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Our work examines the relationship between socially responsible funds and the traditional energy market over daily returns data ranging from December 2015 to April 2019. We apply quantile cross-spectral analysis to measure returns correlation under different market conditions in the short, medium, and long run to measure the connectedness between both markets. Our results highlight that correlation based on different quantile distributions yields different investment opportunities. In the short run, investors can benefit from diversifying assets under extreme market conditions. No significant diversification opportunities are available in the medium- and long-run periods. Our findings provide implications for individual investors making investments under different horizons and dynamic market conditions.
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INTRODUCTION
During the last couple of decades, the international investment community has seen a steady shift in investment patterns around the globe. This shift reflects the inclusion of more recently financialized commodities such as precious metals and energy (Rehman and Apergis, 2019). Investors have Rehman et al. (2018) focused more on socially responsible investments and the environment (Reboredo, 2018). Consequently, investors shift towards an optimal portfolio mix consisting of a wide variety of stocks (Uddin et al., 2018; Shahzad et al., 2019). Though research on energy investment structuring from the global perspective has gained more popularity, existing literature has also documented specific energy sources that focus on both global and local energy situations, e.g., in terms of energy supply (Balat and Balat, 2009) and energy production (Armaroli and Balzani, 2007), energy consumption (Guo and Fu, 2010), energy security (Yergin, 2006), energy use (Neto et al., 2014), energy market (Kleit, 2001), and energy trade (Wälde and Gunst, 2002).
The importance of energy has been on the rise in terms of not only its real-world applications but also the financial and investment perspectives, considering its recent escalated financialization and acceptance by the international investment community. Though energy finance has received considerable attention in recent literature, the avenue for further research regarding its financial aspect stands still. Due to its commercial importance and financial attributes, the demand for energy has increased tremendously, representing its potential for long-run strategic investment. Recent literature has witnessed the notable contribution of energy stocks as financial commodities (see Ghorbel and Trabelsi, 2014; Pan et al., 2014) and their combination with traditional asset class in a portfolio (Rehman 2019; Shahzad et al., 2019). Such energy commodities are traded not only in spot markets that are capable of providing leverage (Chng, 2009) but also in the form of different futures contracts like Exchange Traded Commodities (ETC). Therefore, in the case of high capital market integration, the energy-equity combination presents itself as an optimal choice for hedging risk resulting from any asset class (Khalfaoui et al., 2015; Basher and Sadorsky, 2016). The emergence of energy stocks as a new asset class and their increased financialization have opened several new avenues for investment and research. However, investment in energy stocks also entails risk and needs a combination of suitable heterogeneous stocks to hedge risk or provide safe haven properties.
Few studies have demonstrated the relationship between different energy stocks. For example, Kumar et al. (2012) have reported that fuel prices affect clean energy stock returns. Similarly, Broadstock et al. (2012) have employed a time-varying correlation to report the effect of fossil fuel prices on Chinese energy equities following the subprime crisis of 2007–2008. Though the energy sector presents potential investment opportunities, careful selection of different assets is inevitable given the volatile nature of energy commodities and the inclusion of new asset classes with less profit and more social concerns.
In the last decade, we have witnessed the escalation of an investment trend in socially responsible firms based on the financial and non-financial attributes of firms. The non-financial aspect of socially responsible investing has attracted the investors’ attention over time because the market capitalization of such stocks has notably increased. We have also witnessed enormous growth in socially responsible mutual funds due to their social initiatives not being completely isolated from financial motives. Socially responsible stocks have emerged as comparatively new asset classes for the investment community. These socially responsible funds are like mutual funds comprising many other stocks; however, the selection of those stocks is based on the socially responsible behavior of the company. These socially responsible behaviors mainly include concern for environmental degradation, social justice, women empowerment, gender equality, and awareness about carbon emission. The stocks comprising these funds are not totally devoid of the financial aspect; rather, these companies either invest or act in socially responsible initiatives and ways or at least show concern about the social issues. Details about the companies that are included in our sampled socially responsible funds are provided in Table 1. Hence, these socially responsible funds are profit-oriented, yet the selection of companies within these SRI funds is based on socially responsible initiatives.
TABLE 1 | Sample funds statistics.
[image: Table 1]Bialkowski and Starks (2016) have reported that in recent literature, differences between traditional stocks and socially responsible investment stocks have gradually diminished, based on low returns and high volatility. Similarly, Bauer et al. (2005) have found that the risk-adjusted returns on SRI stocks in Germany, UK, and the US are not different from conventional stock returns. However, despite the acceptability of socially responsible stocks by the investment community, comparing returns between SRI and traditional stocks hovers around the argument about ethical penalties. According to Renneboog et al. (2008), investment in SRI funds of North-American, European, and Asia-Pacific countries underperforms compared to traditional stocks investments, suggesting an additional cost for investors for their investments in socially responsible stocks. Nevertheless, Reidl and Smeets (2017) have highlighted that social reference tends to be a major factor despite expecting low returns. This is because investing in socially responsible stocks implies a long-term effect on equity pricing. Similarly, Hong and Kacperczyk (2009) have suggested that many policymakers and academics may contradict the trade-off between bad and good returns though some believe that significant implications may result from the return attributes of socially responsible investments. Nilsson (2009) has believed that a specific class of investors believes that such socially responsible investments provide average if not above-average returns besides altruistic motives. However, despite such heterogeneous findings of superior or average returns of socially responsible stocks, there still exists an investors’ class willing to bear this extra risk.
Existing literature on socially responsible investments has documented that the performance of SRI stocks is either greater or at least equal to the overall market performance (Guerard, 1997; Goldreyer and Diltz, 1999; Bauer et al., 2005; Brzeszczynski et al., 2009). According to Kempf and Osthoff (2007), SRI stocks have the potential to give abnormal returns even after considering their trading costs. On a different note, the increasing financialization of the energy market has attracted the interest of the investment community as a new investment option (see Tang and Xiong, 2012). The energy futures provide optimal returns not only as a standalone investment but in a portfolio together with conventional assets. However, given the turbulent economic and financial environment, it is always better to make safe investments in portfolios. Our work is the first of its type, which examines the comovement between SRI and energy stocks. The SRI stocks can not only outperform markets despite their ethical and social concerns but also can hedge returns of the turbulent energy futures. With the increasing financialization of energy commodities, the relationship between energy and non-energy commodities has increased significantly. Therefore, low returns comovement between energy and SRI stocks can provide optimal diversification benefits based on their less integration with each other (Rehman et al., 2019).
Therefore, based on the above discussion, our work investigates integration between energy markets and socially responsible funds to highlight portfolio diversification opportunities between these two asset classes. Though integration among different asset markets can be measured using linear estimation techniques, existing literature has also highlighted the presence of a non-linear relationship between different asset classes (see Shahzad et al., 2019). Furthermore, linear regression is not capable of measuring integration under varying market conditions. Therefore, for this purpose, we employ a quantile cross-spectral approach that provides separate correlation results under different return distributions rather than taking an average across all quantiles. The resulting hypotheses are that socially responsible investments (SRI) exhibit significant coherence with the energy stocks under extreme (both bearish and bullish) and normal market conditions in the short-, medium-, and long-run investment periods. This helps investors in identifying correlation patterns between two assets under varying market conditions, i.e., either bearish or bullish. Furthermore, it is possible to identify correlation under the condition that each market experiences different market conditions, i.e., one market in the bearish and the other in bullish state. Therefore, results provided by the quantile cross-spectral approach help estimate integration under heterogeneous market behaviors.
The advantage of the quantile cross-spectral approach is that it has the capability of detecting any common type of dependence structure. Furthermore, the resultant output of this approach is far more colorful than that of the traditional measures of dependence, clearly identifying heterogeneous correlation patterns across different quantiles. The results are quite indicative of the fact that returns correlation between any two assets is not based on average values but rather is presented on a quantile basis. Further elaborations in this quantile cross-connectedness approach include the quantile coherence matrices for three separate quantile ranges, i.e., 0.05., 0.50, and 0.95, together with all the combinations. By allowing such asymmetries between the returns of two assets, clear information is available about the dependence between extreme positive and extreme negative returns. Another feature of this approach is the separate presentation of returns connectedness for the short- (2 days), medium- (22 days), and long-run (250 days) investment periods.
Based on the above-highlighted discussion, our contributions in this work are as follows. First, our study identifies diversification opportunities within the energy asset class comprising socially responsible funds and the energy market. Second, we apply the quantile cross-spectral approach, which is capable of identifying returns’ opportunities for investors under different market conditions, i.e., extreme negative (bearish), neutral, and extreme positive (bullish). Finally, our results carry implications for investors under different investment horizons, i.e., short-run, medium-run, and long-run periods. Particularly, our results highlight diversification opportunities for investors in the short run under extreme market conditions; however, such opportunities do not exist in either the medium and long run.
The rest of the paper has the following structure. Data and Methodology discusses details about data and methodology. Analysis and Discussion presents analysis with a discussion of the results. Finally, Conclusion provides a conclusion including implications for international investors.
DATA AND METHODOLOGY
Data
We use a sample of six socially responsible funds covering the daily frequency of data spanning from March 2016 to April 2019. These indices comprise SRI funds, including Low Carbon Exchange Traded Funds (Low Carbon), USA ESG, Fossil Fuel Reserve Free ETF Index, Social Choice Equity Funds (Social ETF), Social Exchange Traded Funds (Social Choice Equity), and Gender Diversity Index. Low Carbon Exchange Traded Funds (ETFs) consist of more than 1,200 stocks within and outside the US, comprising companies with less carbon exposure compared with the rest of the markets. Among the largest shareholders are Apple, Microsoft, and Amazon, making up almost 6 percent of the entire portfolio. USA ESG funds consist of companies emphasizing ethical and moral aspects and do not include companies, for example, with tobacco holdings. Within this fund, low-profile stocks usually make up to the top 25 percent with prospects in long-run investments. The Fossil Fuel Reserve Fund presents itself as a new addition to the ETF industry with the goal of replicating returns of S&P 500; however, it does not include companies holding fossil fuel reserves. This fund provides an annual average return of 14 percent. Social Exchange Traded Funds include companies with positive social, environmental, and governance characteristics. There are almost 400 stocks holdings with more than 30 percent portfolios in the technology sector. Gender Diversity Index follows the performance of companies with the aim of women's career advancement at the top management positions. There are almost 170 well-diversified positions, mainly including Johnson & Johnson, Coca-Cola, Home Depot, and PepsiCo. Finally, the Social Choice Equity Fund replicates Russell 3000 performance following high social, environmental, and governance standards. There are almost $3.8 billion holdings with a minimum investment of $2500. This fund differentiates itself from conventional funds by excluding companies with ethically and morally irresponsible businesses like tobacco, alcohol, and weapons. Data for all the variables are extracted from Data Stream. Table 1 presents details about the complete description of each index, its weight, and respective notional value.
Methodology
Quantile Unit Root Test
To apply the unit root test under varying quantile distributions, we follow the work of Galvao (2009) based on the quantile autoregression framework, which adds stationary covariates. This is an extension of an earlier work by Xiao and Koenker (2009). The speed of adjustment for any variable within a quantile framework depends on both the sign and size of a shock. Therefore, this process allows us to test a time series for unit root across different quantiles. Therefore, the quantile covariates unit root process is superior to the traditional unit root tests, which takes an average value rather than considering the coefficients at each quantile distribution. We test the null hypothesis of unit root a1 = 1 against the alternative hypothesis a1 < 1.
The expression for the resultant model is as follows:
[image: image]
In the above equation, [image: image] represents a demeaned series, which has covariates with the m vector of another stationary series [image: image] with zero mean. y = [image: image], where [image: image] and m denote the series and the associated long-run level, i.e., unconditional mean; however, [image: image] represents uncorrelated error term having zero mean value. According to Galvao (2009), the tth conditional quantile of yt that is conditional on t-1 information set It-1 can be represented as a linear function of its lagged values of [image: image], lagged value yt-1, and the leads q1 and lag q2 of covariates in xt.
Quantile Cross-Spectral Test
To investigate the relationship between socially responsible funds and traditional energy markets under different returns distribution, we make use of the quantile cross-spectral approach proposed earlier by Barunik and Kley (2015) to highlight dynamic dependence between the series (Xt,j1) and (Xt,j2) as follows:
[image: image]
In the above equation, [image: image] and [image: image]; however, [image: image], [image: image], and [image: image] highlight the quantile cross-spectral. For the purpose of extracting quantile spectral densities, we make use of the Fourier transformation of the matrix under quantile-covariance kernels as follows:
[image: image]
with
[image: image]
In Equation 4, [image: image], [image: image], [image: image][image: image] [0,1], and I{A} denotes an indicator function of event A. In the case of continuous cases, the indicator function corresponds with an independent copula and the difference between copulas, i.e., [image: image]. However, we can get information about both the serial dependence by altering the value of k (see Barunik and Kley, 2015) and cross-sectional dependence by selecting [image: image]. For frequency domain, we can also refer to this as the matrix of quantile cross-spectral density kernels, as follows:
[image: image]
where
[image: image]
To estimate quantile coherency, we apply smoothed quantile cross-periodograms, as proposed by Barunik and Kley (2015). In our work, we use three separate quantiles at 0.05, 0.50, and 0.95 (i.e., at 5th, 50th, and 95th quantile), respectively, to extract the quantile coherency matrix.
ANALYSIS AND DISCUSSION
We start our analysis by presenting details on socially responsible funds, which are used as a sample in our study. Table 1 presents the complete composition of each sampled index with companies’ weightage and the notional US dollar value.
Table 2 presents descriptive statistics of socially responsible funds and energy indices. Among socially responsible indices, USA ESG and Fossil Fuel have the highest daily returns values; however, among energy markets, crude oil provides the maximum daily returns. Social Choice Equity exhibits the maximum variance along with Natural Gas over the period under study. Returns for all socially responsible funds are negatively skewed, such as World Alternate Energy markets; however, Crude Oil and Natural Gas exhibit positively skewed returns. Social Choice and Gender Diversity indices demonstrate high kurtosis values, thereby indicating a fat-tailed distribution. Among all series, Natural Gas highlights the maximum variance in returns since maximum and minimum values are the highest among the rest, i.e., 16% and 18%, respectively. Figure 1 highlights the pricing trend of each socially responsible and energy market index over the sample period. For all socially responsible funds, we report steady daily pricing patterns over the last five years; however, energy indices exhibit a volatile pattern. These dynamics suggest that socially responsible indices can provide optimal diversification opportunities along with the energy market, which exhibit more sensitivity in prices.
TABLE 2 | Descriptive statistics.
[image: Table 2][image: Figure 1]FIGURE 1 | Pricing trends.
Figure 2 presents the results of an unconditional correlation based on color indicators varying with the magnitude of correlation (dark red = −1 to dark blue = +1). We witness no traces of negative correlation neither within the socially responsible or energy markets (within group) nor between these two markets (across groups). These results based on unconditional correlation suggest potential cointegration between socially responsible indices and energy markets and therefore require further analysis based on different quantile distributions.
[image: Figure 2]FIGURE 2 | Unconditional returns correlation.
Our results for quantile unit root tests are reported in Tables 3, 4. Traditional unit root tests are based on the conditional mean of the data and therefore are capable of detecting the presence of a unit root in linear time series. The application of quantile unit root tests considers quantile distribution for presenting unit root results not only for mean but also for extreme tail distribution. A graphical depiction of each sampled index is presented in Appendix A1.
TABLE 3 | Quantile unit root tests, socially responsible funds.
[image: Table 3]TABLE 4 | Quantile unit root tests, Energy Funds.
[image: Table 4]We present quantile covariate results in the form of coefficients α(τ), t(τ), and C, representing persistence parameter, t statistics, and the critical value for distribution ranging from 5th to 95th quantile. We can see a clear variation in unit root coefficients for all series under different quantile distributions. The persistence parameter α(τ) highlights values greater than unity at lower quantiles; however, these values tend to keep increasing across higher quantiles suggesting the presence of asymmetry in series. Though all series highlight value of the persistence parameter greater than 1 across lower quantiles, the persistence parameter for Natural Gas remains less than 1 across all quantiles. To confirm the rejection of the null hypothesis of a unit root in a series, we use a formal test statistic t(τ) across different quantiles. For all series, the value t(τ) is greater than the critical value across lower quantiles suggesting that the null hypothesis of unit root cannot be rejected. However, at higher quantiles, this null hypothesis is rejected, suggesting the presence of unit root at higher-order quantiles. Therefore, these results highlight the mean reverting behavior for all the sampled series; therefore, any shocks are likely to persist for a longer period. Such a situation makes it difficult to predict future values and tests based on a wide quantile distribution are more likely to yield robust results.
Figures 3A–C depict the quantile cross-spectral approach for the short, medium, and long run to highlight the presence of returns cointegration between socially responsible stocks and the energy market across a wide distribution of quantiles. The quadrants in the quantile cross-spectral diagram highlight the returns correlation under different quantile distributions. These distributions are divided into 0.05, 0.50, and 0.95 quantiles corresponding to bearish, normal, and bullish market conditions. The first upper left quadrant presents correlation results when both markets experience bearish conditions, whereas the lower extreme right quadrant presents correlation results when both markets experience bullish conditions. The color indicator on the right side of the diagram highlights correlation magnitude ranging from −1 (high negative correlation) to +1 (high positive correlation). Figure 3A underlines results for the short-run investment horizon, which are quite different from the unconditional correlation results presented earlier in Figure 2. In the first quadrant under bearish conditions for both markets, i.e., 0.05|0.05 quantile arrangement, we witness very few traces of positive correlation (for example, LC with WAE, ESG with Social and FFRF, and Social with FRFF), whereas, for most of the cases, diversification opportunities seem to exist. Hence, under extreme negative returns, we witness significant diversification opportunities. Under extreme positive returns for both markets, i.e., 0.95|0.95 quantile arrangement, we witness only a single case of high correlation between the Social-ESG market pair. Besides this pair, low or negative correlation between all markets indicates potential for diversification. Therefore, under extreme market conditions (both positive and negative), our results support earlier findings by Balcilar et al. (2017) that the performance of a portfolio comprising socially responsible stocks and conventional stocks can be improved. For all other quantile combinations, low correlation values again signify the potential for diversification between socially responsible stocks and the energy market.
[image: Figure 3]FIGURE 3 | (A) Quantile cross-spectral correlations (short run). (B) Quantile cross-spectral correlations (medium run). (C) Quantile cross-spectral correlations (long run).
Figure 3B reflects the correlation pattern under different quantile distributions for the medium-run investment horizon. We observe that for all quantile arrangements, high correlation coefficients dominate for all assets. Though these high correlation values are evident for most of the market combinations, bearish and bullish market conditions, i.e., 0.05|0.05 and 0.95|0.95, respectively, highlight high positive correlation. Such high values between both asset classes suggest an increasing return integration under extreme market conditions. Therefore, diversification benefits are hard to achieve under different market conditions in the medium-run investment perspective. Figure 3C presents results for the quantile cross-spectral approach for the long-run investment horizon, which are quite similar to the previous results in Figure 3B. For bearish, normal, and bullish conditions in both markets, i.e., 0.05|0.05, 0.50|0.50, and 0.95|0.95, respectively, the correlation appears quite high, suggesting no opportunities for optimal returns by formulating a diversified portfolio between socially responsible funds and energy market. However, returns’ correlation under quantile arrangements of 0.05|0.95 appears feasible in terms of correlation coefficients when either of the markets faces bearish (bullish) conditions with the other being in the bullish (bearish) state.
CONCLUSION
Our study examines returns integration between samples of socially responsible funds and energy markets. Recently, both these asset classes are have received attention from international investors and researchers. Among other parameters, our selection of SRI funds is based on a recent United Nations climate change conference held in Paris, 2015, which focused on investing in the stocks of the clean energy sector in order to develop and face the increasing challenges of climate change. Though private investments in the renewable energy sector have gained popularity among the investment community over time, the interest of investors with long-run investment goals in renewable energy stocks calls for careful evaluation of the financial risk and profitability of these companies.
The energy market has witnessed a sharp increase in its financialization process, which, as a result, offers investors an additional asset class backed by rising global energy needs and demands. However, price volatility of energy stocks is considered an important determinant of low financial performance of the energy projects (Kumar et al., 2012; Reboredo, 2018), thereby suggesting their holdings together with hedging instruments in a portfolio. Interestingly, increasing financialization of commodities and stocks in recent years has increased the level of returns correlation between energy and non-energy commodities, making the portfolio allocation decision more challenging (Rehman 2019).
Our results highlight the presence of fewer diversification benefits in light of traditional unconditional correlation; however, the result of quantile cross-spectral analysis presents different findings. By investigating the returns correlation under different quantile arrangements, we witness different results under varying market conditions. For the short-run investment horizon, diversification benefits between both asset classes exist reflected by low correlation values when both asset classes face bearish market conditions. These low values are also witnessed within these asset classes in most of the cases. These results are similar to the findings for bullish market conditions, suggesting that in the short-run investment perspective, both markets tend to provide optimal returns by offering a low underlying correlation pattern under extreme market conditions. Along with extreme market conditions, this low correlation pattern is evident for all market combinations between these socially responsible funds and the energy market. However, for the medium- and long-run investment horizons, we see no diversification benefits under any market condition, suggesting that these assets are not capable of offering returns in medium- and long-run investments without significant risk attributable to high correlation values.
Our results carry implications for investors in the following aspects. Short-run investment opportunities exist between socially responsible funds and the energy market but under extreme market conditions. These statistics suggest an opportunity for investment in these two asset classes since energy markets are documented to exhibit volatile behavior. Therefore, the presence of low returns’ integration between socially responsible funds and the energy market provides hedging for energy markets’ volatile behavior by adding socially responsible funds in a portfolio.
Our results for the short-run investment period carry implications for investors as returns correlation across extreme quantiles highlight potential for diversification. However, we also see high correlation values between few assets, i.e., between WAE and LC, FFRF and ESG, Social and ESG, and FFRF and Social. Therefore, investing in these asset pairs can result in spillover; therefore, investors should consider investing in assets with low correlation values. Likewise, a high correlation value is evident between Social and ESG stocks during bullish market conditions; however, we witness asymmetry in results. This is because the correlation between Social and ESG is 0.68 during bearish market conditions, whereas increases up to 0.91 under bullish market conditions. This is good for investors as downside risk is less than the upside risk in case of extreme returns. However, investing only in these two stocks within a single portfolio can result in a returns spillover. In the medium and long run, results are quite different from those in the short run because of the high correlation values across the majority of the quantiles. Results appear quite interesting since correlation values within similar asset classes remain quite high, thus suggesting minimal diversification benefits. These results carry important implications as the sampled SRI indices comprise heterogeneous stocks but with socially responsible behavior. Nevertheless, all these indices exhibit high correlation values in the medium-run investment horizon. Therefore, these SRI stocks should be combined with other energy stocks as returns comovement between these two asset classes is quite low. This situation gets more intensified in the long run, suggesting that all the socially responsible funds converge in the long run and, therefore, should not be combined in a single portfolio under extreme market conditions.
Our study also includes implications for investors with different investment horizon preferences. In the short run, diversification opportunities can be exploited by investors; however, medium- and long-run investors hardly find diversification benefits. Therefore, short-run investors under all market conditions, i.e., bearish, normal, and bullish, can reap diversification benefits; however, more benefits are witnessed under extreme returns distribution.
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