more efficient than 

comparable publicly 

owned water utilities. 

 

Crain and Zardkoohi 

(1978) 

US Cost function Privately owned 

water utilities are 

more efficient than 

comparable publicly 

owned water utilities. 

 

Bruggink (1982) US Cost function Publicly owned 

water utilities are 

more efficient than 

comparable privately 

owned water utilities. 

 

Feigenbaum and 

Teeples (1983) 

 

US Hedonic cost function No significant 

differences in 

efficiency between 

public and private. 

Fox and Hofler 

(1986) 

 

US Combined 

production– Cost 

function 

Cost ‘over-runs’ of 

46% and 43% for 

private 

and public, 

respectively. 

Byrnes et al. (1986) 

 

US DEA There is no difference 

in efficiency between 

public and private. 

Teeples and Glyer 

(1987) 

US Hedonic cost function There is no difference 

in efficiency between 

public and private. 

Byrnes (1991) US Cost frontier There is no difference 

in efficiency between 
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public and private. 

. 

Raffiee et al.(1992) 

US Cost function Privately owned 

water utilities are 

more efficient than 

comparable publicly 

owned water utilities. 

 

Lambert et al.(1993) US DEA Publicly owned 

water utilities are 

more efficient than 

comparable privately 

owned water utilities. 

Lynk (1993) 

 

UK Cost frontier Private and public are 

11.5% and 2% above 

respective cost 

frontiers. Publicly 

owned water utilities 

are more efficient 

than comparable 

privately owned water 

utilities. 

Bhattacharyya et al. 

(1994) 

US Cost function Publicly owned 

water utilities are 

more efficient than 

comparable privately 

owned water utilities. 

Bhattacharyya et al 

(1995b) 

US DEA Large public water 

utilities are more 

efficient but small, 

private water utilities 

are also more 

efficient. 

Shaoul (1997) UK Financial analysis Improvements in 

productivity occurred 

while under state 

ownership. 

Bosworth and 

Stoneman (1998) 

UK Total factor 

productivity 

Publicly owned 

water utilities are 

more efficient than 

comparable privately 

owned water utilities. 

Saal and Parker 

(2000) 

UK Cost function The trend growth rate 

of total costs did not 

occur after 

privatization. 

Ménard and Saussier France Regression model No difference in 

compliance with 
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(2000) water 

quality regulations. 

Saal and Parker 

(2001) 

UK Productivity analysis Improvement in TFP 

performance after 

privatisation but less 

than pre-privatisation 

period. 

Estache and Rossi 

(2002) 

Asia Pacific 

countries 

Stochastic frontier There is no difference 

in efficiency between 

public and private. 

Houtsma (2003) US Statistical analysis There is no difference 

in efficiency between 

public and private. 

Renzetti and Dupont 

(2003) 

Canada Stochastic frontier 

and Data 

envelopment analysis 

(DEA) 

Privately owned 

water utilities are 

more efficient than 

comparable publicly 

owned water utilities. 

Saal and Parker 

(2004) 

UK Statistical analysis Productivity 

improvement after 

regulation in 1995, 

not privatisation in 

1989. 

Wallsten and Koser 

(2005) 

US Poisson distribution There is no difference 

in efficiency between 

public and private. 

Garcia-Sanchez 

(2006) 

Spain Data envelopment 

analysis (DEA) 

There is no difference 

in efficiency between 

public and private. 

Shih et al. (2006) US Cost function Private systems 

higher costs than 

public. 

da Silva e Souza et 

al.(2007) 

Brazil Cobb-Douglas 

Stochastic  cost 

frontier 

No evidence that 

private firms and 

public firms are 

significantly different 

in terms of efficiency 

measurements. 

Saal et al.(2007) UK Stochastic frontier Publicly owned 

water utilities are 

more efficient than 

comparable privately 

owned water utilities. 

da Silva e Souza et 

al.(2007) 

Brazil Cobb-Douglas 

stochastic cost 

Publicly owned 

water utilities are 
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frontier more efficient than 

privately owned water 

utilities. 

Abott and Cohen 

(2009) 

Australia Data envelopment 

analysis (DEA) 

Divergent results and 

no clear conclusions. 

Rubio et al. (2010) 

 

Spain Data envelopment 

analysis (DEA) 

Public managers are 

more sensitive to the 

sustainable 

management of water 

resources. 

Guerrini et al. (2010) Italy Data envelopment 

analysis (DEA) 

Public ownership 

companies 

are more efficient 

than comparable 

private ownership 

companies. 

Romano and Guerrini 

(2011) 

Italy Data envelopment 

analysis (DEA) 

Public owned 

companies are 

much better than 

mixed owned firms. 

Peda et al. (2013) Estonia Data envelopment 

analysis (DEA) 

No significant 

differences in 

efficiency between 

public and private. 

 

Romano et al. (2013) Italy Statistical analysis Ownership impacts on 

the amount of 

investments realized 

by water utilities and 

their financial 

structure and costs. 

 

Duygun et al. (2014) Italy Data Envelopment 

Analysis (DEA) 

Public and mixed 

utilities are more 

efficient than private 

utilities. 

 

Romano and Guerrini 

(2014) 

Italy Ordinary least squares 

(OLS) 

regression 

Politically connected 

directors dominate the 

boards of Italian water 

utilities. 
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Table A6. Index calculation formula 
WOWAX S-Net S&P MSCI ACWI 

The WOWAX is calculated using a Laspeyres formula as 
followsa:  

t

t

t

n

1i ititititit

t
D

M
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).x.wfff.s.(p
Index 





 

where, 

tD = divisor at time (t)  

n = the number of stocks in the index n  

itp = the price in local currency of stock (i)  at time (t)  

its = the number of shares of stock (i)  at time (t)  

itff = the float adjusted factor of stock (i) at time (t)  

itwf = the weighting factor of stock (i) at time (t)  

itx = Exchange rate from local currency into index currency 

for stock (i) at time (t)  

The S-Net index is constructed using a Laspeyres formula (return 
index and the price index) and is calculated based on the following 

formulab: 
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he above mentioned formula can be simplified as: 

t

t

D

M
 

where,  

tD = divisor at time (t)   

n = the number of stocks in the index n  

i0p = the closing price of stock (i)  at the base date (December 

31, 1991)   

i0q = the number of shares of company (i) at the base date 

(December 31, 1991)  

itp = the price of stock (i) at time (t)  

itq = the number of shares of company (i) at time (t)   

tC = the adjustment factor for the base date market capitalization  

t = the time the index is computed  

tM = market capitalization of the index at time  

tB = adjusted base date market capitalization of the index at time  

 

Dividend payments have not been taken into account in indexes but 

dividend payments are reinvested in the index samples of the total 

return indexes. 

The formula is created by a modification 
of a Laspeyres index, which uses base 

period quantities (share counts) to 

calculate the price change. A Laspeyres 

index would bec: 

 






i
i,0i,0

i
i,0i,1

)Q*(p

)Q*(p

Index where, 

i,0Q = the measure of the current 

market value.  

 

MSCI ACWI Index is calculated daily on a real time basis. This index 
captures the market capitalization weighted return. MSCI ACWI Index 

is computed as followsd: 

 

t

t

1tt

pUSDalMarketCaIndexIniti

apUSDtedMarketCIndexAdjus
*

USDIndexLevelPriceUSDIndexLevelPrice 

 

t

t

1tt

pUSDalMarketCaIndexIniti

apLocaltedMarketCIndexAdjus
*

LocalIndexLevelPriceLocalIndexLevelPrice 

 

 
where, 

1tUSDIndexLevelPrice  is the Price Index level in USD at 

time 1t   

tapUSDtedMarketCIndexAdjus is the Adjusted Market 

Capitalization of the index in USD at time (t)    

tpUSDalMarketCaIndexIniti is the Initial Market 

Capitalization of the index in USD at time (t)  

1tLocalIndexLevelPrice  is the Price Index level in local 

currency at time 1t   

tapLocaltedMarketCIndexAdjus is the Adjusted Market 

Capitalization of the index in USD converted using FX rate as of  

1t  and used for local currency index at time (t)  

 

Sources: a Guide to the World Water Index (2014) 

               b http://www.snetglobalwaterindexes.com/uploads/snwater/pdf/jgi-RuleBook.pdf   

            chttp://us.spindices.com/documents/methodologies/methodology-index-math.pdf 
                      d https://www.msci.com/eqb/methodology/meth_docs/MSCI_Aug15_IndexCalcMethodology.pdf 

 

 

http://www.snetglobalwaterindexes.com/uploads/snwater/pdf/jgi-RuleBook.pdf
http://us.spindices.com/documents/methodologies/methodology-index-math.pdf
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Table A7. Index divisor adjustments 
WOWAX S-Net S&P MSCI ACWI 

For incorrect index divisors correction, the WOWAX divisors are 
adjusted in response to corporate actions or index composition 

changes a. 







 




 n

1i ititititit

n

1i 1tititititit

t1t
)x..wf.ffs.(p

ΔMC)x..wf.ffs.(p
DD .  

where,  

tD = divisor at time (t)   

1tD  = divisor at time 1)(t   

n = Number of stocks in the index   

itp = stock price of stock (i) at time (t)  

its = Number of shares of stock (i) at time (t)    

itff = Float adjusted factor of stock (i) at time (t)   

itwf = the weighting factor of stock (i)  at time (t)   

itx = Exchange rate from local currency into index currency for 

stock (i) at time (t)  

1tΔMC  is the difference between the closing market 

capitalization of the index and the adjusted closing market 

capitalization of the index. For stocks with actions at time 1)(t  , 

the float adjusted market capitalization calculated with adjusted 

closing prices (in index currency), the new weighting factors at 

time 1)(t  , the new number of shares at time 1)(t   and the 

float adjusted factor at time 1)(t  ; and from this, we have to 

subtract the float adjusted market capitalization calculated with 

closing prices (in index currency), weighting factors at time (t) , 

number of shares at time (t)  and float adjusted factor at time (t)  

To avoid distortion, the S-Net index uses the another formula 
for divisor adjustmentb 

)q*(p

ΔMC)q*(p
DD

itit

1titit

t1t







 *  

where, 

tD = divisor at time (t)   

1tD  = divisor at time 1)(t   

itp = stock price of company (i) at time (t)   

itq = number of shares of company (i) at time (t)   

1tΔMC  =add new components’ market capitalization and 

adjusted market capitalization (calculated with adjusted 

closing prices and shares effective at time 1)(t  and/or 

minus market capitalization of companies to be deleted 

(calculated with closing prices and shares at time t ).  

For index maintenance (reflecting changes in 
shares outstanding, capital actions, addition or 

deletion of stocks to the index – should not 

change the level of the index), the S&P index 

involves the following divisor adjustmentc: 

1t

t
*1tt

MV

MV
DivisorDivisor


  

The MSCI ACWI index divisor for a day t involves the 
ratio of the initial market capitalization and the previous 

index leveld 

 

t

t

t
IndexLevel

palMarketCaIndexIniti
DivisorIndex 

 

The index divisor for day t is known after the close of day 

1t   (the initial index market capitalization is 

calculated using prices and exchange rates as of day 

1t   but constituents as of (t) ). 

 
All variables above must retain the same currency. 

 

Sources: a Guide to the World Water Index (2014) 

               b http://www.snetglobalwaterindexes.com/uploads/snwater/pdf/jgi-RuleBook.pdf  

              chttp://us.spindices.com/documents/methodologies/methodology-index-math.pdf  
                     d https://www.msci.com/eqb/methodology/meth_docs/MSCI_Aug15_IndexCalcMethodology.pdf 
 

http://www.snetglobalwaterindexes.com/uploads/snwater/pdf/jgi-RuleBook.pdf
http://us.spindices.com/documents/methodologies/methodology-index-math.pdf
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Table A8: Recent studies on performance of water industry 

Authors, 

Year 

 

Title Objectives 

 

Firms 

 

Sample-

Data 

 

Methodology 

 

Results 

 

Buckland and 

Fraser (2000) 

Abnormal Returns in 

the UK Water Indus 

try since 

Privatisation 

The objective of this 

research is to explore 

the behavor of estimate 

returns and risk 

parameters in the 

English and Welsh 

water industry, since the 

privatization of the ten 

water and sewerage 

companies (WASCs). 

10 water 

companie

s of UK 

Sample 

period: from 

12/12/89 

through 

31/7/99 

Buckland and Fraser (2000) 

use the Dividend Growth 

Model (DGM), CAPM and 

employ techniques of the 

Kalman Filter model to 

generate estimates of time-

variation in both systematic 

risk (beta) and abnormal 

returns (alpha) coefficients. 

10 UK water utilities made 

statistically significant abnormal 

profits over the period. 

Antoniou et al. 

(2000) 

Abnormal stock 

returns and public 

policy: the case of 

the UK privatised 

electricity and water 

utilities 

The objective of this 

paper is to presents a 

framework for 

analysing the 

composition 

of these returns and for 

judging the extent to 

which they can be 

regarded 

as abnormal 

12 

electricity 

companie

s and 10 

water 

companie

s of UK. 

Sample 

period: from 

January, 

1990 to 

September, 

1995 

Antoniou et al. (2000) use 

VAR and GARCH procedures 

in decomposing risk estimates; 

conclude that regulatory 

uncertainty and unanticipated 

expectations revision are 

important in utilities' riskiness. 

Four companies have experienced 

statistically significant positive 

abnormal returns. 

Buckland and 

Fraser (2001) 

Political and 

Regulatory Risk in 

Water Utilities: Beta 

Sensitivity in the 

United Kingdom 

The objective of this 

paper is to investigate 

the risk of water utilities 

of UK 

 

 Sample 

period: 1989 

to July, 1999 

This study uses the Capital 

Asset pricing Model (CAPM) 

of Sharpe (1964) and Lintner 

(1965) and techniques of the 

Kalman filter to generate 

estimates of time variation in 

both systematic risk and 

abnormal returns coefficients. 

 

The regulator's use of a range of 0.9 

to 1.00 for the geared equity betas of 

the WASCs is significantly too high 

with betas here clustered between 

0.6 and 0.9 over an extended period 

of time. 

Howe and 

Howe (2006) 

The Performance of 

Water Service 

The purpose of this 

study is to determine 

WSI 

stock 

Sample 

period: 1999 

Statistical event analysis The financial damage that has been 

inflicted on the water industry by 
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Industry Stock 

Prices and 

Sensitivity to Highly 

Publicized Contract 

Failures 

whether or not large 

highly publicized 

contract failures have 

negatively affected the 

market value of WSI 

firms. 

price 

index  

 

to 2004. some large water business is 

minimal. It suggests that in this 

industry, firms build an expectation 

of failure events into their planning 

and risk analysis. 

Geman and 

Kanyinda 

(2007) 

Water as the Next 

Commodity 

The objective of this 

article is to evaluate the 

performance and 

volatility of WOWAX. 

World 

Water 

Index 

(WOWA

X) 

Sample 

period: 

December 

2003  to 

June 2006 

A Desalination Plant as a 

Portfolio of Exchange Options 
The authors results indicate that 

the WOWAX out performs the 

Dow Jones-AIG total return 

index, which itself has since the 

year 2000 been a particularly 

successful investment. 
 

Pescetto 

(2008) 

Regulation and 

systematic risk: 

the case of the 

water industry in 

England and 

Wales 

This purpose of this 

study is to investigate 

the impact of 

regulation on the 

systematic risk of the 

water industry in 

England and Wales.  

 

10 UK 

water 

compani

es 

Sample 

period:1993 

Dynamic GARCH model The author’s results show that 

systematic risk does not appear 

to have been altered by 

regulatory action over the 

sample period. 

Guerrini et al. 

(2010) 

Factors affecting the 

performance of 

water utility 

companies 

The purpose of this 

paper is to carry out an 

analysis of Italian water 

utility companies to 

determine whether their 

performance was 

related to certain 

relevant variables that 

have been broadly 

discussed in the existing 

literature. 

85 Italian  

water 

utility 

companie

s 

Sample 

period: 

2004-2008 

 

Parametric statistic methods Ownership structure, size, 

diversification and geographical 

location have an impact on the 

performance of water utility 

companies, although with different 

degrees of significance. 

 

Romano and 

Guerriny (2011) 

Measuring and 

comparing the 

The aim of this article is 

to determine whether 

43 Italian  

water 

Sample size: 

114 

DEA method 

 

The relative efficiency scores for 

both constant and variable return to 
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efficiency of water 

utility companies: A 

data envelopment 

analysis approach 

the efficiency of water 

utility companies differs 

among firms with 

dissimilar 

characteristics, which 

have already been 

broadly studied in the 

existing scientific 

literature. 

companie

s 

Sample 

period: 2007 

only. 

 

 

scale and for scale efficiency in the 

context of water, wastewater and 

sewerage utilities operating in Italy 

in 2007. Small companies have 

shown the highest scores of pure 

efficiency, followed by large and 

medium firms whilst the scale 

efficiency was higher for medium 

and large firms. Ownership structure, 

public firms had higher efficiency 

scores with both DEA models (CRS 

and VRS). 

 

Roca and 

Tularam (2012) 

 

Which way does 

water flow? An 

econometric analysis 

of the global price 

integration of water 

stocks. 

 

The objective of this 

article is to examine the 

structure, in terms of 

extent, speed and 

duration, of these price 

interactions between the 

water sectors of stock 

markets globally. 

 

3 water 

markets 

 

Sample 

period: 1 

July 1993 to 

31 October 

2007 

 

Vector Autoregression (VAR) 

analysis (Sims,1980), Granger 

causality analysis (Granger, 

1969) 

 

World water stock market prices 

were indeed significantly 

independent, although this 

interdependence varies across time 

periods. However, their results 

indicated that the mean of daily 

returns on the DS Water Index were 

negative, ranging from –0.103% to –

0.018% and the Standard Deviations 

(SD) were mostly between 1% and 

1.5%. 

 

Roca et al. 

(2012) 

Water your 

investment portfolios 

The objective of this 

research is to provide 

fresh knowledge about 

the risk and returns 

associated with water 

investing and the 

diversification 

potentials of water. 

 

WOAX 

MSCI 

World 

Index and 

Barclays 

Global 

Aggregate 

Index 

Sample 

period: 

Jan 2004-

May2012  

- The authors’ results have shown that 

water provides much better returns 

than traditional assets and 

diversification benefits particularly 

during the times when it is needed 

most - that is during the times of 

market stress. 

 

Gilory et al. Water as an The objective of this Palisaeds Sample Markowitz (1952) approach The authors’ results have shown that 
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(2013) Alternative Asset research is to examine 

whether water 

provides an attractive 

risk-return 

trade off. 

water 

Index,MS

CI World 

Index and 

Barclays 

Global 

Aggregate 

Index 

period: Jan 

2001-

Jan2011 

higher returns that come along with 

higher risk, high positive correlation 

with the MSCI World Index and 

slightly negative correlation with 

bonds.  

Buckland and 

Williams (2013) 

Risk, Volatility and 

Regulation in Water 

Supply and 

Distribution: a post-

privatization 

comparison of UK 

and US water 

utilities. 

The objective of this 

research is to 

addresses a core issue 

for the regulated 

utility. 

10 UK 

water 

Companie

s and 15 

USA 

water 

companie

s 

Sample 

period:1976-

2010 

 

Standard linear market model The authors’ results have shown 

that UK regulators chronically 

overestimated the risks borne by 

investors in water utilities, resulting 

in lax pressure on permitted returns 

and higher prices than are needed to 

provoke efficient supply. 

Jin et al. 

(2014) 

Investment returns in 

the water industry: a 

survey 

Aims to provide a 

background on water-

related investments, to 

review the literature on 

the benefits of investing 

in water-related 

businesses, and to put 

forward several 

unresolved issues in this 

field. 

 

- - - - 

Buckland et 

al.(2015) 

Risk and 

regulation in water 

utilities: a cross-

country 

comparison of 

evidence from the 

CAPM 

The objective of this 

article is to parallel 

investigation of the 

risk of UK and US 

water utilities using 

different rate-of-

return regulatory 

regimes. 

11UK 

water 

compani

es and 

14US 

water 

compani

es 

Sample 

period:  

2 January 

2nd 1980 to 

6 May 

2011. 

Capital Asset pricing 

(CAPM) model  

The authors’ find that utilities’ 

betas are not constant. However, 

betas are a function of time. 
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Jin et al. 

(2015a) 

Sprinkle your 

investment portfolio 

with water! 

The objective of this 

research is to 

investigate the 

profitability of water-

related investments and 

their diversification 

benefits in a portfolio 

context. 

WOWAX

, MSCI 

World 

Index and 

Barclays 

Global 

Aggregate 

Index 

 

 

Sample 

period: 1 

January, 

2004 and 

31 May, 

2012. 

Gibbons, Ross and 

Shanken (1989) 

Portfolio Diversification 

Model 

Their results indicate that the water 

asset class outperforms the 

traditional asset classes, and has the 

capacity to produce diversification 

effects in portfolios primarily. 

comprised of listed equity and bond 

assets. 

Jin et al. 

(2015b) 
Water as an 

investment: liquid 

yet illiquid! 

The purpose of this 

study is to investigate 

the relationship between 

asset liquidity risk and 

stocks returns. 

76 water 

companie

s 

Sample 

period: July 

2001 to 31 

December 

2012 

Fama and French (1992, 

1993) and Docherty, Chan, 

and Easton (2011) model 

The authors’ find that water firms 

with a larger proportion of 

illiquid assets-in-place demand 

higher stock returns than firms 

with a smaller proportion of 

illiquid assets.  
 

Roca et al. 

(2015) 

Fundamental Signals 

of Investment 

Profitability in the 

Global Water 

Industry 

The objective of this 

study is to determine 

the fundamental 

company variables that 

can serve as signals or 

indicators of 

profitability for 

investment in water 

company stocks. 

WOWAX 

and its 20 

water  

componen

ts 

Sample 

period: 2004 

to 2011.  

Panel Regression Model The results of the analysis find nine 

fundamental variables to be 

significant, which can therefore 

serve as signals of profitability of 

investment in the water industry. 

 

 

 

 

 

Alvarez and 

Javier 

Rodriguez 

(2015) 

Water-related 

mutual funds: 

investment 

performance  

and social role 

The objective of this 

article is to 

investigate the 

performance and 

diversification value 

of water-related 

4 water 

funds 

and 17 

others 

mutual 

funds 

Sample 

period: 

2007 to 

2012 

Jensen’s (1968) alpha 

model 

The results have shown that the 

water-related funds are 

positively correlated with the 

USA and these funds also offer 

diversification benefits to 

investors with internationally 
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funds. dense portfolios. 

 

Tularam and 

Reza (2016) 

Water exchange 

traded funds: A 

study on 

idiosyncratic risk 

using Markov 

switching analysis 

 

 

The objective of this 

study is to examine 

the idiosyncratic risk 

and return of the 

water investment 

4 Water 

exchange 

traded 

funds 

Sample 

period: 

15 June 

2004–31 

August 

2015). 

Markov switching model The authors’ results show that the 

idiosyncratic risk for most of the 

water exchange traded funds 

moves from low volatility 

(Regime 2) to very low volatility 

(Regime 1 and 3). 

Rompotis 

(2016) 

Evaluating a New 

Hot Trend: The 

Case of Water 

Exchange-Traded 

Funds 

The purpose this 

research is to examine 

the returns of the four 

water ETFs vis-à-vis 

the performance of 

various benchmarks. 

4 Water 

exchange 

traded 

funds 

Sample 

period: 

2011 to  

2014 

Single-factor Capital Asset 

Pricing (CAPM), Model 

Augmented Fama and 

French model, Cubic 

CAPM, Cubic augmented 

Fama and French model 

and Six-factor model 

The results have shown that the 

performance of water ETFs is 

overall normal and can be 

considered satisfactory by a 

socially responsible investor who 

seeks competitive rather than 

above-average returns. 
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Appendix B 
 

Figure B1. The observed and fit values, and forecasts for the water indices, water 

markets and water funds in different periods. 
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GFC period: Jan 2008-Dec 2010      
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Figure B2. Autocorrelation function (ACF) of daily water assets returns 

 

Full Period: Jan 2004-Oct 2014                            
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Pre-GFC period: Jan 2004- Dec 2007                               
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  GFC Period: Jan 2008-Dec 2010       
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      Post-GFC period: Jan 2011-Oct 2014 
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Figure B3. Partial autocorrelation (PACF) of daily water assets returns 

Full Period: Jan 2004-Oct 2014  
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   GFC Period: Jan 2008-Dec 2010       
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      Post- GFC period: Jan 2011-Oct 2014 
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THE END 


