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Abstract

Purpose – (1) A concern often expressed in relation to cryptocurrencies is the environmental impact associated
with increasing energy consumption andmining pollution. Controversy remains regarding how environmental
attention and public concerns adversely affect cryptocurrency prices. Therefore, the paper aims to introduce
the index of cryptocurrency environmental attention (ICEA), which aims to capture the relative extent of media
discussions surrounding the environmental impact of cryptocurrencies. (2) The impacts of cryptocurrency
environmental attention on long-term macro-financial markets and economic development remain part of
undeveloped research fields. Based on these factors, the paper will further examine the effects of the ICEA on
financial markets or economic developments.
Design/methodology/approach – (1) The paper introduces a new index to capture cryptocurrency
environmental attention in terms of the cryptocurrency response to major related events through gathering a
large amount of news stories around cryptocurrency environmental concerns – i.e. >778.2 million news items
from the LexisNexis News&Business database, which can be considered as Big Data – and analysing that rich
dataset using variety of quantitative techniques. (2) The vector error correction model (VECM) and structural
VECM (SVECM) [impulse response function (IRF), forecast error variance decomposition (FEVD) and historical
decomposition (HD)] are useful for characterising the dynamic relationships between ICEA and aggregate
economic activities.
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Findings – (1) The paper has developed a new measure of attention to sustainability concerns of
cryptocurrency markets’ growth, ICEA. (2) ICEA has a significantly positive relationship with the UCRY
indices, volatility index (VIX), Brent crude oil (BCO) and Bitcoin. (3) ICEA has a significantly negative
relationship with the global economic policy uncertainty (GlobalEPU) and global temperature uncertainty
(GTU). Moreover, ICEA has a significantly positive relationship with the industrial production (IP) in the short
term, whilst having a significantly negative relationship in the long term. (4) The HD of the ICEA displays
higher linkages between environmental attention, Bitcoin and UCRY indices around key events that
significantly change the prices of digital assets.
Research limitations/implications – The ICEA is significant in the analysis of whether cryptocurrency
markets are sustainable regarding energy consumption requirements and negative contributions to climate
change. Understanding of the broader impacts of cryptocurrency environmental concerns on cryptocurrency
market volatility, uncertainty and environmental sustainability should be considered and developed.
Moreover, the paper aims to point out future research and policy legislation directions. Notably, the paper poses
the question of how cryptocurrency can be made more sustainable and environmentally friendly and how
governments’ cryptocurrency policies can address the cryptocurrency markets.
Practical implications – (1) The paper develops a cryptocurrency environmental attention index based on
news coverage that captures the extent to which environmental sustainability concerns are discussed in
conjunction with cryptocurrencies. (2) The paper empirically investigates the impacts of cryptocurrency
environmental attention on other financial or economic variables [cryptocurrency uncertainty (UCRY) indices,
Bitcoin, VIX, GlobalEPU, BCO, GTU index and the Organisation for Economic Co-operation and Development
IP index]. (3) The paper provides insights into making the most effective use of online databases in the
development of new indices for financial research.
Social implications – Whilst blockchain technology has a number of useful implications and has great
potential to transform several industries, issues of high-energy consumption and CO2 pollution regarding
cryptocurrency have become some of the main areas of criticism, raising questions about the sustainability of
cryptocurrencies. These results are essential for both policy-makers and for academics, since the results
highlight an urgent need for research addressing the key issues, such as the growth of carbon produced in the
creation of this new digital currency. The results also are important for investors concerned with the ethical
implications and environmental impacts of their investment choices.
Originality/value – (1) The paper provides an efficient new proxy for cryptocurrency and robust empirical
evidence for future research concerning the impact of environmental issues on cryptocurrency markets. (2) The
study successfully links cryptocurrency environmental attention to the financial markets, economic
developments and other volatility and uncertainty measures, which has certain novel implications for the
cryptocurrency literature. (3) The empirical findings of the paper offer useful and up-to-date insights for investors,
guiding policy-makers, regulators andmedia, enabling the ICEA to evolve into a barometer in the cryptocurrency
era and play a role in, for example, environmental policy development and investment portfolio optimisation.

Keywords Cryprocurrencies, Environmental impact, Energy consumption, Climate change

Paper type Research paper

1. Introduction
How much discussion or engagement is there in mainstream and social media regarding the
energy consumption and environmental impact of cryptocurrencies? More so, what drives
these discussions? Surprisingly, there exists no simple answer to this. The commonperception
is that this awareness is high and growing. The problem recently made headlines due to the
announcement made by Tesla’s chief executive officer (CEO), ElonMuskwas that Bitcoin will
no longer be accepted as payment due to its environmental impact [1].With a global agenda of
making our planet greener and more sustainable, surprisingly, the impact of cryptocurrency
growth and the growing energy consumption of its networks have not been included in any
high-level policy debates yet, and this area remains unregulated. Adoption of Bitcoin as
official currency byEl Salvador [2]manifests the beginning of legalisation of cryptocurrencies
as an official method of payment; therefore, the assessment of environmental impacts of this
new form of money and investment asset should become one of the main priorities of the
United Nations Economic and Social Council and academics worldwide.

Mining cryptocurrency takes more energy than mining gold [3]. It sounds like hyperbole,
but it is in fact the truth. How can we find green solutions for the cryptocurrency? Most of the
studies are only focussing on the electricity consumption and CO2 emission issues of Bitcoin.
However, we cannot forget that there are more than 4,000 cryptocurrencies available on the
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market which can pose a significant risk to the environment now. If one were to consider only
two of themost popular cryptocurrencies, Bitcoin andEthereum, the electricity consumption of
Bitcoin has increased from 4.8Twh to 73.12Twh over the last two years (Zade et al., 2019). In
October 2019, itwas estimated that the energy consumption ofBitcoinminingwas significantly
more than the energy consumption of Austria (Malfuzi et al., 2020). As for the carbon footprint
of Bitcoin transactions, eachBitcoin transaction can contribute 619Kwt to the carbon footprint,
which is equal to 350,000 bank card transactions or the energy consumption of an averageUSA
family over 20.92 days (Badea and Mungiu-Pupazan, 2021). China has a huge cryptocurrency
market, and Jiang et al. (2020) estimated that without any policy regulations, the annual energy
consumption of Bitcoin in China is expected to peak in 2024 at 296.59 Twh. Surprisingly, 296.59
Twhpf energy consumptionwill generate 130.50millionmetric tons of carbon emission output,
which is more than the annual carbon emission output of Czechia and Qatar. As for Ethereum,
in June 2017, the entire network of Ethereum already consumed a small country’s worth of
electricity (for example, Cyprus) (Corbet and Yarovaya, 2020).

From a sustainability perspective, cryptocurrency mining’s negative impact on the
environment is significant (Krause and Tolaymat, 2018). Motivated by this emerging
challenge,we have identified several issues. First, there is very limited existing research on the
extent or determinants of cryptocurrency’s growing energy consumption problem, precluding
any conclusive scientific confirmation about its contribution to climate change (de Vries, 2020;
Gallersd€orfer et al., 2020). Moreover, the few extant studies concerning the relationship
between cryptocurrencies and environmental issues focus on how cryptocurrencies contribute
to environmental issues (Stoll et al., 2019; Corbet et al., 2021; Platt et al., 2021), with few studies
comprehensively investigating inverse interactions. Second, no existing studies report on how
environmental attention on cryptocurrencies can shock the cryptocurrency markets and not
even the literature examining which financial or economic variables are susceptible to shocks
transmitted by cryptocurrency environmental attention. Third, no clear and substantial
regulations or policies consider the environmental issues related to cryptocurrency (Klein
et al., 2019; Chudinovskikh and Sevryugin, 2019; Shanaev et al., 2020; Riley, 2021) [4].

Accordingly, this paper introduces the ICEA, which aims to capture the relative extent of
media discussion surrounding the environmental impact of cryptocurrencies, building,
conceptually, on Lucey et al. (2021) and using data from the LexisNexis News & Business
database for the period between January 2014 and May 2021, examining a total of 778.2
million news stories. Furthermore, we empirically investigate the impact of cryptocurrency
environmental attention on other financial or economic variables, representing
cryptocurrency markets using the UCRY Policy, UCRY Price and Bitcoin price. To assess
economic price and policy uncertainty, we use the CBOEVIX and GlobalEPU. To investigate
the relationships between the ICEA and the crude oil markets, we include the BCO price. To
evaluate the effects of cryptocurrency environmental attention on climate change, we
introduce the GTU index. Finally, the IP index has been adopted to investigate the
relationship between cryptocurrency environmental attention and the real production output
of cryptocurrency manufacturing, mining and utilities. We deemed the VECM the most
suitable model for testing the effectiveness and validity of the newly issued indices,
processing structural shocks analysis between indices and incorporating macro-economic
and micro-economic variables. Therefore, we selected the VECM and its SVECM as this
research’s financial econometric methodologies. In addition, we further set ICEA as our
explanatory variable. Examining how the ICEA impacts the log change of Bitcoin price,
Ethereum price and UCRY indices by applying a panel-pooled ordinary least squares (OLS)
regression model. It can provide a more comprehensive understanding of the impact of
cryptocurrency environmental attention on the cryptocurrency markets.

We summarise our main findings as follows. First, based on LexisNexis News&Business
news coverage, we developed a new index for cryptocurrency environmental attention for the
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period 2014–2021, namely the ICEA. This new index captures cryptocurrency environmental
attention in terms of the cryptocurrency response tomajor related events. For example, ICEA
spiked alongside new developments in cryptocurrency regulation and cryptocurrency flash
news. Second, investigations of the impact of the ICEA on financial markets and economic
developments using SVECM structural shock analysis revealed that it significantly impacted
the UCRY Policy, UCRY Price, Bitcoin price, VIX and BCO, as well as having a significantly
negative impact on the GlobalEPU and GTU. Moreover, our empirical findings suggest that
the ICEA significantly positively impacted the IP in the short termwhilst having a significant
negative impact in the long term. Third, reassuring news items and positive government
policies were revealed to significantly negatively affect the ICEA’s HD results. Additionally,
ICEA HD results significantly spiked near significant events concerning cryptocurrencies.
Ultimately, we have been able to conclude that overall attention on environmental issues
concerning cryptocurrency increases cryptocurrency price fluctuations, a single-unit ICEA
log change can contribute a 147.67 Bitcoin price log change, a 206.58 Ethereum price log
change, a 0.91 UCRY Policy log change and a 1.04 UCRY Price log change. And the public is
growing more concerned with the energy consumption of these innovative assets.

This paper contributes to the existing literature in three ways. First, our study provides an
efficient new proxy for cryptocurrency and robust empirical evidence for future research
concerning the impact of environmental issues on cryptocurrency markets. Second, this
study successfully links cryptocurrency environmental attention to the financial markets,
economic developments and other volatility and uncertainty measures, which has certain
novel implications for the cryptocurrency literature. Third, our empirical findings offer useful
and up-to-date insights for investors, guiding policymakers, regulators and media and
enabling the ICEA to evolve into a barometer in the cryptocurrency era and play a role in, for
example, environmental policy development and investment portfolio optimisation.

The remainder of this paper is structured as follows. Section 2 outlines previous literature
related to the effects of environmental issues on economic and the existingmethodologies for the
effects of one ormore variables on other financial variables. Section 3 describes the construction
of the indices and the data for the empirical analysis whilst this section also describes the
econometric methods used. Section 4 presents the empirical results and robustness tests, and
Section 5 concludes the main findings of this research and discusses the implications.

2. Literature review
Although the environmental impact of cryptocurrencies has been discussed widely in the
literature, awareness of this problem among cryptocurrency investors and the general public
varies and opinions are mixed. Both mainstream and scientific literature have investigated
the energy and environmental footprint of cryptocurrencies, dating back to the seminal work
of O’Dwyer and Malone (2014), which focussed on energy consumption and concluded that
the electric power then used for Bitcoin mining was comparable to Ireland’s electricity
consumption. However, this does not indicate that scholars considered cryptocurrency
mining activities wasteful. For example, Wimbush (2018) suggested that mining
cryptocurrencies seems significantly less wasteful because they can create more value
than they consume. The development of an electricity consumption index by the Cambridge
Centre for Alternative Investments is also a seminal piece of work in the field [5]. Meanwhile,
Krause and Tolaymat (2018) indicated that cryptocurrency mining activities consumed more
energy than mineral mining to create an equivalent market value (with the exception of
aluminium mining) and also introduced CO2 emission issues. Elsewhere, Stoll et al. (2019)
examined the carbon footprint issue caused by Bitcoin, reminding the public that it could not
ignore the environmental risks when evaluating the anticipated benefits of Bitcoin and
Gallersd€orfer et al. (2020) selected more than 500 mineable crypto coins and tokens for
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comprehensive and systematic research on the associated energy consumption, concluding
that Bitcoin consumed two-thirds of the entire energy consumption of cryptocurrencies, with
the other cryptocurrencies accounting for the remaining third. Notably, studies on
cryptocurrencies and energy consumption and environmental pollution issues have
continued to advance, with more recent studies considering the relationship between
attention on cryptocurrency energy consumption and the performance of financial markets
(Corbet et al., 2021; Naeem and Karim, 2021). Interestingly, Corbet et al. (2021) applied the
DCC-GARCH (Dynamic Conditional Correlation - Generalized AutoRegressive Conditional
Heteroskedasticity) model to investigate the effects of Bitcoin’s volatility and cryptocurrency
mining activities on energymarkets and utility companies, producing results suggesting that
cryptocurrency energy usage has a significantly positive relationship with the performance
of some companies. Naeem and Karim (2021) further probed the interdependence of Bitcoin
and green financial assets through application of time-varying optimal copula, concluding
that all green assets could demonstrate Bitcoin hedge capacity.

The existing literature reviewed confirms that cryptocurrencies – including both
transactions and mining activities – are significantly associated with environmental issues,
including energy consumption, environmental pollution and CO2 emissions. However, there
remains controversy regarding how environmental attention and public concerns adversely
affect cryptocurrency prices.

This research gap is characterised by the lack of data or proxies capable of reflecting and
capturing attention on cryptocurrency environmental issues, hindering analyses of the
impact of cryptocurrency environmental attention on financial markets and economic
development. Therefore, building on the literature on the role of media coverage, public
environmental awareness and government policy in financialmarkets, this paper develops an
index (the ICEA) capable of capturing awareness of cryptocurrency energy consumption and
sustainability issues and the consequent impacts on financial markets and economic
developments. First, we draw on work concerning environmental awareness drivers. Both
Lee et al. (2015); Brulle et al. (2012) have observed that the changing climate and
environmental issues, alongside general social educational attainment, drive awareness of
climate and environmental risks in financial markets, which are findings that align with
Capstick et al. (2015). Second, Duijndam and van Beukering (2020) have observed that the
importance of climate change and environmental issues strongly correlates with future
economic and financial market uncertainty, echoing the findings of Pidgeon (2012). Third,
Pianta and Sisco (2020) have demonstrated that the lagged values of extreme climate events
can drive media coverage, causing financial market panic. However, many of the studies on
awareness of and sensitivity to climate and environmental issues have been undertaken at
individual, organisational or governmental levels, with few papers addressing longer-term
macro-level drivers. For example, evaluating the effects of low-energy-consumption tax
reduction policies, Dongyang (2021) observed that positive policies can improve the
innovation investments of companies by alleviating financial constraints. Elsewhere,
empirical findings from Zhang et al. (2021) provided evidence that air pollution in a city has a
significantly positive relationship with an IPO (initial public offering) under-pricing a
company that is located in the city. Based on this gap, this paper will further examine the
effects of the ICEA on financial markets or economic developments.

Thus, we have identified two research gaps in the existing literature. First, there is no
proxy that reflects cryptocurrency environmental attention. Second, the impact of
cryptocurrency environmental attention on long-term macro-financial markets and
economic developments remains an undeveloped research field. In bridging these gaps,
this paper represents three broad novelties. First, we develop a cryptocurrency
environmental attention index based on news coverage that captures the extent to which
environmental sustainability concerns are discussed in conjunction with cryptocurrencies.
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Second, we empirically investigate the impacts of cryptocurrency environmental attention on
other financial or economic variables. Third, we provide insights into making the most
effective use of online databases in the development of new indices for financial research.

3. Research design
As discussed, there is no existing literature demonstrating the effects of cryptocurrency
environmental attention on cryptocurrency markets, other financial markets or economic
development. This is due to the lack of a proxy representing cryptocurrency environmental
attention. Accordingly, we have developed the ICEA to capture the extent to which
environmental sustainability concerns are discussed in conjunction with cryptocurrencies
using the theoretical frameworks introduced by Baker et al. (2016), Huang and Luk (2020),
Lucey et al.( 2021). Although the ICEA was developed on the basis of media coverage, our
methodology differs from Baker et al. (2016), Huang and Luk (2020), who used USA and
Chinese newspapers, respectively, as databases in the construction of their indices. In
contrast, we adopted LexisNexis News & Business, a digital source, as our database because
its overall article volume varies across publication sources and over time.

3.1 Index construction methodology
A difficult and doubtful point of the raw observed value of news articles from the LexisNexis
News & Business database is that the overall volume of articles varies across publication
sources and time. For constructing a useful index, this research draws on the index
construction methodology of Baker et al. (2016), Huang and Luk (2020), Rice (2020), Lucey
et al. (2021) and tries to scale the raw data of the observed total number of articles in the same
publication source at the same time. Therefore, the standardisation and normalisation
process is applied to the raw counts’ data because it allows for sorting different variables on
the same scale. In detail, first, let Nt denote the weekly observed value of news articles from
LexisNexis News & Business in time (minute/day/week/month/year) t. Second, compute μ,
the mean of the raw counts of the overall articles. Third, compute the time-series standard
deviation, σ. Fourth, perform Nt minus μ and then divide by σ to complete the raw counts
standardisation process, Zt. In the end, add 100 for all t in Z to obtain the final normalised time-
series index. This index construction methodology is used for all index constructions in this
research.

3.1.1 ICEA construction. In spirit, this index is similar to Lucey et al. (2021) albeit focussed
not on uncertainty but on attention. This database covers a very wide variety of newspapers
and news-wire feeds. Traditionally, in this form of index construction, the focus is on “major”
news publications (see, for example, Rice , 2020). However, the rationale for using LexisNexis
News & Business is that it covers a rather wide range of sources, including but not limited to
news-wire feeds (breaking news) and media news transcripts (broadcast journalism), to
acknowledge an aspect of the “social” nature of cryptocurrencies. As new phenomena, these
currencies have become subject to extensive discussion via not just traditional media, but
alternative and social media, where the response to environmental concerns expressed by
industry players have been especially pronounced on social media. There are papers such as
Phillips and Gorse (2017), Subramaniam and Chakraborty (2020), Nasekin and Chen (2020)
that discuss the role of both social and general media in analysis and specifically stress the
importance of social sentiment in the cryptocurrency space.

To collect the relevant news stories, we ran the following queries on LexisNexis News &
Business. The search string is as follows:

(“cryptocurrency” or “bitcoin” or “Ethereum”) and atl1(“energy” or “energy consumption” or “energy
footprint” or “carbon footprint” or “environment” or “environmental” or “environmental impact” or
“climate change”).
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In terms of our search string design methodology, our index relates to the cryptocurrency
environmental attention. Therefore, our search string design should focus on the
“cryptocurrency” and “environment”. First, there is no doubt that “cryptocurrency” was
set as our first search term. Second, as the two most popular cryptocurrencies (Corbet et al.,
2018; Ji et al., 2019; Bouri et al., 2019; Conlon et al., 2020), “Bitcoin” and “Ethereum” were also
selected as our key search terms to represent the cryptocurrency market. Third, we
searched for the most popular synonyms for “environmental” to represent “environmental
attention”, based on the literature review of the relationship between cryptocurrencies,
environmental issues and energy consumption concerns. We picked up “energy”, “energy
consumption”, “energy footprint”, “carbon footprint”, “environment”, “environmental”,
“environmental impact” and “climate change” to represent “environmental attention”. In the
end, compiling these key search terms together can successfully generate our search string
for ICEA.

In addition, we set the option for group duplicate to HIGH so as to avoid duplicate results
as much as possible. The queries were performed for each week from January 2014 to the
beginning of May 2021 [6].

The index is calculated as in Equation 1,

ICEAt ¼ N1t � μ1
σ1

� �
þ 100; (1)

where ICEAt is the value of the index in the weeks t between 30/12/2 013– 02/05/2 021;N1t is
the weekly observed value of news articles on LexisNexis News & Business matching the
search string above; μ1 is the mean number of these same articles and σ1 is the standard
deviation of such.

The weekly ICEA is annotated in Figure 1, highlighting major changes as they map to
events in the cryptocurrency and environmental sustainability concerns related spaces. Some
clear spikes around the Mt.Gox occur in February. Mt.Gox went offline, suspended
transactions and shut down its official website and exchange service at this time. Even
more notably,Mt.Gox filed for bankruptcy protection from creditors. At the end of themonth of
June 2017, Ethereum had already used a small country’s worth of electricity. At the end of
November 2017 and in early December 2017, Bitcoin broke the US$10,000 barriers, and at the
same time, Bitcoin’s carbon footprint issue and energy consumption issue were proposed
again. At the end of January 2018, Smartcool proved that new technology could lower the
energy consumption and cost for cryptocurrencies. In February 2018, many research
institutions and scholars identified that Bitcoin is an absolute energy and environmental
disaster and the Bitcoin Energy Consumption Index was issued. In July 2018, the United
Nations supported a start-up that aimed to eliminate the carbon footprint produced by
blockchains. In December 2018, the EOSIO fulfilled blockchains’ promise on social and
environmental sustainability. In June 2019, Bitcoin mining pumped out as much CO2 per year
as Kansas city, and Bitcoin CO2 emissions were comparable to Las Vegas or Hamburg. At the
end year of 2019, the coronavirus disease 2019 (COVID-19) outbreak strongly shocked the
cryptocurrency market and ICEA. In July 2020, the Restart Energy MWAT (MWAT) market
cap hit US$1.49 m. Around August 2020, the bullish market of cryptocurrency began. On 13
April 2021, Bitcoin surpassedUS$63,000 in a record high, rallying further growth and bringing
back the heated discussion of environmental issues associated with cryptocurrency yet again.

3.2 Data
We derived our explanatory variables, which are the UCRY Policy, the UCRY Price, the
GlobalEPU, the VIX, the BCO, the price of Bitcoin, the GTU [7] and the IP. The reasons why
we choose these explanatory are justified as follows:
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Figure 1.
Annotated ICEA index
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3.2.1 Financial and economic variable selection. To justify the selection of financial or
economic variables for our sample, we evaluated previous studies reporting variables
substantially correlated with cryptocurrency environmental attention or that were
susceptible to shocks transmitted by environmental concerns or, inversely, that were
immunised from these shocks.

First, one of this study’s research aims is to investigate the effects of the ICEA on
cryptocurrency markets. Accordingly, we selected the most important cryptocurrency assets
(Corbet et al., 2020), Bitcoin price, as one of our financial variables. As themost popular digital
currency, Bitcoin is often chosen as a proxy to reflect trends and volatility within
cryptocurrency markets (Klein et al., 2018; Corbet et al., 2020; Hudson and Urquhart, 2021).
Although there is an index that can represent the whole cryptocurrency market, the
Bloomberg Galaxy Crypto Index (Umar andGubareva, 2020), we chose not to use it because it
only began in 2017 and thus not representing our entire research period.

Second, the ICEA is a cryptocurrency index that captures environmental attention on
cryptocurrencies, enabling the assumption that the ICEA affects cryptocurrency prices and
policy uncertainty. Accordingly, we also included UCRY Policy and UCRY Price indices in
our variable systems.

Third, several studies have made overwhelmingly clear that the environmental issues
caused by crude oil exploration (Poizot and Dolhem, 2011; Zhang and Kong, 2021) can impact
crude oil market volatility (Yu et al., 2015; Soliman and Nasir, 2019), leading to the selection of
Brent crude oil price to represent the crude oil market (Kanamura, 2020) to examine the effects
of cryptocurrency environmental attention on crude oil markets.

Fourth, to analyse the relationship between the ICEA and other popular global economic
or policy uncertainty measures, we selected the VIX and the GlobalEPU indices, using the
VIX as a “fear index” (Whaley, 2009) representing the financial price uncertainty (Adrian and
Shin, 2010; Whaley, 2000; Reboredo and Uddin, 2016) and the GlobalEPU to capture EPU
(Mensi et al., 2014; Long et al., 2021; Ghosh and Kumar, 2021). From our literature review, no
studies can directly link VIX to environmental issues and energy consumption. Only Arslan-
Ayaydin and Thewissen (2016) indicated that markets do not show a positive attitude to the
environmental performance of energy sector companies by using VIX. As for GlobalEPU,
Ahmed et al. (2021) suggested that the GlobalEPU has a significantly negative relationship
with pollutant emissions. However, the GlobalEPU has a significantly positive relationship
with the CO2 emissions. Yu et al. (2021) indicated that China Provincial EPU has a positive
impact on the carbon emission intensity of a company. And companies prefer to use cheap
and dirty fossil fuels against the rising EPU. Liao et al. (2021) selected 175 companies from
Shanghai and Shenzhen 300 Index. Their empirical findings inferred that compared with the
companies with a low corporate environmental responsibility, the EPU has a lower negative
impact on the stock returns of the companies with a high corporate environmental
responsibility.

Fifth, the effects of the ICEA on the output of the economy’s industrial sector are captured
by including the Organisation for Economic Co-operation and Development (OECD) IP index
(Davis and Weinstein, 1999; Fernandez, 2016; Feng et al., 2021). Marques et al. (2019)
suggested that the investments related to ensuring a clean and safe environment can increase
energy efficiency and reduce greenhouse gas emissions by using the IP. Bozkus et al. (2020)
investigated the relationship between atmospheric carbon emissions and the IP. Their
empirical findings suggested that IP can cause long- and short-term environmental costs.
Moreover, these two variables have a strong correlation between the time domains.

Finally, we included the GTU index to confirm the findings of previous studies regarding
the environmental issues caused by cryptocurrency mining and transactions.

3.2.2 Unit root test and cointegration test. To achieve the mentioned analyses and results,
we proceeded as follows. First, a unit root test was performed on the data, in this case the
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Augment Dickey–Fuller (ADF) test and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test
were applied [8]. Table 3 shows that the p-value of each variable was more significant than
0.05 in the ADF test and also less significant than 0.05 in the KPSS test. This evidence shows
that there are unit roots in all variables and that all variables are non-stationary. Second,
further investigation shows that stable cointegrating relationships are present in the variable
system, motivating the use of a VECM. From Table 4, r 5 0 tested for the presence of
cointegration. Since the tested statistic exceeded the 1% level significantly (285.27 > 215.74),
we have strong evidence that our variables forms are cointegrated. To prove that our results
are robust, we also processed a Johansen maximum eigenvalue test. The results also can be
found in Table 4. As previously displayed, r 5 0, tested for the presence of cointegration.
Since the tested statistic exceeded the 1% level significantly (68.01 > 63.71), we also have
strong evidence that our variables forms are cointegrated.

3.2.3 Descriptive statistics. Time series plots of each variable are shown in Figure 2.
Monthly frequency data is considered for further empirical analysis, and the empirical study
period runs from 01 January 2014, to 01 February 2021. The ICEA, UCRY Policy and UCRY

Figure 2.
Time series of the
factors
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Price indices were generated by LexisNexis News&Business. GlobalEPUwas obtained from
policyuncertainty.com. GTUwas obtained fromBerkeley Earth [9], and IPwas collected from
OECD and other financial indices from Yahoo Finance. Table 1 shows the descriptive
statistics for the indices of ICEA, UCRY Policy, UCRY Price, GlobalEPU, VIX, BCO, Bitcoin
price, GTU and IP. Table 1 shows that Bitcoin price has the largest mean value (5,464.53),
standard deviation (7,454.22), trimmed mean (4,114.64), mean absolute deviation (4,226.66)
and range (44,908.10), which indicates the high fluctuations and uncertainty. Furthermore,
the mean value of Bitcoin price is significantly different from zero, whilst the standard
deviation value is larger than the mean value. The skewness and kurtosis values of Bitcoin
price are large and positive, indicating the Bitcoin price has a skewed left, fat-tailed and
leptokurtic distribution. As for the protagonist, ICEA, it features lesser fluctuations than its
family members, the UCRY Policy, UCRY Price and Bitcoin price. The mean of the ICEA is
99.88, which is lesser than the 99.89 of the UCRY indices. The standard deviation of ICEA is
0.62, which is also lesser than the UCRY Policy index (0.67) and UCRY Price index (0.71).
Furthermore, ICEA has excess skewness and kurtosis values. These findings show certain
volatility, uncertainty and overall risky relatedwith this index. In addition, all the variables in
Table 1 can reject the normal distribution confirmed by Jarque–Bera (J-B) tests because the
p-values of these tests are all less than 0.01, i.e. all except for the GlobalEPU and GTU. The
p-value of GlobalEPU is equal to 0.0186 and less than 0.05. The p-value of GTU is equal to
0.02852 and also less than 0.05.

Table 2 shows the Pearson correlation matrix and reveals that ICEA is positively and
significantly correlated with UCRY Policy index, UCRY Price index, GlobalEPU, VIX, BCO,
Bitcoin price, GTU and IP. Additionally, ICEA correlates with UCRY Policy, UCRY Price,
Bitcoin price and IP with a 1% significant level. UCRY Policy index (86.99%), UCRY Price
index (90.46%), Bitcoin price (81.90%) and IP (46.26%) are the four indices which display a
high Pearson correlation relationship with the ICEA. It is worth noting that the correlation
value of UCRY Policy and ICEA is 0.8699 with a 1% significance level, and the correlation
value of UCRY Price and ICEA is 0.9046 with a 1% significance level. These results indicate
that UCRY Policy, UCRY Price and ICEA have a strong positive correlational relationship.

3.3 Methodology
This paper develops a new index, the ICEA, and investigates the effects of the ICEA on
financial and economic variables. However, it is necessary to consider the most suitable
methodology for checking the effectiveness and validity of a newly issued index and further
analysing the dynamic connections between the newly issued index and other variables. For
this purpose, Baker et al. (2016) introduced the EPU index and applied the vector
autoregression (VAR) model to exploit time-series variation at log change of S&P 500
(Standard and Poor’s 500), the federal funds rate, log change of employment and log change of
IP. Elsewhere, Huang and Luk (2020) developed the China EPU index based on Chinese
newspapers and using a structural VAR (SVAR) model based on the VAR model used to
study the responses of macro-economic variables (e.g. log change of Shanghai Composite
Index, log change of benchmark interest rate, log change of unemployment rate and log
change of real GDP) to shocks in the China EPU.Meanwhile, Rice (2020) developed the Ireland
EPU index based on the two leading Irish newspapers (The Irish Times and The Irish
Independent) and processed HD using a SVAR model to examine the co-movement of Irish
economic activities (e.g. investment, CPI, consumption, employment, financial uncertainty
and European Central Bank shadow rate) with the Ireland EPU.

Building on these studies, we selected the VAR model as our main financial econometric
methodology for investigating the effects of the ICEA on financial and economic variables.
However, the standardVAR is a reduced formmodel designed for stationary data (L€utkepohl,
2005). Unit-root tests in Table 3 and cointegration texts in Table 4 enabled confirmation that
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there were unit-roots for all variables and our variable forms were cointegrated. Given these
conditions, the VAR model did not perfectly suit our data and. Moreover, data processing
would have broken the original characteristics of variables. Thus, we decided to not further
calculate the log return and continuously compounded return or return variance (amongst
other outcomes) of our variables, making our sample smoother. This led to application of the
VECM, which is based on the VAR (Durlauf and Blume, 2016) but adds error correction
features (Ko�cenda and �Cernỳ, 2015). The VECM is designed for the non-stationary but
cointegrated sets of variables (Maronna et al., 2019). Lucey et al. (2021) applied the SVECM,
which is based on the VECM, to investigate the shocks from UCRY Policy on financial
markets. Our VECM comprises nine variables, and our sample runs from 01 January 2014 to
05 January 2021. We added one lag to the VECM based on the number of variables,
observation period and the Akaike information criteria.

3.3.1 Econometric model specification. The VECM can be expressed as Equation 2:

Δyt ¼ αβ0yt−1 þ Γ1Δyt−1 þ � � � þ Γp−1Δyt−pþ1 þ ΞþDt þ ut; (2)

where yt is a K 3 1 dimensional vector of variables observed at time t. The decomposed
cointegratedmodel αβ0 has reduced rank r5 rk(αβ0) <K. Also, α is aK3 rmatrix containing
the loading coefficients; β is also a K 3 r matrix containing the cointegrated vectors; Γj is a
K3 K short-run coefficient matrix with j5 1, . . ., p� 1; ut is a k-dimensional unobservable
zero mean vector white noise process and has covariance matrix Σu; ut also denotes the
reduced form disturbance (forecast errors); Dt is a vector of deterministic terms and Ξþ is the
coefficient matrices correspond with Dt.

Based on VECM Equation 2 described above, we ordered variables as indicated by
Equation 3. Each series was identified and recorded in Table 1.

Yt−1 ¼

ICEAt−1

UCRY Policyt−1
UCRY Pricet−1
GlobalEPUt−1

Vixt−1
BCOt−1

Bitcoint−1
GTUt−1

IPt−1

2
6666666666664

3
7777777777775

(3)

Johansen trace test Johansen maximum eigenvalue
Test 10pct 5pct 1pct Test 10pct 5pct 1pct

r ≤ 8 4.88 7.52 9.24 12.97 4.88 7.52 9.24 12.97
r ≤ 7 14.18 17.85 19.96 24.60 9.30 13.75 15.67 20.20
r ≤ 6 27.56 32.00 34.91 41.07 13.37 19.77 22.00 26.81
r ≤ 5 49.58 49.65 53.12 60.16 22.02 25.56 28.14 33.24
r ≤ 4 79.90 71.86 76.07 84.45 30.33 31.66 34.40 39.79
r ≤ 3 112.58 97.18 102.14 111.01 32.68 37.45 40.30 46.82
r ≤ 2 158.53 126.58 131.70 143.09 45.95 43.25 46.45 51.91
r ≤ 1 217.26 159.48 165.58 177.20 58.74 48.91 52.00 57.95
r 5 0 285.27 196.37 202.92 215.74 68.01 54.35 57.42 63.71

Note(s): 5% critical values are given in parentheses

Table 4.
Johansen

cointegration test
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where, this research examines the impact of ICEA on the variable system Equation 3. To
further isolate the effect of ICEA, ICEAwas ordered first since it captures the cryptocurrency
environmental attention, whilst the UCRY Policy index, the UCRY Price index, GlobalEPU,
VIX, BCO, Bitcoin price, GTU and IP can react contemporaneously to the attention shocks.

Structural shocks on the system variables yt based on the VECM can be calculated as
Equation 4:

�A0yt ¼ �A1yt−1 þ �A2yt−2 þ � � � þ �Ap−1yt−ðp−1Þ þ �Apyt−p þ �ΞDt þ εt; (4)

where «t is aK3 1 dimensional vector white noise process with covariance matrix Σ«, which
also means structural shocks and A1, A2, . . ., Ap�1, Ap are K 3 K coefficient matrices.

Premultiplying Equation 2 by �A
−1

0 can link the reduced formdisturbance (forecast errors) ut to
the underlying structural shocks «t. The normal distribution (0, IK) is subject to «t.

From the above, we derive Equation 5 as follows:

ut ¼ �A
−1

0 εt; (5)

Stationary VECM [10] allows for three tools, which are IRF, FEVD and HD to capture the
dynamic and instantaneous impacts of structural shocks within the variable system see
Equation 3. The three elements can be broadly defined as follows.

3.3.1.1 Impulse response function. The IRF is designed for presenting the variables’
relationships in the ICEA VECM model because variables’ relationships are hard to identify
just from the coefficient matrices (all the variables in VECM model are a priori endogenous).

When a VECM process is stationary, it can be said that the VECM process has a moving-
average (MA) representation. The MA representation can be expressed as Equation 6 as
follows:

yt ¼ ut þ
X∞
i¼1

Φiut−i;Φ0 ¼ Ik; (6)

where ut is a K-dimensional unobservable zero mean vector white noise process and has
covariance matrix Σu. Φi 5 JAiJ0 and J 5 [Ik: 0 : 0: � � �: 0]. Ai are summable.

In Equation 6, the IRF can work when tracing the marginal effect of a shock to one
variable by counterfactual experiment. The IRF shows how each variable reacts to shocks
or changes in each other variable and can be used to evaluate the sensitivity of variables to
each other.

3.3.1.2 Forecast error variance decomposition. Like the IRF, the FEVD is also designed to
reveal and interpret the variables’ relationships in a stationary process VECM. The forecast
error variance of the k-th element of the forecast error vector can be denoted as Equation 7 [11]
as follows:

Eðyj;tþh � yj;tðhÞÞ2 ¼
XK
j¼1

ðθ2jk;0 þ � � � þ θ2jk;h−1Þ; (7)

where θ2jk;0 þ � � � þ θ2jk;h−1 can stands for the contribution of the j-th «t innovation to the h-step

forecast error variance of variable k;
θ2
jk;0

þ���þθ2
jk;h−1

Eðyj;tþh − yj;t ðhÞÞ2
can compute the contribution % of the j-th

«t innovation to the h-step forecast error variance of variable k and ωkj,h can decompose the
contribution of the j-th «t innovation to the h-step forecast error variance of variable k.

The FEVD can show the decomposition of changes in a variable arising from changes in
other variables.

CFRI



3.3.1.3 Historical decomposition. HD is the third tool used for the VECM structural shock
analysis and allows for the gathering of information on the contribution of structural shocks
over time to a system of variables. IRF can only trace the response to a one-time positive or
negative shock, whilst the variation of indices in Equation 3 is driven by a sequence of shocks
from different levels. The HD canmeasure the effect of target variable shocks on the variation
of Equation 3 under a dynamic economic environment. Furthermore, compared with the
FEVD, the HD can analyse the relative importance of shocks in different time periods of a
system’s variables. However, HD can only do this kind of analysis on a specific forecasting
horizon.

In short, ut can be decomposed into different structural components in the HD. In details,
as what has been analysed above, Equation 6, the MA representation can be further denoted
as Equation 8 as follows:

yt ¼
Xt−1
i¼1

Φi;tut−i þ
X∞
i¼t

Φi;tut−i; (8)

where the time series can be decomposed into the estimate structural shocks « from time 1 to
time t and the inestimate structural shocks « antedating the start point of the dataset.

In a stationary VECM process, the
P

∞

i¼tΦi;tut−i can have a constantly diminishing impact
on the yt as time t increases, which can contribute to a reasonable approximation. This
process can be denoted as Equation 9 as follows:

byt ¼ Xt−1
i¼1

Φi;tut−i; (9)

Therefore, the HD is equal to the weighted sums, which can be measured as the contribution
of shock j on variable k in the stationary VECM process. Now, the HD can be denoted as
Equation 10 as follows:

byðjÞkt ¼
Xt−1
i¼0

Φkj;tuj;t (10)

The relationship between reduced form residuals u and structural shocks of « the variables
system (see Equation 3) are shown in Equation 11 as follows:

uICEAt−1

uUCRYPolicyt−1

uGlobalEPUt−1

uVixt−1

uBCOt−1

uBitcoint−1

uGTUt−1

uUCRYPricet−1

uIPt−1

2
66666666666666664

3
77777777777777775

¼

S11 0 0 0 0 0 0 0 0
S21 S22 0 0 0 0 0 0 0
S31 S32 S33 0 0 0 0 0 0
S41 S42 S43 S44 0 0 0 0 0
S51 S52 S53 S54 S55 0 0 0 0
S61 S62 S63 S64 S65 S66 0 0 0
S71 S72 S73 S74 S75 S76 S77 0 0
S81 S82 S83 S84 S85 S86 S87 S88 0
S91 S92 S93 S94 S95 S96 S97 S98 S99

2
6666666666664

3
7777777777775
¼

εICEAt−1

εUCRYPolicyt−1

εGlobalEPUt−1

εVixt−1

εBCOt−1

εBitcoint−1

εGTUt−1

εUCRYPricet−1

εIPt−1

2
66666666666666664

3
77777777777777775

(11)

where, ut denotes the reduced form disturbances (forecast errors) at time t�1 and «t denotes
the structural shocks at time t–1.
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4. Empirical analysis and findings
4.1 IRF analysis results
To gain a more comprehensive understanding of the dynamic interaction between variables,
we calculated the IRF from the SVECM with regards to ICEA shocks to the variable system
Equation 3. Due to the variable system, Equation 3 shocks to the ICEA are not the main focus
of the paper; this part will not be fully explained in the main context [12]. The plots of ICEA
shocks to its variable system, which contains UCRY Policy, UCRY Price, GlobalEPU, VIX,
BCO, Bitcoin price, GTU and IP can be found in Figure 3. More statistics can be found in
Table 5.

Figure 3a presents the response of UCRY Policy after ICEA impulses unit shocks, and
UCRYPolicy has a positive response. The peak response value is present at the premier point,
which is equal to 1.9672 3 10–1. The response values show a decreasing tendency with the
elapsing of the time period. From the 8th period, the UCRY Policy responses tend to converge
andmove closely around the x5 0 axis. This empirical finding verifies that ICEA shocks can
significantly increase the UCRY Policy index. In other words, the ICEA shocks can increase
the cryptocurrency policy uncertainty. Figure 3b presents the results after ICEA impulses
unit shocks occur to UCRYPrice, andUCRYPrice responses show a similar response to that if
«ICEA to UCRY Policy. The peak response value is present at the start point, which is 1.573
93 10–1. UCRY Price response values show a decreasing tendency with the elapsing of the
time period. From the 8th period, the UCRY Price responses tend to converge and move
closely around the x 5 0 axis. This empirical finding verifies that ICEA shocks can
significantly increase the UCRYPrice index. In otherwords, the ICEA shocks can increase the
cryptocurrency price uncertainty. Figure 3f presents that after ICEA impulses unit shocks to
Bitcoin price, the Bitcoin price has a positive response. The peak response value shows on the
start point, which is equal to 4.5325. Then, the response values begin to decay with the
elapsing of the period. From the 8th period, the Bitcoin price responses tend to converge. This
empirical finding verifies that the ICEA shocks can increase the Bitcoin price index.

It is worth noting that when comparing «ICEA to UCRY Policy, with «ICEA being
inclusive of UCRY Price, UCRY Policy responses are slightly stronger than the UCRY Price
responses. One possible explanation for this phenomenon is that the ICEA is an index
focussing on environmental impacts on the cryptocurrency market. One of themost powerful
tools to mitigate the environmental issues caused by cryptocurrencies is policy adjustments.
Therefore, the UCRY Policy should be expected to be more sensitive to the ICEA shocks.

Because the ICEA focusses on cryptocurrencies, it is worth further investigating why it
can increase the UCRY indices and Bitcoin price. As such, a number of potential explanations
of this phenomenon are thus presented. The rise in the ICEA can instigate speculation
amongst cryptocurrency traders. These cryptocurrency speculators may increase their net
long position because they believe to a certain extent in their own intellectual capabilities in
the industry andwill attempt to avoid being the last to take the “hot potato” (Mnif et al., 2020).
Second, the high cryptocurrency environmental attention can reflect the awareness of the
general public’s environmental consciousness. Therefore, cryptocurrencyminersmay reduce
the amount of cryptocurrency mining (Corbet et al., 2021). Also, new policies may be issued to
regulate cryptocurrency mining activities. In this case, the decrease in the cryptocurrency
supply will lead to an increase in the cryptocurrency price.

Figure 3c presents the results after ICEA impulses unit shocks occur to GlobalEPU, and as
displayed, GlobalEPU has a negative response. The lowest response value appears in the 1st
period, which is equal to�3.6055. Then, the GlobalEPU response values gradually rise with
the elapsing time period. In the front-middle period, which is the 3rd period, the GlobalEPU
response shows a positive value of 0.0789. However, the general trend of the GlobalEPU
response to «ICEA is still negative. The GlobalEPU responses tend to converge after the 6th
period. This empirical finding verifies that the ICEA shocks can decrease the GlobalEPU
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Figure 3.
Impulse from ICEA to

variable system
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index. This conclusion is consistent with Ahmed et al. (2021), who suggested that the
GlobalEPU has a significantly negative relationship with the pollutant emissions but is
different fromYu et al. (2021), who found that the China Provincial EPU has a positive impact
on the carbon emission intensity. The reason for the inconsistent conclusion is the different
characteristics of the GlobalEPU and the China Provincial EPU. One possible explanation for
this phenomenon is that the GlobalEPU is spiked by negative news or policy adjusting, for
example, 9/11, the global financial crisis and the Federal Reserve interest rate hike. This
means, conversely, positive news or policy adjusting can significantly cool the EPU Index.
Substantial cryptocurrency environmental attention is likely to urge governments to launch
new policies to protect the environment and mitigate pollution, which can be considered
positive policy adjusting. Accordingly, the ICEA has a significantly negative relationship
with the GlobalEPU.

Figure 3d presents the results after ICEA impulses unit shocks occur at VIX, and
evidently, VIX has a positive response. The VIX response values increase gradually from the
start point, where the value is 0.5646, to the peak of responses in the 2nd period, which is equal
to 3.2476. Then, the VIX response values begin to decrease until they converge. This
empirical finding verifies that the ICEA shocks can increase the VIX. This empirical evidence
reconfirms the notion of Arslan-Ayaydin and Thewissen (2016), who indicated that financial
markets does not reward environmental performance of energy sector. VIX is related to the
market’s expectations for the volatility in the S&P 500 over the coming 30 transaction days
(Wang et al., 2019). From the characteristics of the ICEA, we see that the ICEA comprises the
public’s concerns about environmental and energy consumption. The financial market is
conductive (Leung et al., 2021; Shehadeh et al., 2021). Therefore, the concerns and panic about
cryptocurrency environmental factors can be transmitted to the traditional financial markets.
Moreover, the high environmental attention values reflect the deterioration of environmental
Khan et al. (2020) andwill affect the demand for some traditional energy formsHu (2014), such
as crude oil, coal and natural gas amongst others. Both of the points mentioned above can
cause financial market-price fluctuations. That is why ICEA can have a significantly positive
relationship with the VIX.

Figure 3e presents the results after ICEA impulses unit shocks occur at BCO, and as
present in such figure, BCO has a positive response. The peak response value is present at the
start point, which is equal to 2.4319. Then, the response values begin to decay over the
elapsed period of time. From the 6th period, the UCRY Policy responses tend to converge.
This confirms that the ICEA shocks can increase the BCO index. This phenomenon also can
be explained by the ICEA can decrease the supply of BCO and provokemore BCO speculative
trading activities. Moreover, «ICEA impulses to BCO show a similar response trend as the
«ICEA impulses to Bitcoin. The only difference of note between BCO and Bitcoin’s responses
is that those of Bitcoin are more violent. There are several possible reasons that can aid the
explanation of this difference. First, both BCO and Bitcoin are financial assets. They,
therefore, have close relationships with cryptocurrencies and environmental pollution.
Second, Bitcoin markets contain more price bubbles and fluctuate more frequently than the
BCO market. Third, ICEA is designed to capture the attention of environmental issues to
cryptocurrencies. Bitcoin markets hold a significant position in cryptocurrency markets;
therefore, the Bitcoin price index is expected to be more sensitive and responsive to the ICEA.

In a similar fashion to from the «ICEA on the GlobalEPU index, GTU also shows a
generally negative response trend to the «ICEA shock. In Figure 3g, the lowest-response
value is present in the 1st period, which is equal to�2.2639. Then, the GTU responses slightly
rise to the peak value, which is equivalent to 0.0447. In general, the GTU responses show a
“Wave-type” trend in the negative interval. From these data, we can confirm that ICEA
shocks can decrease the GTU. Meanwhile, a high ICEA value indicates that people and
governments are paying more attention to environmental issues and can reflect enhanced
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environmental awareness amongst the population. Governments promulgate new
environmental protection policies to push entire societies to become more environmentally
friendly, and heightened public environmental awareness guides more environmentally
friendly behaviours. These significant steps are likely to reduce energy consumption andCO2

emissions and achieve waste reduction, helping to mitigate the frequency and intensity of
extreme weather events. Accordingly, the ICEA also demonstrates a significantly negative
relationship with the GTU.

Figure 3h displays results after ICEA impulses unit shocks are applied to IP. As presented,
IP has a positive response in the early period (1st to 2nd) and the peak value is 0.2070.
However, the IP shows a negative response in the early-mid period (around the 3rd) and the
lowest value is�0.0690. After the 7th period, the IP responses tend to converge. From this, we
can state with confidence that the ICEA can increase the IP index in the short term, and the
ICEA can also decrease the IP index in the long-term. Importantly though, the short-term
significantly positive relationship between the IP and the ICEA is leading. This empirical
evidence can echo the findings of Bozkus et al. (2020) that IP can contribute to the long and
short-term environmental costs. IP is generally accompanied by pollution and consumption,
with high IP values indicating high levels of pollution and consumption. The ICEA spiked in
response to extreme energy consumption and pollution events, indicating it can demonstrate
a significantly positive short-term relationship with the IP. However, as the environment
deteriorates, governments are likely to promulgate new environmental protection policies to
regulate IP activities, forcing enterprises to abandon high-energy-consumption and high-
pollution activities and become more environmentally friendly (Vu and Dang, 2021).
Moreover, the ICEA can be cooled by new environmental protection policies, explaining its
significantly negative long-term relationship with the IP.

4.2 FEVD analysis results
To evaluate the importance of different shocks and decompose the forecast error variance
into the contributions from exogenous shocks, we calculate the FEVD for ICEA. Figure 4
depicts the FEVD of ICEA decomposition results [13].

In Figure 4 andTable 6, we see the FEVD of ICEA plot and FEVD of ICEA statistics. In the
first period, approximately 60% of the variation in ICEA is from shocks to ICEA itself, and
most of the remaining, approximately, 40% is from UCRY Policy (19.17%), GlobalEPU
(10.86%), Bitcoin price (4.71%) and IP (4.5%). It is surprising that UCRY Price can only
contribute 0.187%. The contribution of ICEA to the variations in the ICEA quickly dies after
the first period and becomes stable after the sixth period as is the casewith the contribution of
UCRY Policy to the variations in the ICEA. However, the contribution of Bitcoin price to
variations in the ICEA changes fairly rapidly over the first period and eventually seems to
converge at around 50%.As for the contribution of UCRYPrice to variations in the ICEA, this
begins to rise after the first period, and the growth rate gradually accelerates with the
increase of the time period. In the end, UCRY Price to variations in the ICEA can converge at
around 2.8%. These findings are also comparable to results in Lucey et al. (2021), which find
that UCRY Policy and UCRY Price are more important in the short run, and the Bitcoin price
is more important in the long run. The system becomes stable after the eighth period. In the
end, the contribution of UCRY Policy, GlobalEPU, Vix, BCO, GTU, IP and ICEA can converge
at around 11.08%, 6.73%, 1.45%, 4.15%, 1.55%, 1.87% and 20.46%, respectively.

4.3 HD analysis results
The HD is most interesting here, as it shows how, accumulating over time, the ICEA has
changed as a consequence of changes in other variables, providing an interpretation of the
relative importance over time of the various drivers.

CFRI



Figure 4.
FEVD of ICEA
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The HD of the ICEA is shown in Figure 5 with annotated events appended. The contribution
of ICEA shocks to the HD in ICEA is given in green. These shocks match the expectations of
public concerns on the environment to a certain extent. ICEA and UCRY Price have a
significantly positive relationship. In other words, the greater the media’s attention to
cryptocurrency’s effects on the environment, the higher the cryptocurrencymarket value. For
example, Ethereum is already using the equivalent of a small country’s worth of electricity
with the rise of cryptocurrency markets’ price. Bitcoin’s carbon footprint and energy
consumption issues gained significant attention when cryptocurrency market value reached
US$10,000. The ICEA increases with the start of the cryptocurrency bull market. Regulatory
discussions, like UN aims to wipe out the carbon footprint of blockchains, which are
negatively contributed to only small shifts in the ICEA. In contrast, technology’s type policy
adjustment events – for example, Smartcool proves that technologies can lower-energy
consumption and costs for cryptocurrency and the creation of the Bitcoin Energy
Consumption Index – positively impacted the ICEA. As for the shocks in HD from other
variables, VIX and Bitcoin price have a significantly positive impact on ICEA in general. We
can hedge that this is potentially due to the extreme uncertainty and volatility of Bitcoin and
other financial assets. These empirical findings from the HD match the findings in the IRF
analysis. In addition, IP does not show a significant impact on ICEA in the HD analysis. This
phenomenon maybe because COVID-19 had an extremely strong cumulative shock on the IP,
which will cover the shocks from ICEA.

The decomposition also shows that ICEA captures environmental attention that could be
more distinctively attributed to the major environment events in cryptocurrencies. Although
the price of Bitcoin, the UCRY Policy, the UCRY Price and the ICEA are highly correlated, the
ICEA appears to capture environmental attention beyond the Bitcoin price, the UCRY Policy
and the UCRY Price as shown by the decomposition.

4.4 The impact of the ICEA on the cryptocurrency market
ICEA is a new index, so a natural question is whether attention is paid to the environmental
aspects of cryptocurrency generation in the cryptocurrency market. Based on this concern,
we investigated the relationship between the ICEA and cryptocurrency market by using a
panel-pooled OLS model.

The regressionmodel learnt from themethodologies of Pastor and Veronesi (2012), Huynh
et al. (2021), Foglia and Dai (2021), who examined whether the policy uncertainty can predict
the Bitcoin price return, UCRY risk and stock price volatility. The regression model can be
defined as Equation 12 as follows:

Cryptoit ¼ β1ICEAit þ β2Cryptoi;t−1 þ CVit þ cþ εit; (12)

where Cryptoit is the cryptocurrency asset price or index at time t, ICEAit is the
cryptocurrency environmental attention index at time t, CVit is the K 3 K matrix of
control variables, c is a constant and «it is an error term. Cryptoi,t�1 is designed to remove any
serial correlation in Cryptoit. Equation 12 hypothesises that as the ICEA value increases, the
cryptocurrency asset price or index value also increase.

We selected the Bitcoin price and the UCRY indices (UCRY Price and UCRY Policy) as the
explained variables. The reasons whywe chose these three variables are explained in Section
3. “Ethereum” is also included in the cryptocurrency assets because “Ethereum” is a key term
in our ICEA search string. We also add control variables in Equation 12, selecting them from
the left variables in Equation 3 because we have fully demonstrated that these variables may
be highly correlated with the ICEA [14]. To eliminate the dimension divergence of the raw
data in the regression results (L€utkepohl, 2005), we calculated the log change to all the
variables in Equation 3, including the additional Ethereum.
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Table 7 reports the estimation results of Equation 12. Our regression results are not
significantly different whether we add the control variables to our model or not, which
indicates the robustness of the findings. All the β1 coefficient values inmodel (1) andmodel (2)
are positive and significant, which suggests that the ICEA has a positive impact on the log
change of Bitcoin price, Ethereum price and UCRY indices. From the results in model (2), we
can see that when we add control variables to Equation 12, all the values of R2 increase
significantly, which indicates that these regressions fit better. At the same time, we can still
see that the β1 values in model (2) do not decrease significantly, which shows that the
explanatory power of ICEA for the cryptocurrency market can almost maintain the same
level as the conditionwithout control variables. Based on this empirical evidence, we can infer
that a single-unit ICEA log change can contribute a 147.67 Bitcoin price log change, a 206.58
Ethereum price log change, a 0.91 UCRYPolicy log change and a 1.04 UCRYPrice log change.
Moreover, these empirical findings are in accordance with the former IRF, FEVD and HD
results. These findings perfectly align with the previous literature Liu and Tsyvinski (2021),
which finds that cryptocurrency asset returns can be predicted by some factors specific to
cryptocurrency markets.

4.5 Robustness test
ICEA is a newly developed index and it is, therefore, essential to verify its usefulness. In this
part, we conduct a test for robustness on an ICEA benchmark.

Two potential issues may exist in the ICEA index. The first and perhaps most obvious is
does this index really work? Considering this is such a significant concern, the relationships
between the UCRYPolicy, UCRYPrice, ICEA and Bitcoin price should be definitively proved.
The UCRY Policy, UCRY Price and ICEA are designed to reflect the cryptocurrency market,
and the validities of the UCRYPolicy andUCRYPrice have been proved by Lucey et al. (2021).
For this purpose, a Pearson correlation will be applied to find the relationship between UCRY
Policy, UCRY Price, ICEA and Bitcoin price index first.

Second, the continuously compounded returns (CCR) of UCRY Policy, UCRY Price, ICEA
andBitcoin price will be calculated by processing the first difference in the logarithmic values

ΔICEA impact
Model Model
(1) (2)

ΔBitcoin 176.2954*** (0.9071) 147.6654*** (0.5291)
Control variables No Yes
R2 64.90% 88.06%
Observations 86 86
ΔEthereum 211.9687*** (1.347) 206.57732*** (0.6358)
Control variables No Yes
R2 49.66% 88.78%
Observations 66 66
ΔUCRY Policy 0.9376*** (0.00332) 0.9097* (0.00125)
Control variables No Yes
R2 75.16% 96.46%
Observations 86 86
ΔUCRY Price 1.04144*** (0.003049) 1.03549* (0.001173)
Control variables No Yes
R2 81.63% 97.28%
Observations 86 86

Note(s): *p< 0.1; **p< 0.05 and ***p< 0.01

Table 7.
The impact of the ICEA

on cryptocurrency
market
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of two consecutive prices, which can be expressed as follows:CCRit ¼ ln

�
Pit

Pi;t−1

�
3 100, where

CCRi,t denotes CCR for index i at time t andPit stands for the price of index i at time t. Then, the
Pearson correlation will be applied again to find the relationship between the CCR of UCRY
Policy, UCRY Price, ICEA and Bitcoin price index. If ICEA, UCRY Policy index, UCRY Price
index and Bitcoin still show a significant relationship in the CCR, we have further evidence to
prove the validity of ICEA.

The second issue to consider is whether ICEA can actually impact the financial markets.
Based on this potential issue, two further robustness tests were applied. The first test was
highly influenced by Lyu et al. (2021) to re-process stronger IRF tests. More specifically, the
new IRF test increases the confidence interval bootstrapping from 90% to 95% and increase
the threshold of runs from 1,000 to 2000. By increasing the impulses from the ICEA to the
financial markets, the validity of the ICEA’s impact on financial markets can be further
assessed. We have proved that the log change of ICEA has a significant and positive impact
on the log change of Bitcoin price, Ethereum price and UCRY indices. To further examine the
robustness of the impacts of ICEA on cryptocurrency markets, we proposed an extra
robustness test, which learnt from the methodology of AlMamun et al. (2020), to calculate the
CCR for all the variables in Equation 3, including the Ethereum price. We then re-processed
Equation 12 by applying the CCR results.

4.5.1 Robustness test results for indices. From Table 8 Panel A, the correlation value of
ICEA and UCRY Policy is 0.845 at the 99% significance level. The correlation value of ICEA
and UCRY Price is 0.857 at the 99% significance level. The correlation value of ICEA and
Bitcoin price is 0.818 at the 99% significance level. These statistical results prove that ICEA
has a strong, positive and significant correlation with the UCRY Policy index, UCRY Price
index and Bitcoin price. These findings match those in the impulse response analysis and HD
analysis and, therefore, further validating the usefulness of the ICEA. It is worth noting that
the correlation value between the ICEA and the UCRY Price index is the strongest value
amongst the three correlation relationships. This phenomenon may be because the rise of the
UCRY Price index can awaken an environmental awareness in people, and the high
cryptocurrency environmental attention may also stimulate speculations in the
cryptocurrency markets. These small yet novel findings can also reflect the accuracies of
the UCRY Policy index, UCRY Price index and ICEA from the side.

FromTable 8 Panel B, the correlation value ofΔln(ICEA) andΔln(UCRYPolicy) is 0.384 at
a 99% significance level. The correlation value ofΔln(ICEA) andΔln(UCRY Price) is 0.390 at
a 99% significance level. The correlation value of Δln(ICEA) and Δln(Bitcoin) is 0.028 at a
99% significance level. These statistical results also can further prove that the Δln(UCRY
Policy), Δln(UCRY Price) and Δln(ICEA) have a significantly relationship with Δln(Bitcoin).
Therefore, the ICEA can still work from the CCRs’ perspective. Furthermore, the correlation
value betweenΔln(ICEA) andΔln(UCRY Price) is still the strongest amongst the three ICEA
continuously compounded return relationships just mentioned, which means the ICEA is
more sensitive to the UCRYPrice. Theseminor yet interesting findings also prove the validity
of the UCRY Policy, UCRY price and ICEA.

4.5.2 Robustness test results for empirical analysis. In order to check the validity of the
interconnection between the ICEA and financial markets, the new IRF test results concerning
ICEA shocks to the variable system Equation 3 are shown in Figure 6. From the new IRF test
plots, the responses of the financial markets to the impulses from «ICEA still retain the same
values, properties and trends as the former IRF test results, although the confidence interval
bootstrapping is 95% and the threshold of runs is now at 2000. These robustness test results
first prove the reliability and accuracy of the interconnections between the ICEA and financial
markets, which have been explained inmore detail in themain context; but essentially, the final
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interconnection results will not be changed by the increasing of the confidence interval
bootstrapping and the threshold of runs. These robustness test results also prove that the
volume of endogenous shocks and the confidence interval limitation will not impact the
potential results. In other words, the responses of the financial market indices, which are
described in Equation 3, can only be impacted by the intrinsic characteristics of ICEA. This
robustness test can provide enough evidence that the former empirical findings of
interconnection relationships between the ICEAand its financialmarkets are valid and reliable.

Table 9 displays Equation 12 estimation results at the CCR level. We find that all the β1
coefficient values in model (1) and model (2) remain positive and significant, which suggests
that the volatility of Bitcoin, Ethereum and UCRY indices increases when there is more
attention paid to the environmental aspects of cryptocurrency generation. Based on these
statistical results, we can conclude that the impacts of ICEA on cryptocurrency assets remain
robust at the CCR level. Finally, we see that ICEA has a positive impact on Bitcoin price,
Ethereum price and UCRY indices.

5. Conclusion and implications
We have developed a new measure of attention to sustainability concerns of cryptocurrency
markets’ growth. An ICEA has been constructed using 778.2 million news stories from the
LexisNexis News & Business database. The index demonstrates significant increases in
attention to cryptocurrency environmental impacts displayed via both traditional and social
media channels from 2014 to 2021. Our findings suggest that the public is growing more
concerned with energy consumption of these innovative assets. This result should be
considered by environmental policy-makers and the necessity of regulation of this area
should be discussed.

This study further analysed themain drivers of this awareness and assessed contributions
of how ICEA variations can affect various uncertainty measures (UCRY Policy, UCRY Price,
GlobalEPU, Vix and GTU) and other factors that might be affected, including the extent of the
attention to environmental problems in cryptocurrency markets, traditional energy markets
and IP (Bitcoin price, BCOand IP). The results from impulse response analysis show that ICEA
has a significantly positive impact on the UCRYPolicy, the UCRYPrice, VIX, BCO andBitcoin
price, whilst ICEA has a significantly negative impact on the GlobalEPU and GTU. It is worth
nothing that Bitcoin has the strongest reactions from the ICEAvariation shocks and ICEAhas
a significantly positive impact on the IP in the short term, whilst having a significantly
negative impact in the long term, and the short-term positive impact is leading.

Panel A: UCRY, ICEA, Bitcoin indices Pearson
correlation

UCRY
Policy

UCRY
Price ICEA Bitcoin

UCRY Policy 1*** 0.985*** 0.845*** 0.847***
UCRY Price 0.985*** 1*** 0.857*** 0.852***
ICEA 0.845*** 0.857*** 1*** 0.818***
Bitcoin 0.847*** 0.852*** 0.818*** 1***

Panel B: UCRY, ICEA, Bitcoin indices
volatility Pearson correlation

Δln(UCRY
Policy)

Δln(UCRY
Price) Δln(ICEA) Δln(Bitcoin)

Δln(UCRY Policy) 1*** 0.903*** 0.384*** 0.056***
Δln(UCRY Price) 0.903*** 1*** 0.390*** 0.048***
Δln(ICEA) 0.384*** 0.390*** 1*** 0.028***
Δln(Bitcoin) 0.056*** 0.048*** 0.028*** 1***

Note(s): *p< 0.1; **p < 0.05 and ***p < 0.01

Table 8.
UCRY, ICEA, Bitcoin

indices Pearson
correlation
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Figure 6.
Impulse from ICEA to
other factors
robustness test
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However, by decomposing the forecast variance into the contributions from exogenous
shocks, we demonstrate that at the beginning of our observation period, the UCRYPolicywas
the largest contributor to ICEA variations (19.17%), whilst Bitcoin and UCRY Price
contributed just 4.71 and 0.187%, respectively. These findings provide strong evidence that
environmental concerns originated in policy and regulation domains, and up until recently,
were not themain concerns of cryptocurrency investors who have been attracted to this asset
class due to the rapid growth of cryptocurrency prices. The HD of the ICEA displays higher
linkages between environmental attention, Bitcoin price, UCRY Policy and UCRY Price
around key events that significantly changed prices of digital assets, for e.g. cyberattacks on
cryptocurrency exchanges, the COVID-19 crisis, ICO and DeFi booms and Bitcoin bubble-like
periods. Therefore, we can conclude that overall attention to environmental issues of
cryptocurrencywill increase cryptocurrency price fluctuations. Thus, growth, expansion and
adoption of cryptocurrencies worldwide should not be ignored by regulators and high-level
debates around sustainability concerns brought by this disruptive innovation have to be
originated. The assessment of the potential negative impacts of this new technology on
climate change and potential mitigation strategies have to be included in the global
sustainability agendas. Finally, a panel-pooled OLS regression model indicates that the ICEA
positively impacts Bitcoin price, Ethereum price and UCRY indices.

Concerning the robustness test, this research applied a Pearson correlation to analyse the
relationship between the UCRYPolicy, UCRYPrice, ICEAandBitcoin price.We then used the
Pearson correlation again to investigate the relationship between the CCR of UCRY Policy,
UCRY Price, ICEA and Bitcoin price. These two Pearson correlation analyses successfully
proved the usefulness and effectiveness of the ICEA because the index showed a significant
relationship with UCRY Policy, UCRY Price and Bitcoin price, as well as with their CCR.
Therefore, we have confidence believing the new issuing index is robust. In addition, we
raised the confidence interval bootstrapping and threshold of runs in the IRF test to examine
the interactions between the ICEA and financial markets. The new IRF tests, with the higher-
confidence interval bootstrapping and threshold of runs, also show the same results as the
outcomes in the main context. These new IRF tests successfully prove the robustness of the

ΔlnICEA impact
Model Model
(1) (2)

ΔlnBitcoin 140.311*** (0.285) 107.3383*** (0.242)
Control variables No Yes
R2 51.84% 79.49%
Observations 85 85
ΔlnEthereum 19.1874* (1.690) 17.1546*** (1.673)
Control variables No Yes
R2 29.99% 44.01%
Observations 65 65
ΔlnUCRY Policy 0.9476*** (0.9746) 0.9410* (0.1581)
Control variables No Yes
R2 80.84% 97.24%
Observations 85 85
ΔlnUCRY Price 1.0459*** (0.4012) 1.02432* (0.1488)
Control variables No Yes
R2 84.51% 97.87%
Observations 85 85

Note(s): *p< 0.1; **p< 0.05 and ***p< 0.01
Table 9.

Robustness test
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findings of the ICEA’s impact on the financial markets. In the end, we re-processed the panel-
pooled OLS regression model at a CCR level. The regression results confirmed the former
empirical findings of the ICEA and the cryptocurrency assets we selected.

Although cryptocurrencies are widely considered to be one of the most significant
financial innovations in recent times, an investment asset that offers high returns to the
inventors and that is able to fuel the financial market, especially under the COVID-19, we
must assess whether this justifies environmental issues, such as high-energy consumption
and air pollution from its mining and transactions. Whilst blockchain technology has a
number of useful implications and great potential to transform several industries, high-
energy consumption andCO2 pollution issues of cryptocurrency have become one of themain
areas of criticism, raising several questions of sustainability of cryptocurrency as a new form
of money and investment assets. These results are essential for both policy-makers and for
academics, since they highlight an urgent need for research addressing key issues such as the
growth of carbon produced in the creation of this new digital currency. The results are also
important for investors concerned with ethical implications and environmental impacts of
their investment choices.

From the perspective that cryptocurrency assets are new speculative assets that gain
abnormal returns for a small proportion of the investors and are full of price bubbles [15],
(much like sneakers transaction and P2P (peer to peer lending) lending in 2020),
cryptocurrency markets cannot bring any real value to society and economies. Based on
this, its high-energy consumption can be argued to be unnecessary, wasteful and
unsustainable. It relies heavily on coal as its main energy source and thus contributes to
the growing climate change problem. This energy could be used more wisely to support
more important and critical services in society. Additionally, it increases pressure on
power suppliers to produce and distribute more energy. However, if we value
cryptocurrency as a novelty method for payment and money transfer, we should not
deny the real value of cryptocurrency. Following this line of thinking, we should consider
that the negative environmental effect of cryptocurrency is not the problem of the
cryptocurrency itself but the energy sources. Therefore, policy-makers should encourage
people to use green renewable energy and new low-power consumption blockchain
technologies, such as solar energy, wind energy and solid oxide fuel cell energy systems
to supply the electrical power demand for cryptocurrency mining and transaction
processes demand, which can effectively decrease the carbon footprint of cryptocurrency
usage and cryptocurrency speculative investments. At the same time, the bull policy
regulations may also stimulate the growth of green investment and renewable energy
market, which can compensate for cryptocurrency’s current carbon footprint.

In the end, the ICEA is important in the analysis of whether cryptocurrency markets are
sustainable in terms of their energy consumption requirements and their negative
contributions to climate change. A broader impact of the cryptocurrency environmental
concern on cryptocurrency market volatility, uncertainty and environmental sustainability
should be considered and developed. Moreover, we want to point out future research and
policy legislation directions; notably, we pose the question of how cryptocurrency can be
made more sustainable and environmentally friendly and how governments’ policies on
cryptocurrency can address the cryptocurrency markets. Recently, some scholars have
already argued that the societal value that Bitcoin provides is worth the resources needed to
sustain it [16]. Therefore, discussion papers about cryptocurrency energy consumption
issues and the research agenda are urgently needed. In addition, applying sentiment analysis
to the corpora used to construct the ICEA also can be considered. It is worth investigating
how the different tones about the cryptocurrency environment can impact the
cryptocurrency markets.
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Notes

1. More details can be found in: https://www.ft.com/content/1aecb2db-8f61-427c-a413-3b929291c8ac

2. More details can be found in: https://www.ft.com/content/7b5b1cc4-50bb-437f-aa16-f106d2dbc1c7

3. More details can be found in: https://www.nature.com/articles/d41586-018-07283-3

4. For more details about cryptocurrency regulatory events, please find in Shanaev et al. (2020).

5. More details can be found in: https://cbeci.org/faq/

6. Weekly values can be downloaded from here: https://sites.google.com/view/cryptocurrency-indices/
home?authuser50

7. The GTU measure is taken from and represents the 95% confidence interval of the global
temperature anomaly.

8. The reasons why we choose these two unit root tests are available on demand.

9. Data can be downloaded from: http://berkeleyearth.lbl.gov/auto/Global/Complete_TAVG_
complete.txt

10. Detailed results of model stationary are not reported here for the sake of brevity. All test results are
available upon reasonable request.

11. The detailed processes of how Equation 7 can be calculated are not discussed here for the sake of
brevity. All the calculation processes are available upon reasonable request.

12. Detailed results and statistics of the variable systemEquation 3 shocks to the ICEA are not reported
here for the sake of to brevity. All test results are available upon reasonable request.

13. Plots and statistic results about the FEVD of other variables are not reported here due to brevity. All
test results are available upon reasonable request.

14. When Bitcoin price is the explained variable, ICEA is the explanatory variable, and the control
variables are the UCRY indices, GlobalEPU, Vix, BCO, Bitcoin, GTU and IP.

15. More details can be obtained from: https://play.acast.com/s/the-irish-economics-podcast/39-what-is-
cryptocurrency-prof-brian-lucey-tcd

16. More details can be found in: https://hbr.org/2021/05/how-much-energy-does-bitcoin-actually-
consume.
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