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Abstract. The 2022 global energy crisis, triggered by soaring natural gas prices, 

severely impacted wholesale electricity markets, particularly in the E.U., where 

electricity prices surged drastically. This study compares the resilience of U.S. 

and E.U. wholesale electricity markets in responding to natural gas price shocks. 

A conditional quantile regression model was developed to analyze the perfor-

mance of six U.S. Independent System Operators (ISOs) and the wholesale mar-

kets of 27 E.U. countries. Results show that U.S. markets, especially those em-

ploying capacity mechanisms, exhibited stronger resilience. Within the E.U., 

countries like Spain, Portugal, and Poland also demonstrated better resilience. 

Capacity mechanisms such as capacity payments or auctions played a crucial role 

in enhancing market resilience, while markets lacking these mechanisms were 

more vulnerable. This study provides key insights for policymakers aiming to 

improve the resilience of electricity markets in the face of future energy crises. 

Keywords: Wholesale electricity markets; Day-ahead markets; Resilience 

mechanism; Conditional quantile regression analysis; U.S.; E.U. 

1 Introduction 

The 2022 global energy crisis, triggered by a combination of geopolitical tensions, en-

vironmental factors, and economic recovery from the COVID-19 pandemic, caused a 

dramatic surge in natural gas prices. This surge had a significant impact on electricity 

markets, especially in the European Union (E.U.), where natural gas accounted for 

about 20% of electricity generation[6]. The sharp rise in gas prices, exacerbated by the 

war in Ukraine and the subsequent reduction of Russian gas exports to Europe, led to 

unprecedented electricity price increases across the E.U., with year-on-year price hikes 

ranging from 100% to 300% [1]. 

Unlike the E.U., the United States (U.S.) experienced relatively moderate increases 

in wholesale electricity prices during the crisis. The U.S. electricity market structure, 

characterized by independent system operators (ISOs) and regulated capacity mecha-

nisms, played a crucial role in mitigating the impact of gas price shocks. This study  
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seeks to compare the resilience of wholesale electricity markets in the U.S. and E.U. in 
response to natural gas price shocks during the 2022 energy crisis. 

By employing a conditional quantile regression model, this research quantitatively 
examines the resilience performance of the six ISOs in the U.S. and the wholesale elec-
tricity markets of 27 E.U. countries. It also qualitatively analyzes the underlying market 
mechanisms that explain the varying resilience levels observed across regions. The re-
sults provide valuable insights for policymakers seeking to enhance the stability of elec-
tricity markets in the face of future energy crises. 

2 Literature Review 

2.1 Wholesale Electricity Markets 

Wholesale electricity markets are platforms where electricity is bought and sold before 
delivery to consumers. Pricing mechanisms in these markets include zonal, national, 
and nodal pricing. Zonal pricing, used in Italy and Nordic countries, divides the grid 
into different zones, each with its own price. National pricing, common in countries 
like Germany and Greece, treats the entire country as a single market. Nodal pricing, 
predominantly used in the U.S., establishes prices at specific grid nodes, reflecting 
transmission costs and congestion [15]. 

2.2 Day-ahead Markets 

Most electricity in wholesale markets is traded in day-ahead markets. In Europe, the 
markets rely on auctions, where generators and suppliers bid for the next day’s elec-
tricity needs[11]. In contrast, U.S. day-ahead markets use centralized bidding systems 
that account for generation costs, including startup and operating expenses [4]. 

2.3 Factors Affecting Wholesale Electricity Prices 

The price of natural gas is one of the most significant factors influencing wholesale 
electricity prices. In 2022, natural gas contributed to 39.9% of electricity generation in 
the U.S. and 19.6% in Europe [6]. Other factors that influence electricity prices include 
coal prices, oil prices, and CO2 emissions allowances [2]. The price of CO2 allowances 
impacts the cost of generating electricity, particularly for high-emission sources like 
coal[14]. 

2.4 Resilience of Wholesale Electricity Markets 

The concept of resilience in wholesale electricity markets refers to their ability to with-
stand and recover from shocks, such as rapid increases in fuel prices. Previous studies 
have mainly focused on short-term disruptions caused by natural disasters or cyberat-
tacks. Mays et al. [13] highlighted the vulnerability of U.S. markets to underinvestment 
in resilience mechanisms, particularly under extreme weather conditions like the 2021 
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Texas winter storm. This decentralized nodal pricing system, while efficient, creates an 
incentive mismatch, as investments in resilience may not always align with market sig-
nals. 

Research on the resilience of markets to macro-level crises, such as the 2022 energy 
crisis, remains limited. This crisis, driven by surging natural gas prices, highlighted the 
need for stronger resilience mechanisms in European markets, which rely heavily on 
gas for electricity generation. 

2.5 Mechanisms to Enhance Market Resilience 

Two primary mechanisms have been proposed to enhance the resilience of electricity 
markets: scarcity pricing and capacity mechanisms. Scarcity pricing, which modifies 
real-time electricity prices based on supply shortages, incentivizes generators to re-
spond during times of peak demand. However, these mechanisms can lead to politically 
sensitive price spikes, necessitating regulatory intervention to maintain balance. In the 
U.S., scarcity pricing is regulated by Independent System Operators (ISOs), who adjust 
market prices when reserve capacities are insufficient[10]. 

Capacity mechanisms are another tool to ensure sufficient electricity supply. These 
mechanisms can involve capacity payments, where generators are compensated for 
maintaining reserve capacity, or capacity auctions, where providers bid for contracts 
guaranteeing availability. European countries such as Germany and Sweden use strate-
gic capacity reserves, while Italy and Ireland employ reliability options to ensure that 
electricity is available during periods of scarcity. 

2.6 Comparison of Wholesale Electricity Markets in the U.S. and E.U. 

The wholesale electricity markets in the U.S. and the E.U. differ in their structure and 
design. U.S. markets are more centralized and incorporate a higher level of market lib-
eralization, while European markets are more decentralized and emphasize flexibil-
ity[3]. The U.S. markets also use nodal pricing, which is more granular and reflective of 
real-time grid conditions. Despite these structural differences, little research has fo-
cused on comparing the resilience of these markets, particularly in response to fuel price 
shocks. 

During the 2022 energy crisis, electricity prices in the U.S. were less than half of 
those in Europe, reflecting the structural advantages of U.S. markets in absorbing fuel 
price increases. This discrepancy underscores the importance of market design in de-
termining resilience, with U.S. capacity mechanisms providing greater stability during 
price shocks. 

2.7 Method Literature 

Quantitative methods are crucial for analyzing market resilience. Conditional quantile 
regression is a preferred method for modeling resilience, particularly under extreme 
price conditions. This method allows researchers to assess how different variables, such 
as natural gas prices, affect electricity markets at varying price levels. Several studies 
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have applied this method to energy markets to assess the impact of factors like weather 
and fuel prices on wholesale electricity prices. These models provide insight into mar-
ket resilience by identifying how price shocks influence market behavior. 

2.8 Key Gaps in Literature and Research Questions 

While much has been written about wholesale electricity markets, there is limited re-
search comparing resilience across different markets under the same crisis conditions. 
Previous studies have focused primarily on individual market designs, but few have 
quantitatively analyzed the resilience mechanisms of both U.S. and European markets. 
This study addresses these gaps by evaluating the resilience of wholesale electricity 
markets in the U.S. and Europe in response to the 2022 natural gas price shock, with 
the goal of identifying mechanisms that can enhance market resilience in future crises. 

3 Methodology 

3.1 Research Philosophy and Approach 

This study adopts a positivist philosophy, which emphasizes the use of scientific meth-
ods to gather and analyze observable data. The research follows a deductive approach, 
as it aims to test existing theories on market resilience mechanisms, rather than devel-
oping new ones. 

3.2 Research Design 

The study employs a quantitative approach to model the resilience of U.S. and Euro-
pean wholesale electricity markets during the 2022 energy crisis. To capture the effects 
of natural gas price shocks, conditional quantile regression is applied, focusing on day-
ahead electricity prices as the dependent variable and natural gas prices as the primary 
independent variable. This method is particularly suitable for understanding how mar-
ket responses vary across different price levels (Koenker and Bassett, 1978). 

The dataset spans from January 1, 2022, to December 31, 2022, with daily data col-
lected from six U.S. Independent System Operators (ISOs)—CAISO, ERCOT, ISO-
NE, MISO, NYISO, and PJM—as well as from wholesale electricity markets in the 27 
EU member states. Control variables, including daily average crude oil prices, coal 
prices, CO2 allowance prices, and seasonal factors, are incorporated to isolate the effect 
of natural gas price fluctuations on electricity prices. The seasonal factors are treated 
as dummy variables, categorized into four seasons as per Wang et al. (2021), to account 
for seasonal variations in electricity demand[7]. 

3.3 Model Specification and Variables 

The quantile regression model will analyze how high percentile electricity prices (such 
as the 0.7 quantile) are affected by natural gas price changes, reflecting how markets 
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react to price extremes. This approach provides a more nuanced understanding of price 
sensitivity compared to standard regression models, which focus on mean effects. 

Based on a review of the literature on factors influencing wholesale electricity prices, 
this study will select average daily crude oil prices, average daily coal prices, average 
daily CO2 allowances prices, and seasonality as control variables. Referring to the re-
search conducted by Wang et al.[17] and following their approach of utilizing seasonal 
dummy variables, our study establishes binary (0-1) dummy variables to integrate sea-
sonality into the model. This study, following the methodology outlined in Wu and 
Shahidehpour (2010), categorizes the data into four seasons: January to March (Sea-
son1), April to June (Season2), July to September (Season3), and October to December 
(Season4). Subsequently, the study introduced three seasonal dummy variables repre-
senting Season2, Season3, and Season4, with all three dummy variables set to 0 indi-
cating Season1. The detailed variable parameters are displayed in Table 1. 

Table 1. Variable design and measurement indicators 

Name Measurement index 
Day-ahead electricity price Average daily day-ahead electricity price (USD per Mwhe)

Natural gas price Average daily gas prices (USD per MMBtu) 
Coal price Average daily coal prices (USD per Ton) 

CO2 allowances price Average daily CO2 allowance prices (USD per Ton) 
Four seasons: January to March (Q1), April to June (Q2), 
July to September (Q3), and October to December (Q4) 

Crude oil price Average daily crude oil price (USD per Barrel) 

The general form of the conditional quantile equation constructed in this study is: 

Q0.7( Electricity )= β0 + βgas Gas+ βoil Oil + βcoal Coal + βco2 CO2 + βseason2Season2+ 
βseason3 Season+ βseason4 Season4 + ei 

Where: 
Q0.7( Electricity ) represents the 0.7 conditional quantile of the average daily day-

ahead electricity price;  
Β0 is the constant term; 
βgas is the coefficient for the average daily day-ahead electricity price; 
βoil is the coefficient for the average daily crude oil price; 
βcoal is the coefficient for the average daily coal prices; 
βco2 is the coefficient for the average daily CO2 allowance prices; 
βseason2, βseason, and βseason4 are coefficients for the seasonal dummy variables; 
ei is the error term. 
This model allows for the analysis of how price shocks propagate through the elec-

tricity market and helps in identifying the market mechanisms that contribute to greater 
resilience. 
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3.4 Data Collection and Limitations 

Data are sourced from reputable agencies such as the U.S. Energy Information Admin-
istration (EIA) and European energy market operators. While the study provides com-
prehensive coverage of U.S. and European electricity markets, it is limited by the avail-
ability of consistent high-frequency data across all markets, particularly during periods 
of extreme volatility. Additionally, some control variables, such as CO2 allowances, 
may exhibit non-linear effects that require further investigation. 

4 Results 

4.1 Descriptive Statistical Analysis 

Descriptive statistics provide a summary of the key variables, including day-ahead elec-
tricity prices, natural gas prices, and control variables such as crude oil, coal, and CO₂ 
allowance prices across the U.S. Independent System Operators (ISOs) and 27 EU 
countries. For the six ISOs in the U.S., the mean day-ahead prices range from 
$61.28/MWh in MISO to $87.71/MWh in CAISO. In the EU, Italy shows the highest 
average price at $317.998/MWh, with Sweden having the lowest at $125.44/MWh. 
These results reflect significant differences between the U.S. and EU electricity markets 
in terms of both average prices and volatility. 

4.2 Correlation Analysis 

The Pearson correlation analysis shows a significant positive relationship between nat-
ural gas prices and day-ahead electricity prices in 32 out of 33 analyzed markets. In the 
EU, the correlation coefficients between gas prices and electricity prices exceed 0.2 in 
all countries, with the lowest in Sweden (r = 0.23) and the highest in Latvia (r = 0.53). 
These correlations indicate the substantial influence of natural gas prices on electricity 
markets across both the U.S. and EU. The results of the correlation analysis are shown 
in table 2: 

Table 2. The correlation analysis for independent and dependent variables 

 gas oil coal carbon  gas oil coal carbon 

MISO .721** .331** .538** .120* 
Lithua-

nia 
.537** -.151** .382** .008 

NYISO -.053 -.250** -.166** .300** 
Luxem-
bourg 

.447** -.024 .489** .018 

PJM .418** .073 .271** .161** 
Nether-
lands 

.386** -.043 .466** .072 

Austria .434** -.038 .505** -.007 Norway .374** -.252** .300** .088 
Belgium .368** -.046 .466** .065 Poland .398** -.014 .326** .208** 

Bulgaria .435** -.049 .461** -.010 
Portu-

gal 
.257** .413** .189** .041 



 

gas 

coal 

carbon 

oil 

mmer 

 

 

437Comparative Analysis of Resilience Performance             

Croatia .423** .020 .511** .013 
Roma-

nia 
.450** -.004 .495** .016 

Czechia .455** -.014 .483** .027 Serbia .431** .021 .523** .009 

Denmark .471** .015 .515** .038 
Slo-
vakia 

.450** -.003 .505** .002 

Estonia .388** -.237** .225** .072 
Slove-

nia 
.423** -.007 .500** .019 

Finland .326** -.261** .150** .075 Spain .261** .410** .185** .037 
France .401** .023 .521** .038 Sweden .231** -.261** .133* .081 

Germany .447** -.024 .489** .018 
Swit-

zerland 
.374** -.018 .504** .035 

Greece .419** -.066 .477** -.052 gas 1 .333** .565** -.007 
Hungary .435** -.012 .489** .022 oil .333** 1 .656** .019 

Italy .460** .020 .571** .032 coal .565** .656** 1 -.126*

Latvia .531** -.162** .374** .006 carbon -.007 .019 -.126* 1 
**. represents correlation is significant at the 0.01 level. 
*. represents correlation is significant at the 0.05 level. 

4.3 Conditional Quantile Regression Analysis 

Conditional quantile regression at the 0.7 quantile level was conducted to examine how 
natural gas price shocks affect higher day-ahead electricity prices. The regression co-
efficients of natural gas prices were significant and positive across all models, demon-
strating that natural gas price increases lead to higher day-ahead electricity prices, es-
pecially during periods of high prices. 

The slope coefficients and their corresponding standard errors obtained from the 
conditional quantile regression for the six ISOs in the U.S. are displayed in Table 3. 

Table 3. The conditional quantile regression for the six ISOs in the U.S. (𝝉𝝉 = 0.7) 

ISO  ERCOT CAISO ISO_NE MISO NYISO PJM 
coef 4.8815** 9.4759** 6.0566** 3.359** 3.1641** 2.8301* 

std err 1.326 1.829 1.576 0.696 1.729 1.109 
coef 0.0347 0.3365** -0.1784** -0.0235 -0.1493** -0.0389 

std err 0.026 0.04 0.034 0.015 0.036 0.024 
coef 0.1309 1.7627** 2.045** 0.1212* 1.2695** 0.4293** 

std err 0.103 0.165 0.139 0.058 0.15 0.095 
coef -0.0532 -2.2597** -0.129 0.2602** 0.1544 0.1672 

std err 0.133 0.214 0.157 0.068 0.168 0.113 
Sea- coef 15.2954** -5.1723 -67.6308** 19.6589** -32.6863** 12.0052**

son_su
std err 4.732 6.802 6.081 2.532 6.581 4.182 

Sea- coef 23.7449** -19.3227* -41.8801** 30.529** 2.4797 34.8657**
son_au-

tumn 
std err 5.877 8.277 7.176 3.163 7.561 5.028 
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Sea- coef 6.0431 48.496** -60.5207** 7.5066** -26.9779** 6.8264*
son_wi

nter std err 3.881 5.484 4.905 2.167 5.353 3.472 

**. represents regression coefficient is significant at the 0.01 level. 
*. represents regression coefficient is significant at the 0.05 level. 

The conditional quantile regression for wholesale electricity markets in 27 E.U. 
countries is displayed in Table 4. 

Table 4. The conditional quantile regression for the 27 Countries in the E.U. (𝝉𝝉 = 0.7) 

Country   Austria Belgium Bulgaria Croatia Czechia 
coef 26.29** 31.473** 23.88** 26.198** 36.118** 

std err 5.531 6.484 4.408 5.304 5.862 
coef 1.166** 1.349** 0.872** 1.09** 1.125** 

std err 0.143 0.154 0.108 0.128 0.146 
coef 2.663** 3.918** 2.539** 2.765** 2.625** 

std err 0.489 0.545 0.374 0.443 0.502 
coef -3.863** -5.607** -2.921** -3.576** -4.336** 

std err 0.694 0.768 0.518 0.631 0.713 
coef -142.465** -151.323** -125.232** -145.426** -143.718** 

std err 22.87 25.616 17.144 20.987 23.563 
coef -15.944 -88.876** -10.598 -8.154 -52.114 

std err 26.503 30.088 21.088 24.284 27.842 
coef -44.294** -71.74** -38.498** -58.113** -64.698** 

Season_winter 
std err 16.743 18.637 12.984 15.498 17.21 

Country   Denmark Estonia Finland France Germany 
coef 36.772** 33.516** 39.341** 27.967** 34.681** 

gas 
std err 7.056 6.093 6.133 6.191 6.157 
coef 1.476** 0.741** 0.612** 1.201** 1.232** 

coal 
std err 0.163 0.132 0.134 0.149 0.149 
coef 2.501** 3.657** 2.872** 3.349** 2.73** 

std err 0.619 0.508 0.508 0.546 0.533 
coef ’-5.53** ’-4.703** ’-4.685** ’-4.43** ‘-4.712** 

std err 0.866 0.703 0.683 0.75 0.748 
coef ‘-141.875** ‘-110.01** ‘-68.094** ‘-139.013** ’-141.821** 

std err 27.482 22.21 21.967 25.719 24.458 
coef ’-70.964* -38.637 -27.937 -21.672 -53.918 

std err 32.387 27.809 28.699 29.001 28.872 
coef ‘-73.236** 2.652 38.569* ’-72.331** ‘-70.101** 

std err 20.334 17.489 17.489 18.157 17.959 
Country   Greece Hungary Italy Latvia Lithuania 

coef 20.801** 28.085** 17.146** 35.578** 37.822** 
std err 4.759 5.253 5.126 6.466 6.982 

coal coef 0.703** 1.014** 1.106** 0.777** 0.812** 



carbon 

oil 

Season_summer 

Season_autumn 

Season_winter 

gas 

coal 

carbon 

Season_summer 
coef -141.821** -136.8041** -77.829** -39.848** -126.926** 

gas 

std err 0.118 0.124 0.132 0.132 0.068 

oil 

Season_summer 

Season_autumn 

Season_winter 

gas 

Comparative Analysis of Resilience Performance             439

std err 0.109 0.13 0.124 0.144 0.15 
coef 2.343** 2.697** 3.258** 2.763** 2.836** 

std err 0.385 0.452 0.434 0.545 0.576 
coef -1.931** -3.488** -3.403** -4.047** -4.298** 

std err 0.489 0.637 0.586 0.748 0.795 
coef -99.2** -139.21** -119.642** -102.529** -104.389** 

std err 19.19 21.031 21.065 24.101 25.574 
coef 16.5 0.602 40.928 32.089 25.833 

std err 21.571 24.333 23.73 29.656 31.585 
coef -34.122* -48.392** -28.156 0.688 -3.7 

std err 14.372 15.362 15.139 18.49 19.799 
Country   Luxembourg Netherlands Norway Poland Portugal 

coef 34.681** 33.9481** 32.021** 14.744** 9.615** 
std err 6.157 5.692 4.024 4.263 2.48 
coef 1.232** 1.1541** 0.858** 0.342** 0.298** 

std err 0.149 0.134 0.091 0.085 0.066 
coef 2.73** 3.1991** 3.678** 2.079** 0.597** 

std err 0.533 0.479 0.368 0.317 0.225 
coef -4.712** -4.7311** -5.543** -1.659** 1.009** 

oil 
std err 0.748 0.669 0.502 0.436 0.299 

std err 24.458 22.597 16.399 14.72 10.516 
coef -53.918 -69.9211** -75.293** 20.899 -172.16** 

Season_autumn 
std err 28.872 26.463 19.039 18.804 12.691 
coef -70.101** -74.6471** -46.602** -1.19 -136.769** 

Season_winter 
std err 17.959 16.488 12.078 11.573 7.706 

Country   Romania Serbia Slovakia Slovenia Spain 
coef 33.81** 29.789** 31.76** 25.701** 9.571** 

std err 4.781 4.96 5.498 5.152 2.678 
coef 0.987** 1.002** 1.085** 1.133** 0.382** 

coal 

coef 2.427** 2.588** 2.572** 2.966** 0.44 
carbon 

std err 0.404 0.427 0.466 0.451 0.23 
coef -3.483** -3.416** -3.888** -3.834** 0.984** 

std err 0.571 0.598 0.663 0.637 0.313 
coef -165.02** -147.154** -139.329** -143.794** -139.523** 

std err 18.597 20.084 21.804 21.135 11.014 
coef -22.453 -8.724 -9.994 -11.428 -189.328** 

std err 22.316 22.998 25.144 24.534 13.533 
coef -63.936** -64.126** -54.472** -45.1** -141.703** 

std err 14.095 14.876 16.048 15.424 8.117 
Country   Sweden Switzerland       

coef 43.169** 24.886**       
std err 6.752 5.263    
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coal 
coef 

std err 
1.095** 
0.147 

1.23** 
0.13 

coef 3.542** 3.704** 
std err 0.573 0.455 
coef -6.663** -4.517** 

std err 0.775 0.643 
coef -107.717** -134.646** 

std err 25.656 21.679 
coef -159.471** -43.421 

std err 31.844 24.38 
coef -44.598* -52.65** 

std err 19.267 15.63 
**. represents regression coefficient is significant at the 0.01 level. 
*. represents regression coefficient is significant at the 0.05 level. 

In the U.S., PJM exhibited the best resilience with a gas price regression coefficient 
of β = 2.83, while CAISO had the worst performance with β = 9.48. This suggests that 
wholesale markets in the U.S. are generally better equipped to handle natural gas price 
shocks compared to the EU markets. For example, Spain demonstrated the best resili-
ence among EU countries (β = 9.57), while Sweden performed the worst (β = 43.17). 
The results show that all U.S. ISOs had better resilience to natural gas shocks compared 
to EU countries [16]. 

The comparison results are shown in Figure 1. 

 
Fig. 1. Comparison of the resilience performance at the 0.7 quantile level of U.S. and E.U. 

wholesale electricity markets in response to natural gas price shocks in 2022 

The study highlights that the resilience of wholesale electricity markets to natural 
gas price shocks is closely tied to the presence of capacity mechanisms. Markets using 
capacity payment or auction mechanisms generally performed better than those without 
such mechanisms or those employing strategic reserves. This finding aligns with pre-
vious literature on market resilience mechanisms. Capacity mechanisms appear crucial 
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in mitigating the impact of gas price shocks by ensuring adequate reserve capacities 
and smoothing price volatility. 

4.4 Robustness Testing 

Robustness tests at the 0.75 quantile level confirmed the stability of the results. The 
regression coefficients for natural gas prices remained significant and positive across 
both U.S. and EU markets, reinforcing the conclusion that natural gas price fluctuations 
are a critical factor influencing electricity prices during periods of high demand[12]. 

5 Discussion 

The comparative resilience of wholesale electricity markets in the U.S. and E.U. during 
the 2022 global energy crisis highlights key differences in market design and their re-
sponses to natural gas price shocks. The U.S. markets, particularly PJM and MISO, 
demonstrated greater resilience, as indicated by lower coefficients for natural gas prices 
in the regression analysis. This suggests a more robust capacity to absorb external price 
shocks. In contrast, several E.U. markets, such as Sweden and Finland, exhibited higher 
sensitivity to gas price fluctuations, reflecting weaker resilience mechanisms. 

One crucial factor contributing to this disparity is the different approaches to capac-
ity mechanisms. U.S. markets tend to use capacity payments and auctions, which pro-
vide additional financial incentives for generators to maintain capacity and flexibility[9]. 
These mechanisms not only help stabilize electricity supply during crises but also pro-
mote long-term investment in grid resilience. On the other hand, many E.U. markets 
rely more on strategic reserves or have no significant capacity mechanisms, leading to 
greater exposure to price volatility (Fabra et al., 2022). The comparison of capacity 
mechanisms for the wholesale electricity markets in the U.S. and E.U. can be found in 
Table 5. 

Table 5. Comparison of capacity mechanism and resilience performance 

Market Capacity mechanism Resilience performance 
PJM Capacity auction 2.8301 

NYISO Capacity auction 3.1641 
MISO Capacity auction 3.359 

ERCOT Strategic reserve 4.8815 
ISO_NE Capacity auction 6.0566 
CAISO Capacity auction 9.4759 
Spain Capacity payment 9.571 

Portugal Capacity auction 9.615 
Poland Capacity auction 14.744 
Italy Capacity auction 17.146 

Greece Capacity auction 20.801 
Sweden Strategic reserve 43.169 
Finland Strategic reserve 39.341 
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Lithuania Strategic reserve 37.822 
Denmark No capacity mechanism 36.772 
Czechia No capacity mechanism 36.118 
Latvia Strategic reserve 35.578 

Luxembourg No capacity mechanism 34.681 
Germany Strategic reserve 34.681 

Netherlands No capacity mechanism 33.9481 
Romania No capacity mechanism 33.81 

Furthermore, the resilience in the U.S. markets can be attributed to their more cen-
tralized and liberalized market structures. The Independent System Operators (ISOs) in 
the U.S. employ nodal pricing, which internalizes grid congestion and better reflects 
local supply and demand conditions. This pricing model provides more accurate eco-
nomic signals to market participants, encouraging efficient responses to supply short-
ages[18]. In contrast, the European zonal and national pricing models are less flexible in 
responding to rapid price changes, which amplifies the impact of natural gas price 
shocks. 

Finally, the role of government intervention in both regions was significant but var-
ied. The U.S. government’s relatively hands-off approach, combined with effective 
market-based mechanisms, allowed for more natural market corrections. In contrast, 
the E.U.’s more interventionist policies, such as price caps and subsidies, while neces-
sary to protect consumers, may have distorted price signals and delayed necessary mar-
ket adjustments. 

In conclusion, the differences in capacity mechanisms, market structure, and gov-
ernment intervention between the U.S. and E.U. electricity markets were key determi-
nants of resilience during the 2022 energy crisis. Policymakers in the E.U. could benefit 
from incorporating elements of the U.S. system, particularly regarding capacity pay-
ments and auctions, to enhance market resilience in future crises. 

6 Conclusion 

The European Union (E.U.). This study compared the resilience performance of the 
U.S. and E.U. electricity markets in response to natural gas price shocks, with a focus 
on identifying the underlying market mechanisms that contributed to differing levels of 
resilience. 

The findings indicate that U.S. markets, particularly those employing capacity pay-
ments and auctions, demonstrated superior resilience compared to their European coun-
terparts. This is largely due to the more centralized and liberalized market structures in 
the U.S., where Independent System Operators (ISOs) play a key role in maintaining 
market stability through effective pricing mechanisms such as nodal pricing[5]. These 
markets are better equipped to respond to price fluctuations by providing accurate sig-
nals to market participants and incentivizing timely investment in capacity and flexi-
bility. 

In contrast, the E.U. markets exhibited greater sensitivity to natural gas price shocks 
due to weaker or non-existent capacity mechanisms. The reliance on zonal and national 
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pricing, as well as government interventions like price caps, hindered the ability of 
these markets to adjust efficiently to external shocks. The countries that performed well, 
such as Spain and Portugal, employed capacity mechanisms or market designs that bet-
ter supported resilience[8]. 

For policymakers, the lessons from this study underscore the importance of imple-
menting robust capacity mechanisms and market designs that promote flexibility and 
stability. The E.U. could benefit from adopting more elements of the U.S. model, par-
ticularly in improving market liberalization and employing capacity payment systems 
that can enhance resilience to future crises. 
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        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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