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Abstract  In recent years, the degree of air pollution and climate change caused by greenhouse gases has become 

more and more serious, and the greenhouse gases emitted by various countries have continuously aggravated the 

global greenhouse effect. As a result, the United Nations and governments have drawn up plans and laws to control 

greenhouse gas emissions strictly. Many international organizations are also investing in greenhouse gas reduction 

programs, and many countries will have to consider greenhouse gas emissions data if they want to receive subsidies 

from the United Nations or investments from financial unions in the future. This study intends to analyze the 

economic and greenhouse gas emission reduction efficiency of OECD member states through the two-stage data 

envelopment analysis method. The results show that only four countries have a total efficiency score of more than 

0.5, Estonia, Iceland, Latvia, and Luxembourg. Among the four countries, only Estonia and Latvia have national 

economic efficiency and greenhouse gas emission reduction efficiency above average. In contrast, Iceland and 

Luxembourg have national economic efficiency far above greenhouse gas emission reduction efficiency. Conversely, 

Latvia is the most efficient of the four countries in reducing greenhouse gases. The results of this study will provide 

a reference for the United Nations and international organizations to promote global greenhouse gas emission 

reduction. 
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1. Introduction 

Emissions of Greenhouse gas (GHG) from fossil fuels 

reached their highest level since the 19th century in 2019, 

putting the commitments set out in the 2015 Paris 

Agreement in jeopardy [1]. Greenhouse gas emissions are 

also one of the factors contributing to climate change, 

causing extreme weather changes (floods, droughts, 

storms, etc.), rising sea levels, changing crop growth, and 

damaging water supply systems [2]. Greenhouse gases 

will also cause air pollution, respiratory diseases, the 

disappearance of some species, and changes in typical 

living habits [3]. During the 26th UN Climate Change 

Conference in 2021, more than 40 countries signed 

Glasgow Breakthroughs. Governments, businesses, and 

cities worked together to achieve climate change targets in 

energy, transport, agriculture, steel, and other industries 

[4]. The Glasgow Financial Alliance for Net Zero 

(GFANZ), which has signed up to sustainable Finance 

principles to assist global net zero development, to assist 

in investing in global economies to transition to clean 

energy, and to include carbon emissions in customers' 

KPIs, when making loans or investments, the carbon data 

of customers or investment targets will be taken into 

consideration for credit. The World Bank is expected to 

launch a trust fund at the 27th Climate Change Conference 

to provide financial subsidies to developing countries that 

meet pre-negotiated outcomes in reducing greenhouse gas 

emissions. In order to achieve carbon neutrality, reduce 

greenhouse gas emissions, and transition to clean energy 

in the future, countries will have to focus on carbon 

reduction strategies to obtain more investment from 

banking institutions or additional subsidies successfully. 

Therefore, this study's primary motivation is to 

comprehensively compare greenhouse gas emission 

reduction efficiency between countries through efficiency 

assessment methods. 

In the relevant research on greenhouse gas emissions, 

[5] discussed the carbon footprint of carbon crops and 

agricultural management. [6] studied the impact of 

economy and energy on greenhouse gas emissions in 

China and the United States. [7] examine how climate 

finance impacts renewable energy. [8] tried to calculate 

how shared bikes affect greenhouse gas emissions. [9] 
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conducted environmental efficiency assessment of major 

Asian economies through Data Envelopment Analysis 

(DEA). [10] evaluates ecological benefit indicators of EU 

countries by using a two-stage DEA model. [11] Using 

DEA to assess energy, environmental, and economic 

efficiency in the top 20 industrial countries. Due to the 

mature development technology of DEA, many fields 

have conducted efficiency analysis through DEA. 

Therefore, this study will adopt the data envelopment 

analysis method to analyze different countries' greenhouse 

gas emission reduction efficiency. 

The Organization for Economic Cooperation and 

Development (OECD) was founded in 1961 and has 38 

member countries. The OECD brings together 

governments, policymakers, and citizens to establish 

evidence-based international standards, from the polluter 

pays principle to crack down on tax evasion. The main 

work is research and analysis, emphasizing respect for 

market mechanisms, reduction of government intervention, 

and transnational intergovernmental economic cooperation 

and development through policy dialogue. In this study, 

variables related to the economy and greenhouse gas 

emissions of OECD member countries will be collected to 

analyze the efficiency of the two-stage data envelopment 

analysis. By understanding the analysis results of the  

first-stage economic efficiency and the second-stage 

greenhouse gas emission reduction efficiency of OECD 

member countries, we provide comprehensive reference 

and investment help for the UN and investment 

institutions. 

2. Background and Preliminary 

2.1. Greenhouse Gas Emissions 

According to the U.S. Environmental Protection Agency 

(EPA), gases that trap heat in the atmosphere are called 

greenhouse gases. It contains carbon dioxide (CO2), 

methane (CH4), and nitrous oxide (N2O) [12]. Carbon 

dioxide is one of the most important greenhouse gases, 

accounting for 3/4 of greenhouse gas emissions. It can 

linger in the atmosphere for thousands of years and is also 

the main culprit of climate change [3]. According to [2], 

greenhouse gas emissions were very low before the 

Industrial Revolution. Until 1950, the annual carbon 

dioxide emissions were 6 billion tons, and the emissions 

doubled to 22 billion tons in 1990. World emissions are 

now 34 billion tons a year. If carbon dioxide emissions are 

compared by country and region, until the 20th century, 

global emissions have been dominated by Europe and the 

United States. In the second half of the 20th century, 

emissions in other parts of the world increased 

significantly, especially in Asia, especially China [2]. 

Increased emissions of greenhouse gases also contribute 

to the greenhouse influence, which traps heat in the 

atmosphere and warms the earth, allowing it to stay 

warmer over time than when the sun is directly in the air. 

The greenhouse effect is also the key to maintaining the 

earth's vitality. Without the greenhouse effect, the average 

temperature of the earth would be reduced, and many life 

forms created on the earth would not be able to appear. 

However, an unchecked continuation of global warming 

will lead to significant climate change, such as rising sea 

levels, increased ocean acidification, life-threatening 

weather events, and other severe natural and social 

impacts [13]. A picture of the natural and artificial 

greenhouse effect is shown in Figure 1. 

2.2. Greenhouse gas emission reduction  

and efficiency analysis 

There is much research on greenhouse gases. Early 

research mainly investigated and studied greenhouse gas 

emissions through correlation, quantitative, and other data 

analyses [14,15]. [16] and [17] used Grey Theory and time 

series to predict carbon emissions. [18] used neural 

networks (NN) and multiple linear regression (MLP) to 

predict agricultural carbon. In the case study, [19] 

discussed the impact of the economy and greenhouse gas 

emissions in China and the United States. The results 

showed that economic factors impacted China and the 

United States slightly differently. Economic factors in 

China led to increased greenhouse gas emissions, while 

greenhouse gas emissions in the United States decreased. 

[8] studied whether bike-sharing in Shanghai, China, 

could curb part of greenhouse gas emissions. The research 

results showed the environmental benefits of bike-sharing 

and provided a valuable reference for improving urban 

transportation systems and developing sustainable cities.  

 

Figure 1. Greenhouse effect 
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Table 1. Greenhouse gas related research 

Field Topic Author 

Prediction 
Forecasting greenhouse gas emissions 

[16] 

[17] 

Prediction of CO2 emission [18] 

Review 

Greenhouse gas emissions from soils [21] 

The relationship between GHG emissions and agricultural management [5] 

A review of greenhouse gas emissions trends from 1990 to 2018 [1] 

Case 

Study 

Economic and energy impacts on GHG emissions [6] 

Evaluation of shared bikes to reduce GHG emissions [8] 

Detection of GHG emission sources [22] 

DEA 
Evaluation of environmental efficiency 

[11] 

[20] 

Evaluation of Eco-Efficiency [10] 

 

[11] tried to analyze the environmental efficiency of the 

top 20 countries with carbon emissions through DEA. 

They found that Australia, China, Japan, and other 

countries are the countries with the best energy efficiency 

and found that most countries have higher performance in 

economic efficiency than in environmental efficiency.  

[20] established an undesirable output model through  

DEA to measure the efficiency of the top 20 economies in 

Asia. The result showed that Japan was a sustainable 

development model that considered economic development 

and environmental protection at the same time. [10] 

assessed the evolution of ecological efficiency in 27 

countries of the European Union and found that Ireland 

had the lowest greenhouse gas emissions and polluting 

gases. Table 1 shows the research on global greenhouse gases. 

2.3. Data Envelopment Analysis 

DEA method is behind linear mathematical 

programming, which is a decision-making tool used to 

measure the relative production efficiency between 

decision units (DMUs), estimate production boundaries, 

and evaluate the efficiency of DMUs, and can be used to 

evaluate the efficiency analysis of multiple inputs and 

outputs in a decision unit. 

DEA was proposed by [23]. Let 𝑋𝑖𝑗 , 𝑖 = 1,… ,𝑚  and 

𝑌𝑟𝑗 , 𝑟 = 1,… , 𝑠, have input of ith and output of rth, there 

are jth DMU, 𝑗 =  1,… , n . Under the assumption of 

constant returns to scale, the CCR model of DEA to 

measure the relative efficiency of DMU k is: 
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𝐸𝑘
𝐶𝐶𝑅  is the efficiency of DMU k, 𝑢𝑟  and 𝑣𝑖 are the 

multipliers associated with the rth output and the ith input, 

𝜀  is a small non-Archimedean number, [24] In order to 

prohibit each DMU from assigning zero weight to adverse 

input/output factors, adjust the model into a fractional 

linear program (fractional linear program), to transform 

into the following linear program: 
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DEA allows multiple inputs and outputs to be 

considered simultaneously without making any assumptions 

about data distribution. DEA models can be subdivided 

into input-oriented models, which minimize input while at 

least satisfying a given output level, and output-oriented 

models, which maximize output without requiring more 

input values [25]. In each case, efficiency is measured 

regarding proportional changes in input or output. With 

the development and maturity of DEA technology, there 

are many studies on efficiency analysis through DEA in 

many fields, such as the efficiency measurement of 

insurance companies [26], traffic data analysis [27], 

Efficiency analysis of Balanced corporate scorecard [28] 

and efficiency evaluation of technological innovation [29]. 

In addition to the efficiency of greenhouse gas 

emissions, DEA is also applied in other fields. [26] 

discussed the studies on insurance company analysis using 

DEA from 1993 to 2018 through a literature review and 

found that there were few published studies on DEA 

application in the 1990s, but observed that DEA-related 

applications reached a peak after 2010. In this study, other 

research related to DEA in recent years is integrated into 

Table 2. [28] ranked Iranian water supply companies' 

efficiency using grey correlation analysis and DEA and 

analyzed the efficiency from an output-oriented 

perspective. [30] believe that with the increasing amount 

of data in the real world, a large amount of calculation is 

required for efficiency. Therefore, DEA is combined with 

Machine Learning and efficiency analysis is carried out 

based on Chinese manufacturing listed companies in 2016. 

[31] determines import and export variables by the Delphi 

method and then studies the efficiency of fashion retail 

stores in Ho Chi Minh City, Vietnam, through the DEA. 

[27] reviewed the studies on applying DEA to the 

efficiency analysis of transportation systems from 2007 to 
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2018 through a literature review and concluded that DEA 

is one of the most valuable methods considered by the 

decision-makers of transportation systems. [32] pointed 

out that Bus Lines are the most important public transport 

system in many cities, but Bus lines are usually less 

efficient than other lines. [33] analyzed the efficiency of 

22 harbors in Vietnam through DEA and concluded that 

scale and management skills were the primary sources of 

efficiency. In the strategy field study, [29] analyzed  

green technology innovation in China's emerging 

industries from 2004 to 2015 through DEA and Malquist 

Productivity Index. [34] Strengthening public safety 

systems is essential considering the increasing trend of 

violence in Mexico, so they investigated the technical 

efficiency of public safety systems in 1,730 Mexican cities 

through a two-stage data Enveloping analysis (DEA). The 

results show significant differences in technical efficiency 

between regions and cities. These studies have repeatedly 

proved the excellence of DEA in efficiency analysis. 

Table 2. DEA related research 

Field Topic Author 

GHG 

Emission 

Evaluation of environmental efficiency 
[11] 

[20] 

Evaluation of Eco-Efficiency [10] 

Efficiency 

analysis for 

companies 

Review of insurance company’s efficiency [26] 

Evaluation of municipal water and 

wastewater company’s efficiency 
[28] 

Evaluation of manufacturing 

company’s efficiency 
[30] 

Evaluation of fashion company’s efficiency [31] 

Transportation 

Review of transportation systems efficiency [27] 

Evaluation of bus line’s efficiency [32] 

Evaluation of port’s efficiency [33] 

Strategy 

Efficiency Evaluation of green technology 

innovation 
[29] 

Efficiency Evaluation of Public security [34] 

3. Materials and Methods 

3.1. Dataset 

Due to covid-19, many research data are flawed and 

incomplete; the complete sources for this study can only 

be taken from the latest and most complete OECD 2020 

(https://data.oecd.org/) and The Global Economy 

(https://www.theglobaleconomy.com/), public information 

(Open Data) database, respectively is introduced as 

follows. 

The OECD (Organization for Economic Co-operation 

and Development) is an international organization of 38 

countries that aims to promote economic growth, 

employment, and sustainable development. The OECD 

Database (https://data.oecd.org/) is an online resource of 

economic, social, and environmental indicators, providing 

a wealth of statistical data and policy analysis from OECD 

member countries. The OECD database contains over 

80,000 indicators covering many topics, including the 

economy, trade, Labor market, education, environment, 

energy, health, science and technology, and social welfare. 

These indicators are typically presented in a time series 

format, allowing users to make long-term trends and 

cross-country comparisons. The OECD database offers a 

variety of data file formats, including tables, charts, and 

maps, and users can customize queries and filtering 

criteria for different needs and purposes. In addition, the 

OECD database provides data download and sharing 

functions to facilitate the use of data for research, policy 

development, and reporting purposes. 

The Global Economy (https://www.theglobaleconomy.com/) 

is a website that provides global economic data and 

national economic indicators. The website combines economic 

statistics from countries worldwide and provides an 

intuitive and easy-to-use platform for understanding and 

comparing the economic situation of different countries 

and regions. The Global Economy website contains over 

4,000 economic indicators covering various topics, 

including gross domestic product (GDP), employment, 

inflation, trade, finance, energy, and demographic and 

social indicators. These indicators are typically presented 

in a time series format, allowing users to make historical 

trends and country comparisons. Users can conduct 

custom queries and filters and download data and charts 

for further analysis and use. The Global Economy website 

is a valuable resource for understanding the state of the 

global economy, comparing national economic performance, 

tracking economic trends, and supporting researchers, 

policymakers, businesses, and academia in economic 

analysis, business decision-making, and policy research. 

This study collected variables related to greenhouse gas 

emissions and the economy through a literature review, 

determined the input and output variables of the two-stage 

DEA model, and then analyzed the efficiency and overall 

efficiency of OECD member states at each output stage 

through the two-stage DEA. The research process of this 

study is shown in Figure 2. 

 

Figure 2. Research scenario 

3.2. Input/Output Variable 

This study adopted a literature review to determine the 

output and input variables of DEA. [11] pointed out that 

GDP is produced by labor, capital, and energy 

consumption and will produce carbon dioxide emissions. 

Therefore, this study adopts a two-stage DEA for 

efficiency analysis of OECD member states. The first 

stage is economic efficiency. According to [11], in the 

process of measuring national or regional environmental 

efficiency or energy efficiency, Both energy consumption 
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and population are used as inputs to produce desirable  

and undesirable outputs; therefore, when conducting 

environmental, economic efficiency, the Openness index 

and GDP should be regarded as the ideal output, while 

CO2 emission should be regarded as the undesirable 

output. [9] ranked global cities through economic 

performance, climate change mitigation, and DEA, using 

population as the input variable, GDP as the ideal output, 

and greenhouse gas emission as the non-ideal output. [10] 

explores the relationship between greenhouse gas 

emissions and ecological efficiency for EU member States 

through DEA, taking labor, energy, and electricity use as 

inputs, GDP as ideal output, and greenhouse gas emission 

as non-ideal output. [35] conducted an ecological 

efficiency assessment through a life cycle assessment 

combined with DEA, in which input variables included 

fossil fuels (diesel, gasoline, etc.). The input and output 

variables of the two-stage DEA adopted in this study, and 

the original references are shown in Table 3.  

Table 3. Input/Output Variables 

Variable Attribute Source Reference 

Inputs 

x1: Population Numerical OECD Database [11] 

x2: Labor Force Numerical OECD Database [10] 

x3: Gasoline 

Consumption 
Numerical TheGlobalEconomy.com [35] 

x4: Coal 

Consumption 
Numerical TheGlobalEconomy.com 

[11] 

[9] 

[10] 

x5: Electricity 

Consumption 
Numerical TheGlobalEconomy.com 

[11] 

[9] 

[10] 

Intermediate 

z6: GDP Numerical OECD Database 

[11] 

[9] 

[20] 

[10] 

z7: Trade 

Openness 
Numerical TheGlobalEconomy.com [11] 

Outputs 

y8: CO2 

Emission 
Numerical OECD Database 

[11] 

[9] 

[20] 

[10] 

y9: GHG 

Emission 
Numerical OECD Database 

[11] 

[9] 

[20] 

[10] 

3.3. Efficiency Evaluation of Two-stage Data 

Envelopment Analysis 

The two-stage DEA proposed by [36] is adopted as the 

efficiency analysis method in this study. It is assumed  

that the overall production process consists of two  

sub-processes, shown in Figure 3. The overall process 

uses m inputs and 𝑋𝑖𝑘 , 𝑖 = 1,… , m, and produce the output 

of s and 𝑌𝑟𝑘 , 𝑟 = 1,… , s. Instead of a traditional one-stage 

production process, the production process here consists 

of two sub-processes, q is intermediate products 𝑍𝑝𝑘 , 𝑝 =

1,… , q. Intermediate product 𝑍𝑝𝑘  is the output of the first 

stage and the input of the second stage, the equations for 

the model efficiency 𝐸𝑘
1 of the first stage and the model 

efficiency 𝐸𝑘
2 of the second stage are as follows: 

 1
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The essence of the two-stage model is similar to that of 

the original model (1) in that the efficiency is calculated 

independently. In order to connect the two-stage models 

with the whole process, there must be a model to describe 

the series relationship between the whole. Considering 

DMU k, the equations representing symbols 𝑢𝑟
∗ , 𝑣𝑖

∗,  and 

𝑤𝑝
∗  as multipliers selected by DMU k to calculate its 

overall comprehensive efficiency 𝐸𝑘  and two-stage model 

efficiencies 𝐸𝑘
1 and 𝐸𝑘

2 are: 
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The overall efficiency is multiplied by the efficiency of 

the two substage models: 

 1 2*k k kE E E  (4) 

Based on this concept, the calculation method of the 

comprehensive efficiency 𝐸𝑘 , considering the series 

relationship of the two sub-stage models, incorporates the 

constraint relationship of the two sub-stage models into 

the model as follows (5) 
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Figure 3. Two-stage DEA model 

3.4. Research Framework of Two-stage DEA 

This study attempts to analyze the efficiency of 

greenhouse gas emission reduction of OECD member 

States through the two-stage DEA. The two-stage DEA 

analysis scenario is shown in Figure 4. This study 

integrates variables collected by the OECD and the 

GlobalEconomy database into the research data set. In the 

pre-processing of the data set, the linear interpolation 

method of SPSS 25 was used in this study to fill in the 

missing values, and the numerical value of greenhouse 

gases with non-ideal output was carried out in the way of 

reciprocal efficiency analysis [8]. 

The efficiency in the first stage of this study is 

economic efficiency. A country improves its economy by 

consuming labor and energy (gasoline, coal, and 

electricity). A rise in GDP means that people consume 

more, create more job opportunities and pay more taxes. If 

GDP falls, the economy shrinks, and recession may mean 

wage freezes and job losses. However, GDP growth also 

increases greenhouse gas emissions [11]. The increase in 

greenhouse gas emissions leads to increased extreme 

weather events threatening property and life. In the study's 

second phase, greenhouse gas reduction efficiency, fossil 

fuels continued to dominate the global energy mix in 2019, 

even as wind and solar recorded record growth rates, 

Renewable energy will still only account for 11% of 

global energy consumption in 2019. Greenhouse gas 

emissions will increase rapidly as economies and 

communities open up in the future [37]. Although the 

United Nations is pushing for a global reduction in 

greenhouse gas emissions, it remains to be seen how 

effective it will be. 

This study developed a two-stage network DEA model 

connecting economy and greenhouse gas emission 

reduction, which combined population, labor force, and 

energy consumption with GDP and Trade Openness as the 

economic efficiency in the first stage. At the same time, 

the output of the first stage is also the input of the second 

stage, so the input of GDP and trade openness, output 

carbon emission, and greenhouse gas emission are the 

second stage's greenhouse gas emission reduction 

efficiency. The input and output of each stage in this study 

are shown in Figure 5. 

 

Figure 4. Efficiency Analysis Scenario 

 

Figure 5. Research framework of two-stage DEA 
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4. Results and Discussion 

4.1. Results of Two-stage DEA Efficiency 

Analysis 

In this study, Lingo 20 was used as A software 

development tool. The input and output variables of the 

two-stage DEA efficiency analysis are shown in Table 3. 

The data source was 2020, the narrative statistics of input 

and output variables are shown in Table 4. 

Table 4 Descriptive statistical of input/output variables 

 Min Max Mean SD Var 

x1 0.366 331.50 36.1 59.73 3567.41 

x2 205.8 160742.3 17284.07 28835.1 831462857 

x3 2.37 8049.22 341.97 1298.85 1687 

x4 3.82 477395 40465.11 88906.5 7904365979 

x5 6.21 3897.89 271.50 635.13 403388.54 

z6 15650 119871 46951 19687 387603847 

z7 23.26 373 98.38 64.95 4218.45 

y8 1.29 14.57 6.02 3.11 9.68 

y9 4.47 20.54 9.23 3.71 13.75 

Table 5. Results of two-stage DEA efficiency analysis 

OECD 

Country 

Overall 

Efficiency 

Stage1 

Efficiency 

Stage2 

Efficiency 

EST 0.711 1.000 0.421 

ISL 0.619 1.000 0.238 

LVA 0.547 0.437 0.796 

LUX 0.542 1.000 0.084 

LTU 0.389 0.375 0.427 

SVN 0.330 0.307 0.405 

IRL 0.301 0.363 0.133 

SVK 0.243 0.233 0.284 

CHE 0.204 0.170 0.407 

NOR 0.181 0.170 0.246 

PRT 0.136 0.085 0.741 

DNK 0.133 0.112 0.318 

AUT 0.111 0.093 0.306 

FIN 0.104 0.086 0.320 

HUN 0.102 0.084 0.321 

BEL 0.089 0.074 0.286 

SWE 0.087 0.058 0.576 

CZE 0.081 0.067 0.289 

NZL 0.066 0.058 0.206 

GRC 0.057 0.034 0.728 

CRI 0.046 0.034 0.395 

NLD 0.045 0.037 0.257 

TUR 0.044 0.025 0.820 

ISR 0.042 0.031 0.389 

ESP 0.032 0.020 0.655 

CHL 0.030 0.019 0.636 

POL 0.025 0.018 0.422 

ITA 0.024 0.016 0.522 

COL 0.023 0.011 1.000 

FRA 0.021 0.014 0.509 

GBR 0.016 0.011 0.521 

KOR 0.014 0.010 0.350 

AUS 0.013 0.012 0.126 

DEU 0.008 0.007 0.292 

CAN 0.008 0.007 0.173 

MEX 0.006 0.004 0.451 

JPN 0.004 0.003 0.379 

USA 0.001 0.001 0.125 

Mean 0.143 0.16 0.41 

In this study, Lingo 20 software was used to write a 

two-stage DEA efficiency analysis program. The results of 

the two-stage DEA efficiency analysis for OECD member 

States are shown in Table 5. The results showed  

that only four countries had a total efficiency score of 

more than 0.5, Estonia (EST), Iceland (ISL), Latvia 

(LVA), and Luxembourg (LUX), respectively. Among 

these four countries, only Estonia (EST) and Latvia (LVA) 

have higher economic efficiency and greenhouse gas 

emission reduction efficiency than the average of their 

stage efficiency (0.16, 0.41). Iceland and Luxembourg are 

far more economically efficient than they are in reducing 

greenhouse gases. Latvia was the most efficient of the four 

countries in reducing greenhouse gases. The following is a 

brief speculation and discussion on these four countries. 

4.1.1. Estonia 

Estonia (EST) is a high-income economy in Europe. 

According to the survey of the free trade index 

(https://www.heritage.org/index), Estonia's economic 

freedom scores 80, and the economic index in 2022 

ranked seventh. Estonia ranks fourth out of 45 countries in 

the European region, with a composite score above the 

regional and world average, coupled with an independent 

judicial structure and effective mechanisms to investigate 

and punish isolated cases of abuse and official corruption. 

Latvia has an economic freedom score of 74.8, placing its 

economy 18th in the 2022 index. Estonia's success in 

economic efficiency and greenhouse gas emission 

reduction can be attributed to the following reasons: 

1.  Estonia's energy industry has traditionally been 

dominated by oil shale and petroleum. However, 

with technological advances and policy support, 

Estonia has shifted to more environmentally 

friendly forms of energy, such as natural gas and 

renewable energy sources. This transition has 

allowed Estonia to reduce greenhouse gas emissions 

while sustaining economic growth. 

2.  Estonia has a well-developed public transport 

system and a high acceptance of non-motorized 

modes of transport, such as cycling and walking, 

which reduces the frequency of car use and 

environmental pollution. 

3.  The Estonian government encourages businesses 

and people to reduce greenhouse gas emissions 

through green taxes and subsidies. In addition, 

Estonia has effectively reduced its greenhouse gas 

emissions through measures such as establishing a 

carbon emissions trading system. 

4.  Estonia's economic development is mainly based on 

the knowledge-based economy, such as the high-

tech and information technology industries, which 

also help reduce environmental pollution and 

balance economic development and environmental 

protection. 

For all these reasons, Estonia has achieved the dual 

advantages of economic and greenhouse gas reduction 

efficiency and has made many achievements in the green 

economy and sustainable development. 

[38] mention that the widespread adoption of District 

heating (DH) in Estonia offers the most effective 

opportunity at the national level to achieve energy 

efficiency, increase the share of renewable energy and 
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reduce CO2 emissions. [39], regarding the sustainable 

development of the energy sector in Bulgaria, Czech 

Republic, Estonia, and Poland from 2008 to 2022, 

considers the importance of raising environmental taxes 

and the reform of the EU Emissions Trading System as 

critical tools for economically and effectively reducing 

greenhouse gas emissions. 

4.1.2. Iceland 

Iceland (ISL) is a small island country. In terms of 

economic efficiency, Iceland has developed a robust 

renewable energy industry, including thermal power 

generation, wind power generation, and geothermal 

heating, through its abundant geothermal and hydraulic 

resources. This makes energy cheap in Iceland, and most 

of it comes from renewable sources, making Iceland 

economically efficient. In addition, Iceland's fishery, 

tourism, and other industries also have relatively stable 

development. 

According to the research of [40], Iceland is regarded as 

the future case of a high-consumption and green region in 

the world. However, its carbon footprint covers the world 

through the supply chain of imported products (about 71% 

of household emissions are attributed to imported goods). 

As a result, the overall carbon footprint of Iceland is still 

very high even if the decarburization of fixed energy is 

carried out. However, Iceland is an example of a few 

countries that have completed the energy transformation, 

and its greenhouse gas emission reduction efficiency may 

be improved in the future. According to the data from the 

European Union, Iceland is also one of the first countries 

to ratify the Paris Agreement. It plans to reduce its 

greenhouse gas emissions by 40% compared with 1990 

levels in 2030 [41]. The reasons for Iceland's improved 

greenhouse gas emission reduction efficiency in the future 

are as follows: 

1.  Iceland's energy sources mainly come from 

renewable sources, such as geothermal and 

hydropower. As a result, Iceland generates energy 

in a relatively environmentally friendly way and 

relies less on fossil fuels for energy production and 

use. 

2.  There are a considerable number of electric vehicles 

in Iceland, and the use of these vehicles has made a 

significant contribution to reducing greenhouse gas 

emissions. 

3.  Iceland's relatively small agricultural and industrial 

production also means there is less pressure to cut 

emissions. 

4.  The Icelandic government actively promotes energy 

and environmental policies. For example, by 

establishing the Green Foundation and other policy 

measures, it actively supports and promotes the 

development of the environmental protection 

industry and technology and encourages people and 

enterprises to participate in emission reduction 

actions actively. 

4.1.3. Latvia 

Latvia (LVA) is a high-income economy in Europe. 

According to the survey of the free trade index 

(https://www.heritage.org/index), Latvia's economic 

freedom score is 74.8, and Its economy ranks 18th in the 

2022 index. Latvia is relatively far ahead of its OECD 

peers in terms of economic efficiency and greenhouse gas 

reduction, mainly for several reasons: 

1.  Latvia's energy industry has been able to shift away 

from traditional energy sources such as coal and oil 

to more environmentally friendly forms of energy 

such as natural gas and renewables. This change in 

energy mix has enabled Latvia to maintain 

economic growth while reducing greenhouse gas 

emissions. 

2.  Latvia also has a high capacity for carbon capture in 

areas such as agriculture and forests, activities that 

can effectively reduce greenhouse gas emissions. 

3.  The Latvian government encourages businesses and 

people to reduce greenhouse gas emissions through 

green taxes and subsidies. In addition, Latvia has 

effectively reduced its greenhouse gas emissions by 

establishing a carbon emissions trading system. 

4.  The Latvian government actively promotes 

sustainable development, focuses on developing a 

green economy, and encourages enterprises to 

develop environmentally friendly technologies and 

products. At the same time, Latvia has a well-

developed public transport system and a high 

acceptance of non-motorized modes of transport, 

such as cycling and walking, which reduces 

environmental pollution. 

For all these reasons, Latvia has achieved the dual 

advantages of economic and greenhouse gas reduction 

efficiency and has made considerable achievements in the 

green economy and sustainable development. 

4.1.4. Luxembourg 

Luxembourg (LUX) excels in economic efficiency, 

with one of the smallest economies in Europe and one of 

the highest GDP per capita, its GDP per capita is the 

second highest among OECD countries. Luxembourg's 

economic development mainly depends on finance, 

banking, insurance, other services, steel, high-tech, and 

other industrial sectors. Luxembourg has a highly open 

economy and a high proportion of international trade to 

GDP. Luxembourg, however, performs poorly in reducing 

greenhouse gas emissions and is one of the highest 

emitters in the OECD. According to 2021 statistics, 

Luxembourg's greenhouse gas emissions are about 20 tons 

per person per year, well above the OECD average. 

Luxembourg's primary greenhouse gas emissions are 

transport, energy production, and consumption. 

The fact that Luxembourg is far more economically 

efficient than it is in reducing greenhouse gas emissions 

may be related to its economic structure and extraordinary 

circumstances, including the following reasons: 

1.  Luxembourg is a major country in Europe. 

Luxembourg is a highly industrialized and service-

oriented country with a structure of economic 

activity contributing to high domestic greenhouse 

gas emissions. Its economic location and open 

economic system also contribute to the scale and 

efficiency of its economic activities. 

2.  Luxembourg's greenhouse gas reduction measures 

could be more robust, and policy implementation is 

also responsible for the poor results. For example, 

in terms of transport, Luxembourg needs an 
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effective public transport system, and residents rely 

more on private vehicles, which also contributes to 

the high contribution of transport to greenhouse gas 

emissions. 

3.  Luxembourg is a small country with limited land 

area, dense population, and limited carrying 

capacity of environment and resources, limiting its 

ability to carry out large-scale greenhouse gas 

emission reduction measures. 

4.  Luxembourg's position within the European Union 

is relatively independent, and its commitment to 

climate change and emission reduction targets is 

relatively weak. This also leaves Luxembourg with 

little external pressure and incentive to implement 

measures to reduce emissions. 

For the above reasons, the phenomenon that 

Luxembourg's economic efficiency is much higher than its 

greenhouse gas emission reduction efficiency may be 

caused by its inadequate economic structure and policy 

implementation. However, with the increasing global 

attention on climate change and the increasing pressure 

from the international community, Luxembourg is 

gradually strengthening its emission reduction measures to 

achieve the dual goals of economic development and 

environmental protection. The Luxembourg government 

has developed a climate action plan to achieve 

comprehensive emission reduction targets by 2050, 

including further measures to promote electric vehicles, 

improve energy efficiency in buildings, and increase 

renewable energy sources. In addition, Luxembourg is 

part of the EU's Climate Action Plan, pledging to meet 

greenhouse gas reduction targets by 2030. 

According to the research of [42], the population of 

developed countries is usually smaller than that of 

developing countries, but the quality of life is better. As a 

result, cumulative greenhouse gas emissions per capita are 

generally more significant in developed countries than in 

developing countries, noting that Luxembourg and 

Australia are the two largest emitters of greenhouse gases 

based on cumulative income per capita, while India and 

Indonesia are the two smallest countries, Income-based 

greenhouse gas emissions in 2009 in Australia and 

Luxembourg increased by 41 percent and 60 percent, 

respectively, from 1995 levels. [43] pointed out that 

international trade led to global economic growth while 

emitting more greenhouse gases. They pointed out that the 

actual per-capita GHG emissions of countries such as 

Luxembourg and Australia are relatively large. [44] 

surveyed greenhouse gases and health in EU countries. 

They found that Ireland and Luxembourg were considered 

less active in controlling greenhouse gas emissions in 

terms of total greenhouse gas emissions; It also 

recommends that countries, in general, should focus on 

reducing greenhouse gas emissions and that reducing 

carbon dioxide emissions appears to be the most beneficial 

from a health perspective. 

4.2. Top 10 Countries in Overall Efficiency 

At present, OECD member countries cover all over the 

world, including countries in Asia, Western Europe, and 

North America in the early stage. This study lists ten 

countries whose total efficiency exceeds the average 

(0.143), as shown in Table 6. These ten countries are all 

from Europe. According to the survey of the World Bank, 

the top 10 countries in total efficiency in this study are all 

high-income economies [45], and the economic efficiency 

of these countries is indeed higher than the average (0.16). 

Why the overall efficiency ranking of these countries can 

be so high is worth further research and investigation in 

the future. 

Table 6. Top 10 countries in overall efficiency 

OECD Overall Stage1 Stage2 Location Leading Group 

EST 0.711 1.000 0.421 EU  

ISL 0.619 1.000 0.238 EU  

LVA 0.547 0.437 0.796 EU  

LUX 0.542 1.000 0.084 EU  

LTU 0.389 0.375 0.427 EU  

SVN 0.330 0.307 0.405 EU  

IRL 0.301 0.363 0.133 EU  

SVK 0.243 0.233 0.284 EU  

CHE 0.204 0.170 0.407 EU  

NOR 0.181 0.170 0.246 EU  

5. Conclusion 

Air pollution and climate change caused by greenhouse 

gas emissions have become increasingly severe, an 

essential issue of environmental protection. However, 

global greenhouse gas emissions continue aggravating the 

greenhouse effect, which may lead to more extreme 

climate-threatening life and property. Therefore, in the 

international community, countries are constantly calling 

for every country to control greenhouse gas emissions. 

International organizations and monetary unions have also 

called for future subsidies or investments to consider 

greenhouse gas emissions. However, countries seeking 

economic growth are bound to continue to emit large 

amounts of greenhouse gases. This study used the two-

stage DEA efficiency analysis method to analyze the 

comprehensive efficiency of OECD member states by the 

economic efficiency of the first stage and the greenhouse 

gas emission reduction efficiency of the second stage. The 

results show that the national economic efficiency and 

greenhouse gas emission reduction efficiency of Estonia 

(EST) and Latvia (LVA) are higher than the average. In 

comparison, the national economic efficiency of Iceland 

and Luxembourg is much higher than the greenhouse gas 

emission reduction efficiency. Latvia is the most efficient 

of the four countries in reducing greenhouse gases. The 

results of this study can provide a reference for the United 

Nations and international organizations to promote global 

greenhouse gas emission reduction. 
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