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ABSTRACT

The aim of study is to examine the dynamic linkages between green bond
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& international financial markets. In particular, the study investigates the
inter~connections among green 1)onc1s, world’s clevelopecl and emerging
equity markets, commodities market (801(] & oil) and the foreign exchange
market. Sample periocl ranges from J ulg 1,2014, to June 50,2023 encircling
numerous important events including COVID-19 pandemics. For empirical
investigation, study used combination of several econometric techniques
including Johansen Cointegration model and Granger Causality test and
analysis for examining short & for long-term associations among markets.
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INTRODUCTION

The green bonds are financial tools crafted to generate funding for the projects that promote the
environmental sustainability geared towards alleviating the adverse effect of economic activities
on climate (Gao, Guo & Wei, 9023) The escalating challenges of 8loba1 warming and unfavorable
climate changes that have spurred policymakers to prioritize the establishment of sustainable green

economy. This involves seamlessly integrating financial markets with the broader economy through
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issuance of eco~{yiencllg financial assets (Ejaz, QOQI) Over the last decade, in sphere of sustainable
finance, green bonds have emergecl as one of most innovative and prominent choices. The pyoceecls
generated from issuance of green bonds are vital in supporting actions aimed at addressing climate
change, conserving the natural resources and environmental pollution prevention (Broad & Cheng,
2019).The green finance domains have significantly expanded due to widespread adoption of green
bonds (Zhang, 2018). It provides the clues towards future market size, potential impact on global
financial stability, and long-term benefits for sustainable development. The green bonds along with
associated commodities have evolved into a firmly established and sustainable investment option &
prospects that is gaining traction among those who are increasingly recognizing substantial impact

of climate change upon government policies and associated risks for businesses in diverse situations

(Reboredo, 2018).

The green bonds provide potential avenues for risk mitigation and portfolio diversification, meeting
investors' dual requirements of environmental stewardship and financial viability (Hugnh, Hille &
Muhammad, QOQO) As shown ]JL] Maltais and NIJ kvis‘c7 (QOQO) the 8green bond emergecl asa leacling
financial instrument for raising funds, is particular in shaping the continued expansion of the 810]3611
green bond market contributes to fostering the low-carbon and resilient economy (Banga, 2019).
Especially, stock exchanges have recently introduced dedicated segments for the green bonds, most
important toward substantial expansion in green bond market size and significance, attracting both
institutional and individual investors (Re]aoredo G Ugolini, ?OQO; Tang 108 Zhang, (20(20) In pursuit
of assessing volatility, several studies in the area of green investment have been conducted to model
and identify presence of unpredictability spillover in green bond market & other financial markets,
are su]oject to scrutiny (Wang, Liu, Li& Ramona, QO‘ZQ). It offers the comparison with conventional
bonds in terms of risk profile and returns. It further helps in providing the clues about role of green
bonds in promoting sustainable finance, their impact on market dynamics, and their influence upon
the investor behavior.

This transition unlocks new financial prospects for green bond issuers and investors while investors
gain insights into environmental investment impacts for portfolio optimization. These bonds not only
offer means of financing initiatives aimed at addressing climate change along with environmental
challenges but also align with ESG-focused strategies that increasing the number of investors in the
developed markets prioritize (Buckleg, Ridiger & Thierfelder, 2019). 1t provides the details about
growth potential, technological advancements, and increasing investor awareness. Thus, given its
unpredictability, green bond market intertwined is with various other economic markets. Therefore,
investors employ green bonds to generate favorable returns on their investments while assisting to
development of an economy resilient toward climate change (Hugnh et al, 2020).1t helps to address
climate change, promoting sustainable growth & meeting ESG (Environmental, Social, Governance)
criteria. This study examines relationships across many markets including green bonds and diverse
global financial markets, including crude oil, gold, developed stock markets, US equity market,
alongside emerging equity markets, and exchange rates. The aim is to offer investors with valuable
information for predicting future returns, constructing well-balanced portfolios & maximizing their

investment returns.

Journal of Social Research Development, Volume 5, Issue 2, JUNE, 2024 278



Rehman, Khan & Khan ... Exploring The Linkages

LITERATURE REVIEW

The emergence of the green market around 2007, there has been an increasing amount of literature
exploring connections among green bonds and various financial and commodities markets. When
examining the underlying relationships between green bonds and financial instrument, traditional
commodities & environmental assets, results have been somewhat contradictory. Interestingly, Lee,
Lee and Li (2021) found stock market, renewable energy, and green bonds depended dynamically
on their tails rather than their static averages. Reboredo, (9018) utilizing bivariate copula models,
study examined the interrelationships among stock and energy commodity markets, and markets
for corporate and treasury bonds, studies considered markets for green bonds and many other fixed
income securities. The findings revealed that green bonds had marginal connections with energy,
stocks and commodity markets. Moreover, Choi and Hammoudeh, (2010) posits argument that price
fluctuations in commodity assets should be routinely monitor by portfolio investors to improve the
selection of poyt{olio. Ferrer, Shahzad and Soriano (QOQI) examined multi-scale spillovers between
green bonds, financial markets, ]31] utilizing frequencg spillover index, Barunik and Krehlik, (9018)
investigated interrelations in energy markets, financial markets, and green bond markets, revealing
robust short-term links.

The results showed positive time varying and tail dependencies. Taghizadeh, Yoshino and Phoumin
(2021) argued that the turn-down in prices of the oil may decrease the inspiration for advancement
of the renewable energy, consequently negatively impacting growth of green bonds. Huang, Cao
and Zhong (2022) argue that green bonds display a negative correlation with crude oil. Li, Zhou,
Hu and Guo (2022) suggested that fluctuations in price of crude oil adversely impact the index of
green bond. Deus, Crocco and Silva (QOQQ) stressed that green bond market in China's gains from
robust green policies, mitigating impact of outside upset including volatility in oil prices & fostering
a shift toward sustainabilitg. Umar, J i, Kirikkaleli and Alola (QOQI) identified strong co-movements
between green bonds and traditional bonds while limited correlation with conventional stocks and
commodities. Le et al. (2021) revealed that volatility was transmitted largely across many markets
in short terms, with green bonds subjected to net volatility shocks. [Tuynh et al. (2020) explored that
portfolio composed of these assets exhibited notable reliance on heavy tails, suggesting heightened
proba]oilitg of extensive joint losses during periods of economic instabilitg. Short-term transmissions
of volatility were pronounced compared to long-term transmission, with bitcoin and gold identified
as crucial heclging assets.

Azhgaliyeva et al. (2021) showed that oil supply shocks positively influenced green bond issuance,
contrary to overall market trend. Henrigues and Sadorsky, (2008) found significant impact of oil
price shocks on alternative energy stock prices. However, it did uncover those shocks to stock prices
technology had noteworthy positive effect on the energy stock prices alternative (Saclorskg, 2012).
Mensi et al. (2021) revealed evidence of asymmetric spillovers within green bond market. Explicitly,
evidence suggested that green bonds exhibition faces of an asset distinct class, connected closely to
currency exchange rates and treasury bonds, while presenting diversification benefits, compared to
other asset types. In this connection, this may pique interest investors in green bonds and encourage
potentially increased investment flows toward low-carbon projects, by this means providing issuers
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with chance to expand their long-term investor green base. A limited number of prior studies have
examined the inter-relationship between green bonds and international financial markets, such as
commodity market, equity market, and exchange market. First, this study investigates both short~
term and long-term dynamic connections among the most important global financial markets in the
conjunction with green bond market. Secondly, study investigated a more recent period encircling
the recent health crisis due to COVID-19 pandemics. Thirdly, a combination of various econometric
technigues has been used for investigation to identify the potential assets having safe-haven and
hedging capabilities.

RESEARCH METHODOLOGY

The time series data is extracted from the website of investing.com for this study. The daily closing
prices of green bond (GB), Crude Oil prices (CO), Gold prices (GD), Developed Stock markets (DM),
U.S Stock Market (USM), Emerging Stock market (EM) and Exchange Rate (ER) is taken from period
July Ist, 2014 to June 30th, 2023 there by providing the sample size of (2374) observations. This
sample period covers recent data for these markets. The rate of return can be calculated by using
the formula:

R, =In(P;/P; 1) (i)

Where, R;= return on day: t In=natural log, P;=closing price on day t, P;_1 = closing price on day t-1

To investigates inter-relationship among selected variables thereby using the descriptive statistics,
correlation matrix, unit root test, Johansen Co-integration test, Granger Causality test. Descriptive
statistics reports basic features of data and correlation matrix identifies presence of co-movement
among variables of study. Unit root test is applied for checking stationarity of data. For applying
co-integration test the series should be non-stationary but should be integrated of order one I (1).
Thus, to check whether all series are integrated of order one unit root tests were used. Most common

used test is Augmentecl Dickeg Fuller (ADF) and Phillip Perron (PP) test. The models of ADF and PP

test are given below:

Augmented Dickeg Fuller (ADF)
AXy = oo+ Bt+ yx_q + 2 8iAX; + & (i)

Wllere:
"o —_

t = Represents the time index, Xt = Denotes the variable in period "t, oto = Stands for the intercept
constant referred to as the drift, f = Represents the coefficient on the time trend, Y = Symbolizes the
coefficient presenting the process root, § = Represents the lag order of first difference, €; = Signifies
an independent identically distributed residual term. Thus, Phillip-Perron (P-P) test is represented
as follows;

Ve = Bot B1ye-1+ B2(t—T/2) + & (ii)

Wllere:

V= Represents variable in time period "t o= Denotes intercept, 31 &B,= Stand for coetficients,
T= Represents number of observations, €= Signifies disturbance term. The series is non-stationary is
the null hypothesis of both ADF test and PP test.

Where:Ho:@ =0, p=1andHI@ < 1,p< 1
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Johansen Co~inte81/ation Test is applied to check inter-relationship among selected variables. The
study utilizes Johansen co-integration method (1988) to examine correlation among the variables
over the long term. Johansen co-integration test initiates with Vector Auto-regression (VAR) model.

Thus, VAR can be formulated as:

Xt = A1Xt_1 + Azxt_z + -+ AiXt—i + & (iV)
It can be rewrite as:

Ax, = NIX,_q + ETAX_; + & (v)
Where:
M=3A —1
Fi - —ZAI

The matrix IT has the rank (v) by which it determines the presence of the co-integrating vectors. To
estimate VAR, it is necessary to select optimal lag length and for that purpose the criteria of Akaike
[nformation Criterion (AIC) and Schwarz Bagesian Criterion (SBC) have been used in studg. In this
connection, Johansen Co-integration test is based on two likelihood ratio tests one is Trace test and

given as:

Atrace(r) = =T Z?=r+1 IN (1 = ) s s (vi)

Where:

r =number of co-integrating vectors, In=natural log, A; =estimated value for ith ordered eigenvalue

Where the null hypothesis is;
Ho: number of cointegration vector < r
Other test is Maximum Eigen value test that can be expressed as:
Amax(r,r+1) = —TIn (1 — 2,41) (vii)
Where = Ho:number of cointegration relationship = r
Granger Causality Test is used to explore existence of short-run causal relationship amid variables.

The 8eneral eguations used are given below:
Yt = ZaiXt_i + Zﬁ]yt—] + &1¢ (Viii)
Xi = YAX i+ X8V + €2 (ix)
Where:
Y; andX; = stationary variables
€1¢ and €;; = uncorrelated white noises series

RESULTS OF STUDY

Table 1 provides a summary of the statistical characteristics of the data, including measures such as
mean, median, SD, skewness, kurtosis, and J arque~Bera test. Table 1 presents clescriptive statistics for
the variables:

Table 1 Descriptive statistics

GB CO GD DM USM EM ER
Mean 00004 00005 0.0002 00001 00005 ~0.0001 ~0.0001
Median 0.0005 00013 0.0002 00008 00006 00004 ~0.0001
Maximum 00867 05417 00578 0.0796 00897 00775 0.0502
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Minimum ~0.1159 -02822 -0.0511 -01218 -01277 -01523 -00242
Std. Dev. 00114 00319 00092 00114 00115 00153 0.0051
Skewness ~07976 21534 ~0.0305 ~27982 084006 ~0.7162 01083
Kurtosis 164012 550867 7.0085 311610 1854006 117956 52252
Jarque-Bera 180165 240051" 158073 815435 241600 785553 40354
Observations 2574 2574 2574 2574 2574 2574 2574

Note: Table 1 show descriptive statistics of the selected variables from 3 1st July, 2014 to 30th June, 2023.

The (‘) denotes values that are significant at the D percent significance level.

The table 1 shows return and standard deviation of each variable. GB gives 00004 percent return

with the risk level 00114 percent. CO gives 0.0003 percent return with risk level 00319 percent. GD,
DM, USM, EM and ER give 0.0002 percent, 0.0001%, 0.0005 percent, ~0.0001 and ~0.0001 percent with
risk level 0.0002 percent from GD, 00114 percent from DM, 00115 percent from USM, 00153 percent
from EM and 0.0051 percent from ER. When comparing mean returns with standard deviation, the
investor can assess yisk~ac1justec1 per{ormance of each variable. A higher mean return is desirable,
but not at cost of extremely high volatility. A higher standard deviation indicates greater risk and
uncertainty. Table 1 shows that variable "CO" has mean return of 0.0003 and a standard deviation of
0.0319. FR" has a mean return of -0.0001 and a SD of 0.0051. Comparing these two variables, FR" has
a lower mean return but a lower SD, which means it offers a more stable and less risky return as
compared to 'CO." The maximum and minimum show the largest and smallest value in our data set
to calculate range.

The maximum value of CO is reported 05417, which is largest value in our data set. The minimum
value of GD is reported ~0.0511, which is the smallest value in our data set. The Skewness shows that
distribution is asymmetric. Table 1 exhibits the results of skewness that show distribution of GB, GD,
DM, USM and EM are negatively skewed. And it indicates that the distribution is skewed to the left.
[t means that this variable has lower return. While CO, ER are positive skewed and it indicates a
right-skewed distribution. It means that the variables have higher return. In table 1 kurtosis show
trends in the data and the distribution of data around the mean. The kurtosis of normal distribution
is J. Kurtosis of GB is 164012 and that is leptokurtic that the means distribution is more clustered
around the mean and there is less variation in the observation. CO, GD, DM, USM, EM and ER have
the kurtosis of 53.0867, 70083, 311610, 18.5406, 11.7956 and 52232 and show leptokurtic. Jarque-
Bera statistic confirms the result of skewness and kurtosis indicates that the data exhibits abnormal
distribution characteristics. Additionally, all the Jarque-Bera statistics values are significant at 5%
level of signi{icance.

Table 2 Correlation Matrix

GB CO GD DM USM EM ER
GB 1
CO 002 1
GD 001 -0.02 1
DM 027 -0.02 004 1
USM 052 ~0.01 002 020 1
EM 015 002 0.04 014 015 1
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ER ~0.01 005 011 005 ~0.05 005 1

Note: Table 2 represents the values of correlation coefficients among selected variables from 2014-2025.

Table 2 shows the degree of correlation between variables. The correlation co-efficient of GB and
USM is 0.32 that show higher positive correlation than correlation between other variables. There is
lowest correlation between GD and GB and USM and CO, ER and GB with correlation coefficient of
0.01; but their negative correlation between USM and CO as well as FR and GB means that increase
in the return of one sector will cause decrease in another sector. The pair wise correlation between
CO and GB as well as EM and CO as well as USM and GD and GD and CO, DM and CO are 0.02; but
their negative correlation amid GD and CO and DM and CO. The pair wise correlation between ER
CO and ER and EM is 0.05. The pair wise correlation between DM and GD and EM and GD are 0.04.
The pair wise correlation amid ER and DM and ER and USM is 0.03; but there is negative correlation
amid ER and USM.

The pair wise correlation between DM and GB (0.‘27), FM and GB (0.15), ER and GD (0.11), USM and DM
(0.(20), EM and DM (014), EM and USM (0.13). So, results found that USM and GB are highlg correlated
variables. Thus, it can be hypothesized that they will be integrated in the long~run as well as in the
short-run. There is less chance of diversification gain by investing in USM and GB. The unit root test
is utilized to ascertain the stationarity of the data. Prior to employing the co-integration method, it
is imperative to confirm whether time series are integrated of order one, denoted as | (1), indicating
stationarity at the first difference level. In this connection, the Augmentecl Dickeg Fuller (ADF) and
Phillip Perron (PP) tests are commonly utilized for this purpose. In this study, both the ADF and PP
tests were conducted in this study at the level and first difference. In this regard, table 3 presents the
outcomes of these tests.

Table 3 Unit Root Test
Variables Augmentecl Dickeg Fuller Test Pllil]ip Perron Test
Level 1st Diff Level 1st Diff
T-Stat T-Stat Ad;jT-Stat Ad;jT-Stat
GB -059 ~15.54" -052 -5540"
CO 225 ~41.56 -229 -63.35"
GD -067 -50.06 -056 -5018°
DM 271 D179 214 5170
USM 057 ~1542 -049 5425
EM -212 5251 -216 5252
ER -249 -49.56" -246 -49040

Table 3 shows the results of ADF (Augmentecl Dickeg Fuller) and PP (Phillip Penon) test. The table exhibit

the value of t-statistics. " Indicates the rejection of null hypothesis at 5 percent signi{icance level.

In table 3 both ADF and PP test found that all the series have unit root at the level but become
stationary at first difference. By analyzing the results, it is noted that at level the values of t-statistic
of all the series are less than 286, which is critical value at D percent significance level, while at
first difference these t-statistic values become higher than 2.86. This causes the rejection of the null
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hypothesis of non-stationarity and all the series becomes stationary at first difference. As the results
concluded that all the series are integratecl of order one i~e | (1), so the stuclg can use co~integration
models for analysis. In this regard, this paper applied Johansen co-integration to investigate the
long~run association among selected variables. The table 4 and D showed these tests as evident from
the results in table.

Table 4 Trace Test

Hypothesized Trace 005

No. of CE(S) Eigenvalue Statistic Critical Value Prob.™
None” 012 42576 12562 000
Atmost1” 002 12865 95.75 000
At most 2 001 7471 6982 o1
At mostd 001 4568 473806 012
Atmost4 001 2337 2079 022
AtmostD 000 766 1549 050
At most O 000 000 584 097

Notes: Table shows the results of Trace test that specify 2 co-integrating equation at D percent significance
level. "Denotes rejection of the null hypothesis at the Ipercent level of significance. ™ p-values.

Table D Maximum Eigen value Test

Hypothesized Max-Figen 005

No. of CE(S) Eigen value Statistic Critical Value Prob.™
None” 012 20710 46.23 0.00
Atmost1” 002 5395 40.08 0.00
At most2 0.01 23103 3588 011
At most3 0.01 20.30 2158 032
Atmost4 0.01 joX4! 2115 024
AtmostD 0.00 766 1426 041
At most 0 0.00 0.00 584 097

Notes: Table shows results of Max-eigenvalue test specify 2 co-integrating equation at 5% significance level.
" Denotes rejection of the null hypothesis at the D percent level of significance. ™ p~ values

In tables 4 and D Trace test and Maximum Eigen value reveals the evidence of two co-integration
vectors at D percent level. The result indicates that there is no diversification benefit for investors in
long-run because of presence of long-run relationship in selected markets in diverse circumstances.
Further to investigate short-run association between variables GC test is applied. This test may show
either unidirectional causal relationship or bidirectional lead lag association. Table 0 represents
result of Granger Causality.

Table 6 Granger causality Test for the Variables over the Period 2014 to 2023

Null Hypothesis: N E-Statistic Prob.
COtoGB 2574 801 000
GBtoCO 260 00r
GDtoGB 2374 301 0.00°
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GBtoGD 177 010
DMto GB 2574 107 038
GB to DM 091 050
USMto GB 2574 475 oor
GB toUSM 166.04 0.00
EMto GB 2574 147 016
GBtoEM 068 071

Table 6A Granger causality Test for the Variables over the Period 2014 t0 2023

Null Hypothesis: N F-Statistic Prob.
ERto GB 2574 269 0.00
GBtoER 358 0.00
GDto CO 2574 4069 0.00
COtoGD 314 0.00
DMto CO 2574 212 003
COtoDM 271 0.00
USMto CO 2374 157 020
COtoUSM 595 0.00
EMto CO 2574 271 0.00
COtoEM 214 002
ERto CO 2374 154 015

COtoER 116 031

DMto GD 2574 181 010

GD toDM 268 oor
USMto GD 2374 103 041

GD to USM 312 000"

Table 6B Granger causality Test for the Variables over the Period 2014 to 2023

Null Hypothesis: N F-Statistic Prob.
EMtoGD 2374 161 o1

GD to EM 174 010

ERto GD 2574 077 065
GDtoER 140 019

USMto DM 2374 107 045
DMto USM 217 000
EMto DM 2574 58356 000
DM to EM 247 oor
FRto DM 2574 151 015

DMto ER 155 013

EM to USM 2574 135 022
USM to EM 076 064
ER to USM 2574 201 004
USMtoER 238 002
ER to EM 2574 064 075
EMtoER 199 004

Note: Table O represents causal relationship between green bond and international financial markets. "Shows rejection
of null hypothesis at D percent significance value. N represents the number of observations
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Table 6 shows results of Grangey Causality test that represent that there E.ight bidirectional lead
and lag relationship exist between GD and CO, USM and GB, ER and GB,GD and CO,DM and CO,
EM and CO,EM to DM and ER to USM. Results represent six unidirectional causal relationships where
flow of causal relation is from GD to GB, CO to USM, GD to DM, GD to USM, DM to USM and EM to ER.
GB does not cause GD, DM and EM; CO does not cause ER; GD does not cause FM and ER; DM does
not cause GB, GD and EFR; USM does not cause CO, GD, DM and EM; EM does not cause GB, GD and
USM. ER does not cause CO,GD, DM and EM.

DISCUSSION & CONCLUSION

To achieve desired objectives, the study examines the daily returns of international green bonds
and international stock markets (c]evelopecl stock market, US Stock market and emerging stock
market) international commodity market (oil market and gold market) and interational exchange
markets. Sample period from July 2014 to June 2023 is utilized for the analysis. The unit root test
indicates that all series are non-stationary at the level but stationary at first difference, suggesting
theg are integmtecl of order one (I (1)) The Johansen Co~inte8ration test is then appliec] to examine
long-run relationship among sectors, requiring non-stationary data integrated at the same order.
As per the unit root test results, the data meets the prerequisites for Johansen Co-integration test. In
this connection, this test, based on Trace test and Maximum E.igenvalue test, identifies two co-~
integrating equations at a D percent significance level. Consequently, these findings indicated that
the markets were inter~connected in the long-run providing limited benefits from diversifications
into these markets.

To highlight the directional causal relationship among the markets, the Granger Causality test is
employed to discern the short-run unidirectional causal relationships or the bidirectional lead-lag
relationships. The results indicated the presence of the eight bidirectional lead and lag relationship
exist between GD and CO, USM and GB, ER and GB, GD and CO, DM and CO, EM and CO, EM to DM
and ER to USM. The results represent six unidirectional causal relationships where the flow of causal
relation is from GD to GB, CO to USM, GD to DM, GD to USM, DM to USM and EM to ER. GB does not
cause GD, DM and EM:; CO does not cause ER: GD does not cause EM and ER; DM does not cause GB,
GDand ER; USM does not cause CO,GD,DM and EM; EM does not cause GB, GD and USM; ER does not
cause CO, GD, DM and EM. These findings indicated a weaker connection between the green bond
and commodities markets, indicating the potential diversification benefits from investing in these
markets. Moreover, 801(1 and oil markets showed safe-haven and heclging capal)ilities ]oeing more
isolated in the system.

Based on risk tolerance and investment goals, investors can tailor their portfolio to include riskier
assets for higher returns or safer assets for capital preservation. The results show that different assets
have varying levels of risk rather to invest in selected markets. It shows that their limited change
benefits in selected markets. So, study suggested that investor diversify risk by investing in other
markets. For balance portfolio the investor needs to allocate their investment in the assets like gold,
crypto currency. There are numbers of other financial markets and have greater impact but this
study investigates four selected markets & cannot investigate all those other markets. Study relies
on historical data and used sample period July 2014 to June 2023. There are number of financial
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tools used to examine relationship, volatility dynamics, market risk, co-movements diversification.
So, in tuture researcher can find linkages among those markets by selecting sample period onward
2025 with different technigues.
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