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A B S T R A C T   

This paper contributes to the existing literature by investigating the impacts of crude oil price shocks on financial 
markets through an examination of the effect of oil price shocks on the issuance of corporate green bonds. Green 
bond issuance has been growing fast over the past several years; despite this, the share of green bonds in the total 
bonds remains less than 1%. Using the multilevel models, this study investigates the effect of flow oil-supply, 
flow oil-demand, and speculative oil-demand shocks on (1) probability of the corporate green bond issuance 
and (2) the share of corporate green bond issuance. We find that flow supply shocks, flow demand shocks and the 
issuance of sovereign green bonds have a positive and significant effect on the probability of the issuance of 
corporate green bonds, but shocks have no significant impact on the share of the corporate green bond issuance. 
The results are robust to alternative specifications of our models.   

1. Introduction 

There is mounting evidence that a growing frequency of extreme 
events such as heat waves, drought, heavy rainfall events, storms, and 
hurricanes is linked to human-caused climate change (IPCC, 2021). 
Limiting global warming to 1.5 ◦C requires total annual investments of 
2.1–4.4 trillion USD2010 on average in energy supply and demand up to 
2050 (IPCC, 2018). Financing climate change mitigation and adaptation 
has been at the forefront of the 2021 United Nations Climate Change 
Conference (COP26) in Glasgow. Financial instruments, such as green 
bonds, could play a significant role in confronting climate change. 
Despite the universal attempts of the governments to create a large green 
bond market, there are challenges associated with upscaling the green 
bond market development, such as global oil market shocks due to 
global events, such as the COVID-19 crisis, technological advancement, 
war conflicts, etc. (Narayan, 2020). The effects of such shocks on green 
financial instruments are understudied. 

This paper explores the links between crude oil prices and the issu
ance of corporate green bonds. We build this paper on the ‘CR Model’, 
the price model by Kanamura (2020) based on the supply and demand of 
green bond and crude oil and the correlation model, using ‘a structural 
type model’ framework. If a green bond has value as an environmental 
asset, then according to the CR Model, a correlation between green bond 
and crude oil prices should be positive. It is likely that an increase in oil 

prices will stimulate renewable energy investment, as there is a ten
dency to substitute away from crude oil to alternative energy, which 
should lead to the growth in the issuance of green bonds, especially in 
oil-importing economies. In turn, a decrease in oil prices should 
diminish the issuance of green bonds as there is a reduced incentive to 
promote renewable energy resources and instead continue reliance on 
available fossil fuels. However, the effect of oil prices on the issuance is 
an empirical question and it is important to study it from the standpoints 
of tracing the effects of volatility in oil prices on financial markets, such 
as green bonds, expanding the market of energy finance, and addressing 
global environmental challenges. Furthermore, volatility in the oil 
market could affect investment in green technologies, undermining 
further the issuance of green bonds. 

The literature scrutinizes the implications of crude oil price fluctu
ations through the lenses of shocks to real prices of oil distinguishing 
between demand and supply shocks (Clements et al., 2019; Kolodzeij 
and Kaufmann, 2014; Kilian, 2009; Kilian and Murphy, 2014; Kilian and 
Park, 2009). Given these findings, expanding the analysis to examine the 
relationship between oil prices and other financial markets is instru
mental. Studies on how oil price shocks ripple through the green bonds 
market are particularly relevant from the perspective of the effects of oil 
prices on the broader economy and tackling climate change mitigation 
and adaptation, which require sound investment and financial re
sources. Green bonds, a recent innovation in sustainable finance, are a 
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prominent financial instrument designed to raise capital for green pro
jects. The first green bond was issued by the European Investment Bank 
(EIB) in 2007, and since then, global capitalization of green bonds 
reached $258 billion in 2019, $282 billion in 2020, and $611 billion in 
2021 (Bloomberg, 2022). However, the green bond market is still in the 
nascent stage of development, especially in developing countries, with 
the People’s Republic of China, the United States, Germany, France, and 
the United Kingdom accounting for 50% of the global issuance in 2021 
(Bloomberg, 2022). 

Following Kilian and Murphy (2014), this study distinguishes be
tween three types of oil shocks such as flow supply shocks, flow demand 
shocks, and speculative demand shocks. It provides a discussion of the 
effects of these shocks on the issuance of corporate green bonds using 
monthly data from 41 green bond-issuing economies across eight sectors 
from January 2010 to April 2021. The dataset covers both developed 
and developing economies, both net exporters and net importers of 
crude oil. 

The results suggest that crude oil shock is an important determinant 
of the probability of the corporate green bond issuance. We find that 
crude oil flow supply shocks and flow demand shocks have a positive 
and statistically significant impact on the corporate green bond issuance 
probability. This result supports the CR Model findings by Kanamura 
(2020) by demonstrating a positive relationship between crude oil and 
green bonds. That indicates that green bonds possess the characteristics 
of environmental assets. 

We contribute to the literature by examining the relationship be
tween green bonds and oil price shocks. Previous studies have tackled 
the effects of oil price shocks on bonds’ returns and stock market valu
ation (Demirer et al., 2020; Reboredo, 2018; Reboredo, Juan and Ugo
lini, 2020); however, the studies on the effects of oil price shocks on the 
issuance of corporate green bonds are limited. To our best knowledge, 
this paper is the first empirical study to explore the role of oil price 
shocks on corporate green bond issuance. Our findings hold under two 
robustness tests: (a) alternate specifications of two independent vari
ables and (b) alternate specifications of the regression model by 
removing sector-control variables. 

The structure of the rest of the paper is as follows. Section 2 reviews 
the studies on oil price shocks and green investment. Section 3 describes 
the data. Section 4 explains the methodology. Section 5 discusses the 
results. Section 6 provides conclusions and policy recommendations. 

2. Literature review: Oil price shocks 

A host of literature studies the effect of oil prices on economic ac
tivity and financial markets through the lenses of the response of the 
variables to exogenous variation in oil prices. Properly defined, such 
approaches accommodate for reverse causality from macroeconomic 
variables to oil prices and identify the distinct demand and supply 
shocks (Kilian, 2009). Kilian (2009) invalidates the assumption of the 
exogenous nature of the crude oil price and instead attributes a signif
icant role to the sources of oil price fluctuations. 

Although there seems to be a consensus on the smaller role of oil 
supply shocks versus demand shocks (Baumeister and Kilian, 2016), the 
literature disagrees on the magnitude of the effect of oil supply shocks. 
Baumeister and Hamilton (2019) prompted to revisit the way prior in
formation is used in structural VAR models of the world oil markets and 
presented estimates of the effect of oil supply shocks that are substan
tially larger than in other studies (Kilian, 2009; Kilian and Murphy, 
2014). A study by Kolodzeij and Kaufmann (2014) tests these outcomes 
of Kilian (2009) using robustness tests and finds that the results are not 
robust to alternative specifications. Hamilton (2021) criticizes the study 
by Kilian (2009) for using the index based on shipping costs as a measure 
of world real economic activity and proposes an index of global indus
trial production as a better measure of world economic activity than the 
Kilian index (Kolodzeij and Kaufmann, 2014). 

Herrera and Rangaraju (2020) re-estimated the key seminal 

structural VAR models for the global oil market (Baumeister and Ham
ilton, 2019; Baumeister and Peersman, 2013; Kilian, 2009; Kilian and 
Murphy, 2012, 2014; Lippi and Nobili, 2012) and found that if priors are 
conditioned on the basis of microeconometric evidence, the response of 
the real oil prices is closer to the original findings of Kilian (2009) and 
Kilian and Murphy (2014). Similarly, Kim and Vera (2019) revisit Kili
an’s (2009) findings by expanding the dataset to include the period 
through 2015. They also find that aggregate demand shocks and oil- 
market specific demand shocks have the most significant impact on 
the U.S. output and prices as compared to oil supply shocks. Kilian and 
Zhou (2020b) confirm the findings of Kilian and Murphy (2014) by 
modeling shocks to the U.S. Strategic Petroleum Reserve. 

Baumeister and Hamilton (2022) question the approach that relies 
on estimated elasticities in sign-restricted vector autoregressions used 
by different studies, such as Basher et al. (2018), Herrera and Rangaraju 
(2020), Kilian and Murphy (2014), and Zhou (2020). The disagreement 
stems from the values of the short-run oil supply elasticity used in their 
studies. Kilian and Murphy (2014) use a cutoff for short-run oil supply 
elasticity of 0.0258. Zhou (2020) assumes 0.04 as an upper bound for the 
oil supply elasticity, while Baumeister and Hamilton (2020) do not 
impose a strict upper bound. Instead they apply a continuous distribu
tion that assigns a lower probability to a larger value of the elasticity. In 
general, the studies agree that oil demand shocks are the dominant 
shocks, though Baumeister and Hamilton (2020) attribute a somewhat 
larger role to the supply shocks compared to other studies. The most 
recent study by Zhou (2020) demonstrates that the revisions and ex
tensions of the model do not qualitatively change the conclusions of 
Kilian and Murphy (2014). Kilian (2022) reviews the approaches used to 
derive oil supply and oil demand elasticities used in structural VAR 
models of the global oil market and explains why some of these ap
proaches lead to controversial estimates. Kilian (2022) confirms earlier 
findings that a one-month oil supply elasticity is close to zero and hence 
oil demand shocks are the primary driver of the real price of oil. 

Despite the ongoing controversy in the literature, Kilian and Mur
phy’s (2014) structural vector autoregressive (SVAR) model of the 
global oil market remains the workhorse model largely due to the 
introduction of the role of expectations via modeling storage demand 
(Zhou, 2020). Expectations about the future oil supply or news about oil 
discoveries are not observed in the historical data rendering traditional 
VAR models invalid to capture these effects. While expectations of a 
future oil supply shortfall relative to the future oil demand could be 
modeled through the changes in the demand for above-ground oil in
ventories and the real price of oil. The shock is deemed as a speculative 
demand shock for crude oil. Given the structural nature of Kilian and 
Murphy’s (2014) model, we can use it to generate oil-market shocks. 

A study by Ready (2018) proposes another decomposition method to 
classify changes in oil prices into three shocks, such as supply, demand, 
and risk shocks based on the VIX index. He finds that most of the vari
ation is due to the supply shocks that account for 78% of the variation 
and demand shocks that account for 21%. Clements et al. (2019) 
examine three variations of the identification scheme of Ready (2018) 
and find that Ready’s (2018) definition of VIX-based risk shocks leads to 
biased results for the aggregate demand-driven oil shocks in the model. 
The decomposition scheme of Ready (2018) tends to overestimate the 
supply shocks as a major source of variation in oil prices. Clements et al. 
(2019) find that including precautionary demand shock in the model 
significantly reduces variation in oil prices due to the supply shock and 
increases the role of demand shocks. Overall, they point towards a 
higher significance of the aggregate demand shocks as compared to what 
was previously defined. 

The studies that look at the implications of oil price shocks on bonds 
and green investment are not extensive. Pertinent studies examine the 
connectedness of green investments, renewable energy consumption, 
bonds, and oil price shocks (Kang et al., 2014; Apergis and Payne, 2015; 
Shah et al., 2018; Dutta et al., 2020; Kanamura, 2020). Dutta et al. 
(2020), in their study on green investments, find that oil market 
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volatility affects green assets more than fluctuations in oil prices. Shah 
et al. (2018) find a positive and significant effect of oil price shocks on 
renewable energy investment in the U.S. and Norway and a negative and 
small effect in the UK. Apergis and Payne (2015) determine that real oil 
prices have a positive effect on renewable energy consumption using 
data for 11 South American countries from 1980 to 2010. 

Kang et al. (2014) conclude that oil-related demand and supply 
shocks jointly contribute 30.6% of the variation in the US bond index 
real returns in the long run. Demand shocks play a significant role in the 
long-run variation of the Treasury bill returns. An oil price increase due 
to the uptake in the global aggregate demand reduces the bond market 
returns over 24 months. Kanamura’s (2020) recent study investigates 
the dynamic correlations between green bond prices and oil prices. It 
finds positive correlations between green bond returns and crude oil 
price returns, suggesting green bonds have greenness features. However, 
to the best of our knowledge, it is the only study to have investigated the 
relationship between green bond returns and oil prices. No studies so far 
have considered the effects of oil price shocks on corporate green bond 
issuance, though the former are likely to influence the latter. Our study 
contributes to this strand of the literature by examining the impact of 
three oil shocks — flow supply, flow demand, and speculative demand 
shocks — on the issuance of corporate green bonds. 

3. Data 

We use monthly data from 41 green bond-issuing economies across 
eight sectors over the period January 2010 to April 2021 (Table 1). We 
do not cover the period before 2010 since the annual issuance of green 
bonds was below US $1 billion with only three issuers (Fig. 1). The data 
are collected mainly from the Bloomberg terminal, the World Bank, and 
the International Energy Agency (IEA). We adopt the sector classifica
tion from the Bloomberg Industry Classification System for Fixed Income 
(BICS), which includes the following corporate green bond issuing sec
tors: financials, utilities, industrials, consumer discretionary and staples, 
energy, materials, technology, and communications (Fig. 2). Nearly 80% 
of green bonds are issued by two sectors, financials (48%) and utilities 
(29%) (Fig. 2). Tables A1, A3 in Appendix A present the summary sta
tistics and correlation matrix. 

The bonds are considered ‘green’ if they use the proceeds for green 
projects (CBI, 2016). Specifically, we use a definition of green bonds by 
Bloomberg (2022), which expresses green bonds as "instruments for 
which the proceeds are exclusively applied (either by specifying use of 
proceeds, direct project exposure, or securitization) towards new and 
existing green projects, defined as projects and activities that promote 
climate or other environmental sustainability purposes". 

3.1. Crude oil market shocks 

To identify oil price shocks, we use monthly data from January 1974 
to October 2021. Following Kilian and Murphy (2014), global crude oil 
production is extracted from the Monthly Energy Review by the Energy 
Information Agency. Crude oil production is expressed in percent 
changes. The real price of oil is measured as demeaned log difference 
between the U.S. crude oil imported acquisition cost by refiners and the 
U.S. consumer price index (CPI). Data for CPI are obtained from the U.S. 
Bureau of Labor Statistics database. We use an updated index of global 
real economic activity proposed by Kilian (2019), which represents a 
proxy for the volume of shipping in global industrial commodity mar
kets. Data for the Kilian index are sourced from the Federal Reserve Bank 
of Dallas database. Following Kilian and Murphy (2014), we calculate 
the inventory proxy as a product of the U.S. crude oil inventories by the 
ratio of OECD to the U.S. petroleum stocks. This ratio ranges from 2.22 
to 2.61, which is similar to Baumeister and Hamilton (2019), Herrera 
and Rangaraju (2020), Kilian and Murphy (2014). The resulting proxy is 
expressed in changes. 

4. Methodology 

We apply a two-stage approach developed by Kilian (2009) while 
using the structural model of the global oil market, following Kilian and 
Murphy (2014), to identify the oil-market shocks in the first stage. In the 
second stage, we estimate the impact of shocks on the issuance of 
corporate green bonds using multilevel methods. Alternatively, a 
structural VAR (SVAR) model of the oil market could have been 
extended to include the green bonds issuance data. However, as green 
bonds issuance data are available for a shorter period, mainly starting 
from 2010 we rely on the SVAR approach to identify the oil price shocks, 
which are further used to estimate their impact on the issuance of green 
bonds. Kilian and Zhou (2020a) support the application of the two-stage 
regression model when the variable of interest is not available for the 
entire estimation period. In such cases, it is feasible to recover the oil 
market shocks from the SVAR model that use long-time series data and 
estimate the impacts of the shocks on the variables of interest using a 
shorter sample. Estimating a structural model of the oil market requires 
long time series (Kilian and Zhou, 2020a), such as the dataset we use for 
our analysis, which spans from 1974 to 2021. 

4.1. SVAR model 

SVAR model is specified as follows: 

B0yt = B(L)yt− 1 + ϵt, (1)  

where yt is a vector of four variables, such as global oil production (in 
percent changes), Kilian index, demeaned real price of oil, and changes 
in global oil inventories. ϵt is a vector of orthogonal structural in
novations. The first shock is the ‘flow supply shock’ that arises due to the 
oil supply disruptions as a result of political events in oil-rich countries; 
the second shock is the ‘flow demand shock’ due to the global business 
cycle fluctuations; the third shock is the ‘speculative demand shock’ due 

Table 1 
Variables.  

Variables Country- 
level 
(i) 

Sector 
level 
(j) 

Month- 
level 
(t) 

Notation 

Corporate green bond 
issuance, share in total 
corporate bonds 

✓ ✓ ✓ BGP
ijt

Bijt 

Sovereign green bond 
issuance, share in total 
sovereign bonds 

✓  ✓ BGS
it

BS
it 

Sovereign conventional 
bonds, log 

✓  ✓ BCS
it 

Index of industrial production ✓  ✓ IIPit 

Inflation ✓  ✓ CPIit 
Flow supply shock   ✓ ϵtflow supply 

Flow demand shock   ✓ ϵtflow demand 

Speculative demand shock   ✓ ϵtspeculative 

demand 

Exporter ✓   Xi 

Developed ✓   Di 

Source: Authors’ elaboration. 
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to the shift in the above-ground oil inventories demand; and final, the 
fourth shock is the residual idiosyncratic demand shock due to changes 
in weather, technology, preferences (Kilian and Murphy, 2014). 

The reduced-form VAR model is: 

yt = B− 1
0 B(L)yt− 1 + et. (2) 

The identifying sign restrictions are imposed following Kilian and 
Murphy (2014): 

et =

⎛

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

eoil productiont

ereal activityt

ereal price of oilt

einventoriest

⎞

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

=

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

− + +

− + −

+ + +

+

b0
14

b0
24

b0
34

b0
44

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

⎛

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

ϵflow supply
t

ϵflow demandt

ϵspeculative demandt

ϵresidualt

⎞

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

(3) 

In addition to the sign restrictions, following Kilian and Murphy 
(2014) the bounds of 0.025, and -0.8 are imposed on the impact price 
elasticity of oil supply and impact price elasticity of oil demand, 
respectively. Another restriction is related to the dynamic response of 
the real price of oil to a negative flow supply shock that is bound to be 
positive for at least 12 months. Structural impulse responses are esti
mated using Bayesian methods. Gaussian-inverse Wishart prior distri
bution for the reduced-form VAR parameters and a Haar distribution for 
the rotation matrix are adopted. The model is retained if all implied 
impulse response functions satisfy the identifying restrictions; while the 
model is discarded if a set of a priori restrictions on the implied impulse 
response functions are not satisfied. 

4.2. Multilevel models 

Corporate green bonds are not necessarily issued every month in 
every sector, therefore the data tend to contain many zero values. Also 
corporate green bond issuance varies considerably across sectors. To 
exploit the unique nature of the data we create a dependent variable as a 
binary variable that takes a value of zero if no corporate green bonds are 
issued in a given month, and it is set equal to one if the outcome of the 
dependent variable is above zero. Further, we apply the multilevel 
probit model to accommodate for a sector-wise clustured nature of the 
dependent variable. To estimate robust standard errors, we allow for 
intragroup correlation at the sectoral level. We specify the probit model 
as the following:  

P
(
d bijt = 1

)
= α + β1ϵflow supply shockt + β2ϵflow demand shockt

+ β3ϵspeculative demand shockt + β’Zijt + νj + ωijt,

1 0 1 4 1 2 16
37 51

95

159 163

258
282

611

0

100

200

300

400

500

600

700

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Bi
lli

on
 U

SD

Fig. 1. Annual issuance of green bonds (not accumulated). Source: own elaboration using data from Bloomberg (2022).  

Fig. 2. Issuance of green bonds by sector (excluding government) over the 
period 2010–2021. Source: own elaboration using data from Bloomberg (2022). 
(For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article). 
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d bijt =

⎧
⎨

⎩

1 if BGPijt > 0

0 if BGPijt = 0
, (4) 

where, d_bijt represents a binary variable that takes the value of one if 
Bijt

GP, corporate green bond issuance per month across sectors and 
countries is positive and zero otherwise. i = 1, …, 41 indexes economies, 
j = 1, …, 8 indexes sectors, and t = Jan 2010, …, Apr 20211. Zijt 
represent a set of control variables explained in Table 1 and below. vj is 
the random intercept for sector j, and ωijt is a random error term. 

Second, we adopt a multilevel model (Laird and Fitzmaurice, 2013) 
to study the effects of oil-market shocks on the issuance of corporate 
green bonds using a sub-sample of the dataset for which the issuance of 
green bonds is different from zero. The multilevel model also accounts 
for cross-sector and longitudinal effects (Skrondal and Rabe-Hesketh, 
2008). The baseline random-intercept model has the following 
specification: 

BGPijt
Bijt

= α+ β1ϵflow supply shockt + β2ϵflow demand shockt + β3ϵspeculative demand shockt + β’Zijt

+ ϕj + εijt.
(5) 

Explanatory variables are the same as in equation (4) and explained 
below. ϕj is the random intercept for sector j. The error terms, ϕj, and εijt 
are assumed to have zero means and are mutually uncorrelated 
(Skrondal and Rabe-Hesketh, 2008), ϕj ~N(0,σϕ2), and εijt~N(0,σε2). 

The structural oil-market shocks follow orthogonality conditions by 
construction (Kilian and Murphy, 2014). However, whether they are 
orthogonal to the green bond issuance depends on how VAR is specified 
(Basher et al., 2018). In Kilian and Murphy’s (2014) model, the main 
three shocks are explicitly identified, and the idiosyncratic shocks are 
implicitly identified since they account for all residual influences. 
Basher et al. (2018) in their study of the effects of the oil-market shocks 
on stock returns state that the estimates from the second-stage regres
sion are consistent “as long as the shocks are at least predetermined 
variables with respect to unexpected changes in stock returns, so that 
there is no feedback from excess stock returns to the shocks within the 
month”. We follow the standard convention, according to which oil- 
market shocks are predetermined to other macroeconomic and finan
cial variables (Basher et al., 2018; Kilian, 2009). Hence, we allow green 
bond issuance to respond contemporaneously to structural oil-market 
shocks. We can do it as it is unlikely that the shocks to green bonds 
issuance would affect global oil production, global real economic ac
tivity, global speculative oil demand, and global real oil prices within a 
month because bond issuance and labeling bonds ‘green’ takes some 
time. Also, given that the shocks from the first-stage regression are 
generated regressors, estimates of the standard errors of the coefficients 
may be inconsistent; however, that is largely dependent on the model 
specification (Basher et al., 2018). Since our second-stage regression 
does not include lags of the shocks, following Basher et al. (2018), the 
standard errors should be consistent (Pagan, 1984). 

Other than oil shocks, the list of explanatory variables includes the 
issuance of sovereign green bonds, issuance of sovereign conventional 
bonds, consumer price index, index of industrial production, dummy 
variables related to exporting of crude oil and macroeconomic devel
opment level, and sector and country control binary variables. 

We measure the issuance of sovereign green bonds, the value of green 
bonds that governments issue monthly across economies, as a share in 
government-issued total (green and non-green, i.e. conventional) bonds. 
Sovereign green bonds include bonds that governments issue and have 
the label “green.” We could treat the government issuance of green 

bonds as a government measure for supporting green bond issuance by 
corporates. The government issuance of green bonds provides liquidity 
and initial market product pipelines (Azhgaliyeva et al., 2020). This 
variable captures the conducive policy environment favoring green 
bonds. 

The issuance of sovereign conventional bonds is measured as a log of 
value of the monthly issuance of conventional bonds by governments 
across economies. We use it as a measure of the size of the bond market. 

The index of industrial production (IIP) is an index that shows the 
growth rates in different industry groups of the economy, calculated 
monthly. IIP measures changes in industrial production and is widely 
used for observation and analysis of the current economic activity. This 
data is collected from the World Bank’s Global Economic Monitor portal. 
As our dependent variable is at a monthly frequency, IIP as an indicator 
of economic activities suits the model better than GDP, released quar
terly. In the model, we included the log transformation of actual IIP. 

Inflation is measured as a consumer price index (CPI) from the World 
Bank’s Global Economic Monitor portal that accounts for the general 
price movements in the economies. This variable is also collected on a 
monthly frequency. Including CPI in the model controls for the overall 
macroeconomic environment in the economies. 

The exporter is a binary variable that equals one if the country’s net 
crude oil exports are positive and zero overwise. We also controlled for 
the development level of a country with a binary variable developed that 
equals one if the country is developed and zero overwise. These vari
ables control for differences between different types of economies. Most 
of the major green bond issuing economies are developed (Fig. 3). 
Although Demirer et al. (2020) show no difference in the impact of oil 
shocks on financial markets in importing/exporting and advanced/ 
emerging countries, such countries might have different attitudes, risks, 
and costs for issuing green bonds. The issuance of green bonds in 
developed or oil net-importing economies might be more attractive due 
to greater support for green projects, more stable currency exchange 
rates, more issuers with a higher Moody’s risk rating, the greater value 
of reputation as a responsible investor, or experience in issuing green 
bonds. 

As our panel data have a clustured nature, i.e., green bonds issued by 
different sectors within different economies, we apply the random- 
intercept models to allow the overall level of response to vary 

Fig. 3. Top 15 green bond issuing economies in 2021. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web 
version of this article). 

1 Since the healthcare sector in our dataset issues only sovereign green bonds 
and no corporate green bonds, we don’t include it as a sectoral control variable 
in the model. The model includes only 8 sectors in the analysis. 
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between clusters or levels after controlling for explanatory variables 
(Skrondal and Rabe-Hesketh, 2008). It may also be the case that the 
slope coefficients (covariates) may vary between levels. Random inter
cept and random coefficient models allow the effects of explanatory 
variables to differ between levels (Skrondal and Rabe-Hesketh, 2008). 
We investigate that by including a random coefficient of country’s net 
oil exporting status. As we do not assume any structure of the covariance 
matrix between random effects, we use the parsimonious form, i.e., 
unstructured covariance matrix. We test three multilevel models: two 
random intercept models (RI1 and RI2), and random intercept and 
random coefficients with unstructured covariance (RIRC UC)  using the 
likelihood ratio (LR) test (see Table 2 for the test results). LR = − 2(Lr −

Lu), where Lr and Lu are the maximized log-likelihood values from the 
restricted and unrestricted models, respectively (Green, 2012). First, we 
test the random intercept models, RI1 and RI2, for the presence of the 
sector/country controls. We reject RI1 model in favor of the RI2 model, 
which includes the dummy controls. Secondly, we test whether the 

random slope is needed in addition to the random intercept. Based on 
the results of the test, RIRC UC model is rejected in favor of the RI2 
model (Table 2). 

5. Empirical results and discussion 

5.1. Crude oil shocks 

Table A2 presents summary statistics of the variables used in the 
SVAR model and the flow supply, flow demand, and speculative demand 
shocks. Shocks have zero mean and the same standard deviation. Fig. 4 
plots structural shocks of the crude oil market from February 1976 – to 
October 2021. The values are presented at an annual frequency as 
annual averages of the monthly structural shocks for each particular 
year. 

Fig. 5 shows the response of the real price of oil to the shocks. 
Following Kilian and Murphy (2014), all shocks are normalized to 
represent an increase in the real price of oil. In general, the results are 
consistent with the findings of Kilian and Murphy (2014). The real price 
of oil increases in response to the flow supply shock. However, after one 
year real price of oil subsides below its starting level. The response of the 
real price of oil to the flow demand shock is considerably larger as 
compared to the other shocks. Similar to Kilian and Murphy (2014), the 
flow demand shock generates a persistent rise in the real price of oil. 
However, a speculative demand shock does not generate overshooting in 
the real price of oil, though it leads to a persistent increase in the price of 
oil. 

Like in Kilian and Murphy (2014), the cumulative contribution of the 
flow demand shock on the real price of oil is larger compared to the 

Table 2 
Test results.  

Test Null 
hypothesis 
(H0) 

Alternative 
hypothesis 
(H1) 

χ2 Prob 
> χ2 

Result 

Likelihood- 
ratio test 

RI1 RI2 715.57*** 0.00 RI2 

Likelihood- 
ratio test 

RI2 RIRC UC 0.59 0.74 RI2 

Note: RI—random intercept; RIRC— random intercept and random coefficient; 
UC—unstructured covariance. Source: Authors’ own elaboration. 

a) flow supply shocks

-1

-0.5

0

0.5

1

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

b) flow demand shocks

c) speculative demand shocks
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-0.5
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0.5

1

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

-1.1

-0.6

-0.1

0.4

0.9

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

Fig. 4. Structural crude oil market shocks.  
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contribution of the cumulative effect of flow supply shock and specu
lative demand shock. 

5.2. Main results 

We present the results for the multilevel models in Table 3 and 
Table 4. The dependent variable in the probit model (Table 3) is the 
probability of issuing corporate green bonds (a binary variable that 
equals one if green bonds are issued and zero otherwise). The dependent 
variable in the multilevel model (Table 4) is the market share of 
corporate green bonds, i.e., share of corporate green bonds in total 
corporate bonds. The main results of the random-intercept model, which 

the tests in Section 4.2 identified as the preferred model, are presented 
in column (2) of Table 4. For a robustness check, Table 4 also contains 
the results from other models: random intercept with no country/sector 
controls (column 1) and random intercept and random coefficient with 
unstructured covariance (column 3). 

Our results suggest that flow supply and flow demand shocks are 
essential determinants of the probability of corporate green bond issu
ance (Table 3), mainly due to changes in oil production and changes in 
real economic activity. However, neither flow supply nor flow demand 
shocks are significant determinants of the market size of corporate green 
bonds (Table 4). 

Fig. 5. Structural impulse responses of the real price of oil. Notes: Solid lines indicate the impulse response estimates. Dashed lines indicate the pointwise 68% 
posterior error bands. 

Table 3 
Multilevel probit model results.  

Dependent variable: corporate green bond issuance (0 or 1) Probit model 

Sovereign green bond issuance, share in total sovereign bonds 0.031*** 
(0.006) 

Sovereign conventional bond issuance, log 0.022 
(0.016) 

Consumer price index 0.005*** 
(0.0009) 

Index of industrial production, log 0.328*** 
(0.034)  

Sector (Reference: financial)  
• utility − 0.302*** 

(0.002)  
• industrial − 0.716*** 

(0.007)  
• consumer − 0.970*** 

(0.006)  
• energy − 0.930*** 

(0.006)  
• material − 1.280*** 

(0.009)  
• technology − 1.721*** 

(0.015)  
• communication − 1.929*** 

(0.019) 
Oil exporter 0.002 

(0.078) 
Developed country 0.498*** 

(0.165) 
Flow supply shock 0.025*** 

(0.007) 
Flow demand shock 0.019* 

(0.011) 
Speculative demand shock 0.013 

(0.012) 
Constant − 10.486*** 

(0.590) 
Observations 38,624 
Number of sectors 8 

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors in parentheses. 

Table 4 
Multilevel model results.  

Dependent variable: corporate green bond 
issuance, share in total corporate bonds 

RI1 RI2 RIRC UC 
(1) (2) (3) 

Sovereign green bond issuance, share in 
total sovereign bonds 

− 0.07 − 0.02 − 0.02 
(0.08) (0.06) (0.06) 

Sovereign conventional bond issuance, log − 2.89*** − 3.84*** − 3.85*** 
(0.19) (0.21) (0.21) 

Index of industrial production, log 1.54*** − 1.44 − 1.38 
(0.32) (2.28) (2.28) 

Developed country 1.84*** 6.83** 6.93** 
(0.53) (2.70) (2.70) 

Oil exporter 1.92*** 19.07** 18.95** 
(0.51) (8.01) (8.01) 

Flow supply shock -0.04 0.03 0.03 
(0.16) (0.12) (0.12) 

Flow demand shock 0.04 0.14 0.14 
(0.16) (0.12) (0.12) 

Speculative demand shock 0.11 0.18 0.18 
(0.20) (0.15) (0.15)  

Sector (reference: financial)  
• utility  1.39*** 1.41***  

(0.39) (0.39)  
• industrial  0.14 0.14  

(0.51) (0.51)  
• consumer  − 0.06 − 0.05  

(0.64) (0.64)  
• energy  − 0.22 − 0.22  

(0.59) (0.59)  
• material  0.56 0.53  

(0.88) (0.88)  
• technology  1.55 1.52  

(1.44) (1.44)  
• communication  1.80 

(2.02) 
1.83 
(2.02) 

Countries No Yes Yes 
Constant 33.96*** 119.23** 118.12** 

(4.81) (52.95) (52.91) 
Observations 1098 1098 1098 
Number of sectors 8 8 8 

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses. 
RI—random intercept, RIRC—random intercept random coefficient, 
UC—unstructured covariance. 
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5.2.1. Crude oil flow supply shock 
We find that crude oil flow supply shocks have a positive and sta

tistically significant, at a 1% level of significance, impact on the prob
ability of the corporate green bond issuance (Table 3). Although, to our 
best knowledge the literature has not assessed the impact of supply 
shocks on green bonds, it shows the positive impact of crude oil supply 
shocks on the stock returns of clean energy corporations (Zhao, 2020), 
and the positive impact of oil price shocks on renewable energy in
vestment in net-oil importing economies (Shah et al., 2018). Disruption 
in crude oil supply that leads to the rise in the crude oil price stimulates 
adoption of clean energy and hence has a positive effect on stock returns 
of clean energy corporations (Zhao, 2020). That in turn might increase 
the issuance of corporate green bonds. On the other hand, the literature 
that does not separate the impact on the green financial market (Cunado 
and Perez de Gracia, 2014; Demirer et al., 2020) shows mainly the 
negative impact of the oil supply shock on stock returns. The literature 
suggests that the impact of an oil supply shock on the green market is 
opposite to the impact of an oil supply shock on the non-green financial 
market. The majority of the economies that we included in the sample 
are net oil-importing nations, and hence the positive impact of oil supply 
shocks on the probability of the corporate green bond issuance is not 
surprising. 

5.2.2. Crude oil flow demand shock 
We observe that crude oil flow demand shocks have a positive and 

statistically significant, at a 10% level of significance, impact on the 
probability of the corporate green bond issuance (Table 3). The perti
nent studies on the financial markets predict a positive impact on stock 
market returns (Kilian and Park, 2009; Wang et al., 2013; Zhu et al., 
2017; Basher et al., 2018; Ready, 2018; Demirer et al., 2020), a positive 
impact on clean energy stock returns of oil demand shock due to the 
increase in the aggregate economic activity (Zhao, 2020); mainly a 
negative impact of oil demand shocks on bond returns ‘due to substi
tution effects as rising oil prices caused by global aggregate demand 
shocks drive positive sentiment and risk appetite in financial markets, 
thus leading to fund outflows from the bond market into riskier equities’ 
(Demirer et al., 2020:7); with some insignificant impact of oil demand 
shocks on bond returns in a few countries (Demirer et al., 2020:7). 

5.2.3. Sovereign green bonds 
Examining the role of policy support in green bond issuance, we 

observe that the market share of sovereign green bonds, i.e., the per
centage of issuance of sovereign green bonds in total sovereign bonds, has 
a positive and significant effect, at a 1% level of significance, on the 
probability of the green bond issuance by corporates (Table 3). This 
result is consistent with Dittmar (2008), who showed that sovereign 
bonds promote the corporate bond market in emerging economies. This 
result is expected because the issuance of green bonds promotes the 
demand for green bonds by engaging investors and educating them 
about green bonds (Azhgaliyeva et al., 2020). The public issuance of 
green bonds sets an example, acts as a benchmark, and guides the other 
sectors to issue green bonds. Though, the market share of sovereign 
green bonds increases the probability of corporate green bond issuance, 
we find that it is not a significant determinant of the market share of 
corporate green bonds (Table 4). 

5.2.4. Oil exporter 
We find that net exporting countries of crude oil have no statistically 

significant difference in the probability of corporate green bond issuance 
with net oil importing economies (Table 3). Demirer et al. (2020) also 
show that the impact on sovereign bonds of crude oil shocks does not 
depend on whether a country is an importer or exporter of crude oil. 
Crude oil prices encompass expectations regarding global growth and do 
not merely reflect imported/exported fuel (Demirer et al., 2020). 

5.2.5. Developed 
We find that developed economies are more likely to issue green 

bonds, at a 1% level of statistical significance, (Table 3) and are more 
likely to have a greater market share of green bonds, at a 5% level of 
statistical significance (column 2 of Table 4), than developing 
economies. 

5.2.6. Sector 
We included sector binary variables to control for sector-specific 

effects that could affect green bond issuance, such as policies support
ing green projects for specific sectors (i.e., feed-in tariffs for renewable 
energy generators), experience with green projects, and other relevant 
knowledge and information. The results show that industry-specific 
factors are important determinants of the probability of the corporate 
green bond issuance (Table 3) and the market share of green bonds 
(Table 4). 

The financial sector is more likely to issue green bonds than the rest of 
the sectors (excluding the government), at a 1% level of significance 
(Table 3). The sector is the most significant predictor of the green bond 
issuance probability. This result is not surprising because the financial 
sector is the largest green bond issuer in most economies (Fig. 6). Nearly 
1/3 of green bonds are issued by the financial sector (31% in 2020 and 
33% in 2021), and similarly nearly 1/3 of green bonds are issued by the 
government (33% in 2020 and 2021), followed by utilities – nearly 1/5 
of green bonds (20% in 2020 and 16% in 2021) (Fig. 6). 

Utilities have a larger market share of green bonds than other sectors 
at a 1% level of significance (Table 4). This result is also not surprising. 
Although utilities issue less green bonds than financial or government 
sectors, utilities have the largest share of green bonds in total bonds 
issued by utilities. 9-15% of all bonds issued by utilities are green, i.e., 
9.01% in 2020 and 14.81% in 2021 (Fig. 7). For comparison, the global 
share of green bond issuance in total bonds is less than 1% (0.42% in 
2019 and 0.52% in 2020). 

5.3. Robustness checks 

This section tests the robustness of our key results. We test whether 
the findings regarding oil price shocks’ effect on corporate green bond 
issuance are robust to (a) alternate specifications of two independent 
variables and (b) alternate specifications of the regression model by 
removing sector control variables. We check the robustness of our re
sults by replacing two independent variables: (i) the share of sovereign 
green bonds in total sovereign bonds with the ratio of sovereign green 
bonds to sovereign conventional bonds; and (ii) sovereign conventional 
bond issuance with sovereign total bond issuance. Table B1 in Appendix 
B reports the results obtained using (a) alternative measures of two in
dependent variables and (b) alternate specifications of the regression 
model by removing sector control variables are consistent with our main 
results. The models provide coefficients of most variables with the same 
significance and sign. 

6. Conclusion and policy recommendations 

Using monthly data from 41 green bond-issuing economies across 
eight sectors over the period January 2010 to April 2021 and oil market 
shocks following Kilian and Murphy (2014), this study utilizes multi
level models to estimate the impact of crude oil shocks and sovereign 
green bond issuance on corporate green bond issuance. We reach the 
following three conclusions. 

Firstly, our results suggest that flow supply and flow demand shocks 
are important determinants of the probability of corporate green bond 
issuance. However, neither of the shocks is a significant determinant of 
the market size of corporate green bonds. The impact of an oil supply 
shock on the green market is opposite to the impact on the non-green 
financial market. This positive impact of the flow supply shock and 
flow demand shock on green bonds demonstrates that green bonds 
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possess the characteristics of the environmental assets. 
Secondly, we observe that the market share of sovereign green 

bonds, i.e., the share of issuance of sovereign green bonds in total sov
ereign bonds, has a positive impact on the probability of green bond 
issuance by corporates. The public issuance of green bonds demonstrates 
the existence of the demand for green bonds and increases liquidity by 
expanding the supply of green bonds. The market share of sovereign 
green bonds is not a significant determinant of the market share of 
corporate green bonds. The issuance of green bonds by governments can 
incentivize other sectors to issue green bonds, although it is not a good 
predictor for the market share of green bonds, but rather a predictor for 
the probability of green bond issuance by corporates. This shows the 
importance of government support and the need for policies that reduce 
the costs and risks of green bond issuance, especially for first-time 
issuers. 

Thirdly, the results show that industry-specific factors are important 
determinants of both the probability of the green bond issuance and the 
market share of green bonds. The financial sector is more likely to issue 
green bonds than the other sectors. This result is not surprising because 
the financial sector is the largest green bond issuing sector (excluding 
the government) in most economies. Utilities have a larger market share 

of green bonds than other sectors. Although utilities issue fewer green 
bonds than financial or government sectors, utilities have the largest 
share of green bonds in total bonds. 
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Fig. 6. Issuance of green bonds by sector. Source: own elaboration using data from Bloomberg (2022). (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article). 
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Appendix A  

Table A1 
Summary statistics.  

Variable Obs Mean Std. dev. Min Max 

Corporate green bond issuance, share in total corporate bonds 38.624 0.027 0.163 0 1 
Sovereign green bond issuance, share in total sovereign bonds 38.624 0.127 1.575 0 66.167 
Sovereign conventional bond issuance, log 38.624 22.847 2.262 9.408 28.957 
Sovereign green bonds to sovereign conventional bonds ratio, in % 38.624 0.174 3.240 0 195.568 
Sovereign total bond issuance, log 38.624 22.848 2.263 9.408 28.957 
Consumer price index 38.624 116.081 24.295 96.994 279.209 
Index of industrial production, log 38.624 23.330 1.388 19.685 27.093 
Oil exporter 38.624 0.246 0.430 0 1 
Developed country 38.624 0.540 0.498 0 1 
Flow supply shock 38.624 − 0.143 1.071 − 6.633 3.124 
Flow demand shock 38.624 0.024 1.098 − 3.139 3.505 
Speculative demand shock 38.624 − 0.032 0.981 − 2.422 2.573   

Table A2 
Summary statistics for generating crude oil price shocks.  

Variable Obs Mean Std. Dev. Min Max 

Change in global production of oil 585 0.08 1.60 − 13.56 6.71 
Kilian index 585 1.00 55.40 − 162.30 188.70 
Log real price of oil 573 − 0.04 48.39 − 127.53 104.11 
OECD crude oil inventories 585 3.17 24.63 − 80.83 98.99 
Flow supply shock 549 0.00 0.91 − 6.63 3.13 
Flow demand shock 549 0.00 0.91 − 4.88 3.51 
Speculative demand shock 549 0.00 0.91 − 2.42 3.09 
Residual shock 549 0.00 0.91 − 3.09 3.83   

Table A3 
Correlation matrix.    

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] 

Corporate green bond issuance, share 
in total corporate bonds 

[1] 1            

Sovereign green bond issuance, share 
in total sovereign bonds 

[2] 0.042 1           

Sovereign conventional bond 
issuance, log 

[3] 0.134 0.030 1          

Sovereign green bonds to sovereign 
conventional bonds ratio, in % 

[4] 0.022 0.918 0.016 1         

Sovereign total bond issuance, log [5] 0.135 0.039 1.000 0.025 1        
Consumer price index [6] − 0.009 0.006 − 0.087 0.004 − 0.087 1       
Index of industrial production, log [7] 0.162 0.038 0.693 0.018 0.693 − 0.011 1      
Oil exporter [8] 0.052 − 0.025 0.148 − 0.020 0.147 0.016 0.356 1     
Developed country [9] 0.065 0.037 0.104 0.027 0.104 − 0.383 0.020 − 0.111 1    
Flow supply shock [10] 0.009 − 0.004 0.000 − 0.009 − 0.001 0.015 0.002 − 0.001 0.004 1   
Flow demand shock [11] 0.003 − 0.005 0.001 − 0.001 0.000 − 0.013 0.000 0.006 − 0.002 − 0.121 1  
Speculative demand shock [12] − 0.002 − 0.004 0.026 − 0.004 0.026 − 0.019 − 0.018 − 0.005 0.004 − 0.264 − 0.111 1  

Appendix B 

This appendix reports the results of the robustness tests. We test the consistency of the results with: (a) alternate specifications of two independent 
variables and (b) alternate specifications of the regression model by removing sector-control variables.  
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Table B1 
Robustness tests.  

Variables Probit RI Probit RI 

Sovereign green bonds to sovereign conventional bonds ratio, in % 0.008*** 0.017 0.008*** 0.014  
(0.002) (0.049) (0.002) (0.049) 

Sovereign total bonds, log 0.021 − 3.835*** 0.021 − 3.817***  
(0.015) (0.213) (0.015) (0.214) 

Index of industrial production, log 0.330*** − 1.440 0.330*** − 1.497  
(0.034) (2.282) (0.034) (2.287) 

Oil exporter − 0.005 19.072** − 0.005 19.231**  
(0.079) (8.013) (0.079) (8.030) 

Developed country 0.502*** 6.827** 0.502*** 6.664**  
(0.164) (2.701) (0.164) (2.707) 

Flow supply shock 0.025*** 0.030 0.025*** 0.034  
(0.007) (0.119) (0.007) (0.119) 

Flow demand shock 0.018* 0.136 0.018* 0.137  
(0.011) (0.116) (0.011) (0.116) 

Speculative demand shock 0.013 0.184 0.013 0.189  
(0.012) (0.152) (0.012) (0.152) 

Consumer Price Index 0.005***  0.005***   
(0.001)  (0.001)  

Constant − 10.517*** 119.217** − 11.483*** 120.677**  
(0.592) (52.954) (0.581) (53.083) 

Countries No Yes No Yes 
Sectors Yes Yes No No 
Observations 38,624 1,098 38,624 1,098 
Number of sectors 8 8 8 8 

Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

Appendix C. Supplementary data 

The estimated values of shocks are generated using Matlab codes from Kilian and Murphy (2014)2. Stata codes that we used for generating our 
results are submitted here. 
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