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Abstract 
 

Investing in alternative investments can offer good opportunities for investors 

seeking to earn better risk-adjusted returns from stock markets, because 

traditional stocks and bonds markets are highly exploited, with relatively few 

diversification benefits. This research examines two emerging alternative 

investments: socially responsible investment (SRI) and commodity futures.  

 

The SRI market, which has grown dramatically since the 1990s, now has 1 out of 

6 dollars under professional management in the US allocated to the SRI market. 

This popularity is due to its stable performance and to investors having a higher 

level of socially responsible awareness. Investments related to commodity 

futures have attracted investors’ attention because of their portfolio 

diversification benefits and their inflation hedging effects. The total value of 

commodity investments increased from US$15 billion to more than US$200 

billion in just five years, from 2003 to 2008. However, the amount of literature on 

alternative investments is relatively small compared to that on conventional 

markets such as stocks and bonds.  

 

The overall objective of this research is to investigate the potential benefits of 

including SRI and commodity futures investments in traditional portfolios made 

up of stocks and bonds. This research contributes to the literature by proposing 

an innovative combination of approaches that compare the different investment 

strategies used in SRI and commodity futures markets. Three empirical studies 

are carried out in the research: Study 1, on SRI; Study 2, on commodity futures; 

and Study 3, on combining SRI and commodity futures in a portfolio of stocks 

and bonds. 
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The first two studies, on SRI and on commodity futures, employ and then 

compare three investment strategies: (1) passive – measured by an equally 

weighted portfolio; (2) semi-active – measured by DCC-GARCH minimum 

variance; and (3) active – measured by momentum. The differences in the 

investment strategies and rebalancing are detailed in Chapter 3 (methodology). 

The third study takes the best performance investment strategy found in each 

study to test whether SRI and/or commodity futures would provide 

diversification benefits in a portfolio of stocks and bonds. The best performance 

investment strategy in each study is further examined in Chapter 6 (empirical 

study 3) to see whether SRI and/or commodity futures would provide 

diversification benefits in a portfolio of stocks and bonds. Several portfolios are 

formed in study 3 to thoroughly compare the benefits of including SRI and/or 

commodity futures. These portfolios are equally weighted, global minimum 

variance, mean-variance portfolio methods.  

 

For the first time in investment literature, the momentum strategy is applied to 

the SRI market. Previous SRI literature discusses only the momentum strategy 

factor in the Carhart four-factor model to describe the SRI return. In the first 

study, which uses the 1994–2014 DJSI data from the G10 countries. The results 

of the first study suggest that active management was the best investment 

strategy during the financial crisis periods of 1999 and 2008. The findings of this 

study suggest that the SRI market has the potential to gain positive returns 

using momentum investment strategy in crisis periods.  

 

The data of the second study are sourced from the Bloomberg Commodity Index 

and only the three most liquid commodities in energy, precious metals, industrial 

metals, grains, softs, and livestock sectors are included in the sample. The 

results of this study show that the conditional correlations within each sector are 

high, but between sectors the correlations are much lower. Thus there are 

opportunities to achieve lower portfolio risks by investing in different sectors. 
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The 3_1 strategy is the most profitable momentum strategy, so the actively 

managed momentum is the most profitable approach on a risk-adjusted basis. 

 

The third study includes the 6_1 SRI momentum strategy and the 3_1 

commodity futures momentum strategy, which were the best performing 

strategies in the first two studies. This study, which investigates the impact of 

SRI and commodity futures in a portfolio of stocks and bonds, brings up the 

comparison to test the diversification power of these alternative investments 

among the four portfolios (stock and bond; stock, bond, and SRI; stock, bond, and 

commodity futures; and stock, bond, SRI and commodity futures). The findings 

suggest that the commodity futures momentum offers better diversification 

benefits than those offered by the SRI momentum. Unless the investors are 

extremely risk-averse, they are better off investing in the commodity futures 

momentum as a portfolio diversifier, since it delivers superior risk-adjusted 

returns. 
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Chapter 1  

Introduction  
 

1.1 Overview and Rationale  

The disappointment in stocks and bonds in recent times, due to the increasing 

volatility and shrinking equity risk premium, has triggered the rise of 

alternative investment. With the fact that the correlations of global stocks have 

increased due to increasing financial integration (Abad et al., 2010; Forbes & 

Rigobon, 2002; Gilmore et al., 2008), investors have expanded their focus beyond 

traditional investment in order to achieve higher risk-adjusted returns and 

better diversification. This research explores the opportunities in two alternative 

investments: SRI and commodities futures.  

 

The Global Financial Crisis (GFC) occurred around a decade ago, and the 

resulting loss has been devastating. The US Treasury Department Report (2012) 

indicates that a dollar loss to household wealth of 19.2 trillion and a job loss of 

8.8 million. The Vanguard Group (2001) defines a bear market as “a decline of 20% 

or more in broad market indexes over at least a two-month period” (page 5). 

After Black Monday (1987) have come two major bear markets: the Dot-Com 

bubble and the recent GFC. During the Dot-Com crisis period, the broad market 

indexes fell 33% from August to early December 2000 and continued to decline 

for a further twelve months. The US bear market during the period 2007-2009 

was declared in June 2008 when the Dow index had dropped 20% from its record 

close in October 2007 (Reuters, 2008). A CNBC Report points out that among the 

top 10 index drops in DJIA, eight of them happened in the 2000s, with six 

occurring in 2008. The remaining two happened in 1997 and 1998. The S&P 500 

tells a similar story, with the seven biggest drops in 2008, and one each in 1997, 

1998 and 2000. NASDAQ, the leading technological stock exchange, had all ten 

of the biggest drops in history in the 2000s (Moreano, 2010). Investors are aware 

of the risks in the stock market; therefore, they flock to the bond market for 
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safety. As a result, the bond market has frequently tumbled in the most recent 

decade (LaMonica, 2015). Furthermore, the Barclays aggregate yield’s worst 

drop from 10% in 1999 to 2.1% in 2015 (Glassman, 2015) showed that the 

diversification power of bonds is diminishing (Rankin & Idil, 2014). Together 

with the recent global debt crises, Eurozone crisis, Greek government-debt crisis, 

Irish financial crisis, and US debt-ceiling crisis, bonds are no longer the safest 

buffer for the equity investors. Overall, the evidence observed indicates that 

traditional investments are no longer the best investment choice.  

 

It is essential for investors to diversify the risks. Based on the modern portfolio 

theory (Markowitz, 1952), investors can achieve better portfolio performance by 

selecting and allocating investments into different assets which have 

correlations of less than one. The international stock portfolio can attain superior 

diversification potential over the domestic one (Grubel, 1968), and the stock-bond 

low correlation (Campbell & Ammer, 1993) can also provide investors with 

diversification benefits. More recent literature points out that the correlations of 

global stocks have increased, due to increasing financial integration (Abad et al., 

2010; Forbes & Rigobon, 2002; Gilmore et al., 2008). Furthermore, during the 

bear market periods, both the correlations among the international equity 

markets (Longin & Solnik, 2001) and the market volatility (Schwert, 1989a) 

increase. Thus, under the pressure to earn better risk-adjusted returns, investors 

have to expand their focus beyond the traditional investment market to the 

relatively new investment markets.  

 

The two rapidly growing alternatives, socially responsible investment (SRI) and 

commodity futures investments, have caught investors’ attention. SRI refers to 

investments, taking into consideration social, environmental, ethical and 

financial dimensions together. SRI, which is attracting massive attention from 

the industry, now accounts for more than one out of six dollars under 

professional management in the US. The total US-domiciled assets under 

management that use SRI strategies increased/have increased by 76% from 
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US$3.14 trillion (2012) to US$6.57 trillion (2014). The SRI universe has 

increased approximately tenfold since 1995. The net asset under fund 

management incorporating environmental, social, and governmental (ESG) 

factors soared from US$202 billion in 2007 to US$4,306 billion in 2014. The 

increasing popularity of SRI has attracted major investment management 

organisations, such as Capital Group and Wellington Asset Management, to 

apply the ESG factors to their portfolios (USSIF, 2014). In the Australian market, 

responsible investment assets account for 50% of Australia’s total assets under 

management, which is $597.9 billion (RIAA, 2015).  

 

This increasing popularity is driven mostly by the emerging demand from 

institutional and individual investors’ missions and values (Fender et al., 2015; 

USSIF, 2014). SRI investors are less affected by past negative performance when 

they decide to invest or withdraw from the funds (Bollen, 2007). Consequently, 

during the crisis, SRIs suffered less compared with the irresponsible investments 

(Schnietz & Epstein, 2005); the SRI funds outperformed the conventional funds 

during the crisis period (Nofsinger & Varma, 2014). Besides having lower risks 

during stressful periods, SRI also has lower long-term risks (Sethi, 2005). The 

lower long-term risk is because companies adopting corporate social 

responsibility (CSR) principles are more transparent, and have less exposure to 

imprudent or unsafe business practices such as child-labour and sweatshops 

(McGuire et al., 1988). In addition, CSR companies have stable relations with 

government and the financial community, and they also have better 

management skills (Alexander & Buchholz, 1978). Hence, the total and 

systematic risks of high social performance firms are lower than those of the less 

socially responsible firms (Spicer, 1978).  

 

The lower risk of SRI does not imply a low return. In the Australian market, the 

average SRI funds outperform the average Australian large-cap share funds and 

the ASX300 over the short, medium and long terms. Internationally, the SRI 

funds outperform the large-cap international share funds over the short and 
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medium terms, but slightly underperform the large-cap international funds over 

the 10-year investment period. This is probably because only limited data (2 

funds) are collected for the long-term SRI fund performance (RIAA, 2015).  

 

Commodity futures also attracted investors’ attention. Before the 2008 financial 

crisis, agriculture, energy, and metals gained 62%, 154% and 107% respectively 

from 20001. The RBA report (2011) shows that the commodity price went up by 

more than 150% from 1995 to 2011, despite the significant fall during the global 

financial crisis. In the first quarter of 2011, the assets under management were 

re-approaching US$410 billion.  

 

The massive growth of commodity futures investments is due to their portfolio 

diversification benefits and their inflation hedging effects. The diversification 

benefits come from the low correlations between commodities and traditional 

asset classes, since the factors affecting the markets are quite different (Ankrim 

& Hensel, 1993; Anson, 1999; Bodie, 1983; Georgiev, 2001; Gorton & 

Rouwenhorst, 2006; Irwin & Landa, 1987; Jensen et al., 2000, 2002; Kaplan & 

Lummer, 1998; Nijman & Swinkels, 2011; Satyanarayan & Varangis, 1996; You 

& Daigler, 2010). Commodity futures are good inflation hedging assets: they 

perform better than stocks and bonds in such periods and are easier to trade and 

value than real estate and other alternative investments (Ankrim & Hensel, 

1993; Bodie, 1983; Froot, 1995; Kaplan & Lummer, 1998). Commodity prices 

surged in the late 1990s and the first two decades of the 2000s, due to the 

financialisation of commodity futures (Basak & Pavlova, 2016; Buyuksahin & 

Robe, 2014; Singleton, 2013).   

 

                                                           
1 Based on World Bank data.  
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1.2 Aims and objectives  

The overall goal of this research is to find the best asset combination and 

investment strategy for the traditional portfolio, with allocations to SRI and 

commodity futures investments. To achieve this aim, comparison is first made of 

the passive, semi-active, and active investment strategies in the SRI market 

alone. The same comparison is then applied in the commodity futures market. 

The best investment strategies from these two markets are then added to the 

traditional stocks and bonds portfolio to test their diversification power. 

Figure 1-1 provides a diagrammatic representation of the study’s aim and 

objectives. To achieve the objectives shown in Figure 1-1, the following three 

independent but interlinked studies are conducted:  

 

Study 1: A comparison of the investment strategies in the SRI market 

 

Study 1 compares and contrasts passive, semi-active, and active investment 

strategies in the SRI markets by examining the performance of DCC-GARCH 

mean-variance portfolio and momentum strategies, benchmarked against an 

equally weighted portfolio of the G10 SRIs (Belgium, Canada, France, Germany, 

Italy, Japan, the Netherlands, Sweden, Switzerland, the United Kingdom and 

the United States). More details and results of this study can be found in 

Chapter 4.  

 

Study 2: A comparison of the investment strategies in the commodity futures 

market  

 

Study 2 evaluates the performance of portfolios constructed using the DCC-

GARCH mean-variance framework and momentum strategies against a 

benchmark of equally weighted commodity futures markets. The data on 

commodity futures are sourced from the Bloomberg Commodity Index and only 

the three most liquid commodities in the energy, precious metals, industrial 
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metals, grains, softs and livestock sectors are included in the sample. The details 

and results of this study are presented in Chapter 5.  

 

Figure 1-1: Overall Research Objectives 
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Study 3: An investigation of the SRI and commodity futures diversification 

impact on the traditional stock and bond portfolio 

 

Study 3 examines the traditional portfolio performance improvement from the 

SRI and commodity futures, respectively and jointly. The best investment 

strategies from Studies 1 and 2 are applied as proxies for the SRI and for the 

commodity futures markets. The details and findings of this study are discussed 

in Chapter 6.  

 

1.3 Research contribution and major findings 

The three subsections below outline the contributions and findings of the three 

areas of research documented in this research: SRI, commodity futures, and their 

part in portfolio diversification. 

 

1.3.1 Contribution and findings from SRI study 

Current studies on SRI focus mainly on SRI’s return and risk, and most of them 

find no statistically significant return difference between SRI and the broad 

stock market (Bauer et al., 2007; Becchetti & Ciciretti, 2009; Hamilton et al., 

1993; Luther & Matatko, 1994; Sauer, 1997; Statman, 2000). Past literature also 

states that the SRI risk is significantly lower than that of the common stock 

market (Becchetti & Ciciretti, 2009). However, no study has compared the 

different investment strategies in the SRI market. Given the emerging trends in 

ESG/Ethical investing, this research fills in the gap by comparing the 

performance of passive, semi-active, and active investment strategies in the SRI 

market. The findings presented in this thesis offer fresh insights into the asset 

allocation decision for ESG-centric retail and institutional investments. 
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Secondly, very little literature has elaborated the SRI diversification power, and 

the results are mixed (Bello, 2005; Hickman et al., 1999; Rudd, 1981; Waddock et 

al., 2000). A more recent study concluded that SRI screening reduced the risk-

adjusted returns for the sector-specific screening criteria only: the transversal 

screening criteria neither led to poor diversification nor lowered the financial 

performances (Capelle-Blancard & Monjon, 2014). Furthermore, there is 

inconclusive evidence as to which portfolio strategy (the equally weighted or the 

mean-variance portfolio) performs better (DeMiguel, Garlappi, & Uppal, 2009). 

To compare these two different portfolio investment strategies, this study forms 

two individual portfolios and measures their performance using the 

transversally screened data from the Dow Jones Sustainably Index (DJSI).  

 

Thirdly, the methods used in the current SRI studies are not up to date. Engle 

and Sheppard (2001) introduced the DCC-GARCH to estimate the conditional 

correlation of 100 stocks in the S&P 500 and 30 stocks in the DJIA. The DCC-

GARCH has since become the standard methodology in modelling the conditional 

correlation in stock and bond markets (Engle, 2002; Lafuente & Ordonez, 2009; 

Li, 2009; McAleer, Chan, Hoti, & Lieberman, 2008). However, only a few SRI 

studies apply the DCC model. Chong et al. (2006) use the GJR-DCC model to 

compare the sinful fund and common stock fund performance. Based on the DCC 

results, they claim that the sinful fund (Vice fund) can provide high returns and 

low risks but few diversification benefits. Tularam, Roca, and Wong (2010), who 

apply the DCC-GARCH model to test the SRI diversification implication, test the 

correlation of the Australian SRI index with other countries’ SRI indices, but 

they do not test the portfolio performance based on the diversification 

implication. For the first time in the literature, the DCC-GARCH model is 

employed here within a mean-variance portfolio framework in the context of 

socially responsible investments.  

 

Fourthly, using a momentum strategy to generate superior risk-adjusted returns 

in stock markets internationally, for both individual and institutional investors, 
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has already been documented (Bange & Miller Jr, 2004; Burch & Swaminathan, 

2001; Grinblatt, Titman, & Wermers, 1995; Jegadeesh & Titman, 1993, 2001; 

Rouwenhorst, 1998, 1999; Siganos, 2010). Bauer, Koedijk, and Otten (2005; 

2006), who compare the SRI and traditional mutual fund performance from 

Germany, the UK, the US and Australian markets using the Carhart (1997) 4-

factor model, find no statistically significant difference between these two types 

of funds. No study in the SRI market has yet employed the momentum strategy 

by itself. For the first time in the literature, this research examines the 

performance of momentum strategies in the SRI market.  

 

This study presents three key findings. First, the results indicate that the SRI 

markets of all eleven G10 countries exhibit the autoregressive conditional 

heteroskedasticity (ARCH) effect 2 . Deviating considerably from the overall 

sample period correlation, the conditional correlation varies significantly over 

time. This means that using the constant sample correlation may not give 

investors the accurate information and hence place their investment into an 

adverse position. Second, the momentum strategy of Jegadeesh and Titman 

(1993) does not generate statistically significant profits in the SRI markets. 

However, this may be attributable to the limited size of the cross-section. Third, 

consistent with Fortin and Michelson (2002) and Luk (2014), the findings 

suggest that active management should be favoured during periods of market 

stress. 

 

1.3.2 Contribution and findings from Commodity Futures study 

Existing studies have explored the different investment strategies in the 

commodity futures market. To diversify the investment risks, investors have 

predominately taken a passive, long-only exposure in the commodity markets. 

(CFA Institute, 2016). However, active investment strategies, such as trend-

                                                           
2 The ARCH effect refers to the phenomenon that, in time series data high (low) volatility periods 

are followed by high (low) volatilities. 
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following (Fung & Hsieh, 2001), have also been examined in the commodities 

market. 

 

More recently, a small number of momentum studies have surfaced in the 

commodities literature (Miffre and Rallis, 2007; Shen et al., 2007). Miffre and 

Rallis (2007) find that the momentum strategies generate 9.38% average return 

a year, and that the momentum strategy in the commodity futures market is 

equivalent to buying backwardated contracts and selling contangoed contracts. 

Shen et al. (2007) demonstrate that momentum strategies over short and 

intermediate time horizons generate highly significant positive returns that are 

similar to those reported in the stock markets. However, the evidence is 

inconclusive whether passive or active strategies should be favoured in the 

commodity futures markets (Marshall et al., 2008; C.Wang & Yu, 2004). Thus, 

this research contributes to this debate and seeks to shed light on the choice of 

investment strategies for Australian commodity futures investors. 

 

Using a sample of the three most liquid commodities from the  energy, precious 

metals, industrial metals, grains, softs, and livestock sectors, Study 3 employs 

three portfolios: 1) an equally weighted portfolio as a proxy for passive investing; 

2) a momentum portfolio constructed as a proxy for active commodities investing; 

and 3) a mean-variance optimised portfolio using the correlation from the DCC-

GARCH as a proxy for semi-active investing. From this study come several 

findings of interest to the literate. First, the results of the DCC model suggest 

that all 18 commodity futures indices exhibit ARCH effects. The correlations 

within each sector are high, but between sectors the correlations are much lower. 

Second, based on the momentum strategy from Jegadeesh and Titman (1993), 

the 3_1 strategy3 is the most profitable one generating an average of 11.83% per 

annum. Thirdly, consistent with the findings in the SRI study, the findings in 

the commodities study suggest that active management should be favoured 

during stressful periods. This is consistent with the findings of Fortin and 

                                                           
3 The 3_1 strategy refers to the momentum strategy that has 3 months of ranking period and 1 

month of holding period.  
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Michelson (2002), and of Luk (2014), who concluded that the more active the 

approach applied is, the greater is the risk-adjusted return earned.   

 

1.3.3 Contribution and findings from the portfolio diversification study 

Existing literature has conflicting views on the best portfolio asset allocation 

strategy. The equally weighted portfolio strategy is to invest in different assets 

equally. Since price movements for investments are not exactly the same, the 

different movements within portfolios would eliminate the unsystematic risks of 

the assets: the more assets in one portfolio, the fewer unsystematic risks it would 

have. Evans and Archer (1968) show that the optimal number of assets within a 

portfolio is 10. Statman (1987) argues that it would need at least 30 to 40 stocks 

to form a well-diversified portfolio. G. Tang (2004) states that 20 stocks would 

diversify 95% unsystematic risks. Even though additional assets would further 

lower the portfolio’s unsystematic risks, this would happen at a slower pace. The 

mean-variance strategy not only looks at the number of assets in one portfolio 

but also looks at the assets together as a whole. According to Markowitz (1952, 

1959), there would be an efficient frontier for each portfolio combination. The 

frontier portfolios get the highest return for a given level of risk, and the lowest 

risk for a given level of return. Investors would invest in these efficient portfolios 

only according to their optimal level of returns or risks. However, there is 

inconclusive evidence as to which portfolio strategy, the equally weighted or the 

mean-variance portfolio, performs better (DeMiguel et al., 2009). In order to 

make sensible asset allocation decisions, this study forms both portfolio types 

and measures their performance.  

 

In this study, the top performing investment strategies for the SRI and 

commodity futures markets from the previous two chapters are included in a 

traditional portfolio of stocks and bonds in order to test their diversification 

power, both respectively and jointly. For both the equally weighted method and 

the mean-variance method, four portfolios have been formed. These are the 1) 

traditional stocks and bonds portfolio; 2) stocks and bonds, with the best SRI 
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investment strategy portfolio; 3) stocks and bonds, with the best commodity 

futures investment strategy portfolio; and 4) stocks and bonds portfolio with best 

performing SRI and commodity futures investment strategy.  

This study presents several key findings. First, the results show that adding the 

SRI component into an Australian stocks and bonds portfolio reduces the 

portfolio risk-adjusted return. Second, the results also suggest that the 

commodity futures momentum delivers more effective diversification than the 

SRI momentum does. Unless the investors are extremely risk-averse, this 

finding uncovered in the study recommends putting the commodity futures 

momentum in a portfolio as a diversifier since it gives better returns. Finally, 

consistent with Kroll et al. (1984), the mean-variance portfolio performance is 

better than the naïvely equally weighted portfolio investments. 

Figure 1-2: Structure of the Thesis 
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1.4 Thesis structure  

This thesis consists of 6 chapters; the content of the 6 chapters is briefly 

discussed below. Figure 1-2 exhibits the overall flow of the thesis.  

 

Chapter 1: Introduction 

This chapter sets out the aims and objectives of the research, then exhibits an 

overview of its contributions and major findings. Further, it illustrates the 

structure of the entire document.  

 

Chapter 2: Literature Review 

This chapter conducts an extensive review of the literature for all three studies 

in this research; in each study, a brief discussion of the relevant literature is also 

provided, in addition to the data and methodologies. This chapter firstly 

discusses the comparisons among passive, semi-active and active investment 

strategies. Secondly, it reviews the relevant SRI performance study, SRI 

portfolio diversification performances and SRI momentum. Thirdly, an overview 

of the performance of commodity futures investments, its portfolio diversification 

benefits, and commodities momentum is presented. Lastly, research gaps are 

identified following the summary of the relevant literature.  

 

Chapter 3: Methodology 

This chapter discusses the methodology employed for the three empirical studies. 

In the research, three investment strategies are chosen as proxies for the passive, 

semi-active, and active styles of investing. The equally weighted portfolio is the 

proxy for passive investments. The mean-variance portfolio based on DCC 

correlation is the proxy for the semi-active strategy, and the momentum strategy 

is applied as the proxy for the active investing. This chapter describes the 

portfolio construction methods for all strategies.  
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Chapter 4: Passive, Semi-active and Active Investment Strategies Comparison in 

Socially Responsible Investments  

The first study presents the rationale for studying the SRI markets and reviews 

the existing body of literature. It also discloses the data and methodologies used 

in this study. Further, it compares the results from the passive, semi-active and 

active investing through a 20-year sample period. The top performing strategy is 

then included in the traditional portfolio (in Chapter 6) to examine its 

diversification power.  

 

Chapter 5: Passive, Semi-active and Active Investment Strategies Comparison in 

Commodity Futures  

The second study begins by illustrates the reason and motivation to research the 

commodity futures market. Secondly, it describes sources of commodity futures 

data and methodologies employed. Thirdly, the performances are evaluated by 

comparing the passive, semi-active, and active investment approaches. The 

investment approach with the best result is then introduced into the traditional 

portfolio to test its diversification benefits. 

 

Chapter 6: Inclusion of SRI and Commodity Futures into Portfolio of Shares and 

Bonds 

The third study investigates the impact of SRI and commodity futures in a 

portfolio of stocks and bonds. Based on findings from the first and second study, 

the best performing investment strategy in each market has been included in 

this study. Four portfolios are constructed, using the equally weighted method 

and the mean-variance method. The four portfolios are 1) stocks and bonds 

portfolio; 2) stocks, bonds, and SRI portfolio; 3) stocks, bonds, and commodity 

futures portfolio; and 4) stocks, bonds, SRI, and commodity futures portfolio. 

This chapter aims to examine the diversification power of SRI and commodity 

futures, both individually and jointly.  
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Chapter 7: Conclusion 

This chapter summarises the findings and provides the conclusions of the thesis. 

Furthermore, the implications of the research findings are also discussed along 

with limitations of the study and directions for future research. 
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Chapter 2  

Literature Review  

2.1 Introduction 

To address the research questions proposed, a thorough review of the relevant 

literature is executed in this chapter. The overall objective of this research is to 

test the diversification power of SRI and commodity futures against a traditional 

portfolio. As both of the markets are different from the traditional stock market 

in a number of ways, it is essential to understand these alternatives first, before 

testing their diversification benefits in a traditional portfolio.  

 

The first study aims to determine the best investment strategy in the SRI 

market. The second study aims to find out the best investment strategy in the 

commodity futures markets. The investment strategies are equally weighted 

portfolio investing (passive), DCC-GARCH mean-variance portfolio investing 

(semi-active) and the momentum strategy (active). The best performing 

strategies from each of these two studies are then included in the third study, to 

test their diversification benefits. 

 

This chapter is divided into five main sections. Section 2.2 reviews the literature 

comparison of the passive, semi-active, and active investing performances. 

Sections 2.3 and 2.4 deliberate the performance, portfolio diversification benefits, 

and momentum return of SRI and commodity futures markets. Section 2.5 

summarises the whole chapter and points out the gaps in past research. Section 

2.6 outlines the research hypothesis. Figure 2-1 plots the outline of the chapter.  
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Figure 2-1: Chapter Structure 
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2.2 Investment Strategy 

The debate over which investment strategy is the best between active and 

passive investing is never ending. Samuelson (1974) finds that portfolio 

managers cannot outperform the S&P 500 index because of the active 

transaction fees. Ehrbar (1975) states the funds cannot outperform the market 

constantly, but the market can constantly outperform the funds. However the 

market anomalies – small stock effect, January effect, price-earnings ratio, and 

size effect – suggest the market is not entirely efficient (Fama, 1970). There will 

be an opportunity for the active investors to exploit these inefficiencies further. 

Fama (1991) specifically states there is less efficiency in the international 

markets due to information asymmetries, such as accounting rules, securities 

conversions, and political issues. Elton et al. (1995) show that past performance 

is predictive of future risk-adjusted performance. A mean-variance portfolio 

based on past data can generate positive risk-adjusted excess returns that are 

statistically significant. Recently, however, more researchers state that the best 

investment strategy would be to combine the active and passive strategies 

together. Fortin and Michelson (1999) suggest having index funds as the core of 

the portfolio and having small cap mutual funds to explore the inefficiencies in 

the market. Fortin and Michelson (2002) find that, even though on average the 

index funds outperform the actively managed funds, the actively managed small 

company funds and international stock funds outperform the index significantly. 

Further, the actively managed funds beat the index when the economy is going 

into or out of a recession. Kjetsaa (2004) also suggests that adding actively 

managed funds into an index funds portfolio would bring the best outcome. 

Overall, these studies suggest the actively managed investment component can 

further explore the market inefficiencies. The remainder of the section reviews 

the passive, semi-active and active methods applied in this research.  
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2.2.1 Equally Weighted and Mean-Variance Portfolio  

Investors face two different types of risks when they make investment decisions: 

systematic risk and unsystematic risk (Bodie et al., 2007). Systematic risk 

influences the general economy, whereas unsystematic risk, which can be 

diversified away, influences only certain firms.  

 

There are two ways to diversify the unsystematic risks while keeping the return: 

a naïve strategy and an efficient strategy (Bodie et al., 2007). The naïve strategy 

is to invest equally in different assets. Since price movements for the 

investments are not exactly the same, the diverse movement within portfolios 

would eliminate firm-specific risks: the more assets in one portfolio, the fewer 

unsystematic risks it would have. Evan & Archer (1968) show the optimal 

number of assets within a portfolio is 10. Statman (1987) argues it would take at 

least 30 to 40 stocks to form a well-diversified portfolio. G. Tang (2004) states 20 

stocks would diversify 95% of unsystematic risks. Even though additional assets 

would further lower the portfolio’s unsystematic risks, the marginal benefit 

becomes increasingly small.  

 

Efficient strategy not only looks at the number of assets in one portfolio but also 

looks at the assets together as a whole. It measures the portfolio risks as a 

combination of each asset’s volatility and the correlations among them. The 

lower the volatility of each asset and the lower the correlation among them, the 

lower the risk a portfolio would have. According to Markowitz (1952, 1959), there 

would be an efficient frontier for each portfolio combination. The efficient frontier 

is obtained by changing the investment weight in each asset and then combining 

all the efficient portfolios together. The frontier portfolios get the highest return 

for a given level of risk and the lowest risk for a given level of return. Investors 

would only invest in these efficient portfolios according to their optimal level of 

returns or risks. Kroll et al. (1984) suggest that the mean-variance strategy 

generates better performance than the naïvely equally weighted strategy.  



 20 

Correlation among assets varies from -1 to +1. The higher correlation indicates 

more similar assets movements. If low correlation assets were combined into one 

portfolio, price movements within the portfolio would be offset against each other; 

consequently, the portfolio would have a more stable performance over the 

investment horizon. As Statman (2000) argues, the investor should take the 

portfolio as a whole, considering the covariance among assets, rather than 

focusing on the individual assets return and risk.  

 

The mean-variance diversification starts by selecting the assets to be included in 

the portfolio, for instance, individual stocks, or different asset classes, such as 

stocks and bonds. Then, based on the assets returns, standard deviations, and 

correlations among assets, an efficient frontier is constructed as shown in Figure 

2-2. According to the investor’s expected return or acceptable risk level, the 

optimal portfolio for the investor can be chosen. The investment into each asset 

is estimated according to the investor’s total investment funds.  

 

Figure 2-2: Efficient Frontier 

 

Extracted from Retirement Management Systems web site 

 

DeMiguel et al. (2009) argue that the naïve equally weighted portfolio is 

outperforming several advanced mean-variance models over the long run. 

Therefore, this research compares the performance from both methods and 

compares the performance difference.  
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Investing merely in the domestic market cannot fully experience the 

diversification benefits since all domestic securities are influenced by the same 

socioeconomic and sociopolitical conditions (Solnik, Bruno & Roulet, 2000). 

Studies have also shown that international markets have different exposure. 

Therefore, diversification is more effective when invested internationally (Elton 

et al., 2003; Solnik, Bruno 1995).  

 

According to Reilly & Brown (2012), diversifying into different asset groups is 

also a good diversification strategy. As discussed in the literature review section, 

the SRI market has low volatility, and the commodity futures’ market has a low 

correlation with other traditional investment asset markets. Therefore the 

research examines whether these two markets could improve portfolio 

performance.  

 

With the temporal nature of correlations among assets, the efficient frontier is 

constantly changing. Therefore, to maintain the benefits of diversification, the 

correlations among assets need to be recalculated, and the efficient frontier has 

to be frequently reconstructed. The following section presents an overview of the 

changing correlation methodologies.  

 

2.2.2 DCC-GARCH 

With the development of information technology and sophisticated trading 

products, and the increased cooperation among countries, different asset 

markets tend to exhibit a closer relationship. Performing tests on only one asset 

market at a time is far from adequate for today’s situation. Schwert (1989b) 

studies the volatility relationships among stocks, bonds, inflation rates, money 

growth and industrial production growth from 1858 to 1987 and uses F-tests to 

determine the relationships among variables. He finds that there is a weak 

linkage between macroeconomic variables with stock and bond return volatility. 

K. Chan, et al. (1991) find a strong inter-market volatility relationship between 
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cash and futures’ markets. They use a bivariate GARCH model to analyse 

intraday return from the S&P 500 stock index and S&P 500 stock index futures 

for the period August 1984 to December 1989. They diagnose the inter-market 

relationship by testing the significance of corresponding coefficients. Fleming et 

al. (1998) find that there is a strong volatility linkage among stock, bond and 

money markets, which is due to the markets’ simultaneous response to common 

information and is also due to the cross-market hedging information spillover. 

They apply a GMM model to analyse daily returns from S&P 500 stock index 

futures, T-bond futures and T-bill futures from January 1983 to August 1995; 

and estimate the cross-market correlations from three bivariate systems, stocks 

and bonds, stocks and bills, and bonds and bills. These studies find that 

volatilities of different asset classes and markets are linked, and more advanced 

models are needed.  

 

Most of the early research on inter-market volatility is unconditional and time-

invariant. Recent studies tend to use multivariate GARCH models to capture the 

dynamic element from the data. The DCC-GARCH model is widely used in 

recent studies. Engle and Sheppard (2001) use this model to estimate the 

conditional correlation of 100 S&P 500 stocks and 30 DJIA stocks and their 

average. Their study period covers from 1 January 1994 to 31 December 1999. 

They state the real strength of the DCC-GARCH estimation process is its 

flexibility in modelling the dynamics of the volatility process.  Engle (2002) then 

applies the DCC-GARCH model to estimate the 10-year conditional correlation 

between the DJIA and NASDAQ, US bonds and DJIA, US bonds and NASDAQ, 

and correlations between different currencies. Therefore, following Engle (2002) 

and Engle and Sheppard (2001), this research applies the DCC-GARCH model to 

capture the dynamic relationship of the assets in SRI and commodity futures 

markets individually. The portfolio weights are then determined, based on the 

DCC-GARCH correlation.   
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2.2.3 Momentum  

The momentum effect was first documented by Jegadeesh and Titman (1993). 

Their relative strength investment strategy generates statistically and 

economically significant positive returns from the US stock market for the period 

1965 to 1989 by buying past winners from the last 3 to 12 months and selling 

past losers for the same period to construct the relative strength investment 

strategy. Even though this momentum strategy would generate short- to 

medium-term abnormal returns, these would disappear in the following two 

years. After their first momentum paper had been published in 1993, Jegadeesh 

and Titman (2001) used US data after the 1990s to check whether the 

momentum effect still existed. Results show that profit can still be made and the 

magnitude is the same as from their first momentum paper. Fama and French 

(1996) observe that their 3-factor model cannot explain the momentum effect. 

 

The momentum profits not only exist in the US stock market they have also been 

documented from stock markets all around the world. After analysing 12 

European countries’ stock market reports from 1980 to 1995, Rouwenhorst (1998) 

claims that momentum profits exist among all these countries. Furthermore, an 

intentionally diversified portfolio of past winners beat the past losers by 

approximately 1% per month. The results of Rouwenhorst (1998) also show a 

strong return correlation between European and US momentum portfolios, 

which indicates that the momentum profits are driven by a common factor. After 

analysing momentum strategy in developed markets, Rouwenhorst (1999) 

extends his study to evaluate momentum profits in emerging markets. His 

results from 20 emerging markets (1750 individual stocks), for the period from 

1982 to 1997, confirm the momentum existence among emerging stock markets.  

 

The momentum investment strategy is broadly used by institutional investors. 

Grinblatt et al. (1995) examine 155 US mutual funds for a decade, from 1974 to 

1984. They find 77% of the mutual funds’ managers buying past winners (not 

systematically selling past losers). On average, funds implementing momentum 
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strategy performed better than others. Further, institutions’ investors are also 

found adopting momentum when they make investment choices. Among the 

institutions, mutual funds and brokage firms are the most active momentum 

traders; banks and insurance companies are the least active ones (Burch & 

Swaminathan, 2001). The literature also documents some institutional 

momentum traders’ traits. Burch and Swaminathan (2001) show that 

institutional momentum is concentrated on both winners and losers that have 

high trading volume, low B/M4 winners and high B/M losers. The institutional 

traders respond more towards past price information, comparing it with earnings 

news. Bange and Miller Jr (2004) test whether investment houses around the 

world 5  follow the momentum strategy across asset classes and countries by 

studying their recommended international investment strategies. Throughout 

their sample period, April 1982 to October 1999, investment houses are found to 

follow momentum strategy in equity and cash markets but not in bond markets. 

Additionally, they change their investment strategies in response to relative 

return rankings among countries.  

 

Not only could the institutional investors benefit from momentum strategy; the 

individual traders who have limited investing resources also could (Siganos, 

2010). After taking into consideration of the commissions, stamp duty, selling-

short costs, and the bid-ask spread, the data from the UK stock market between 

January 1988 and December 2006 shows that individual investors could profit 

from a momentum strategy (Siganos, 2010). Consequently, this research applies 

momentum as the active investment strategy proxy.  

 

2.3 SRI 

Socially responsible investment (SRI) is generally expressed as an investment 

strategy that combines ethical, social and environmental goals with the common 

                                                           
4 B/M represents book to market value ratio. 
5 The holding countries for these investment houses are from North America (United States and 

others), Europe (France, Germany, UK and others) and the Far East (Japan and others). 



 25 

financial concerns (Cowton, 1994); Sparkes (2001). The basic idea of SRI is not 

hard to understand; however, in practice, there is little consistency regarding the 

measurement standards (Ali & Gold, 2002; Hamilton et al., 1993; Hancock, 2005; 

Statman, 2000). For example, if the weapon manufacturing company for the 

military is not ethical, is the food and clothes supply company for the military 

ethical (Sparkes, 2001)? In addition, the SRI usually takes into consideration the 

ecology, social, corporate and government criteria, which often include local 

community engagement and shareholders’ participation in the future corporation 

strategies (Renneboog et al., 2011). Hence, what is socially responsible varies 

between different people, based on their own perspectives. According to the 2012 

Trends Report, the top five types of environmental and social issue proposals in 

the US from 2010 to 2012 are political contributions, environmental issues (non-

climate), climate change, equal employment opportunity and sustainability 

reporting (Social Investment Forum, 2010). 

 

In the financial industry, three main screening processes identify whether an 

investment is socially responsible or not: positive screening, negative screening 

and the best-in-class approach. The positive screening investment process is to 

invest only in those companies that meet certain criteria, such as having a safe 

and fair working environment. The negative screening investment, on the other 

hand, is to avoid investing in companies that commit the negative criteria 

(Renneboog et al., 2008). However, these screening approaches have their 

limitations. Nowadays, aligning with the rapid growth of SRI, there is no one 

type of firm that is socially responsible (Social Investment Forum, 2010). So the 

pollution-intensive industry companies could be eliminated from investment 

even if they are ethically doing their business. Therefore the best-in-class 

approach has been used more frequently nowadays to assess businesses (Bauer 

et al., 2007). As the name suggests, the best-in-class approach is to find out the 

best performers from different industries (Renneboog et al., 2008): investors can 

then make their decisions about investing in those best performers.  
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An awareness of corporate social responsibility has risen tremendously since the 

last century, and people all around the world tend to merge this thinking into 

their investment strategies (Boatright, 2010; Renneboog et al., 2008). The SRI is 

not only attractive to the socially concerned investor, but the ordinary investor is 

also becoming more attracted to this new form of investment opportunity 

(Schlegelmilch, 1997). It accounts for more than one out of every six dollars 

under professional management in the US. The total US-domiciled assets under 

management using SRI strategies increased by 76% from $3.14 trillion (2012) to 

$6.57 trillion (2014) (USSIF, 2014). SRI investment has increased approximately 

tenfold since 1995. The net assets under fund management incorporating ESG 

(environmental, social, and governmental) factors has soared from $202 billion to 

$4,306 billion from 2007 to 2014. The increasing popularity of SRI has attracted 

major investment management organisations, such as Capital Group and 

Wellington Asset Management, to apply the ESG factors in their portfolios 

(USSIF, 2014). According to RIAA (2015), in the Australian market, responsible 

investment assets ($597.9 billion) account for 50% of Australia’s total assets 

under management. 

 

Interestingly, the history of the very first ethical fund can be traced back to 1928 

in the US. This special investment fund at that time excluded investments in 

alcohol and tobacco industries, due to the temperance movement. Later, during 

the 1960s and 1970s, ethical funds were established to avoid investment in 

ordnance factories that supplied the US in the Vietnam War and against the 

South African apartheid policy (Renneboog et al., 2008).  

 

Extensive research has been carried out on the return performance of SRI. The 

related literature is reviewed in detail in the following section. 
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2.3.1 SRI Performance  

The sharp increase in SRI has caught the attention of academia: many studies of 

this relatively new investment opportunity have been carried out. These studies 

examined the performances of SRIs by employing different methodologies on 

various sets of markets and countries for different sample periods. As a result, 

there is no consistency among the studies on whether SRIs perform better than 

non-SRIs. The following reviews the literature in detail. 

 

Tippet (2001), one of the earliest researchers on the SRI, found that SRI 

investors could suffer a financial disadvantage. He studied three major 

Australian ethical funds (Tower Life Ethical, the Australian Ethical Investment 

Trust and the Tyndall Ethical Balanced Investment Trust) and observed 84 

monthly returns from 30 June 1991 to 30 June 1998. Comparison of the results 

between these three SRI funds and the market index (All Ordinaries 

Accumulation Index), in both the annual returns and the holding-period returns, 

showed that SRI funds performed worse than the general market. Furthermore, 

Tippet (2001) formed a portfolio consisting of the three ethical funds according to 

their size and calculated the returns from the CAPM, Treynor indexes and 

Jensen’s alphas. All of the results confirmed that the return on SRIs was lower 

than for that on conventional investment. In addition, Tippet (2001), who pointed 

out that the size of Australian SRI funds was relatively small, and as a result, 

the expense ratios for these funds would be high,  also discovered the fact that 

the purest fund (having the greatest selection criteria) performed the worst 

among the three funds.  

Another Australian SRI study also found that the exclusion of sinful industries 

could mean a financial sacrifice (Ali & Gold, 2002). Ali and Gold analysed the 

Australian “sinful” industry proxies, the ASX Alcohol and Tobacco (ALTO) Index 

and the ASX Tourism and Leisure (TOUR) Index. Despite the name of TOUR, it 

included Australia’s largest casinos, wagering organisations and gaming 

machine manufacturers, and only 13% of TOUR’s capitalisation value was 

related to hotel management and entertainment. After applying the data from 
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December 1994 to December 2001, the study found that the ALTO outperformed 

the broad market by 9.8% per annum with a low, 51%, market sensitivity. 

During the same period, TOUR underperformed on the broad market by 3% per 

annum with a very strong correlation (95%). Thus, altogether, the sinful 

industries studied in their research performed better than the broad market, and 

the result was confirmed with the risk-adjusted models (Sharpe ratios and 

reward ratios).  

 

Chong et al. (2006) stated that the sinful funds could generate higher returns. 

They compared the risks and returns of an ethical fund (Domini Social Equity 

Fund), an unethical fund (Vice fund) and a benchmark (S&P 500) for the period 

from 16 September 2002 to 16 September 2005. The methods used in their study 

consist of both traditional (Jensen’s alpha, Sharpe ratio) and conditional (ARCH) 

methods. The Sharpe ratio of the Vice fund was twice that of the Domini Social 

Equity Fund, and the Jensen’s alpha was positive for the former while it was 

negative for the latter. As a result, their study concludes there is quite a strong 

indication that the SRI fund underperforms the unethical fund. 

 

Socially responsible companies tend to provide more information and have fewer 

scandals, which makes their stock performance more stable. Also, stock investors 

prefer to put their money into stocks which they know more about (Merton, 

2012), which makes SRI attractive for their investment. This advantage of SRI, 

together with some investors’ preference for SRI (Heinkel et al., 2001), results in 

an over-demand. The excess demand for SRI might be a reason for its overpricing 

(Galema et al., 2008). Furthermore, given that the SRI is a relatively new 

concept, there might be a learning process for SRI managers to fully understand 

the market and make a profit out of it (Bauer et al., 2005; 2006). Due to the 

catch-up phase phenomenon, further studies need to be done using updated data 

sets.  
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Despite such proven underperformance of SRI, there is plenty of literature 

stating that there is no difference in performance between SRI and conventional 

funds. Hamilton et al. (1993) stated that the socially responsible mutual funds 

are not statistically significantly different from the conventional mutual funds. 

They used monthly data from January 1981 to December 1990 and calculated 

Jensen’s alpha for 32 SRI funds, assigning NYSE as the benchmark. Most of the 

alphas were not statistically significant. In addition, they compared the returns 

from SRI funds and conventional funds and found the returns were higher for 

the conventional funds; however, the difference was not statistically significant. 

The study concluded that the SRIs performed no worse than the conventional 

stock investments. 

 

Later, Statman (2000) extended the study by Hamilton et al. (1993) by including 

the SRI index, Domini Social Index (DSI). The basic statistics calculated for the 

period May 1990 to September 1998 showed that the DSI had higher returns, yet 

had higher risk, compared to the large cap stocks index (S&P 500) and an index 

for all stocks (CRSP 1-10). Then he computed Jensen’s alphas for 31 socially 

responsible funds by assigning S&P 500 and CRSP 1-10 as benchmarks 

respectively. For both of these benchmarks, only three of the alphas were 

significantly different from zero. The study also compared the performance of 

socially responsible mutual funds with conventional funds of equal size. The 

mean performances were higher for socially responsible funds, but the difference 

was not significant. Thus the results further confirmed there was no 

performance difference from Hamilton et al. (1993). 

 

Luther, et al. (1992) found that the over- or under-performance is sensitive to the 

benchmark and data period used. They studied 15 UK ethical unit trusts for the 

period 1984 to 1990. The mean monthly returns showed different results for 

different time periods. Luther et al. (1992) calculated Jensen’s alphas for each of 

the trusts by assigning the FT All-share Index (UK domain market) and Morgan 

Stanley Capital World Index (world index) as benchmarks. Jensen’s alphas from 
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these trusts were not showing any pattern; the results are also sensitive to the 

period. After that, the study tried to find out particular characteristics that may 

have been shared by the ethical funds, other than being ethical. Results showed 

that the capital market capitalisations of socially responsible companies are 

smaller compared to the general UK stock as a whole. Furthermore, the 

composition of international diversification is extremely different between 

ethical funds.  

 

To properly evaluate the SRI fund performance, Luther and Matatko (1994) tried 

to find a suitable benchmark using the data from nine UK ethical unit trusts for 

the period March 1985 to March 1992. Firstly, the Jensen’s alphas were 

calculated for each of the ethical funds by assigning the FT All-share Index as a 

benchmark. Eight of nine alphas were negative, and none of them was 

statistically significant. By assigning the Hoare Govett Smaller Companies 

indexes, a small-company index, all nine Jensen’s alphas were positive. However, 

only one of them was statistically significant. With both a general index and a 

small-company index as the benchmarks, two out of nine alphas were negative, 

and only one positive alpha was statistically significant. Additionally, instead of 

using the varying data above, similar results were found in the fixed 32-months’ 

period. They have also found that even though there was a high correlation 

between the two indices, the regression estimate using both of the two indices 

gives the highest 𝑹-squares and �̅�-squares. Therefore, it is necessary to have 

both indices in the return estimating process. This discovery brought attention to 

the small company effect in the SRI market.  

 

Sauer (1997) also found an insignificant difference between the SRI and the 

conventional fund performance. In order to identify the performance within 

different forms of risk dimensions, he compared the average monthly raw 

returns, Jensen’s alpha (market risk) and the Sharpe performance index (total 

risk) between the Domini 400 Social Index, the S&P 500 Index and the CRSP 

Value Weighted Market Index by using their monthly returns from 1 January 
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1986 to 31 December 1994. The results showed that the ethical restraint did not 

deplete the performance. Further, taking additional screening and monitoring 

costs into consideration, Sauer did the same tests above for the Domini Social 

Equity Mutual Fund, Vanguard Index 500 Mutual Fund (same characteristics as 

S&P 500) and Vanguard Extended Market Mutual Fund (same characteristics as 

CSRP Marker Index). The results for the funds are the same as the results for 

the indices themselves.  

 

A more extensive study done by Bauer et al. (2005) found the same result as 

Sauer (1997). Their data was extracted from two developed SRI markets (the 

United States and the United Kingdom) and a relatively new yet fast rising 

German SRI market. The monthly return used from January 1990 to March 

2001 represented a quite long observation. To eliminate the factors that were not 

ethically related, they paired each ethical fund with three conventional funds 

that shared the same fund age and size. The results from the average returns 

indicated that only the new SRI market – the German market – was beaten by 

the conventional funds. The other two well-developed SRI markets did not show 

any performance difference compared to the conventional ones. The same result 

was found by using the Carhart 4-factor model. After controlling for market risk, 

size, book-to-market ratio and momentum, they found no statistical difference 

between the ethical and conventional funds’ performance for all three countries. 

The result remained the same even after taking the management fees into 

consideration. However, the fund performance was worse than their ethical 

indices. Their study also detected some different SRI investment styles between 

these countries. The UK and Germany had more small caps’ companies in their 

SRI funds while the US had more large caps in theirs. In addition, ethical 

mutual funds tended to be more attracted to growth-oriented companies, rather 

than to the value-oriented companies. After dividing the investment period into 

three sub-periods and putting the monthly return data into the Carhart 4-factor 

model, the results showed that the ethical funds performed better in the periods 

1990–1993, 1994–1997 and 1998–2001.  
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Not only have the three countries listed above had an insignificant performance 

difference, but Australia was also in the same situation. Bauer et al. (2006) 

applied the monthly returns data from November 1992 to April 2003, and the 

basic statistics showed that although the Australian ethical funds tended to be 

smaller in size and younger than the conventional funds, their returns were not 

significantly different. The results were consistent with the results from a 

matched pair analysis using the Carhart 4-factor asset-pricing model. They then 

investigated the home bias by adding a local benchmark (AU Worldscope equity 

benchmark) to the Carhart 4-factor model. Not surprisingly, the international 

ethical funds have a strong and significant home bias. Furthermore, Bauer et al. 

also split the whole study period into three equal sub-periods. As already shown 

in this study, there is a catch-up phase for Australian ethical funds, which is 

probably a result of the learning process. Throughout the study period, the 

investment style did become more similar to the conventional style. 

 

A year later, Bauer et al. (2007) extended the test into the Canadian SRI market, 

with a data period from January 1994 to January 2003. For the purpose of 

performance comparison, Bauer et al. (2007) formed three portfolios, an equally 

weighted portfolio consisting of all ethical mutual funds in the sample, an 

equally weighted portfolio of the conventional funds, and the Canadian S&P TSX 

market index portfolio. According to the summary statistics, the ethical fund 

portfolio performed worse than the conventional portfolio, and both of these 

underperformed the benchmark portfolio. From a return-to-risk perspective, the 

Sharpe ratio suggested that the conventional portfolio out-performed the ethical 

one. Additionally, their study performed a factor analysis on the data, with a 

different portfolio formed in order to capture the performance differences. All the 

results, from the Jensen alpha, the Carhart 4-factor model, and the 5-factor 

model (the Carhart 4-factor model, plus one more factor that captures the excess 

return on the S&P 500 index), show that the performance difference was 
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statistically insignificant. In addition, they found that the investment style was 

not significantly different between ethical funds and the conventional funds.  

 

Becchetti and Ciciretti (2009) also confirmed that there was no significant 

difference regarding the performance of the SRI and conventional stocks, by 

applying the unconditional and conditional methods. In their study, they chose 

the Domini Social Index 400 as the benchmark, and the daily compounded 

returns were calculated from January 2003 to December 2003. According to the 

descriptive statistics, there was no statistically significant difference between the 

returns; nonetheless, the volatility was significantly lower for the SRI. After the 

rejection of the non-conditional heteroskedasticity in the LM test, the GARCH (1, 

1) and the asymmetric power ARCH were applied to the data; both of the models 

confirmed there was no statistically significant difference in the returns of the 

SRI, compared to conventional funds.  

 

Although two studies concluded that the sinful stocks are more profitable, all the 

other studies reviewed found that the SRI has no significant performance 

difference from the common stock market. Because SRI companies reveal more 

information to the market, SRI investors remain more loyal than general stock 

market investors. Consequently, SRI is less affected by adverse company reports 

and performs in a more stable way, compared with the common stocks. Therefore 

the SRI component can make the investors’ portfolios be more stable throughout 

the investment horizon. A summary of the literature and their findings is listed 

in the table below.  

 

Table 2-1: Summary of SRI Performance Literature 

Authors (Year) Findings  Data periods Market/ Index used 

Ali and Gold (2002) ASX Alcohol and Tobacco Index 

outperformed the broad market with a 

higher return and lower risk; 

ASX Tourism and Leisure Index 

underperformed in the broad market; 

Australian sinful industry performed 

better than the broad market. 

December 1994 – 

December 2001 

ASX Alcohol and 

Tobacco Index; ASX 

Tourism and Leisure 

Index; 

ASX All Ordinaries 

Index. 



 34 

Table 2-1: Summary of SRI Performance Literature (continued) 

Authors (Year) Findings  Data periods Market/ Index used 

Bauer et al. (2005) Paired comparison between SRI funds 

and conventional funds showed only in 

the immature SRI market (German 

market) SRI funds underperformed the 

conventional ones; 

Same results were found by Carhart 4-

factor model; 

The UK and German SRI funds had 

more small market capitalisation 

companies, while US funds had more 

large-caps companies; 

SRI funds were prone to growth-

oriented companies; 

SRI funds performances were 

improving through the three sub-

periods under examination.  

January 1990 – 

March 2001 

103 mutual funds 

from Germany 

(Ecoreporter), UK 

(EIRIS) and the US 

(Morningstar). 

Bauer et al. (2006) Difference between average monthly 

returns was not statistically different 

for Australian SRI and conventional 

funds; 

Carhart 4-factor model showed the 

same results; 

Australian SRI funds were smaller and 

younger than the conventional funds. 

Australian ethical funds had a strong 

and significant home bias; 

There was a catching-up phase for 

Australian ethical funds, and the 

investment style became similar to the 

conventional funds. 

November 1992 

– April 2003 

25 Australian ethical 

funds; 

AU World scope 

equity benchmark. 

Bauer et al. (2007) Portfolio consisting of ethical funds 

performed worse than the one 

consisting of conventional funds, and 

both of them underperformed the 

benchmark portfolio; 

Results from the Jensen’s alpha, 

Carhart 4-factor model and 5-factor 

model all confirmed the performance 

was insignificant; 

Canadian ethical funds investment 

style did not deviate too much from the 

conventional funds.  

January 1994 – 

January 2003 

The Jantzi Social 

Index; 

All Canadian stocks 

in the Worldscope 

database; 

S&P/TSX Composite 

Index; 

S&P 500 Index. 

Becchetti and 

Ciciretti (2009) 

Return difference between SRI and 

conventional stocks was not significant; 

SRI had a significantly lower volatility 

compared to conventional stocks; 

Same results were found by using 

GARCH (1,1). 

January 1990 – 

December 2003 

Domini Social Index 

400 

 

Chong et al. (2006) 

Sinful fund had higher Sharpe ratio 

and Jensen’s alpha than the SRI fund 

16 September 

2002 – 16 

September 2005 

Domini Social Equity 

Fund;  

Vice Fund;  

S&P 500 Index. 

Hamilton et al. 

(1993) 

Jensen’s alphas were not statistically 

significant by assigning NYSE as 

benchmark; 

There is no statistically significant 

difference between returns of socially 

responsible funds and conventional 

funds.  

January 1981 – 

December 1990 

NYSE;  

32 socially 

responsible mutual 

funds. 
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Table 2-1: Summary of SRI Performance Literature (continued) 

Luther and Matatko 

(1994) 

8 out of 9 alphas were negative using 

FTA as benchmark, and none of them 

was statistically significant; 

Alphas were all positive by making 

HGSC as benchmark, but only one was 

significant; 

2 out of 9 alphas were negative, and 

only one (0.64) of them was significant 

by assigning both of these two indices 

as benchmarks; 

R square was higher for assigning both 

of the indices as benchmarks. 

March 1985 – 

March 1992 

9 UK ethical unit 

trusts; 

FT All-share Index; 

Hoare Govett Smaller 

Companies Index. 

Luther et al. (1992) Results were sensitive to time periods 

and benchmarks used; 

The UK socially responsible 

investments had smaller market 

capitalisation compared to the UK 

market as a whole.  

1984 – 1990 15 UK ethical unit 

trusts; 

FT All-Share Index; 

Morgan Stanley 

Capital International 

Perspective World 

Index. 

 Sauer (1997) There was no significant difference on 

average monthly raw returns, Jensen’s 

alphas and Sharpe ratio between 

Domini 400 Social Index, S&P 500 

Index and CRSP Value Weighted 

Index.  

Same outcomes found in corresponding 

index funds.  

1 January 1986 – 

31 December 

1994 

Domini 400 Social 

Index; 

S&P 500 Index; 

CRSP Value 

Weighted Market 

Index; 

Domini Social Equity 

Mutual Fund; 

Vanguard Index 500 

Mutual Fund; 

Vanguard Extended 

Market Mutual Fund. 

Statman (2000) SRI index achieved a higher return 

with a higher risk; Jensen’s alphas 

were not statistically significant by 

assigning S&P 500 and CRSP 1-10 as 

benchmarks; Difference between 

socially responsible funds and 

conventional funds was not statistically 

significant. 

May 1990 – 

September 1998 

Domini Social Index;  

S&P 500;  

CRSP 1-10;  

31 SRI mutual funds 

Tippet (2001) Australian SRI funds had lower annual 

returns and holding period returns 

than the general stock market; 

Results from CAPM, Treynor indexes 

and Jensen’s alphas all indicated the 

portfolio consisting of 3 Australian SRI 

funds performed worse than 

conventional investments; 

Size of Australian SRI funds was 

relatively small; 

The more selection criteria a fund had, 

the worse it performed. 

30 June 1991 – 

30 June 1998 

Tower Life Ethical; 

The Australian 

Ethical Investment 

Trust; 

The Tyndall Ethical 

Balanced Investment 

Trust;  

All Ordinaries 

Accumulation Index. 

 

 

 

2.3.2 SRI in a Portfolio Context 

From this literature review, it is obvious that there is barely any statistically 

significant performance difference between SRI and the common stock market. 

This part of the research will now review the SRI diversification power. Even 
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though there are studies stating SRI screening would downgrade the portfolio 

performance, there are more researchers stating there is no difference between 

SRI portfolios and conventional ones. Rudd (1981) states the SRI screening is the 

same as other exclusionary and targeting criteria: the more constraints, the 

worse the portfolio performance would be.  

 

Hickman et al. (1999) study the portfolio performance of six ethical funds from 

the Morningstar Mutual Funds data base, for the period from December 1991 to 

November 1995. They state S&P 500 is suboptimal compared to an ethical funds’ 

portfolio efficient frontier. They formed a testing group with randomly selected 

200 equity funds from Morningstar, and compared the average turnover and 

correlations with S&P 500 with these two groups. Their results show there is no 

statistically significant difference between these two groups; however, the ethical 

fund's group had a lower turnover and a lower correlation with the general stock 

market.  

 

Bello (2005) analyses the performance of 42 socially responsible funds from the 

Morningstar database, and then he matches each of the 42 SRI funds with two 

random conventional funds with similar net assets. Analysis of the data from 

January 1994 to March 2001 found no statistical difference between socially 

responsible mutual funds and conventional funds, in terms of portfolio beta, 

degree of portfolio diversification, or risk-adjusted investment performance.  

 

Tularam, Roca, and Wong (2010) apply the DCC-GARCH model to test the 

dynamic conditional correlations of the SRI markets. Their analysis of the 

integration among Australia, Canada, Japan, UK and US for the period from 

January 1994 to May 2010 using DJSI daily data finds that all SRI markets are 

significantly inter-linked and the integration is increasing over the study period. 

However, the level of integration is relatively low, and it is still beneficial to 

invest in SRI internationally.  
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After studying 116 French SRI funds’ performance from 2004 to 2007, Capelle-

Blancard and Monjon (2014) suggest only the sector-specific higher SRI 

screening reduces the risk-adjusted returns; transversal screening criteria 

neither leads to poor diversification nor lowers the financial performances.  

 

The literature reviewed so far discusses only the SRI feature by itself. SRI has 

not been mixed with other assets to test its diversification power.  

 

Table 2-2: Summary of SRI Diversification Studies 

Authors (Year) Findings  Data periods Market/Index used 

Rudd (1981) SRI screen would lower the 

portfolio performance; 

Reviews studies 

1974 – 1980  

S&P 5006 

Hickman et al. 

(1999) 

Ethical funds have diversification 

benefit7 to the general stock 

investment;  

December 1991–

November 1995  

S&P 500; 

Morningstar Mutual 

Funds.  

Bello (2005) There is no statistical difference 

between SRI funds and 

conventional funds in regards to 

portfolio beta, degree of 

diversification, and risk-adjusted 

return.  

January 1994 - 

March 2001 

S&P 500; 

Domini 400; 

Morningstar Mutual 

Funds; 

Tularam, Roca, & 

Wong (2010) 

The integration between 

international SRI indices are 

significant but relatively low; 

There are diversification benefits 

investing in SRI internationally.  

January 1994 – 

May 2010 

DJSI Australia, 

Canada, Japan, UK 

and US 

Capelle ‐ Blancard 

& Monjon (2014) 

Transversal screening does not 

lead to poor diversification nor 

lowers the financial performance. 

January 2004 -

December 2007 

116 French SRI 

mutual funds 

 

2.3.3 Momentum in SRI 

This section examines the application of the momentum strategy in the SRI 

market. Momentum strategy has been documented as being able to generate 

abnormal returns in stock markets internationally for both individual and 

                                                           
6 Rudd (1981) mentions two studies. Both of the studies take S&P 500 as the study target, and 

their selection criteria excludes companies doing business with South Africa. Results show the 

SRI screening criteria would make the portfolios suffer higher risk. 
7 A diversification benefit refers to the risk and return trade-off for a portfolio. After including 

the ethical funds in the general stock investment, the portfolio could have the same amount of 

return as the general stock investment for a lower risk, or have the same amount of risk with the 

general stock investment but have a higher return, thereby improving the risk-adjusted return of 

the portfolio. 
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institutional investors (Bange & Miller Jr, 2004; Burch & Swaminathan, 2001; 

Grinblatt, Titman, & Wermers, 1995; Jegadeesh & Titman, 1993, 2001; 

Rouwenhorst, 1998, 1999; Siganos, 2010). However, not many research projects 

had employed a momentum strategy in the SRI market, a special stock market 

subset. Bauer, Koedijk, and Otten (2005; 2006) compare the SRI and common 

stock fund performances from German, UK, US and Australian markets using 

Carhart 4-factor model, which includes a momentum parameter. They find no 

statistically significant difference between these two types of funds. Until now, 

no one has used momentum strategy itself to explore the SRI market. This 

research takes up this challenge by employing the momentum strategy in a 

sample of SRI markets.  

 

2.4 Commodity Futures 

Commodity futures investments have been increasingly important, due to their 

portfolio diversification benefits and their inflation hedging effects. Their 

diversification benefits come from the low correlations between commodities and 

traditional asset classes, since the factors affecting the markets are quite 

different (Ankrim & Hensel, 1993; Anson, 1999; Bodie, 1983; Georgiev, 2001; 

Gorton & Rouwenhorst, 2006; Irwin & Landa, 1987; Jensen et al., 2000, 2002; 

Kaplan & Lummer, 1998; Nijman & Swinkels, 2011; Satyanarayan & Varangis, 

1996; You & Daigler, 2010). Furthermore, commodity futures are good inflation 

hedging assets, as they perform better than stocks and bonds in such periods and 

are easier to trade and value than are real estate and other commodities 

(Ankrim & Hensel, 1993; Bodie, 1983; Froot, 1995; Kaplan & Lummer, 1998). 

Since the stock bond diversification benefit is diminishing (Rankin & Idil, 2014), 

investors have begun to put their money in the commodity futures market. 

Additionally, the surge in commodity prices in the late 1990s and the first two 

decades of the 2000s has also attracted investors’ attention. Between 2000 and 
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the 2008 financial crisis, agriculture, energy and metals gained 62%, 154% and 

107% respectively.8 

 

Nevertheless, the commodity boom has stopped in the past five years (Schwartz 

& Creswell, 2015). Due to the Chinese economic slowdown, the metallurgical coal 

price fell from US$330 to US$150 per tonne from 2011 to 2013 (Economist, 2015; 

Hagemann, 2016). The recent commodity downturn motivates investors to search 

for a way to lower the investment risk and keep the return.  

 

2.4.1 Commodity Futures Performance and Portfolio Diversification Benefits 

Since most of the commodity futures literature uses the already diversified GSCI 

data and investigates the commodity futures performance and their 

diversification power together, in this section both topics are reviewed jointly. 

The following studies confirm commodity diversification power under different 

circumstances. Commodity prices would increase during inflationary periods, 

and their corresponding futures’ prices would increase accordingly. However, 

stocks and bonds, and even commodity-linked stocks, would lose their value in 

an inflationary environment.  

 

Greer (1978) constructs his own commodity index to test whether commodity 

futures could give investors any benefit. Each commodity future’s weight 

depends on its importance in international trade and also on its influence in the 

Consumer Price Index. He states that the commodity index has higher returns 

and lower risk than the stock index (S&P 500). Furthermore, the stock and 

commodity portfolio performs better than the stock index itself after accounting 

for the transaction costs and margin cost. He also notices there is no proper 

proportion in such a portfolio: it should change with the inflation rate.  

 

                                                           
8 Based on World Bank data.  
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Bodie (1983) states commodity futures could be a good hedge against inflation. 

His data period covers from 1953 to 1981; his results show that commodity 

futures perform better during the period of unanticipated inflation, compared to 

T-bills (30-day), T-bonds (US 20-year) and stocks (S&P 500), whereas commodity 

futures would lose money during a period of unanticipated deceleration. In 1981, 

commodity futures lost 33% due to the unanticipated deceleration. Correlations 

among asset classes show that bills, bonds and stocks are positively correlated 

with each other and negatively correlated with inflation, while commodity 

futures are negatively correlated with the other asset classes and positively 

correlated with inflation: this makes commodity futures a good portfolio 

component. The efficient frontier confirms this: the portfolio with commodity 

futures has a higher frontier than the one without commodity futures for the 

entire period of this research.  

 

Irwin and Landa (1987) try to test whether real estate, futures and gold could 

improve the performance of a portfolio consisting of bills, bonds and stocks.  

Their study covers the period from 1975 to 1985; they use 30-day US T-bills as a 

proxy for bills, 20-year US T-bond as a proxy for bonds, and S&P 500 for stocks. 

For the real estate market, they use the real returns on a composite return from 

unleveraged US residential, farm, and business real estate. For the futures 

market, they use two proxies: one is a buy-and-hold composite commodity 

futures index, the geometric average of 27 non-financial futures from Commodity 

Research Bureau, and another is an index of public commodities futures’ funds. 

They then construct two portfolios, one consisting only of bills, bonds, and stocks, 

while the other has real estate, buy-and-hold futures, futures’ funds, and gold. 

The efficient frontiers of these two portfolios show that the second portfolio 

performs better and that real estate is held only in the lower risk level portfolios. 

With the increase of efficient portfolio risk, portfolio weight on buy-and-hold 

futures is less and less, while weight on the futures’ fund is increased 

substantially. However, gold is not held in any efficient portfolios.  

 



 41 

Ankrim and Hensel (1993) attempt to examine whether it is possible to use 

commodity futures to replace the real estate investment in the pension portfolio. 

Since real assets could provide protection against the negative effects of inflation 

surprises, real estate as one type of real asset adds a significant portion into the 

portfolios. However, real estate investment is not exchange traded, which makes 

it illiquid and hard to value. These researchers direct their attention to another 

type of real asset, commodity futures. They use Goldman Sachs Commodity 

Index (GSCI) and Investible Commodity Index (ICI) to represent the commodity 

future markets. These two indices have different ways to calculate weights. 

GSCI assigns weights according to their physical production; however, ICI puts 

equal weights into 15 commodities. They take S&P 500 as a proxy for the stock 

market, and Ibbotson Intermediate Government Bond Series for bond 

investment. The return and the risk-adjusted return both show that commodity 

futures did not perform better than the other two markets during the 

disinflation 1980s, and most of the outperformance of commodity futures were in 

the inflationary 1970s. Furthermore, commodity futures have higher standard 

deviation than stocks and bonds. The correlations between these two commodity 

futures indices are high while correlations of commodity futures with stocks and 

bonds are relatively low. They then form portfolios, including and excluding 

commodity futures. According to the mean-variance optimisation results, the 

inclusion of commodity futures reduces return volatilities and increases returns. 

The inclusion is at the expense of bond investments. Reverse optimisation 

results further confirm the benefit of including commodity futures.  

 

Froot (1995) tests whether real assets themselves and securitised real assets 

would provide any hedge against inflation and diversification benefits in a 

portfolio. He analyses data from inflation (US CPI percentage change), GSCI, the 

Commodities Research Bureau Spot Index, gold price changes, Brent Crude oil 

price changes, S&P sector-specific stock return indices for oil, aluminium, steel, 

miscellaneous metals, and foods, S&P subindex of REIT stock returns, quarterly 

appraisal-based return index from Evaluation Associates, and house price 
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surveys from US Bureau of Labor Statistics. For the 1970 to 1993 study period, 

he finds gold, CRB index, commodity-linked company stocks, and real estate 

indices cannot substantially reduce the portfolio variance. Among all these 

investments related to real assets, the energy components, such as oil and GSCI, 

provide the best hedging potential.  

 

Satyanarayan and Varangis (1996) test the commodity futures’ diversification 

power for a portfolio consisting of both developed and emerging country stock 

investments. They use data from S&P 500, GSCI, and MSCI for developed 

markets and the Emerging Market Data Base (EMDB) for emerging markets. 

The stand-alone annual return of GSCI is higher than that of S&P 500, and the 

roll yield for the commodity return is positive for their study period. According to 

their monthly return study results, the commodity futures market has a 

relatively low risk per unit of return. GSCI stands out from the correlation table: 

it has negative correlations with all developed markets, and a half (three out of 

six) of the emerging markets negatively correlate with GSCI. The rest of the 

emerging markets correlate significantly with GSCI. After adding commodity 

futures into the global stock portfolio, the monthly standard deviations were 

reduced by up to 3.67%. The efficient frontiers also confirm that the portfolio 

with GSCI is more efficient than the one without GSCI.  

 

Kaplan and Lummer (1998) analyse the GSCI inflation hedging power and its 

correlations with other major investment classes. The asset classes studied 

include GSCI, Europe, Australia, and the Far East Index (EAFE), S&P 500, 

Treasury bond, Treasury bills and inflation; the study period covers the period 

from 31 December 1969 to 28 February 1997. Among these investment assets, 

GSCI gets the highest compound annual returns, followed by EAFE and S&P 

500. All these investment classes perform better than the inflation rate. However, 

the higher the return an investment has, the higher is the associated risk. 

Annual correlations of GSCI with other assets are negative except with inflation. 

Nevertheless, for the period March 1992 to February 1997, all the signs of the 
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monthly correlations are opposite to the long-term annual correlations. The 

researchers claim this to be due to the price change, which will reflect in the 

GSCI sooner than in the consumer prices and which, in the long run, they will tie 

together. So over the long run, commodity futures’ investment is a good inflation 

hedge. The portfolio with GSCI achieves a higher return and a lower risk, 

compared to the one without GSCI. During the inflationary sub-period, GSCI 

performs best, and the bond market performs worst, far below the inflation rate. 

For the deflationary sub-period, stocks perform the best, and CSCI performs 

better than treasury bills and inflation. 

 

Anson (1999) tests the commodity futures’ diversification power and its utility 

level by using quarterly data for the period from 1974 to 1997. He uses S&P 500 

and NASDAQ to represent US large and small cap stock exposure, the Lehman 

Brothers Long-Term Government Bond index for US bond exposure, and four 

different indices to represent the commodity futures market. The four commodity 

futures indices are GSCI, the Chase Physical Commodity Index (CPCI), the ICI 

and the J.P. Morgan Commodities Index (JPMCI). Sharpe ratios show the stand-

alone commodity futures are not as good as the stock market. However, the 

quarterly correlations of the four commodity futures indices are all negatively 

correlated with stock and bond investments. Hence commodity futures could 

provide a portfolio diversification benefit. Subsequently, he tests whether adding 

commodity futures into a portfolio consisting of stocks and bonds could increase 

an investors’ utility. He finds that the more risk-averse investors are, the more 

weight of commodity futures they should put in.  

 

Gibson (1999) compares the performance of single-asset-class portfolios, two-

asset-class portfolios, three-asset-class portfolios, and a four-asset-class portfolio. 

These four assets are US stock market (S&P 500), non-US stock market (EAFE), 

equity market (NAREIT9), and commodity market (GSCI). His results indicate 

                                                           
9 National Association of Real Estate Investment Trust 
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that the more asset types a portfolio has, the better performance a portfolio could 

achieve. The four-asset-class portfolio has the highest return and the lowest 

standard deviation. He also notes that the multiple-asset-class investment 

strategy is like the tortoise from the fable of the hare and the tortoise. It would 

win, slow and steady, in the long run. 

 

Jensen et al. (2000) test the commodity futures’ diversification benefit for a 

portfolio consisting of stocks, bonds, T-bills and real estate. They find that during 

the restrictive monetary policy period only do commodity futures have a 

substantial weight in the efficient portfolios, and the portfolio returns increased 

substantially. They use NYSE, AMEX, and the NASDAQ combined market index 

for stock return calculation, and the Lehman Brothers corporate bond index for 

corporate bond returns, the 30-day T-bill from CRSP for T-bill returns, National 

Association of Real Estate Investment Trust (REIT) for real estate return 

calculation, and the GSCI total return for commodity futures calculation. All the 

returns are on a monthly basis from January 1973 to December 1997. For their 

whole study period, the efficient frontier shows that the portfolio with commodity 

futures is more efficient than the one without commodity futures. However, 

futures perform poorly as a stand-alone investment. The researchers also find 

that during the restrictive monetary policy period, T-bills and commodity futures 

perform well.  

 

Georgiev (2001) tries to find out the benefits of commodity investing. He studies 

various indices for the period from January 1990 to December 2001. The indices 

studied include GSCI, S&P 500, MSCI World Stock Indices, the Lehman 

Brothers, US Government/Corporate and World Bond Indices, the Evaluation 

Association Capital Markets 100 hedge fund index, one-month Treasury bill 

yields, and the US Consumer Price Index. According to the stand-alone 

performance results, the commodity has lower annualised returns and a lower 

Sharpe ratio than US and World bonds and stocks markets and US real estate. 

Stand-alone commodity performs only slightly better than the world real estate. 



 45 

However, commodity investment would add value to an investment portfolio, 

since it has low or negative correlations with other asset classes. This value 

adding feature is confirmed by the better performance of investment portfolios 

after including the GSCI. Another benefit of commodity investing is its ability to 

hedge against inflation. Correlations of unexpected inflation with stocks, bonds, 

agricultural and non-energy subindices from GSCI are negative. Nevertheless, 

storable commodities (industrial metals, energy and precious metals) have high 

positive correlations with the unexpected inflation. Even though commodity-

linked firms get exposure to the commodity market, their stocks do not share the 

same pattern as the commodity futures investment.  

 

Jensen et al. (2002) construct portfolios with and without futures investment to 

study the proper asset allocation to commodity futures. They use GSCI composite 

and six subindices to represent the unmanaged futures proxy and Mount Lucas 

Management index for managed futures proxy. The rest of the portfolio 

investments are stock (NYSE/AMEX/NASDAQ combined market from CRSP and 

returns on the EAFE from Morgan Stanley Capital International) and bonds 

(high rating US corporate bonds and the 90-day T-bill). Their results show that 

commodity futures have a poor stand-alone performance and an even worse 

performance for the subindices. Nevertheless, they find the commodity futures 

have diversification potential, since they do not have any substantial correlations 

with other investment assets. After putting unmanaged futures in a portfolio 

context, the portfolio return increases approximately 100 basis points per year 

for each level of risk. If they put the managed futures instead, the returns are 

further increased. Since there is a relationship between inflationary periods with 

monetary policy, they also make the same comparison for both expansive and 

restrictive phases of monetary policy. They find that during an expansive phase, 

futures cannot provide any benefit to the common stocks and bonds portfolio. 

However, during the restrictive phase, futures have good stand-alone 

performance, and so could improve the portfolio performance substantially. For 

the lowest risk portfolio, the inclusion of unmanaged futures increases the return 
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by 6% per year. Different subindices react differently to these two phases: metal, 

energy and agricultural futures perform better during a restrictive monetary 

period, whereas livestock performs better during an expansive period. 

 

Gorton and Rouwenhorst (2006), who construct their own equally weighted fully 

collateralised futures index, compare the commodity futures’ return to the 

Ibbotson corporate bond total return index and S&P 500. Their study period 

covers from July 1959 to March 2004. They find the historical risk premium of 

commodity futures is similar to that of the stocks, and it is more than double 

that of the bonds risk premium. Further, they find the ranking of the inflation-

adjusted performance of stocks, bonds and commodity futures is similar in Japan, 

the UK, and the US. Correlations of commodity futures with stocks and bonds 

are negative for all horizons, except for the monthly ones. They explain the 

negative correlations by their different behaviour during the business cycle. 

During the late expansion and early recession phase, commodity futures have 

positive returns, while stocks and bonds have negative returns. Commodity and 

inflation are positively correlated, and the correlation grows larger for the longer 

horizon. They claim this is because commodity futures are more volatile 

compared to inflation and a longer horizon could better capture this phenomenon. 

However, stocks and bonds are negatively correlated to inflation. More 

specifically, the correlations of inflation with different asset classes are mostly 

due to the correlations of unexpected inflation with these assets.  

 

Miffre and Rallis (2007) apply momentum strategy to the commodity market. 

They use monthly returns of 31 US commodity futures10 from 31 January 1979 to 

30 September 2004, forming 32 momentum strategies and 24 contrarian 

strategies. Their results show there are 13 momentum strategies generating 

statistically significant positive returns, as well as contrarian strategies which 

                                                           
10 The 31 US commodity futures including 13 agricultural futures, 4 livestock futures, 6 metal 

futures, 5 oil and gas futures, diammonium phosphate future, lumber future and western 

plywood future. 
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are not working in the commodity market. After adding dummy variables to 

differentiate backwardation and contango, they state that the momentum 

strategy buys backwardated commodity futures and sells contangoed futures. 

They also test the correlation between momentum return with various other 

asset classes. They find there is no significant correlation between commodity 

momentum returns with S&P 500, Treasury bonds, and Treasury bills but there 

are significant and positive correlations with GSCI excess returns. They also 

claim that this commodity futures momentum strategy cannot be used as a 

hedge against short-term inflation.  

 

Nijman and Swinkels (2011) try to test whether commodity investment could 

bring any benefit to the pension funds. They use MSCI US as a proxy for the US 

stock market, MSCI EAFE as a proxy for the foreign stock market, Ibbotson 

long-term government bond index as a proxy for the bond market, and GSCI for 

the commodity market. They apply data from January 1970 to December 2001, 

and test at different time intervals, tri-annually and quarterly. They find the US 

stock market generates the highest return and the commodity market has the 

highest volatility. Further, the negative correlations of commodities with other 

markets provide a potential diversification benefit for investing in commodity 

futures. Adding commodity to an existing nominal pension cannot improve the 

portfolio frontier; however, after adding it to the inflation-indexed pension, the 

frontier improves considerably. They also find that timing the market based on 

the macroeconomic information could further improve the mean-variance 

performance.  

 

After applying the DCC model to the weekly spot prices from January 1990 to 

May 2006, Choi and Hammoudeh (2010) find the correlations increased among 

WTO oils, Brent oil, gold, silver and copper since the 2003 Iraq war. Conversely, 

the correlation between commodities and S&P 500 decreased towards the end of 

the study period. Unlike Choi and Hammoudeh (2010), Creti et al. (2013) 

contend, after studying the daily spot prices from January 2001 to November 
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2011, that the dynamic conditional correlation between commodity and stock 

markets increases since the 2007 – 2008 financial crisis. They also confirm the 

function of gold as a safe haven because it has a negative correlation with the 

stock market for most of the time. Further, they reveal that oil, coffee, and cocoa 

are highly correlated with the stock market when the stock price increases and 

are poorly correlated with the stock market when the stock market is bearish.  

 

Based on the literature reviewed, commodity futures are not a good stand-alone 

investment, but they have negative or low correlation with the traditional 

investment assets and positive correlation with the unexpected inflation. 

Furthermore, studies show that including the commodity futures could improve 

the mean-variance portfolio performance. As a result, commodity futures could 

provide a diversification benefit to a portfolio.  

Table 2-3: Summary of Commodity Futures Diversification Power Studies 

Authors (Year) Findings  Data periods Market/ Index used 

Greer (1978) Diversified, buy-and-hold, 

unleveraged commodities have lower 

risk than stocks; 

Inclusion of commodity make stock 

portfolios achieve higher returns for 

lower risk; 

There is no best proportion for a 

commodity and stock portfolio; it 

should change with the inflation rate.  

Semi-annually from 

January 1960 to 

July 1974 

Author constructs his 

own commodity index 

(US market);  

S&P 425. 

Bodie (1983) Commodity futures perform well 

during periods of unanticipated 

inflation, and perform badly during 

periods of unanticipated deceleration;  

Diversified commodity futures 

investment could bring diversification 

benefit to a portfolio consisting of 

common stocks, bonds and bills.  

Annual returns from 

1953 to 1981 

30-day T-bills; US 

Treasury Bonds with 

20-year maturity; S&P 

500; author 

constructed his own 

commodity futures 

portfolio.   

 

Irwin and Landa 

(1987) 

After adding real estate, buy-and-hold 

futures, and futures funds to a 

portfolio consisting of bills, bonds, 

and stocks, portfolio performs better; 

Real estate is held only in the lower 

risk level portfolios; 

Riskier efficient portfolio has less 

buy-and-hold futures but more 

futures’ fund; 

Gold is not held in any efficient 

portfolios. 

Annual returns from 

1975 to 1985 

30-day US T-bills; 20-

year US T-bonds; S&P 

500; real returns on a 

composite of 

unleveraged US 

residential, farm, and 

business real estate; 

buy-and-hold 

composite non-

financial commodity 

futures’ index from the 

Commodity Research 

Bureau; public 

commodities futures’ 

funds index. 
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Table 2-3: Summary of Commodity Futures Diversification Power Studies (continued) 

Authors (Year) Findings  Data periods Market/ Index used 

Ankrim and 

Hensel (1993) 

Commodity futures perform better 

than traditional investment assets 

during inflationary period; 

Commodity futures have higher 

standard deviation compared to 

stocks and bonds; 

High correlations among different 

commodity future indices, but low 

correlations between commodity 

futures with stocks and bonds; 

Adding commodity futures can lower 

portfolio risk without sacrificing 

returns. 

 

Annual returns from 

1972 to 1990 

 

GSCI; 

ICI; 

S&P 500; 

Ibbotson Intermediate 

Government Bond 

Series (Intermediate 

bonds). 

 

 

Froot (1995) Among the equally weighted 

commodity index, production 

weighted commodity index, real 

estate, real estate trust, and stocks of 

commodity producing companies, 

energy component (oil and GSCI) 

exhibit the best hedging properties.  

 

Quarterly returns 

from 1970 to 1993 

US CPI; 

GSCI; 

Commodities Research 

Bureau Spot Index; 

Gold price changes; 

Brent Crude oil price 

changes; 

S&P sector-specific 

stock return indices for 

oil, aluminium, steel, 

miscellaneous metals, 

and foods; 

S&P subindex of REIT 

stock returns; 

Quarterly appraisal-

based return index 

from Evaluation 

Associates, House price 

survey from US 

Bureau of Labor 

Statistics. 

Satyanarayan 

and Varangis 

(1996) 

GSCI has a lower risk per unit of 

return compared to the stock 

markets; 

Negative correlations are found 

between commodity futures and all 

developed markets; 

Only half (three out of six) of the 

emerging markets under study show 

negative correlation with commodity 

futures; 

Efficient frontier for a portfolio with 

commodity futures is more efficient 

than the one without commodity 

futures.  

Monthly returns 

from December 1984 

to June 1992 

GSCI; 

S&P 500; 

Morgan Stanley 

Capital Markets 

International (US, UK, 

Japan, Germany, 

Switzerland, France, 

and Hong Kong); 

Emerging Markets 

Database of the IFC 

(Taiwan, Korea, 

Mexico, Thailand, 

Brazil, and India). 

Kaplan and 

Lummer (1998) 

Only over the long run, can 

commodity futures provide 

diversification benefits; 

Commodity futures perform better 

during inflationary periods than 

deflationary periods, and it can 

provide inflation hedge for both 

periods.  

 

Monthly returns 

from 31/12/1969 to 

28/2/1997 

GSCI; 

EAFE; 

S&P 500; 

Treasury Bond; 

Treasury bills; 

Inflation. 
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Table 2-3: Summary of Commodity Futures Diversification Power Studies (continued) 

Authors (Year) Findings  Data periods Market/ Index used 

Anson (1999) Stand-alone commodity futures are 

not good investments; 

All four commodity future’s indices 

have negative correlations with stocks 

and bonds markets; 

The more risk-averse investors are, 

the more they should invest in 

commodity futures. 

 

Quarterly returns 

from 1974 to 1997 

S&P 500; 

NASDAQ; 

LBLT; 

GSCI; 

CPCI; 

ICI; 

JPMCI. 

 

Gibson (1999) The more asset types a portfolio has, 

the better performance it has. 

 

From 1972 to 1997 S&P 500; 

EAFE Index; 

NAREIT; 

GSCI. 

Jensen et al. 

(2000) 

Commodity futures only have 

diversification power during 

restrictive monetary policy periods for 

a portfolio consisting of stocks, bonds, 

T-bills and real estate;  

Efficient frontier shows the portfolio 

with futures are more efficient than 

the one without;  

For the whole study period, futures 

have a poor stand-alone performance; 

During restrictive monetary periods, 

commodity futures and T-bills 

perform well.  

 

Monthly returns 

from January 1973 

to December 1997 

NYSE/AMEX/NASDA

Q combined market 

index; 

Lehman Brothers 

corporate bond index; 

30-day T-bill; 

REIT; GSCI total. 

 

Georgiev (2001) Stand-alone performance of 

commodity futures is not as good as 

stocks, bonds, and US real estate 

market; 

Diversification power of commodity 

futures is substantial; 

Storable commodity futures could be 

good inflation hedges;  

Benefits of investing in commodity 

futures cannot be achieved by 

investing in commodity-linked stocks. 

 

Monthly returns 

from January 1990 

to December 2001 

GSCI; 

S&P 500; 

MSCI World Stock 

Indices; 

Lehman Brothers US 

Government/Corporate 

and World Bond 

Indices; 

Evaluation Associates 

Capital Markets 100 

hedge fund index; 

One-month Treasury 

bill yields; 

US Consumer Price 

Index. 

Jensen et al. 

(2002) 

Commodity futures give a bad stand-

alone performance; Futures could 

improve portfolio performance and 

managed futures could improve more 

compared to unmanaged futures;  

During expansive monetary periods, 

commodity futures give poor stand-

alone performance and no 

diversification power; During 

restrictive monetary periods, 

commodity futures are worth 

investing in alone, or in a portfolio 

context; Metal, energy and 

agricultural futures perform better 

during restrictive monetary periods, 

whereas livestock performs better 

during an expansive period. 

Monthly January 

1973 – December 

1999 

GSCI composite and 

six subindices; 

NYSE/AMEX/NASDA

Q combined market 

form CRSP and EAFE 

from Morgan Stanley 

Capital International; 

High rating US 

corporate bonds and 

90-day T-bill index. 
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Table 2-3: Summary of Commodity Futures Diversification Power Studies (continued) 

Authors (Year) Findings  Data periods Market/ Index used 

 

Gorton and 

Rouwenhorst 

(2006) 

Commodity futures have similar risk 

premium with stocks, and it doubles 

the bond risk premium; 

Commodity futures positively 

correlate to inflation, unexpected 

inflation and change in inflation; 

negatively correlates to stocks and 

bonds; 

The negative correlation between 

commodities with others is due to 

different behaviour over the business 

cycle. 

 

Monthly returns 

from July 1959 to 

March 2004 

Authors construct an 

equally weighted fully 

collateralised futures’ 

index; 

Ibbotson corporate 

bond total return 

index; 

S&P 500. 

Miffre and Rallis 

(2007) 

Commodity futures momentum 

strategy works well while the 

contrarian strategy does not work; 

The momentum strategy is buying 

backwardation futures and selling 

contangoed ones; 

The commodity momentum returns 

are not significantly correlated to the 

stocks, bonds and bills, but correlate 

significantly positive to GSCI; and 

this strategy cannot provide a hedge 

against any short-term inflation.  

 

Monthly returns 

from 31 January 

1979 to 30 

September 2004 

31 US commodity 

futures contracts; 

S&P 500; 

Treasury-bond; 

Treasury-bill; 

CPI. 

 

 

Choi and 

Hammoudeh 

(2010) 

Correlation among different 

commodities has increased during the 

study period; 

Correlations between the 

commodities and S&P 500 have 

reduced.  

Weekly spot prices 

from January 2, 

1990 to May 1, 2006 

WTO oil, Brent oil, 

gold, silver, copper; 

S&P 500  

Nijman and 

Swinkels (2011) 

Stand-alone commodity investment is 

not a good investment; 

Commodity investment could improve 

the inflation-linked pension fund 

performance but has little effect on 

the nominal pension funds; 

Market timing would further improve 

the mean-variance performance; 

Monthly returns 

from January 1970 

to December 1972 

Ibbotson long-term 

government bond 

index; 

MSCI US; 

MSCI EAFE; 

GSCI. 

Creti et al. 

(2013) 

Correlations between commodities 

and stocks are higher during financial 

turmoil period; 

Oil, coffee, and cocoa have higher 

correlations with stock market during 

stock booming period, and lower 

during the bearish period; 

Gold and stock market is negatively 

correlated for most of the time; 

Daily spot price from 

January 3, 2001 to 

November 28, 2011 

25 commodities from 

Datastream; 

Commodity Research 

Bureau aggregate 

index; 

S&P 500 
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2.4.2 Momentum in Commodity Futures 

The momentum strategies have been analysed extensively in the equity market. 

However, there are still only a few momentum strategy studies focusing on 

commodities’ futures.  

 

Erb and Harvey (2006) apply two momentum strategies to the GSCI data from 

December 1982 to May 2004. The first strategy forms three equally weighted 

portfolios. The first portfolio consists only of four past 12 month winners, while 

the second portfolio consists only of four past 12 month losers. The third is the 

long-short portfolio based on the previous two portfolios. The winner-only 

portfolio generates a return of 7% per annum, whilst the loser-only portfolio 

exhibits a return of -3.4% per annum. The long-short portfolio produces 10.8% 

per annum return. The second strategy is the individual commodity momentum 

strategy. It longs and shorts the individual commodity futures, based on their 

own past 12 months’ performance. This strategy generates a return of 6.54%.  

 

Miffre and Rallis (2007) examine 13 agricultural futures, four livestock futures, 

six metal futures, five oil and gas futures and diammonium phosphate, lumber 

and western plywood futures for the period from 31 January 1979 to 30 

September 2004. They obtain a 9.38% average per annum from their 13 

profitable momentum strategies. They also testify that the momentum strategy 

in the commodity futures’ market is equivalent to buying backwardated 

contracts and selling contangoed contracts.  

 

Shen et al. (2007) investigate 28 commodity futures’ daily closing prices from the 

Commodity Research Bureau for the period from 1959 to 2003. They find, for 

both short and intermediate time horizons, that momentum strategy generates 

highly significant positive returns and the returns are similar to the reported 

stock momentum returns. They also declare the excess return of the commodity 

futures’ momentum is due to investor overreaction, instead of bearing the risk.  
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A novel form of momentum, time-series momentum, is proposed by Moskowitz et 

al. (2012). Instead of ranking assets cross-sectionally, the time-series momentum 

longs an instrument if its past 12-month excess return is positive, and shorts an 

instrument if its past 12-month excess return is negative. From January 1965 to 

December 2009, a diversified portfolio consisting of 24 commodity futures, 12 

cross-currency pairs, 9 developed equity indices and 13 developed government 

bond futures generates a return of 1.58% per month after controlling for market, 

size, value and momentum factors.  

 

Asness et al. (2013) explore the value and momentum jointly. Their data includes 

the global individual stocks from US, UK, continental Europe, and Japan from 

January 1972 to July 2011; 18 developed equity indices from January 1978 to 

July 2011; 10 currencies from January 1979 to July 2011; 10 global government 

bonds from January 1982 to July 2011; and 27 commodity futures from January 

1972 to July 2011. After applying value and momentum strategies to the 

extensive sample, they find that value and momentum strategies produce 

positive Sharpe ratios in all of the major markets, and that the value and 

momentum strategies are negatively correlated. They also reveal that the value 

factor and the momentum factor are negatively correlated with each other. This 

is partially because the liquidity risk affects the value factor and the momentum 

factor in different ways. 

 

Overall, these studies suggest that momentum strategies consistently generate 

positive excess returns in commodity futures markets. This research applies the 

momentum as the proxy for the active investment strategy to compare with the 

passive and semi-active strategies.  

 

2.5 Research Gaps and Chapter Summary 

The extensive literature review in Sections 2.2 to 2.4 identifies three main gaps 

in the literature that warrant immediate research attention. First, the 
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performance and diversification power of SRI is inconsistent in the literature, 

and not many active investment strategies have been applied to SRI. Second, the 

correlation estimation for portfolio formation in the SRI and commodity futures 

portfolios is not conditional and time variant. Third, most of the SRI and 

commodity diversification studies test only the passively managed SRI and 

commodity diversification component, which is not robust.  

  

Past studies on SRI focus mainly on its return and risk. Some studies conclude 

that sinful stocks perform better than the broad stock market (Ali & Gold, 2002; 

Chong et al., 2006). However more studies find no statistically significant 

performance differences between SRI and the broad stock market. Bauer et al. 

(2007), Hamilton et al. (1993), and Statman (2000) find there is no statistically 

significant difference between the SRI and the common stock funds’ performance. 

Becchetti and Ciciretti (2009) and Luther and Matatko (1994) find the same 

result at the index level. Sauer (1997) makes the comparison on both the fund 

and index levels and finds a statistically insignificant difference for both of them. 

Additionally, the volatility of SRI is significantly lower than the common stock 

market (Becchetti & Ciciretti, 2009). The findings suggest that SRI has a lower 

volatility but not a lower return than the common stock market.  

 

In the literature, few studies examine the SRI diversification power. Even 

though Rudd (1981) states that the SRI screening is the same as other 

exclusionary and targeting criteria, it seems that the more constraints, the worse 

the portfolio performance would be. Hickman et al. (1999) find that the SRI 

funds are valuable to lower portfolio risk. Furthermore, Waddock et al. (2000) 

reveal that there is no performance difference, financially and in market terms, 

between the SRI screened-in and screened-out companies. Bello (2005) finds the 

SRI funds perform the same as the conventional funds in holding assets’ 

characteristics, portfolio beta, portfolio diversification effect and risk-adjusted 

investment performance. Capelle-Blancard and Monjon (2014) suggest the 

higher SRI screening reduces the risk-adjusted returns for the sector-specific 
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screening criteria only; transversal screening criteria neither lead to poor 

diversification nor lower the financial performance. Overall, the findings suggest 

that transversal SRI screening does not harm the portfolio performance.  

 

Commodity futures’ diversification power and their inflation hedging effects have 

been testified to in the literature. The diversification benefits come from the low 

correlations between commodities and traditional asset classes, since the factors 

affecting the markets are quite different (Ankrim & Hensel, 1993; Anson, 1999; 

Bodie, 1983; Georgiev, 2001; Gorton & Rouwenhorst, 2006; Irwin & Landa, 1987; 

Jensen et al., 2000, 2002; Kaplan & Lummer, 1998; Nijman & Swinkels, 2011; 

Satyanarayan & Varangis, 1996; You & Daigler, 2010). Furthermore, commodity 

futures are good inflation hedging assets as they perform better than stocks and 

bonds in such periods and are easier to trade and value than real estate and 

other commodities (Ankrim & Hensel, 1993; Bodie, 1983; Froot, 1995; Kaplan & 

Lummer, 1998). 

 

For both the SRI and commodity futures, the methods used in most literature 

are not up to date. After Engle and Sheppard (2001) used the DCC-GARCH to 

estimate the conditional correlation of 100 S&P 500 stocks and 30 DJIA stocks 

and the average, the DCC-GARCH was widely applied in worldwide stock and 

bond markets (Engle, 2002; Lafuente & Ordonez, 2009; Li, 2009; McAleer, Chan, 

Hoti, & Lieberman, 2008). Only a few SRI studies apply the DCC model. Chong 

et al. (2006) use the GJR-DCC model to compare the sinful fund and common 

stock fund performance. Based on the DCC results, they claim the sinful fund 

(Vice fund) can provide high returns and low risks but has limited diversification 

benefits. Tularam, Roca, & Wong (2010) apply the DCC-GARCH model to test 

the SRI diversification implication. But they merely test the correlation of the 

Australian SRI index with other countries’ SRI indices, and they do not test the 

portfolio performance based on the diversification implication. So far, no one has 

used the DCC results to optimise the SRI portfolio. Only a few recent commodity 

studies apply the DCC model. Choi and Hammoudeh (2010) discover that the 
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correlation has increased between commodities since the 2003 Iraq war but has 

decreased with S&P 500. Conversely, Choi and Hammoudeh (2010) and Creti et 

al. (2013) find that the correlation between commodity and stock markets has 

increased since the 2007–2008 financial crisis. However, none of these 

researchers investigate how to form an efficient portfolio based on the DCC 

results throughout the stressful market periods. This research takes up this 

challenge by forming the mean-variance efficient portfolio, based on the in-

sample DCC-GARCH results in SRI and commodity futures, which is examined 

in studies 1 and 2. 

 

Momentum strategy has been documented to be able to generate abnormal 

returns in stock markets internationally for both individual and institutional 

investors (Bange & Miller Jr, 2004; Burch & Swaminathan, 2001; Grinblatt, 

Titman, & Wermers, 1995; Jegadeesh & Titman, 1993, 2001; Rouwenhorst, 1998, 

1999; Siganos, 2010). Momentum refers to the approach of buying past winners 

in the last 3 to 12 months and selling past losers in the last 3 to 12 months to 

construct a relatively strong investment portfolio. However, not many papers 

have applied the momentum strategy in the SRI market, which is carried out in 

Study 1 of this research.  

 

Bauer, Koedijk, & Otten (2005; 2006) compare the SRI and common stock fund 

performance from German, UK, US and Australian markets using the Carhart 4-

factor model, which includes a momentum parameter. They find no statistically 

significant difference between these two types of funds. Until now, no one has 

used momentum strategy itself to explore the SRI market. For the commodity 

futures momentum, only a few studies focus on this issue, such as Miffre and 

Rallis (2007) and Shen et al. (2007). Miffre and Rallis (2007) find that the 

momentum strategies generate a 9.38% average return a year, and the 

momentum strategy in the commodity futures market is equivalent to buying 

backwardated contracts and selling contangoed contracts. Shen et al. (2007) find 

that, for both short and intermediate time horizons, momentum strategy 
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generates highly significant positive returns that are similar to the reported 

stock momentum returns.  

 

Additionally, the methods used in the previous SRI and commodity futures’ 

diversification studies are not robust. For both of the asset classes, only the 

assets themselves have been combined into a traditional stock and bond portfolio 

to test their diversification power (Ankrim & Hensel, 1993; Anson, 1999; Gorton 

& Rouwenhorst, 2006; Hickman et al., 1999; Jensen et al., 2002; Kaplan & 

Lummer, 1998; Waddock et al., 2000; You & Daigler, 2010). There is no in-depth 

analysis into SRI and commodity futures before putting these assets into a 

traditional stock and bond portfolio. This research, however, analyses SRI and 

commodity futures in detail and takes an approach to determine which are the 

best performing strategies within SRI and/or commodity futures then combines 

them into a traditional stock and bond portfolio to maximise the diversification 

benefits. The first two empirical studies show that the actively managed 

momentum SRI and commodity futures achieve the best performance, so placing 

the best performing investment strategies for SRI and commodity futures into 

the traditional stock and bond portfolio provides a more robust analysis and fully 

explores the diversification benefits.  

 

The expectation of return and risk of SRI and commodity futures, as derived 

from the literature review, is shown in Table 2-4.  

 

Table 2-4: Return, Risk and Correlation Expectation of SRI and Commodity Futures 

Asset Return Risk 

Correlation with 

stock 

Correlation with 

bond 

SRI Similar to stock market Low High Low 

Commodity futures High  High Low Low 

 

This research expects the SRI to have the same return as the common stock 

market, with a relatively low risk, and for the commodity futures to have high 

returns and high risk. Since the SRI is a subset of the common stock market, the 
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correlation between SRI and stock would be high but there would be low 

correlation with the bond market. The commodity futures would have a low 

correlation with the traditional investment assets, since most of the commodities 

are barely affected by the stock and bond market movements. Consequently, this 

research expects that both the SRI and Commodity Futures can bring huge 

diversification benefits to the traditional stock and bond portfolio.  
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Chapter 3  

Methodology 
 

3.1 Introduction  

The overall objective of this research is to examine the diversification benefit of 

two alternative investments, SRI and commodity futures, to be included in a 

portfolio of stocks and bonds. The research employs three investment strategies 

in SRI and commodity futures markets to compare which investment strategies 

perform best. The best investment strategies in each SRI and commodity futures 

markets are then combined into a traditional portfolio of stock and bonds. 

 

The first study attempts to find out the best performing investment strategy 

between passive, semi-active, and passive strategies, in the developed G10 

countries’ SRI data. The second study evaluates the same investment strategies 

(passive, semi-active, and active) in the commodity futures markets. The data is 

selected from the Bloomberg commodity index and only the most traded three 

commodities in energy, precious metals, industrial metals, grains, softs and 

livestock sectors are included. The third study inspects the improvement in the 

traditional portfolio performance after adding the SRI and commodity futures, 

individually and jointly. The best investment strategies from Studies 1 and 2 are 

applied as proxies for the SRI and commodity futures’ markets for Study 3.  

 

The passive investment strategy applied in this research is proxied by the 

equally weighted portfolio investment. There is no rebalance in this method: all 

the assets are held equally throughout the whole study period. The semi-active 

approach uses walk-forward out-of-sample optimisation to capture the portfolio 

performance. During the 5-year in-sample period, an optimal portfolio has been 

chosen that is based on the DCC-GARCH results and on the Sharpe ratio. Then 

the weights of each asset from the optimal portfolio are applied to the 
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corresponding out-of-sample period data to calculate the out-of-sample portfolio 

performance. In this research, the last approach is the active investment 

approach: the momentum strategy is tested as a proxy for this method. The 

momentum strategy refers to buying past winners and selling past losers to form 

a momentum portfolio every month. The detailed methodology is discussed later 

in this chapter.  

 

The structure of the chapter is as follows: Section 3.2 discusses the passive 

investment strategy, the equally weighted portfolio. Sections 3.3 and 3.4 explain 

the semi-active investment strategy, the DCC-GARCH mean-variance portfolio. 

Section 3.5 illustrates the calculations of the portfolio parameters. Section 3.6 

clarifies the momentum strategy. Section 3.7 concludes this chapter. A structure 

map for Chapter 3 is shown in Figure 3-1. 
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Figure 3-1: Chapter Structure Map 
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3.2 Equally weighted portfolio 

A finance portfolio refers to any collection of financial assets, such as stocks, 

bonds, cash and commodity futures, that are held by individual or institutional 

investors. A portfolio is designed in accordance with an investors’ risk tolerance 

level and investment objectives.  

 

The early portfolio construction process is to select the undervalued stocks in the 

market. It is commonly accepted that risk reduction can be achieved by holding a 

large number of securities in a diversified portfolio. If securities are from 

different industries, they would be subjected to different economic influences and 

would perform differently during a given period. Therefore, selecting securities 

from different industries can offset poor performance from particular securities 

and can eliminate most of the unsystematic risk of a portfolio.  

 

The equally weighted strategy is to invest in different assets proportionately. 

Evans and Archer (1968) show that 10 is the optimal number of assets within a 

portfolio; Statman (1987) argues that it would take at least 30 to 40 stocks to 

form a well-diversified portfolio, and G.Tang (2004) states that 20 stocks would 

diversify 95% unsystematic risks. Even though additional assets would further 

lower the portfolio’s unsystematic risks, it would happen at a slower pace. Evans 

and Archer (1968) and Gaumnitz (1971) find that less than 20 securities are 

adequate to remove most of the unsystematic risk for randomly selected 

portfolios. Therefore, it is reasonable for investors to select less than, or equal to, 

20 securities in an equally weighted portfolio. In this research, the equally 

weighted portfolio is used as a proxy for the passive investment strategy.  

 

Nevertheless, when a portfolio contains a large number of risky assets, the 

individual asset risk has little influence on the portfolio variance. The covariance 

and correlation among assets are essential for the portfolio risk level. Even 
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though an asset can be extremely risky, if it has a low or negative correlation 

with other assets in the portfolio, the portfolio risk can be reduced by including 

the risky asset. Therefore, it is possible to construct a riskless portfolio by 

including assets that are perfectly negatively correlated.  

3.3 Mean-variance portfolio 

The mean-variance strategy not only looks at the number of assets in one 

portfolio but also looks at the assets together as a whole. The basic model is 

developed by Markowitz (1952, 1959). Markowitz indicates that if the 

correlations among assets are less than one, these assets should be combined 

into a portfolio since they will decrease the portfolio risk without deteriorating 

the return. If a portfolio consists of two assets and the correlation between these 

two assets is -1, the portfolio unsystematic risk would be eliminated by assigning 

the appropriate weights. Therefore, the Markowitz model measures the portfolio 

risks as a combination of each asset’s volatility and the correlations among them. 

The portfolio risk formula indicates that the lower the volatility of each asset and 

the lower the correlations among them, the lower risk a portfolio would have. 

Hence, the minimum variance portfolio can be achieved by assigning different 

weights to the portfolio assets.  

 

The issues faced by investors are asset selection and asset allocation. Asset 

selection refers to the process of identifying assets to be considered: different 

stocks, or different asset classes such as equity and bonds. After the assets are 

chosen, investors have to decide the proportion of total wealth to be invested in 

each asset. According to Markowitz (1952, 1959), the efficient frontier for each 

portfolio combination would consist of optimal portfolios. The efficient frontier, 

obtained by changing the investment weight in each asset, is generated by 

combining all the optimal portfolios together. The optimal portfolios get the 

highest return for a given level of risk and the lowest risk for a given level of 

return. Investors would invest in these optimal portfolios only according to their 

optimal level of returns or risks.  
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The efficient frontier is estimated based on correlations between portfolio assets. 

Higher correlation indicates more similar asset movements. If low correlation 

assets were placed into one portfolio, price movements within the portfolio would 

be offset by each other; consequently, the portfolio would have a stable 

performance. However, since the correlations are changing over time, the 

recalculation of the efficient frontier is necessary.  

 

Therefore, in this research, the time-varying correlation is employed to generate 

more accurate in-sample optimisation. DCC-GARCH is applied to calculate the 

changing correlation. The next section will discuss the DCC-GARCH model in 

detail.   

 

There is inconclusive evidence as to which portfolio strategy, the equally 

weighted or the mean-variance portfolio, performs better (DeMiguel et al., 2009). 

In order to compare these two different portfolio investment strategies, both of 

these methods are applied and measured in this study. 

 

3.4 DCC 

This section discusses the development of DCC through ARCH, GARCH, and the 

multivariate GARCH model. Firstly, this section considers the methodology of 

the ARCH model. Secondly, it reviews the extension of ARCH model, GARCH. 

Thirdly, it discusses the improvement of the multivariate GARCH model from 

the VECH model to the CCC-GARCH model. Lastly, the DCC-GARCH is 

examined.  
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3.4.1 ARCH 

Movements of financial markets in recent years have been characterised by high 

volatilities during periods of financial crisis. Being able to measure and forecast 

volatility precisely is critical for organisational and individual investors. 

Volatility studies reveal that the volatilities of the financial assets do not remain 

constant: they tend to vary over time. At the same time, the volatilities exhibit a 

clustering effect, where periods of high volatility are followed by high volatility 

whereas low volatility periods are followed by low volatility (Bollerslev et al., 

1992; Cont, 2007; Lux & Marchesi, 2000). 

 

Engle (1982) uses the ARCH model to capture the persistence in volatility 

estimation. It defines volatility as:  

 

𝒉𝒕 = 𝒂𝟎 + 𝒂𝟏𝒓𝟏−𝟏
𝟐  

where 𝒂𝟎 > 𝟎  and 𝒂𝟏 ≥ 𝟎  make sure the volatility remains positive. The 

assumption is that the returns, 𝒓𝒕, follow a normal distribution 𝑵 (𝟎, 𝒉𝒕) given all 

information up to 𝒕 − 𝟏. Extending the ARCH(1) model to ARCH(p) with p lags of 

returns can be expressed as: 

 

𝒉𝒕 = 𝒂𝟎 + ∑ 𝒂𝒊𝒓𝒕−𝒊
𝟐

𝒑

𝒊=𝟏

 

where 𝒂𝟎 > 𝟎 and 𝒂𝒊 ≥ 𝟎 for all 𝒊.  

 

3.4.2 GARCH 

The ARCH model has a deficiency because the number of lags p has to be large to 

accurately model the real world data. Bollerslev (1986) solves this problem by 

introducing the generalised autoregressive conditional heteroscedaticity 



 66 

(GARCH) model. It extends the autoregressive process to an autoregressive 

moving average process, which can be expressed as GARCH(p,q):  

 

𝒉𝒕 = 𝒂𝟎 + ∑ 𝒂𝒊𝒓𝒕−𝒊
𝟐

𝒑

𝒊=𝟏

+ ∑ 𝒃𝒊𝒉𝒕−𝒊

𝒒

𝒊=𝟏

 

where 𝒂𝟎 > 𝟎 , 𝒂𝒊 ≥ 𝟎 , and 𝒃𝒊 ≥ 𝟎 . The assumption is the same normality 

distribution. In most cases, p=q=1 is enough to give an adequate fit.  

 

3.4.3 Multivariate GARCH  

The ARCH and GARCH type models extend to a multivariate context that can 

model the underlying volatilities and correlations between different market 

assets. Generally, the multivariate GARCH extension has a vector of assets as a 

stochastic process 𝒓𝒕 of 𝒌 × 𝟏 dimension: 

𝒓𝒕 = 𝜢𝒕
𝟏 𝟐⁄

𝜺𝒕 

where 𝜢𝒕
𝟏 𝟐⁄

 is a factor of the conditional variance-covariance matrix of size 𝒌 × 𝒌, 

and 𝑽𝒂𝒓(𝜺𝒕) = 𝜤𝒌. 

 

Bollerslev et al. (1988) model 𝑯𝒕 as: 

𝒗𝒆𝒄𝒉(𝜢𝒕) = 𝒄 + 𝜜𝒗𝒆𝒄𝒉(𝜺𝒕𝜺𝒕
′) + 𝜝𝒗𝒆𝒄𝒉(𝜢𝒕) 

where 𝒗𝒆𝒄𝒉(∙)  is the operator representing the lower triangular portion of a 

matrix, and the matrices 𝜜 and 𝜝 are parameter matrices. This specification of 

the 𝜢𝒕 matrix is known as the VECH model; as the number of assets grows in the 

model, the number of parameters in the model grows extremely quickly. The 

huge number of parameter estimations creates computational burdens for 

studying portfolios with many assets.  
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To cope with the computational burden, Bollerslev (1990) introduces the constant 

conditional correlation GARCH (CCC-GARCH). This model reduces the number 

of parameters by separately defining individual conditional variance and 

multivariate correlation matrices. The CCC-GARCH conditional covariance 

matrix of returns is defined as: 

 

𝜢𝒕 = 𝑫𝒕𝑹𝑫𝒕 

𝑫𝒕 = 𝒅𝒊𝒂𝒈(√𝒉𝒊,𝒕) 

where 𝑹 is the conditional correlation matrix, and  

 

𝒉𝒊,𝒕 = 𝒂𝒊,𝟎 + ∑ 𝒂𝒊,𝒑𝒓𝒊,𝒕−𝒑
𝟐

𝑷𝒊

𝒑=𝟏

+ ∑ 𝒃𝒊,𝒒𝒉𝒊,𝒕−𝒒

𝑸𝟏

𝒒=𝟏

 

 

Even though the constant correlation is a conventional assumption, in practice 

the assumption is unrealistic, especially during the volatile periods. Correlations 

are critical inputs for many financial areas; if the correlations and volatility 

change, the hedge ratios need to be adjusted to cope with the most recent 

information, so that portfolio asset selection and allocation will be changed 

accordingly. Obtaining reliable estimates of correlations between financial 

variables concerns both academics and practitioners (Engle, 2002).  

 

3.4.4 DCC-GARCH 

Engle (2002) proposes the dynamic conditional correlation GARCH (DCC-

GARCH) by relaxing the constant correlation assumption. The DCC-GARCH 

model measures the dynamic conditional variances and conditional correlations 

simultaneously. The conditional variances are modelled the same as univariate 

GARCH models, and the conditional correlations are measured as nonlinear 

functions of the conditional variances. Compared to other multivariate GARCH 
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models, the DCC-GARCH is more flexible than constant conditional correlation 

GARCH, and more parsimonious than the diagonal VECH-GARCH model.  

 

The DCC-GARCH model can be written as  

𝒚𝒕 = 𝑪𝒙𝒕 + 𝝐𝒕  

𝝐𝒕 = 𝑯𝒕
𝟏 𝟐⁄

𝝂𝒕 

𝑯𝒕 = 𝑫𝒕
𝟏 𝟐⁄

𝑹𝒕𝑫𝒕
𝟏 𝟐⁄

 

𝑹𝒕 = 𝒅𝒊𝑎𝒈(𝑸𝒕)−𝟏 𝟐⁄ 𝑸𝒕𝒅𝒊𝒂𝒈(𝑸𝒕)−𝟏 𝟐⁄  

𝑸𝒕 = (𝟏 − 𝝀𝟏 − 𝝀𝟐)𝑹 + 𝝀𝟏�̃�𝒕−𝟏�̃�𝒕−𝟐 + 𝝀𝟐𝑸𝒕−𝟏 

 

In the equations, 𝒚𝒕 is an 𝒎 × 𝟏  vector of dependent variables; 𝑪  is an 𝒎 × 𝒌 

matrix of parameters; 𝒙𝒕 is an 𝒌 × 𝟏 vector of independent variables, and may 

contain lags of 𝒚𝒕; 𝑯𝒕
𝟏 𝟐⁄

 is the Cholesky factor of the time-varying conditional 

covariance matrix 𝑯𝒕 ; 𝝊𝒕  is an 𝒎 × 𝟏  vector of normal, independent, and 

identically distributed innovations; 𝑫𝒕  is a diagonal matrix of conditional 

variances. 𝑹𝒕  is not a standard correlation parameter, so it is known as a 

quasicorrelation.  

 

To use the DCC-GARCH model, the data must exhibit the arch effect. Before 

doing the regression analysis, the Augmented Dickey-Fuller unit root test is 

applied on all the indices’ returns to make sure they are stationary. The null 

hypothesis assumes there is a unit root, therefore, data is not stationary: 𝑯𝟎: 𝜶 =

𝟎, testing equation is shown below: 

 

∆𝒚𝒕 = 𝒂𝒚𝒕−𝟏 + 𝒙𝒕
′𝜹 + 𝜷𝟏𝜟𝒚𝒕−𝟏 + 𝜷𝟐 + ⋯ + 𝜷𝒑 + 𝝂𝒕 
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in which 𝜶 = 𝒑 − 𝟏. If level time series data is not stationary, the differenced 

terms would be used.  

 

 

Another diagnostic test used in this research is the ARCH-Lagrange multiplier 

(LM) test. The test is to make sure the ARCH effect exists in the time series data. 

Firstly, the mean equation, estimated by Ordinary Least Squares (OLS), then 

regresses the residuals as: 

�̂�𝒕
𝟐 = 𝜸𝟎 + 𝜸𝟏�̂�𝒕−𝟏

𝟐 + 𝜀𝑡 

in which 𝝂𝒕 is a random term. Null and alternative hypothesis are: 

𝑯0: 𝜸𝟏 = 𝟎 

𝑯𝟏: 𝜸𝟏 ≠ 𝟎 

The rejection of the null hypothesis implies the existence of an ARCH effect in 

the sample.  

 

3.5 Portfolio Performance Measurement  

This section discusses the portfolio formation process and its performance 

measurements. It first deliberates the methodology of walk forward optimisation. 

Second, it discusses the portfolio return calculation. Third, it demonstrates the 

portfolio volatility estimation. Fourth, it illustrates and compares the Sharpe 

ratio and Sortino ratio computations. Fifth, it discusses the M2 model. Last, it 

presents a measurement of the portfolio Value-at-Risk (VaR).  

 

3.5.1 Walk Forward Optimisation  

This research applies the walk forward optimisation method, which is used in 

finance for determining the best parameters to use in a trading strategy. Walk 

forward analysis is the process of optimising a trading system using a limited set 
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of parameters, and then testing the best optimised parameter set using out-of-

sample data. The in-sample time window is shifted forward by the period covered 

by the out-of-sample test, and the process is repeated. At the end of the test, all 

of the recorded results are used to assess the trading strategy (Pardo, 1992).  

 

In real trading, the portfolio weights are adjusted regularly based on the newly 

arrived information. Walk forward optimisation is similar to real world practice 

(Modern Investment Technologies, 2008). The in-sample results are not the 

investors’ concern; it is the out-of-sample performance that indicates whether a 

strategy is appropriate. Therefore, in this research, walk forward analysis does 

optimisation on the in-sample data and tests on a period after, then rolls it all 

forward and repeats the process. The portfolio weights are determined by the 

highest Sharpe ratio portfolio from the in-sample period information, and then 

the portfolio performance results are extracted from the corresponding out-of-

sample period data. After this, the results of the multiple out-of-sample periods 

are extracted and compared with other investment strategies. This allows a 

larger out-of-sample period and provides a better understanding of the 

investment strategy. 

 

In the industry, 5-year correlation, considered as a short-term correlation, varies 

widely from its long-term average correlation (Philips et al., 2012). Therefore, in 

this research, the in-sample period is five years, and the out-of-sample period is 

one year. The portfolio optimisation process is shown in Figure 3-2. 

 

Figure 3-2: Out-of-Sample Optimisation Process 

                    In sample period 1994-1999                    2000 

                       In sample period 1995-2000                          2001 

                         In sample period 1996-2001                             2002 

                             In sample period 1997-2002                               2003 

                                    In sample period 1998-2003                                 2004 
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3.5.2 Portfolio Return 

The expected return on portfolio 𝑬(𝒓𝒑) is the weighted average of each asset’s 

expected return: 

 

𝑬(𝒓𝒑) = ∑ 𝑬(𝒓𝒋) × 𝒙𝒋

𝑵

𝒋=𝟏

 

in which N is the number of assets in the portfolio, 𝑬(𝒓𝒋) is the single asset 

expected return and 𝒙𝒋 is the weight of the single asset in the portfolio. The 

monthly return is then annualised by: 

 

𝑨𝒏𝒏𝒖𝒂𝒍 𝑷𝒐𝒓𝒕𝒇𝒐𝒍𝒊𝒐 𝑹𝒆𝒕𝒖𝒓𝒏 = (𝑴𝒐𝒏𝒕𝒉𝒍𝒚 𝑷𝒐𝒓𝒕𝒇𝒐𝒍𝒊𝒐 𝑹𝒆𝒕𝒖𝒓𝒏 + 𝟏)𝟏𝟐 − 𝟏 

 

3.5.3 Portfolio Volatility  

Portfolio volatility is the square root of the sum of covariance: 

𝝈(𝒓𝒑) = √∑ ∑ 𝝈𝒊𝒋 × 𝒙𝒊𝒙𝒋

𝑵

𝒋=𝟏

𝑵

𝒊=𝟏

 

in which 𝝈𝒊𝒋 = 𝝆𝒊𝒋𝝈𝒊𝝈𝒋, then the volatility is annualised as: 

 

𝑨𝒏𝒏𝒖𝒂𝒍 𝒗𝒐𝒍𝒂𝒕𝒊𝒍𝒊𝑡𝒚 = 𝑴𝒐𝒏𝒕𝒉𝒍𝒚 𝑷𝒐𝒓𝒕𝒇𝒐𝒍𝒊𝒐 𝑽𝒐𝒍𝒊𝒕𝒚 × √𝟏𝟐 

 

3.5.4 Sharpe and Sortino Ratios 

The Sharpe ratio (1966) is widely used to measure the risk-adjusted returns. The 

underlying idea is to estimate the excess return earned by each unit of risk 

undertaken 



 72 

𝑺𝒉𝒂𝒓𝒑𝒆𝒑 =
𝒓𝒑̅̅ ̅ − 𝒓𝒃̅̅ ̅

𝝈(𝒓𝐩)
 

in which 𝒓𝒑̅̅ ̅  and 𝒓𝒃̅̅ ̅  are the average returns from the portfolio and the 

benchmark. Normally the risk-free asset return is used for the benchmark. 𝝈(𝒓𝒑) 

is the volatility of the portfolio. A higher Sharpe Ratio indicates a higher return 

differential or a lower volatility; both of these indicate that the investment is 

good. Consequently, a higher Sharpe Ratio signals better performance.  

 

The Sharpe ratio has been criticised for its normal distribution assumption 

(Dowd, 2000). When the distribution is non-normal, the positive return would be 

penalised by the Sharpe ratio (Sortino & Price, 1994). Therefore, the Sortino 

ratio uses downside deviation rather than standard deviation as the 

denominator.  

 

𝑺𝒐𝒓𝒕𝒊𝒏𝒐𝒑 =
(𝒓𝒑̅̅ ̅ − 𝒓𝒕)

𝑫𝑹
 

where 𝒓𝒑̅̅ ̅ is the portfolio average return, 𝒓𝒕 is the target or required return, and 

DR is the downside risk. The DR is calculated as: 

  

𝑫𝑹 = √
𝟏

𝑵
∑(𝒓𝒐𝒖𝒕−𝒐𝒇−𝒔𝒂𝒎𝒑𝒍𝒆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ − 𝑻)

𝟐
𝒇(𝒕)

𝒏

𝒊=𝟏

  

where 𝒇(𝒕) = 𝟏 if return < target return 

          𝒇(𝒙) = 𝟎 if return ≥ target return 

 

The downside risk is then annualised as: 

𝑨𝒏𝒏𝒖𝒂𝒍 𝑫𝑹 = 𝑴𝒐𝒏𝒕𝒉𝒍𝒚 𝑫𝑹 × √𝟏𝟐 
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3.5.5 M2 

 

The M square (M2) is a technique that measures the risk-adjusted returns of 

portfolios (Modigliani & Modigliani, 1997). It shifts the portfolio up or down on 

the capital market line (CML) to take on the standard deviation identical to that 

of the market. The returns are then compared with the benchmark and other 

portfolios. In other words, the M2 reports the portfolio returns if it was bearing 

the market risk. The benchmark employed in this research is the MSCI AU, and 

the results are annualised. 

 

𝑀2 = (
𝜎𝑀

𝜎𝑝
) × (𝑟𝑝 − 𝑟𝑓) + 𝑟𝑓 

3.5.6 Value-at-Risk 

Another risk measure to overcome the normal distribution assumption is the 

VaR, which is defined as the maximum loss for a portfolio over a given time 

horizon at a given probability level (Favre & Galeano, 2002). Unlike the portfolio 

standard deviation that penalises the upward movement, VaR provides a risk 

measure of the possible loss (Linsmeier & Pearson, 2000). This research uses the 

variance-covariance method: 

 

𝑽𝒂𝑹(𝒓𝒋) = −𝝁𝒋 + 𝝈𝒋𝜶 

where 𝜶 is the number of standard deviations away from mean based on the 

confidence interval. Then the portfolio VaR is calculated as: 

 

𝑽𝒂𝑹(𝒓𝒑) = √𝑽′𝜮𝑽 

where the 𝑽 is the column matrix of the individual asset VaR and the 𝜮 is the 

portfolio correlation matrix.  
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3.6 Momentum 

In this research, momentum strategy is used as a proxy for the active investing. 

Momentum strategy involves buying past winners and selling past losers. The 

indices are ranked based on past 3-, 6-, 9-, and 12-month returns. Every month 

the winner portfolio contains the tertile of indices with the highest past 3-, 6-, 9-, 

and 12-month returns and the loser portfolio contains the tertile of indices with 

the lowest past 3-, 6-, 9-, and 12-month returns. This research uses a holding 

period of one month to make it comparable with the equally and DCC weighted 

portfolios. The momentum return is defined as the difference between average 

winner and loser portfolios. 

 

This research follows Jegadeesh and Titman (1993) in allowing a one-month 

delay between the momentum portfolio formation and the holding period in the 

SRI study. The momentum ranking returns for the SRI study are computed as11: 

 

𝟑 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕−𝟏 − 𝑷𝒓𝒊𝒄𝒆𝒕−𝟒)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟒
 

𝟔 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕−𝟏 − 𝑷𝒓𝒊𝒄𝒆𝒕−𝟕)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟕
 

𝟗 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕−𝟏 − 𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟎)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟎
 

𝟏𝟐 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕−𝟏 − 𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟑)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟑
 

where 𝑷𝒓𝒊𝒄𝒆𝒕−𝟏  is the SRI price one month prior to the rebalancing date 𝒕 , 

𝑷𝒓𝒊𝒄𝒆𝒕−𝟒 is the SRI price four months prior to the rebalancing date 𝒕, 𝑷𝒓𝒊𝒄𝒆𝒕−𝟕 is 

the SRI price seven months prior to the rebalancing date 𝒕, 𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟎 is the SRI 

                                                           
11 In some stock momentum literature, the 3-month ranking return is calculated as 

3 𝑚𝑜𝑛𝑡ℎ 𝑟𝑎𝑛𝑘𝑖𝑛𝑔 𝑟𝑒𝑡𝑢𝑟𝑛 =
(𝑃𝑟𝑖𝑐𝑒𝑡−1−𝑃𝑟𝑖𝑐𝑒𝑡−3)

𝑃𝑟𝑖𝑐𝑒𝑡−3
, but the method used in this study follows the finance 

industry standard (MSCI, 2013). 
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price ten months prior to the rebalancing date 𝒕 ,  𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟑  is the SRI price 

thirteen months prior to the rebalancing date 𝒕.  

 

The commodity futures study follows Miffre and Rallis (2007): at the end of each 

month, futures’ indices are sorted into tertiles based on their average rerun over 

the previous 𝟑, 𝟔, 𝟗,  and 𝟏𝟐  months. The momentum ranking returns are 

calculated as: 

 

𝟑 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕 − 𝑷𝒓𝒊𝒄𝒆𝒕−𝟑)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟑
 

𝟔 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕 − 𝑷𝒓𝒊𝒄𝒆𝒕−𝟔)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟔
 

𝟗 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕 − 𝑷𝒓𝒊𝒄𝒆𝒕−9)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟗
 

𝟏𝟐 𝒎𝒐𝒏𝒕𝒉 𝒓𝒂𝒏𝒌𝒊𝒏𝒈 𝒓𝒆𝒕𝒖𝒓𝒏 =
(𝑷𝒓𝒊𝒄𝒆𝒕 − 𝑷𝒓𝒊𝒄𝐞𝒕−𝟏𝟐)

𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟐
 

 

where 𝑷𝒓𝒊𝒄𝒆𝒕 is the commodity futures’ price on the rebalancing date 𝒕, 𝑷𝒓𝒊𝒄𝒆𝒕−𝟑 

is the commodity futures’ price three months prior to the rebalancing date 

𝒕, 𝑷𝒓𝒊𝒄𝒆𝒕−𝟔 is the commodity futures’ price six months prior to the rebalancing 

date 𝒕 ,  𝑷𝒓𝒊𝒄𝒆𝒕−𝟗  is the commodity futures’ price nine months prior to the 

rebalancing date 𝒕, 𝑷𝒓𝒊𝒄𝒆𝒕−𝟏𝟐 is the commodity futures’ price twelve months prior 

to the rebalancing date 𝒕. Note that, as the standard holding period in commodity 

futures literature is usually one month, for comparability, the holding periods for 

SRI and commodity are both one month. Since the out-of-sample period is 1 year, 

the momentum results are then annualised for comparison. 
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3.7 Conclusion  

This chapter discusses the portfolio construction methodology and performance 

measurements. Comparison of the three investment strategies is illustrated in 

Table 3-1. In this study, the equally weighted portfolio is applied as a proxy for 

the passive investment strategy and this method requires no balance. The semi-

active approach uses the DCC mean-variance portfolio as a proxy. Every year, 

the DCC among assets is recalculated as the mean-variance portfolio asset 

weights. The momentum method is used as the proxy for the active investment 

strategy. The rankings update monthly. Therefore, momentum portfolios are 

rebalancing monthly.  

 

Table 3-1: Investment Strategies Comparison 

Investment Strategy Method Rebalance Frequency 

Passive Equally Weighted Portfolio Every Month 

Semi-Active DCC Mean-Variance Portfolio Every Month 

Active Momentum  Every Month 

 

The return and risks from all the strategies are annualised for comparison with 

each other. The best performing strategies in SRI and commodity futures are 

then selected to add to a traditional stock and bond portfolio.  
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Chapter 4  

Study 1: Passive, Semi-Active and Active Investment 

Strategies Comparison in Socially Responsible 

Investments 
 

4.1 Introduction  

The rapid growth of socially responsible investment (SRI) has caught 

investors’ attention due to its high return and low risk. SRI refers to 

investment that take into consideration social, environmental, ethical and 

financial dimensions. SRI is attracting massive attention from the finance 

industry: it accounts for more than one out of six dollars under 

professional management in the US, where the total domiciled assets 

under management using SRI strategies increased by 76% from $3.14 

trillion (2012) to $6.57 trillion (2014) in just two years. The net assets 

under fund management incorporating environmental, social, and 

governmental (ESG) factors have soared from $202 billion to $4,306 billion 

between 2007 and 2014. The increasing popularity of SRI has attracted 

major investment management organisations, such as Capital Group and 

Wellington Asset Management, to apply the ESG factors to their portfolios 

(USSIF, 2014). In the Australian market, responsible investment assets 

($597.9) account for 50% of Australia’s total assets under management 

(RIAA, 2015). 

 

This increasing popularity is driven primarily by demand from 

institutional and individual investors’ missions and values (Fender et al., 

2015; USSIF, 2014). SRI investors are less affected by past negative 

performance when they decide to invest or withdraw from the funds 

(Bollen, 2007). Consequently, during financial crises, SRIs suffer less, 

compared to socially irresponsible ones, and the SRIs, in turn, provide 

stable performance (Schnietz & Epstein, 2005). Besides the lower risks 
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during stressful periods, SRI has lower long-term risks (Sethi, 2005). This 

is because companies adopting corporate social responsibility (CSR) 

principles are more transparent and have less exposure to imprudent or 

unsafe business practices, such as child-labour and sweatshops (McGuire 

et al., 1988). Governments globally are introducing a high level of 

disclosure12 on SRIs. The CSR companies also have low financial risks, 

due to their stable relationship with governments and the financial 

community, and to investors’ perceptions. The low-level socially 

responsible behaviour of some companies can be attributed to low 

management skills (Alexander & Buchholz, 1978). The total and 

systematic risks of high social performance13 firms are lower than the less 

socially responsible firms (Spicer, 1978). 

 

The lower risk of SRI does not imply a low return. In the Australian 

market, the average SRI funds outperform the average Australian large-

cap share fund and the ASX 300 over the short, medium and long terms. 

Internationally, the SRI funds outperform the large-cap international 

share funds over the short and medium term but slightly underperform 

the large-cap international funds over the 10-year investment period. This 

is probably because only limited data (2 funds) is collected for the long-

term SRI fund performance (RIAA, 2015). The detailed figures are shown 

in Table 4-1.  

 

 

 

 

                                                           
12 Governments around the world, for example, Australia, France, Germany, South Africa, 

Sweden, UK, and US, are promoting SRI by regulations (Berry et al., 2011). The 

Australian Government is promoting SRI by increasing the level of disclosure on 

investment product (Financial Service Reform Act 2001) and encouraging better 

communication with clients (ASIC best practice guidelines). 
13 The socially responsible performance is measured by pollution activities.  
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Table 4-1: Performance of Core Responsible Investments 

This table is extracted from the RIAA report.  

  
1 

Year 

3 

Years 

5 

Years 

10 

Years 

Australian 

Share 

Funds 

Average Responsible Investment Fund 
8.3% 12.3% 10.5% 7.6% 

Large-Cap Australian Share Fund Average 
3.2% 9.2% 6.5% 5.1% 

S&P International Share Fund Average 
2.6% 9.2% 7.0% 5.6% 

International 

Share 

Funds 

Average Responsible Investment Fund 
9.0% 20.0% 15.2% 7.0% 

Large-Cap International Share Fund Average 
10.7% 21.7% 13.7 4.3% 

MSCI World ex Australia Index $A 
11.8% 23.9% 15.5% 5.1% 

Multi-Sector 

Growth 

Funds 

Average Responsible Investment Fund 
7.0% 11.5% 8.2% 6.4% 

Multi-Sector Growth Fund Average 
3.7% 9.5% 7.5% 4.5% 

 

With high return and low risk, SRI makes a good investment diversifier, 

especially during crisis periods. The Vanguard Group (2001) defines a bear 

market as “a decline of 20% or more in broad market indexes over at least 

a two-month period”. Since Black Monday (1987), there have been two 

major bear markets: the Dot-Com bubble and the recent GFC. During the 

Dot-Com crisis period, the broad market indexes fell 33% from August to 

early December 2000, and then continued to fall for more than twelve 

months (The Vanguard Group, 2001).  The US bear market from 2007 to 

2009 was declared in June 2008 when the Dow Jones index dropped 20% 

from its record close in October 2007 (Reuters, 2008). A CNBC report 

points out that, among the top ten falls in DJIA, eight happened in the 

2000s, including six that occurred in 2008. The remaining two happened 

in 1997 and 1998. The S&P 500 tells a similar story, with seven of the 

biggest falls in 2008, and one each in 1997, 1998 and 2000. The leading 

technology index, NASDAQ, had all ten of its biggest falls in history in the 

2000s (Moreano, 2010). Investors are aware of the risks in the stock 

market; therefore, they flock to the bond market for safety. As a result, the 

bond market has frequently tumbled in the recent decades (LaMonica, 

2015). Furthermore, the worst drop in Barclays aggregate yield, from 10% 

in 1999 to 2.1% in 2015 (Glassman, 2015), showed that the diversification 
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power of the bond is diminishing. With this, the recent global debt crises, 

the Eurozone crisis, the Greek government-debt crisis, the Irish financial 

crisis, and the US debt-ceiling crisis, the bond is no longer a safety buffer 

for equity investors.  

 

Researchers have found that the correlations between international equity 

markets (Longin & Solnik, 2001) and equity market volatility (Schwert, 

1989a) increase during bear markets. This, together with the fact that the 

stock bond diversification benefit is diminishing (Rankin & Idil, 2014), 

means that investors need to expand their focus beyond the traditional 

investment markets to the relatively new investment markets.  

 

One effective way to lower the risk while maintaining returns is to 

diversify the investment into different assets. Any volatility within one 

asset would be diminished across the portfolio (Markowitz, 1952). Since 

SRI funds outperform conventional funds during a crisis period (Nofsinger 

& Varma, 2014), they have the potential to bring diversification benefits to 

the traditional portfolio.  

 

Our understanding of SRI as a whole is still limited. Firstly, current 

studies on SRI mainly focus on its return and risk. Some studies propose 

that sinful (Vice) stocks perform better than the broad stock market (Ali & 

Gold, 2002; Chong et al., 2006). However, others conclude that there is no 

statistically significant performance difference between SRI and the broad 

stock market. As noted earlier, Bauer et al. (2007), Hamilton et al. (1993), 

and Statman (2000) find no statistically significant difference between the 

SRI and the performance of the common stock funds. Becchetti and 

Ciciretti (2009), as well as Luther and Matatko (1994), find the same 

result at the index level. Sauer (1997) makes the comparison on both the 

fund and index level, finding a statistically insignificant difference for 
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each of them. Additionally, the volatility of SRI is significantly lower than 

that of the common stock market (Becchetti & Ciciretti, 2009). However, it 

is also essential to explore the SRI market to identify the best ways to 

maximise its benefits. 

 

Secondly, there is insufficient literature elaborating the diversification 

power of SRI. For Rudd (1981), the SRI screening is the same as other 

exclusionary and targeting criteria, as the more constraints there are, the 

worse the portfolio performance would be; Hickman et al. (1999) find the 

SRI funds are valuable to lower portfolio risk. Furthermore, Waddock et al. 

(2000) reveal that there is no performance difference financially and in 

market terms between the SRI screened-in and screened-out companies. 

Bello (2005) finds that the SRI funds perform the same as the 

conventional funds in holding assets characteristics, portfolio beta, 

portfolio diversification effects and risk-adjusted investment performance. 

Capelle‐Blancard and Monjon (2014) suggest that higher SRI screening 

only reduces the risk-adjusted returns for the sector-specific screening 

criteria; and that transversal screening criteria neither leads to poor 

diversification nor lowers the financial performances. Furthermore, there 

is inconclusive evidence as to which portfolio strategy, equally weighted or 

mean-variance, performs better (DeMiguel, Garlappi, & Uppal, 2009). In 

order to compare these two different portfolio investment strategies, this 

study forms two individual portfolios and measures their performance.  

 

Thirdly, newer methods to estimate conditional correlation, such as the 

DCC-GARCH model, offer more information than the simpler methods 

used in previous SRI studies. After Engle and Sheppard (2001) reported 

their use of the DCC-GARCH model to estimate the conditional 

correlation of 100 S&P 500 stocks and 30 DJIA stocks and the overall 

industry average, it was widely applied in worldwide stock and bond 

markets (Al Rahahleh & Bhatti, 2017; Engle, 2002; Lafuente & Ordonez, 
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2009; Li, 2009; McAleer et al., 2008). Only a few SRI studies apply the 

DCC model. Chong et al. (2006) used the GJR-DCC model to compare the 

sinful fund (Vice fund) and common stock fund performance. Based on the 

DCC results, they claim the sinful fund can provide high returns and low 

risks but limited diversification benefits. Tularam et al. (2010) apply the 

DCC-GARCH model to test the SRI diversification implication. But they 

merely test the correlation of the Australian SRI index with SRI indices of 

other countries, and they do not test the portfolio performance, based on 

the diversification implication. So far no one has used the DCC results to 

optimise the SRI portfolio. Therefore this study optimises the SRI portfolio 

using the DCC as an input parameter.  

 

Momentum strategy has been documented to be able to generate abnormal 

returns in stock markets internationally, for both individual and 

institutional investors (Bange & Miller Jr, 2004; Burch & Swaminathan, 

2001; Grinblatt et al., 1995; Jegadeesh & Titman, 1993, 2001; 

Rouwenhorst, 1998, 1999; Siganos, 2010). It refers to the strategy of 

buying past winners from the previous 3 to 12 months and selling past 

losers for the same period to construct a relatively strong investment 

portfolio. However, not many papers apply the momentum strategy in the 

SRI market, a special stock market subset. Bauer et al. (2005) and Bauer 

et al. (2006) compare the SRI and common stock fund performances from 

the German, UK, US and Australian markets using the Carhart 4-factor 

model, which includes a momentum parameter. They find no statistically 

significant difference between these two types of funds. Until now, no one 

has used momentum strategy itself to explore the SRI market. 

 

This study compares the results from passive, semi-active and active 

investing to obtain the best approach for exploring the SRI markets. There 

has been constant discussion on which method is best for investors. 

Passive investing refers to investment strategies that do not react to the 
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capital market expectation changes, while active investing refers to 

investment strategies that do respond to the changing capital market 

activities (CFA Institute, 2014). The semi-active strategy is a combination 

of both investment methods, using risk controlled active or enhanced 

index investing to earn positive alpha and to lower the risk.  

 

Samuelson (1974) and Ehrbar (1975) state that the actively managed 

funds cannot beat the market index. However, Fama (1991) confirmed the 

market inefficiency with the market anomalies, such as small stock effect, 

January effect and price-earnings ratio, which suggest there is less 

efficiency in the international markets due to the information 

asymmetries, for example, accounting rules, securities conversions, and 

political issues Elton et al. (1995) later show that past performance is 

predictive of future risk-adjusted performance. However, more recent 

studies suggest that adding actively managed funds into an index funds 

portfolio would bring the best outcomes (Fortin & Michelson, 1999; 

Kjetsaa, 2004). Fortin and Michelson (2002) also propose that on average 

the index funds outperform the actively managed funds; however, the 

actively managed funds beat the index when the economy is going into or 

out of a recession. The Australian Standard Poor’s Index Versus Active 

(SPIVA) scorecard suggests that, in the Australian market, the majority of 

active funds underperform the comparable benchmark indices over three- 

and five-year horizons. Only the small-cap funds outperform their 

respective index benchmark over the one-, three-, and five-year periods 

(Luk, 2014). As SRI funds tend to include small-cap companies (Bauer et 

al., 2005; Gregory et al., 1997;  Luther & Matatko, 1994; Luther, et al., 

1992; Mallin et al., 1995; Scholtens, 2005; Schröder, 2004), it is 

worthwhile for investors to work out what is the best strategy for 

Australian SRI investors. This study uses an equally weighted portfolio as 

a proxy for passive investing, a momentum portfolio as a proxy for active 

investing, and a mean-variance optimised portfolio using the correlation 
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from the DCC-GARCH as a proxy for semi-active investing. By comparing 

the portfolio performance from these three investment styles, the best 

investment strategy is recommended for portfolio inclusion.  

 

Study 1 makes three major contributions to the literature. First, following 

Engle (2002), this study, which applies the DCC model to the SRI 

markets, finds that the SRI markets of all eleven G1014 countries exhibit 

an ARCH effect and the conditional correlation varies over time, which is 

quite different from the overall period correlations. Second, this study 

finds no momentum in the data, which is possibly due to the limitation of 

the cross-sectional assets. Finally, the findings suggest that active 

management is the best investment strategy during the stressful period, 

which is consistent with Fortin and Michelson (2002) and Luk (2014).  

 

The findings presented in this study are important because they fill the 

gap in the SRI literature by finding the best investment strategy in the 

SRI markets. Moreover, this study delivers practical contributions for 

Australian hedge fund managers as well as for the common investors who 

have interests in the SRI market. They can reselect and reallocate their 

portfolio assets based on their needs and market conditions. The 

regulators would also get some insight to reinforce certain asset class 

investments, in order to minimise the financial market risks and to 

stabilise the economy.  

The remainder of the study proceeds as follows: Section 4.2 describes the 

data used in this study; Section 4.3 discusses the results; Section 4.4 

concludes the study.  

                                                           
14  The G10 refers to the eleven industrial countries that agreed to provide the 

International Monetary Fund to increase the Bank for International Settlements’ lending 

resources. The G10 was first established in 1962 to increase the lending resources of 

International Money Fund. Switzerland joined the group at 1964 as the eleventh member, 

but the G10 name remains the same.  
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4.2 Data  

Data employed in this study are from the DJSI. The DJSI World Index, 

one of the earliest global sustainability benchmarks, was launched in 1999. 

The DJSI family uses the best-in-class approach to identify the proper 

stocks to include in the index. In the financial industry, there are three 

ways to identify socially responsible investment: positive screening, 

negative screening and best-in-class approach. Positive screening 

investment process is to invest only in those companies that meet ESG 

criteria, such as having a safe and fair working environment. Negative 

screening investment, on the other hand, is to avoid investing in 

companies that have association with negative criteria such as tobacco 

and weapons (Renneboog, Ter Horst, & Zhang, 2008). However, the 

screening approaches have limitations. Nowadays, along with the rapid 

growth of SRI, there is no particular type of firm that is socially 

responsible (USSIF, 2012). Pollution-intensive industrial companies could 

be eliminated from SRI investment even though they are doing their 

business in an ethical way. Therefore, the best-in-class approach is being 

used more frequently nowadays to assess the businesses (Bauer, Derwall, 

& Otten, 2007), in order to find out the best performers from the different 

industries (Renneboog et al., 2008), so that investors can make their 

decisions to invest in those best performers. 

 

To rate the companies, the index first gives the companies a sustainability 

score from 0 to 100, and then ranks them within each industry. Each year, 

only the top 10% of the 2500 largest companies from each industry are 

included in the index. By doing this, no industry is excluded from the 

calculation and companies must keep their sustainability standard to stay 

in the index (DJSI, 2016). Not only is the environment dimension 

considered in forming the DJSI; the economic and social dimensions are 

also included for the purpose of selection. The relative weights among 

these three dimensions vary by industry. DJSI (2016) uses Global 
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Industry Classification System to classify companies into industries. 

However, some industries in the DJSI World index have only a small 

number of companies. For instance, RobecoSAM15 rolls up 59 industries 

into 24 Industry Groups. Information assessed by RobecoSAM is from four 

sources: company questionnaires; company documentation; media and 

stakeholder analysis; and communication with the company by 

RobecoSAM. Even though the heavy reliance on the self-reported data of 

these methods has been criticised by Bendell(2011), this can be overcome 

by doing an audit by independent auditors and the DJSI itself (Beloe, 

Scherer, & Knoepfel, 2004).  

 

The Study 1 sample covers the period from 3/1/1994 to 31/12/2014. From 

the second half of the 1990s, more than the usual extreme negative 

financial events happened, such as the Asian Financial Crisis (1997), the 

bursting of the Dot-Com bubble (2000), the September 11 terrorist attacks 

(2001), the Enron fraud scandal (2001), the Iraq war (2003),the subprime 

housing crisis (2007-2009), the Ponzi scheme of Bernard Mandoff (2008), 

and the European government crisis (2010). Because it is an observed fact 

that SRI tends to remain more stable during a negative event period, 

compared to the common stock market (Schnietz & Epstein, 2005), it is 

essential for investors to work out the best way to diversify into SRI 

during these periods.  

 

This study first obtains the daily price for the purpose of calculating the 

DCC because the autoregressive conditional heteroskedasticity is widely 

observed among daily observations (Engle, 1982, 2002; Fresoli & Ruiz, 

2015; Laurent et al., 2012). Then the end-of-month prices are used to 

calculate the monthly returns for portfolio and momentum returns. All 

returns are calculated in Australian dollar terms to facilitate the 

                                                           
15 DJSI is launched by RobecoSAM. 
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comparison across countries and also to provide some intuitive 

information for the Australian investors. 

 

Table 4-2 lists the descriptive statistics for the entire study period 16 . 

Among all these countries, Switzerland and Sweden generate the highest 

monthly returns while carrying moderate risks. Belgium has the highest 

risk, but it gives only a moderate return. Belgium, France, Italy, Japan, 

and the US are positively skewed, and they have more extreme values on 

the positive side. The rest of the countries are negatively skewed, which 

means their returns are more concentrated on the negative side. Belgium 

and Switzerland have the highest kurtosis, indicating that the SRI 

returns for these two countries are more concentrated around the mean, 

and their returns are more extreme than those of other countries. In 

contrast, Japan has the lowest kurtosis, very low standard deviation and a 

low return. Consequently, the Japanese SRI market is safe to invest in, 

but can provide only a limited return.  

 

Table 4-2: Descriptive Statistics for the Entire Study Period 

This table reports the descriptive statistics for the entire period. Mean, median, minimum and maximum values 

reveal the general distribution of the data; while the standard deviation measures how the data is spread. 

Skewness and Kurtosis measures depict asymmetry and tail distribution respectively. Belgium, France, Italy, 

Japan, and the US are positively skewed, and they have more extreme values on the positive side. The rest of 

the countries are negatively skewed, which means their returns are more concentrated on the negative side. 

Belgium and Switzerland have the highest kurtosis which indicates that these two countries’ SRI returns are 

more concentrated around the mean and there are more extreme returns. In contrast, Japan has the lowest 

kurtosis, very low standard deviation and low return. Consequently, the Japanese SRI market is safe to invest 

in, but can provide only a limited return.  

 

Year 

 

Bel Can Fra Ger Ita Jap Neth Swed Swit UK US 

 

 

 

 

1 

9 

9 

4 

- 

2 

0 

1 

4 

Mean 0.0056 0.0069 0.0064 0.0054 0.0055 0.0019 0.0046 0.0077 0.0078 0.0037 0.0063 

Med 0.0079 0.0077 0.0080 0.0096 0.0093 0.0000 0.0053 0.0090 0.0061 0.0068 0.0052 

Min -0.4128 -0.3155 -0.1778 -0.2481 -0.1865 -0.1175 -0.2039 -0.2143 -0.3023 -0.1031 -0.1297 

Max 0.4872 0.2520 0.2229 0.1996 0.2929 0.1516 0.1392 0.2256 0.2189 0.1257 0.1634 

S.D. 0.0890 0.0626 0.0591 0.0595 0.0762 0.0506 0.0557 0.0693 0.0515 0.0386 0.0451 

Ske 0.0932 -0.3037 0.1383 -0.3318 0.6126 0.3364 -0.6903 -0.0138 -0.5215 -0.1570 0.0173 

Kur 9.8870 6.1827 4.0904 4.4967 4.5154 2.9977 4.4536 3.8151 9.2759 3.5030 3.5325 

Obs 259 259 259 259 259 259 259 259 259 259 259 

                                                           
16 Data is measured on monthly frequency.  
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4.3 Results and Discussion  

To test the stationarity of the data used, the Augmented Dicky Fullers’ 

tests are applied. Results shown in Table 4-3 indicate that all of the test 

statistics are much lower than the negative critical value for all significant 

levels. Therefore, none of the return data has a unit root issue, and they 

are all stationary. 

 

Table 4-3: Augmented Dicky Fullers' Test Results 

This table reports the results of augmented Dickey-Fuller test. The test is applied to exam the stationarity of 

the data. The null hypothesis assumes there is a unit root. Results shown in this table indicate all of the test 

statistics are much lower than the negative critical value for all significance level. Therefore none of the return 

has a unit root issue, and they are all stationary. 

 
Bel Can Fra Ger Ita Jap Neth Swed Swit UK US 

Test Statistics -69.82 -78.19 -76.55 -78.02 -74.71 -83.90 -77.37 -75.18 -75.02 -79.84 -87.83 

p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Notes: The critical values for different significant levels are -3.43, -2.86 and -2.57 at 1%, 5% and 10% significance, respectively. 

 

To verify the existence of the ARCH effect in the data, the first step is 

doing a visual inspection. In  

Figure 4-1, the ARCH effect can be seen in all the SRI indices, high 

volatility followed by more high volatility, and low volatility followed by 

low volatility. The results from the ARCH LM test shown in Table 4-4 

confirm the existence of the ARCH effect. For both lags of all the countries’ 

indices, the null hypotheses of no ARCH effect have been rejected.  
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Figure 4-1: SRI Markets Daily Return Movements 

This figure illustrates the daily SRI market returns. The x-axis represents the date while the y-axis represents 

the return. The volatility clustering effect can be observed in all the countries’ series, which shows high 

volatility followed by high volatility and low volatility followed by low volatility.   
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Figure 4-1: SRI Markets Daily Return Movements (continued) 

 

 

 

 

  

-.25

-.20

-.15

-.10

-.05

.00

.05

.10

.15

94 96 98 00 02 04 06 08 10 12 14

Recession Period Neth

-.3

-.2

-.1

.0

.1

.2

.3

94 96 98 00 02 04 06 08 10 12 14

Recession Period Swd

-.4

-.3

-.2

-.1

.0

.1

.2

.3

94 96 98 00 02 04 06 08 10 12 14

Recession Period Swit

-.12

-.08

-.04

.00

.04

.08

.12

.16

94 96 98 00 02 04 06 08 10 12 14

Recession Period UK

-.15

-.10

-.05

.00

.05

.10

.15

.20

94 96 98 00 02 04 06 08 10 12 14

Recession Period US



 91 

Table 4-4: ARCH-LM Test Results 

This table reports the ARCH-LM test results. It is used to identify the ARCH effect in the time series data. The 

test is applied to the return data, and null hypothesis shows no ARCH effect. The results confirm the existence 

of the ARCH effect in the data.  

Country Lag Test Statistics p-value 

Belgium 
1 514.8554 0.0000 

2 584.9140 0.0000 

Canada 
1 123.3138 0.0000 

2 198.5061 0.0000 

France 
1 168.7359 0.0000 

2 308.3797 0.0000 

Germany 
1 195.8872 0.0000 

2 392.3906 0.0000 

Italy 
1 225.5340 0.0000 

2 351.7654 0.0000 

Japan 
1 213.8365 0.0000 

2 325.9446 0.0000 

Netherlands 
1 331.5008 0.0000 

2 494.9645 0.0000 

Sweden 
1 233.3403 0.0000 

2 421.1880 0.0000 

Switzerland 
1 173.7458 0.0000 

2 319.4667 0.0000 

UK 
1 199.5930 0.0000 

2 449.9099 0.0000 

US 
1 803.8049 0.0000 

2 914.3470 0.0000 

 

The pairwise dynamic conditional correlation is illustrated in Appendix 1. 

It can be observed that none of these is static and there is no clear pattern 

among the SRI indices of these countries. Therefore, based on the dynamic 

correlations, the portfolio asset allocation would be different from the 

traditional mean-variance optimised portfolio. Even though some pairwise 

correlations are high throughout the whole period, such as UK–

Netherlands, UK-Switzerland, UK-Sweden, UK-France, Netherlands-France, 

Netherlands-Germany, Italy-Germany, and Italy-France, the dynamic 

conditional correlation of Japan with all the other countries is low 

throughout the study period. Furthermore, the correlations between 

Japan and the other ten countries are lower during both the Asian 

Financial Crisis in 1998 and the Global Financial Crisis in 2008. Another 
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low pair-wise correlation is between Canada and Belgium, where the low 

correlation is stable during the whole period.  

 

Table 4-5 and Figure 4-2 illustrate the detailed DCC portfolio weights and 

the allocation of each country respectively. The last column of Table 4-5 

presents the average portfolio weights for the period from 1999 to 2014. 

Switzerland and the UK have the highest proportion, 29% and 27%. 

Canada and Japan have lower but still substantial weights, 16% and 11%. 

Italy and the Netherlands have 0% investment. The rest of the countries 

have weights ranging from 2% to 5%. As shown in Figure 4-2, the UK SRI 

market exhibits a consistently high proportion in the DCC portfolio, 

indicating that the UK SRI is a good diversifier. Swiss and Canadian SRI 

markets start picking up from 2003 and 2006, and they override the UK to 

become the two leading countries in the portfolio. Japan maintains a 

position in the DCC portfolio throughout the out-of-sample period; 

however, it does not take a significant percentage like the UK, 

Switzerland, and Canada. The non-constant weight allocation implies 

there is a catching up phase for the SRI market in some countries and this 

is consistent with Bauer et al. (2005).  
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Table 4-5: DCC Portfolio Weights 

This table reports the detailed DCC portfolio weights for the period from 1999 to 2014. Switzerland and the UK have the highest proportion, 29% and 27%. Canada and Japan have lower 

but still substantial weights, 16% and 11%. Italy and the Netherlands have 0% investment. The rest of the countries have weights ranging from 2% to 5%. 

 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Belgium 0.35 0.00 0.19 0.16 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 

Canada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.44 0.37 0.45 0.47 0.15 0.29 0.10 0.16 

France 0.00 0.00 0.00 0.08 0.00 0.27 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 

Germany 0.00 0.00 0.17 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.02 

Italy 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 0.00 0.00 0.00 0.00 

Japan 0.00 0.10 0.16 0.22 0.31 0.15 0.00 0.20 0.12 0.00 0.00 0.00 0.00 0.18 0.20 0.11 0.11 

Netherlands 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sweden 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.02 

Switzerland 0.00 0.00 0.00 0.00 0.00 0.41 0.54 0.32 0.36 0.21 0.60 0.55 0.40 0.35 0.51 0.42 0.29 

UK 0.40 0.51 0.48 0.45 0.55 0.00 0.28 0.48 0.25 0.35 0.00 0.00 0.00 0.32 0.00 0.19 0.27 

US 0.25 0.23 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.05 
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Figure 4-2: DCC Portfolio Weights 

This figure illustrates the SRI portfolio allocation from 1999 to 2014. The UK SRI market exhibits a consistently high proportion in the DCC portfolio. Swiss and Canadian SRI markets 

start picking up from 2003 and 2006, and they override the UK to become the two leading countries in the portfolio. Japan maintains a position in the DCC portfolio throughout the out-of-

sample period; however, it does not take a significant percentage, like the UK, Switzerland, and Canada do. 
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Panels A and B of Table 4-6 show the equally weighted and DCC portfolio 

performances for the out-of-sample period. The low average annual return 

of both strategies, 3.36% and 1.43%, is due to the study period selected. 

During the 16-year out-of-sample period, two big financial crises happened, 

the Dot-Com bubble and GFC. The annualised return of S&P 500 is only 

3.17%.  

 

Consistent with DeMiguel et al. (2009), this study shows that the mean-

variance portfolio cannot constantly perform better than the equally 

weighted portfolio in the equity market. In the 16 years out-of-sample 

period, the equally weighted portfolio outperforms for half of the time, and 

the DCC portfolio outperforms for the other half. Further, the average 

return of the equally weighted portfolio is higher than the DCC portfolio. 

However, the standard deviation shows that the DCC portfolio obviously 

has lower volatilities, except in 2000 and 2004. The downside risk results 

also suggest that the DCC has lower downside risk, compared to the 

equally weighted portfolio. On average, the equally weighted portfolio has 

a higher M2, but during the 2007–2008 volatile period, the DCC portfolio 

performed better. Throughout the 16 years of the out-of-sample period, the 

DCC portfolio has only two years VaR 95 and VaR 99 higher than the 

equally weighted portfolio. Therefore, the DCC portfolio can provide 

investors with lower risk without suffering the return loss.  
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Table 4-6: Portfolio Performance 

Panels A and B of this table show the equally weighted and DCC portfolio performance for the out-of-sample period. In the table, S.D. stands for the standard deviation, and D.R. stands for 

Downside risk. The return, standard deviation, Sharpe ratio, downside risk, Sortino ratio, and M2 are all annualised. The time frame for VaR is one month. 

 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Equally weighted performance  

Return 0.2173 0.0684 -0.1336 -0.2373 0.0548 0.1294 0.1750 0.1539 -0.0360 -0.3600 0.0974 -0.0804 -0.1347 0.1441 0.4253 0.0542 0.0336 

S.D. 0.1266 0.1457 0.1265 0.1966 0.1692 0.0795 0.0975 0.1123 0.0917 0.2038 0.2111 0.1053 0.1157 0.1110 0.1227 0.0933 0.1318 

Sharpe 1.3389 0.0637 -1.4556 -1.4388 0.0399 0.9674 1.2356 0.8536 -1.0889 -2.0936 0.3061 -1.1768 -1.5690 0.9658 3.2434 0.3129 0.0315 

D.R.  0.0562 0.1020 0.1246 0.1807 0.1232 0.0494 0.0583 0.0622 0.0767 0.2322 0.1452 0.0911 0.1096 0.0727 0.0225 0.0516 0.0974 

Sortino 3.0155 0.0910 -1.4777 -1.5654 0.0549 1.5575 2.0659 1.5405 -1.3017 -1.8376 0.4451 -1.3604 -1.6566 1.4739 17.6741 0.5656 1.2053 

M2 0.2119 0.0657 -0.1883 -0.0832 0.0524 0.1098 0.1800 0.1408 -0.0379 -0.3310 0.0806 -0.1309 -0.1478 0.1423 0.4422 0.0625 0.0356 

VaR95 (p.m.) 2.32% 2.67% 2.32% 3.61% 3.10% 1.46% 1.79% 2.06% 1.68% 3.74% 3.87% 1.93% 2.12% 2.04% 2.25% 1.71% 2.42% 

VaR99 (p.m.) 3.28% 3.77% 3.27% 5.09% 4.38% 2.06% 2.52% 2.91% 2.37% 5.28% 5.46% 2.73% 3.00% 2.87% 3.18% 2.42% 3.41% 

Panel B: DCC Portfolio Performance  

Return -0.0380 -0.0179 -0.0824 -0.1985 -0.0126 0.0766 0.1977 0.1387 -0.0116 -0.2232 0.0030 -0.0218 -0.1258 0.0971 0.3381 0.1098 0.0143 

S.D. 0.1263 0.1689 0.0863 0.1679 0.1570 0.0839 0.0710 0.0837 0.0910 0.1630 0.1656 0.0938 0.0844 0.0893 0.0748 0.0876 0.1122 

Sharpe -0.6797 -0.4557 -1.5405 -1.4534 -0.3866 0.2866 2.0158 0.9625 -0.8288 -1.7791 -0.1796 -0.6964 -2.0478 0.6739 4.1553 0.9682 -0.0616 

D.R. 0.0984 0.1140 0.0918 0.1590 0.1320 0.0561 0.0329 0.0421 0.0705 0.1431 0.1516 0.0760 0.0939 0.0578 0.0157 0.0448 0.0862 

Sortino -0.8723 -0.6751 -1.4474 -1.5344 -0.4600 0.4286 4.3504 1.9157 -1.0698 -2.0264 -0.1962 -0.8603 -1.8397 1.0411 19.8464 1.8919 1.1646 

M2 -0.0355 0.0117 -0.2022 -0.0845 0.0063 0.0695 0.2592 0.1514 -0.0136 -0.2711 0.0047 -0.0597 -0.2069 0.1105 0.5587 0.1408 0.0275 

VaR95 (p.m.) 2.32% 3.10% 1.58% 3.08% 2.88% 1.54% 1.30% 1.54% 1.67% 2.99% 3.04% 1.72% 1.55% 1.64% 1.37% 1.61% 2.06% 

VaR99 (p.m.) 3.27% 4.37% 2.23% 4.35% 4.06% 2.17% 1.84% 2.17% 2.36% 4.22% 4.29% 2.43% 2.18% 2.31% 1.94% 2.27% 2.90% 
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In order to fully explore the SRI market, this study also generates 

statistics using momentum strategy (shown in Table 4-7). Even though 

the existence of momentum in the SRI markets is reported in the previous 

literature, this study finds the opposite results. Bauer et al. (2005; 2006) 

report that the socially responsible mutual funds have statistically 

significant loadings on the momentum factor in the Carhart (1997) model. 

In this study, the t-values for 3_1, 6_1, 9_1 and 12_1 strategy are 1.03, 

1.04, 1.04 and -0.92, respectively. This means that none is statistically 

significantly different from 0. However, this may be attributable to the 

limited size of the cross-section. 

 

Compared to the momentum strategies, the 6_1 and 3_1 have the highest 

average compounded yearly return, (3.5% and 3.25%) and the 6_1 has the 

highest M2. However, the following risk dimensions, standard deviations, 

downside risks, VaR 95 and VaR99, are alike among the four strategies. 

The year-by-year standard deviation and downside risk of the four 

momentum strategies share the same pattern as when the risk peaked in 

1999 and 2008–2011, the Dot-Com Crisis and the Global Financial Crisis 

period. The VaR 95 and VaR 99 among the four momentum strategies are 

alike. The VaR95 and VaR 99 climaxed at around 1999 and during 2008–

2011. The Sharpe ratios of the four strategies fluctuate between -2 and 4. 

The results imply that even though the risks of the four momentum 

strategies are similar, the returns are diverse. To be consistent with the 

equity market momentum literature (L.K. Chan, et al., 1996; George & 

Hwang, 2004; Griffin et al., 2003; Moskowitz & Grinblatt, 1999), this 

study focuses on the 6-month ranking strategy.  
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Table 4-7: Momentum Strategy Performance 

This table reports the momentum strategy performance for the out-of-sample period. 3_1, 6_1, 9_1 and 12_1 are strategies that rank the SRI indices based on the previous 3-, 6-, 9-, and 12-

month returns. Every month the winning portfolio contains the tertile of indices with the highest past 3-, 6-, 9-, and 12-month returns and the loser portfolio contains the tertile of indices 

with the lowest past 3-, 6-, 9-, and 12-month returns. Holding period in this study is one month for the purpose of comparing the results with the equally and DCC weighted portfolios. 

Following Jegadeesh and Titman (1993), this study allows one month’s delay between the momentum portfolio formation and the holding period. In the table, S.D. stands for the standard 

deviation, and D.R. stands for Downside risk. The return, standard deviation, Sharpe ratio, downside risk, Sortino ratio and M2 are all annualised. The time frame for VaR is one month. 

SRI Strategy 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

 
3_1 0.4869 -0.0211 -0.009 -0.0056 -0.0826 -0.0135 -0.0008 0.0128 0.0048 -0.0586 -0.0032 0.1121 0.051 -0.0365 -0.0098 0.0935 0.0325 

Return 6_1 0.8783 -0.0814 -0.0066 -0.2735 0.1936 -0.0419 0.0238 -0.0284 0.0184 0.1871 -0.1912 0.1465 -0.0896 -0.1066 -0.0646 -0.0044 0.035 

 
9_1 0.6191 -0.123 -0.0374 -0.0884 -0.0804 -0.0562 0.0624 -0.0118 0.0661 0.2466 -0.3548 0.0928 -0.1544 0.0998 -0.0392 -0.0895 0.0095 

 
12_1 0.5047 -0.2164 -0.0393 -0.0248 -0.1259 0.0146 0.1205 -0.0706 -0.039 0.6282 -0.3719 0.019 -0.2557 0.0563 0.1157 -0.1184 0.0123 

 
3_1 0.2401 0.1968 0.2001 0.226 0.1166 0.075 0.0423 0.0511 0.0637 0.291 0.2058 0.1787 0.1494 0.0918 0.0991 0.0835 0.1444 

S.D. 6_1 0.2238 0.1952 0.2043 0.2262 0.098 0.0847 0.0758 0.0576 0.0711 0.2998 0.2169 0.1935 0.1366 0.1137 0.1472 0.0643 0.1505 

 9_1 0.2145 0.1912 0.2018 0.162 0.1289 0.0684 0.0696 0.0598 0.0934 0.2774 0.2116 0.2022 0.1446 0.1609 0.0923 0.1005 0.1487 

  12_1 0.263 0.2151 0.1774 0.1483 0.128 0.0916 0.0651 0.0669 0.1216 0.2647 0.1892 0.2049 0.1452 0.1517 0.0634 0.0987 0.1497 

 
3_1 1.8291 -0.4077 -0.2978 -0.2266 -1.1208 -0.8801 -1.3093 -0.8866 -0.9274 -0.4306 -0.1746 0.3837 0.0271 -0.7989 -0.375 0.8202 -0.2985 

Sharpe 6_1 3.7116 -0.7201 -0.2794 -1.4105 1.485 -1.1145 -0.4061 -1.5025 -0.6399 0.4015 -1.0323 0.532 -0.9999 -1.2614 -0.6243 -0.4568 -0.2699 

Ratio 9_1 2.6631 -0.9527 -0.4359 -0.8271 -0.9967 -1.5901 0.1126 -1.1682 0.0241 0.6483 -1.8314 0.2438 -1.3926 0.3908 -0.7209 -1.1389 -0.4357 

  12_1 1.7375 -1.2807 -0.5065 -0.4741 -1.359 -0.4135 1.0117 -1.9235 -0.846 2.1209 -2.1391 -0.1195 -2.0843 0.1279 1.3932 -1.4525 -0.388 

Down- 3_1 0.1032 0.1341 0.1271 0.1580 0.1043 0.0596 0.0402 0.0457 0.0433 0.1985 0.1614 0.1354 0.1140 0.0804 0.0790 0.0502 0.1021 

Side 6_1 0.0572 0.1576 0.1268 0.2165 0.0426 0.0783 0.0603 0.0544 0.0537 0.1583 0.1947 0.1337 0.1206 0.1057 0.1102 0.0468 0.1073 

Risk 9_1 0.0755 0.1486 0.1451 0.1365 0.1167 0.0613 0.0499 0.0516 0.0575 0.1434 0.2342 0.1469 0.1354 0.1046 0.0644 0.0918 0.1102 

  12_1 0.0977 0.1839 0.1365 0.1022 0.1219 0.0689 0.0385 0.0686 0.1005 0.0845 0.2193 0.1538 0.1597 0.0915 0.0281 0.0939 0.1093 

 
3_1 4.2536 -0.5982 -0.4683 -0.3239 -1.2532 -1.1077 -1.3788 -0.9904 -1.3641 -0.6315 -0.2226 0.5062 0.0357 -0.9133 -0.4701 1.3637 -0.2227 

Sortino 6_1 14.5299 -0.8914 -0.4506 -1.4737 3.4155 -1.2058 -0.5110 -1.5902 -0.8468 0.7602 -1.1502 0.7700 -1.1325 -1.3582 -0.8345 -0.6287 0.4626 

Ratio 9_1 7.5651 -1.2253 -0.6058 -0.9815 -1.1005 -1.7729 0.1563 -1.3540 0.0388 1.2541 -1.6549 0.3354 -1.4864 0.6013 -1.0326 -1.2473 -0.1569 

  12_1 4.6771 -1.4977 -0.6582 -0.6885 -1.4267 -0.5498 1.7138 -1.8762 -1.0240 6.6425 -1.8453 -0.1595 -1.8950 0.2122 3.1493 -1.5275 0.2029 

M2 

3_1 0.2720 0.0167 0.0017 0.0253 -0.0731 0.0004 -0.0784 -0.0278 -0.0228 -0.0151 0.0055 0.1004 0.0503 -0.0503 -0.0206 0.1232 0.0192 

6_1 0.5028 -0.0157 0.0046 -0.0806 0.2087 -0.0135 0.0134 -0.0875 0.0041 0.1430 -0.1285 0.1224 -0.0771 -0.1008 -0.0525 -0.0297 0.0258 

9_1 0.3743 -0.0399 -0.0210 -0.0284 -0.0597 -0.0416 0.0660 -0.0552 0.0661 0.1899 -0.2533 0.0796 -0.1258 0.0796 -0.0649 -0.1113 0.0034 

12_1 0.2608 -0.0740 -0.0326 0.0031 -0.0989 0.0280 0.1574 -0.1284 -0.0152 0.4696 -0.3012 0.0258 -0.2116 0.0509 0.2056 -0.1489 0.0119 

 
3_1 4.40% 3.61% 3.67% 4.14% 2.14% 1.38% 0.78% 0.94% 1.17% 5.34% 3.78% 3.28% 2.74% 1.68% 1.82% 1.53% 2.65% 

VaR 6_1 4.10% 3.58% 3.75% 4.15% 1.80% 1.55% 1.39% 1.06% 1.30% 5.50% 3.98% 3.55% 2.51% 2.09% 2.70% 1.18% 2.76% 

95% 9_1 3.94% 3.51% 3.70% 2.97% 2.36% 1.25% 1.28% 1.10% 1.71% 5.09% 3.88% 3.71% 2.65% 2.95% 1.69% 1.84% 2.73% 

(p.m.) 12_1 4.82% 3.95% 3.25% 2.72% 2.35% 1.68% 1.19% 1.23% 2.23% 4.86% 3.47% 3.76% 2.66% 2.78% 1.16% 1.81% 2.75% 

 
3_1 6.21% 5.09% 5.18% 5.85% 3.02% 1.94% 1.09% 1.32% 1.65% 7.53% 5.33% 4.63% 3.87% 2.38% 2.57% 2.16% 3.74% 

VaR 6_1 5.79% 5.05% 5.29% 5.85% 2.54% 2.19% 1.96% 1.49% 1.84% 7.76% 5.61% 5.01% 3.54% 2.94% 3.81% 1.67% 3.90% 

99% 9_1 5.55% 4.95% 5.22% 4.19% 3.34% 1.77% 1.80% 1.55% 2.42% 7.18% 5.48% 5.23% 3.74% 4.16% 2.39% 2.60% 3.85% 

(p.m.) 12_1 6.81% 5.57% 4.59% 3.84% 3.31% 2.37% 1.69% 1.73% 3.15% 6.85% 4.90% 5.30% 3.76% 3.93% 1.64% 2.56% 3.87% 
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Table 4-8 compares the average performance of different strategies in the 

SRI market during the recession periods. As with Issler and Vahid (2006) 

and Kim and Burnie (2002), this research follows the National Bureau of 

Economics Research (NBER) economic cycle data to identify the recession 

periods. The results clearly indicate that momentum strategy performs 

best in both recession periods. The corresponding graph can be found in 

Figure 4-3. 

 

Table 4-8: Recession Period SRI Strategies Performance 

There are two recessions in the study period, May 2001 to November 2001, and February 2008 to June 2009.  

Recession Equally Weighted DCC Momentum 

Overall recession period -0.0247 -0.0215 0.0024 

2001m4-2001m11 -0.0242 -0.0229 -0.0011 

2008m1-2009m6 -0.0249 -0.0209 0.0038 

 

Figure 4-3: Recession Period Return Comparison 

This graph shaded the recession period. The momentum method is the best performing one during the recession 

period.  
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To investigate the best investment approach in the SRI market, this study 

compares the annualised return between the equally weighted portfolio, 

the DCC portfolio and the momentum strategy, as seen in Figure 4-4. This 

study finds that during the bear market periods (1999 and 2008); both the 

equally weighted and the DCC portfolios underperform in relation to the 

momentum portfolio. In contrast, during the expansion periods, the 

situation is reversed. Unlike the equity market where the momentum 

performs poorly during and after a volatile market period (K.Q. Wang & 

Xu, 2015), in the SRI market, the momentum is the best strategy to follow. 

Consistent with Smith (2012), the results also suggest that a momentum 

portfolio is a valuable diversifier immediately following a market crisis. 

 

Figure 4-4: Annualised Return Comparison 

Figure 4-4 to Figure 4-10 compare performance among the equally weighted portfolio, the DCC portfolio and the 

6_1 momentum strategy. They are assessed on the aspects of their annualised return, standard deviation, 

downside risk, Sharpe ratio, Sortino ratio, VaR95 and VaR99 respectively. 

 

 

Figure 4-5 illustrates the standard deviation of the three strategies, 

showing that the equally weighted portfolio is riskier than the DCC 

portfolio across the whole out-of-sample period. The momentum strategy is 

riskier during the bear market period. Similarly, as Figure 4-6 shows, the 

downside risk of the DCC portfolio is the lowest for most of the years, 

whereas the momentum strategy has the highest downside risks. 

Therefore, in the SRI market, the DCC portfolio method is best for the risk 

aversion investors.  
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Figure 4-5: Standard Deviation Comparison 

 

 

 

Figure 4-6: Downside Risk Comparison 

 

 

Figure 4-7 illustrates the comparison of the three strategies in the Sharpe 

ratio. During the out-of-sample period, the equally weighted and DCC 

portfolios correlate closely, and both of them outperform the momentum 

strategy for most of the time. However, during the financial bear market 

periods, 1999 and 2008, the momentum portfolio outperforms the other 

two portfolios. The outperformance is mainly due to the higher return 

during these times. The equally weighted portfolio outperforms the DCC 

portfolio significantly in 1999 and 2009. Therefore, when the economic 

condition is an expansion, it is best to follow the equally weighted or DCC 

methods. However, when the market is a bear market, momentum trading 

is the best method to follow. The Sortino ratio comparison, as shown in 

Figure 4-8, and the M2 comparison, as shown in Figure 4-9, also suggest 

the same conclusion.  
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Figure 4-7: Sharpe Ratio Comparison 

 

 

Figure 4-8: Sortino Ratio Comparison 

 

 

Figure 4-9: M2 Comparison 

 

Given the result in Figure 4-5 and Figure 4-6, another risk measure, VaR, 

is compared among the three strategies. Figure 4-10 and Figure 4-11 

demonstrate the comparison for VaR 95 and VaR 99 respectively. Both of 

them show that for most of the time, the equally weighted portfolio has a 

higher risk compared to the DCC portfolio. Only in 1999 and 2000 did the 

DCC portfolio have a higher risk when it returned a poor performance. 

Momentum strategy has high VaR 95 and VaR 99 during the bear 

markets.  
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Consequently, during the volatile periods the actively managed portfolio 

generates best risk-adjusted returns whereas, during the economic 

expansion period, the semi-active portfolio and equally weighted portfolio 

bring the highest risk-adjusted returns. The results fill the gap in the 

existing SRI literature by indicating the best investment strategy in the 

SRI markets. The finding is consistent with Petajisto (2013), that the 

actively managed funds outperformed their benchmark indices and the 

pattern held during the GFC period.  

 

Figure 4-10: VaR 95 Comparison 

 

Figure 4-11: VaR 99 Comparison 

 

 

Following Fama and French (1993), in this study the strategies’ monthly 

excess returns are regressed against three factors: market risk premium, 

SMB (small minus big), and HML (high minus low). Results are displayed 

in Table 4 9, and the p-values for the coefficients are in the brackets. None 

of the Alpha is statistically significant. This could be due to the fact that 

during the sample period examined, the entire stock market was not 

performing particularly well. For example, the average annualised return 
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of the S&P500 was merely 3.17%, which was well below the long-term 

equity market risk premium. This poor general performance contributes to 

the negative alphas observed. Furthermore, the results may also imply 

that after controlling for market, size and value risk factors, it is difficult 

for SRIs to generate significant alphas. 

 

Table 4-9: SRI market three-factor model results 

P-values for each coefficient are in the brackets. None of the alpha is statistically significantly different from 

zero.   

Strategies Alpha Mkt-rf smb hml 

SRI ew -0.3162(0.131) 0.6594(0.000) -0.3465(0.001) 0.0226(0.777) 

SRI dcc -0.3446(0.108) 0.3904(0.000) -0.4456(0.000) 0.0168(0.838) 

SRI mom -0.0823(0.821) 0.0461(0.557) -0.0263(0.878) -0.2255(0.107) 

 

 

4.4 Conclusion  

The socially responsible investment is a rapidly growing market. This 

study examines what would be the best way to invest in the SRI indices 

among the passive, semi-active and active approaches.  

 

In order to find out the best way to invest in the SRI market, this study 

compares the performance between three different investment strategies; 

namely, passive, semi-active and active investment approaches. The 

equally weighted portfolio is a proxy for the passive investment style, the 

DCC-GARCH mean-variance optimised portfolio is a proxy for the semi-

active investment style, and the momentum strategy is a proxy for the 

active investment style. The equally weighted and DCC portfolios are both 

annually rebalanced, and the momentum strategy is rebalanced monthly. 

The results are then annualised for comparison among the three 

investment strategies.  
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During the bear markets, 1999 and 2008, momentum strategy performs 

better than the other portfolios However, during the expansion period, the 

equally weighted and DCC portfolio outperform the momentum portfolio. 

One of the risk measures, standard deviation, shows that risk in the 

momentum strategy fluctuated the most. It has the biggest risk during the 

volatile period.  

 

Consistent with Petajisto (2013), the active strategies are better than the 

passive strategy. The results also suggest that during the stressful period, 

the active method can generate the highest risk-adjusted returns whereas, 

during the stable period, the semi-active method is the method to apply.  

 

The findings present in this study provide important implications for 

market participants. Regulators should develop appropriate policies for 

financial products to limit the downside risk exposure of the SRI. With an 

improved understanding of the inter-market linkages, investors and fund 

managers will be better able to manage their portfolio allocation into the 

SRI markets. 
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Chapter 5  

Study 2: Passive, Semi-Active and Active Investment 

Strategies comparison in Commodity Futures 
 

5.1 Introduction  

Commodity futures investment has become increasingly important due to 

its portfolio diversification benefits and its inflation hedging effects. The 

diversification benefits come from the low correlations between 

commodities and traditional asset classes, because the factors affecting 

these markets are different (Ankrim & Hensel, 1993; Anson, 1999; Bodie, 

1983; Georgiev, 2001; Gorton & Rouwenhorst, 2006; Irwin & Landa, 1987; 

Jensen et al., 2000, 2002; Kaplan & Lummer, 1998; Nijman & Swinkels, 

2011; Satyanarayan & Varangis, 1996; You & Daigler, 2010). Furthermore, 

commodity futures are good inflation hedging assets, as they perform 

better than stocks and bonds in unexpected inflation conditions, and are 

easier to trade and value than real estate and other alternatives (Ankrim 

& Hensel, 1993; Bodie, 1983; Froot, 1995; Kaplan & Lummer, 1998). 

However, the diversification benefit of bonds is diminishing (Rankin & Idil, 

2014) because investors are putting their money in the commodity futures 

market. According to Barclays data, the managed futures industry Assets 

Under Management (AUM) has grown from US$0.31 billion in 1980 to 

US$37.9 billion in 2000, and has increased radically to US$326.4 billion in 

2015.  

 

Due to the financialisation of commodity futures, commodity prices surged 

in the late 1990s and the first two decades of the 2000s (Basak & Pavlova, 

2016; Buyuksahin & Robe, 2014; Singleton, 2013). Between 2000 and the 
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2008 financial crisis, agriculture, energy and metals gained 62%, 154% 

and 107% respectively17.  

 

Nevertheless, the commodities boom has slowed in the past five years 

(Schwartz & Creswell, 2015). With the slowdown of the Chinese economy, 

the metallurgical coal price fell from US$330 to US$150 per tonne from 

2011 to 2013 (Economist, 2015; Hagemann, 2016). This recent commodity 

downturn has triggered the investors to search for a way to lower the 

investment risk and keep the return. To diversify the investment risks, 

investors have used a passive investing method that normally does not 

take short positions (CFA Institute, 2016).  

 

Active investment methods such as trend following have also been used in 

the commodities market (Fung & Hsieh, 2001). More recently, a small 

number of momentum studies, such as Miffre and Rallis (2007) and Shen 

et al. (2007) have focused on commodities futures. Miffre and Rallis (2007) 

find that the momentum strategies generate 9.38% average return a year, 

and the momentum strategy in the commodity futures market is 

equivalent to buying backwardated contracts and selling contangoed 

contracts. Shen et al. (2007) find that, for both short and intermediate 

time horizons, momentum strategies generate highly significant positive 

returns, and the returns are similar to the reported stock momentum 

returns.  

 

With these fast-changing market trends, the recent financial market 

crises, and the fact that the stock bond diversification benefit is 

diminishing (Rankin & Idil, 2014), investors need to expand their focus 

beyond the traditional investment markets to the relatively new 

investment markets. Commodity futures prices plunged 48% around late-

2008, but after a quick and powerful recovery, the prices had risen by 

112% at mid-2011, which is 10% over the pre-GFC peak (Colombo, 2012). 
                                                           
17 Based on World Bank data.  
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Therefore, investors could add in the commodity futures to their existing 

investment in order to diversify the risk and earn abnormal returns.  

 

Current understanding of commodity futures is insufficient. Firstly, 

previous literature has studied passive and active investment in the 

commodity futures markets individually, but there are no consistent 

results on which one performs better. C. Wang, and Yu (2004) find that 

applying the short-term contrarian strategies on the commodity futures 

produces abnormal returns. In contrast, Marshall et al. (2008) show that 

the quantitative strategies cannot beat the market. With inconsistent 

findings on the best investment strategy, it is worthwhile establishing 

what the best strategy is for Australian commodity futures investors. 

Study 2 uses an equally weighted portfolio as a proxy for passive 

investing, a momentum portfolio as a proxy for active investing, and a 

mean-variance optimised portfolio using the correlation from the DCC-

GARCH model as a proxy for semi-active investing to Study 2 compares 

the portfolio performances from these three investment styles so the best 

one can then be selected for investors to follow.  

 

Secondly, Study 2 provides a more up-to-date analysis of the conditional 

correlations relating to commodities. Engle and Sheppard (2001) use the 

DCC-GARCH to estimate the conditional correlation of 100 S&P 500 

stocks and 30 DJIA stocks and the average. After that, the DCC-GARCH 

has become widely applied in worldwide stock and bond markets (Engle, 

2002; Lafuente & Ordonez, 2009; Li, 2009; McAleer et al., 2008). Only a 

few recent commodity studies apply the DCC model. Choi and 

Hammoudeh (2010) discover that dynamic conditional correlation 

increased among commodities after the 2003 Iraq war but decreased with 

S&P 500. In contrast to Choi and Hammoudeh (2010), Creti et al. (2013) 

observe that the dynamic conditional correlation between commodity and 

stock markets increases after the 2007–2008 financial crisis. However, 
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neither of them discusses how to form an efficient portfolio based on the 

DCC results throughout the stressful market period.  

 

Study 2 makes three major contributions to the literature. First, following 

Engle (2002), it applies the DCC model to the three 18  most liquid 

commodities in each sector – energy, precious metals, industrial metals, 

grains, softs, and livestock. All eighteen commodity futures indices exhibit 

ARCH effects; the correlations are high within each sector but are much 

lower between sectors. For example, to contradict Choi and Hammoudeh 

(2010), even though the 2003 Iraq war had a huge impact on the energy 

sector, not all the correlations among commodity futures are increased. 

Therefore, the potential to benefit from the commodity portfolio needs to 

be further examined. 

 

Second, based on the momentum strategy from Jegadeesh and Titman 

(1993), the 3_1 strategy is the most profitable, generating 11.83% per 

annum on average. The annual return of the 3_1 strategy from Miffre and 

Rallis (2007) is 13.8%, which is similar to this study’s result. But the best 

performing one-month holding strategy in Miffre and Rallis (2007) is the 

12_1 strategy. Their different result is due to the different study period 

and data applied. Despite the different results, the return to momentum 

strategy is high, which makes it a good avenue for commodity investors.  

 

Third, the findings suggest that the active management strategy, 

momentum, is the best investment strategy during the stressful period. 

The finding is consistent with those of Fortin and Michelson (2002) and 

Luk (2014). Besides the high return, the momentum strategy makes it the 

best risk-adjusted strategy for risk neutral investors. For the institutional 

                                                           
18 In most of the sectors, the contract volumes of the highest three commodity futures are 

much higher than for the rest of the commodities. Hence, this study applies the most 

traded three commodity futures.  
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funds, implementing a momentum strategy offers the potential to improve 

their alpha and lower their risk. For the risk-averse investors, the DCC 

strategy is a good option. Both of these strategies are better than the 

passive strategy and the equally weighted portfolio. The high transaction 

cost and volatility of active strategies could be why investors are investing 

passively in the commodity futures market.  

 

The findings presented in this study are important because they fill the 

gap in the commodity futures literature by finding the best investment 

strategy in the commodity futures market. Moreover, this study delivers 

practical contributions to Australian hedge fund managers as well as to 

those individual investors who have interests in the commodity futures 

market. They can use these ideas to reselect and reallocate their portfolio 

assets based on their needs and market conditions. Regulators, as well, 

would get some insight from this study to reinforce certain asset class 

investments that would minimise the financial market risks and stabilise 

the economy.  

 

The remainder of the chapter is as follows. Section 5.2 describes the data 

used in this study and Section 5.3 reports on the empirical results. Section 

5.4 concludes the study.  

 

5.2 Data  

Data employed in this study is from the Bloomberg commodity index 

family (BCOM), known previously as the DJ-UBS Commodity Index 

family before Bloomberg took over the administration in July 2014. The 

BCOM data is available from January 1991: this study covers the period 

from 1/1/1994 to 31/12/2014. From the second half of the 1990s, there is a 

series of more than usual extreme negative financial events, such as the 

Asian Financial Crisis (1997), the bursting of the Dot-Com bubble (2000), 
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the September 11 terrorist attacks (2001), the Enron fraud scandal (2001), 

the Iraq war (2003), the subprime housing crisis (2007-2009), the Ponzi 

scheme of Bernard Mandoff (2008) and the European government crisis 

(2010). The BCOM data are sourced from the Bloomberg terminal. The 

expectation is that the commodity market ought to provide diversification 

benefits during these volatile periods.  

 

Firstly, the daily price is obtained for the purpose of calculating the DCC 

because the autoregressive conditional heteroskedasticity is widely 

observed among daily observations (Engle, 1982, 2002; Fresoli & Ruiz, 

2015; Laurent et al., 2012). Then the end-of-month prices are used to 

calculate the monthly returns for portfolio and momentum returns. All 

returns are calculated in Australian dollar terms to facilitate the 

comparison across the countries and also provide some intuitive 

information to the Australian investors. 

 

Unlike the prior momentum studies which compile the time series price 

from the raw future contracts, this study employs the pre-constructed 

continuous price provided by the Bloomberg. The main difference between 

the two methods is their roll-over procedures. The self-constructed time 

series roll their nearest or the next nearest future contracts to the next 

contract to maintain the exposure in the underlying commodity (Asness et 

al., 2013; Fuertes et al.; Miffre & Rallis, 2007; Moskowitz et al., 2012; 

Shen et al., 2007). All positions in the expiring contracts are being closed 

out while the equal amounts of new positions on the next nearby contracts 

are opened on the same day. Different from the immediate roll approach, 

BCOM data are constructed by rolling over a 5-day period every other 

month. The weighting of the new contract is increased from 20%, 40%, 

60%, 80% and 100% through the fifth to ninth business days of the rolling 
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month19 . By doing this, the price changes of the future contracts are 

absorbed gradually. This gradual roll method is more practical for large 

pension funds, compared to the immediate roll, and it would minimise the 

adverse impact on the market.  

 

Since the commodity indices are often criticised for being heavily 

dependent on the energy sector 20 , this study overcomes this issue by 

including the three most liquid commodities in each sector, energy, 

precious metals, industrial metals, grains, softs, and livestock. Therefore, 

in this study, the following commodities are being examined: Crude Oil, 

Brent Crude, Natural Gas, Gold, Silver, Platinum, Aluminium, Copper, 

Zinc, Corn, Soybeans, Wheat, Sugar, Coffee, Cotton, Live Cattle, Lean 

Hogs, and Feeder Cattle.  

 

Table 5-1: Descriptive Statistics for the Entire Study Period 

This table shows the descriptive statistics for the entire period. Mean, median, minimum and maximum values 

reveal the general distribution of the data, while the standard deviation measures how spread the data is. 

Skewness and Kurtosis measures depict the asymmetry and tail distribution respectively. Crude Oil, Brent Oil, 

Platinum, Live Cattle and Lean Hogs are negatively skewed, and they have more extreme values on the 

negative side. The rest of the commodity futures are positively skewed, which means their returns are more 

positively concentrated. The highest and lowest mean returns both from the energy sector, which indicates the 

energy sector is more volatile than other sectors. The S.D. value also supports the same conclusion.  Gold is the 

most stable commodity among the 18 commodities; it only has a standard deviation of 0.0443. All the 

commodities have kurtosis higher than 3, which means they all fat tailed. The data frequency is monthly.  

 

Mean Median Minimum Maximum S.D. Skewness Kurtosis Observation 

Crude Oil 0.0043 0.0095 -0.2504 0.3186 0.0810 -0.1398 3.6777 297 

Brent Crude 0.0072 0.0088 -0.2582 0.3067 0.0754 -0.2033 3.9949 297 

Natural Gas -0.0079 -0.0129 -0.3405 0.4349 0.1304 0.3695 3.6617 297 

Gold 0.0027 -0.0006 -0.1128 0.1574 0.0443 0.7188 4.5743 297 

Silver 0.0052 0.0008 -0.2066 0.2285 0.0765 0.2940 3.3183 297 

Platinum 0.0053 0.0057 -0.2553 0.2013 0.0534 -0.2382 4.8201 297 

Aluminium -0.0029 -0.0057 -0.1999 0.1242 0.0494 0.0336 3.6899 297 

Copper 0.0056 0.0049 -0.2445 0.2376 0.0626 0.0592 4.3415 297 

Zinc 0.0005 -0.0006 -0.2125 0.2269 0.0649 0.1878 3.5055 297 

Corn -0.0045 -0.0066 -0.2121 0.2493 0.0716 0.1521 3.7624 297 

Soybeans 0.0048 0.0037 -0.2014 0.1790 0.0648 -0.0406 3.4020 297 

Wheat -0.0046 -0.0080 -0.2565 0.2902 0.0767 0.3384 4.0476 297 

Sugar 0.0042 0.0017 -0.3154 0.2936 0.0877 0.1132 3.7976 297 

Coffee -0.0006 -0.0157 -0.3074 0.5552 0.1086 1.1956 6.2349 297 

Cotton -0.0025 -0.0047 -0.1962 0.2146 0.0730 0.1583 3.4364 297 

Live Cattle 0.0004 -0.0007 -0.2381 0.1861 0.0485 -0.1696 4.9172 297 

Lean Hogs -0.0059 -0.0048 -0.2693 0.2286 0.0736 -0.1329 3.4443 297 

Feeder Cattle 0.0033 0.0015 -0.1861 0.1861 0.0502 0.1616 4.1011 297 

 

                                                           
19 A detailed contract rolling schedule can be found in Bloomberg (2015) p.35.  
20 The S&P GSCI has a high exposure (70%) to the energy sector (Hougan, 2010).  
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Table 5-1 lists the monthly data descriptive statistics for the entire study 

period. Interestingly, the highest and lowest are both from the energy 

sector: the Brent Crude (0.72%) and Natural Gas (-0.79%). The precious 

metals sector has the highest sector mean return. While bearing the 

lowest return, Natural Gas also has the lowest minimum value and the 

highest standard deviation, 0.1304. Gold is the most stable commodity 

among the eighteen commodities with a standard deviation of 0.0443. 

Only Crude Oil, Brent Crude, Platinum, Soybeans, Live Cattle and Lean 

Hog have negative skewness; all the other commodities are positively 

skewed. All the commodities have kurtosis higher than 3, which means 

they all fat tailed.  

 

5.3 Results and Discussion  

As shown in Table 5-2, the test statistics from Augmented Dicky Fullers’ 

test are much lower than the critical value for all significant levels. 

Therefore, none of the return data has a unit root issue, and they are all 

stationary. 

 

Table 5-2: Augmented Dickey Fuller Test Results 

This table shows the results of the augmented Dickey-Fuller test. The test is applied to examine the 

stationarity of the data. The null hypothesis assumes there is a unit root. Results indicate all of the test 

statistics are much lower than the negative critical value for all significant levels. Therefore, none of the 

returns has a unit root issue, and they are all stationary. 

 

Test Statistics p-value 

Crude Oil -74.3262 0 

Brent Crude -76.3318 0 

Natural Gas -75.4046 0 

Gold -74.9648 0 

Silver -75.9611 0 

Platinum -69.9537 0 

Aluminium -75.0740 0 

Copper -78.6185 0 

Zinc -73.8089 0 

Corn -70.9443 0 

Soybeans -74.9520 0 

Wheat -73.2464 0 

Sugar -73.4539 0 

Coffee -74.3833 0 

Cotton -70.6805 0 

Live Cattle -70.6508 0 

Lean Hogs -71.1721 0 

Feeder Cattle -68.9888 0 
Notes:  

1. The augmented Dickey Fuller Test is used to test the unit root.  

2. The critical values for different significant levels are -3.43, -2.86 and -2.57 at 1%, 5% and 10% significance, respectively. 

3. Tests are applied to the return data 
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From the details shown in Figure 5-1, it can be seen that there are ARCH 

effects in all the commodity futures indices. The results from Table 5-3 

confirm the existence of the ARCH effect. For both lags of all the countries’ 

indices, the null hypotheses of no ARCH effect have been rejected.  

 

Figure 5-1: Commodity Daily Return 

This figure illustrates the daily commodity futures index returns. The x-axis represents the date while the y-

axis represents the return. The volatility clustering effect can be observed in all the countries’ series, with high 

volatility followed by high volatility and low volatility followed by low volatility. The cl, co, ng, gc, si, pl, al, hg, 

zs, cn, sy, wh sb, kc, ct, lc, lh, and fc are representing crude oil, brent oil, natural gas, gold, silver, platinum, 

aluminium, copper, zinc, corn, soybean, wheat, sugar, coffee, cotton, live cattle, lean hogs and feeder cattle.  
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Figure 5-1: Commodity Daily Return (continued) 
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Figure 5-1: Commodity Daily Return (continued) 
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Table 5-3: ARCH-LM Test Results 

This table reports the ARCH-LM test results used to identify the ARCH effect in the time series data. The test 

is applied to the return data and the null hypothesis of no ARCH effect. The results confirm the existence of the 

ARCH effect in the data.  

Commodity Lag Test Statistics p-value 

Crude Oil 
1 80.3044 0 

2 136.0829 0 

Brent Crude 
1 140.1493 0 

2 188.7096 0 

Natural Gas 
1 111.7330 0 

2 208.9999 0 

Gold 
1 135.8774 0 

2 535.2679 0 

Silver 
1 94.9973 0 

2 173.8055 0 

Platinum 
1 73.5721 0 

2 145.2158 0 

Aluminium 
1 67.8065 0 

2 116.9549 0 

Copper 
1 79.1391 0 

2 150.6352 0 

Zinc 
1 79.4416 0 

2 174.2777 0 

Corn 
1 92.4497 0 

2 120.3032 0 

Soybeans 
1 69.3224 0 

2 123.2451 0 

Wheat 
1 110.6753 0 

2 138.7055 0 

Sugar 
1 148.9983 0 

2 157.0233 0 

Coffee 
1 142.4712 0 

2 217.6056 0 

Cotton 
1 78.3513 0 

2 139.6295 0 

Live Cattle 
1 330.6713 0 

2 368.3721 0 

Lean Hogs 
1 179.2300 0 

2 265.8487 0 

Feeder Cattle 
1 143.8736 0 

2 196.0909 0 
Notes:   

1. The ARCH-LM test is to identify the ARCH effect in the time series.  

2. The null hypothesis is no ARCH effect. 

3. Tests are applied to the return data.  

 

The pairwise dynamic conditional correlation is illustrated in Appendix 2. 

None of the correlation is static, and there is no clear pattern among the 

commodities. Therefore, based on the dynamic correlations, the portfolio 

asset allocation would be different from the traditional mean-variance 

optimised portfolio. As shown in Appendix 2, the correlations within each 

sector are more than those from different sectors. WTI crude oil and Brent 

crude oil are highly correlated throughout the whole period, with a 

correlation around 0.9. A similar situation exists in the energy sector. In 

the Grains sector, Soybean and Corn have a correlation of around 0.7. 
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Wheat and Corn have a correlation between 0.5 to 0.7 throughout the 

period, and Wheat and Soybean have correlation ranges from 0.4 to 0.6. In 

the precious metals sector, the correlations among gold, silver and 

platinum range from 0.35 to 0.8. The situation does no better in the 

industrial sector, where correlations range from 0.35 to 0.7. In the 

livestock sector, the correlation can reach as high as 0.9. Despite the high 

correlations within each sector, the commodities from different sectors are 

less correlated. None has higher than 0.5 correlations with other sector 

commodities. Contradicting to Choi and Hammoudeh (2010), even though 

the 2003 Iraq war had a huge impact on the energy sector, not all the 

correlations among commodity futures are increased. 

 

Table 5-4 and Figure 5-2 illustrate the detailed DCC portfolio weights and 

the allocation of each commodity respectively. The last column of Table 5-4 

presents the average portfolio weights for the period from 1999 to 2014. 

Gold, Feeder Cattle and Aluminium have the highest proportion, 30%, 18% 

and 12% respectively. Coffee and Lean Hog have almost 0% investment 

during the study period. The rest of the commodities have weights ranging 

from 1% to 5%.  

 

As shown in Figure 5-2, gold exhibits a consistently high proportion in the 

DCC portfolio. Soybean becomes part of the DCC portfolio after 2003. 

Feeder Cattle play a big role in the portfolio when the market is volatile, 

namely, 1999–2000 and 2008–2009. Another trend observed during the 

volatile period is that more commodities are incorporated, based on the 

DCC portfolio strategy. On the other hand, when the market is stable, 

investment in Aluminium is increased. This may be due to its mass 

development in the emerging countries during the stable period. 
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Table 5-4: DCC Portfolio Weights 

This table shows the detailed DCC portfolio weights for the period from 1999 to 2014. Gold, Feeder Cattle and Aluminium have the highest proportion, 30%, 18% and 12% respectively. 

Coffee and Lean Hog have almost 0 investment during the study period. The rest of the commodities have weights ranging from 1% to 5%. 

Commodities 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Crude Oil 0 0 0 0.02 0 0 0 0 0.03 0 0 0.1 0.09 0.04 0 0.02 0.0188 

Brent Crude 0.02 0 0.04 0 0 0 0 0.11 0 0 0 0 0 0 0.13 0.12 0.0263 

Natural Gas 0.06 0 0.03 0 0 0.02 0 0 0 0 0 0 0 0 0 0.06 0.0106 

Gold 0.11 0.34 0.31 0.38 0.39 0.31 0.25 0.17 0.47 0.38 0.38 0.5 0.25 0.22 0.22 0.1 0.2988 

Silver 0.03 0.03 0.01 0 0 0 0 0 0 0 0 0 0 0.11 0 0.05 0.0144 

Platinum 0 0 0 0 0 0 0 0.24 0 0 0.16 0 0 0 0 0.09 0.0306 

Aluminium 0 0.07 0 0.22 0.27 0.37 0.37 0 0 0.12 0 0.18 0.22 0.17 0 0 0.1244 

Copper 0.14 0 0.06 0 0 0 0 0.23 0 0.12 0.07 0 0 0 0 0 0.0388 

Zinc 0 0 0.08 0 0 0.08 0.12 0 0.14 0 0 0 0.08 0 0.16 0.12 0.0488 

Corn 0 0.19 0 0.09 0 0 0 0 0 0 0 0 0 0.06 0 0.03 0.0231 

Soybeans 0 0 0.04 0 0 0.14 0.1 0.15 0.17 0.17 0.09 0.2 0.14 0.09 0.21 0.03 0.0956 

Wheat 0.2 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0138 

Sugar 0.08 0 0 0 0 0 0 0.08 0 0 0 0 0 0 0 0.12 0.0175 

Coffee 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0006 

Cotton 0 0.07 0 0 0.03 0 0 0.02 0 0.03 0 0 0 0 0 0 0.0094 

Live Cattle 0.01 0 0.01 0 0.31 0.08 0 0 0.1 0 0 0 0.22 0 0 0 0.0456 

Lean Hogs 0 0 0 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0.0013 

Feeder Cattle 0.35 0.28 0.41 0.29 0 0 0.16 0 0.09 0.18 0.3 0 0 0.31 0.28 0.26 0.1819 
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Figure 5-2: DCC Portfolio Weights 

This figure illustrates the SRI portfolio allocation from 1999 to 2014. Gold exhibits a consistently high proportion in the DCC portfolio. Soybean commences as part of the DCC portfolio 

after 2003. Feeder Cattle play a big role in the portfolio when the market is volatile, namely, 1999-2000 and 2008-2009. Another trend observed during the volatile period is that more 

commodities are incorporated based on the DCC portfolio strategy. Further, investment in Aluminium is increased when the market is stable.  
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Panels A and B of Table 5-5 show the equally weighted and DCC portfolio 

performance for the out-of-sample period. The return, standard deviation, 

Sharpe ratio, downside risk and Sortino ratio are all annualised. Even 

though the average return of the DCC portfolio is higher than the equally 

weighted portfolio, it bears higher risk as well.  

 

During the 16-year out-of-sample period, the DCC portfolio outperforms 

the equally weighted portfolio ten times, with most happening around the 

recent GFC period. The result is consistent with that of You and Daigler 

(2013): the ex-post mean-variance portfolio commodity futures portfolios 

dominate the equally weighted commodity futures portfolio on a return-

risk basis.  

 

The DCC portfolio (semi-active) performs better than the equally weighted 

portfolio (passive), in terms of the average Sharpe ratio (-0.3160 v.s. -

01631), average Sortino ratio (-0.1411 v.s. -0.0723) and the average M2 (-

0.0035 v.s. 0.0242), due to its higher average return, even though the 

equally weighted portfolio has lower standard deviation and lower 

downside risk.  

 

In order to fully explore the commodity market, this study has also 

generated these statistics using the momentum (active) strategy, as shown 

in Table 5-6. However, only the 3_1 and 12_1 strategies are statistically 

significant at the 10% level. The t-values of the strategies are 1.7581, 

1.0438, 0.4795 and 2.0739. The insignificant result is inconsistent with the 

previous literature, and this is perhaps due to the fact that all the indices 

are valued in the Australian currency.  
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The annualised returns of momentum strategies are significantly higher 

than the equally weighted and DCC portfolios. Compared to the 

momentum strategies, the 3_1 strategy has the highest average 

compounded yearly return, 11.83%, together with the highest standard 

deviation of 19.6%. The Sharpe ratio of the 3_1 strategy is 0.3568, which 

almost doubled the second highest strategy, 12_1, 0.1961. Even though 

3_1 has a higher downside risk than the 12_1 due to its high return, it has 

the best Sortino ratio.  

 

From the perspective of the VaR95 and VaR99, the 3_1 is a bit riskier 

than the 12_1. However, from the overall performance comparison, the 3_1 

is chosen to represent the momentum strategy, to compare with the 

equally weighted portfolio and the DCC portfolio.  
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Table 5-5: Portfolio Performance 

Panels A and B of this table show the equally weighted and DCC portfolio performance for the out-of-sample period. In the table, S.D. stands for the standard deviation, and D.R. stands for 

Downside risk. The return, standard deviation, Sharpe ratio, downside risk, Sortino ratio and M2 are all annualised. The time frame for VaR is one month. 

  1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Equally weighted performance   

Return 0.0613 0.3165 -0.1628 0.0437 -0.1220 0.0776 0.2534 -0.0278 -0.0505 -0.1499 -0.0470 0.0972 -0.1039 -0.0203 0.0420 -0.0058 0.0126 

S.D. 0.0807 0.1247 0.0937 0.0918 0.1165 0.0941 0.0898 0.0872 0.0982 0.1713 0.1250 0.0932 0.1094 0.0620 0.1163 0.0857 0.1025 

Sharpe 0.1668 2.0637 -2.2774 -0.0203 -1.4592 0.2671 2.2139 -0.9853 -1.1645 -1.2651 -0.6377 0.5763 -1.3782 -0.9231 0.1259 -0.3592 -0.3160 

D.R.  0.0433 0.0703 0.1076 0.0635 0.1042 0.0576 0.0507 0.0705 0.0897 0.1519 0.0911 0.0640 0.0975 0.0529 0.0805 0.0570 0.0783 

Sortino 0.3110 3.6613 -1.9839 -0.0293 -1.6322 0.4366 3.9198 -1.2181 -1.2753 -1.4266 -0.8749 0.8391 -1.5459 -1.0818 0.1819 -0.5400 -0.1411 

M2 0.0683 0.2737 -0.3230 0.0437 -0.1098 0.0683 0.2793 -0.0374 -0.0450 -0.1735 -0.0669 0.1288 -0.1241 -0.0638 0.0435 -0.0180 -0.0035 

VaR95 (p.m.) 1.48% 2.29% 1.72% 1.68% 2.14% 1.73% 1.65% 1.60% 1.80% 3.14% 2.29% 1.71% 2.01% 1.14% 2.13% 1.57% 1.88% 

VaR99 (p.m.) 2.09% 3.23% 2.42% 2.38% 3.02% 2.44% 2.32% 2.26% 2.54% 4.43% 3.23% 2.41% 2.83% 1.60% 3.01% 2.22% 2.65% 

Panel B: DCC Portfolio Performance   

Return -0.0293 0.1140 -0.0349 -0.0255 -0.1095 0.0660 0.2839 0.0567 0.0154 0.0078 -0.0097 0.0881 -0.0655 0.0225 0.1094 0.0060 0.0310 

S.D. 0.0912 0.1146 0.1281 0.0762 0.1597 0.0790 0.1219 0.1511 0.1017 0.1328 0.1708 0.1096 0.0981 0.0999 0.1468 0.0926 0.1171 

Sharpe -0.8453 0.4790 -0.6668 -0.9335 -0.9864 0.1712 1.8803 -0.0092 -0.4772 -0.4435 -0.2486 0.4067 -1.1463 -0.1442 0.5589 -0.2050 -0.1631 

D.R. 0.0712 0.0759 0.0972 0.0674 0.1273 0.0513 0.0573 0.0946 0.0788 0.1033 0.0906 0.0725 0.0888 0.0639 0.0875 0.0672 0.0809 

Sortino -1.0835 0.7229 -0.8787 -1.0542 -1.2378 0.2638 4.0012 -0.0147 -0.6155 -0.5701 -0.4688 0.6154 -1.2660 -0.2255 0.9380 -0.2827 -0.0723 

M2 -0.0558 0.1089 -0.0589 -0.0379 -0.0586 0.0626 0.2455 0.0572 0.0193 -0.0176 -0.0061 0.1038 -0.0952 0.0212 0.0988 0.0004 0.0242 

VaR95 (p.m.) 1.67% 2.10% 2.35% 1.40% 2.93% 1.45% 2.24% 2.77% 1.86% 2.44% 3.13% 2.01% 1.80% 1.83% 2.69% 1.70% 2.15% 

VaR99 (p.m.) 2.36% 2.97% 3.32% 1.97% 4.13% 2.04% 3.16% 3.91% 2.63% 3.44% 4.42% 2.84% 2.54% 2.58% 3.80% 2.40% 3.03% 
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Table 5-6: Momentum Strategy Performance 

This table shows the momentum strategy performance for the out-of-sample period. 3_1, 6_1, 9_1 and 12_1 are strategies that rank the commodity future indices based on the previous 3-, 6-, 9-, and 12-month returns. 

Holding period in this study is one month for the purpose of comparing the results with the equally and DCC weighted portfolios.  

  Strategy 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

 
3_1 0.0796 0.3702 0.4536 -0.1599 -0.2881 0.0929 0.2982 0.4285 0.3387 0.2047 -0.0746 0.2405 -0.1364 -0.118 -0.0332 0.1968 0.1183 

Return 6_1 -0.2721 0.1706 0.1858 -0.219 -0.1043 -0.0013 0.0964 0.3141 0.1113 0.4 0.2572 0.1033 -0.1449 -0.1299 0.1331 0.0189 0.0575 

 9_1 -0.1625 0.4052 -0.0294 -0.1843 -0.087 -0.0209 -0.0667 0.2044 0.1 -0.1459 0.0572 -0.1256 -0.1402 -0.1307 0.0892 0.2441 0.0004 

  12_1 -0.0455 0.6427 0.0239 -0.0179 -0.1397 0.162 -0.024 0.277 0.2245 0.0363 0.0496 -0.152 0.0114 -0.0134 0.1471 0.0385 0.0763 

 
3_1 0.2573 0.261 0.1168 0.1499 0.2026 0.1969 0.2028 0.2112 0.1635 0.2853 0.2406 0.2054 0.1811 0.2233 0.0551 0.1822 0.196 

S.D. 6_1 0.274 0.2359 0.1506 0.2386 0.1708 0.2374 0.1359 0.2272 0.1651 0.2545 0.2087 0.2929 0.1828 0.1477 0.0956 0.1571 0.1984 

 9_1 0.253 0.1859 0.1465 0.2489 0.1837 0.2499 0.1388 0.2235 0.1521 0.2708 0.199 0.1887 0.1968 0.152 0.0927 0.1739 0.191 

  12_1 0.2985 0.2091 0.1215 0.2075 0.1745 0.2159 0.1425 0.2159 0.134 0.2299 0.1937 0.2012 0.162 0.1683 0.077 0.1904 0.1839 

 
3_1 0.1236 1.192 3.4498 -1.3703 -1.6595 0.2052 1.2009 1.7536 1.6804 0.4834 -0.4464 0.9586 -1.0125 -0.6937 -1.0987 0.943 0.3568 

Sharpe 6_1 -1.1675 0.4728 0.8979 -1.1088 -0.8918 -0.2267 0.3072 1.1267 0.2873 1.3095 1.0753 0.2041 -1.0493 -1.1288 1.1063 -0.0389 0.0734 

Ratio 9_1 -0.8312 1.862 -0.5457 -0.9234 -0.7354 -0.2938 -0.8735 0.6546 0.2375 -0.7854 0.1229 -0.8966 -0.9508 -1.103 0.6671 1.2596 -0.1959 

  12_1 -0.3128 2.791 -0.219 -0.3056 -1.0763 0.507 -0.5519 1.014 1.199 -0.1323 0.0869 -0.9717 -0.2195 -0.2988 1.5561 0.0711 0.1961 

Down- 3_1 0.1736 0.1458 0.0333 0.1396 0.1878 0.1039 0.0714 0.0793 0.0648 0.1777 0.1673 0.0908 0.1472 0.1791 0.0485 0.1022 0.1195 

Side 6_1 0.2480 0.1469 0.0845 0.2127 0.1431 0.1573 0.0738 0.0963 0.1091 0.1677 0.0949 0.1701 0.1451 0.1323 0.0215 0.1001 0.1315 

Risk 9_1 0.2279 0.0901 0.1119 0.2255 0.1292 0.1604 0.1015 0.0869 0.1043 0.2120 0.1046 0.1621 0.1718 0.1268 0.0454 0.0831 0.1340 

  12_1 0.2414 0.0575 0.0963 0.1510 0.1330 0.1195 0.1067 0.0824 0.0641 0.1535 0.1202 0.1749 0.1119 0.1365 0.0288 0.1285 0.1191 

 
3_1 0.1832 2.1332 12.1204 -1.4717 -1.7905 0.3887 3.4136 4.6694 4.2427 0.7763 -0.6415 2.1702 -1.2452 -0.8649 -1.2482 1.6812 1.5323 

Sortino 6_1 -1.2898 0.7592 1.6003 -1.2438 -1.0650 -0.3421 0.5665 2.6584 0.4347 1.9876 2.3649 0.3514 -1.3216 -1.2605 4.9246 -0.0609 0.5665 

Ratio 9_1 -0.9226 3.8428 -0.7144 -1.0193 -1.0453 -0.4577 -1.1951 1.6827 0.3465 -1.0030 0.2339 -1.0433 -1.0891 -1.3219 1.3633 2.6354 0.0183 

  12_1 -0.3864 10.1489 -0.2766 -0.4202 -1.4116 0.9162 -0.7367 2.6552 2.5065 -0.1984 0.1404 -1.1177 -0.3175 -0.3685 4.1655 0.1050 0.9628 

M2 

3_1 0.0630 0.1830 0.6167 -0.0771 -0.1314 0.0646 0.1765 0.2281 0.2209 0.1586 -0.0369 0.1856 -0.0786 -0.0388 -0.1132 0.1378 0.0974 

6_1 -0.0953 0.1082 0.1979 -0.0536 -0.0484 0.0391 0.0858 0.1673 0.0907 0.3155 0.2007 0.0738 -0.0832 -0.0863 0.1688 0.0204 0.0688 

9_1 -0.0541 0.2526 -0.0390 -0.0371 -0.0315 0.0351 -0.0341 0.1215 0.0861 -0.0824 0.0519 -0.0893 -0.0710 -0.0834 0.1127 0.1758 0.0196 

12_1 0.0095 0.3492 0.0146 0.0182 -0.0683 0.0825 -0.0014 0.1564 0.1759 0.0416 0.0463 -0.1005 0.0197 0.0043 0.2263 0.0335 0.0630 

 
3_1 4.72% 4.79% 2.14% 2.75% 3.72% 3.61% 3.72% 3.87% 3.00% 5.23% 4.41% 3.77% 3.32% 4.10% 1.01% 3.34% 3.59% 

VaR 6_1 5.02% 4.33% 2.76% 4.38% 3.13% 4.35% 2.49% 4.17% 3.03% 4.67% 3.83% 5.37% 3.35% 2.71% 1.75% 2.88% 3.64% 

95% 9_1 4.64% 3.41% 2.69% 4.57% 3.37% 4.58% 2.55% 4.10% 2.79% 4.97% 3.65% 3.46% 3.61% 2.79% 1.70% 3.19% 3.50% 

(p.m.) 12_1 5.47% 3.84% 2.23% 3.81% 3.20% 3.96% 2.61% 3.96% 2.46% 4.22% 3.55% 3.69% 2.97% 3.09% 1.41% 3.49% 3.37% 

 
3_1 6.66% 6.75% 3.02% 3.88% 5.24% 5.10% 5.25% 5.47% 4.23% 7.39% 6.23% 5.32% 4.69% 5.78% 1.43% 4.72% 5.07% 

VaR 6_1 7.09% 6.11% 3.90% 6.17% 4.42% 6.14% 3.52% 5.88% 4.27% 6.59% 5.40% 7.58% 4.73% 3.82% 2.47% 4.07% 5.14% 

99% 9_1 6.55% 4.81% 3.79% 6.44% 4.75% 6.47% 3.59% 5.78% 3.94% 7.01% 5.15% 4.88% 5.09% 3.93% 2.40% 4.50% 4.94% 

(p.m.) 12_1 7.72% 5.41% 3.15% 5.37% 4.52% 5.59% 3.69% 5.59% 3.47% 5.95% 5.01% 5.21% 4.19% 4.35% 1.99% 4.93% 4.76% 
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Similar to the SRI market, the momentum strategy for commodity futures 

during these recession periods is the best performing strategy. The 

average performances of the recession periods are shown in Table 5-7. 

Different from the SRI market, the momentum strategy for the commodity 

futures report only positive returns for both the recession periods. A 

corresponding graph can be seen in Figure 5-3. 

 
Table 5-7: Average Recession Period Commodity Strategies Performance 

Recession Equally Weighted DCC Momentum 

Overall recession period -0.0174 -0.0035 0.0194 

2001m5-2001m11 -0.0274 -0.0123 0.0292 

2008m1-2009m6 -0.0135 -0.0001 0.0156 

 

Figure 5-3: Return comparison during recession 

During the recession period, the momentum method outperforms the other method. 

 

As shown in Figure 5-4, in the 16-years out-of-sample period, momentum 

and DCC returns outperform the equally weighted returns for 15 years. 

Only in 2000 does the equally weighted portfolio perform the best. In the 

remaining 15 years, momentum has the highest returns for nine years, 

and the DCC portfolio has the best performance for the other five years. 
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Further, the momentum strategy performs the best during the post-crisis 

periods, 2000-2001 and 2007-2010.  

 

Figure 5-4: Annualised Return Comparison 

Figures 5-4 to 5-10 compare performance among the equally weighted portfolio, DCC portfolio and the 3_1 

momentum strategy. They are assessed in the aspects of the annualised return, standard deviation, downside 

risk, Sharpe ratio, Sortino ratio, VaR95 and VaR99 respectively. 

 

 

The standard deviation of the three strategies, shown in Figure 5-5, 

indicates that the momentum strategy is obviously riskier than the other 

two strategies throughout the whole period. Most of the time, the DCC 

portfolio has a higher standard deviation than the equally weighted 

portfolio, except in 2000, 2002, 2004, 2008 and 2011.  

 

Figure 5-5: Standard Deviation Comparison 

 

Even though the standard deviations of the equally weighted portfolio are 

relatively low, the Sharpe ratios of the equally weighted portfolio, as 

shown in Figure 5-6, are not superior to the DCC and momentum 
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portfolios. For most of the years, either the DCC portfolio or the 

momentum 3_1 portfolio is the best performer.  

 

Figure 5-6: Sharpe Ratio Comparison 

 

 

Since the upside deviation is desired, and only the downside risk is a 

concern, the study then measures the downside risks. When taking away 

the desired positive deviation, the risk ranking of the three strategies 

changes. As shown in Figure 5-7, the 3_1 momentum strategy has the 

highest downside risk for most of the time.  

 

The equally weighted portfolio has higher downside risk than the DCC 

portfolio in 2001, 2004, 2007, 2008, 2009 and 2011, when the economy was 

under the contraction condition. Therefore, the DCC portfolio is the safest 

strategy during contraction.  

 

Figure 5-7: Downside Risk Comparison 
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In Figure 5-8, the Sortino ratio comparison, the 3_1 momentum strategy 

has superior performance in 2001, 2006, 2007,2008, 2010 and 2014. This is 

due to the higher return of the momentum strategy. During the GFC 

period, the DCC portfolio outperforms the equally weighted portfolio. A 

similar pattern can be found in the M2 comparison, Figure 5-9.  

 

Figure 5-8: Sortino Ratio Comparison 

 

Figure 5-9: M2 Comparison 

 

 

The VaR 95 in Figure 5-10 and the VaR 99 in  

Figure 5-11 show that, for most of the time, the 3_1 momentum has the 

highest risk. Only in 2001 and 2013 does the DCC portfolio have the 

highest VaR.  

 

Figure 5-10: VaR 95 Comparison 
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Figure 5-11: VaR 99 Comparison 

 

 

Following these comparisons, both the DCC and the momentum strategy 

outperform the equally weighted portfolio. However, even though the DCC 

strategy has lower risk than the momentum strategy, the high return 

from the momentum strategy makes it the best risk-adjusted strategy for 

the risk neutral investors in the commodity markets. The momentum 

strategy is the only strategy that has a positive Sharpe ratio and Sortino 

ratio, and it has the lowest average downside risk. For the institutional 

funds, implementing the momentum strategy offers the potential to 

improve their alpha and lower their risk. 

 

The three-factor model results are displayed in Table 5 8, and the p-values 

for the coefficients are in the brackets. In the commodity markets, none of 

the Alpha is statistically significantly different from zero. For the 

commodity DCC portfolio only, the market risk factor was statistically 

significant. The insignificant results show that the stock market factor 

cannot explain the commodity futures returns. Consistent with Daskalaki 

et al. (2014), these results suggest that the commodity markets are 

segmented from the equity market. These insignificant factors and alphas 

show, as also found by Miffre and Rallis (2007) and Bianchi et al. (2015), 

that there is no commonly accepted pricing model for commodity futures. 
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Table 5-8: Commodity Three Factor Model Results 

P-values for each coefficient are in the brackets. None of the alpha is statistically significantly different from 

zero.   

Strategies Alpha Mkt-rf smb hml 

COM ew 0.0690(0.763) -0.0697(0.160) -0.0456(0.673) -0.0067(0.939) 

COM dcc 0.2705(0.264) -0.2296(0.000) 0.0911(0.424) -0.0424(0.648) 

COM mom 0.9552(0.031) 0.0109(0.908) -0.1962(0.344) 0.0153(0.928) 

5.4 Conclusion  

Due to the high return, diversification benefit and inflation hedge 

attributes of the commodity futures market, an enormous amount of 

capital has flown into the fast-growing commodity futures market. In this 

study, three different investment strategies are formed and compared 

throughout both bull and bear market conditions. The equally weighted 

portfolio is used as a proxy for the passive approach; the DCC mean-

variance optimised portfolio, as a proxy for the semi-active approach; and 

the momentum strategy, as a proxy for the active investment style. Both 

of the equally weighted and DCC portfolios are rebalanced annually, and 

the momentum strategy is rebalanced monthly.  

 

For 15 out of the 16 years, the passive investing method underperformed 

the other two methods, and the momentum method performs the best 

after the crisis. The findings suggest that active management is the best 

investment strategy during the stressful period, which is consistent with 

the findings of Fortin and Michelson (2002) and Luk (2014). 

 

Unlike in the previous study (Choi & Hammoudeh, 2010), results from 

this study suggest that the conditional correlations among commodity 

futures have not all increased: there is still potential to obtain the 

diversification benefits.  

 

The findings presented in this study provide important implications for 

market participants. Regulators should develop appropriate policies for 
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financial products in order to limit the downside risk exposure to 

commodity futures. Investors and fund managers can better manage their 

portfolio allocation to the commodity futures markets, with an improved 

understanding of how volatility in one market would affect other markets.  
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Chapter 6  

Inclusion of SRI and Commodities into Portfolio of 

Shares and Bonds 
 

Study 3 combines the best performing strategies from Studies 1 and 2 (one 

from each) and further investigates the three portfolio optimisation 

techniques, which are equally weighted, global minimum variance and 

mean-variance tangency portfolios. This study aims to test the 

diversification power of both SRI and commodity futures in a traditional 

stock and bond portfolio. 

 

6.1 Introduction  

The term ‘alternative investments’ refers to those investments that have 

grown rapidly since the mid-1990s as alternatives to the long-standing 

only in stocks and bonds. These investments include both non-traditional 

assets, such as real estate and commodities; and non-traditional 

approaches, such as private equity funds, hedge funds, and exchange 

traded funds. According to the data published by NAREIT, the Real Estate 

Investment Trust (REIT) market capitalisation has risen from US$1,494.3 

billion in 1971 to US$938,852 billion in 2015 (NAREIT, 2016). The US 

Commodity Futures Trading Commission reported a growth in the market 

capitalisation of long-only commodity index trading open interest from 

US$20 billion in 2006 to US$40 billion in 2008 (Stoll & Whaley, 2009). The 

private equity leveraged buyout grew from US$100 billion in 2000 to 

US$720 billion in 2007 (Private Equity Council, 2007). The focus of this 

chapter is on including SRI and commodity futures as the alternative 

investments in the traditional portfolios.  
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The rapid growth of alternative investments since mid-1990s is due to the 

interest from institution investors, such as endowment, pension funds and 

high net worth individuals (CFA Institute, 2016). The 2015 annual report 

of the Yale University Endowment reveals that over the past three 

decades, Yale dramatically reduced the US stocks and bonds from 80% in 

1985 to the target allocation 12.5% in 2015. The rest of the investments 

are in alternative investments such as foreign equity, natural resources, 

leveraged buyouts, venture capital, absolute return, and real estate 

dominate. The heavy allocation to alternative assets classes is due to their 

return potential and diversifying power (Yale Investments Office, 2015). 

The Spectrum Group’s survey of the ultra-wealthy investors with assets 

holding greater than US$25 million net worth found that 56% of 

households have allocations to hedge funds; 52% hold venture capital; 49% 

hold private placements; 44% hold precious metals and 38% hold 

commodities. The alternative investments comprise 20% portfolio 

allocation; 20% stocks and bonds; 16% professionally managed accounts; 

11% mutual funds and deposit accounts; the rest are other investments, 

including rollover contributory and Roth Individual Retirement 

Arrangements.  

 

The portfolio diversification power of alternative investment is substantial. 

The buyout, REITs and venture capital make up a large proportion of all 

the risk level efficient portfolios. On the contrary, US government bonds 

have only a maximum 30% allocation limit in the most risk averse 

portfolio. The US equity has only 7% across different risk level efficient 

portfolios (Schweizer, 2008). Terhaar et al. (2003) note that, after adding 

in a mixture of alternative investments, the Sharpe ratio of the global 

balanced portfolio (65% in stocks and 35% in bonds) has increased by 19%.  

 

The alternative investments are not free of risk and may not provide 

diversification benefits, especially during a financial crisis. The financial 
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recession has a heavy adverse impact on energy, hedge funds, and private 

equity (Loeys & Panigirtzoglou, 2006). Over the 20-year period (first 

quarter 1990 to fourth quarter 2009), the mean returns of hedge funds, 

real estate, private equity and venture capital exceed the returns of global 

stocks and bonds. However, from the fourth quarter 2007 to the fourth 

quarter 2009, the returns of these alternative investments, except hedge 

funds, are similar and lower than the global stocks and bonds. This 

performance is worse because most of the alternative investments are 

actively managed (CFA Institute, 2016).  

 

The actively managed alternative investments achieve high mean returns 

by exploring the less efficiently priced assets, the illiquidity premiums, the 

account leverage, and the tax advantages. Nevertheless, the use of 

leverage and investment in illiquidity assets leads to poor performance in 

a bad economic market condition. Similar results are found by Ineichen 

and Dilworth (2013) that the hedge funds underperform the US equity 

and bond markets from 2010 to 2013. However, the average annual return 

of hedge from 1970 to 2013 is 12.9%, which is higher than the US stock 

market, 9.4%, and the US bond market, 7.7%. Those authors claim that 

Coco Channel’s saying, “fashions change, but style endures”, applies to the 

world of investment. The long-only investment is like fashion that comes 

and goes, ebbs and flows, but the investment style that focuses on risk 

management endures.  

 

Because of its long-term potential, the enthusiasm for alternative 

investment continues, even after the losses during the GFC. The portfolio 

proportion of alternative investment in the portfolios of pension funds, 

endowments, foundations, and high net worth individuals is growing 

significantly, and the alternative investment resurged in 2012 (CFA 

Institute, 2016). Challenges to the inclusion of alternative investments 

into a traditional asset portfolio include measuring the risk properly, 
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allocating the assets appropriately, and choosing the investment strategy 

correctly. This study attempts to address these gaps.  

 

As alternative investments are criticised for having lower liquidity than 

the traditional assets (BlackRock, 2015), two of the most liquid and 

rapidly growing categories, SRI and commodity futures, have caught 

investors’ attention, due to their risk-return performances and 

diversification benefits. The SRI investors are less affected by past 

negative performance when they decide to invest or withdraw from the 

funds (Bollen, 2007). Consequently, during any crisis, SRIs suffer less, 

when compared to the irresponsible ones (Schnietz & Epstein, 2005), and 

the SRI funds outperform conventional funds during the crisis period 

(Nofsinger & Varma, 2014). The commodity futures diversification 

benefits come from the low correlations between commodities and 

traditional asset classes, since the factors affecting the markets are quite 

different (Ankrim & Hensel, 1993; Anson, 1999; Bodie, 1983; Georgiev, 

2001; Gorton & Rouwenhorst, 2006; Irwin & Landa, 1987; Jensen et al., 

2000, 2002; Kaplan & Lummer, 1998; Nijman & Swinkels, 2011; 

Satyanarayan & Varangis, 1996; You & Daigler, 2010). 

 

Consequently, in this study, the top performing investment strategies for 

both the SRI and commodity futures markets are taken from the previous 

two chapters 21  and are combined into the traditional stock and bond 

market to test for their diversification power. The best performing SRI 

investing approach is the actively managed momentum strategy, with a 

ranking period of 6 months. The commodity futures investing approach 

that achieves highest is the actively managed momentum strategy, with a 

                                                           
21 In Chapters 4 and 5, this research examines the best investment strategies in the SRI 

and in the Commodity Futures markets. For both markets, the actively managed 

momentum strategies achieve the best performance. Among the different momentum 

ranking periods, the best performing SRI momentum is the 6_1, and the best performing 

commodity futures momentum strategy is the 3_1.  
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ranking period of 3 months. For both the equally weighted portfolio 

method and the mean-variance method, four portfolios have been formed:  

the traditional stock and bond portfolio; the stock, bond, and SRI 

momentum portfolio; the stock, bond, and commodity futures momentum 

portfolio; and the stock, bond, SRI momentum, and commodity futures 

momentum (SBSC) portfolio.  

 

This study makes three major contributions to the literature. Firstly, it 

equally weights the four portfolios: traditional, SRI, commodity futures 

and SBSC. The results show that increasing the number of assets in a 

portfolio does not reduce the portfolio risk, which is inconsistent with the 

findings of previous studies. Secondly, the study finds that the lower the 

correlation is among assets, the lower the portfolio risk would be. This 

finding is consistent with Markowitz’s model (1952, 1959). Further, the 

results also suggest that the commodity futures momentum has better 

diversification benefits than the SRI momentum. Unless the investors are 

extremely risk-averse, this study recommends putting in the commodity 

futures momentum as a portfolio diversifier since it gives better returns. 

Thirdly, consistent with Kroll et al. (1984), the mean-variance portfolio 

performance is better than the naïvely equally weighted portfolio 

performance.  

 

The remainder of the study is as follows: Section 6.2 describes the data 

used in this paper; Section 6.3 discusses the methodology and results; 

Section 6.4 concludes the study.  
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6.2 Data  

The sample used in this study covers the period from 1/1/1999 to 

31/12/2014. Since the commencement of the 21st century, there have been 

several extreme negative financial events, such as the bursting of the Dot-

Com bubble (2000), the September 11 terrorist attacks (2001), the Enron 

fraud scandal (2001), the Iraq war (2003), the subprime housing crisis 

(2007-2009), the Ponzi scheme of Bernard Mandoff (2008) and the 

European government crisis (2010).  

 

In this study, the Morgan Stanley Capital International (MSCI) Australia 

Index is employed as a proxy for the Australian stock market. It measures 

the performance of the large- and mid-cap segments of the Australian 

market. The index has 73 components, and 85% of the capitalisation of the 

free float-adjusted markets in Australia is captured (MSCI inc., 2016). 

MSCI is chosen because of its wide acceptance in the industry: 98 out of 

the 100 largest money managers use the MSCI service (MSCI, 2015).  

For the bond market, the J.P. Morgan Australian Government bond index 

is applied. Only the regularly traded, fixed-rate, domestic government 

bonds are included in that index (J.P. Morgan Structured Investments, 

2009), and it is the most widely used benchmark internationally (McIntyre 

Jr & Yang, 2008; Trade2Win, 2016). Therefore, following Erb et al. (1994) 

and Kritzman and Page (2003), the J.P. Morgan Australian Government 

bond index is applied in this study for the bond market.  

 

As discussed in the two previous chapters, the SRI and commodity futures 

proxies applied are the SRI 6_1 momentum strategy and the commodity 

futures 3_1 strategy. After the comparisons are made between the equally 

weighted portfolio, the mean-variance tangency portfolio, and the 

momentum performance of the two markets, the momentum strategies are 

found to be the best to apply when the financial market is not performing 
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well. Thus, the best performing momentum strategies from both the SRI 

and commodity futures market, labelled SRI_6_1 and COM_3_1 

respectively, are included in this study.  

 

Table 6-1 lists the descriptive statistics for the entire period. COM_3_1 

has the highest monthly return, 0.93%, and standard deviation, 5.91%, 

while the bonds have the lowest monthly return, -0.01% and standard 

deviation, 1.15%. However, the stock market has the highest median 

return of 1.06%. SRI_6_1 has the lowest minimum and the highest 

maximum monthly return, plus the highest kurtosis, which implies that 

the SRI_6_1 is relatively less stable when compared with other assets in 

this study. Only the stocks are negatively skewed; all the other assets are 

positively skewed. All the assets have kurtosis slightly higher than 3, 

which means they are all slightly fat tailed.  

 

Table 6-1: Descriptive Statistics 

This table shows the descriptive statistics for the entire period. Mean, median, minimum and maximum values 

reveal the general distribution of the data, while the standard deviation measures the data spread. Skewness 

and Kurtosis measures depict the asymmetry and tail distribution respectively. The COM_3_1 has the highest 

monthly return and standard deviation of 0.93% and 5.91% respectively, while the bond market has the lowest 

monthly return and standard deviation of -0.01% and 1.15%. However, the stock market has the highest 

median of 1.06%. The SRI_6_1 has the lowest minimum, and the highest maximum monthly return, plus a 

higher kurtosis implies that the SRI_6_1 is relatively less stable compared with other assets in this study. Only 

stocks are negatively skewed; all the other assets are positively skewed. All the assets have kurtosis slightly 

higher than 3, which means they are all slightly fat tailed.  

 

Stocks Bonds SRI_6_1 COM_3_1 

Mean 0.41% -0.01% 0.22% 0.93% 

Median 1.06% -0.08% 0.04% 0.65% 

Minimum -11.00% -2.93% -15.28% -14.55% 

Maximum 8.41% 3.72% 18.41% 16.32% 

S.D. 3.73% 1.15% 4.93% 5.91% 

Skewness -0.54 0.37 0.27 0.19 

Kurtosis 3.03 3.25 4.93 3.09 

Observation 192 192 192 192 

 

Figure 6-1 illustrates the monthly returns of stocks, bonds, SRI_6_1 and 

COM_3_1. The x-axis represents the month; the y-axis represents the 
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return. The volatility while SRI 6_1 performs relatively stable between 

2003 to 2007, the COM 3_1 exhibits higher volatility. The higher volatility 

experienced by commodity momentum strategy may be attributable to the 

effect of financialisation (K. Tang & Xiong, 2012). 

 

Figure 6-1: Monthly return 

This figure illustrates the monthly returns of stocks, bonds, SRI_6_1 and COM_3_1. The x-axis represents the 

month while the y-axis represents the return. The volatility of both SRI_6_1 and COM_3_1 are higher than the 

stocks and bonds. This is consistent with the Table 6-1 results. It is obvious that the SRI_6_1 remains stable in 

between the bear markets, while no clear pattern is shown for the COM3_1. The stock and bond represents for 

the Australian stocks and bonds monthly returns.  
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Table 6-2 shows the correlation matrix of the four different assets. Stocks 

and bonds have a -0.3287 correlation, which provides sufficient 

diversification. SRI_6_1 and COM_3_1 have a high correlation with each 

other, but both of them do not correlate with the stock and bond markets. 

SRI_6_1 has a -0.0395 correlation with the stock market; COM_3_1 has a -

0.0003 correlation with the bond market. Consequently, they have the 

potential to diversify the traditional stock and bond portfolio, and the 

anticipation is that the SRI_6_1 could better diversify the portfolio risk 

because it has a lower correlation with the stock market. 

 

Table 6-2: Correlation Matrix 

This table shows the correlation matrix of the four different assets. Stocks and bonds have -0.32.87 correlation, 

which provides sufficient diversification. SRI_6_1 and COM_3_1 have a high correlation with each other, but 

both of them barely correlate with stock and bond markets. Consequently, they have the potential to diversify 

the traditional stock and bond portfolio.  

 

Stocks Bonds SRI_6_1 COM_3_1 

Stocks 1 

   Bonds -0.3287 1 

  SRI_6_1 -0.0395 0.0026 1 

 COM_3_1 0.0336 -0.0003 0.1520 1 

 

6.3 Results and Discussion 

This result section discusses and compares the portfolio performance. The 

portfolios include the equally weighted traditional portfolio, the equally 

weighted SRI portfolio, the equally weighted commodity portfolio, the 

equally weighted SBSC portfolio, the GMV traditional portfolio, the GMV 

SRI portfolio, the GMV commodity portfolio, the GMV SBSC portfolio, the 

mean-variance tangency traditional portfolio, the mean-variance tangency 

SRI portfolio, the mean-variance tangency commodity portfolio, and the 

mean-variance tangency SBSC portfolio.  
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Table 6-3 exhibits the traditional equally weighted portfolio performance 

in detail. The portfolio has movement similar to that of the financial 

market. Throughout the volatile period of 2008, this portfolio has the 

lowest return. When the overall financial market starts to recover, the 

portfolio begins to generate stable positive returns.  

 

Further, this portfolio does not follow the “higher risk, higher return” rule. 

The equally weighted traditional portfolio’s highest return, 10.62%, occurs 

in 2004, while the standard deviation is only 3.98%; that is, the second 

lowest during the study period. In 2008, when the return is the lowest, -

16.21%, its standard deviation is the highest, 8.83%.  

 

Table 6-4 shows the equally weighted SRI portfolio performance. 

Compared with Table 6-3, the equally weighted traditional portfolio, this 

portfolio has better performance in 2008. However, the average return of 

the equally weighted SRI portfolio is lower than the equally weighted 

traditional portfolio, and both its standard deviation and its downside risk 

are higher. Therefore, the equally weighted traditional portfolio is a better 

choice than the equally weighted SRI portfolio.  
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Table 6-3: Equally Weighted Traditional Portfolio out-of-sample Period Performance 

This table shows the equally weighted portfolio performance for the study periods. The S.D. and D.R. represent the standard deviation and down risk respectively. Based on the 

comparisons, the portfolio shares a similar pattern with the overall financial market.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Return 4.63% 2.98% -5.24% 2.30% 10.62% 9.55% 6.65% 4.82% -16.21% 10.55% -1.43% -3.38% 7.99% 5.50% 4.09% 2.89% 

S.D. 5.72% 7.64% 3.48% 5.19% 3.98% 5.02% 4.59% 4.60% 8.83% 8.46% 5.84% 4.92% 4.12% 7.31% 6.21% 5.73% 

Sharpe 0.8099 0.3894 -1.5074 0.4427 2.6679 1.9032 1.4471 1.0470 -1.8358 1.2473 -0.2442 -0.6869 1.9403 0.7520 0.6586 0.6021 

D.R. 2.51% 4.80% 3.40% 3.25% 1.68% 2.70% 2.91% 2.78% 9.13% 4.67% 4.43% 3.66% 1.92% 4.35% 3.87% 3.74% 

Sortino 1.8483 0.6198 -1.5416 0.7060 6.3132 3.5387 2.2849 1.7306 -1.7757 2.2585 -0.3220 -0.9218 4.1551 1.2633 1.0571 1.4143 

M2 0.0358 0.0060 -0.2063 -0.0042 0.1324 0.1373 0.0759 0.0320 -0.4255 0.1671 -0.1032 -0.1566 0.1508 0.0757 0.0556 -0.0018 

VaR95 (p.m.) 2.34% 3.38% 2.10% 2.27% 1.05% 1.62% 1.64% 1.79% 5.65% 3.18% 2.89% 2.62% 1.31% 3.03% 2.62% 2.50% 

VaR99 (p.m.) 3.46% 4.89% 2.78% 3.30% 1.83% 2.61% 2.55% 2.70% 7.39% 4.84% 4.04% 3.59% 2.12% 4.46% 3.84% 3.63% 

 

Table 6-4: Equally Weighted SRI Portfolio out-of-sample Period Performance 

This table shows the equally weighted stocks, bonds and SRI 6_1 portfolio out-of-sample period performance. The S.D. and D.R. represent the standard deviation and down risk respectively. 

The portfolio does not outperform the equally weighed traditional portfolio.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Return 0.80% 2.39% -12.49% 7.87% 5.59% 7.20% 3.45% 3.89% -4.52% 0.45% 4.30% -5.00% 1.62% 1.70% 2.63% 1.32% 

S.D. 6.77% 8.73% 8.72% 5.19% 3.24% 4.34% 4.16% 3.94% 11.57% 9.74% 7.12% 6.94% 3.52% 5.62% 3.54% 6.21% 

Sharpe 0.1175 0.2732 -1.4329 1.5170 1.7236 1.6608 0.8277 0.9879 -0.3912 0.0465 0.6036 -0.7200 0.4592 0.3032 0.7419 0.4479 

D.R. 4.64% 5.00% 8.44% 1.71% 1.12% 2.26% 2.53% 2.13% 7.37% 7.32% 4.85% 5.76% 2.40% 3.53% 1.81% 4.06% 

Sortino 0.1714 0.4773 -1.4797 4.6174 5.0030 3.1941 1.3626 1.8311 -0.6143 0.0620 0.8861 -0.8674 0.6739 0.4828 1.4489 1.1499 

M2 -0.0194 0.0005 -0.1293 0.1119 0.0587 0.0953 0.0031 0.0047 -0.1170 -0.0125 0.0424 -0.1263 -0.0273 0.0038 0.0294 -0.0055 

VaR95 (p.m.) 3.15% 3.95% 5.25% 1.83% 1.08% 1.48% 1.69% 1.55% 5.88% 4.59% 3.03% 3.72% 1.54% 2.53% 1.46% 2.85% 

VaR99 (p.m.) 4.48% 5.67% 6.96% 2.85% 1.72% 2.33% 2.51% 2.33% 8.15% 6.51% 4.43% 5.09% 2.23% 3.63% 2.16% 4.07% 
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Table 6-5 shows the equally weighted commodity portfolio out-of-sample 

period performance, year by year. Its average yearly return is 6%, much 

higher than the traditional portfolio’s 2.89% and the SRI portfolio’s 1.32%; 

while its standard deviation and downside risk are a bit higher than for 

the other two portfolios. The equally weighted commodity portfolio has the 

highest Sharpe ratio, Sortino ratio and M2 among the three portfolios. 

Therefore, the equally weighted commodity portfolio is a good investment 

for investors seeking high risk-adjusted returns.  

 

The equally weighted SBSC portfolio out-of-sample performance is shown 

in Table 6-6. This 4-asset portfolio does not achieve a higher return than 

the equally weighted commodity portfolio, which is a 3-asset portfolio. The 

equally weighted SBSC portfolio has a lower return than the commodity 

portfolio, but has similar risk. One advantage of the equally weighted 

SBSC portfolio is its positive return, 2.18%, during the volatile period. It is 

the only equally weighted portfolio to have a positive return in 2008, 

which makes it a good portfolio strategy in a volatile market.  
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Table 6-5: Equally Weighted Commodity Portfolio out-of-sample Period Performance 

This table shows the equally weighted stocks, bonds, and COM 3_1 portfolio out-of-sample period performance. The S.D. and D.R. represent the standard deviation and down risk 

respectively. The portfolio outperforms both the equally weighed traditional and SRI portfolios regarding return, Sharpe ratio and Sortino ratio.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Return 15.73% 15.87% -8.63% -8.67% 10.80% 16.64% 18.41% 14.23% -4.12% 5.13% 7.13% -6.45% 1.77% 2.53% 9.62% 6.00% 

S.D. 8.35% 6.98% 4.73% 6.97% 6.87% 7.38% 8.84% 5.40% 11.71% 9.82% 8.63% 8.26% 6.91% 5.28% 7.60% 7.58% 

Sharpe 1.8837 2.2746 -1.8262 -1.2437 1.5733 2.2541 2.0816 2.6348 -0.3518 0.5219 0.8254 -0.7803 0.2558 0.4786 1.2656 0.7898 

D.R. 4.77% 3.23% 4.97% 6.31% 2.83% 2.28% 4.04% 1.41% 8.46% 4.52% 4.39% 6.40% 4.19% 3.29% 4.45% 4.37% 

Sortino 3.2954 4.9192 -1.7363 -1.3734 3.8183 7.3110 4.5613 10.0981 -0.4865 1.1342 1.6238 -1.0071 0.4218 0.7686 2.1599 2.3672 

M2 0.1813 0.3048 -0.2039 -0.1611 0.1003 0.2084 0.1963 0.1996 -0.1084 0.0623 0.0912 -0.1204 0.0066 0.0224 0.1371 0.0611 

VaR95 (p.m.) 2.74% 2.08% 2.99% 4.06% 2.40% 2.21% 2.78% 1.45% 5.91% 4.25% 3.52% 4.48% 3.13% 2.30% 2.84% 3.14% 

VaR99 (p.m.) 4.38% 3.45% 3.93% 5.43% 3.75% 3.67% 4.52% 2.51% 8.21% 6.18% 5.22% 6.10% 4.49% 3.34% 4.34% 4.64% 

 

 

Table 6-6: Equally Weighted SBSC Portfolio out-of-sample Period Performance 

This table shows the equally weighted stocks, bonds, SRI 6_1 and COM 3_1 portfolio out-of-sample period performance. The S.D. and D.R. represent the standard deviation and down risk 

respectively. The portfolio outperforms both the equally weighed traditional and SRI portfolios regarding return, Sharpe ratio and Sortino ratio.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Return 9.76% 12.04% -13.15% -2.19% 6.95% 12.99% 12.77% 11.07% 2.18% -0.94% 9.44% -6.88% -1.33% 0.46% 7.07% 4.02% 

S.D. 9.03% 8.16% 6.92% 6.01% 5.19% 6.59% 7.08% 5.48% 13.02% 9.71% 7.14% 8.43% 6.14% 4.73% 5.56% 7.28% 

Sharpe 1.0808 1.4760 -1.8995 -0.3637 1.3407 1.9704 1.8039 2.0204 0.1677 -0.0963 1.3224 -0.8158 -0.2167 0.0971 1.2725 0.6107 

D.R. 5.94% 3.84% 7.46% 4.21% 2.26% 2.40% 3.29% 1.70% 8.05% 6.53% 3.79% 7.00% 4.12% 3.13% 3.13% 4.46% 

Sortino 1.6433 3.1347 -1.7618 -0.5199 3.0773 5.4055 3.8863 6.5127 0.2713 -0.1432 2.4909 -0.9824 -0.3229 0.1466 2.2604 1.6733 

M2 0.1034 0.1910 -0.1834 -0.0779 0.0719 0.1706 0.1534 0.1437 0.0012 -0.0350 0.1491 -0.1234 -0.0523 -0.0341 0.1234 0.0401 

VaR95 (p.m.) 3.51% 2.92% 4.45% 3.04% 1.90% 2.11% 2.36% 1.72% 6.00% 4.69% 2.64% 4.60% 3.02% 2.21% 2.07% 3.15% 

VaR99 (p.m.) 5.29% 4.52% 5.82% 4.22% 2.92% 3.40% 3.75% 2.80% 8.56% 6.60% 4.04% 6.25% 4.23% 3.14% 3.16% 4.58% 
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Figure 6-2 presents the yearly equally weighted portfolio return 

comparison. The Commodity and SBSC portfolios achieve higher returns 

than the traditional and SRI portfolios for most years. During the GFC 

period, the traditional portfolio has a much lower return than the other 

portfolios. However, the SBSC portfolio does not outperform the other 

portfolios for all the years. Therefore, adding more assets to a portfolio 

does not necessarily increase the portfolio out-of-sample return.  

 

Figure 6-3 and Figure 6-4 illustrate the equally weighted portfolio with 

the Sharpe ratio and the Sortino ratio comparisons, respectively. The 

Sharpe ratio and the Sortino ratio comparison display similar patterns. 

The traditional portfolio achieved the worst performance in 2008. The 

SBSC portfolio performs the best in years 2008, 2010 and 2014 only. The 

same results can be drawn from the M2 comparison, in Figure 6-5. 

Therefore, adding more assets to an equally weighted portfolio does not 

necessarily improve portfolio out-of-sample performance, which is 

inconsistent with the findings of G. Tang (2004). 

 

Figure 6-2: Equally Weighted Portfolios out-of-sample Period Return Comparison 

This figure illustrates the equally weighted portfolio return comparison year by year. It reveals that COM and 

SBSC portfolio perform better than the traditional and SRI portfolios for most of the time. During the volatile 

period, 2008 to 2009, the traditional portfolio has a much lower return than the other portfolios. It also reveals 

that adding more assets to a portfolio does not necessarily increase the portfolio return.  
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Figure 6-3: Equally Weighted Portfolios out-of-sample Period Sharpe Ratio Comparison 

This figure illustrates the equally weighted portfolio Sharpe ratio comparison year by year. Similar to Figure 

6-2, the traditional portfolio has the worst performance during the volatile period, 2008 and 2009. The SBSC 

portfolio only performs best in years 2008, 2010 and 2014. So, adding more assets to an equally weighted 

portfolio does not necessarily improve portfolio performance.  

 

 

Figure 6-4: Equally weighted Portfolios out-of-sample Period Sortino Ratio Comparison 

This figure illustrates the equally weighted portfolio Sortino ratio comparison year by year. Except for the much 

bigger scale of the Sharpe ratio comparison, the patterns are similar.  

 

 

Figure 6-5: Equally weighted Portfolios out-of-sample Period M2 Comparison 

This figure illustrates the equally weighted portfolio M2 comparison year by year. The pattern is similar with 

the Sharpe ratio.  
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Table 6-7 exhibits the traditional GMV portfolio weights and performance 

in detail. Investment in bonds is over 80% for all years. In 2000, 2001 and 

2002, the bond proportions are as high as 0.95, 0.96 and 0.93 respectively. 

The GMV portfolio has a much smaller standard deviation and downside 

risk, compared with the equally weighted traditional portfolio, at the cost 

of having a lower return.  

 

The GMV portfolio returns a positive 5.53% during the volatile 2008 

period. Consequently, risk-averse investors can benefit from investing in 

the GMV portfolio.  

 

Panel A of Table 6-8 illustrates the GMV SRI portfolio weights from 2000 

to 2014. As with the GMV traditional portfolio, bonds have an 

overwhelming proportion throughout the study period. SRI takes 0% from 

2009 to 2013.  

 

Since all the weights are generated from the in-sample period, the SRI’s 

poor performance in 2008 excludes it from the portfolio. The average 

return of the GMV SRI portfolio in Panel B of Table 6-8 is lower than it is 

for the GMV traditional portfolio; however, the return in 2008, 6.77%, is 

higher. Hence, for a forecasted market downturn, the GMV SRI portfolio is 

a good choice.  

 

For the Sharpe ratio comparison, however, the GMV SRI portfolio 

performs constantly better than the GMV traditional portfolio after 2009. 

It would be interesting to prove whether the GMV SRI portfolio can 

constantly outperform the GMV traditional portfolio when the SRI is 

getting/gaining its popularity. However, this is beyond the scope of Study 

3, where the focus is on comparing the performance of the different 

portfolio strategies.  
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Table 6-7: GMV Traditional Portfolio out-of-sample Period Weights and Performance 

This table shows the GMV traditional portfolio performance for the study periods. The S.D. and D.R. represent the standard deviation and down risk respectively. Based on the comparisons, 

the portfolio has a much smaller standard and downside risk compared with the equally weighted traditional portfolio.   

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights  

Stocks 0.05 0.04 0.07 0.13 0.15 0.17 0.16 0.16 0.13 0.15 0.14 0.15 0.17 0.18 0.16 0.13 

Bonds 0.95 0.96 0.93 0.87 0.85 0.83 0.84 0.84 0.87 0.85 0.86 0.85 0.83 0.82 0.84 0.87 

Panel B: Portfolio Performance 

Return 5.03% -2.51% 1.15% -2.39% 3.36% 2.54% -0.86% -0.24% 5.53% -2.80% -0.64% 4.89% 3.20% -1.13% 5.70% 1.39% 

S.D. 3.35% 4.71% 3.44% 3.25% 3.18% 2.56% 2.06% 2.67% 4.07% 4.56% 2.13% 2.34% 3.09% 4.12% 3.06% 3.24% 

Sharpe 1.4992 -0.5334 0.3352 -0.7339 1.0562 0.9931 -0.4162 -0.0899 1.3572 -0.6139 -0.2986 2.0915 1.0357 -0.2735 1.8638 0.4848 

D.R. 2.28% 0.85% 3.71% 3.92% 2.17% 4.04% 0.96% 3.97% 10.52% 6.63% 2.64% 2.04% 1.18% 3.48% 1.60% 3.33% 

Sortino 2.2061 -2.9738 0.3100 -0.6090 1.5465 0.6288 -0.8927 -0.0605 0.5252 -0.4217 -0.2414 2.4002 2.7105 -0.3238 3.5736 0.5585 

M2 0.0318 -0.2129 -0.0430 -0.1914 0.0173 -0.0612 -0.2557 -0.1680 0.0133 -0.1752 -0.3038 0.0574 0.0196 -0.0926 0.1501 -0.0810 

VaR95 (p.m.) 1.18% 2.45% 1.54% 1.74% 1.23% 1.00% 1.05% 1.29% 1.48% 2.40% 1.07% 0.71% 1.20% 2.05% 0.99% 1.43% 

VaR99 (p.m.) 1.84% 3.38% 2.21% 2.38% 1.86% 1.51% 1.46% 1.81% 2.29% 3.30% 1.49% 1.17% 1.81% 2.86% 1.59% 2.06% 
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Table 6-8: GMV SRI Portfolio out-of-sample Period Weights and Performance 

This table shows the stocks, bonds and SRI 6_1 GMV portfolio out-of-sample period performance. The S.D. and D.R. represent the standard deviation and down risk respectively. The GMV 

SRI portfolio is a good option for the risk hedging investment.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights  

Stocks 0.03 0.01 0.05 0.10 0.13 0.15 0.15 0.15 0.12 0.15 0.14 0.15 0.17 0.18 0.16 0.12 

Bonds 0.88 0.91 0.88 0.84 0.82 0.80 0.81 0.82 0.80 0.85 0.86 0.85 0.83 0.82 0.80 0.84 

SRI_6_1 0.10 0.07 0.08 0.06 0.06 0.05 0.04 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.04 0.04 

Panel B: Portfolio Performance  

Return 3.87% -2.51% -0.91% -1.57% 2.60% 2.35% -1.08% -0.26% 6.77% -2.80% -0.64% 4.89% 3.20% -1.13% 5.43% 1.21% 

S.D. 2.84% 4.59% 3.85% 3.41% 2.85% 2.47% 2.04% 2.64% 5.61% 4.56% 2.13% 2.34% 3.09% 4.12% 2.79% 3.29% 

Sharpe 1.3622 -0.5475 -0.2373 -0.4615 0.9114 0.9505 -0.5284 -0.0973 1.2065 -0.6139 -0.2986 2.0915 1.0357 -0.2735 1.9446 0.4296 

D.R. 1.08% 6.44% 3.50% 3.37% 1.86% 0.69% 5.13% 0.50% 13.51% 16.85% 2.77% 1.60% 5.47% 4.02% 1.88% 4.58% 

Sortino 3.5776 -0.3902 -0.2612 -0.4665 1.4011 3.3894 -0.2104 -0.5090 0.5013 -0.1660 -0.2301 3.0500 0.5850 -0.2802 2.8884 0.8586 

M2 -0.0155 -0.2198 -0.0815 -0.1542 -0.0025 -0.0732 -0.2692 -0.1714 0.0700 -0.1752 -0.3038 0.0574 0.0196 -0.0926 0.1507 -0.0841 

VaR95 (p.m.) 1.03% 2.39% 1.91% 1.75% 1.14% 0.98% 1.06% 1.28% 2.12% 2.40% 1.07% 0.71% 1.20% 2.05% 0.88% 1.46% 

VaR99 (p.m.) 1.59% 3.29% 2.66% 2.42% 1.70% 1.46% 1.46% 1.80% 3.22% 3.30% 1.49% 1.17% 1.81% 2.86% 1.43% 2.11% 
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Panel A of Table 6-9 illustrates the GMV commodity portfolio weights’ 

fluctuation from 2000 to 2014. It is similar to the previous two GMV 

portfolios, showing that bonds are the biggest investment throughout the 

whole study period. COM_3_1 has 0 investment from 2008 to 2010, and its 

weights from 2003 to 2013 are all less than 0.05. Stocks have a slightly 

higher investment, and the weights are stable, fluctuating around 0.15 

after 2003.  

 

The average return on the GMV commodity portfolio is higher than either 

the GMV traditional portfolio or the GMV SRI portfolio, and it also 

provides the lowest standard deviation. Therefore, for the risk-averse 

investors, the GMV commodity portfolio is the best. However, for the risk-

hedging investors, the GMV SRI portfolio still performed the best among 

these three GMV portfolios in the volatile period of 2008.  

 

The GMV SBSC portfolio weights are presented in Panel A of Table 6-10. 

Compared with the other GMV portfolios, bonds still take most of the 

portfolio weight. After adding the SRI_6_1 and COM_3_1 to the 

traditional portfolio, stocks take smaller weights from 2000 to 2002. 

However, after 2003 the proportion of stocks within the GMV portfolios 

does not make much difference. Panel B of Table 6-10 displays the GMV 

SBSC portfolio’s annual performance.  

 

When comparing the average return and risk with the GMV commodity 

portfolio, the GMV commodity portfolio performs slightly better. For the 

risk hedging aspect, the GMV SBSC portfolio is similar to the GMV SRI 

portfolio, but with a higher average return. Hence, the GMV SBSC 

portfolio is good for investors looking for low risk.  
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Table 6-9: GMV Commodity Portfolio out-of-sample Period Weights and Performance 

This table shows the stocks, bonds, COM 3_1 GMV portfolio out-of-sample period performance. The S.D. and D.R. represent the standard deviation and down risk respectively. The GMV 

commodity portfolio is the best choice for the risk-averse investor. 

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights  

Stocks 0.03 0.02 0.05 0.13 0.15 0.16 0.16 0.16 0.13 0.15 0.14 0.15 0.16 0.17 0.14 0.13 

Bonds 0.90 0.92 0.89 0.84 0.82 0.80 0.82 0.84 0.87 0.85 0.86 0.85 0.82 0.80 0.80 0.85 

COM_3_1 0.07 0.06 0.05 0.03 0.03 0.04 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.03 

Panel B: Portfolio Performance  

Return 7.21% -0.20% 0.41% -3.29% 3.58% 3.65% 0.07% -0.06% 5.55% -2.80% -0.64% 4.86% 3.01% -1.21% 6.67% 1.79% 

S.D. 2.74% 4.54% 3.46% 3.21% 3.15% 2.66% 2.27% 2.66% 4.10% 4.56% 2.13% 2.33% 2.91% 4.03% 3.27% 3.20% 

Sharpe 2.6285 -0.0436 0.1182 -1.0256 1.1356 1.3709 0.0287 -0.0218 1.3549 -0.6139 -0.2986 2.0829 1.0353 -0.3011 2.0403 0.6327 

D.R. 2.37% 0.60% 10.34% 14.18% 1.20% 0.75% 9.76% 0.59% 8.54% 8.79% 3.04% 6.79% 6.97% 5.25% 1.30% 5.36% 

Sortino 3.0457 -0.3298 0.0396 -0.2321 2.9852 4.8786 0.0067 -0.0991 0.6505 -0.3184 -0.2097 0.7165 0.4315 -0.2312 5.1287 1.0975 

M2 0.1084 -0.1393 -0.0616 -0.2248 0.0211 -0.0145 -0.1870 -0.1626 0.0146 -0.1752 -0.3038 0.0558 0.0114 -0.0978 0.1776 -0.0652 

VaR95 (p.m.) 0.72% 2.17% 1.61% 1.80% 1.20% 0.96% 1.07% 1.27% 1.49% 2.40% 1.07% 0.71% 1.13% 2.01% 1.01% 1.38% 

VaR99 (p.m.) 1.26% 3.07% 2.29% 2.43% 1.82% 1.49% 1.52% 1.79% 2.30% 3.30% 1.49% 1.17% 1.70% 2.81% 1.66% 2.01% 
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Table 6-10: GMV SBSC Portfolio out-of-sample Period Weights and Performance 

This table shows the stocks, bonds, SRI 6_1 and COM 3_1 GMV portfolio out-of-sample period performance. The S.D. and D.R. represent the standard deviation and down risk respectively. 

This portfolio is optimal for investors who are looking for low risk and risk hedging investment. 

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights 

Stocks 0.01 0.00 0.04 0.10 0.13 0.15 0.15 0.15 0.12 0.15 0.14 0.15 0.16 0.17 0.14 0.12 

Bonds 0.84 0.88 0.86 0.83 0.80 0.78 0.80 0.82 0.80 0.85 0.86 0.85 0.82 0.80 0.77 0.82 

SRI_6_1 0.09 0.06 0.07 0.05 0.05 0.04 0.03 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.03 0.04 

COM_3_1 0.05 0.05 0.04 0.02 0.02 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.02 

Panel B: Portfolio Performance  

Return 5.69% -0.59% -1.20% -2.17% 2.81% 3.30% -0.25% -0.08% 6.78% -2.80% -0.64% 4.86% 3.01% -1.21% 6.39% 1.59% 

S.D. 2.68% 4.50% 3.74% 3.37% 2.84% 2.59% 2.21% 2.64% 5.62% 4.56% 2.13% 2.33% 2.91% 4.03% 3.06% 3.28% 

Sharpe 2.1194 -0.1312 -0.3197 -0.6450 0.9876 1.2727 -0.1140 -0.0306 1.2066 -0.6139 -0.2986 2.0829 1.0353 -0.3011 2.0842 0.5556 

D.R. 2.56% 3.63% 7.26% 10.12% 0.35% 0.64% 1.91% 1.91% 23.35% 18.27% 11.76% 3.40% 0.99% 7.93% 1.56% 6.38% 

Sortino 2.2191 -0.1623 -0.1647 -0.2145 8.0275 5.1236 -0.1319 -0.0422 0.2901 -0.1531 -0.0542 1.4288 3.0379 -0.1530 4.0992 1.5434 

M2 0.0506 -0.1552 -0.0921 -0.1759 0.0016 -0.0301 -0.2076 -0.1650 0.0703 -0.1752 -0.3038 0.0558 0.0114 -0.0978 0.1771 -0.0691 

VaR95 (p.m.) 0.81% 2.18% 1.88% 1.78% 1.12% 0.96% 1.07% 1.26% 2.12% 2.40% 1.07% 0.71% 1.13% 2.01% 0.94% 1.43% 

VaR99 (p.m.) 1.34% 3.07% 2.61% 2.44% 1.68% 1.47% 1.51% 1.78% 3.22% 3.30% 1.49% 1.17% 1.70% 2.81% 1.54% 2.08% 
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Figure 6-6 and Figure 6-7 illustrate the Global Minimum Variance (GMV) 

portfolios out-of-sample return and the Sharpe ratio comparison. The 

objective of adding the GMV to this study is to find out the best 

investment strategy for extreme risk-averse investors. The two graphs 

share similar results: during the second half of the study period, the lines 

overlap each other. The same pattern can also be found in Figure 6-8, the 

M2 comparison. Looking at the portfolio weights in Table 6-7, Table 6-8, 

Table 6-9 and Table 6-10, bonds make up more than 80% of all these 

portfolios each year. Consequently, the performance of the bond market 

significantly affects all the GMV portfolios. 

 

In Figure 6-8, however, the portfolios do not exhibit the same pattern as 

those of the portfolio return and the Sharpe ratio comparison. This is due 

to the different downside risk movement of the portfolios. The SBSC 

portfolio performs the best among these portfolios; therefore, it is a good 

investment option for the extreme risk-averse investors.  

 

Figure 6-6: GMV Portfolios out-of-sample Period Return Comparison 

This figure illustrates the GMV portfolio return comparison year by year. The returns after 2008 are very 

similar among the four portfolios.  
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Figure 6-7: GMV Portfolios out-of-sample Period Sharpe Ratio Comparison 

This figure illustrates the GMV portfolio Sharpe ratio comparison year by year; the Sharpe ratios are similar 

after 2008.  

 

 

Figure 6-8: GMV Portfolios out-of-sample Period Sortino Ratio Comparison 

This figure illustrates the GMV portfolio Sortino ratio comparison year by year. The SBSC portfolio performs 

the best throughout the periods. So for the extreme risk-averse investors, the SBSC portfolio is a good option.  

 

 

Figure 6-9: GMV Portfolios out-of-sample Period M2 Comparison 

This figure illustrates the GMV portfolio M2 comparison year by year. The pattern is similar to the Sharpe ratio 

comparison.  

 

 

-2.0000

-1.0000

0.0000

1.0000

2.0000

3.0000

Traditional

SRI

Commodity

SBSC

-5.0000

0.0000

5.0000

10.0000

Traditional

SRI

Commodity

SBSC

-0.4000

-0.3000

-0.2000

-0.1000

0.0000

0.1000

0.2000

0.3000

Traditional

SRI

Commodity

SBSC



 155 

Panel A of Table 6-11 portrays the tangency traditional portfolio weights. 

This time, bonds do not make up the biggest proportion of the portfolio. 

Instead, during the first half of the study period, stocks make up a higher 

percentage than bonds; during the second half of the study period, stocks 

and bonds alternate in the higher percentage. Overall, stocks average 73% 

of the portfolio. However, the tangency traditional portfolio does not 

provide as good a return as the equally weighted and GMV traditional 

portfolios. This is due to the particularly bad return of -35.8% in 2008,  

 

Among the different weighted traditional portfolios, the equally weighted 

portfolio generates the highest return for the study period. For the risk 

aspect, the tangency traditional portfolio has the highest average standard 

deviation and downside risk among the traditional portfolios. 

Consequently, tangency weighted portfolios are not ideal for the 

traditional portfolio investors, so investors are better off investing in 

equally weighted or basing their judgment on the GMV weights.  

 

Table 6-12 illustrates the portfolio weights and performance of the 

tangency SRI portfolio. Compared to the GMV SRI portfolio weights, the 

SRI_6_1 plays a more important role in the tangency SRI portfolio, as, on 

average, it takes on 20% of the weights of the portfolio. Further, during 

the volatile period, the SRI component has more weights invested.  

 

The return from the tangency SRI portfolio is not as good as the return 

from the equally weighted and GMV SRI portfolios; however, the Sortino 

ratio of the tangency SRI portfolio is higher than in the other two 

portfolios. The tangency SRI portfolio has less downside risk. When 

comparing the tangency traditional and tangency SRI portfolios, the 

tangency SRI portfolio had almost 10% less loss in 2008, which further 

proves that the SRI is a good risk-hedging asset to include in a portfolio.  
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Table 6-11: Tangency Traditional Portfolio out-of-sample Period Weights and Performance 

This table shows the tangency traditional portfolio performance for the study periods. The S.D. and D.R. represent the standard deviation and down risk respectively. The portfolio cannot 

outperform the equally weighted and GMV traditional portfolios.   

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights  

Stocks 0.67 0.89 1.00 1.00 1.00 0.57 1.00 1.00 1.00 0.21 0.90 1.00 0.00 0.03 0.74 0.73 

Bonds 0.33 0.11 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.79 0.10 0.00 1.00 0.97 0.26 0.27 

Panel B: Portfolio Performance  

Return 4.48% 7.82% -12.18% 9.04% 21.92% 10.99% 18.79% 12.66% -38.85% -0.40% -2.28% -14.25% 0.89% -4.11% 2.93% 1.16% 

S.D. 7.23% 14.38% 8.95% 10.82% 5.92% 5.66% 9.69% 9.34% 18.99% 5.08% 12.94% 12.40% 4.90% 3.04% 8.98% 9.22% 

Sharpe 0.6200 0.5439 -1.3616 0.8361 3.7023 1.9407 1.9381 1.3553 -2.0452 -0.0797 -0.1765 -1.1486 0.1817 -1.3532 0.3268 0.3520 

D.R. 3.05% 8.50% 5.53% 4.74% 2.22% 2.50% 5.82% 3.00% 13.87% 6.18% 7.56% 7.04% 1.22% 3.79% 5.70% 5.38% 

Sortino 1.4674 0.9196 -2.2049 1.9096 9.8840 4.3888 3.2295 4.2153 -2.8014 -0.0656 -0.3023 -2.0248 0.7321 -1.0841 0.5144 1.2518 

M2 0.0385 0.0821 -0.1217 0.0904 0.2192 0.1538 0.1879 0.1266 -0.3886 -0.0802 -0.0324 -0.1426 -0.0254 -0.2606 0.0307 -0.0082 

VaR95 (p.m.) 3.07% 6.20% 5.33% 4.41% 1.15% 1.82% 3.16% 3.44% 13.03% 2.45% 6.34% 7.16% 2.25% 1.79% 4.02% 4.37% 

VaR99 (p.m.) 4.49% 9.03% 7.09% 6.54% 2.31% 2.93% 5.06% 5.28% 16.77% 3.45% 8.88% 9.60% 3.22% 2.39% 5.79% 6.19% 
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Table 6-12: Tangency SRI Portfolio out-of-sample Period Weights and Performance 

The following results are from optimising stocks, bonds and SRI 6_1. This table shows the tangency SRI portfolio out-of-sample period performance. The S.D. and D.R. represent the 

standard deviation and down risk respectively.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights 

Stocks 0.30 0.29 0.53 0.76 0.48 0.57 1.00 1.00 0.78 0.22 0.82 0.41 0.00 0.03 0.74 0.53 

Bonds 0.37 0.32 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.71 0.00 0.00 1.00 0.97 0.26 0.27 

SRI_6_1 0.33 0.39 0.47 0.24 0.52 0.00 0.00 0.00 0.22 0.07 0.18 0.59 0.00 0.00 0.00 0.20 

Panel B: Portfolio Performance  

Return 0.84% 2.16% -18.63% 11.54% 7.77% 10.99% 18.79% 12.66% -28.33% -0.74% 0.74% -10.69% 0.89% -4.11% 2.93% 0.45% 

S.D. 6.57% 9.33% 12.79% 8.63% 4.65% 5.66% 9.69% 9.34% 15.06% 5.24% 12.29% 10.92% 4.90% 3.04% 8.98% 8.47% 

Sharpe 0.1277 0.2313 -1.4563 1.3373 1.6715 1.9407 1.9381 1.3553 -1.8811 -0.1421 0.0599 -0.9789 0.1817 -1.3532 0.3268 0.2239 

D.R. 4.42% 5.61% 11.91% 2.44% 1.19% 2.47% 4.14% 3.23% 9.41% 14.13% 3.06% 9.90% 6.54% 4.70% 1.32% 5.63% 

Sortino 0.1900 0.3846 -1.5646 4.7279 6.5331 4.4519 4.5326 3.9199 -3.0102 -0.0527 0.2404 -1.0798 0.1360 -0.8746 2.2199 1.3836 

M2 -0.0211 -0.0003 -0.1166 0.1325 0.0846 0.1538 0.1879 0.1266 -0.3748 -0.0869 0.0000 -0.1278 -0.0254 -0.2606 0.0307 -0.0198 

VaR95 (p.m.) 3.05% 4.25% 7.78% 3.18% 1.58% 1.82% 3.16% 3.44% 9.89% 2.55% 5.77% 6.12% 2.25% 1.79% 4.02% 4.04% 

VaR99 (p.m.) 4.34% 6.09% 10.29% 4.88% 2.50% 2.93% 5.06% 5.28% 12.85% 3.58% 8.19% 8.27% 3.22% 2.39% 5.79% 5.71% 
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Panel A of Table 6-13 indicates that in the tangency commodity portfolio, 

the COM_3_1 takes more weight than bonds, with stocks holding the 

largest proportion in the portfolio. Comparing the return and standard 

deviation of the tangency commodity portfolios, as shown in Panel B of 

Table 6-13, with those of the equally weighted and GMV commodity 

portfolio, the tangency commodity portfolio performs worse. Nevertheless, 

when the comparison is of the downside risk and the Sortino ratio, the 

tangency commodity portfolio has lower downside risks.  

 

Using the tangency approach instead of the equally weighted approach 

lowers the downside risk, and the overall performance is better for 

investors. Therefore, active tangency portfolio investing is better than 

passive equally weighted investing in the portfolio context. The result is 

consistent with that of Kroll et al. (1984).  

 

The tangency SBSC portfolio yearly weights and performance are shown 

in Table 6-14. It can be seen that, even though stocks make up most of the 

portfolio before 2008, commodities and bonds pick up afterwards. 

Similarly, with the tangency SRI and commodity portfolio, the tangency 

SBSC portfolio has a better Sortino performance than its corresponding 

equally weighted and GMV portfolio.  

 

Comparison across the tangency portfolios shows that the tangency SBSC 

portfolio has the highest return in 2008, but its overall performance is not 

as good as the tangency commodity portfolio. Thus, unless the investor is 

extremely risk-averse, it is better to invest in the tangency commodity 

portfolio, which has no SRI_6_1 component.  
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Table 6-13: Tangency Commodity Portfolio out-of-sample Period Weights and Performance 

The following results are from optimising stocks, bonds and COM 3_1. This table shows the tangency commodity portfolio out-of-sample period performance. The S.D. and D.R. represent 

the standard deviation and down risk respectively. 

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights  

Stocks 0.67 0.86 0.78 0.75 0.60 0.44 0.80 0.91 0.83 0.20 0.35 0.06 0.00 0.02 0.74 0.53 

Bonds 0.33 0.12 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.42 0.00 0.00 0.80 0.92 0.26 0.22 

COM_3_1 0.00 0.02 0.22 0.25 0.40 0.17 0.20 0.09 0.17 0.38 0.65 0.94 0.20 0.06 0.00 0.25 

Panel B: Portfolio Performance  

Return 4.48% 8.25% -12.82% -1.48% 17.55% 13.67% 23.64% 14.63% -30.56% 0.23% 15.48% -12.44% -1.26% -4.08% 2.93% 2.55% 

S.D. 7.23% 13.99% 6.84% 8.62% 8.05% 5.43% 10.17% 8.01% 16.39% 9.72% 15.55% 17.45% 4.70% 2.97% 8.98% 9.61% 

Sharpe 0.6200 0.5896 -1.8730 -0.1712 2.1795 2.5172 2.3248 1.8275 -1.8645 0.0233 0.9953 -0.7125 -0.2687 -1.3771 0.3268 0.3425 

D.R. 0.80% 0.16% 3.33% 3.84% 4.98% 2.16% 1.50% 1.99% 6.64% 5.39% 4.53% 11.16% 6.65% 6.01% 3.56% 4.18% 

Sortino 5.6211 50.4295 -3.8553 -0.3840 3.5251 6.3174 15.7201 7.3563 -4.6001 0.0420 3.4183 -1.1145 -0.1902 -0.6794 0.8250 5.4954 

M2 0.0385 0.0880 -0.1817 -0.0308 0.1430 0.2081 0.2280 0.1600 -0.3648 -0.0162 0.1496 -0.0749 -0.0780 -0.2661 0.0307 0.0022 

VaR95 (p.m.) 3.07% 5.98% 4.39% 4.22% 2.47% 1.50% 3.04% 2.66% 10.78% 4.60% 6.18% 9.39% 2.34% 1.76% 4.02% 4.43% 

VaR99 (p.m.) 4.49% 8.73% 5.73% 5.91% 4.05% 2.57% 5.04% 4.23% 14.00% 6.51% 9.24% 12.82% 3.27% 2.34% 5.79% 6.32% 
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Table 6-14: Tangency SBSC Portfolio out-of-sample Period Weights and Performance 

The following results are from optimising stocks, bonds, SRI 6_1 and COM 3_1. The S.D. and D.R. represent the standard deviation and down risk respectively. The portfolio outperforms 

both the equally weighed traditional and SRI portfolio regarding return, Sharpe ratio and Sortino ratio.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average 

Panel A: Portfolio Weights 

Stocks 0.30 0.29 0.49 0.63 0.37 0.44 0.80 0.91 0.70 0.20 0.35 0.06 0.00 0.02 0.74 0.42 

Bonds 0.37 0.32 0.01 0.00 0.00 0.39 0.00 0.00 0.00 0.42 0.00 0.00 0.80 0.92 0.26 0.23 

SRI_6_1 0.33 0.39 0.43 0.17 0.37 0.00 0.00 0.00 0.16 0.00 0.00 0.02 0.00 0.00 0.00 0.13 

COM_3_1 0.00 0.00 0.08 0.20 0.26 0.17 0.20 0.09 0.14 0.38 0.65 0.92 0.20 0.06 0.00 0.22 

Panel B: Portfolio Performance  

Return 0.84% 2.16% -18.24% 2.29% 9.02% 13.67% 23.64% 14.63% -23.88% 0.23% 15.48% -12.35% -1.26% -4.08% 2.93% 1.67% 

S.D. 6.57% 9.33% 11.57% 7.42% 5.59% 5.43% 10.17% 8.01% 14.25% 9.72% 15.55% 17.15% 4.70% 2.97% 8.98% 9.16% 

Sharpe 0.1277 0.2313 -1.5764 0.3092 1.6134 2.5172 2.3248 1.8275 -1.6752 0.0233 0.9953 -0.7202 -0.2687 -1.3771 0.3268 0.3119 

D.R. 1.15% 4.84% 13.40% 3.96% 2.81% 1.74% 10.32% 0.60% 8.48% 9.80% 2.34% 13.86% 1.66% 9.03% 8.16% 6.14% 

Sortino 0.7312 0.4461 -1.3615 0.5796 3.2066 7.8498 2.2900 24.4554 -2.8169 0.0231 6.6205 -0.8911 -0.7598 -0.4524 0.3596 2.6853 

M2 -0.0211 -0.0003 -0.1307 0.0114 0.0924 0.2081 0.2280 0.1600 -0.3405 -0.0162 0.1496 -0.0763 -0.0780 -0.2661 0.0307 -0.0033 

VaR95 (p.m.) 3.05% 4.25% 7.16% 3.33% 1.93% 1.50% 3.04% 2.66% 9.02% 4.60% 6.18% 9.24% 2.34% 1.76% 4.02% 4.27% 

VaR99 (p.m.) 4.34% 6.09% 9.44% 4.79% 3.03% 2.57% 5.04% 4.23% 11.82% 6.51% 9.24% 12.61% 3.27% 2.34% 5.79% 6.07% 

 



 161 

Figure 6-10 depicts the tangency portfolios out-of-sample return 

comparison. It can be seen that the tangency commodity generates the 

highest returns from 2000 to 2002 and that it overlaps with the SBSC 

portfolio afterwards. Therefore, for return-seeking investors, both the 

tangency commodity portfolio and the tangency SBSC portfolios are good 

choices. This is also confirmed in Figure 6-11, which demonstrates the 

tangency portfolios out-of-sample period Sharpe ratio comparison.  

 

Figure 6-10: Tangency Portfolios out-of-sample Period Return Comparison 

This figure illustrates the tangency portfolios out-of-sample return comparison. For the second half of the study 

period, the SBSC portfolio and the commodity portfolio are overlapping, and they are generating the highest 

returns among the portfolios.  

 

 

Figure 6-11: Tangency Portfolios out-of-sample Period Sharpe Ratio Comparison 

This figure illustrates the tangency portfolio Sharpe ratio comparison year by year. After 2008, the tangency 

SBSC and tangency commodity portfolios are overlapping.  

 

 

The Sortino ratio comparison, however, as shown in Figure 6-12, tells a 

slightly different story. There is a spike in 2001 for the tangency 

commodity portfolio, due to its low downside risk of 0.16% in that year. 
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This spike makes the tangency commodity portfolio a better option than 

the SBSC portfolio.  

 

Figure 6-12: Tangency Portfolios out-of-sample Period Sortino Ratio Comparison 

This figure illustrates the tangency portfolio Sortino ratio comparison year by year. The spike in 2001 is due to 

the extremely low downside risk.  

 

 

The overall pattern of the Sharpe ratio and M2 are similar, but in 2004, 

there is a spike for the traditional portfolio Sharpe ratio. However, the 

spike eases away. Therefore, the good Sharpe ratio spike is due to the 

extra risks in the traditional portfolio.  

 

Figure 6-13: Tangency Portfolios out-of-sample Period M2 Comparison 

This figure illustrates the tangency portfolio M2 comparison year by year. The traditional portfolio has a Sharpe 

ratio spike in 2004, but it disappears in the M2 comparison.  
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Figure 6-14 illustrates the four efficient frontiers for the overall period: 

the individual asset performance, and the equally weighted SBSC portfolio, 

GMV SBSC portfolio and tangency SBSC portfolio performances. The red 

line represents the traditional portfolio’s efficient frontier, and the blue 

line above it is the SRI portfolio’s efficient frontier. The commodity 

portfolio and SBSC portfolio overlap on the black line.  

 

Stocks and SRI_6_1 lie under the efficient frontier, while bonds and 

COM_3_1 are on the frontier. Therefore, adding in SRI_6_1 cannot 

improve the traditional portfolio significantly, but adding in COM_3_1 can. 

The result is consistent with that of Jensen et al. (2002), that adding in 

managed commodity futures can improve the traditional stock and bond 

portfolio performance at all risk levels.  

 

When adding in the SRI_6_1 component to the COM_3_1 modifies the 

futures portfolio, however, the efficient frontier barely moves. Therefore, 

the commodity component is better than the SRI component for portfolio 

diversification.   
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Figure 6-14: Efficient Frontier and individual asset  

This figure illustrates the efficient frontier of the four portfolios and the individual assets performance. The x-

axis represents the monthly standard deviation while the y-axis represents the monthly return. Stocks and 

SRI_6_1 perform under the efficient frontier, and bonds and COM_3_1 are on the frontier. Therefore, adding in 

SRI_6_1 cannot improve the traditional portfolio significantly, but adding in COM_3_1 can. The SRI_6_1 

component only slightly increases the traditional portfolio efficient frontier whereas the commodity component 

pushes the traditional portfolio frontier much higher. When adding in the SRI_6_1 component to the commodity 

futures portfolio, the efficient frontier barely moves.  

 

 

 

 

This study has tested the short-term performance of the portfolios. In 

order to make this study more robust, the following section discusses the 

long-term compounding performance of the stock index and the portfolios 

already discussed. Figure 6-15, Figure 6-16 and Figure 6-17 are plotted 

based on Table 6-15.  

 

Figure 6-15 illustrates the compounding performance of the MSCI AU 

index and the equally weighted portfolios. The stock index outperforms 

                        Commodity and SBSC Portfolios 

                        SRI Portfolio  

                        Traditional Portfolio  

 rba - Australian government bond return 

 rsa - Australian stock return 

 momsri - SRI momentum component 

 momcom - commodity futures component 

 EWP - equally weighted portfolio 
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most of the equally weighted portfolios, except the equally weighted 

commodity portfolio, which more than doubled its initial investment from 

2000, 115.73%, to 2014, 226.02%. A detailed year-by-year comparison can 

be found in Panel A, Table 6-15.  

 

Figure 6-15: Compounding Performance of Equally Weighted Portfolios 

This figure illustrates the compounding performance comparison between the MSCI Australian index and the 

equally weighted portfolios. The equally weighted commodity portfolio achieves the highest return, and more 

than doubled the initial investment in 15 years.  

 

 

As shown in Figure 6-16, throughout the 20 years of the study period, all 

the GMV portfolios had low volatility with low compounding performance, 

compared to the MSCI AU stock index. Therefore, unless the investors are 

extremely risk-averse, none of the GMV portfolios is a good investment.  

 

The comparison between the compounding performance of MSCI AU and 

the tangency portfolios is shown in Figure 6-17. From 2000 to 2004, the 

tangency traditional portfolio had the highest compounding performance. 

However, after 2012, the MSCI AU stock index picked up and dominated 

the other portfolios for most of the time. After 2008, the tangency 

commodity portfolio outperformed the tangency traditional portfolio. 

Therefore, the tangency commodity portfolio is more resilient and more 

suitable for long-term investors than the tangency traditional portfolio.  
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Figure 6-16: Compounding Performance of GMV Portfolios 

This figure illustrates the compounding performance comparison between the MSCI Australian index and the 

GMV portfolios. Compared to the stock index, the GMV portfolios barely earn anything from 2000 to 2014.  

 

 

Figure 6-17: Compounding Performance of Tangency Portfolios 

This figure illustrates the compounding performance comparison between the MSCI Australian index and the 

tangency portfolios. The stock index still outperforms all the tangency portfolios at the end of 2014.  

 

 

A more detailed comparison is shown in Table 6-15. All the strategies have 

their compounding return statistically significantly different from zero. 

Most of the portfolios are statistically significant from the benchmark. The 

stars indicate the significance. The ***, ** and * indicate that the 

differences are 99%, 95% and 90% different from the benchmark. The 

results reveal that the equally weighted portfolios outperform the GMV 

portfolios, and the GMV portfolios outperform the tangency portfolios. 

Therefore, for long-term investors, the equally weighted portfolio is a good 

strategy. The contradicting results from the year-by-year and 

compounding comparisons are due to the sample period. This study is first 
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to contribute to the alternative investments literature that the equally 

weighted portfolio made up of traditional assets with a commodity 

component provides a good compounding outcome.  

 

Table 6-16 shows the t-test results of the significant difference level 

between the portfolio categories. The numbers are the t-values, and the 

numbers in the brackets are the p-values. Most of the portfolio 

performances are statistically different at or nearly the 10% level. Only 

the SRI portfolios, the traditional equally weighted vs tangency portfolios, 

and the SBSC GMV vs tangency portfolios are not statistically 

significantly different from each other.   
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Table 6-15: Year-by-year Compounding Performance 

This table shows the compounding performance of the MSCI AU, equally weighted portfolios, GMV portfolios, and tangency portfolios. The traditional portfolio invests in stocks and bonds. 

SRI portfolio invests in stocks, bonds, and SRI momentum 6_1. The commodity portfolio invests in stocks, bonds, and commodity futures momentum 3_1. The SBSC portfolio invests in 

stocks, bonds, SRI momentum 6_1, and commodity futures momentum 3_1. It shows that the equally weighted portfolios have the highest performances among portfolios, but only the 

equally weighted commodity portfolio outperforms the stock market index. The *** indicates that the investment strategy is 99% statistically significant from the benchmark. The ** is an 

indication that the investment strategy is 95% statistically significant from the benchmark. The * indicates that the investment strategy is 90% statistically significant from the benchmark.  

 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

MSCI AU 103.69% 111.90% 97.90% 106.18% 129.25% 155.45% 183.86% 206.33% 123.94% 162.17% 156.50% 133.25% 153.13% 177.18% 179.08% 

Panel A: Equally Weighted Portfolios 

Traditional**  104.63% 107.74% 102.10% 104.44% 115.54% 126.57% 134.98% 141.48% 118.55% 131.06% 129.19% 124.83% 134.81% 142.22% 148.04% 

SRI*** 100.80% 103.20% 90.31% 97.42% 102.86% 110.27% 114.07% 118.51% 113.15% 113.66% 118.54% 112.62% 114.44% 116.39% 119.45% 

Commodity* 115.73% 134.10% 122.52% 111.90% 123.99% 144.63% 171.26% 195.62% 187.57% 197.18% 211.23% 197.61% 201.11% 206.19% 226.02% 

SBSC 109.76% 122.98% 106.81% 104.47% 111.74% 126.25% 142.38% 158.14% 161.59% 160.08% 175.19% 163.14% 160.97% 161.71% 173.14% 

Panel B: GMV Portfolios 

Traditional***  105.03% 102.39% 103.56% 101.09% 104.49% 107.14% 106.22% 105.97% 111.82% 108.70% 108.00% 113.29% 116.92% 115.60% 122.19% 

SRI*** 103.87% 101.26% 100.33% 98.75% 101.32% 103.70% 102.58% 102.32% 109.25% 106.19% 105.51% 110.68% 114.22% 112.93% 119.06% 

Commodity*** 107.21% 107.00% 107.44% 103.90% 107.62% 111.55% 111.62% 111.56% 117.75% 114.46% 113.73% 119.26% 122.85% 121.36% 129.45% 

SBSC*** 105.69% 105.07% 103.81% 101.56% 104.41% 107.85% 107.58% 107.49% 114.77% 111.56% 110.85% 116.24% 119.74% 118.29% 125.84% 

Panel C: Tangency Portfolios 

Traditional**  104.48% 112.65% 98.93% 107.87% 131.51% 145.96% 173.38% 195.34% 119.45% 118.97% 116.25% 99.69% 100.58% 96.44% 99.27% 

SRI*** 100.84% 103.02% 83.83% 93.50% 100.77% 111.84% 132.86% 149.68% 107.27% 106.47% 107.26% 95.79% 96.65% 92.67% 95.39% 

Commodity* 104.48% 113.10% 98.60% 97.14% 114.19% 129.80% 160.48% 183.97% 127.75% 128.03% 147.85% 129.47% 127.83% 122.61% 126.21% 

SBSC*** 100.84% 103.02% 84.22% 86.15% 93.93% 106.77% 132.00% 151.32% 115.19% 115.45% 133.32% 116.85% 115.38% 110.67% 113.91% 
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Table 6-16: t-test result for each portfolio category 

This table shows the t-test results of the significant difference level in between each portfolio category. The 

traditional portfolio invests in stocks and bonds. SRI portfolio invests in stocks, bonds, and SRI momentum 6_1. 

The commodity portfolio invests in stocks, bonds, and commodity futures momentum 3_1. The SBSC portfolio 

invests in stocks, bonds, SRI momentum 6_1, and commodity futures momentum 3_1. The numbers present are 

the t-values, and the numbers in the brackets are the p-values.  

Portfolio 

Category 

Equally weighted v.s. 

GMV 

Equally weighted v.s. 

Tangency  

GMV v.s. Tangency 

Traditional 3.7785(0.0008) 0.3706(0.7138) -1.6296(0.1144) 

SRI 1.2902(0.2075) 0.9068(0.3723) 0.1907(0.8501) 

Commodity 5.3803(0.0000) 3.5829(0.0013) -2.1928(0.0368) 

SBSC 4.5739(0.0001) 3.7738(0.0008) -0.2164(0.8302) 

 

Table 6-17 illustrates the average performances of the portfolios during 

the recession periods. Interestingly, the GMV portfolios do not report the 

best performance during the recession. During the May¬–November 2001 

recession, the GMV method performed the worst. Commodity and SBSC 

portfolios exhibit the best performance during the recession. 

 

Table 6-17: Portfolios Average Performance during Recession Period 

  

Overall recession period 2001m5-2001m11 2008m1-2009m6 

Equally  

Weighted  

 

Traditional  -0.0062 0.0021 -0.0099 

SRI -0.0034 0.0011 -0.0054 

Commodity 0.0032 0.0137 -0.0014 

SBSC 0.0030 0.0100 -0.0001 

GMV 

 

 

Traditional  -0.0008 -0.0023 -0.0001 

SRI -0.0003 -0.0024 0.0006 

Commodity -0.0001 -0.0001 -0.0001 

SBSC 0.0002 -0.0006 0.0006 

Tangency 

 

 

Traditional  -0.0184 0.0059 -0.0292 

SRI -0.0143 0.0008 -0.0209 

Commodity -0.0118 0.0064 -0.0199 

SBSC -0.0101 0.0008 -0.0149 

 

Table 6 18 illustrates the portfolios’ three-factor model results. All the 

traditional and SRI portfolios have negative statistically significant alphas. 

The commodity and SBSC GMV portfolios have the negative significant 

alphas as well. The equally weighted and tangency portfolios are 

positively significantly influenced by the market movement. 
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Table 6-18: Portfolios’ Three Factor Model Results 

P-values for each coefficient are in the brackets. GMV portfolios have negative but statistically significant 

alphas. The equally weighted and tangency portfolios have a positive statistically significant market factor.  

 Strategies Alpha Mkt-rf SMB HML 

 

Equally 

Weighted 

 

Traditional  -0.2250(0.024) 0.2597(0.000) 0.0738(0.116) 0.0357(0.368) 

SRI -0.3321(0.014) 0.1778(0.000) 0.0615(0.329) 0.0259(0.627) 

Commodity 0.0154(0.926) 0.1736(0.000) 0.0048(0.951) 0.0562(0.398) 

SBSC -0.1250(0.445) 0.1337(0.000) 0.0129(0.867) 0.0438(0.503) 

 

GMV 
Traditional  -0.2971(0.000) -0.0036(0.816) 0.0270(0.443) 0.0161(0.589) 

SRI -0.3049(0.000) -0.0093(0.562) 0.0174(0.631) 0.0102(0.740) 

Commodity -0.2696(0.000) -0.0081(0.598) 0.0189(0.587) 0.0267(0.366) 

SBSC -0.2803(0.000) -0.0124(0.436) 0.0128(0.722) 0.0185(0.544) 

 

Tangency 

 

Traditional  -0.4271(0.016) 0.4501(0.000) 0.0906(0.277) -0.0102(0.885) 

SRI -0.4569(0.010) 0.3335(0.000) 0.0386(0.641) 0.0205(0.770) 

Commodity -0.2653(0.198) 0.3507(0.000) 0.1165(0.231) -0.0581(0.480) 

SBSC -0.3307(0.107) 0.2917(0.000) 0.0393(0.684) -0.0236(0.773) 

 

Study 3 addresses the gaps in the alternative investment literature in for 

important ways: by demonstrating the combination of alternative 

investments into a traditional asset portfolio; by measuring the risk 

properly using downside risk measure and VaR; by allocating the optimal 

weights into alternative investments using various portfolio optimisation 

techniques, such as equally weighed, GMV, and mean-variance tangency 

portfolios, and by choosing the investment strategy correctly.  

 

6.4 Conclusion  

In the midst of a financial crisis, diversifying the huge unpredicted loss is 

the main concern of investors. This study examines the diversification 

power of SRI and of commodity futures in both equally weighted and 

mean-variance portfolio contexts. The SRI is well known for its low 

volatility; the commodity futures for its diversification benefits. Therefore, 

both of these assets have potential.  

 

In this study, the MSCI Australia Index is employed as a proxy for the 

Australian stock market; the J.P. Morgan Australian Government bond 

index is employed as a proxy for the bond market. The SRI and commodity 
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futures proxies, the SRI 6_1 momentum strategy and the commodity 

futures 3_1 strategies, are outlined in the previous two chapters.  

 

To test the diversification benefits from the SRI and commodity futures, 

four different portfolios were formed for both the equally weighted and the 

mean-variance methods. These portfolios are the traditional stock and 

bond portfolio; the stock, bond, and SRI momentum portfolio; the stock, 

bond, and commodity futures momentum portfolio; and the stock, bond, 

SRI momentum, and commodity futures momentum portfolio.  

 

This study finds, firstly (not consistent with G. Tang (2004), that merely 

including a limited number of assets in an equally weighted portfolio 

cannot necessarily reduce the portfolio out-of-sample risk. More intention 

should be put into the correlation when selecting the assets. Secondly, the 

results also suggest that the commodity futures momentum has better 

diversification benefits than the SRI momentum. Unless the investors are 

extremely risk-averse, this study recommends putting in the commodity 

futures momentum as a portfolio diversifier, since it gives better returns. 

The SRI momentum is a good risk-hedging investment during the volatile 

period. Thirdly, consistent with Kroll et al. (1984), the mean-variance 

portfolio performances are better than the naïvely equally weighted 

portfolios. Fourthly, the compounded performances of the equally 

weighted portfolios are the best among the portfolios, and the equally 

weighted commodity portfolio outperforms the stock index. Therefore, for 

the long-term investors, adding a commodity futures component into an 

equally weighted portfolio is a good option.  

 

The findings presented in this study provide important implications for 

market participants. Regulators should develop appropriate policies for 

financial products to limit the risk exposure during a financial crisis. With 
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an improved understanding of the portfolio asset selection and allocation, 

investors and fund managers can better manage their portfolio allocation 

in the SRI and commodity futures markets.  
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Chapter 7  

Conclusion  

7.1 Summary and Conclusion 

As a result of increasingly frequent financial crises over recent years, 

diversification of these massive and unpredicted losses has become a 

critical issue for investors. This research examines the diversification 

impact of the SRI and commodity futures on the traditional stocks and 

bonds portfolio, and recommends the best investment strategies in these 

two rapidly growing markets. Chapter 2 carries out an extensive 

literature review, which covers the SRI and commodity futures’ 

performance and diversification implications, the investment methods and 

the strategies used in this research.  

The literature is extensive for these two rapidly growing markets, SRI and 

commodity futures, but our understanding is still limited. SRI has been 

found to achieve lower risk without affecting the returns compared to the 

common stock market. Furthermore, the findings on the diversification 

power of SRI are mixed. On the contrary, the commodity futures 

diversification benefit is well documented in the literature. However, no 

previous study had attempted to investigate the best investment strategy 

for both the SRI and commodity futures investments. Additionally, with 

new methods available to use for measuring conditional correlations in 

both markets, this research tackles these questions concerning the SRI 

and commodity futures’ diversification power, this research has 

investigated three interrelated studies: 

 Study 1: Passive, semi-active and active investment strategies 

comparison in Socially Responsible Investments  

 Study 2: Passive, semi-active and active investment strategies 

comparison the commodity futures  

 Study 3: Inclusion of SRI and commodities into portfolio of shares 

and bonds 
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This research contributes to the rapidly growing literature in several ways. 

In the first and second empirical studies, presented in Chapters 3 and 4, 

this research compares the passive, semi-active, and active investment 

strategies in the SRI and commodities futures markets. The data applied 

in the first study is derived from the G10 countries’ DJSI; the data applied 

in the second study is the most liquid three commodities in the energy, 

precious metals, industrial metals, grains, softs, and livestock sectors. The 

equally weighted portfolio is a proxy for the passive investment style, the 

DCC-GARCH mean-variance optimised portfolio proxies the semi-active 

investment style, and the momentum strategy is a proxy for the active 

investment style. Data used in all these strategies are monthly. Therefore 

they are monthly rebalanced. The results are then annualised to be 

compared across the three investment strategies in each market. 

 

The first study results show that the SRI markets of the eleven G10 

countries exhibit an ARCH effect and that the conditional correlation 

varies over time, which is quite different from the full period correlations. 

The t-test results based on the momentum strategy exhibits no 

momentum in the data, although this may be explained by the limited size 

of the cross-sectional assets. Nevertheless, the momentum strategy may 

be potentially beneficial in the SRI since it exhibits better performance 

than the passive and semi-active strategies. Overall, the best performing 

momentum strategy is the 6-1 momentum strategy.  

 

The results of the second study show that all 18 commodity futures indices 

have the ARCH effect. The correlations within each sector are high, but 

are considerably lower between sectors. Comparison of the different 

momentum strategies finds that the 3_1 strategy is the most profitable, 

generating 11.83% per annum average. The findings also suggest that 

active management is the best investment strategy during stressful 
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periods. Additionally, the more active the approach applied, the greater 

the return earned22.  

 

The third empirical study, presented in Chapter 5, investigates the 

performance improvement of the traditional portfolio by including both 

SRI and commodity futures. The top performing investment strategy from 

Studies 1 and 2 are applied as proxies for the SRI and commodity futures 

markets. The proxies for stocks and bonds in the traditional portfolio are 

the MSCI Australia and the J.P. Morgan Australian Government Bond 

Index respectively.  

 

To evaluate the performance difference between the equally weighted 

portfolio, the GMV portfolio and the mean-variance tangency portfolio 

methods, four portfolios are formed under each method: the traditional 

stock and bond portfolio; the stock, bond, and SRI momentum portfolio; 

the stock, bond, and commodity futures momentum portfolio; and the 

stock, bond, SRI momentum, and commodity futures momentum portfolio. 

The results show that increasing the number of assets in an equally 

weighted portfolio does not necessarily reduce the portfolio risk. The 

results also suggest that the commodity futures momentum has better 

diversification benefits than the SRI momentum. Unless the investors are 

extremely risk-averse, the commodity futures momentum is a better 

portfolio diversifier, since it gives better returns. Lastly, the results 

suggest that the mean-variance tangency portfolio performs better than 

the equally weighted portfolio. In the stocks, bonds, SRI and commodity 

futures tangency portfolio, on average, stock takes the most proportion, 

bond and commodity futures momentum take similar proportions. The 

SRI momentum exhibits the least asset allocation.  

 

                                                           
22 The transaction fees and management fees are not included in this study.  
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The overall results from the three studies have shown that the active 

investing approach provides the best risk-adjusted returns in both SRI 

and the commodity futures market, especially during the crisis period. 

Further, the commodity futures momentum substantially improves the 

portfolio risk-adjusted performance.  

 

7.2 Implications 

The findings presented in this research are relevant to both academia and 

the investment profession. The findings are valuable to academia as they 

contribute to the literature in SRI and commodity futures investments. 

 

For all SRI markets examined, the UK market exhibits a consistently high 

allocation in the DCC portfolio. Furthermore, as the Swiss and Canadian 

markets began to mature from 2003 and 2006 respectively, their weights 

exceeded the UK’s, to become the leading two countries in the portfolio. 

Japan maintains a small proportion in the DCC portfolio throughout the 

out-of-sample period. As the SRI attracts more attention, more research 

has been done in this area, and investors are more familiar with it. 

Therefore, it is worthwhile to update the study results for markets that 

are still growing.  

 

In the commodity futures study, gold, feeder cattle and aluminium 

received the highest allocation, reporting an average weight of 30%, 18% 

and 12% respectively. Coffee and lean hogs have almost zero investment 

during the study period. The rest of the commodities exhibit weight ranges 

from 1% to 5%. Further, gold exhibits a consistently high proportion in the 

DCC portfolio whereas soybean starts taking part after 2003. Besides, 

feeder cattle plays an important role in the portfolio when the market is 

volatile, namely, 1999–2000 and 2008–2009. Conversely, when the market 
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is stable, investments in aluminium is increased. The weight change in 

commodity futures may be related to each commodity’s life cycle. 

Consequently, understanding the commodity life cycle is crucial for both 

researchers and practitioners.  

 

For both the SRI and commodity futures markets, the actively managed 

investments perform the best, especially during the volatile periods. This 

means that timely access to the latest market information is critical when 

reviewing investment decisions. Therefore, investors and fund managers 

should adjust their investment decisions promptly to help boost their 

returns.  

 

The findings of this research make a number of contributions to the 

growing portfolio literature. First, merely including a limited number of 

assets in an equally weighted portfolio cannot necessarily reduce the 

portfolio risk. More efforts should be devoted into the correlation when 

selecting the assets. The equally weighted stock, bond and commodity 

futures portfolio performs much better than the equally weighted stock, 

bond, commodity, and SRI portfolio. This is due to the poor performance of 

the SRI. Even though adding in SRI can reduce the portfolio risks, it 

comes at the cost of portfolio returns. Thus, investors can potentially 

achieve improved risk-adjusted returns by cautiously selecting assets for 

inclusion in their portfolios. Second, although the mean-variance 

optimisation has been vastly criticised in the equity market, due to its 

underperformance compared with the equally weighted portfolio, its 

superior diversification power is proved in the commodity futures market.   
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7.3 Limitation and Suggestions for Future Research  

Even carefully designed and executed research will exhibit limitations and 

shortcomings. In the first study, the returns to the momentum strategies 

in the SRI study are neither statistically nor economically significant. This 

is may be due to the small number of cross-sectional assets included in 

this study, which only contains the eleven G10 countries. Therefore, 

adding in more countries can provide further cross-sectional options and 

can achieve potentially significant momentum results. Moreover, the 

countries examined in the SRI study are all developed countries. Due to 

the increasingly important economic roles of emerging countries such as 

Brazil, Russia, India and China (BRIC), incorporating their SRI would be 

vital in future research.  

 

The assets studied in this research are SRI and commodity futures. Other 

alternative assets, such as hedge fund, venture capital, and collectables, 

have not been extensively researched. Thus, the best investing approaches 

in these markets could be further examined to improve portfolio 

performance. Lastly, the research does not account for short selling, taxes, 

transactions and management fees, so taking these factors into the 

analysis would make the results more robust. 
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Appendix 1: SRI Market Dynamic Conditional Correlation 

This figure illustrates Dynamic Conditional Correlation among the eleven G10 countries. The correlations all 

move differently through time.  
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Appendix 1: SRI Market Dynamic Conditional Correlation (continued) 
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Appendix 1: SRI Market Dynamic Conditional Correlation (continued)
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Appendix 1: SRI Market Dynamic Conditional Correlation (continued)
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Appendix 1: SRI Market Dynamic Conditional Correlation (continued) 
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Appendix 1: SRI Market Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation 

This figure illustrates Dynamic Conditional Correlation among commodities. The correlations, the correlations 

within each sector are more than the ones from different sectors  
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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Appendix 2: Commodity Dynamic Conditional Correlation (continued) 
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