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This study statistically proves the effectiveness of the climate
technology-related development finance by proving the CO2 reduction
effect through its empirical analysis of whether the climate technologyrelated development finance carrying out its role in reducing the CO2
emissions of the recipient country. The results show that the climate
technology-related development finance does not have a significant
effect on the analysis of CO2 as a whole, but since the cooperation of
climate technology development affects the reduction of CO2 in related
sectors, the expansion of the climate technology-related development
finance that focuses on CO2 reduction of each sector is needed.
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1. INTRODUCTION
The Kyoto Protocol (1997-2020) was adopted at the third conference of the
parties (COP3) to the United Nations Framework Convention on Climate
Change (UNFCCC) in 1997 to prevent global warming.
However,
limitations of the Kyoto Protocol in responding effectively to climate change
appeared through increasing differences in opinions among countries on major
issues, the United States’ refusal to participate, withdrawal of major emission
countries and elimination of reduction obligations.
As a result, the
international community signed the 2020 Paris Agreement in December 2015,
in order to establish a global climate change response system. The Paris
Agreement, which is the foundation of the new post-Kyoto Protocol system,
aims to suppress the temperature rise to below 2℃ compared to that of the preindustrialization period, and the Agreement includes not only greenhouse gas
reduction but also all factors related to climate change response such as
adaptation, financial support, technical support, capacity building, and
transparency (reporting and verification).
In order to implement the Paris Convention, each country must submit a
mandatory nationally determined contributions (NDC) and implement and
inspect every five years. The Republic of Korea submitted a 37% reduction
plan of greenhouse gas (GHG) emissions from business-as-usual (BAU) levels
by 2030 to the United Nations in June 2015. The reduction plan aims to
reduce greenhouse gas emissions in Korea by 25.7% and overseas by 11.3%
by the end of 2030 and ultimately to reduce 3.15 million tons in total. Since
then, a ministerial responsibility system that strengthens the Prime Minister
and the Deputy Prime Minister (Minister of Strategy and Finance)’s function
of coordinating and mediating countermeasures against climate change and
makes the concerned ministry implement the reduction policy was introduced
in June 2016. As a medium- and long-term strategy for responding to climate
change, the 2030 ‘Basic Road Map’ and ‘Climate Change Response Basic
Plan’ will be established in December 2016, and the 2017 ‘Plan to Allocate
Greenhouse Gas Emission Rights’ will also be established. In order to
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achieve the reduction target, the overseas effort to reduce the foreign countries
is an important policy matter, and an in-depth discussion on how to promote
international cooperation on climate technology in the future is needed.
The Paris Agreement emphasizes technical and financial support for
developing countries by developed countries. As a result, demand of
developing countries for developed countries’ climate technology is
continuously increasing. Demand for the development and transfer of
technologies to cope with climate change, which will enable developing
countries to continue developing under the new climate regime of the Paris
Agreement, will continue to grow. Korea should also, in accordance with
this background, pursue effective international cooperation on climate
technology.
The purpose of this study is to firstly analyze the current state of
international cooperation of climate technology between countries and to draw
out the direction of international cooperation of climate technology in Korea
by conducting an econometric analysis on the effect of climate technologyrelated development finance on greenhouse gases reduction. Previous
studies related to international cooperation on climate technology have mainly
focused on qualitative analysis. With the adoption of the Paris Convention
(December 2015), as a comprehensive climate change response system
including climate, technology, and finance was created and as the global
interest in climate technology increased, it seems as qualitative research on the
current state was actively conducted. However, as the world enters the stage
of preparation of national strategies, empirical analyses based on data are being
required.
In this study, discussion on the effects of climate technology-related
development finance between countries on GHG mitigation and approaches
on how to interpret this effect were reviewed. Hicks et al. (2008) and Kwak
and Jeon (2013) empirically analyzed the determinants of overall
environmental official development assistance (ODA). Similarly, Chung et
al. (2018) analyzed the determinants of climate technology international
finance. Jung et al. (2015) analyzed the determinants of climate-related

108

Yong Woon Chung · Kyung-Nam Shin · Sang Hak Sohn

international finance. Halimanjaya (2015) conducted empirical analysis on
the developing nations’ characteristics which affect the official climate
mitigation finance. Kang and Jung (2016) analyzed the impact of climate
ODA on the reduction of GHG emissions in developing countries and the
determinants and concluded that climate ODA has no significant effect on CO2
reduction of developing countries. Jung and Park (2017) studied on the effect
of energy-efficient technologies on GHG reduction in the residential sector.
Nevertheless, there is not much empirical evidence on what climate
technology itself is doing to reduce greenhouse gas emissions. Most of the
existing researches separate climate change and technology as different
purposes, such as environmental and climate change ODA or science and
technology ODA. In addition, when defining international cooperation, most
existing studies do it qualitatively. Also, studies do not clearly define the
climate technology (Newell, 2007; Nygaard and Hansen, 2015). This study
provides a clear definition of “climate technology” international cooperation
in order to analyze the impact of climate technology international cooperation
on GHG reduction.
The classification of the climate-related development finance in this study
include both ODA and other official flows (OOF).
Therefore, the
comparative analysis of international development cooperation, climaterelated international cooperation, and climate technology-related international
cooperation of this study is conducted based on bilateral ODA between
development assistance committee (DAC) countries and OOF. Also, the
time range of the data is from 2002 to 2015. The data on international
development cooperation can be utilized from 1995, but since the climaterelated international cooperation data can be utilized from 2002, data starting
from year 2002 to the most recent data of 2015 were analyzed.
Moreover, comparative analysis between countries is performed based on
bilateral and multilateral international development cooperation.
The
analysis unit is the Micro data of the individual projects. Also, in the case of
climate-related international cooperation, the analysis is conducted based on
bilateral and international development cooperation using multilateral data.
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However, in the statistical analysis, recipient countries that are multilateral
were excluded since the effect was not distinguishable.

2. KEY CONCEPTS AND DATA
2.1. Explanation of Key Concepts
2.1.1. International development cooperation, climate-related
international cooperation,
and climate technology-related international cooperation
This research defines activities related to international development
cooperation as largely categorized into international development cooperation,
climate-related international cooperation, and climate technology-related
international cooperation.
International development cooperation is a
comprehensive concept that includes financial and technical cooperation
provided by the government and other public institutions to promote economic
development and social welfare in developing countries. Climate-related
international cooperation refers to projects that are aimed at reducing and
adapting to climate, based on Rio-Markers, among international development
cooperation. Climate technology-related development finance means a
project related to the climate technology classification of Green Technology
Center (GTC) among climate-related international cooperation. In this study,
forty-five sub-sectors in climate technology classification of GTC and the
creditor reporting system (CRS) purpose codes provided by the organization
for economic cooperation and development (OECD) were linked to distinguish
climate technology international cooperation from climate-related
international cooperation.
Figure 1 shows the classification and
interrelationships of international development cooperation, climate-related
international cooperation, and climate technology-related international
cooperation.
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Figure 1 Classification of International Development Cooperation,
Climate Related International Cooperation, and
Climate Technology International Cooperation

Source: Tracking Climate Related Aid Support – OECD Rio Markers.

2.1.2. International development cooperation development finance
International development cooperation includes official development
assistance (ODA), provided by the government specifically for the
development of developing countries, other official flows such as export credit
and investment finance, private flows such as foreign direct investment, and
Grants from non-governmental organizations (NGOs).
Table 1 Types of Development Finance
Category

Support Method

Bilateral

Support Type

Grant

Loan

Concessional public loans

ODA

OOF

Contents
Donations,
Technology cooperation,
Project aid, Food aid,
Emergency and distress relief,
NGO support
International organization
contributions and investment

Multilateral

−

Bilateral

Loan

Official export credit,
Investment finance

Multilateral

Loan

International organization loans

Private Flows at
Market Terms

−

Loan

Foreign direct investment,
Export credit of more than 1 year,
International organization loans,
Security investment, etc.

Net Grants by NGOs

−

Grant

Grants by NGO
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2.1.3. Climate related international cooperation (Rio-Markers:
Mitigation/Adaptation)
Among the international development cooperation, the criterion for the
classification of climate-related international cooperation is whether it
corresponds to mitigation or adaptation of Rio-Markers. As a policy marker
determined at the Rio Convention held in Rio de Janeiro, Brazil in 1992, RioMarkers includes mitigation and adaptation markers in relation to climate
change and is marked by three levels of principal, significant, and none
according to the level of the ODA project’s climate change response.
Among the policy marker ‘mitigation’ represents a form of cooperation
aimed at reducing greenhouse gas emissions during international development
cooperation or absorbing atmospheric greenhouse gases to reduce the
concentration, and ‘adaptation’ refers to international development
cooperation with the purpose of minimizing the damage of an already
abnormal climate.
The Rio-Markers rating system categorizes ‘mitigation’ and ‘adaptation’ as
(0) not targeted, (1) significant objective, and (2) principal objective, and
projects labeled as (1) significant objective and (2) principal objective was
categorized and defined as climate-related international cooperation. The
Rio-Markers rating system is illustrated in figure 2 below.
Figure 2 Rio-Markers Rating System
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2.2. Explanation of Main Data
2.2.1. International Development Cooperation: OECD Creditor
Reporting System (CRS) data
This study uses OECD CRS data, which is a data system that each country
reports to the OECD. In 1967, the OECD and the world bank established the
creditor reporting system (CRS) to provide statistics on debt and cash flows in
the international community. The initial CRS was a report of bilateral ODA
and OOF, but thereafter expanded to report on multilateral ODA, OOF, and
private support.
The purpose of the CRS aid activity data is to make the aid information
readily available to all DAC members. The data also includes the CRS
statistics along with key points in support activities, including flows, recipient,
region, income group, sector, policy objective, type of aid, rio markers,
channel, and amount.
2.2.2. Climate-related and climate technology-related international
cooperation
In this study, Aid activities targeting Global Environmental Objectives are
used to deal with climate-related international cooperation and climate
technology-related international cooperation. Aid activities targeting Global
Environmental Objectives includes bilateral assistance data for assistance for
sustainable environments and assistance for biodiversity, climate change
mitigation, climate change adaptation, and desertification from DAC member
and presents an integrated climate related development funds for bilateral and
multilateral provision.
The climate-related international cooperation data used in this study is
development finance labeled with purposes of ‘principal’ and ‘significant’,
which are among the items marked as mitigation and adaptation in the RioMarkers notation, one of the aid activities targeting global environmental
objectives. Next, the climate technology development finance data were
linked with the data’s purpose codes, which is one part of the climate related
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international cooperation data mentioned above, and GTC’s climate
technology classification system to extract and utilize the fields related with
climate technology.
2.2.3. Donor country, recipient country basic statistics and GHG
emissions data
World Development Indicators (WDIs) are indicators that can monitor the
progress of more than 200 countries and economies around the world based on
data gathered by the world bank, various international organizations, and
related partners over many years. WDI is a vast amount of data and provides
over 800 development indicators for ten subject areas in a time series since
1960. The topics of WDI are Environment, Economic Policy & Debt,
Infrastructure, Financial Sector, Public Sector, Private Sector & Trade, Social
Protection & Labor, Education, Health, and Poverty.
2.3. Linkage with Climate Technology Classification
Existing studies have often dealt climate change and technology separately.
Most existing studies also abstractly define climate technology international
cooperation. Prior to a full-scale empirical analysis, this study first clearly
defines climate technology-related international cooperation to empirically
analyze the impact of climate technology-related international cooperation on
GHG reduction. Climate technology is a technology for mitigating or
adapting to climate change in accordance with the UNFCCC, including
technologies that utilize renewable energy, early warning of disasters, disaster
management, and monitoring systems. Therefore, this study defines climate
technology international cooperation as technical cooperation and assistance
that enables developing countries to respond to climate change and undergo
sustainable economic development under the new climate regime.
The classification and definition of climate technology in this study is based
on the results of “A study on the classification of climate technology” of GTC.
The GTC (2017) is building a comprehensive range of climate technology
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classification according to international standards. As shown in table 2, it is
largely divided into (1) mitigation and (2) adaptation fields, and a common
area of technical methods was drawn through previous studies. The fields of
mitigation and adaptation convergence, based on opinions of experts in the
field of technology, were added. In this study, CRS purpose codes, a
component of climate-related international cooperation, was linked with
GTC’s climate technology classification to extract data that define climate
technology-related international cooperation.
Table 2 Climate Technology Classification (GTC)
Category (Large-Medium-Small)
1. Nuclear energy generation
(1)
Nonrenewable
energy

2. Nuclear fusion energy
generation
3. Clean energy generation
and efficiency
4. Hydropower
5. Photovoltaics

Energy
generation
and
supply

Mitigation

Energy
generation
and
change

6. Concentrated Solar
energy
(2) Renewable
energy

7. Geothermal energy
8. Wind energy
9. Marine energy

Greenhouse
gas
mitigation

10. Bioenergy
11. Waste

Energy storage and
transportation

(3) New
energy

12. Hydrogen manufacture

(4) Energy
storage

14. Energy storage

(5) Power
transmission
and power IT

13. Fuel cell
15. Hydrogen storage
16. Power transmission
system
17. Electricity intelligent
device
18. Transportation efficiency

(6) Energy demand

19. Industry efficiency
20. Construction efficiency

(7) Greenhouse gas fixation

21. CRUS
22. Non-CO2 mitigation
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23. Genetic resource and
improvements

(8) Agriculture and animal husbandry

24. Crop cultivation and
production
25. Livestock disease
management
26. Processing, storing,
distributing
27. Water system, water
ecology system

(9) Water

28. Water resource
acquisition and supply
29. Water processing
30. Flood damage
management

Adaptation
(10) Climate change prediction and monitoring

31. Climate prediction and
modeling
32. Climate information and
warning system
33. Marine ecology

(11) Marine, marine products, coast

34. Marine resources
35. Coastal disaster
management

(12) Health

36. Infectious disease
management
37. Food safety prevention
38. Increased forest
production

(13) Forest, land

39. Forest damage
mitigation
40. Ecology monitoring and
restoration
41. New and renewable
energy hybrids

Mitigation
and
adaptation
merger

(14) Combined multiple fields

42. Low power consumption
device
43. Energy harvesting
44. Artificial photosynthesis
45. Other technologies

Source: GTC (2017).

Furthermore, this study extracts climate technology-related international
cooperation from climate-related international cooperation and compares its
current status with that of other climate-related international cooperation.
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Figure 3 Method for Organizing Climate Technology Cooperation
Data

During this process, for climate-related projects of over 50 million USD, a
conservative approach that is excluded by climate technology-related
international cooperation was chosen, in order to prevent large-scale
infrastructure projects from distorting the size or characteristics of climate
technology-related international cooperation. It should be noted that since
water and infrastructure are meaningful strategic areas, these areas should be
considered in accordance with the overall trend of climate technology-related
international cooperation. Figure 3 shows that the whole ‘climate-related
international cooperation’ consists of ‘general climate cooperation’ and ‘climate
technology-related international cooperation’.

3. CURRENT STATUS OF GLOBAL CO2 EMISSION
3.1. Current State of CO2 Emission
3.1.1. Global cumulative greenhouse gas emission (1850-2013)
Figure 4 shows the global cumulative emissions of greenhouse gases (18502013). Cumulative CO2 emissions also mean the country’s historical
responsibility for rising temperatures. Cumulative CO2 emissions of years
1850 to 2013 are 26.6% in the United States, making it first place, 11% in
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Figure 4 Global CO2 Cumulative Emissions (1850-2013)

Source: CAIT, Climate Data Explorer.

China, making it second place, 7.5% in Russia, making it third place, and 1.0%
in Korea, making it 16th place.
The top five countries with the highest cumulative GHG emissions account
for 51.7% of total cumulative emissions. Therefore, although the top
countries have to take high responsibility for the history, the United States and
China are lukewarm toward the issue of greenhouse gas emissions. In Korea,
cumulative emissions are only 1%, making Korea 16th place, but recent annual
emissions are at seventh place, raising the need to participate in the
international responsibility.
3.1.2. Trend of global CO2 emissions
Figure 5 shows global CO2 emissions by country in 2013. China (28%), the
largest emitter, and the United States (16%), the second largest emitter,
account for 44% of total emissions and the top 10 countries account for 67%.
Figure 6 shows that the global CO2 emissions per capita is 4.52 TCO2 in 2013,
while the emissions of advanced countries (OECD) are higher than that of
developing countries (non-OECD), but emissions of developed countries have
been declining since 1990.
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Figure 5 Per Capita CO2 Emissions and Trends by
Region of the World

Source: IEA (2015), CO2 emissions from fuel combustion.

Figure 6 Emissions of Top 10 Countries (2013)

Source: IEA (2015), CO2 emissions from fuel Combustion.
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3.1.3. Total CO2 emissions
Figure 7 shows that the total CO2 emissions in 2013 are overwhelmingly
high in China and relatively high in Asian countries. This situation seems to
be related to population density. As shown in figure 8, total CO2 emissions are
high in advanced countries such as the US and Europe, and in countries with
high population density.
Figure 7 Total CO2 Emissions (2013)

10,000,000.0 - 15,000,000.0
5,000,000.0 - 10,000,000.0
4,000,000.0 - 5,000,000.0
500,000.0 - 4,000,000.0
400,000.0 - 500,000.0
300,000.0 - 400,000.0
200,000.0 - 300,000.0
100,000.0 - 200,000.0
0.0 - 100,000.0
No data

Figure 8 Total CO2 Emissions (1990)

10,000,000.0 - 15,000,000.0
5,000,000.0 - 10,000,000.0
4,000,000.0 - 5,000,000.0
500,000.0 - 4,000,000.0
400,000.0 - 500,000.0
300,000.0 - 400,000.0
200,000.0 - 300,000.0
100,000.0 - 200,000.0
0.0 - 100,000.0
No data
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3.2. Analysis of CO2 Emissions per Dollar
3.2.1. CO2 emissions per dollar of GDP
Figure 9 shows the global CO2 emissions per dollar of GDP in 2013.
Asia’s CO2 emissions are generally high, and Mongolia showed the highest
level. Figure 10 shows the CO2 emissions per dollar of GDP in 1990. A
comparison of 1990 and 2013 shows that global CO2 emissions per dollar of
GDP are improving. Nevertheless, Mongolia and some countries are still not
improving.
Figure 9 CO2 Emissions per Dollar of GDP (2013)

3.5 - 4.0
3.0 - 3.5
2.5 - 3.0
2.0 - 2.5
1.5 - 2.0
1.0 - 1.5
0.5 - 1.0
0.0 - 0.5
No data

Figure 10 CO2 Emissions per Dollar of GDP (1990)

3.5 - 4.0
3.0 - 3.5
2.5 - 3.0
2.0 - 2.5
1.5 - 2.0
1.0 - 1.5
0.5 - 1.0
0.0 - 0.5
No data
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Figure 11 Change in CO2 Emissions Per One USD of GDP

3.2.2. Change in CO2 emissions per one USD of GDP
Figure 11 shows the change in CO2 emissions per dollar of GDP in 1990
and 2013. Overall, emissions efficiency is improving. Furthermore, most
countries produce less than one kilogram of CO2 to produce one dollar, but
those countries that are out of this range have relatively low CO2 emissions
efficiency relative to production. Therefore, it is highly likely that climate
technology-related international cooperation will show high impact in the
corresponding countries.
3.3. Energy Intensity
3.3.1. Energy intensity
Figure 12 shows the energy intensity of each country in 2013. The energy
intensities of countries located mainly in Africa are low, which can be
interpreted as a climate related phenomena. Figure 13 shows the energy
intensity in 1990. In the case of China, energy intensity was very high in
1990, but it has been improved much by 2013.
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Figure 12 Energy Intensity (2013)

25.0 - 30.0
20.0 - 25.0
15.0 - 20.0
10.0 - 15.0
5.0 - 10.0
0.0 - 5.0
No data

Figure 13 Energy Intensity (1990)

25.0 - 30.0
20.0 - 25.0
15.0 - 20.0
10.0 - 15.0
5.0 - 10.0
0.0 - 5.0
No data

3.3.2. Change in energy intensity
Figure 14 shows the changes in energy intensities around the world. The
energy intensity of each country is generally improving. Nevertheless, it can
be seen that different strategies are required depending on the characteristics
of energy intensity in each country. In countries with low GDP and low
energy intensity, climate technology-related international cooperation
strategies that reduce the energy intensity associated with consumption are
required. On the other hand, in countries that have a high energy
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Figure 14 Change in Energy Intensity

consumption production structure, such as manufacturing, international
cooperation strategies for climate technology that can reduce the energy
consumption of production facilities are required.
3.4. CO2 Emission and Analysis of Energy Intensity
3.4.1. Current state of energy intensity and CO2 emissions
Figure 15 shows the state of energy intensity and CO2 emission of the
countries around the world. In order to increase the effectiveness of climate
technology-related international cooperation, it is necessary to select a country
with high possibility of improvement as a recipient country. Energy intensity
and CO2 emission efficiency can be important considerations when selecting
beneficiary countries for international cooperation in climate technology. In
figure 15, countries in the first quadrant of the picture are countries with low
energy intensity and low CO2 emission efficiency, and a strategy to focus on
these countries is required.
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Figure 15 Current State of Energy Intensity and CO2 Emissions

3.4.2. Current state of energy intensity and CO2 emissions: top 20
cumulative CO2 emissions
Figure 16 Current Status of Energy Intensity and CO2 Emissions:
Top 20 Cumulative CO2 Emissions
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Climate technology international cooperation is likely to be more effective
in countries with high CO2 emissions. When selecting the recipient country
for international cooperation in climate technology, total CO2 emissions as
well as energy intensity and CO2 emission efficiency should be considered.
China, Iran, Ukraine, Kazakhstan and South Africa are the countries with the
highest total emission, energy intensity, and CO2 emission efficiency.

4. EMPIRICAL ANALYSIS OF CO2 REDUCTION EFFECT OF
CLIMATE TECHNOLOGY DEVELOPMENT
COOPERATION
Before the analysis of greenhouse gas reduction effect by each climate
technology, an empirical analysis on whether climate technology development
cooperation is carrying out its role of reducing CO2 emission of recipient
countries will be conducted, and results will be used as objective evidence for
establishing strategy for climate change response. The analysis will be
carried out from various perspectives, and, with a basis on factors that have
high impact, results can be used as preliminary data for future strategies for
international cooperation in climate technology. The results of the empirical
analysis are meaningful as the results can be used to strengthen additional
empirical analyses by building climate finance-related statistics.
When taking a look at the target and scope of this empirical analysis, since
the criteria of the empirical analysis of climate-related international
cooperation includes both ODA and OOF, the comparative analysis of
international development cooperation, climate-related international
cooperation, and climate technology-related international cooperation was
conducted with a basis on the bilateral ODA and OOF of DAC countries. The
period from 2002 to 2015 was set as the analysis target period in order to make
use of the period in which climate-related international development data are
provided.
The research team categorized each subject according to the purpose code
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of the correlated data under analysis: OECD CRS (Creditor Reporting System)
data for international development cooperation; projects focused on Rio
Markers, one of many Global Environmental Objectives, for climate-related
international cooperation; and climate-related international cooperation
projects for climate technology-related international cooperation. The World
Development Indicators (WDI), World Resources Institute (WRI), and CIT
databases were used to analyze recipient countries’ economic, social, political,
and environmental factors.
In order to statistically analyze the greenhouse gas reduction effect of
international cooperation in climate technology, which reflects the
characteristics of recipient countries, we utilized the panel data analysis
methodology and conducted the fixed effect and random effect analyses.
Estimation equation is as listed below (equation (1)).
CO 2i , t= azi , t + γ 1CO 2i , t −1 + γ 2CTi , t − 4 + ui + ε i , t .

(1)

CO 2i , t is i country’s CO2 emission during period t, and the effect of climate
technology-related international cooperation on each sector was analyzed by
using the log of total CO2 emission, CO2 emission of the strategic sector, CO2
emission of the manufacturing sector, CO2 emission of the transportation
sector, CO2 emission of residential sector, and CO2 emissions of various
sectors as a dependent variable. zi , t is a variable related with i country’s
individual properties during period t and functions as a control variable.
Variables that were used as control variables were log of total GDP, log of
GDP per capita, log of trade value, and energy intensity. In order to carry out
an empirical analysis more suitable for the econometrics theory by using a
model that considers autocorrelation, CO2 emissions of the past year were
added as an independent variable. CT is the most important independent
variable in this study as it is the log of the amount of climate technologyrelated international cooperation fund. If CT shows a significant negative
value, it indicates that international cooperation in climate technology has a
substantial effect in the reduction of greenhouse gas. The rest ui represents
the non-observable national characteristics, and ε i , t represents the residual.
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Equation (1) represents the direct or indirect goal of the climate technologyrelated international cooperation fund. The international cooperation on
climate technology in this study refers to international cooperation aimed at
reducing or mitigating CO2 emissions based on the CRS Purpose Code used
by OECD (2017). In other words, if climate technology-related international
cooperation is being used appropriately, the coefficient value of CT in equation
(1) should have a negative effect, thus our point of focus.
Table 3 Basic Statistics of Data
Variable
Type

Variable Name

log of CO2 emissions
log of electric power sector CO2
emissions
log of manufacturing sector CO2
Dependent
emissions
Variable
log of transportation sector CO2
emissions
log of residential sector
CO2 emissions
log of GDP
log of GDP per capita
Control
Variable
log of trade value
energy intensity
log of total climate technology
cooperation sum
log of total climate technology
cooperation grants
log of climate technology
cooperation loans
log of non-renewable energy
cooperation sum
log of renewable energy
Independent cooperation sum
Variable
log of new renewable energy
cooperation sum
log of energy storage cooperation
sum
log of power transmission
cooperation sum
log of energy demand cooperation
sum
log of greenhouse gas fixation
cooperation sum

Number of
Average
Samples

Standard
Deviation

Min.

Max.

1,680

8.60

2.44

3.72

16.14

966

12.82

3.07

0.00

20.11

966

12.37

2.55

0.00

19.59

966

13.31

1.65

9.20

18.27

966

11.63

2.61

0.00

17.81

1,919
1,919
1,809
1,482

23.25
7.76
4.32
7.63

2.21
1.10
0.53
6.67

17.19
5.27
0.15
1.30

29.82
10.16
5.78
56.18

1,546

2.60

1.60

0.00

5.99

1,480

2.50

1.44

0.00

5.93

1,546

0.70

1.45

0.00

5.69

1,546

0.08

0.40

0.00

4.48

1,546

0.36

0.86

0.00

4.57

1,546

0.01

0.11

0.00

1.90

1,546

0.00

0.00

0.00

0.00

1,546

0.22

0.74

0.00

4.64

1,546

1.09

1.28

0.00

4.89

1,546

0.00

0.00

0.00

0.00
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The data’s basic statistics is as shown in table 3. CO2 emissions, a
dependent variable, was made out of data from countries except OECD
countries from year 2002 to 2013, the year until which data was able to be
accumulated. In the case of CO2 emission quantity per sector, the number of
observations is lower because the number of countries provided was less than
the total CO2 emission quantity. For the control variables, WDI data were
used. Matching the climate technology cooperation sum with the CRS
purpose code and GTC’s climate technology categorizing system, the data for
international cooperation in climate technology was extracted.
Table 4 Impact of Global Climate Technology International
Cooperation on Total CO2 Reduction
Model (1)

Model (2)

Log of total CO2 emissions

Log of total CO2 emissions

dependent variable t−1

0.441***
(0.032)

0.424***
(0.033)

log of GDP

1.165***
(0.123)

1.197***
(0.129)

log of GDP per capita

−0.492***
(0.147)

−0.428***
(0.155)

−0.034
(0.026)

−0.014
(0.027)

0.047***
(0.006)

0.069***
(0.008)

Variable Type

log of trade value
log of energy intensity
log of total climate technology
sum (t−4)

0.001
(0.005)

log of total climate technology
grants (t−4)

0.003
(0.006)

log of total climate technology
loans (t−4)

−0.004
(0.004)

constant term
number of samples
R-squared

−18.797***
(1.812)

−20.272***
(1.931)

823

767

0.642

0.657

groups
123
Notes: The number in between the brackets is standard deviation.
is significant at 1%, 5%, 10% each.
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The results of the empirical analysis on the effect of climate technologyrelated international cooperation on total CO2 emissions showed no significant
effect as shown in model 1 of table 4. As a result of categorizing climate
technology-related international cooperation into loans and grants and
analyzing it, the results, as shown in model 2, also show that climate
technology-related international cooperation does not have a significant
impact on the reduction of GHGs. These results suggest that using total CO2
as a dependent variable in the analysis has a limitation in statistically
measuring the impact of international cooperation on each field’s CO2.
When looking more carefully through the analysis results in table 4, in order
to analyze the effects of international cooperation in regards to climate
technology on CO2 reduction and by setting the amount of cooperation four
periods ago as the independent variable, the minimum period in which
cooperation will start having a substantial effect was set as four years. In
model 2, the international cooperation amount of climate technology was
divided into loans and grants, and the amount of cooperation four periods ago
was set as an independent variable. As a result of the analysis, variables that
showed a significant impact were dependent variable t−1, total GDP, and
energy intensity.
On the other hand, the climate technology-related
international cooperation did not show a significant effect.
Table 5 shows the result of setting and analyzing the total CO2 emissions
and CO2 emissions by sector as dependent variables in order to examine the
effect of climate technology-related international cooperation on GHG
reduction. Similar to the previous results, the minimum period for
cooperation to substantially begin to have an impact was set as four years.
As a result of the analysis, international cooperation in each sector and each
field of climate technology did not show any significant effect on total CO2
emissions. Whereas, in the CO2 emissions of the electric power sector, the
analysis results showed that international cooperation in the renewable energy
sector showed a significant negative effect. Also, in regards to CO2
emissions in the manufacturing sector, international cooperation in the
transmission and distribution of power sector and the energy demand sector
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Table 5 The Effects of Climate Technology International
Cooperation on CO2 Reduction in Each Field
Model (3)

Model (4)

Model (5)

Model (6)

Model (7)

log of total
CO2 emissions

log of
electric
power
sector CO2

log of
manufacturi
ng sector
CO2

log of
transportation
sector CO2

log of
residential
sector CO2

dependent variable t−1

0.439***
(0.032)

0.374***
(0.043)

0.410***
(0.038)

0.470***
(0.034)

0.125**
(0.054)

log of GDP

1.167***
(0.124)

0.861
(0.587)

0.711***
(0.230)

1.121***
(0.153)

1.156*
(0.693)

log of GDP per capita

−0.497***
(0.148)

−0.518
(0.766)

0.196
(0.298)

−0.508***
(0.186)

−1.027
(0.905)

−0.035
(0.026)

0.066
(0.127)

0.107**
(0.050)

−0.031
(0.030)

−1.140***
(0.169)

log of energy intensity

0.047***
(0.006)

0.049
(0.045)

0.091***
(0.018)

0.041***
(0.011)

0.073
(0.053)

log of non-renewable
energy (t−4)

−0.005
(0.012)

0.008
(0.060)

−0.038
(0.023)

−0.004
(0.014)

−0.030
(0.071)

log of renewable energy
(t−4)

0.008
(0.007)

−0.078**
(0.031)

0.004
(0.012)

0.005
(0.007)

0.012
(0.037)

log of new renewable
energy (t−4)

−0.002
(0.045)

−0.141
(0.192)

0.035
(0.075)

0.001
(0.046)

−0.008
(0.228)

log of energy storage
(t−4)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

log of power
transmission (t−4)

−0.002
(0.008)

−0.010
(0.035)

−0.032**
(0.014)

0.001
(0.008)

−0.012
(0.041)

log of energy demand
(t−4)

−0.000
(0.005)

−0.013
(0.023)

−0.017*
(0.009)

0.004
(0.006)

−0.037
(0.028)

log of greenhouse gas
fixation (t−4)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

−18.789***
(1.813)

−9.469
(9.137)

−12.612***
(3.570)

−16.490***
(2.311)

−5.623
(10.848)

Variable Type

log of trade value

constant term
number of samples
R-squared
groups

823

544

544

544

544

0.643

0.178

0.420

0.649

0.168

123

82

82

82

82

Notes: The number in between the brackets is standard deviation.
is significant at 1%, 5%, 10% each.

***, **, * mean the value

showed a significant negative effect.
The results of this analysis indicate that renewable energy is a field related
to power generation and thus demonstrates the effectiveness of the renewable
energy sector in reducing CO2 emissions in the power sector. Likewise,
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transmission and distribution and energy demand are related to the
manufacturing sector, thus demonstrating the effectiveness of reducing CO2
emissions in the manufacturing sector. No significant effect appeared in the
transportation and residential sectors.
In previous studies, climate ODA did not have a significant effect on CO2
reduction, and similarly in this study, when the total CO2 is analyzed as a
dependent variable, climate technology ODA did not show a significant effect.
However, by further subdividing the analysis and analyzing on the basis of
sectoral CO2 reductions, climate technology-related international cooperation
is seen as having a positive impact on CO2 reduction in the targeted areas. In
other words, this study shows through its empirical analysis that the expected
greenhouse gas reduction is occurring through the climate technology-related
international cooperation.

5. CONCLUSION
Many countries agree on the urgency of responding to climate change so
that in December 2015 the Paris Agreement on “the new climate regime” was
adopted and took effect earlier than expected on November 4, 2016. As a
result, climate change is no longer a problem only for developed countries, but
for all countries around the world.
The international community is
emphasizing technology development and transfer as one of the key ways to
solve these challenges.
Studies exists that demonstrate through recent analyses of climate ODA data
and CO2 emissions data show that climate ODA of developed countries still
do not have a significant impact on CO2 reductions of developing countries.
Although there is a consensus that climate technology-related international
cooperation should be continuously increased to solve the environmental
problems of LDCs, no convincing objective evidence has been found.
However, since most of the studies do not analyze the CO2 of each sector in
detail and are analyzing the whole ODA related to climate change, this lack of
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impact on CO2 reductions can be seen as the result of the limitation of the data.
In this study, various attempts have been made to overcome these
limitations. By including not only the total CO2 emissions of recipient
countries but also the CO2 emissions of each sector as dependent variables, a
more detailed analysis was conducted, the climate technology-related
international cooperation data was extracted by further subdividing the CRS
data in relation to the climate change ODA and matching the CRS data with
CRS purpose codes and GTC’s climate technology categorizing system, and
the results were utilized in the analysis, resulting in a more comprehensive
analysis.
Through this process, this study statistically proves the effectiveness of
cooperation in climate technology development by proving the CO2 reduction
effect through its empirical analysis of whether the cooperation in climate
technology development carrying out its role in reducing the CO2 emissions of
the recipient country. In terms of total CO2 emissions of the recipient
country, development cooperation in each sector and each climate technology
and the whole development cooperation regarding climate technology did not
show any significant effects; whereas, development cooperation in the
renewable energy sector showed a significant negative effect in the electric
power sector, and development cooperation in the transmission and
distribution of electric power sector and energy demand also showed a
significant negative effect in the CO2 emissions of the manufacturing sector.
The results of this analysis show that the climate technology-related
international cooperation does not have a significant effect on the analysis of
CO2 as a whole, but since the climate technology-related international
cooperation affects the reduction of CO2 in related sectors, the expansion of
the climate technology-related international cooperation that focuses on CO2
reduction of each sector is needed.
The empirical results of climate technology-related international
cooperation on CO2 reduction in this study can be critical evidence for the
continued expansion of future international cooperation on climate
technology.
As a result of this study, climate technology-related
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international cooperation is reducing CO2 emission in a suitable manner in
each field. For example, international cooperation related to solar technology
will reduce CO2 in the electric power sector and international cooperation
related to power transmission technology will play a key role in reducing CO2
in manufacturing in the future. This means that LDCs can achieve CO2
reduction goals through climate technology-related international cooperation.
Since the direction of this study focuses on statistically analyzing the CO2
emissions reduction effect of climate technology-related international
cooperation, we have not covered in detail the effects of specific technology
mechanisms. However, it is only possible to study such mechanisms at the
level of each individual project, or by accumulating a methodology for
measuring the effect of each segmented technology. In the future, we hope
that the international cooperation on climate technology will accurately
represent the mechanism of CO2 reduction by studying the effects of each
technology separately.
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