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Abstract 

This paper examines mean and volatility spillovers between four green municipal bonds issued 

by the US states of California, Colorado, Columbia and Ohio, and the role played by the recent 

Covid-19 pandemic and the COP policy announcements respectively. Specifically, four-

variate VAR-GARCH-BEKK models are estimated which include suitably defined dummies 

corresponding to those events. Significant dynamic linkages (interdependence) between the 

four municipal bonds under investigation are found in some cases. Moreover, there is evidence 

of shifts in the second moment parameters coinciding with the Covid-19 pandemic (contagion), 

whilst the COP policy announcements do not appear to affect the transmission mechanism 

between municipal green bond returns and volatilities. On the whole, the evidence suggests 

weaker linkages, and thus a lower degree of financial integration (and greater portfolio 

diversification opportunities), during the Covid-19 period, though this is likely to be only a 

temporary phenomenon. 
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1. Introduction 

In recent years ESG (environmental, social and governance) investments based on an 

ethical approach have become increasingly popular. Of the three pillars of ESG the 

environmental or green one is by far the largest. Following the publication in 2007 of the United 

Nations report on Climate Change that identified gas emissions as the main cause of global 

warming, the first “green bonds” were issued by the European Investment Bank and the World 

Bank in 2007-8 to fund environmentally sustainable projects and support the transition to low-

carbon economies. Since the Paris Agreement of 2015 was signed to address the issue of climate 

change the issuance of this new type of financial asset has grown exponentially. 
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specific market. The results indicate that, while the Covid-19 pandemic had an impact on the 

dynamic linkages between the four green municipal bonds under examination, especially in the 

case of their second moments, the COP policy announcements did not affect them, neither in 

the first nor in the second moments. Furthermore, the conditional correlations between the four 

bonds considered are generally positive, and they are lower in the subsample including the 

Covid-19 pandemic. On the whole, the evidence of weaker linkages points to a disruption caused 

by the Covid-19 shock to the process of financial integration for this type of instruments, which 

is, however, likely to be only temporary: as in the case of other economic and financial variables 

the effects of this exogenous shock can be expected to vanish over time. 

The layout of the paper is as follows. Section 2 outlines the methodology. Section 3 

describes the data. Section 4 discusses the empirical results. Section 5 offers some concluding 

remarks. 

 

2.   Methodology 

2.1.   Basic Model 

We represent the first and second moments of municipal green bonds returns using a 

four-variate VAR-GARCH(1,1) process. In its most general specification the model takes the 

following form: 

                                                   xt = Ŭ + ɓxt-1 + zt-1 + e t                              (1) 

where xt = (Californiat, Coloradot, Columbiat, Ohiot), xt-1 is a corresponding vector of lagged 

municipal green bond returns, and et = (e1,t, e2,t, e3,t, e4,t) is a residual vector. Furthermore, zt-1 is 

the US three-month T-Bill rate, and is used as a proxy for the Fed monetary policy 

announcements. The parameters of the mean return equations (1) include the constant terms Ŭ 

= (Ŭ1, Ŭ2, Ŭ3, Ŭ4) and the autoregressive terms ɓ = (β11, β12, β13, β14 | β21, β22, β23, β24 | β31, β32, 

β33, β34 | β41, β42, β43, β44), which allow for cross-bonds mean return spillovers. The residual 

vector et is four-variate and normally distributed et | It-1 ~ (0, Ht) with its conditional variance-

covariance matrix given by:          
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the Covid-19 pandemic period and around the COP policy announcements, in turn. Similarly, 

volatility spillovers from Colorado, Columbia and Ohio to California are measured by the 

parameters a12 and g12, a13 and g13 and a14 and g14, respectively; a12
*

 and g12
*, a13

*
 and g13

* and 

a14
*
 and g14

* instead capture shifts in these parameters during the Covid-19 pandemic period and 

around the COP policy announcements. 

 

3.  Data Set Description 

3.1.   Municipal Green Bonds  

Green municipal bonds are fixed-income financial instruments issued for raising capital through 

the debt capital market. The key difference between a green bond and a regular bond is that the 

former is explicitly labelled as “green” by the issuer, and a commitment is made to use the 

proceeds of the green bond exclusively to finance or re-finance projects with an environmental 

benefit. Eligible projects include, but are not limited to, renewable energy, energy efficiency, 

sustainable waste management, sustainable land use, biodiversity conservation, clean 

transportation, clean water, and various climate adaptation projects. Municipalities define the 

kind of green projects they seek to support with green bonds, while clearly stipulating that the 

proceeds from the green bond sale will be earmarked for green projects or assets. The four-

variate VAR-GARCH model outlined in the previous section was estimated for four US 

municipal green bonds issued by the states of California (California Infrastructure Authority, 

Clean Water Fund Bonds), Colorado (Lower Colorado River Authority), Columbia (District of 

Columbia Water & Sewer Authority
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Colorado to Columbia (a32 + a32
* = 0.023) and to Ohio (a42  + a42

* = -0.026); the strongest volatility 

spillovers run from California to Colorado. By contrast, the COP policy announcements do not 

appear to have had any effect on the dynamic linkages between the second moments. 4 

To sum up, our results indicate that there are no significant causality-in-mean effects at 

the standard 5% significance level but in one case whilst there is evidence of linkages between 

the second moments. The implication of these findings is that the Covid-19 pandemic played an 

important role in shaping the dynamic linkages between the selected set of bonds considered in 

our analysis, mostly between their volatilities. The municipal green bonds issued in California 

clearly stand out as the dominant ones. 

Finally, there is evidence of co-movement between green municipal bonds, as shown by 

the conditional correlations obtained from the VAR-GARCH(1,1) model (Figure 2). In 

particular, the conditional correlations between the four bonds under examination are generally 

positive. It is also noteworthy that there has been a downward shift in pairwise correlations 

during the Covid-19 pandemic, whereas those for the periods around the COP policy 

announcements are unchanged. This is not surprising given the fact that the shift dummies 

corresponding to the latter events had been found to be insignificant.  

From the point of view of financial integration, both the smaller (in absolute value) 

spillover coefficients and the lower correlations imply that the financial markets in question 

were less tightly linked during the Covid-19 pandemic period when integration appears to have 

decreased as a result of this exogenous shock (and thus greater portfolio diversification 

opportunities became available), though it is plausible to expect that this effect will only be 

temporary as in the case of other economic and financial variables. 

 

5. Conclusions 

The objective of this study is to shed new light on the dynamic linkages 

(interdependence) between the municipal green bonds issued in four US states, and on whether 

shifts in their spillover parameters (contagion) are associated with the Covid-19 pandemic and 

                                                 
4 We also examined the possible impact of the Russia-Ukraine war by including in the model a switch dummy 

defined as being equal to 0 until 24 February 2024 and to 1 afterwards, but this regressor turned out to be 

insignificant, which implies that the conflict in question, despite leading to an energy crisis, did not directly affect 

the linkages between the municipal green bonds being considered. 
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the COP policy announcements (contagion), the latter issue not having been previously 

investigated in the rapidly growing literature on green bonds. Specifically, four-variate VAR-

GARCH (1,1) models for green bonds, issued by municipalities in California, Colorado, 

Columbia and Ohio, and their volatilities are estimated, and tests are carried out for the presence 

of spillovers (interdependence), as well as for possible shifts in the spillover parameters; tests 

for the statistical significance of appropriately defined dummies for the Covid-19 pandemic and 

the COP policy announcements respectively are performed in the latter case. Conditional 

correlations are also calculated for the series of interest. The focus on examining interactions in 

the municipal green bond market, the adoption of a framework to model simultaneously linkages 

between returns and their volatilities, and the investigation of possible parameter shifts affecting 

the degree of financial integration are all novel contributions to this area of the literature. 

Our results provide a number of interesting insights. In particular, they suggest that the 

Covid-19 pandemic influenced the dynamics of the conditional varia
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Q
q(c6 )] TJ12 792 re
W* n
BTm
0s 792 re
W* n
BT
/F2 12 Tf
1 0 0 1 244.13 460.39 Tm
0 g
0 G
[( )] TJ
ET
469..00.22 792 r
/FTJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F2 12 Tf
1 0 0 1 315.77 626.v..q
0.00000912 0 612 792 re
W* n
BT
/F2 12 Tf
1 0 0 1 119.3 460.39 Tm
0 g..00.22 796.02 T
/F2 F91290.0000(l co)-7(0000917444444.a.<4spil)-4(lo) 792 612 792 re
W* n
BT8.84 Tm
0 g
0 04 563.98 Tm
0 g
0 G
[(c)4(orr)6(e)4(l)-11(a)4(ti)-3(ons)] TJ
ET
Q
1W* no





14 

 

Haciomeroglu, H.A., Danisoglu, S. and Z.N. Guner (2022), “For the love of the environment: 

an analysis of green versus brown bonds during the COVID-19 pandemic”, Finance Research 

Letters, 102576. 

Mensi, W., Rehman, M.U. and X.V. Vo (2022), “Impact of COVID-19 outbreak, 

macroeconomic and financial stress factors on price spillovers among green bond”. International 

Review of Financial Analysis, 102125. 

Pham, L. (2021), “Frequency connectedness and cross-quantile dependence between green bond 

and green equity markets”, Energy Economics, 105257. 



15 

 

 

 

Table 1. Data description 

Municipal 

Bonds  

Issuers Fitch Rating 

California California Infrastructure Authority  

(Clean Water Fund Bonds) 

AAA 

Colorado 
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Figure 1. 
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Figure 2. Conditional Correlations 

 

 

 
 

 

 

 


