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Abstract The COVID-19 pandemic has had profound consequences on global economies, with the
electricity sector being no exception. Volatility in electricity prices has become a key concern for
policymakers striving to maintain energy security and economic stability. To mitigate the health
crisis, governments implemented strict containment measures, including lockdowns, social
distancing, and event cancellations. These interventions, while essential for public health, also
disrupted energy demand and supply patterns. This study supports regulators by quantifying the
short- and long-term impacts of the pandemic on local electricity prices (LEP) in the Nord Pool
market (Norway, Sweden, Denmark, Finland, Estonia, Latvia, and Lithuania) during 2020. The
findings highlight a crucial link between crisis response strategies and the transition to sustainable
energy systems. In times of uncertainty, governments tend to prioritize renewable energy
investments, particularly wind power, which offers a clean and resilient alternative to fossil-fuel-
based electricity generation. Using the PMG-ARDL estimator, our analysis reveals a significant long-
term negative association between government interventions and LEP, as well as between wind
energy production (WEP) and LEP. Specifically, an additional gigawatt of wind energy generation
reduces local electricity prices by up to €0.09, confirming the merit-order effect in both short- and
long-term horizons. These findings emphasize the environmental and economic benefits of
expanding wind energy capacity as a stabilizing force in electricity markets. Moreover, while health-
related news influenced LEP fluctuations over the long run, government restrictions had a limited
short-term impact, likely due to the inelastic nature of electricity demand and supply. This study
reinforces the argument that integrating more renewable energy sources can enhance market
resilience, reduce price volatility, and contribute to long-term sustainable development, making the
energy transition an essential pillar of post-pandemic recovery strategies.

Keywords: COVID-19; government intervention; renewable energy; wind energy production;
sustainable development; merit-order effect; local electricity price; Panel ARDL

1. Introduction

It is widely admitted that COVID-19 has engendered devastating consequences on worldwide
economies (Maital and Barzani, 2020; Ahmad et al., 2020). The Nord Pool region has its part of the
pie. As of October 1, 2020, Sweden reported 93,615 infections and 5,893 deaths from the COVID-19
epidemic, with 24 patients in intensive care. Sweden currently has fewer daily infections than
Denmark, which has 27,998 infections and 650 deaths. Denmark has faced a second wave, with 678
new cases on September 25, exceeding the March peak, a reproduction rate over 1 (1.5 in
Copenhagen), and a test positivity rate of 1% at month-end (compared to 0.1% in July). Norway
reported 13,914 infections and 274 deaths by September 30, with no patients in intensive care. Finland
had 9,992 cases, 344 deaths, and 4 patients in intensive care. The infection rate in Finland over the last
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fourteen days was the lowest in the Nordic countries, at around 20.4 cases per 100,000 inhabitants.
Latvia recorded 843,070 cases and 5,862 deaths, while Estonia recorded 582,867 cases and 2,608 deaths
(High Council of Public Health). Governments have assisted people with healthcare emergency
programs, including isolation of infected people, social distancing, postponing events, and deleting
all types of gatherings. One can wonder whether pandemic-related variables such as confirmed cases,
mortalities, and government policies shaped the electricity market in the Nord Pool countries. If so,
a pronounced impact on those markets should be observed when governments intervene to limit the
spread of the virus. These features are relevant to the electricity market, distinguishing our study
from others in its analysis of electricity price dynamics. As a consequence of the pandemic, changes
in social behavior are detected. This includes a considerable reduction in electricity consumption and
demand (Mastropietro et al., 2020; Wen et al., 2022a). With the arrival of the epidemic, the supply of
electricity is also warranted with a higher emphasis and interest on energy policy. The development
of renewable energy has shown the importance of wind energy specifically in the Nord Pool region
(Pointel, 2016; Unger et al., 2018). Apart from being less expensive compared to other energy source
such as nuclear power, it is widely acknowledged that wind energy is environment-friendly
(Mertens, 2005; Nelson, 2009; Wang & Wang, 2015; Saidur et al., 2016; Solarin & Bello, 2022).

This study aims to investigate the role of COVID-19 news, containment, lockdown restrictions,
economic support, and WEP in Local Electricity Prices (LEP) within the Nord Pool region. Prices can
help individuals and businesses adjust for electricity consumption (Lindberg, 2023). Moreover, by
including wind energy, we put the merit-order effect under test in the short and long run. While a
plethora of studies have explored the merit-order effect in various countries, literature is scarce on
this phenomenon in the Nord Pool region, particularly in the context of the extensive impact of
COVID-19.

The salient feature of this paper is to emphasize the role of governments in terms of energy
demand/supply and limiting the spread of the virus. Beyond addressing immediate public health
concerns, this study emphasizes the broader responsibility of policymakers in managing energy use
sustainably and fostering awareness of the environmental implications of shifting consumption
patterns. The pandemic has altered energy demand dynamics, with some consumers adapting their
behavior in response to evolving economic and social conditions. The novelty of the paper is, thus,
to include specific COVID-19 and government intervention metrics. In examining the relationship
between WEP and LEP, it is important to advance knowledge about inform policy. We argue that
WEP can be a pathway for abating environmental degradation and is considered a clean energy.
Meanwhile, there is a variation in how countries’ governments mobilize citizens and markets
regulators to administer rules, thereby affecting the effectiveness of these rules. Compliance with the
government’s restrictions is assessed through the degree of attentiveness to news about infected
people and mortalities. Incorporating the COVID-19 variables assesses the severity of the epidemic
and provides an implicit hint to people’s reactions and social engagement. Multiple announcements
about mobility restrictions and containment measures put the efficient use of information under test
(see Angeletos & Pavan, 2007). On the other hand, channels through which information is
disseminated pose challenges to their transmission mechanisms. In such a special event, factors that
lead to government are particularly relevant (Funke et al., 2023). This includes trust in media, in
scientists or investors’ sentiments such as fear, greed, love, and intrinsic instinct (Allcott et al., 2020;
Bargain and Aminjonov, 2020; Malmendier & Nadler, 2011; Simonov et al., 2020; Webster et al., 2020).
Another concern raised when assessing the variables of interest is the time window between the
governments’ announcements and the effective implementation of lockdown restrictions,
containment, and economic assistance (Funke et al., 2023). We believe that Panel ARDL modeling is
suitable for that purpose on the grounds of a battery of tests visa.

The paper has the following layout. A comprehensive assessment of the literature is provided
in Section 2. Section 3 covers material and method. The empirical findings are shown and discussed
in Section 4. Section 5 concludes.
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2. Literature Review
2.1. Electricity Markets’ Performance During COVID-19 and the Role of Government

The COVID-19 crisis has spurred governmental development policies to cope with its dramatic
health as well as economic consequences. With the slowdown of economic activity, unusual
movements in electricity operations and prices are noticed. Pradhan et al. (2021) argued that
variations in wholesale electricity prices hinged on a lower market concentration and a cleaner
environment policy. Similarly, Bigerna et al. (2022) cheered the role of competitiveness in hard times
such as COVID-19. In the European region, Deloitte’s report (2020) and Graf et al. (2021) recognized
a decline in demand in the electricity markets, especially driven by the lockdown restrictions (see
Zhong et al., 2020; Santiago et al.,, 2021; Gonzalez-Lopez et al., 2022; Sanchez-Lépez et al., 2022).
Similarly, Leach et al. (2020) noticed a demand fallout in the electricity markets of Canadian
provinces. Shifts in behavior and sentiments are also depicted under exogenous shocks (Szczygielski
et al., 2022). Norouzi et al. (2020) found out that the announcement of confirmed and death cases
causes fear and insecurity for investors, explaining the adverse effects of that news on energy prices
in Spain. In the same vein, US electricity consumption fell because of infected people, social
distancing restrictions, and business project records (Ruan et al., 2020).

Both high wind penetration and the merit of scientific advice from the government stabilized
the electricity prices in Germany (Halbriigge et al., 2021). Investing in renewable energy sources is
also recommended from an African landscape (see Akrofi & Antwi, 2020). While fiscal and financial
measures undertaken by the governments are provisory in those countries, the pandemic has the
premise of a clean energy transition with a long-lasting positive effect on the sector. Bidding on
renewable energies made of a combination of regulatory structure and climate state should reinforce
electricity supply security (Bento et al., 2021). The Brazilian government has intervened financially
with a loan-based policy to alleviate the effects of COVID-19 on the electricity market, without
achieving an immune system (Costa et al., 2021). In Ibero-America, the government assisted citizens
with delays and reductions in bills prices. This economic aid does not, however, reach all social
categories (Lazo et al., 2022). To sum up:

e  Wind is a leading electricity generation technology during COVID-19.

e  There is no clear, direct, and sufficient assessment of COVID-19 effects on electricity markets,
making our contribution unique in this respect, at least, in the Nord Pool countries to the best of
our knowledge. In addition to the health news, protective measurements by governments in
those countries should be explicitly identified and quantified.

e We need to draw policy implications of using renewable energy to ensure sustainable
development.

2.2. The Effect of WEP on LEP

The WEP-LEP nexus has been thoroughly investigated in the literature. According to Woo et al.
(2013), rising wind power in the US Pacific Northwest caused a brief but notable decline in the
wholesale market pricing. Likewise, Rana & Ansari (2013) showed that WEP can affect power market
pricing using a genetic algorithm and a single auction market model. De La Nieta et al. (2014)
demonstrated using a price maker optimization model that wind power providers can reduce LEPs
in the near term by taking part in the day-ahead market without getting any premiums or assistance.
Interestingly, Ketterer (2014) found that while wind power lowers prices, it also raises volatility in
the short term but will likely decrease the wholesale electricity prices in Germany by 2023.

A Monte Carlo study by Lynch and Curtis (2016) supported reduced production costs and less
price volatility due to greater wind capacity. Zamani-Dehkordi et al. (2016) demonstrated that, in the
short term, higher wind output lowers wholesale market prices by a marginal but economically
significant amount. This observation is shared by Brancucci Martinez-Anido et al. (2016) and
complemented by a rise in price volatility in the near term. Benhmad and Percebois (2016)
demonstrated that increasing wind power contributes to lower levels of electricity spot prices but
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higher volatility. The WEP-LEP relationship is also sensitive to seasonal effects (Badyda & Dylik,
2017). Wirdemo (2017) and Makalska et al. (2018) asserted that higher WEP has a significant,
especially short-term, impact on LEP volatility. Csereklyei et al. (2019) showed that daily and
monthly impacts are substantial while short-term price swings in gasoline markets have minimal
effect on LEPs in Germany. Veraart (2015), Pereira and Rodrigues (2015), Pineau et al. (2020), and
Meng et al. (2021) contended that wind power causes downward prices.

Technological advancements in wind turbine efficiency have been outweighed by higher
indirect costs associated with grid integration. In light of this, WEP has been a prominent catalyst of
LEPs (see Ulm et al., 2020; Dorrell and Lee, 2021). Nonetheless, Doering et al. (2021) discovered that
inadequacies in wind power generation systems, particularly in times of elevated electricity demand,
resulted in increased US spot prices in both low- and high-price scenarios. During the dry season,
higher wind generation increases price variation and decreases nodal prices (Wen et al., 2022b). While
tracking changes in price levels and volatility, Ederer (2015) and Hosius et al. (2023) advocated for
offshore over onshore wind energy.

2.3. The Short-Term and Long-Term Merit-Order Effect of Wind Energy

Based on the studies in sub-section 2.2, the distinction between the short-term and long-term
impact of wind energy is warranted, especially its role in sustainable development. In the short term,
wind energy can reduce wholesale electricity prices by replacing more expensive generators, as
identified by Hirth (2013). Such a situation breaks down to what is called the merit-order effect. This
price reduction not only benefits consumers but also incentivizes a cleaner energy mix, aligning with
global sustainability goals. De Miera et al. (2008), Azofra et al. (2014), and Escribano & Ortega (2021)
recognized the presence of a merit-order effect triggered by increases in wind generation for the case
of Spain. Similarly, Bell et al. (2017) noticed a decrease in the wholesale electricity prices in Australia
due to high wind generation capacities by establishing different scenarios. Renewable energy sourced
from wind power leads to lower electricity prices in Sweden with a stable daily merit-order effect
(Macedo et al., 2021). Figueiredo & da Silva (2019) discussed rather the determinants of the merit-
order effect in the Iberian electricity market and found that the effect is more pronounced with high
penetration of both wind and solar power as well as with demand. Further empirical studies support
the merit-order effect in other countries (e.g., Clo et al., 2015; Lopez et al., 2018; Acar et al., 2019).

Once the merit-order effect is evidenced, it is essential to account for the distributional effects in
the policy design (see Sensfufs et al., 2008; De Miera et al., 2008; Cludius et al., 2015).

Yet, the long-term merit-order effect is more ambiguous (Borenstein and Bushnell, 2018). An
intriguing and extensive contribution is made by Antweiler and Muesgen (2021) wherein they
considered different situations. They developed a theoretical model and simulations were conducted
to depict prices’ sensitivity to the share of renewable energy in Germany. The merit-order effect is
undoubtfully identified in the short horizon, while such an effect arises only when Antweiler &
Muesgen (2021) established a “monopolistic base load” scenario. Earlier work by Acemoglu &
Kahhbod (2017) considered a setting with incomplete information and showed that the merit-order
effect diminishes once they accounted for diversified electricity portfolios, a result that is already
achieved by Green & Vasilakos (2011) using a dispatch model for Great Britain electricity market.!

Except for Macedo et al. (2021) for the Swedish case, we do not record studies about the merit-
order effect in the Nord Pool region. Further, no investigation about that phenomenon coupled with
the COVID-19 impact has been done, distinguishing again our work from previous literature.
Furthermore, Wind energy is a cornerstone of sustainable development by mitigating price volatility
and decreasing reliance on fossil fuels. The expansion of wind power contributes to economic
efficiency in electricity markets and supports global climate action by reducing greenhouse gas

1. For a comprehensive survey of the merit-order effect from different sources of renewable energy, we
recommend Bublitz et al. (2017).
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emissions. These findings emphasize the necessity of policies that promote investment in renewable
energy infrastructure, ensuring a resilient, low-carbon future.

3. Material and Method

3.1. Data

We gathered data on LEP in Euro and WEP in MWh from the Nord Pool database while the
COVID-19 metrics were collected from Our World in Data (see Table 1). The sample spans from
01/01/2020 until 31/12/2020 across seven countries (Norway, Sweden, Denmark, Finland, Estonia,
Latvia, and Lithuania) and 15 regions.

Table 1. Variables, Symbols, and Measurement.

Variables Symbols in Tables Measurements
LEP LOCAL_PRICE2 Local Electricity Price in Euro (€)
WEP PRODUCTION Wind Energy production in MWh
Ranges from 0 to 100, where higher
Government 1 .
Stringency STRINGENCY_INDEX Vélges indicate étr.mter .government
Index (GSI) policies and restrictions in response to
the COVID-19 pandemic.
Containment The index typically ranges from 0 to
Health Index = CONTAINMENT_HEALTH_INDEX 100, where higher values indicate better
(CHI) virus containment.
The index typically ranges from 0 to
Economics 100, where higher values indicate a
Policy Index ECONOMICPOLICY_INDEX more accommodative economic policy
(EPI) stance and lower values indicate a
more restrictive stance.
COVID-19
Confirmed Total number of deaths attributed to
Death (CCD- DETH_COV COVID-19
19)
COVID-19
Confirmed Total number of total confirmed cases
Cases (CCC- C_CASES of COVID-19
19)

Figure 1 tracks the average effect of WEP on LEP by country and region. The horizontal axis
stems from renewable energy sourced by wind production flow. The vertical axis pertains to
electricity prices expressed in €/ MWHh. The visual inspection of Figure 1 indicates that five out of the
15 regions support the merit-order effect, that is an increase in WEP leads to lower levels of LEP.
Taken all regions together, there is a downward pattern of LEP following the high flow of wind
penetration.
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Figure 1. The merit-order effect by country and region. Notes: DK: Denmark, EE: Estonia, FI: Finland, LT:
Lithuania, LV: Latvia, NW: Norway, SE: Sweden.

3.2. Summary Statistics

In 2020, the mean of LEP is €20.34, with a €15.20 standard deviation and a €17.74 median (Table
2). We also note a positively skewed distribution of prices. There are considerable price swings as the
range of extreme boundaries is €-14.37 to €107.42. Data for WEP indicates a skewed distribution, with
a mean and standard deviation of 75,944.61 MWh and 63,686.25 MWHh, respectively. The production
range of 2,431 MWh to 307,951 MWh indicates a significant disparity in the pandemic’s impact on
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government policy metrics. The CHI has an average of 40.01 with a standard deviation of 23.19,
whereas the GSI has a mean of 43.50 with a standard deviation of 18.86. A mean of 43.26 and a
standard deviation of 27.83 are reported for the EPIL. The health situation is dominated by infected
more than dead people (Mean of 8912.5 versus 255). Overall, WEP’s stability can be attributed to its
renewable nature as well as stimulus initiatives designed to avert a financial disaster. Although
government controlling measures shift energy demand, contracted markets, and incentive programs
guarantee WEP’s resilience (Juergensen et al., 2020).

Table 2. Descriptive statistics.

Statistics LOCAL_PRIPRODUCT STRINGENCY_I CONTAINMENT_HEALT ECONOMICPOLICY_C_CAS DETH_C

CE2 ION NDEX H_INDEX INDEX ES OV
Mean 2033955  75944.61 43.50066 40.00940 43.26275 31223'9 1213.866
) 8912.50
Median 17.73500  61512.00 50.00000 47.62000 37.50000 o 2550000
' 437379.
Maximu  107.4200  307951.0 87.04000 76.67000 100.0000 o 8727.000
m
. 1437000 2431.000 0.000000 0.000000 0.000000 0-00000; 530000
Minimum 0
Dsgj‘ 1520087  63686.25 23.19269 18.86467 27.83101 614526'0 2165.384
0952031  1.036769 -0.684225 -1.063694 -0.014762 375757 801314
Skewness 1
) 19.4558
Kurtosis 4155320  3.399146 2.443343 2910775 2.348256 o 4638427
]a];eq;e’ 1134650  1019.967 499.2516 1037.094 97.36563 74823'7 3582.996
. 0.00000
Probabilit 0.000000  0.000000 0.000000 0.000000 0.000000 o 0000000
y
Observati -9, 5490 5490 5490 5490 5490 5490

ons
Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, GSIL: SRINGENCY_INDEX, CHI:
CONTAINMENT_HEALTH_INDEX, EPI: ECONOMIC_POLICY_INDEX, CCC-19: C_CASEs, CCD-19:
DETH_COV.

Table 3 presents the correlation coefficients among the different variables and illustrates their
relationships. The Government Stringency Index (GSI), Containment Health Index (CHI), and
Economic Policy Index (EPI) are highly significantly and mutually correlated. Hence, we include
these variables separately to avoid biased results.

WEP and LEP have a mild negative association (r = -0.231703), meaning that a change in one
variable leads to a decline in the other variable. Conversely, there is a marginally positive weak
connection (r = 0.146751) between CCC-19 and WEP. A small negative association (r = -0.102315)
between GSI and LEP indicates that, during the COVID-19 pandemic, LEP somewhat decreased in
response to stricter GSI. Viral containment strategies are shown to have no association LEP, with a
negligible negative correlation with CHI and WEP (r = -0.008198). Finally, a positive correlation of r
= 0.284449 between EPI and LEP indicates that a more accommodating economic policy results in the
moderate rise in LEP.

Table 3. Pairwise correlation matrix.

Correlation

LOCAL_P PRODUC C_CA DETH_ STRINGENCY_CONTAINMENT_HEAL ECONOMICPOLIC
RICE2 TION SES COV INDEX TH_INDEX Y_INDEX

LOCAL_PRICE2 1.000000

Probability

PRODUCTION -0.231025 1.000000
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0.0000
C_CASES 0.089923 0.146751 1'%(())00
0.0000 0.0000  -----
DETH_COV 0.039580 0.167449 O'§g751.000000
0.0034 0.0000 0.0000 -----
0.3375
STRINGENCY_INDEX -0.089099 -0.047411 75 0.376672  1.000000
0.0000 0.0004 0.0000 0.0000 -----
CONTAINMENT_HEAL 0.3602
TH_INDEX 0.003809 -0.085018 % 0.388556 0.958722 1.000000
0.7778 0.0000 0.0000 0.0000 0.0000 —
ECONOM];CEI;(OLICY_IN 0.288253 -0.213782 O'?)15250.215859 0.634595 0.729088 1.000000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -

Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, SRINGENCY_INDEX: GSI,
CONTAINMENT_HEALTH_INDEX: CHI, ECONOMIC_POLICY_INDEX: EPI, C_CASES: CCC-19,
DETH_COV: CCD-19.

It is noteworthy that the number of confirmed cases declines within seven days lag window (see
Askitas et al., 2021). Simple panel regressions are not adequate for such analyses and distinguishing
short/long-term impacts becomes appealing. 2

3.3. Preliminary Tests
3.3.1. Panel Cross-Sectional Dependence Test

The cross-section dependence test determines whether there is a correlation between the regions
where LEP and WEP are measured. Table 4 displays the results of three different cross-sectional
dependence tests: the Breusch-Pagan LM test, the Pesaran scaled LM test, and the bias-corrected
scaled LM test. For all of these tests, the null hypothesis assumes that there is no cross-sectional
dependence between regions. LEP and WEP test statistics are presented, along with their
accompanying p-values. In each case, the p-values are less than 0.05, rejecting the null hypothesis
and confirming cross-sectional dependence.

Table 4. Cross-sectional dependence test.

Variables LOCAL_PRICE2 PRODUCTION
Test Statistic ~ Prob. Statistic Prob.
Breusch-Pagan LM 14005.79  0.0000 5312.917 0.0000
Pesaran scaled LM 959.2455  0.0000 359.3804 0.0000
Bias-corrected scaled
LM 959.2249  0.0000 359.3599 0.0000
Pesaran CD 102.7843  0.0000 53.56542 0.0000
STRINGENCY_IN C_CASES
Variables DEX
Test Statistic ~ Prob. Statistic Prob.
Breusch-Pagan LM 31684.81  0.0000 36387.38 0.0000
Pesaran scaled LM 2179.214  0.0000 2503.722 0.0000
Bias-corrected scaled
LM 2179.193  0.0000 2503.701 0.0000

2 Using pooled OLS in our case may lead to biased estimations (see Baltagi, 2009; Okui and Wang, 2021).
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Pesaran CD 177.5544  0.0000 190.6909 0.0000
Variables DETH_COV CONTAINMENT_HEALTH_I ECONOMICPOLICY_IN
NDEX DEX
Test Statistic ~ Prob. Statistic Prob. Statistic Prob.
Breusch-Pagan LM 31350.07  0.0000 34072.50 0.0000 28041.83 0.0000
Pesaran scaled LM 2156.115  0.0000 2343.980 0.0000 1927.824 0.0000
Bias-corrected scaled
LM 2156.094 0.0000 2343.959 0.0000 1927.804 0.0000
Pesaran CD 174.3654  0.0000 184.4641 0.0000 165.9556 0.0000

Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, GSIL: SRINGENCY_INDEX, CHI:
CONTAINMENT_HEALTH_INDEX, EPI: ECONOMIC_POLICY_INDEX, CCC19: C_CASES, CCD19:
DETH_COV.

3.3.2. The Second Generation of Panel Unit Root Tests

When data shows cross-sectional dependence, the second generation of panel unit root tests is
applied (Bai, 2009; Moon et al., 2004; Pesaran, 2007). Table 5 shows that certain variables have a unit
root. Nonetheless, all variables reject the unit root at the first difference (refer to Table 6). The Cross-
sectional Augmented IPS (CIPS) test adds additional regressors to the IPS test, which was created by
Im, Pesaran, and Shin (Im et al., 2003) and is based on the Augmented Dickey-Fuller (ADF) test. The
truncated CIPS (TCIPS) copes with panels with large cross-sectional units. Based on CIPS and TCIPS
tests, LEP, WEP, GSI, CHI, and EPI reach stationarity in their first differences, minimizing the
likelihood of erroneous regressions. The CCC-19 variable is I(1), and CCD-19 alternates between 1(0)
and I(1) using TCIPS with a constant and trend.

Table 5. Unit root test in level.

None
Variables CIPS Truncated CIPS
T-stat p-value T-stat p-value
LOCAL_PRICE2 -3,88014 <0,01 -3,88014 <0,01
PRODUCTION -3,51233 <0,01 -3,51233 <0,01
STRINGENCY_INDEX -2,21927 <0,01 -2,21927 <0,01
C_CASES -1,07349 >=0,1 -1,78589 <0,05
DETH_COV -0,35708 >=0,1 -0,67443 >=0,1
CONTAINMENT_HEALH_INDEX -1,86017 <0,01 -1,86017 <0,01
ECONOMICPOLICY_INDEX -3,27169 <0,01 -3,27169 <0,01
With constant
Variables CIPS Truncated CIPS
T-stat p-value T-stat p-value
LOCAL_PRICE2 -4,10308 <0,01 -4,10308 <0,01
PRODUCTION -4,08823 <0,01 -4,07992 <0,01
STRINGENCY_INDEX -2,55766 <0,01 -2,55766 <0,01
C_CASES -1,35202 >=0,1 -2,04964 >=(0,1
DETH_COV -0,47934 >=0,1 -0,89795 >=0,1
CONTAINMENT_HEALTH_INDEX -2,12315 <0,01 -2,121315 <0,01
ECONOMICPOLICY_INDEX -3,29349 <0,01 -3,29349 <0,01
Variables CIPS Truncated CIPS
T-stat p-value T-stat p-value
LOCAL_PRICE2 -4,24799 <0,01 -4,29799 <0,01
PRODUCTION -4,38077 <0,01 -4,31591 <0,01
STRINGENCY_INDEX -2,40792 >=0,1 -2,40792 >=(0,1
C_CASES -2,32947 >=0,1 -2,32947 >=(0,1

DETH_COV 0,03405 >=0,1 -3,41875 <0,01
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CONTAINMENT_HEALTH_INDEX -2,04407 <0,01 -2,04407 <0,01
ECONOMICPOLICY_INDEX -3,72087 <0,01 -3,72087 <0,01

Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, GSI: SRINGENCY_INDEX, CHI:
CONTAINMENT_HEALTH_INDEX, EPI: ECONOMIC_POLICY_INDEX, CCC-19: C_CASEs, CCD-19:
DETH_COV.

Table 6. Unit root test in first difference.

None
Variables CIPS Truncated CIPS
T-stat p-value T-stat p-value
LOCAL_PRICE2 -10,97256 <0,1 -5,99797 <0,1
PRODUCTION -12,44047 <0,1 -6,12 <0,1
STRINGENCY_INDEX -9,34911 <0,1 -6,12 <0,1
C_CASES -1,7889 <0,1 -0,13482 <0,1
DETH_COV 0,65766 >=0,1 -0,13482 >=0,1
CONTAINMENT_HEALTH_INDEX -11,48152 <0,1 -6,12 <0,1
ECONOMICPOLICY_INDEX -10,63739 <0,1 -6,12 <0,1
With constant
Variables CIPS Truncated CIPS
T-stat p-value T-stat p-value
LOCAL_PRICE2 -10,96015 <0,1 -6,0566 <0,1
PRODUCTION -12,42641 <0,1 -6,19 <0,1
STRINGENCY_INDEX -9,38225 <0,1 -6,19 <0,1
C_CASES -2,06773 >=0,1 -2,06773 >=0,1
DETH_COV 0,74254 >=0,1 -0,71244 >=0,1
CONTAINMENT_HEALTH_INDEX -11,49814 <0,1 -6,19 <0,1
ECONOMICPOLICY_INDEX -10,63144 <0,1 -6,19 <0,1
With a constant & trend
Variables CIPS Truncated CIPS
T-stat p-value T-stat p-value
LOCAL_PRICE2 -11,10454 <0,1 -6,2913 <0,1
PRODUCTION -12,42848 <0,1 -6,42 <0,1
STRINGENCY_INDEX -9,44568 <0,1 -6,42 <0,1
C_CASES -2,23269 >=0,1 -2,23269 >=0,1
DETH_COV 0,28484 >=0,1 -3,20967 <0,1
CONTAINMENT_HEALTH_INDEX -11,58176 <0,1 -6,42 <0,1
ECONOMICPOLICY_INDEX -10,63195 <0,1 -6,42 <0,1

Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, GSI: SRINGENCY_INDEX, CHI:
CONTAINMENT_HEALTH_INDEX, EPI: ECONOMIC_POLICY_INDEX, CCC-19: C_CASEs, CCD-19:
DETH_COV.

3.3.3. Panel ARDL Cointegration Test

Second-generation panel cointegration tests outperform the traditional first-generation tests of
Pedroni (1999) and Kao (1999) in the presence of cross-sectional dependence. The Westerlund (2007)
test employs the residual augmented least squares (RALS) estimator, which makes it more resistant
to many types of cross-sectional dependence, including spatial correlation and common components.
Westerlund and Edgerton (2008) proposed the Durbin Hausman group mean cointegration test,
which is used in this work. This specialized test has significant advantages. It does not rely
extensively on prior knowledge of the order of integration and can account for cross-sectional
dependencies. Moreover, the test of Westerlund & Edgerton (2008) permits the distinction of stability


https://doi.org/10.20944/preprints202502.1286.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 February 2025 d0i:10.20944/preprints202502.1286.v1

11 of 25

ranking between explanatory factors. We, therefore use the Panel tests (Pt and Pa) and Group-mean
tests (Gt and Ga) of Persyn et al. (2008).

P-values of the cointegration test indicate a long-term link between the variables (<0.01) (Table
7). It is noteworthy that test robustness varies depending on the model and included variables.
Among all models, the one that displays the GSI and WEP, for instance, has substantial statistical
values, suggesting a very strong cointegration relationship. On the other hand, the WEP and EPI
model exhibits somewhat weaker cointegration interactions. Overall, we establish that the variables
throughout the COVID-19 period have long-term associations.

Table 7. Westerlund Panel Cointegration Test.

None With constant With a constant & trend
Model Statisti P-value Statistic P-value Statistic P-value
c

PRODUCTION, Gt -4.580 0.000 -5.302 0.000 -6.167 0.000
STRINGENCY INDEX G -48.293 0.000 -61.511 0.000 -83.872 0.000

a

Pt -19.123 0.000 -22.113 0.000 -25.773 0.000

Pa -54.719 0.000 -71.842 0.000 -96.157 0.000
PRODUCTION, Gt -4.643 0.000 -5.165 0.000 -6.304 0.000
CONTAINMENT_HEALTH_IND G -50.856 0.000 -60.805 0.000 -85.142 0.000
EX a

Pt -19.674 0.000 -21.994 0.000 -31.948 0.000

Pa -57.933 0.000 -71.502 0.000 -111.278 0.000
PRODUCTION, Gt -4.643 0.000 -5.135 0.000 -5.912 0.000
EOCNOMICPOLICY_INDEX G -50.856 0.000 -60.107 0.000 -76.765 0.000

a

Pt -19.674 0.000 -22.041 0.000 -30.493 0.000

Pa -57.933 0.000 -70.971 0.000 -102.307 0.000
PRODUCTION, Gt -4.778 0.000 -5.674 0.000 -5.805 0.000
C_CASES G -41.373 0.000 -59.242 0.000 -65.488 0.000

a

Pt -19.023 0.000 -22.802 0.000 -23.687 0.000

Pa -43.927 0.000 -67.149 0.000 -74.475 0.000
PRODUCTION, Gt -5.064 0.000 -5.338 0.000 -5.645 0.000
DETH_COV G -59.064 0.000 -65.803 0.000 -71.414 0.000

a

Pt -20.905 0.000 -21.933 0.000 -22.590 0.000

Pa -63.451 0.000 -71.784 0.000 -76.379 0.000

3.4. Econometric Strategy: Panel PMG ARDL

The study examines the speed of equilibrium return and the short- and long-term relationships
between WEP and LEP using the autoregressive distributed lag (ARDL) model and the pooled mean
group (PMG) estimator by Pesaran et al. (1999) (see Sohag et al., 2015; Osman et al., 2016; Wolde-
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Rufael & Weldemeskel, 2020). In the long run, the homogeneity restriction makes it reasonable for
the study to focus on average elasticities across nations. We can express Eq.(1) as

LOCAL_PRICE2;; = u; + %, AjLOCAL_PRICEZ;e_j + 3L &' Xjej + &3¢ 1)
where i =1, 2,....., N stands for the cross-sectional unit (regions), t =1, 2, 3, ....., T represents time
(daily), and j is the number of time lag. X;; is the vector of the explanatory variables, u; is the fixed

effect, and g, is the error term.
The error correction form pertains to

ALOCAL_PRICE2;; = u; + @;(LOCALpicgz;_, + 0'iXie) + Xhoy A;ALOCALpgicezy,_; + S 8" Ay +
€ (2)

where 6; defines the long-run or equilibrium relationship among LOCAL_PRICE2;; and X;;. The

it-1

parameters 7\{]- and 8'*11- are the short-run coefficients relating price to its past values and other
determinants like Xj.. A is the lag operator. Finally, the error-correction coefficient ¢; measures the
speed of adjustment of LOCAL_PRICE2;; toward its long-run equilibrium following a change in Xj;.
The condition ¢; < 0 ensures that a long-run relationship exists. In total, we have estimated five
variants of Eq. (2).

4. Results

We rely on conventional information criteria such as Akaike to select the optimal lags for p and
q in Equations (1)-(2).

4.1. Long-Run Results

According to Table 8, The Nord pool countries have established healthcare emergency programs
wherein vaccination campaigns, mask-wearing, and hand hygiene are reinforced, causing a decline
in Gas House emissions and a better quality of water. This means that containment health measures
(CHI) are a vehicle for enhancing the quality of the environment, resulting in lower electricity prices
(Model 1). Interestingly, we have evidence that the governmental responses to the pandemic indexed
through GSI, exert downward pressure on LEP (Model 2) — these stringencies, including movement
restrictions and public space closures, lower economic activity, and energy demand. The reduced
demand, coupled with a rise in renewable energy contributions, tends to exert a downward pressure
on electricity prices. Model 3 depicts a significantly downward pattern in electricity prices following
an increase in economic support by governments (ESI). With the economic downturn and the
shutdown of commercial activity causing high energy costs, measures include a reduction in the cost
of fuel for individuals and businesses, a flat-rate increase in social benefits for the most disadvantaged
households, and particularly compensation for electricity bills for households.

The findings in Table 8 consistently indicate a substantial inverse relationship between WEP
and LEP in the long run. Models 1-5 reveal that an increase in WEP leads to a decline from 0.0051%
to 0.0091% in LEP. Our results align with previous studies such as Nieuwenhout & Brand (2011),
Jaraite et al. (2019), and Pineau et al. (2020) despite different methodologies. Our observations
contradict, however, Dorrell & Lee (2021) for the US electricity market. Our result is consistent with
the theoretical prediction that the merit-order effect does not disappear in an oligopoly electricity
market. The production coefficient turns out to be statistically insignificant in Model 5, while
mortality rates from COVID-19 are significant and positively associated with LEP, suggesting that
COVID-19 fatalities have a dominant impact on LEP. The announcement of infected and dead people
indicates the severity of the epidemic in the countries. Fear and panic among individuals in addition
to the stringency measures including telecommuting will induce them to stay more at home,
increasing home electricity consumption. While people who are attenuated need treatment and
equipment in hospitals, resulting in upward electricity use and demand.
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The analysis highlights how important it is for government actions and the ongoing epidemic to
shape long-term variations in LEP. The study finds that strict government regulations, measured
using a variety of indicators, have a net deflationary effect on electricity prices, which vary between
151 and 208 €. On the other hand, when the pandemic becomes more severe as shown by confirmed
cases and mortality rates, the cost of electricity rises and can range from 0.07€ to 2.44€. It is also
important to note that, although strict government measures cause an instantaneous interruption in
the energy supply, which lowers LEP, the long-term impacts could be different depending on how
quickly the economy recovers and how well it adapts to renewable energy sources. Increased
industrial activity might drive up demand for electricity as the economy recovers, possibly offsetting
some price declines due to WEP and governmental stringencies.

To guarantee energy affordability and sustainability, policymakers should strike a balance
between economic policies and containment measures connected to health. As death rates and
verified COVID-19 cases drive up LEP, governments must manage public health imperatives while
limiting negative economic effects. The results may be used to create multifaceted plans that stabilize
or even lower electricity costs while also limiting the virus’s ability to spread.

Table 8. Long-run results of Panel PMG ARDL.

WEP
Dependent Variable: X . Impact of a .
Independent variables Coefficient  Prob* . impact of
LOCAL_PRICE2 1% increase
Extra1l GW
Model 1—ARDL(2, 2,
2 PRODUCTION -5.94E-05 0.0114** -0.006% -0,06 €
STRINGENCY_INDEX -1.51E-01 0*** -15.124%
Model 2—ARDL(2, 2,
2 PRODUCTION -6.72E-05 0.0041*** -0.007% -0,07 €
CONTAINMMENT_HEALTH_INDEX -2.08E-01 0*** -20.814%
Model 3—ARDL(2, 2,
2 PRODUCTION -5.01E-05 0.0443** -0.005% -0,05 €
ECONOMICPOLICY_INDEX -1.06E-01 0*** -10.560%
Model 4—ARDL (7, 2,
2 PRODUCTION -9.11E-05 0.0201** -0.009% -0,09€
C_CASES 7.09E-05 0.0006*** 0.007%
Model 5—ARDL(7, 3,
3) PRODUCTION -6.33E-08 9.99E-01 0.000% 0,00 €
DETH_COV 2.44E-03 0.0001*** 0.244%

Notes: ***; ** and * indicate statistical significance at 1%, 5% and 10% respectively. LOCAL_PRICE2: LEP,
PRODUCTION: WEP, GSI: SRINGENCY_INDEX, CHI: CONTAINMENT HEALTH_INDEX, EPIL
ECONOMIC_POLICY_INDEX, CCC-19: C_CASEs, CCD-19: DETH_COV.

4.2. Short-Run Results

The results in Table 9 show that there were no significant short-term impacts on LEP related to
government action portrayed by GSI, CHI, and EPI, as well as the death cases (CCD-19). We,
however, observe a fairly significant effect of confirmed cases (CCC-19) on electricity prices. These
findings raise issues of trust and confidence of citizens towards disclosed information at the
beginning of the pandemic. The accuracy of information is especially questioned when COVID-19-
related news is covered by the media.

Table 9 also documents that the one-lag period WEP has a favorable impact on the current LEP,
albeit this influence decreases over the next several days. Notably, because WEP cannot be scheduled
in the day-ahead market, immediate WEP levels have no short-term substantial impact on LEP.
Rather, it is anticipated that WEP manufacturers will take part in market bidding. Moreover, the
current power supply may be impacted by WEP levels from earlier periods, which may have a
favorable or unfavorable effect on LEP. The previous period’s elevated WEP most certainly increased
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the supply of electricity, which decreased LEP but increased present electricity demand. On the other
hand, lower WEP in the past would have resulted in a reduction in the amount of electricity available,
which would have increased lagged LEP and perhaps decreased present LEP. We, thus, identify a
day-ahead merit-order effect in the short horizon.

Models 4 and 5 shed important light on the mean reversion propensity of LEP. According to
both models, LEP corrects for short-term deviations by adjusting towards its long-term equilibrium.
Even with little model differences, current LEP is strongly influenced by WEP from earlier periods.
Because of the merit-order structure in the electrical markets and weather-dependent WEP
variability, the effect of instantaneous WEP on LEP is less clear. These findings support Mauritzen’s
(2012) contention that short-term LEP may not be greatly impacted by immediate WEP.

Table 9. Short-run results of Panel PMG ARDL.

M.1—ARDL(2, M.2—ARDL(2, M.3—ARDL(2, M.4- ARDL (7, M.5- ARDL(7,

Models 2,2) 2,2) 2,2) 2,2) 3,3)
Variable Coefiicien Pri)b, Coefﬁicien Pr*ob, Coefiicien Pr;)b, Coefiicien Pri)b, Coefﬁicien Prgb,
COINTEQO1 -0.253283 0 -0.252424 0 -0.23823 = 0 -0.124524 0 -0.114209 0
D(LOCAL_PRICE2(-1)) -0.01865 -0.019212 -0.025792 -0.148417 0 -0.158345 0
D(LOCAL_PRICE2(-2)) -0.150052 0 -0.190569 = 0
D(LOCAL_PRICE2(-3)) -0.100086 0'201 -0.1008 0.002
D(LOCAL_PRICE2(-4)) -0.100868 = 0  -0.099988 = 0
D(LOCAL_PRICE2(-5)) -0.10459 0.017 -0.107992 0'216
D(LOCAL_PRICE2(-6)) -0.06736 = 0 -0.069974 0
D(PRODUCTION) 0.000176 . 0.000178 . 0.000178 . 0.000143 . 0.000135 .
D(PRODUCTION(-1)) 0.000176 0.026 0.000177 0.026 0.000176 0'(;27 0.000153 0'241 0.000145 O.(;72
D(PRODUCTION(-2)) 2.32E-06 .
D(STRINGENCY_INDEX) 0.038117
D(STRINGENCY_INDEX(-1)) -0.051398
D(CONTAINMMEI\;T_HEALTH_INDEX 0.00315
D(CONTAINMME(l-\E")_HEALTH_INDEX -0.035815
D(ECONOMICPOLICY_INDEX) 0.016662
D(ECONOMICPOLICY_INDEX(-1)) -0.051328
D(C_CASES) 0.002029 0.068
D(C_CASES(-1)) -0.001071 [HIEG8
D(DETH_COV) 0.06454
D(DETH_COV(-1)) -0.069117
D(DETH_COV(-2)) 0.081761
C -34.08625 0 -38.05059 0 -35.36801 0 3.705778 0  2.543353 0‘200
@TREND 0.015924 = 0 0.017584 = 0 0.016033 = 0
Siﬁiﬁcant
Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, GSIL: SRINGENCY_INDEX, CHI:
CONTAINMENT_HEALTH_INDEX, EPI: ECONOMIC_POLICY_INDEX, CCC-19: C_CASEs, CCD-19:

DETH_COV.

4.3. Ganger Causality Test
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Using the Dumiterscu-Hurlin method, we do the Panel Granger Causality test to look for further
relationships. Except for LEP, which does not affect GSI, we find a statistically significant binary
association for most of the variable pairs. LEP is not much impacted by the CHI. WEP is likewise
unaffected by the CCC-19. Similarly, EPI is unaffected by CCD-19 (see Table 10). At the 10%
significance level, there is a fair unidirectional association between GSI and LEP.

We conclude that in the day-ahead electricity market during the COVID-19 era, there existed a
causal relationship between WEP and LEP, meaning that changes in WEP affect price variations and
vice versa.

Table 10. Panel Granger Causality results.

Ho: Does not homogeneously cause

Cc_C
Variables LOCAL_ PRODU STRINGEN ECONOMICPO CONTAINMENT_ DETH
ASE
/ Prob. PRICE2 CTION CY_INDEX LICY_INDEX HEALTH_INDEX _Cov
S

LOCAL_PRICE2

0.8379 0.8345 0.5096

PRODUCTION

STRINGENCY_IND
0.0648
EX

ECONOMICPOLIC

Y_INDEX

CONTAINMENT_
0.4089
HEALTH_INDEX

C_CASES

DETH_COV

Significant at 10%

Not significant

Note: LOCAL_PRICE2: LEP, PRODUCTION: WEP, GSIL: SRINGENCY_INDEX, CHI:
CONTAINMENT_HEALTH_INDEX, EPI: ECONOMIC_POLICY_INDEX, CCC-19: C_CASEs, CCD-19:
DETH_COV.

5. Discussion

We supplement the literature with newfangled findings. First, we establish the merit-order effect
at the short and long horizons. We assert that the production of wind energy stabilizes electricity
markets aligning with the theoretical views of Antweiler & Muesgen (2021) and this consequently
helps bring off a sustainable environment. Our results suggest that wind energy owes to a
decarbonized world within our sample. Empirical studies have repeatedly contended that energy
consumption, especially renewable, is a friendly endeavor of environmental sustainability (Opoku et
al., 2024). However, the relationship is not static, and more tangled factors might perturb the
relationship between WEP and LEP. This includes weather, seasons, geopolitics, balance between
energy demand and supply (Shimomura et al., 2024).

Second, we have augmented the panel ARDL equation with confirmed cases and the number of
deaths, both of which portray the severity of the virus and provoke positive spikes in local electricity
prices as well. A compelling result emerges as follows. In an uncertain climate induced by the health
crisis, investors” behavior reflects insecurity, panic, and fear. Literature considering game theory is
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replete with overreaction to (bad) public news and its social coordinating loss value (e.g., Morris &
Shin, 2002; Amato et al., 2002). Nevertheless, hard times are a premise for harnessing skills and
developing portfolio tactics to manage risks and boost energy security (Kareem et al.,, 2022).
Adaptability and reactivity to an evolving environment are also vital for the market’'s maturity
(Roques et al., 2005). This involves active stakeholders for a flexible transition that responds to the
Sustainable Development Goals (SDGs) (Heffron et al., 2021). However, adaptive investors respond
differently to investment in productive technologies according to risk aversion (Yang & Johansson,
2024). Risk-averse investors respond less than those who are risk-seeking.

Third, government intervention metrics undoubtedly lead to a decline in LEP. Except for
Sweden adopting less restrictive actions but should not be viewed as an outlier (Alfano et al., 2022),
all Nord countries were seriously engaged in fighting the virus. The finding emphasizes the
importance of how information is transmitted. A consensus opinion recognizes that people adhere to
rules depending on the source of information, the degree of trust, and the credibility of conveyed
information (see Elgar et al., 2020; Bargain and Aminjonov, 2020; Funke et al., 2023) and levels of
corruption (see Ezeibe et al., 2020; Attila, 2020; Gebka et al., 2024). It should be noted that any of the
government’s action is effective only when it is wisely implemented. Strategies to combat the virus
including quarantine, facial covering, vaccination campaigns, social distancing, etc. should be based
on experts” advice. A survey carried out by the Swedish non-profit organization Vetenskap och
Allméanhet revealed that 93% of Swedish citizens are attentive to the Coronavirus updates by
professionals of health. The emergency containment program and financial impulse to handle the
crisis have adverse effects on local electricity prices. The result informs us that accuracy and efficient
use of information play a critical part in guiding investors” behavior (Angeletos & Pavan, 2007).
Importantly, announcements related to tax rates eases in credit payment should be jointly made clear
and transparent by central banks and regulators to push public trust.

Fourth, government action should be leveraged to incorporate incentives for flexibility
investments into economic recovery measures, as it was during the last COVID-19 episode. Aligning
these incentives with global or national objectives and values—such as refraining from
discriminating against particular flexibility technologies —is problematic but tempting (Heffron et al.,
2021).

Fifth, the pandemic and health campaigns have shifted human and institutional behavior
leading to CO2 curtailment. Since climate risks can disrupt the supply of wind energy, green
investments seem to provide a solution to mitigate climate change as well as stabilize energy prices,
and ensure the supply of energy (Belaied et al., 2023). Tackling both objectives is possible through
renewable energy mutual funds on the grounds of improved social and corporate governance
(Ballester, 2022).

Sixth, to achieve sustainable development and environmental sustainability, policymakers must
adopt a multidimensional approach that balances economic growth, resource conservation, and
social equity. This requires comprehensive policy frameworks that integrate wind energy expansion,
efficient resource management, and environmental protection measures (Aidukiené & Skaisté, 2013).

One key policy implication is the need for stronger regulatory frameworks to incentivize the
transition toward clean energy sources. Governments should implement carbon pricing mechanisms,
subsidies for renewable energy projects, and stringent environmental regulations to encourage
industries to adopt greener practices. Moreover, investing in smart grids and energy storage solutions
can enhance the efficiency and reliability of renewable energy integration into national grids
(Lindstrom et al., 2015).

Another crucial aspect is sustainable land use planning. Policymakers should promote
urbanization strategies that minimize environmental degradation, such as green infrastructure
development, sustainable public transportation systems, and strict zoning laws to prevent
deforestation and habitat loss. Encouraging circular economy models—where waste is minimized,
and materials are reused —can also contribute to reducing environmental footprints (Stanciu & Mitu,
2025).
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International cooperation is essential for addressing transboundary environmental challenges.
Countries must engage in global climate agreements, share technological advancements, and
establish cross-border policies to tackle issues such as air pollution, water scarcity, and biodiversity
loss. Additionally, fostering public-private partnerships can accelerate the adoption of sustainable
innovations and finance large-scale environmental projects. Norway is a good example of taking
initiatives to strengthen the European Union/European Economic Area Agreements (EU/EEA) (see
Cyndecka, 2020).

Finally, education and awareness campaigns are vital to ensuring the long-term sustainability
of wind energy in the Nord region (Hueska et al, 2022). Governments should integrate
environmental literacy into educational curricula and support community-based initiatives that
promote sustainable consumption behaviors. Empowering citizens with knowledge and resources
can foster a culture of environmental responsibility and active participation in sustainability efforts.

Nevertheless, some issues may appear when investing in wind energy. The primary
environmental concerns associated with the use of wind turbines include the safety of wildlife,
disruption of ecological systems, noise pollution, visual impact, electromagnetic disturbance, and
alterations to the local climate (Dai et al., 2015).

6. Conclusion

The merit-order effect plus the government’s commitment to combat COVID-19 have
implications on policy strategies. Both objectives should overlap with SDGs.

Grasping health and economic issues of the epidemic in addition to energy use poses challenges
to governments, requiring urgent recommendations and to investors, responding to news, and
making decisions. Our analysis which has employed a rigorous method has gauged the response of
seven Nord countries located in 15 regions.

Considering a cross-country perspective has both advantages and drawbacks. Response to the
crisis signals some resilience but flexibility to transition should be settled within the political agenda.
Our findings should be complemented by unfolding the outcomes of government interventions
through an individual lens (within a country), the use of high-frequency (e.g., hourly) data, and
innovative techniques (see Thiaw et al., 2014; Marugan et al., 2018).

Political rhetoric during crisis times is a serious concern in this context (see Montiel et al., 2021;
Lilleker et al., 2021; Anderouli & Brice, 2022). Governments and market regulators should advocate
coherent communication and stand firm against misleading behavior. Social interaction modes such
as word of mouth and social media are a path for rumor transmission. While this issue is not apparent
in the case of our sample, it should be warranted in other countries and regions. Future research in
this direction is welcomed. Nord countries and the European zone as a whole still have to worry
about the surge of energy prices with the upcoming Ukraine crisis. The current exercise showed
unsuccessful reforms and efforts to renovate electricity markets are appealing. Those hinge on more
efficient production and consumption in the short run under a transparent energy market and wise
investment choices offering fair profit margins for investors through a series of auctions for long-
term contracts supported by regulators (Fabra, 2023). Those issues are left for further investigation.
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