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Abstract

Climate change, greatest challenge of humanity, needs quick actions for control and identification of
emission reduction drivers with least economic aspects. This research paid to evaluation of most
important drivers of emissions among world’s countries (1971-2012). Population, GDPczpita, €nErgy
and carbon intensity are considered for this purpose and spatial autocorrelation techniques such as
global and local Moran used to investigate the correlation of emissions with effective parameters. The
results of study show positive, growing correlation about emissions, peak time of convergence
observed during formation of IPCC and economic growth has highest correlation with emissions.
Global Moran proved that all data had a positive affinity and followed the cluster distribution. Local
moron showed in the early decades, High-High clusters formed only among industrialized countries,
but over time, developing countries have been joined. Population growth among Asian countries,
GDPcapita for Western European and North American countries, high energy intensity among Asian
and a few African countries, and finally high levels of carbon intensity by Asian and American
countries, has led to an increase of GHG emissions. Identification of emission driving forces has an
effective role in determination of emission shares and reduction responsibilities and could lead to
acceptance of treaties by all.

Introduction

Climate change and its consequences as an irreversible situation changed to the focal point for many
researchers over the last two decades. These challenges are a result of the over-emission of
greenhouse gases (GHGs). According to the 2018 World Rankings, China (28%), USA (15%), India
(7%), Russia (5%), Japan (3%), Germany (2%), Iran (2%), Korea (2%), Saudi Arabia (2%) and
Indonesia (2%) are the top ten emitters. The economic damages on one side and the uncertain future
of the planet because of this phenomenon on the other side has led to many international efforts to
converge the countries, put emission reduction strategies and limitations on carbon footprints. Among
the many meetings that have been held to reach a comprehensive international agreement, the COP21
Summit could be considered as the first global and legally binding agreement on climate change. The
agreement was accepted and agreed on December 12, 2015, among 195 countries. The turning point
of this agreement compared to previous efforts is that in this document not only 40 developed and
industrialized countries, but also all countries, developed and developing, from 2020 are committed to
reduce greenhouse gas emissions. Various approaches are proposed to reduce emissions, which are
placed at different levels in terms of economics and public acceptance. Each country seeks to avoid
emission reduction responsibilities and to act as cost-effective as possible if forced to do that.
Neighboring countries usually follow similar patterns. For example, oil-exporting countries, high
population countries, similar climate regions, etc. are often adjacent to each other, and this issue
affects the choice of methods to reduce emissions. Identifying patterns and trends which affect
emissions in each region is important from two aspects. First, the factors affecting the emission of
greenhouse gases, which can be derived from the climate of the region, the level of welfare or other
issues, and the identification of prevailing patterns could be effective in identifying the drivers and
factors involved in emissions. The second refers to the determination of emission reduction
responsibilities based on the potentials and interests of each region and suggests different paths of
reduction based on different regions of the world.According to extensive researches conducted around
the world to predict or identify the drivers of greenhouse gas emissions, population, economic growth,
climatic conditions, energy and carbon intensity are among the most important and influential
parameters. These factors could increase energy consumption (mainly in the form of fossil fuels) and
thus increases greenhouse gas emissions. Assessing emission drivers in a country or region could
determine the basic needs and potentials for emission reduction, and this should be taken into account
in shaping international reduction instructions and contracts. In the present study, the main factors and
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drivers of greenhouse gas emissions over four decades and among countries around the world are
investigated for the first time and tried to identify patterns and trends in neighboring regions and
countries. In this attempt, spatial statistics have been used to determine correlations and distribution
patterns.

Methodology

To evaluate and determine the distribution pattern of effective factors and emissions drivers in the
first step, it is necessary to collect data related to each one. These data have been collected for all
countries of the world (based on the availability of information) over four decades (2012-1971).
Studied factors in this study include population, GDPcapita, €n€rgy intensity, carbon intensity and
carbon dioxide emissions from fossil fuel combustion of each country. Population data are based on
the results of the 2015 World Census by the United Nations (UN, 2016). Information on the economic
situation of countries, including GDP (US $, 2005), and carbon intensity is extracted from the World
Bank Statistics Database (World Bank, 2016). Energy intensity data are calculated based on
information provided by the Energy Information Administration of the United States (EIA) (EIA,
2017). To determine the amount of greenhouse gas emissions, fossil fuel consumption data of each
country and the emission coefficients for fuel types are used.In the next step, global warming
potentials (GWP) are considered to determine the equivalent carbon dioxide emissions (COzyg). In the
present study, data related to carbon dioxide emissions of fossil fuels were obtained from the Carbon
Dioxide Information Analysis Center (CDIAC- 2017). For some areas, based on the country's fuel
consumption data and the guidelines proposed by the Intergovernmental Panel on Climate Change
(IPCC), emissions have been calculated.The spatial distribution of greenhouse gas emissions over a
long period is evaluated using ArcGIS 10.3, spatial statistics tools. The studied period is classified
into four decades (2001-2010, 1991-2000, 1981-1990 and 1971-1980) and the pattern of spatial
distribution and clustering maps for the countries of the world were examined. In the first step, the
global spatial autocorrelation analysis (global Moran) and then Moran index values were obtained. In
the next step, local spatial autocorrelation (local Moran’s 1) is applied to investigate the distribution of
clusters. Due to a large number of maps, only the maps of the last decade (2001-2012) are shown and
other decades are theoretically examined.

Conclusion

In the present study, the most important factors and drivers of greenhouse gas emissions (including
population, GDP, energy intensity and carbon intensity) and distribution patterns were analyzed over
four decades (1971-2012) and among all the countries. According to the results of Global Moran’s I
index and based on the upward trend of autocorrelation, the countries in the case of GHG emissions
follow an increasing trend, the relationships are becoming stronger over time and the convergence of
countries in the field of emissions is improving. The peak of convergence back to around 1990, when
the Intergovernmental Panel on Climate Change (IPCC) was formed by the World Meteorological
Organization (WMO) and the United Nations Environment Program (UNEP). The trend of global
Moran’s I autocorrelation for other parameters are examined and the results indicated a positive and
clustering pattern. Population, GDPcaita and energy intensity in all countries over 41 years have been
accompanied by an increasing trend and convergence. The results also show the High-High clusters of
spatial autocorrelation for carbon dioxide emissions in studied decades. Population growth as an
important driver of climate change often has been studied in developing countries in East Asia and
Africa. The role of the population in increasing emissions has been documented and has always been
discussed in emission scenarios. The present study showed that the greatest impact of the population
could be seen in the Asian region and it is the most important driver of this continent. Climatic
conditions and the development pattern of a country play an important role in energy intensity.
Considering issues such as energy prices and the concepts such as consumption optimization, the
impact of this index can be studied in different parts of the world. Most Asian and a few African
countries experience high energy consumption along with low incomes and productivity due to access
to oil and gas resources. While, the development pattern in most of these countries is based on
industrial development with high consumption of fuel and minerals. However, most of developed
countries (mainly in Europe and the United States) are moving towards clean and low carbon services
and industries. Also, development and investment in new and renewable energy or clean fuels can
lead to the convergence of developed countries. Various factors influence the emission of greenhouse
gases, and this study has evaluated the behavior of different countries in this field. In conclusion, the
prominent role of Asian countries in population growth, Western Europe and North America in
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GDPcapita, high energy intensity in Asian countries and a few African countries, and finally high
carbon intensity in Asian countries and the United States, have led to an increase in emissions. The
existence of similar activities and needs, the same climatic conditions, and the existence of fossil fuel
resources (such as oil and coal) in certain parts of the world have been fueled these convergences.
With this approach, identifying effective and local factors could be effective in formulating emission
reduction scenarios and responsibilities, and each region of the world will take steps to reduce
emissions in accordance with the existing potentials. However, the current treaties classify most
countries in terms of developed or developing, and there is no focus on the factors and incentives for
countries to be evaluated, and as a result, many countries consider it unfair to participate in these
treaties and reduction goals and don’t ratify them.
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