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Abstract:
This study analyses the long-term and short-term dynamics established between environmentally sustainable 

investment segments, applying a diverse methodological proposal based on the Johansen cointegration approach, 
Granger causality concept, and impulse response functions and considering a multivariate asymmetric GARCH 
model. Five environmental investment segments were selected, in particular concerning alternative energy, clean 
technology, green building, sustainable water, and pollution prevention.

The results show that the investment segments do not follow similar paths in the long term. In the short term, 
sustainable water is particularly autonomous and contributes to explaining the movements in the remaining seg-
ments. Evidence of own and cross-contagion effects was found as well as asymmetric volatility effects. This poses 
great challenges for investors in diversifying investment.

Keywords:
Sustainable investment, thematic indices, cointegration, vector autoregression, impulse response, multiva-

riate asymmetric GARCH.

Resumen:
Este estudio analiza las relaciones dinámicas de corto y largo plazo entre segmentos de inversión ambiental-

mente sostenible, mediante la aplicación de una propuesta metodológica basada en la prueba de cointegración 
de Johansen, en el concepto de causalidad, en funciones de impulso-respuesta generalizadas, y en un modelo 
GARCH multivariante asimétrico. Se han seleccionado índices de cinco segmentos de inversión sostenible, re-
lacionados con la energía alternativa, la tecnología limpia, la construcción ecológica, el agua sostenible y la 
prevención de la polución.

Los resultados muestran que los índices no han seguido caminos análogos en el largo plazo. En lugar de 
ello, los índices han seguido caminos autónomos. En el corto plazo, el índice agua sostenible fue particularmente 
autónomo, y contribuyó para ayudar a explicar los movimientos en los restantes índices. Han sido identificados 
efectos de contagio, pero también efecto asimétrico sobre la volatilidad de los índices temáticos. Esta situación 
plantea grandes retos a los inversores de cara a una estrategia de diversificación de la inversión.

1  UDI – Research Unit for Inland Development. Department of Management and Economics. Superior School of 
Technology and Management, Avenida Dr. Francisco Sá Carneiro, n.º 50, 6300-559 Guarda (Portugal). vigab@ipg.pt
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1. INTRODUCTION

In the past business management models have fundamentally followed the financial 
point of view. However, in recent decades there has been a change in management models 
to accommodate the different perspectives of stakeholders. The idea that the only mission 
of an enterprise is to maximize shareholder value, inspired by Friedman’s (1970) proposal, 
has been questioned by several researchers (Freeman 2008; Wood 2008).

The combined effect of the financial crisis, extensive information about the conse-
quences of global warming, concerns about water shortages, issues relating to human 
rights and poverty, governance scandals, and environmental disasters, among others, is 
changing the way in which stakeholders value the integration and management of issues 
related to sustainability, from a long-term value-added perspective on the investment itself 
(KPMG 2011).

Currently, a growing number of business organizations are including social and envi-
ronmental factors in their strategic management policies. Porter and Kramer (2006) con-
cluded that, if the different perspectives of stakeholders are not considered, there will be 
negative consequences for business competitiveness in the medium and long term. Finan-
cial markets have gradually incorporated new investment alternatives according to this 
new management model.

There is growing evidence that investors are willing to incorporate, for example, envi-
ronmental, social, and governance issues into their investment decisions (Lombardo and 
D’Orio 2012). These investors seek to maximize the financial return on their investments 
without, however, questioning the sustainable development goals (Louche 2004; Statman 
and Glushkov 2008; Eurosif 2008). The awareness of sustainability goals has given rise 
to the emergence of sustainable stock indices, which are increasingly attracting investors’ 
attention and interest (Louche 2004; Cortez et al. 2009).

So-called socially responsible investment (SRI), also known as ethical or sustainable 
investment (Renneboog et al. 2008), combines financial goals with non-financial goals, 
including environmental (environmental policy, external systems/internal management, 
climate change indicators, emissions, solid waste, water, etc.), social (labour and human 
rights, among others), and governance goals (good governance principles, existence of 
codes of ethics, etc.).

Understanding the linkages between international stock market indices has been a topic 
of study for financial researchers. Firstly, these linkages have implications for portfolio 
managers with respect to their investment decisions. The asset valuation theory suggests 
that international diversification reduces idiosyncratic risk. The intensification of co-move-
ments among international stock markets negatively affects international diversification 
opportunities. Secondly, the interdependencies between markets carry significant conse-
quences, both for policy makers and for regulators, particularly in terms of stabilizing 
financial markets. The risk of financial contagion has been fuelled by an increasingly glo-
balized world. To minimize the contagion effects, policy makers and regulators should 
evaluate the interdependencies between markets to implement mechanisms for monitoring 
the international capital flows. Thirdly, understanding the volatility transmission between 
markets is essential for investors, since it significantly affects asset prices and the calcula-
tion of their respective risk premiums (Drakos et al. 2010; Ehrmann et al. 2011).
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With regard to the sustainable investment perspective, a crucial factor in the identifi-
cation of potential benefits associated with international diversification is the degree of 
linkage and integration across sustainable thematic indices. According to the internation-
al portfolio diversification theory, low (high) linkage intensity among stock markets im-
plies higher (lower) benefits of international diversification. However, there is no con-
crete knowledge about the linkages between socially responsible indices. A majority of 
the academic works developed with responsible indices have mainly studied the issue of 
the performance of these indices compared with that of conventional indices (Bauer et al. 
2007; Edmans 2007; Leite and Cortez 2015). Most research has found that SRI funds do 
not perform differently from conventional funds (Statman 2006; Utz et al. 2014). Nofsing-
er and Varma (2013) tested the performance of US SRI funds against conventional funds, 
concluding that SRI funds outperform during periods of market crisis but at the cost of 
underperformance during non-crisis periods. In all these cases, the investigation focus was 
directed to the performance of SRI investment against conventional investment. However, 
little attention has been devoted to the subject of linkages between socially responsible 
indices and even less to linkages between environmentally sustainable investment indices.

This research intends to expand the existing financial literature, both in empirical and in 
methodological terms, to the analysis of the short-term and long-term linkages between sus-
tainable global indices. The overwhelming majority of the existing works has tended to focus 
successively on the use of traditional indices, dominated by large caps and with a purely 
financial perspective, disregarding the environmental issues. There are no known studies that 
have focused on environmental indices. Consequently, our work fills an empirical research 
gap, studying the short-term and long-term linkages between five global thematic indices (al-
ternative energy, clean technology, green building, sustainable water, and pollution preven-
tion), concerning five segments of environmentally sustainable investment and analysing in 
particular the intensity, speed, and maturity of interactions. On the other hand, with this work 
we try to increase the knowledge about the behaviour of environmental indices and to deter-
mine whether the behaviour of environmental indices is guided by common market factors 
or by specific market factors, seeking to identify opportunities for investment diversification 
and adopting as the study perspective the operation of those market sectors.

Regardless of the methodology used, this work analyses the linkages between envi-
ronmental indices, adopting a similar methodology to that applied and tested by several 
authors for conventional indices, considering both returns and volatility, estimated from an 
asymmetric multivariate model with conditional heteroskedasticity, to identify any differ-
ences in volatility reactions to positive and negative shocks.

This study is structured as follows: part 2 presents the literature review; part 3 discusses 
the methodology chosen; part 4 provides information about the data and empirical results; 
and part 5 briefly presents the main conclusions.

2. LITERATURE REVIEW

Several studies have tried to identify the main driving forces and barriers to SRI inte-
gration into the mainstream market. According to the literature, the main driving forces can 
be classified into three pressure groups: market, group, and institutional pressures.
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Market pressures are external forces promoting SRI integration, conducted by investors, 
analysts, and some companies that have adopted a reactive position toward SRI manage-
ment (Slager 2012; Sievänen et al. 2013). Group pressures refer to initiatives undertaken 
by the members of the financial market to integrate SRI information into their investment 
decisions (Bassen and Kovacs 2008; Jemel-Fornetty et al. 2011). Finally, institutional pres-
sures are forces exerted by non-members of the financial market, which are “light forces” 
or “strong forces” depending on whether they are voluntary or compulsory, like regulation 
(Knopf et al. 2010; Jemel-Fornetty et al. 2011). 

Several studies have pointed out that the financial market knows about the potential 
advantages of SRI integration but that there are still too many barriers to exploit their full 
potential. The main barriers to this integration can be classified into three groups of diffi-
culties: technical, internal, and external difficulties.

Technical difficulties refer to the complexity and difficulty involved in managing and meas-
uring SRI issues, especially due to the lack of good public information (Igalens and Gond 
2005), while internal difficulties are related to conditions that are particular to an investment 
institution and the interactions that arise between the individuals within an institution. In turn 
external difficulties are influenced by the conventions that prevail at the market level and the 
interactions between individuals in that setting, such as the unrealistic belief in the financial 
markets, supposing a negative relationship between social and financial performance (Guyatt 
2006; Juravle and Lewis 2008; Perrini et al. 2012; Hoehler and Hespenheide 2013).

The subject of short-term and long-term linkages between international stock markets 
has received considerable academic attention in finance research, due largely to the sem-
inal work of Grubel (1968). However, a large number of studies have investigated only 
the conventional indices, dominated by large caps and purely financial criteria, studies on 
environmental indices being lacking. 

The results obtained in the first academic works were not always coincident. Ripley (1973) 
concluded that there was a degree of interdependence between open markets and investment 
and foreign capital flows. Conversely, Agmon (1972) and Branch (1974) did not find evi-
dence of interdependence among international stock markets. Bertoneche (1979) identified a 
high degree of segmentation in several major stock markets. Similarly, Roll (1988) concluded 
that there was a low level of linkages between international stock markets.

Several studies have highlighted the role of the stock market crash of October 1987 as 
a factor that contributed to the approximation between stock markets (Eun and Shim 1989; 
Arshanapalli et al. 1995; Lau and McInish 1996).

Eun and Shim (1989) concluded that there were statistically significant interdepend-
encies between nine international stock markets after the emergence of the 1987 crash. 
Studying the sample period from 1986 to 1989, Lau and McInish (1996) reached a similar 
conclusion. Finally, Arshanapalli et al. (1995) highlighted the role of the crash in similar 
and near answers by international stock markets. The occurrence of interdependencies and 
simultaneous responses, with statistical significance, such as those reported in the studies 
mentioned above, allows a certain degree of market behaviour predictability, questioning 
some assumptions of the efficient market hypothesis, according to which asset price behav-
iour is described by a random walk, which implies non-predictability (Fama 1970).

Studying a sample period of 150 years, Goetzmann et al. (2005) concluded that the cor-
relation between stock markets changed considerably over this period, being particularly 
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pronounced in periods of financial and economic integration. Similarly, Bekaert et al. (2007) 
highlighted the importance of markets’ integration in the global context, the liberalization of 
capital markets, and the opening of stock markets and banking systems, reported as facilitat-
ing factors to deepen the linkages between international stock markets. Other recent studies 
have demonstrated the progressive strengthening of the linkages between stock markets and 
the role played by the US market in explaining the movements in other markets. Empirical 
examples are the research works of Peiro et al. (1998) and Ozdemir and Cakan (2007). Sim-
ilarly, Park (2010) found evidence of strong co-movement between Asian markets. Among 
these the countries with the most developed financial systems (Japan, Singapore, and Hong 
Kong) exhibited strong linkages with the remaining Asian countries considered in the study. 
Recent studies have highlighted the role played by the global financial crisis in the strong 
convergence between stock markets. Using Granger causality tests and impulse response 
functions, Tudor (2011) concluded that the linkages between some Central and Eastern 
European stock markets and the US market were strengthened by the crisis. In turn Man-
digma (2014) reached a similar conclusion by analysing the dynamic linkages between 
some Southeast Asian markets and the US stock market.

In addition to the academic works referenced above, the methodological base of 
which was mostly vector autoregression (VAR) and the Granger causality concept, oth-
er researchers have resorted to multivariate GARCH models to analyse the short-term 
linkages and the volatility transmission. According to several studies, the multivariate 
framework allows the volatility asymmetric effect and proves to be an important element 
to an appropriate specification of the conditional variance–covariance matrix in terms 
of asset allocation (Goeij and Marquering 2004) and asset price modelling (Bekaert and 
Wu 2000) as well as for studying linkages between stock markets (Soriano and Climent 
2006; Li and Majerowska 2008) and analysing hedging operations (Aragó and Salvador 
2011).

The long-term relationships between international stock markets have also received 
much attention from finance researchers around the world. The majority of these works 
applied the Johansen cointegration approach. Cointegration entails several implications, 
especially for asset valuation. Firstly, the existence of cointegration between several stock 
markets implies that these markets share a common stochastic trend. Consequently, the po-
tential benefits of long-term diversification will be reduced. Secondly, as stated by Granger 
(1986), the existence of cointegration can lead to the rejection of the efficient market hy-
pothesis, implying a certain level of predictability.

Empirically, the literature devoted to the study of long-term linkages has produced 
mixed results, just like the academic work about short-term linkages. Using the Johansen 
cointegration approach, several studies have identified the existence of a common stochas-
tic trend among international stock markets (Samitas and Kenourgios 2011; Tripathi and 
Sethi 2012). Alongside these academic works, Babecky et al. (2012) identified several 
cointegrating vectors between the G8 countries for the sample period between Septem-
ber 1995 and November 2010. An and Brown (2010) applied the same methodological 
approach to find a significant relationship between the US and the Chinese stock market. 
In their study Caporale et al. (2009) analysed the stock markets of Germany, France, the 
Netherlands, Ireland, and the United Kingdom for the sample period between 1973 and 
2008, but they did not find any evidence of cointegration.
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Also using the cointegration Johansen approach, other studies have concluded to the 
contrary, failing to identify a long-term relationship between stock markets (Li 2006; Olusi 
and Abdul-Majid 2008; Karim et al. 2010) or identifying very faint signs (Ahlgren and An-
tell 2002). According to Bley (2009), the occurrence of mixed results is strongly influenced 
by time and country factors.

3. METHODOLOGY

3.1. Johansen cointegration test

To study the long-term linkages between the global thematic indices, I applied the coin-
tegration concept using the approach developed by Johansen (1988), which is especially 
useful in the multivariable case.

After test series integration, using the augmented Dickey–Fuller test, the Johansen 
cointegration approach, based on the vector error correction model (VECM), was applied 
according to the following form:

		 (1)

The Johansen cointegration approach uses two likelihood ratio test statistics to test for 
the rank of the Π matrix, namely the trace (λtrace) and the maximum eigenvalue statistics  
(λmax) These statistics are expressed as follows:

		 (2)

The trace test tests the null hypothesis that the number of cointegrating vectors is r   
against the alternative hypothesis that it is more than r. 

In turn the maximum eigenvalue test is given by: 

		 (3)

The maximum eigenvalue statistic, on the other hand, has the null hypothesis that the 
number of cointegrating vectors is r against an alternative of r+1 .

3.2. Multivariate GARCH-VECH model

To investigate the volatility spillovers between the thematic indices, I estimated the 
multivariate GARCH model with diagonal VECH representation (Bollerslev et al. 1988) 
and considered the full rank matrix method, following the proposal of Ding and Engle 
(2001), guaranteeing a positive, semi-definite conditional variance–covariance matrix. Ad-
ditionally, the asymmetric effect was incorporated into the model using the methodology 
proposed by Glosten et al. (1993) and applied by Karmakar (2010), which can be summa-
rized by the following equation:
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 (4)

3.3. Causality tests

To study the short-term linkages between the selected environmental indices and the 
direction of influence between them, I used the Granger causality concept, introduced by 
Granger (1969) and later popularized by Sims (1972), based on the assumption that tX  
causes tY  if the prediction of the tY variable is improved with the lagged information of 

tX , that is, if the prediction of tY  is more accurate when using the combined lagged in-
formation of tX  and tY , than when considering only the information of tY . The Granger 
causality test was obtained from the VAR model estimates to determine whether the lags of 
the excluded variable affect the endogenous variable. This test is called the VAR Granger 
causality/block exogeneity Wald test, assuming the null hypothesis in which, in the Grang-
er sense, the lagged endogenous variables do not cause the dependent variable.

3.4. Impulse response functions

To analyse the short-term linkages, impulse response functions should also be applied. 
Considering all the variables entered into the system, this approach provides a dynamic 
analysis, generated from the VAR model, allowing the analysis of the causal relationships 
even when they were not previously detected by the Granger causality test (Lutkepohl 
1999).

The impulse response functions show how a particular variable responds to shocks 
from other variables in the system. In other words, an innovation in a given variable trig-
gers a chain reaction over time in the remaining variables. The impulse response functions 
allow us to assess these chain reactions.

According to Aziakpono (2006) and Lutkepohl and Saikkonen (1997), if the process is 
white noise, then the estimated VAR can be converted into a moving average representa-
tion, the coefficients of which are forecast error impulse responses. The moving average 
is given by:

		  (5) 

where tY  denotes a linear combination of current and past one-step-ahead forecast 
error innovations and the coefficient βs expresses the response of one stock market return 
to a one standard error shock of any of the markets under study s  periods ago.

In this study I selected generalized impulse response functions, which were introduced 
by Koop et al. (1996) and Pesaran and Shin (1998), and applied the Monte Carlo simulation 
procedure (repeated 1000 times). This approach differs from the traditional orthogonalized 
impulse response analysis, because it does not vary with the ordering of the variables in 
the VAR model.
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4. DATA AND EMPIRICAL RESULTS

4.1. Data

The data were collected from Morgan Stanley Capital International, which is consid-
ered to be a leading provider of market indices, benchmarks for investment funds, and 
portfolio risk and analytical tools, covering the period between January 2009 and October 
2014, translated into 1490 daily observations and including 5 thematic indices, namely:

-	Alternative Energy (AE) – this includes developed and emerging market large-, mid-, 
and small-cap companies that derive 50% or more of their revenues from products and 
services in alternative energy;

-	Clean Technology (CT) – this includes developed and emerging market large-, mid-, 
and small-cap companies that derive 50% or more of their revenues from products and 
services in clean technology;

-	Green Building (GB) – this includes developed and emerging market large-, mid-, 
and small-cap companies that derive 50% or more of their revenues from products and 
services in green building;

-	Sustainable Water (SW) – this includes developed and emerging market large-, mid-, 
and small-cap companies that derive 50% or more of their revenues from products and 
services in sustainable water;

-	Pollution Prevention (PP) – this includes developed and emerging market large-, mid, 
and small-cap companies that derive 50% or more of their revenues from products and 
services in pollution prevention.
The original closing prices were transformed into return series, tr , through the appli-

cation of the expression (Pt/Pt-1), where tP  and Pt-1 are the closing values of a particular 
index on days t  and t–1, respectively.

4.2. Empirical results

The main descriptive statistics of the returns of the five environmental indices are given 
in Table 1.

The analysis of the descriptive statistics supports the conclusion that only the alterna-
tive energy index showed negative daily average returns. All the series showed signs of 
deviation from the normality assumption, given their skewness and kurtosis coefficients, 
which were different from zero and three, respectively. To test for the goodness of fit of the 
normal distribution to the empirical distribution of the five indices, the Jarque–Bera test 
was also applied, the statistics of which can be seen in Table 1. All the p-values (equal to 
zero) lead to the conclusion that all the series are statistically significant at the 1% level, 
clearly rejecting the normality assumption.

To ascertain the stationarity of the variables (levels and returns), the traditional aug-
mented Dickey–Fuller (ADF) test was carried out. The null hypothesis (H0) requires the 
series to have a unit root or to be integrated of order 1, I (1), given the alternative hypoth-
esis (H0) that the series does not have a unit root or is I (0). The stationarity test results are 
shown in Table 1. All the return series showed strong evidence of stationary, I (0), at the 
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significance level of 1%, contrary to the level series, which proved to be integrated and 
therefore non-stationary.

Table 1

Descriptive Statistics

AE CT GB PP SW

Mean -0.00032 0.00049 0.00058 0.00079 0.00036
Median 0.00007 0.00062 0.00097 0.00094 0.00061
Maximum 0.08081 0.06000 0.08621 0.06981 0.06142
Minimum -0.07432 -0.06284 -0.08064 -0.08116 -0.07328
Std. Dev. 0.01723 0.01322 0.01480 0.01437 0.01239
Skewness -0.12483 -0.12074 -0.20457 -0.15447 -0.18305
Kurtosis 4.99694 5.59028 8.67407 5.71476 5.76003
Jarque-Bera (Prob.) (0.00000) (0.00000) (0.00000) (0.00000) (0.00000)
ADF (Level) (0.73410) (0.31180) (0.52830) (0.72200) (0.62360)
ADF (Return) (0.00000) (0.00000) (0.00000) (0.00000) (0.00000)

Note: Values between parentheses show probability values.
Source: Own elaboration.

To detect possible long-term relationships between the environmental indices, Johansen 
cointegration tests were estimated for every pair of indices and for all the five indices. The 
necessary condition for implementing cointegration tests is that the series have the same 
integration order. Taking into account the ADF results (Table 1), all the level series are I(1), 
satisfying the prerequisite of the cointegration tests.

The Johansen approach requires the prior estimation of a vector autoregressive model. 
A key element in specifying the vector model is the lag order. The optimal specification 
was obtained from the Akaike and Schwarz information criteria. The VAR lag order selec-
tion criteria indicated that the optimal lag is one.

After the VAR model estimation, the Johansen cointegration test was conducted, the 
statistics of which are summarized in Table 2, namely in the two columns on the right. The 
first column shows the trace test statistics, while the second column shows the maximum 
eigenvalue statistics. In both cases, the statistics’ test value and probability of rejecting the 
null hypothesis, that there is no cointegrating vector, are shown.

Table 2

Bivariate Johansen’s cointegration test results

Trace Test
(λtrace)

Maximum Eingenvalue Test
(λmax)

All 51.2954
(0.5807)

31.5958
(0.0914)
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AE/CT 8.2681
(0.4372)

6.6736
(0.5284)

AE/GB 7.2454
(0.5493)

5.8449
(0.6332)

AE/PP 4.9130
(0.8180)

3.6503
(0.8943)

AE/SW 5.1513
(0.7926)

3.9631
(0.8632)

CT/GB 7.0870
(0.5675)

5.4962
(0.6783)

CT/PP 6.2049
(0.6713)

5.6490
(0.6586)

CT/SW 8.3674
(0.4270)

7.0322
(0.4853)

GB/PP 7.6698
(0.5014)

6.2084
(0.5866)

GB/SW 10.6053
(0.2370)

8.3324
(0.3459)

PP/SW 7.1437
(0.5610)

5.8844
(0.6281)

Notes: This table shows Johansen cointegration test results between Alternative Energy (AE), Clean Technology 
(CT), Green Building (GB), Sustainable Water (SW) and Pollution Prevention (PP) thematic indices, considering 
all indices and the bivariate case. Values between parentheses show probability values.
Source: Own elaboration.

The null hypothesis of non-cointegration between all the indices, as well as the ten 
bivariate cases, was not rejected by the trace test and the maximum eigenvalue value, at 
the significance level of 5%. These results are not in accordance with some other previous 
academic researchers, namely An and Brown (2010), Babecky et al. (2012), Caporale et al. 
(2009), Samitas and Kenourgios (2011), and Tripathi and Sethi (2012), in all cases consid-
ering conventional indexes. 

All the cases revealed the absence of equilibrium relationships in the long run, so the 
environmental indices were not guided by common factors that limit their independent var-
iation, allowing a certain degree of predictability. Rather, the non-equilibrium long-term 
relationships contribute to increasing the investment possibilities in the light of a possible 
international diversification strategy.

Taking into account the suggestions of Fama (1970) and Granger (1986), the non-equi-
librium long-term relationship implies the acceptance of the efficient market hypothesis, 
which translates into an inability to predict long-term market behaviour.

To model own volatility effects and cross-volatility effects, the multivariate GARCH 
model, in the diagonal VECH form and the full rank matrix specification, was estimated. 
The estimated results for the variance–covariance parameters are presented in Table 3.

All the parameters showed high statistical significance, reflecting the obvious closeness 
between the environmental thematic indices. The parameters of the C matrix proved to 
be statistically significant at the significance level of 1%, leading to the conclusion that 
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volatility maintained a minimum level. The parameters of matrix A, indicating the ARCH 
effect, also proved to be significant at the same significance level, so own and cross past 
volatility have an impact on present volatility. The volatility showed high persistence in 
the variance and covariance structure, given the statistical significance and the high values ​​
of the B matrix coefficients. Finally, the clear statistical significance of the D matrix coeffi-
cients (significance level of 1%) reveals evidence of asymmetric shocks in the conditional 
variance. Thus, negative own or cross shocks can generate sharper volatility than positive 
shocks of an equal size.

The results presented in Table 3 emphasize the heavy exposure of the five thematic in-
dices relative to the volatility transmission process. With regard to volatility, the closeness 
between all the environmental indices was not different from that of conventional indices, 
considered by other research papers, in particular those of Li and Majerowska (2008) and 
Soriano and Climent (2006), among others. This proximity is a condition that is usually asso-
ciated with the financial globalization process, which provides highly favourable conditions 
for interaction between international markets and even the occurrence of financial contagion 
phenomena, making a possible diversification investment strategy on a global scale difficult.

To analyse the thematic indices’ behaviour, the average conditional correlations were 
calculated, generated from the multivariate GARCH model estimates. The results are re-
ported in Table 4. All the average conditional correlations recorded positive values ​​and 
showed moderate or high intensities, allowing the formation of the first idea that global 
thematic indices have closer relationships in the short term.

To analyse whether there are causal relationships between the five indices, the VAR 
Granger causality/block exogeneity Wald test approach was used, the null hypothesis of 
which establishes the absence of a causal relationship. This approach assesses the signif-
icance of each joint lagged endogenous variable in each VAR equation through the 2c  
statistical values and simultaneously the joint significance of all the lagged endogenous 
variables, using F statistics. For each of the estimated equations, the Wald test statistics are 
provided based on the joint significance of each of the other endogenous variables, accord-
ing to the selected lags, considering both the Akaike and the Schwarz information criterion.

Table 3

Multivariate GARCH estimates

Cij Aij
AE CT GB PP SW AE CT GB PP SW

AE
0.000         0.021        

(0.000)         (0.000)        

CT
0.000 0.000       0.017 0.014      

(0.000) (0.000)       (0.000) (0.000)      

GB
0.000 0.000 0.000     0.015 0.012 0.010    

(0.000) (0.000) (0.000)     (0.000) (0.000) (0.000)    
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PP
0.000 0.000 0.000 0.000   0.016 0.013 0.011 0.012  

(0.000) (0.000) (0.000) (0.000)   (0.000) (0.000) (0.000) (0.000)  

SW
0.000 0.000 0.000 0.000 0.000 0.013 0.011 0.009 0.010 0.009

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 0.001

Dij Bij

AE CT GB PP SW AE CT GB PP SW

AE
0.011         0.959        

(0.003)         (0.000)        

CT
0.013 0.015       0.961 0.964      

(0.000) (0.000)       (0.000) (0.000)      

GB
0.018 0.021 0.029     0.959 0.962 0.960    

(0.000) (0.000) (0.000)     (0.000) (0.000) (0.000)    

PP
0.016 0.019 0.026 0.024   0.958 0.961 0.959 0.957  

(0.000) (0.000) (0.000) (0.000)   (0.000) (0.000) (0.000) (0.000)  

SW
0.021 0.024 0.034 0.031 0.039 0.951 0.954 0.952 0.951 0.944

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Notes: This table shows the Multivariate GARCH Vech estimates produced for Alternative Energy (AE), Clean 
Technology (CT), Green Building (GB), Sustainable Water (SW) and Pollution Prevention (PP) thematic indices. 
Values between parentheses show probability values.
Source: Own elaboration.

Table 4

Average of conditional correlations

AE CT GB PP SW

AE 1        

CT 0.711 1      

GB 0.664 0.820 1    

PP 0.654 0.802 0.781 1  

SW 0.575 0.760 0.724 0.764 1

Notes: This table shows the average of conditional correlations between Alternative Energy (AE), Clean Tech-
nology (CT), Green Building (GB), Sustainable Water (SW) and Pollution Prevention (PP) thematic indices, 
produced from the multivariate GARCH Vech. Values between parentheses show probability values.
Source: Own elaboration.

Table 5 summarizes the results of the Granger causality tests. These results revealed 
several unidirectional relationships with statistical significance, consistent with the results 
of other recent studies on conventional indices, particularly those by Goetzmann et al. 
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(2005), Bekaert et al. (2007), Ozdemir and Cakan (2007), Tudor (2011) and Mandigma 
(2014), among others. This allows the formation of the idea that the return-generating 
mechanism associated with the environmental indices does not differ significantly from the 
generating mechanism of the conventional indices.

The alternative energy index proved to be the most endogenous, due to being Grang-
er caused by three indices. The least endogenous index was the sustainable water sector, 
which was not individually Granger caused by any of the remaining indices, allowing the 
conclusion that its behaviour was characterized by a certain degree of autonomy. It is also 
important to highlight the fact that the AE, CT, and GB indices’ movements are caused, in 
the Granger sense, by the joint lagged movements of the five indices. In terms of exogene-
ity, the sustainable water index stood out in comparison with the other indices, containing 
information about the behaviour of the remaining indices. Thus, this index may be consid-
ered a market driver, helping to explain the movements of the other indices. On the other 
hand, the AE and GB indices did not help to explain the movements in the other indices.

Table 5

Granger Causality Tests/Block Exogeneity Wald Tests

Dependent Variables

AE CT GB PP SW

Ex
cl

ud
ed

 V
ar

ia
bl

es

AE
0.079 0.402 0.485 0.101

(0.778) (0.526) (0.486) (0.751)

CT
5.746 0.916 0.436 0.075

(0.017) (0.339) (0.509) (0.784)

GB
0.711 0.789 0.004 1.435

(0.399) (0.374) (0.948) (0.231)

PP
4.664 1.624 3.154 0.024

(0.031) (0.203) (0.076) (0.876)

SW
8.787 17.174 15.715 4.150

(0.003) (0.000) (0.000) (0.042)

All
20.103 25.072 28.899 5.011 1.491

(0.001) (0.000) (0.000) (0.286) (0.828)

Notes: This table shows Granger causality test results between Alternative Energy (AE), Clean Technology (CT), 
Green Building (GB), Sustainable Water (SW) and Pollution Prevention (PP) thematic indices, produced from 
vector autoregressive estimates. Values between parentheses show probability values.
Source: Own elaboration.

The statistical significance of some causal relationships violates the random walk mod-
el, taking into account the efficient market hypothesis proposed by Fama (1970). In some 
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cases movements in a particular index are preceded by lagged movements in other indices, 
which results in a certain degree of predictability, creating the conditions for arbitrage 
operations.

The Granger causality test helps to provide an understanding of the existence of causal 
relationships between all the indices but does not help to detect a positive or negative effect or 
even to determine whether some relationships are stronger than others. To this end I used the 
generalized impulse response functions, corresponding to one standard error shock to any of 
the stock markets under study, to obtain additional evidence about the short-term movements 
and the transmission mechanisms. The results regarding the impulse response functions are 
summarized in Table 6. All the responses, without exception, showed a positive sign, as was 
expected, following the direction of the index variation where the shock originated.

Table 6

Impulse Response Functions: Summary of Results

AE CT GB PP SW

AE
2

1,2
2

1,2
2

1,2
2

1,2
+,+ +,+ +,+ +,+

CT
2

1,2
2

1,2
2

1,2
2

1,2
+,+ +,+ +,+ +,+

GB
2

1,2
+,+

2
1,2
+,+

2
1,2
+,+

2
1,2
+,+

PP
2

1,2
+,+

2
1,2
+,+

2
1,2
+,+

2
1,2
+,+

SW
1
1

1
1

1
1

1
1

+ + + +

Notes: market responses in rows, impulses from markets in columns; each cell has three rows: the first row 
indicates the number of days during which each market response was statistically significant, according to the 
criterion of one standard deviation, the second row indicates the number of order of these days and the third row 
indicates the signal of the impulse response.
Source: Own elaboration.

The response functions to impulses generated from the VAR model highlight that the 
five indices showed statistically significant reactions as a result of shocks in the remaining 
indices. A significant amount of these impulses (80%) produced statistically significant 
effects for two days and then faded. The only exception was the sustainable water index 
(AS), the effects of which were less persistent, fading at the end of the day, reinforcing the 
idea that this thematic index, besides being more autonomous than the remaining indices, 
experiences less durable reactions.
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When comparing the results of the impulse response functions obtained in this study 
with those of other recent academic work, including Tudor (2011), it is possible to con-
clude that the reactions were less persistent, suggesting that the environmental indices 
process the market information more quickly than the conventional indices.

5. SUMMARY AND CONCLUSIONS

The study of the linkages and interdependencies between stock markets has been a very 
popular topic of study in finance. The absence of linkages between markets represents an 
advantage for portfolio investment diversification in a global context. The vast majority of 
academic works devoted to this theme have focused on financial issues and disregarded 
sustainability issues.

In this study five global thematic indices, representing the environmentally sustainable 
investment sector, were considered with the aim of analysing the short-term and long-term 
dynamics between them.

The short-term dynamic study started with the estimation of the multivariate GARCH 
asymmetric model to analyse the volatility transmission process. The results clearly showed 
a volatility contagion effect between all the environmental indices but also identified the 
occurrence of a strong asymmetric volatility effect, with negative shocks producing faster 
and stronger reactions than positive shocks of an equal size; therefore, the behaviour of 
the environmental indices does not seem to be differentiated from the behaviour of the 
conventional indexes.

The application of Granger causality tests and the estimation of the impulse response 
functions, both from the vector autoregression, expanded the study of short-term dynamics. 
The results of Granger causality tests showed the existence of some unidirectional linkages 
between the environmental indices. The sustainable water index stood out from its peers as 
the least endogenous but also the most exogenous, which reflects simultaneously a certain 
autonomous behaviour and a high capacity to explain movements in the remaining indices, 
questioning the random walk hypothesis. In turn the impulse response functions showed 
that the responses were positive and slightly persistent, particularly the sustainable water 
segment, reflecting the high speed with which markets accommodate information.

To investigate possible long-term relationships, the Johansen cointegration approach 
was applied to all the five indices and to each bivariate case. The results obtained showed 
the absence of long-term equilibrium relationships, so the environmental indices were not 
guided by common factors, limiting their independent movements and generating a certain 
degree of predictability, but rather showed autonomous behaviour, not questioning the as-
sumptions of the efficient market hypothesis and paving the way to a possible strategy to 
diversify investment.

The results obtained in this study show that, from the short-term investment perspec-
tive, the behaviour of the environmental indices, considering both volatilities and returns, 
does not differ significantly from that of the traditional indices, following a very similar 
operating logic. However, adopting a long-term perspective, the environmental indices 
seem to be a good choice relative to international investment allocation and to investment 
diversification as an alternative to the traditional indices. 
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The results also demonstrate the need for academics and investors to deepen the study of 
the behaviour of environmental indices not only by incorporating environmental, governance, 
and sustainability dimensions but also by providing a new perspective on investment allocation.

The major limitation of this work is related to the absence of previous studies on the 
interdependencies between environmental indices, which made it impossible to compare 
the results. Alternatively, the researcher chose to compare the results with those generated 
from conventional indices. Moreover, the study involved an analysis of a sample of ap-
proximately six years. Therefore, the generation of new results, increasing the length of the 
sample, would enable more accurate conclusions to be obtained.

In upcoming research I will focus on the theme of stock market linkages, again empha-
sizing the use of environmental segments, to study alternative investment allocation based 
on optimization models.
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