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Abstract Nowadays, one of the most important issues crossing international rela-
tions with economics is climate change. “Environmental issues cut across a range of
topics, namely security and economics, two areas of major importance to the state”
(Pereira, Revista Brasileira de Política Internacional, 58(1):194, 2015). Indeed, the
editors of this book realized that this topic is still receiving too little attention from
the two scientific areas.

The aim of this book from the outset is therefore to understand the implications of
climate change on several questions pertaining to economics and international
relations fields and how climate change could jeopardize the overall development
of the design of the international system, as we have known until the present. Truly,
the main subject of concern to international relations and economics is governance,
namely, good governance, and how it affects power to maximize state interests and
resources in order to obtain quality of life for individuals. The rational choices taken
by sovereign states concerning environmental issues and policy decisions on climate
change lead to good or bad outcomes for all human beings, unlike decisions on
internal policies that affect only the state’s citizens themselves.
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Nowadays, one of the most important issues crossing international relations with
economics is climate change. In fact, “Environmental issues cut across a range of
topics, namely security and economics, two areas of major importance to the state”
(Pereira 2015, p. 194). Indeed, the editors of this book realized that this topic is still
receiving too little attention from the two scientific areas.

The aim of this book from the outset is therefore to understand the implications of
climate change on several questions pertaining to economics and international
relations fields and how climate change could jeopardize the overall development
of the design of the international system, as we have known until the present.

Truly, the main subject of concern to international relations and economics is
governance, namely, good governance and how it affects power to maximize state
interests and resources in order to obtain quality of life for individuals. The rational
choices taken by sovereign states concerning environmental issues and policy
decisions on climate change lead to good or bad outcomes for all human beings,
unlike decisions on internal policies that affect only the state’s citizens themselves.

This book on climate change and global development brings together a number of
texts from academics from various countries (and continents) and from the two
scientific areas, with a view to enlightening what is at stake in relation to climate
change and the future of global development. For this, the overall aim of this book is
not to provide a guide to the complexity that covers all areas of climate change to IR
and economics but to realize from an empirical basis and epistemological frame-
work, with the use of several specific case studies regarding the experience of
climate change to global development, the commitment and setbacks that the former
have in the second, under the auspices of multilevel governance, namely, local,
national, and supranational governance.

This book is organized into three parts, after this Introduction. In the first part, the
chapters deal with market approaches to climate change mitigation as well as the
effects of climate change on market outcomes, namely, economic growth and
industrial output. Part 2 addresses deals with climate change policies in an interna-
tional bilateral and multilateral countries environment, covering the action of global
players. Part 3 deals with more micromanagement approaches to climate change
mitigation.

With this organization we seek to provide the reader with a comprehensive
approach to the challenges of climate change for the international multicountry
relationship which broadly bases on market forces, thus providing information and
quantification of the market incentives that can help to mitigate the consequences of
climate change.

Regarding international relations, climate change can be seen from several
standpoints: as a threat to international security and as a potential enhancer of future
conflicts, how states negotiate international treaties and the evolution they have
known in international law, and also as climate issues present in the states them-
selves, defending fundamental values so that they can be perceived as benign powers
by others.

But to some authors (Jacobsen 1999, p. 206), “IR scholars did not begin writing
about the environment until the late 1980s.” After this period the debate on climate
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issues in international relations was dispersed among various epistemological
debates, consolidating even new theories that were until then little dominant.

The end of the Cold War ushered in new international actors, “news” interde-
pendencies, and the erosion of the traditional division between the national and
international level. The main debates on IR theory seem insufficient to capture all
new dynamics between old and new actors, and only weakly explains the new
political, economic, social, and environmental demands of the current world. The
national dimension seems to be insufficient to solve the new problems that need not
only a global understanding but also comprehensive answers, as climate change and
the dominant realist theory of international relations during the Cold War period fail
to account for the dynamics of alliance formation “outside” the context of high
politics. To realist theory sovereign states are the main actors in the international
system and interact within an anarchic system in the absence of a world-governing
authority, although international and regional institutions such as the UN and the EU
create norms within the international system for states to abide by. However, these
international actors “do not possess the legitimacy and capacity of force that obliges
the states to abide by these norms and to fulfil them. In fact, States will ratify
international treaties only if they wish, in a totally voluntary way. It is therefore
within the framework of this anarchic environment the states will seek to maximize
their relative power, how to ensure their survival. For this the states will make
alliances with other states to balance the power” (Morgenthau 1948).

In this way, there is often contempt for interstate cooperation and no capacity of
international institutions to shape states’ behavior toward issues that do not bring
them immediate benefits and increased power, which is actually needed for effective
action on climate change (Carter 2010, p. 55). But, according to Heffron (2015,
p. 17) “If states cannot work together to protect the planet, species, and all of
humanity, from the effects of climate change, then a self-interest style approach
can provide a rationale for doing so.”

If we look to the foreign policy of the EU, Canada, or Japan, we can understand
the importance of “low politics” issues, such as the environment and climate change,
and how they present themselves as key drives on international system.

Thus, it is not difficult to perceive the deviation in the epistemological field that
the climatic changes have been taking over time from the realistic theory. Instead of
being analyzed from the point of view of security threats to the international system,
what has been appealing to international relations scholars has been the dynamics of
the negotiation process for obtaining international agreements. “By and large,
neo-liberal approaches have monopolized the research agenda, which has been
conceptualized mainly as the management of interdependence in a system of sover-
eign states lacking the kind of central authorities assumed to be capable of providing
order and regulation within domestic societies” (Jacobsen 1999, p. 207).

If we look at climate change from the point of view of international negotiations
and how understandings between sovereign states are reached and international
agreements are carried out, neoliberal institutionalism is relevant to the discussion
because it focuses on the role played by institutions within interstate cooperation.
Keohane (2005, p. 82) emphasizes that institutions develop independently of the
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states that created them, and therefore they take on a permanent character. In the
context of climate change, this seems to be an important feature, since global climate
negotiations also take place outside of the exclusive realm of interstate relations.
Keohane and Nye (1989, p. 55) argue, “institutions within the international system
establish a network of interactions that will be difficult either to eradicate or
drastically rearrange.”

Haas et al. (1993) argues that, in the absence of world government, international
institutions have three positive effects on the environment: (1) they can create high
levels of governmental “concern,” (2) they can function as hospitable “contractual”
environments in which agreements can be made and kept, and (3) they can build
sufficient political and administrative “ability” in national governments. In fact, once
a treaty that governs states’ responsibilities vis-à-vis climate change has been set up
and institutionalized, actors party to the treaty will be bound to a certain extent by the
treaty’s content, delimiting the range of legitimate courses of action. In fact, inter-
national organizations and nongovernmental organizations can play an especially
crucial role as agenda settings, framing the climate change discussion and putting
pressure on state actors. Thus, much of the interstate discussion within climate
change politics is based on institutions such as the United Nations Framework
Convention on Climate Change (UNFCCC) or institutionalized frameworks such
as the regular Conferences of the Parties (COP). Since institutions have become the
most important actors in the discussion on climate change politics, the analysis of a
neoliberal institutionalist framework is obligatory.

The United Nations Framework Convention on Climate Change (UNFCCC) is
the first and main international agreement on climate action. It was one of three
conventions adopted at the Rio Earth Summit in 1992. Until now, it has been ratified
by almost 200 countries. It started as a way for countries to work together to limit
global temperature increases and climate change and to cope with their impacts
(Blobel and Meyer-Ohlendorf 2006). The Parties to the Convention agreed that the
extent to which developing nations can meet their treaty obligations would depend
on the extent to which developed countries provide finance and technology and that
developed countries “should take the lead in combating climate change and the
adverse effects.” According to the agreement, “Economic and social development
and poverty eradication are the first and overriding priorities of the developing
country parties” (Gupta 2010).

The climate change international process revolves around the annual sessions of
the COP, which bring together all countries that are Parties to the Convention.
Article 7.2 defines the COP as the “supreme body” of the Convention, as it is its
highest decision-making authority (United Nations Framework on Climate Change
1998, p. 27).

The first major change came in 1997 at the third Conference of the Parties, when
Parties to the UNFCCC adopted the Kyoto Protocol (United Nations Framework on
Climate Change 1998). This agreement created the first and only legally binding
targets for developed nations to reduce their emissions, as well as important inter-
national monitoring, reporting, and verification mechanisms to enforce compliance.
To help countries meet their targets, the protocol created “flexibility mechanisms”—

4 T. Sequeira and L. Reis



such as carbon trading and the Clean Development Mechanism, which allows
industrialized nations to reach their targets by investing in emissions reductions in
developing nations.

After Protocol Kyoto, the recent Paris agreement constitutes the most important
step in addressing climate change by the international community. It is considered by
some authors (Dimitrov 2016) as a political success in climate negotiations interna-
tional and traditional state-based diplomacy, because the twenty-first Conference of
the Parties (COP-21) was a culmination of a 4-year diplomatic process and was a
genuine collective effort to reach mutual compromise and contains policy obliga-
tions for all countries. The election of Donald Trump as 44th president of the United
States and his individual position against international climate accords, and all
environmental issues, not surprisingly determined the position of the United States
with regard to the Paris Agreements, but does not negate the importance of the
agreement.

Indeed, what has been achieved by the United Nations since the United Nations
Framework Convention on Climate Change in 1992 to date (as can be seen in
Table 1) is truly remarkable and reflects a culture of compromise in international
relations between states. It is important not only from the point of view of mere
international negotiations but also from the need to respond to a global problem
through a “global government” for the climate, approaching a utopian form of Kant’s
universal cosmopolitanism.

Over the last 25 years, the United Nations has failed to respond to all of the
challenges of global development through climate change but have succeeded in
creating a “green agenda” in parallel with human rights, from which states today can
hardly escape.

To the constructivist approach “We must acknowledge that the debate over
climate change, like almost all environmental issues, is a debate over culture,
worldviews, and ideology” (Hoffman 2012, p. 32). More specifically, constructivism
posits that ideas shape actors’ decisions and behaviors: “The central insight of
constructivism is that collectively held ideas shape the social, economic, and polit-
ical world in which we live.” The moral imperative to protect and preserve the
environment is a norm that developed primarily in the twentieth century. Originating
in the endangered species protection movement, the environmentalism movement
went through three primary moves, each with influential factors, before it became the
norm it is today: firstly, it moved from a national norm to an international norm;
secondly, its structure shifted to combine governmental and nongovernmental ele-
ments; and, thirdly, it developed into a norm with an international focus, which is
different than a national norm spreading to other nations while still having a
domestic focus (Epstein 2006, p. 39).

According to Alexander Wendt (1992, p. 398), “The commitment to and the
salience of particular identities vary, but each identity is an inherently social
definition of the actor [. . .] which constitute[s] the structure of the social world.
Identities are the basis of interests.” So one of the key aspects of the development of
the environmental movement was the resolution in rhetoric and discourse about
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Table 1 Main international events on climate change

Date Event Achievements/developments

November
1988

Intergovernmental Panel on Climate
Change (IPCC) established

World Meteorological Organization
(WMO) and UN Environment
Programme (UNEP) establish the
Intergovernmental Panel on Climate
Change (IPCC). To this day IPCC
assessments are the scientific under-
pinning of international negotiations
while also providing unique insights
into managing the risk of extreme
events and disasters, for example

November
1990

The IPCC releases the first assessment
report

The report says “emissions resulting
from human activities are substantially
increasing the atmospheric concentra-
tions of greenhouse gases” leading to
calls by the IPCC and the secondWorld
Climate Conference for a global treaty

December
1990

The UN General Assembly establishes
the Intergovernmental Negotiating
Committee (INC) for a Framework
Convention on Climate Change

The INC held 5 sessions where more
than 150 states discussed binding
commitments, targets, and timetables
for emissions reductions, financial
mechanisms, technology transfer, and
“common but differentiated” responsi-
bilities of developed and developing
countries

May 1992 The text of the United Nations Frame-
work Convention on Climate Change is
adopted

The UNFCCC objective is to “stabilize
greenhouse gas concentrations in the
atmosphere at a level that would pre-
vent dangerous anthropogenic interfer-
ence with the climate system”

June 1992 The United Nations Framework Con-
vention on Climate Change opens for
signature at the Earth Summit in Rio,
bringing the world together to curb
greenhouse gas emissions and adapt to
climate change

The UNFCCC has two sister conven-
tions also agreed in Rio, the UN Con-
vention on Biological Diversity and the
Convention to Combat Desertification

March 21st,
1994

The United Nations Framework Con-
vention on Climate Change, spawned
2 years earlier in Rio, enters into force

Countries that sign the treaty are known
as “Parties.” With 196 Parties, the
UNFCCC has near-universal member-
ship. Parties meet annually at the Con-
ference of the Parties (COP) to
negotiate multilateral responses to cli-
mate change

April 1995 Germany’s then environment minister,
Angela Merkel, presides over the first
Conference of the Parties (COP 1) in
Berlin

Parties agreed that commitments in the
Convention were “inadequate” for
meeting convention objectives. The
Berlin Mandate establishes a process to
negotiate strengthened commitments
for developed countries, thus laying the
groundwork for the Kyoto Protocol

(continued)
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Table 1 (continued)

Date Event Achievements/developments

December
11th, 1997

The third Conference of the Parties
achieves an historical milestone with
adoption of the Kyoto Protocol

The world’s first greenhouse gas emis-
sions reduction treaty

Bonn, July
2001

A major breakthrough is achieved at the
second part of the sixth Conference of
the Parties meeting in Bonn

Governments reaching a broad political
agreement on the operational rulebook
for the 1997 Kyoto Protocol

Marrakesh,
November
2001

The seventh Conference of the Parties
results in the Marrakesh Accords, set-
ting the stage for ratification of the
Kyoto Protocol

This would formalize agreement on
operational rules for International
Emissions Trading, the Clean Devel-
opment Mechanism and Joint Imple-
mentation along with a compliance
regime and accounting procedures

January
2005

EU Emissions Trading launches The European Union Emissions Trad-
ing Scheme, the first and largest emis-
sions trading scheme in the world,
launches as a major pillar of EU climate
policy. Installations regulated by the
scheme are collectively responsible for
close to half of the EU’s emissions of
CO2

February
16th, 2005

Kyoto Protocol enters into force History is made when the Russian
Federation submitted its instrument of
ratification to the Kyoto Protocol,
sealing its entry into force

December
2005

The eleventh Conference of the Parties
(COP 11) in Montreal

For the first time held in conjunction
with the first Conference of the Parties
serving as the Meeting of the Parties
(CMP 1)

January
2006

Clean Development Mechanism opens The Clean Development Mechanism, a
key mechanism under the Kyoto Pro-
tocol, opens for business

November
2006

Twelfth Conference of the Parties held
in Nairobi-Kenya

The Subsidiary Body for Scientific and
Technological Advice SBSTA is man-
dated to undertake a program to address
impacts, vulnerability, and adaptation
to climate change—the Nairobi Work
Programme NWP activities are
ongoing

December
2007

The thirteenth Conference of the Parties
adopts the Bali Road Map, including the
Bali Action Plan, charting the course for
a new negotiating process to address
climate change

The plan has five main categories:
shared vision, mitigation, adaptation,
technology, and financing

January
2008

Joint Implementation Mechanism starts The Kyoto Protocol mechanism “Joint
Implementation” starts. This allows a
country with an emission reduction or
limitation commitment under the pro-
tocol to earn emission reduction units

(continued)

Introduction 7



Table 1 (continued)

Date Event Achievements/developments

(ERUs) from an emission reduction or
emission removal project in another
country with similar commitments

December
2008

The fourteenth Conference of the Parties
in Poznan, Poland

Delivers important steps toward
assisting developing countries, includ-
ing the launch of the Adaptation Fund
under the Kyoto Protocol and the Poz-
nan Strategic Programme on Technol-
ogy Transfer

December
2009

World leaders gather for the fifteenth
Conference of the Parties in Copenha-
gen, Denmark, which produced the
Copenhagen Accord

Developed countries pledge up to USD
30 billion in fast-start finance for the
period 2010–2012

December
2010

The sixteenth Conference of the Parties
results in the Cancun Agreements, a
comprehensive package by govern-
ments to assist developing nations in
dealing with climate change

The Green Climate Fund, the Technol-
ogy Mechanism, and the Cancun
Adaptation Framework are established

December
2011

At the seventeenth Conference of the
Parties, in Durban, South Africa, gov-
ernments commit to a new universal
climate change agreement by 2015 for
the period beyond 2020, leading to the
launch of the Ad Hoc Working Group
on the Durban Platform for Enhanced
Action or ADP

Momentum for Change, a special ini-
tiative of the UNFCCC, shines a light
on innovative and transformative cli-
mate action taking place around the
world

December
2012

At the eighteenth Conference of the
Parties, in Doha, governments agree to
speedily work toward a universal cli-
mate change agreement by 2015 and to
find ways to scale up efforts before 2020
beyond existing pledges to curb
emissions

They also adopt the Doha Amendment,
launching a second commitment period
of the Kyoto Protocol

September
2013

New home for UNFCCC secretariat The UNFCCC secretariat moves to its
new headquarters on the UN Campus in
Bonn, next to the former German Par-
liament building. Following major
improvements, the building is now a
beacon of environmental performance
deploying features like solar power and
smart lighting

September
27th, 2013

IPCC releases second part of Fifth
Assessment Report

The UN Intergovernmental Panel on
Climate Change (IPCC) releases the
Working Group 1 contribution to its
Fifth Assessment Report (AR5), on the
science of climate change

November
2013

The nineteenth Conference of the
Parties produces the Warsaw Outcomes,

Parties agreed an “international mech-
anism for loss and damage,” which

(continued)
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Table 1 (continued)

Date Event Achievements/developments

including a rulebook for reducing emis-
sions from deforestation and forest deg-
radation and a mechanism to address
loss and damage caused by long-term
climate change impacts

recognizes that if mitigation does not
take place quickly enough and if coun-
tries cannot adapt to the resulting cli-
mate change, detrimental impacts will
be inevitable. Developing countries
want this mechanism to be a channel
through which they can seek compen-
sation from countries with high green-
house gas emissions for this damage
The next milestone conference will be
COP 21 in Paris in 2015, when parties
are meant to agree on a comprehensive,
legally binding global agreement

March 31st,
2014

IPCC releases second part of Fifth
Assessment Report

The UN Intergovernmental Panel on
Climate Change (IPCC) releases the
Working Group 2 contribution to its
Fifth Assessment Report (AR5), on
impacts, adaptation, and vulnerability

September
2014

UN Secretary-General’s Climate
Summit

UN Secretary-General Ban Ki-moon to
host a climate summit in New York,
inviting Heads of State and Govern-
ment, business, finance, civil society,
and local leaders to mobilize action and
ambition on climate change in advance
of COP 21 in Paris in 2015

December
2014

At the twentieth Conference of the
Parties, in Lima

World governments will have the
opportunity to make a last collective
push toward a new and meaningful
universal agreement in 2015 and
explore the opportunities that biodiver-
sity and climate market incentives can
provide for climate change action and
sustainable development

December
12th, 2005

COP 21—Historical Paris Agreement
adopted

195 nations agreed to combat climate
change and unleash actions and invest-
ment toward a low-carbon, resilient,
and sustainable future. The Paris
Agreement for the first time brings all
nations into a common cause based on
their historic, current, and future
responsibilities

November
2016

COP 22—Marrakech Partnership for
Global Climate Action launched

A crucial outcome of the Marrakech
climate conference was to move for-
ward on writing the rule book of the
Paris Agreement
The conference successfully demon-
strated to the world that the implemen-
tation of the Paris Agreement is

(continued)
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“green planet” and measures to sustainable development that at the same time protect
the planet and address climate change efficiently.

According to Riviere (2014, p. 92), “The proliferation of the environmentalism
norm and its effect on constructing political economies depends on its adaption into
states’ identity. States’ identities influence their behaviours because the identity
contains within it norms and ideas that construct the field of possible actions.
More specifically, since states interact with each other internationally, a state’s
identity is partially a social construction.”

International agreements and negotiations are, as we have seen, one of the
fundamental foundations for international relations whether analyzed from the
point of view of state “interests” and “threats” or from the point of view of
international cooperation and international organizations or from a point of view
of norms, values, and ideas. How can theories of international relations explain some
of the dilemmas confronting all actors of international system, and perhaps more
importantly, how can international relations theories explain some of the dilemmas
facing the international system in the face of climate change, which seem to be the
big issue for the next few years?

In fact, if we look back at history and evaluate human mobility, we predict that
most human movements had climate factors as the main cause, and most wars have
been waged as a result of environmental factors, climate changes, and control of
natural resources. After all, it is the assumption of this control that maximizes the
power of state actors, among others. It is the assumption of this control that
maximizes the power of state actors.

From the economics point of view, there are two main approaches: (1) an
assessment of the effects of climate change on economic outcomes and (2) the
study of the incentives that can prevent or mitigate climate change. First, empirical
and theoretical research has been made to evaluate the effects of climate change (and
in particular pollution). In the resources and economic growth literature, the use of
limited or nonrenewable resources can challenge permanent economic growth if
pollution decreases utility (e.g., Aghion and Howitt 1998, Chap. 5) and if pollution
depletes nonrenewable resources that are used in production, because at some time in
the future, those resources will limit economic growth. However, technological
progress can be the way out of stagnation (Reis 2001; Roseta-Palma et al. 2010).
Empirically, climate change has been related to economic growth. However, a clear-

Table 1 (continued)

Date Event Achievements/developments

underway and launched the Marrakech
Partnership for Climate Action

November
2017

The 2017 UN Climate Change Confer-
ence will take place from 6 to
17 November at the World Conference
Center in Bonn, Germany, the seat of the
Climate Change Secretariat

Bonn will also make history by being
the first COP to be presided over by a
small island developing state: in this
case by the Presidency of Fiji

Source: Elaborated by authors from United Nations Framework Convention on Climate Change,
available https://cop23.unfccc.int [accessed 10 March 2018]
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cut answer has not been achieved. For example, Dell et al. (2012, 2014) conclude for
a negative effect of climate change in economic growth. In particular, Dell et al.
(2014) reviews the literature on the effects of climate change on the economy. On the
contrary Sequeira et al. (2018) conclude for a nonsignificant effect and a positive
effect of rising precipitation in poor countries. This positive effect of rising precip-
itation is also confirmed for hot and temperate countries.

Second, the market incentives that can prevent or not climate change mitigation
are highlighted in Balint et al. (2017). They identify four areas of the literature in
which complex models have already produced valuable insights: (1) coalition for-
mation and climate negotiations, (2) macroeconomic impacts of climate-related
events, (3) energy markets, and (4) diffusion of climate-friendly technologies. On
each of these issues, the authors argued that interactions and disequilibrium dynam-
ics provide a complementary and novel perspective to standard economic models.
Furthermore, this research highlights the potential economic benefits of mitigation
and adaptation policies and the risk of underestimating systemic climate change-
related risks.

Economics and international relations cannot be dissociated given the obvious
cross-border nature of climate change. Market incentives may be combined and
model national players in order to mitigate climate change’s potential effects. This
book bridges these two fields of research concerning climate change.

In Part 1, market economies approaches are examined. In fact interactions
between agents and governments are deeply determined by the way markets function
and incentives are placed. On the economics point of view, it is interesting to
evaluate the effects of climate change in both the short and long run. This often
involves a trade-off between potential positive effects of losing environmental
protection and negative effects of climate change in the long run. Both theoretical
and empirical approaches are used to analyze the issue, keeping in mind that on the
basis of human decisions, there are (almost) rational agents that interact for their own
good but also with some level of altruism regarding future generations. First, a game
theoretical approach is followed to build an international society based on global
common goods and interests, grounded by providing the greatest good to the greatest
number, in which the environment offers not only a challenge but, more importantly,
the chance to develop pathways to a sustainable future. An evolutionary game theory
framework solution for the global climate change game is provided. Then, another
chapter analyzes the macroeconomics of environment from an agent-based perspec-
tive, outlines directions for future developments, and identifies several domains that
lack more intensive attention from the academic community. The chapter concludes
that public policies aimed at preventing climate catastrophes must take into account
patterns of sentiment spreading, allowing for the potential economic benefits of
mitigation of environmental change-related impacts. Using a specific regression
method that allows for nonlinear empirical modelling, another chapter finds that
the effect of climate change on growth varies with the level of per capita GDP. In
assessing the effect of greenhouse gas emissions to GDP growth, a double-threshold
effect and three regimes are discovered. The assessment of the effect of CO2

emissions on GDP growth identifies only a single threshold, indicating that only
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two regimes exist, confirming that the effect of climate change on growth cannot be
regarded as a linear relationship.

Part 2 analyzes international relations and politics. The recognition that climate
change is a global phenomenon without boarders is essential. Several policy issues
are discussed with special focus on the European Union (EU), the Balkans, Africa,
and the BRICS (Brazil, Russia, India, China, and South Africa). First, the discussion
addresses if the European Union authority in environmental issues is recognized in
the diplomatic arena. Related to that, although the several challenges that Balkan
states still must face, such as corruption and weak governance, the EU accession
process has been the main political driver of change in the region, providing
opportunities for improving the environment in different ways. Then the discussion
turns to Africa’s ability to benefit from sustainable development synergies embedded
in the mitigation and adaptation strategies in the INDCs and the fact that this will be
greatly limited by institutional and policy environment that hinders funding, capacity
building, and technological innovation systems development. Fourth is a discussion
of the role of the New Development Bank, known as the BRICS Bank, as the driving
force behind clean energy financing and its contribution to sustainable development.
Common to these topics are the importance of international institutions and their
policies to climate change management and mitigation at the country level. Sixth, in
a very interesting chapter about the Amazon Forest, revolutionary technologies of
the fourth Industrial Revolution are proposed as central to this necessary paradigm
shift. Because the Amazon rainforest is a global natural asset for avoiding climate
change, Brazil is also advised to follow a diplomatic plan that upholds fundamental
ecological principles for creating a safe space for humanity, thereby attracting
international investments to manage and preserve the forest.

Part 3 covers a micro approach related to climate change, related to both techno-
logical change and marketing strategies. In fact, technological change may be
essential to mitigate climate change if it can be directed to cleaner technologies.
Climate change can also be used as a marketing tool for firms in such a way that it
can be a reinforcing tool to mitigate climate change. This acts on the demand side. As
far as consumers become more concerned with climate change, they also demand
more goods produced with cleaner technologies and having reduced environmental
effects. On an alternative view, marketing tools may also act to avoid the negative
views that customers can acquire from climate change-driven events such as torna-
does, floods, or fires in well-known tourist destinations.

First, from the technological change point of view, a chapter offers a comparison
between the environmental performance of two internal combustion engine vehicles
(ICEV) with different engines, one with the conventional diesel engine and the other
with an electric motor and a diesel engine (hybrid diesel), and the results show that
the hybrid ICEV has a generally better environmental performance compared to the
diesel ICEV. Second, from the marketing point of view, marketing strategies that are
used by several companies to reduce climate change are studied. Therefore, market-
ing holds potential solutions to some of the challenges of sustainability faced today,
such as climate change. Additionally, climate change effects on a destination’s
image among tourists are analyzed in an application to the island of Madeira.
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Abstract The increasing concern with climate change is one of the main issues of
our time, and thus we aim to theoretically and mathematically analyse its causes.
However our approach follows a different stream of thought, presenting the reason-
ing and decision-making processes between technical and moral solutions. We have
resorted to game theory models in order to demonstrate cooperative and
non-cooperative scenarios, ranging from the traditional to the evolutionary within
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game theory. In doing so we are able to glimpse the development of modern society
and a paradigm shift regarding human control over nature and to what extent it is
harmful to the sustainability of our environment and the survival of future genera-
tions. Merging different fields of knowledge, we present a theoretical-philosophical
approach, combined with empirical-mathematical solutions taking into account the
agent-based behaviour guided blindly by instrumental rationality.

Keywords Evolutionary game theory · Global development · Game theory · Moral
and technical solutions · International relations and politics · Economics ·
Sustainable development

JEL Codes C70 · D70 · F64 · O13 · O19

1 Introduction

We live in an age marked by interconnectedness and mutual cooperation, not only in
the economical but also in the social field and above all, and inevitably, in the
political one. The conceived structures of states are now challenged by multiple
agents and interests, motivated not only by self-development goals but by the side
effects of each sovereign country’s interests. Development is not enough anymore.
Sustainable development requires cooperation and multilateral agreements which
are based on the logical field of instrumental rationality. Achieving a win-win
scenario is essential, or no deal will be reached.

Climate change is a global common goods dilemma (see Hardin 1968)—when
one pollutes, the social cost is a burden to all, but the relevant internalized private
costs have not yet been factored in. Others, such as Vajpeyi (2013), provide an
international relations framework for the assessment of climate change impacts
based on the notion of a power-driven discourse, or, for instance, one of the authors
of this chapter in Assad et al. (2013) provided an assessment of the impact of climate
change on Brazil’s agricultural business through physical-atmospherical models.

Climate change is relevant—as the bulk of its consequences are a burden on the
entire planet, the term ecocide is gaining popularity, which we break down as
ecologicalþsuicide. However, beyond this tragedy-driven approach, we are looking
for viable solutions. It has been difficult for states to adhere to and, above all, reach
the targets set out in international protocols (e.g. the Kyoto Protocol) on reducing
carbon emissions, which is obviously necessary in the face of climate change. The
main reason is free-riding, between countries and between generations. Free-riding
becomes particularly difficult to combat given the sovereignty that is characteristic
of different countries, the equality of all before the law and the fact that it is
impossible for countries to manage each other’s internal affairs (Nordhaus 2015).
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Additionally, participation in international agreements is voluntary. To arrive at a
solution, Nordhaus (2015) proposes the creation of a climatic club, with penalties for
non-members, where it is in the interest of the states themselves to belong to the club.

In turn, by also recognizing that the international coordination of environmental
policies has been difficult to verify, Keohane and Victor (2016) suggest the decen-
tralization of international policy coordination as a first step towards an effective
reduction of the problem.

Another optimistic solution is proposed in Buchholz and Sandler (2017). It is
sometimes acknowledged and even recommended that there should be countries
which take the lead in environmental policy changes aimed at reducing the emissions
of greenhouse gases. Indeed, in a traditional model of game theory, this leadership
encourages free-riding by followers, giving rise to a crowding-out effect.1 Buchholz
and Sandler (2017) show that it does not necessarily have to be so if a leader’s
benevolent behaviour signal positively influences the follower’s expectations about
the leader’s actual behaviour.

In his review of the literature, Heal (2017) points out the key role of the
appropriate discount rate. When coupled with a sufficiently high-risk aversion to
an even small possibility of a disastrous outcome, this may also be the solution to the
problem associated with the difficulty in achieving a benevolent change in environ-
mental policies by the various countries.

Our new approach, in this chapter, comes from modelling through game theory
and stressing mathematically and theoretically all possible outcomes, as we aim to
offer possible scenarios based on moral and technical solutions where each country
may be able to fulfil their interests without undermining the common good.

We try to establish a new model, based on two strands of literature, which we
briefly sum up in Sect. 2: the first strand from international relations, where we
abridge several international relations approaches and set our goal as instrumental
rationality led by the states, and the second strand of literature, from mathematics
and economics, which we cross with the first one, where we use game theory. We
start with the classical Von-Neumann-Morgenstern zero-sum game and Nash equi-
libria, which, while still relevant 50 years after its creation, seem to lack the
robustness required in order to find a truly viable solution to the global climate
change game.

Next, we focus on Sect. 3, the newness of the chapter and its contribution, a
holistic evolutionary agent-based simulation approach, which we might modestly
describe as the climate change evolutionary game theory solution. Indeed, it may be
time to build an international society based on global common goods and interests,
grounded in providing the greatest good to the greatest number, where the environ-
ment presents not only a challenge but, more importantly, a chance to develop
pathways to a sustainable future. We provide an evolutionary game theory frame-
work proposal of a solution for the global climate change game.

1As recognized in Buchholz and Sandler (2017), this effect can be reinforced if followers are
sufficiently risk-averse and/or climate change damage to be uncertain (Auerswald et al. 2011).
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Our approach is relevant, not only for its newness but essentially because it
provides a viable solution to a global dilemma, establishing new frontiers of research
and global policy advice in international fora. We also offer an explanation for the
many failed solutions of climate change negotiations, namely, the drawbacks in the
Kyoto protocol and the more recent Paris protocol. Our model introduces a retalia-
tion punishment and a positive feedback/cooperation award after many rounds of the
game. The innovation of our model is not only in the introduction of game theory to
the global climate change game but also the introduction of its time dimension, with
a twofold dynamic horizon with a learning environment. A point in time, say t*, if
attained yields a point of no return, and the arrival at a disastrous situation, which we
parametrize, must be avoided at all costs. A point in time, say tþ, instead must be
determined—a point from which evolutionary cooperation might save us all from the
immersing trap and thus provide a truly sustainable path out of disaster and avert
ecocide, therefore achieving a positive final solution, which we shall all consider as a
final best solution.

In Sect. 4, we end with some general conclusions, limitations encountered and
further perspectives of research.

2 Framing Climate Change Within Our Approach

2.1 International Relations (IR) and Climate Change (CC)

In this section we distinguish two basic approaches from a philosophical and
international relations background: rational/technical solutions versus moral solu-
tions, facing the international system and international order.

The writings and concepts that best frame the idea of technical solutions and
rationality addressed in this chapter can be identified in the studies of Habermas
(1984). Habermas began to analyse the theory of rationalization, left unfinished by
Max Weber—or at the least brought it to light again—reconstructing Weber’s
project as a whole and using it as a guideline to empirically observe the result of a
universal-historical process of rationalization (Habermas 1984: 143). This universal-
historical process will be analysed through the lens of human behaviour and human
interaction with nature, particularly the substantial paradigm shift which began with
the Enlightenment and the birth of modern society.

We consider moral solutions as a complementary concept to the concept of
technical solutions, where morality, according to Kant, is derived from ontological
fields reached only through reasoning. In order to do this, we will walk through other
ideas, and authors which demonstrate the gap which exists between theoretical and
practical reason on the one hand, and on the other hand, show the limitations of
instrumental rationality in solving the problems posed by climate change.

Practical reason can be seen in Weber’s contributions in the idea of
“Zweckrationalität”, or as it is called nowadays, “Purposive/Instrumental Rational-
ity”. It initially appeared in the field of sociology, “determined by expectations as to
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the behaviour of objects in the environment and other human beings; these expec-
tations are used as “conditions” or “means” for the attainment of the actor’s own
rationally pursued and calculated ends (Weber 1978: 24), and later on is introduced
in other fields such as economics. In short, it is a tool used by an actor to reach an
end, where rationality is pursued and calculated.

What changed since then? The method of handling problems. In G. Hardin’s
article “The Tragedy of the Commons”, he defines technical solutions as “(. . .) a
solution that requires a change only in the techniques of the natural sciences,
demanding little or nothing in the way of change in human values or ideas of
morality” (Hardin 1968: 243–253).

Now that we have introduced some key aspects of technical solutions and
reasoning, our aim is to introduce the issue of moral solutions and value rationality.
Only then we will be able to understand the process of decision-making aided by a
game-theoretical approach.

As the twin concept of technical solutions, as it is presented in this chapter,
morality and its vast, varied and complex definitions will remain the path to
reasoning. It is the way we comprehend climate change and its importance according
to the principle of universality.

The acknowledgement of climate change [CC] is the starting point in order to
validate morality in attitudes towards the object. We cannot expect certain kinds of
behaviour to occur—for religious, cultural, scientific or any other reasons—if there
is no common agreement on the subject. The International Society2 is based on these
shared common values, which we address here in relation to the issue of CC. While
we do not wish to enter a discussion of that subject here, we do acknowledge the
conflicts of interests which arise between economic, political, industrial and other
social groups. Assuming CC as a shared common value, our theoretical and game-
theoretical approaches will have this starting point while aiming to achieve the best
outcome for all players, through reasoning.

Secondly, the groundwork undertaken in order to examine morality in decision-
making will be founded on three pillars: (1) “the greatest good to the greatest
number”,3 as stated Jeremy Bentham; (2) “act only according to that maxim whereby
you can at the same time, will that it should become a universal law”,4 posed by
Kant; and (3) “the morality of an act is a function of the state of the system at the time
it is performed”, according to Joseph Fletcher. These different degrees of morality
lead to different approaches, namely, utilitarianism, Kantianism (highlighting the

2As noted by Hedley Bull (2002: 13), and bringing up his definition according to the issue of CC we
perceive, it is worthy to discuss whether our shared beliefs frame the states nowadays as a society of
states, a system of states or rather as an international anarchy.
3The idea of the greatest good to the greatest number is essential in welfare functions and crucial in
all economics decision-making. Our Nash equilibria and evolutionary approach assume this kind of
instrumental rationality.
4Also, again we are framing global universal concepts, such that in our global economic model, the
implications are that we are dealing with universal laws; thus, we are dealing with homogeneous
agents in economic terms.
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categorical imperative concept) and situational ethics,5 placing the object—CC as a
global common good—in the light of international relations schools and their
analysis according to the constructivist, idealist and realist schools, respectively.

Third, as game theory demands the best choice in a given scenario, it is important
to understand the categorical imperative [CI] as the basis for moral decisions. A few
concepts related to the CI must be clarified: (a) “a priori reasoning” is the way of
thinking without the empirical experiences and in its turn is related to (b) “pure
practical reason”, which is, in short, the action taken based solely on (c) good will.
Kant argues that “good will” is related to the superior good, for example, the golden
rule: “do unto others as you would have them do unto you”. In that way, rationality
based on the categorical imperative will be substantially different from rationality in
technical solutions, which was defined before as a purposive/instrumental rational-
ity. This introduces the possibility of a different outcome when, for example, the
prisoner’s dilemma is played repeatedly and each agent seeks their own best results,
normally not the best choice for any given scenario and reaching the minor Nash
equilibria.

Now that the moral aspects of solutions have been introduced, Weber also frames
morality within his definition of rationality. Previously we mentioned the
“Zweckrationalität” or purposive/instrumental rationality, although Max Weber
also sheds light on a different—and even complementary—sort of rationality,
namely, the “wertrational” or the value-oriented reason: “That is, determined by a
conscious belief in the value of its own sake of some ethical, aesthetic, religious, or
other form of behaviour, independently of the prospects of success; (Weber 1978:
24–25). Decisions based on “wertrational” cannot be fully understood solely through
instrumental rationality. Likewise, it shows that not all decisions are purely
instrumental.

Decision-making through the lens of morality may show the failings of mathe-
matical models, where technical solutions based on instrumental rationality often fail
to reach the desired outcome. It is still part of the reasoning path that the structures of
power—the states as rational agents—shall take into account when currently shared
beliefs and consequences of CC fail to fully encompass the solution to the problem.

To frame the reasoning process of decision-making in international relations
[IR], it is essential to arrive at a consensus on the question of the dominant theory
of current foreign affairs and also to acknowledge different degrees of analysis
within IR and its fields of knowledge: economics, international law, foreign and
domestic policies and so on. As an example, in the field of economics, we can say the
dominant theory is neo-liberalism, although it is arguably not the only relevant
theory present. Here we will assume that neorealism is the current dominant theory
of international politics. In doing so, we aim to analyse and understand the reasoning
at an agent-based level, considering states as rational agents.

To better frame the reasoning of states as rational agents, we have divided them in
three different groups, according to their level of development (UNDP 2017):
developed countries, developing countries and least-developed countries. According

5Once it considers “loving ends justify any means”, it is framed here as realist tradition.
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to this literature (Sen 1999; Stiglitz 2002; Sachs 2005, 2015), we have aimed to
predict the behaviour of states based on their level of technical capabilities and their
influence in foreign affairs. For example, the developed countries group consists
mostly of OCDE countries, whose industry, agriculture and finance sectors rank
highest in development. Developing countries, on the other hand, are better
represented by the BRICS and their emerging industry, as well as their weight in
trade and influence (e.g. demands they are making on the current structures of the
UN). Least-developed countries are those which are not significant with regard to
industry, economy or technical capabilities but are still included in our approach as
moral solutions must take into consideration the lives of their citizens, according to
the principles which govern the society of states on the issue of global welfare.

When discussing IP and the process of decision-making among states, one must
clarify the common ground, through the bindings of international law (base of
behaviour to political agents), the economic goals (where we stress rationality) of a
given country and the variables used by these rational agents to reach their objectives.

Currently the legal concerns surrounding treaties6 over the UNFCCC (United
Nations Framework Convention on Climate Change) can be summed, on its binding
features and the efficiency of sanctions. For example, it is generally accepted that
Kyoto treaty has failed (Nordhaus 2015) due to the US withdrawal (despite being
one of the treaty’s main architects) and a lack of ratification at state domestic level.
Despite the success of the ongoing Paris Agreement7 which was ratified by 172 of
197 parties, some analysts are concerned over the lack of sanction clauses. Countries
are taking action according to their own nationally determined contributions
(NDC’s), one of the innovative aspects of the Paris Agreement, but there is no
sanction in case of failure.

Rational agents here clearly face a deep-complex problem, as presented consid-
ering only the fields of IR and game theory. However we consider it is through the
welfare and its underlying ethical parameters and empirical facts the variables must
converge. Here our game theoretical analysis will focus on a new approach, evolu-
tionary game theory.

We now focus again on the instrumental rationality of the states and look at the
bases of game theory decision on the next section, which are at the roots of our
economics contribution.

6The diplomatic process of making treaties is the primary source of international law, and it goes
through different stages before becoming binding/an international law: (1) negotiation (two or more
countries design the treaty according to their interests), (2) ratification (the approval of the treaty by
their domestic policy institutions), (3) renegotiation (after domestic discussions/parley, treaties may
suffer some alterations) and (4) implementation (the approval of a treaty by international
institutions).
7http://unfccc.int/paris_agreement/items/9485.php–accessed on December 22, 2017.
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2.2 Economics and Traditional Game Theory (GT): Setting
the Stage for Instrumental Rationality

On the economic side, many renowned economists have found common ground in
some models despite focusing on different variables. Most of the work on the issue
of CC is based on integrated assessment models [IAM’s] which represent functions
that relate temperature change to economic losses, such as welfare. As the recent
study shown in Heal (2017), the default in almost every area of economics comes
from intellectual traditions such as utilitarianism (Heal 2017: 1047) and the Ramsey
rule (1928) precedent, which in turn converges with our analysis.

The Ramsey rule sets the variables used in economic analysis ranging from pure
rate of time preference, the elasticity of marginal utility, rate of growth consumption,
social rate of discount and many others. It is though in Heal we can verify the
existence of ethical parameters and empirical facts. Key aspects of economic anal-
ysis and its underlying philosophical aspects are recalled here as moral and/or
technical solutions. Heal and his recent study shows the problem of convergence
among economists “an irony that seems to have escaped most of commentators is
that while Nordhaus (2007), Stern (2006) and Weitzman (2007) all invoke the
Ramsey equation in their choices of parameters, this equations does not in fact
apply to the optimal climate-management problem. The reason is, of course, the
external effect associated with the emissions of GHGs”.

A historical approach to game theory recalls that the first paper on the existence of
a solution for a non-cooperative zero-sum game was Von Neumann’s (1928)
classical paper. The foundations of game theory were introduced by what is now
seen as the opus magnum of this field: Von Neumann and Morgenstern’s (1944)
manual, Theory of Games and Economic Behaviour. Nevertheless, throughout its
500 pages, this book only found solutions for non-cooperative games, a traditional
conflict framework among agents, but for a very specific case, zero-sum games. A
zero-sum game is a kind of game in which the gains of some exactly offset the losses
of others, thus establishing that when someone gains is at another’s expense, so there
are no win-win or lose-lose equilibriums.

Von Neumann was a Hungarian born polymath genius whose approach was
based on cooperation and dialogue; so he always tried to find cooperative solutions
to non-cooperative games by forming coalitions. It was an ingenious young Amer-
ican mathematician, John Nash, who in his early 20s, also at Princeton, established
through two simple papers (Nash 1950a, b, 1951), the first axiomatic approach to
equilibria in economics and a general solution to non-cooperative games, including
also non-zero-sum games.8,9 Khun (1953) was the first to introduce the extensive

8Where Von Neumann was a cooperative group leader and discussant, Nash had an individualistic
approach (Nasar 1998); thus the different approaches both men dealt with led to quite different
conclusions, and both men were playing rivals and not coalitions.
9Nash, a bright young genius in his early 20s, would entry into a spiral of mental illness for 30 years
to recover quite miraculously and win the 1994 Nobel prize in economics for his solution general
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form of a game, and finally, Lloyd Shapley (1953) created the first general coalition
solution to cooperative games. Aumann-Shapley value would extend the results of
cooperative games to a continuum of players and infinite number of them.

Ken Binmore (1994: Vol. 1, 1998: Vol. 2) would formalize the contractual view
approach using game theory in the late 1990s, early 2000s, thus giving a new
soundness to the solutions of game theory to social choice, and even political science
approach.

Traditional game theory has been used for modelling of climate change and
common goods dilemmas. For instance, Nordhaus (2015) defines an optimal solu-
tion by avoiding free-riding in international climate policy by creating climate clubs,
which would penalize non-members by paying climate fines by polluting. Keohane
and Victor (2016) base themselves on the notion whether this global climate game is
cooperative or non-cooperative and what kind of non-cooperative approaches can be
reached. Buchholz and Sandler (2017) provide a new benchmark trying to stress the
role of leadership and global public good provision. Heal (2017) does an extensive
survey of the economics of climate change in the Journal of Economic Literature,
thus stressing the opportune timeliness of this research agenda, focusing on the
importance of the appropriate discount rate.

To be more specific, in order to reach a solution, Nordhaus (2015) proposes the
creation of a climatic club, with penalties for non-members, where it is in the interest
of the states themselves to belong to the club.

In turn, by also recognizing that the international coordination of environmental
policies has been difficult to verify, Keohane and Victor (2016) suggest the decen-
tralization of international policy coordination as a first step towards an effective
reduction of the problem.

Another optimistic solution is proposed in Buchholz and Sandler (2017). It is
sometimes acknowledged and even recommended that there should be countries
which take the lead in environmental policy changes aimed at reducing the emissions
of greenhouse gases. Indeed, in a traditional model of game theory, this leadership
encourages free-riding by followers, giving rise to a crowding-out effect.10 Buchholz
and Sandler (2017) show that it does not necessarily have to be so if a leader’s
benevolent behaviour signal positively influences the follower’s expectations about
the leader’s actual behaviour.

In his review of the literature, Heal (2017) points out the key role of the
appropriate discount rate. When coupled with a sufficiently high-risk aversion to
an even small possibility of a disastrous outcome, this may also be the solution to the

bargaining non-cooperative game and, even later, won the prestigious Niels Henrik Abel’s Prize in
Mathematics in 2015 for his contributions for partial differential equations (related to an
embeddedness theorem in topology which joined topology with algebra) (http://www.abelprize.
no/nyheter/vis.html?tid¼63589). The prize was awarded to Nash in 2015, and he was killed in a taxi
car crash on the New Jersey Turnpike, just 2 days after coming back from Norway.
10As recognized in Buchholz and Sandler (2017), this effect can be reinforced if followers are
sufficiently risk-averse and/or climate change damage to be uncertain (Auerswald et al. 2011).
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problem associated with the difficulty in achieving a benevolent change in environ-
mental policies by the various countries.

Crossing game theory, economics and climate diplomacy are not new—for
instance, Decanio and Fremstad (2013) do it by defining pure strategy Nash equi-
libria, min-max equilibria and departing from what is called a New Periodic
Table (NPT) in the climate economics diplomacy literature. This study comprises
2 � 2 order games first introduced by Robinson and Goforth (2005), where they
defined 144 possible combinations of games among two types of states (e.g. Great
Powers or coalitions of states). The negotiations can be depicted as a no-conflict
game, prisoner’s dilemma, coordination game, chicken-type game or cycle,
depending on the payoff matrix. One of their most important results is that scientific
information regarding the severity of the risks of climate change tends to change the
nature of the game from a prisoner’s dilemma to a coordination game (Decanio and
Fremstad 2013).

Thus, the novelty in our approach is to depart from the classical prisoner’s
dilemma but take into account the role of learning by doing/playing repeatedly,
and therefore the evolutionary trajectories across time change contingent on the
penalty reward/fine—which is also in line with the theory of belonging to climate
clubs, as Nordhaus (2015) proposes.

We now turn to the finer points and begin our new approach, merging interna-
tional relations, the instrumental approach and game theory and departing from
classical game theory towards an evolutionary modelling approach through agent-
based simulation.

3 From Traditional Game Theory to Agent-Based
Simulation: The CC Contribution

For now, let us consider two agents, each of whom can make two types of decisions:
to cooperate or to defect. Tables 1 and 2 represent the payoffs, respectively, of agents
1 and 2, where, as usual, the decisions of agent 1 are represented in rows and the
decisions of agent 2 are represented in columns.

Most of the literature believes that the game of climate change can be represented
by the particular case of the prisoners’ dilemma (see, inter alia, Soroos 1994;

Table 1 Payoffs matrix of
agent 1

Cooperate Defect

Cooperate β δ

Defect α γ

Table 2 Payoffs matrix of
agent 2

Cooperate Defect

Cooperate η ε

Defect λ θ
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Gardiner 2006; Pittel and Rübbelke 2008, 2012).11,12 Thus, we will consider the
following hypotheses:

• Hypotheses 1: α > β > γ > δ and ε > η > θ > λ.

Under the usual assumptions, in a single-shot game, both agents decide to defect,
leading to an outcome that is Pareto-inferior for both players (in case of both
cooperating). It is also well-known that an infinite repetition of the game may induce
the cooperative solution, when both agents possess a sufficiently high rate of time
preference/discount (Aumann 1959). This is so because (considering agent 1 as an
example), if ρ1 (where 0 � ρ1 < 1) denotes the discount rate of agent 1, the present
value of the cooperative solution, verified from t ¼ 0 to 1, will be:

β

1� ρ1
, ð1Þ

which is higher than the present value of the cheating solution,13 i.e.

αþ ρ1
1� ρ1

γ, ð2Þ

whenever

β > 1� ρ1ð Þαþ ρ1γ: ð3Þ

It is also important to recognize that, in case of a finite repetition of the game, the
number of repetitions by both agents being known the defect decision by both agents
is to be the solution of the game, as the cooperative solution will, by backward
induction, not be considered credible.

From the empirical point of view, it seems that the most polluting countries are
those that, in the short term, will suffer the least from climate change (Harrington
et al. 2016).14 With this fact in mind, let us assume, without loss of generality, that

11It is interesting to note that, usually, the singular is used to designate this type of game, i.e. the
prisoner’s dilemma. This may be due to the fact that the preferences of one prisoner are represen-
tative of the preferences of all prisoners. In our case, because payment levels may be different, we
prefer to consider the plural, i.e. prisoners’ dilemma.
12In this regard, it is illuminating to quote The Economist (2007): “After all, all countries will enjoy
the benefits of a stable climate whether they have helped to bring it about or not. So a government
that can persuade others to cut their greenhouse-gas emissions without doing so itself gets the best
of both worlds: it avoids all the expense and self-denial involved, and yet still escapes catastrophe.
[. . .] The problem, of course, is that if everyone is counting on others to act, no one will, and the
consequences could be much worse than if everyone had simply done their bit to begin with. Game
theorists call a simplified version of this scenario the ‘prisoner’s dilemma’”.
13We will assume infinite retaliation.
14From an empirical point of view, there is some support for the idea that, in the short run, the
countries that pollute less are those more vulnerable to the malefic consequences of the climate
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agent 1 represents the group of countries that are less willing to diminish pollution.
This can be translated into different relationships in the payoff matrices, namely:

1. γ > θ—The Nash equilibrium is worse for the less polluting countries, in the
short run.

2. α > ε—The free-ride solution is better for the more polluting countries, in the
short run.

3. β – γ < η � θ—The benefits of cooperation (relative to defection) are higher for
the less polluting countries, in the short run. This hypothesis, together
with hypothesis 1, leads to.

4. β < η—Cooperative behaviour is less attractive for the most polluting countries,
in the short run.

Assuming an infinite repetition of the game, those four inequalities explain the
empirical fact of so many failed negotiations to diminish pollution, which may be
due to a reduced rate of discount (and/or a short time horizon). This also means that,
in order to obtain a full cooperative behaviour, the rate of discount must be
sufficiently high for the most polluting countries, which is the truer the more they
must be aware that there is a point in time, say t*, where all the signals of the
abovementioned four restrictions will change, i.e. when the Nash equilibrium will
become worse for the most polluting countries, making cooperative behaviour more
attractive to these countries.

In case that point in time is known, t*, an immediate implication is that pollution
will increase until that moment. The good news is that it may start decreasing after
that, in particular after a certain point in time, say t+, where the game of climate
change is no longer a prisoners’ dilemma but a game of common interests, i.e. when
β > α and η > ε. Plainly, it is crucial that the catastrophic consequences of climate
change, associated with the point of no return, do not occur before that point in time,
t+.

The line of reasoning presented above draws attention to the fact that the
characteristics of the game may change over time, as might the characteristics of
the players themselves. Therefore, an evolutionary view of the prisoners’ dilemma
makes it (more) interesting and appropriate to address the situation, particularly
when using an agent-based simulation approach (Wilensky 2002).

That more complete view implies a (recent) change of the modelling paradigm of
agents as individuals (temporarily) located in space. Thus, a more recent line of
approach failed to assume a homogeneous population of individuals with uniformly
distributed (perfect) information to increasingly assume a heterogeneous population
composed of agents with different levels of information (see e.g. Akerlof 1997)
and/or different characteristics. Agents behave in a potentially complex way and
interact with each other over time and also with the environment in which they are
inserted, in the search of the fulfilment of their goals. As the environment changes,

change. See, for instance, the ND-GAIN Country Index (http://index.gain.org/; accessed on August
11, 2017).
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the agents’ characteristics and consequent decisions also change, often in complex
ways. The so-called agent-based simulation intends to tackle these situations of an
evolutionary nature.

According to this line of thought, the analysis is increasingly focused on (admit-
tedly) complex systems composed of a large number of agents that interact with each
other. As recognized in Goodchild et al. (2000), the aim of this approach is not the
determination of allegedly simple principles of general order, since such principles
can hardly emerge from the analysis of such complex systems, but rather serve as
examples of this approach as standards of comparison with actual behaviour, and this
comparison is a starting point for a better understanding of reality (Arthur et al. 1997).

The dynamic process of the strategic interactions of countries playing the pris-
oners’ dilemma in an evolutionary way is to be simulated using a NetLogo model
(Wilensky 2002).15 In the evolutionary prisoners’ dilemma simulation, one may
consider distinct percentages of cooperators as well as distinct rewards associated to
the defect decision. Figure 1 illustrates the case where, at the beginning of the game,
half of the players are cooperative in nature and the reward of defection is moder-
ately high. See Wilensky (2002) for the full description of the game.

Plainly, despite the balanced initial-cooperation percentage, a sufficiently high
level of defection-award will lead to the disastrous situation where every agent
chooses the defect behaviour, as illustrated in Fig. 2. This is to be the case, unless
all agents are of the cooperative type, at the beginning of the game. As we know from
the reality of climate change negotiations, this decision by every country, not to
pollute in excess, does not apply.

Fig. 1 The initial situation

15NetLogo is a multi-agent programmable modeling environment, freely available at http://ccl.
northwestern.edu/netlogo/ with a very wide range of applications, as evidenced by the wide range of
models available to users.
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Taking this disastrous situation as a starting point, let us now consider the point in
time, t*, where the defection-award is substantially reduced, given the substantial
increase of climate change costs associated to that disastrous situation.16 Figure 3
illustrates this case.

The reduction of defection-award will eventually lead to the inversion of the
disastrous path of increased pollution. Figures 4 and 5 illustrate some intermediate
situations after that reduction of free-ride benefits.

Fig. 2 The disastrous situation

Fig. 3 The reduced defection-award situation

16We are assuming that this point in time occurs before the point of, say, no return.
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The final situation of this benevolent change in what concerns the attitude
towards climate change, before identified as moment t*, is illustrated in Fig. 6.

Clearly, the policy implication of this agent-based simulation gives credence to
the need for urgent recognition that the sooner the defection-award decreases, the
sooner the disastrous path of climate change, and its dire consequences will change
towards a (more) benevolent situation. In order to achieve that, either the time
horizon of politicians must increase, or, at least, these agents must not ignore what
reality has been showing lately.

Fig. 4 A first intermediate situation

Fig. 5 A second intermediate situation
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4 Conclusions, Extensions and Further Research

We first conclude that ecocide is likely to occur and we are heading in that direction.
Our parametrization of a sufficient low value for the parameter of no punishment for
pollution, and thus a high level of defection-award, in our agent-based simulations,
shows that, even starting from a cooperative situation, one may easily end in a
disastrous situation, the so-called ecocide, which is presented in the pathway from
Figs. 1 to 2. This illustrates most of the rationale behind failed climate change
negotiations.

There are still signs of hope that this situation might be averted, if the premium for
defection is reduced, retaliation is introduced in our model, and the process of
learning becomes more effective. With this in mind, we can predict that in interna-
tional fora, we might change from a non-cooperative solution to a truly global, less
free-riding, solution, where the final solution would be a cooperative one—pathway
Figs. 3, 4 and 5.

There are some caveats in our approach; pay-offs are exogenous in the sense that
they are not reflecting the change completely endogenously. This might be achieved
by also using a new kind of approach and extension of game theory, in its inception,
known as drama theory (Howard 1994a, b). Drama theory predicts that pay-offs
change endogenously with the strategies of players and are correlated. Its name
comes from the fact that an agent can dramatize a sufficiently bad or good outcome,
influencing each other endogenously in the decision. These new equilibria, which we
would call drama Nash equilibria, would be contingent on the correlated effect
between agents on the strategies, and endogenous drama pay-offs (Levy et al.
2009a,b) can be applied to climate change. With an interdependent world order

Fig. 6 The final situation
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and new trends emerging, with more resort to dramatization, namely, by such global
leaders as President Trump or President Putin, this deserves further study.

The level of rationality we are using might also be discussed. We could argue for
a lesser degree of rationality, namely, in the sense of as described by Herbert Simon,
and display that this only worked for a limited time frame, horizon and benchmark of
parameters. The so-called implicit bounded rationality. Nevertheless, one could go
the other way round and even argue that the solution could be easier and faster, even
though all recent evidence tends to point the other way, by postulating what is called
hyper-rationality. Players might over-calculate the very long run in a snapshot and
increasingly adjust to it. All these discussions are left open, as avenues of research
for further study and queries, which are naturally worthwhile.
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On the Edge of Climate Change: In a Search
of an Adequate Agent-Based Methodology
to Model Environmental Dynamics
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Abstract Climate change is one of the most challenging and threatening uncer-
tainties of our days, impacting mankind with a continuously growing intensity. In
our chapter, we rise an alert flag and provide evidence of the nonexistence of a
dominant or consensual approach to correctly account for the interconnectedness
between the decision-making process by economic agents and the environmental
damages that affect them. Our survey analyzes a series of distinct contemporary
contributions on the subject, trying to create awareness on the state of art in the
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agent-based modeling applied to climate change. We analyze the macroeconomics
of the environment from an agent-based perspective, outline directions for future
developments, and identify several domains that lack more intensive attention from
the academic community. We conclude that public policies aimed at preventing
climate catastrophes must take into account patterns of sentiment spreading,
allowing for the potential economic benefits of mitigation of environmental
change-related impacts.

Keywords Agent-based model · Climate change · Economic development ·
Economic growth · Integrated economy-climate modeling

1 Introduction

In the course of the last few years, agent-based economy-climate models began to
play an important role in the contemporaneous discussions on environmental and
socioeconomic dynamics. Though this research line is in its early stage of develop-
ment, up to the time being, it has produced lots of valuable intakes on how
economies could face climate shocks. Still there is a long way to do both to talk
the talk and to walk the walk, in order to arrive at the stage when agent-based models
(ABMs) applied to the climate change will serve the functions of well-designed
economic model.

The most challenging aspect of the agent-based modeling, which still is on the
agenda of academic community, is to provide insights into the complex interrelation
between global economic development and climate change in a broad sense. It
would be much better if we had precise and thoroughly tested ABMs, which
would serve as a solid base for elaborating adequate polices to withstand diverse
climate-related threads as well as for preparing swift and strait-to-the-point
responses to unexpected environmental shocks on economic systems.

From a social perspective, moderate weather changes make little difference on
human society, but climate catastrophes like floods, droughts, hurricanes, large
forest fires, etc. result in profound consequences for individual households, in
particular, and for the regional and/or global economy, in general. In this chapter,
we rise an alert flag and provide evidence of the nonexistence of a dominant or
consensual approach to correctly account for the interconnectedness of the decision-
making process by the economic agents and the environmental damages affecting
levels of wealth of individual households through shocks on the overall economic
output.

Differently from a rather broad scope of the recently published survey on
complexity and the economics of climate change by Balint et al. (2017), we solely
focus on the agent-based economy-climate modeling aimed at interrelations between
the economic growth and development, on one hand, and the surrounding environ-
mental ecosystem, on the other. Our chapter surveys a set of selected contemporary
contributions on the subject, finalized in the form of already published papers. Our
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target is to create awareness of the most recent 2016–2017 advances of the state of
art in the ABM applied to climate change.

We analyze the macroeconomics of environment from an agent-based perspec-
tive, outline directions of future developments, and identify several domains that
lack more intensive attention from the academic community, namely, demographic
dynamics, modeling of environmental shocks on agents decision-making process,
individual energy consumption choices, and social contagion impact on sentiments
propagation.

These issues require adequate methodologies to correctly account for heteroge-
neity of agents, diversity of their interactions, and out-of-equilibrium dynamics in
order to provide a complementary and novel perspective to conventional economic
analysis, where equilibrium conditions are pre-specified and the respective determi-
nacy is commonly assured by the full rationality assumption. In this context we
demonstrate that public policies aimed at preventing climate catastrophes must take
into account patterns of sentiment spreading allowing for the potential economic
benefits of mitigation of environmental change-related impacts.

Our chapter is structured as follows. First, we discuss original works on how it
could be modeled a one-way climate influence over the economy. This discussion
covers three papers: first, studying flood impacts on economic growth; second,
investigating diverse climate shocks on migration; and, third, focusing on how
climate dynamics affects population growth and water shortages.

In parallel, we present a very interesting, insightful, challenging, and rather
unusual research, based on ABM of alternative futures, which assesses how eco-
nomic development on a regional scale through growing urbanization affects climate
in the form of the occurrences of surprise forest fires.

And last, but not least, we discuss two related studies on the integrated treatment
of economy-climate ecosystem. These works advance a commonly used ABM
methodology incorporating heterogeneous adaptive agents, whose capacity to
learn in battles of beliefs and perspectives affects the outcome of the model. We
believe that such integrated frameworks should gain a wider spread in the field.

2 Survey on Agent-Based Modeling of One-Way Climate
Influence on the Economy

2.1 Agent-Based Modeling of Flood Risk and Insurance

The problem of flooding, which has occupied human minds since old times, is a
subject of this innovative contemporaneous work. The research selected to illustrate
the main issues of these topics by Jenkins et al. (2017) focuses on how implemen-
tation of the flood insurance mechanisms could eventually mitigate related financial
and economic damages affecting the society as a whole as well as create incentives to
improve efficiency of the flood risk management. This study refines the preceding
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work by Dubbelboer et al. (2017), counting with the participation of Jenkins and
Hole, who continued the research in this field.

The authors of the chosen most advanced work by Jenkins et al. (2017) related to
agent-based approach applied to the flood risk management, namely, Jenkins,
Surminski, Hall, and Crick (JSHC), develop an ABM of flood risk and insurance
and apply it to study the Greater London, namely, the London Borough of Camden.
This particular UK region is characterized by the augmented risk of inundation.
Along with the characteristic summer storms, historically occurred here, the flood
risk is attributed to the growth in population and exuberated urban developments,
which bring under great pressure the drainage systems and the surface.

The JSHC ABM consists of the five following types of agents, each with its
inherent features, and interacting with each other: people, insurer, bank, developer,
and a local government.

The first type of agents is homeowner. Homeowner at each moment in time could
be either a buyer or a seller. Homeowner is obliged to subscribe for the flood
insurance. In other words, each property is insured against flood. The house could
be sold (i.e., homeowner turns to be the seller) due to the financial or dislocation
reasons. If the owner does not sell his property, he decides whether to invest in
property-level protection measures, which envisage preventing flood damages.
Buyers make decisions to acquire the house based on their reserve price (i.e., the
maximum amount that they would be willing to pay to acquire it) and 3-year-long
flood history (i.e., more recent flood events). The stronger the flood occurrence, the
more influential it is on the decision by individuals not to buy a home. The quantity
of buyers is assessed based on projected population trends to 2041 taking into
account migration processes.

The second category of agents is insurer. The main function of insurer is to
provide each agent who owns a home (i.e., people, developer, and bank) with flood
insurance. Insurer charges insurance premium calculated personally for each agent-
house owner. The value of premium is a positive function of the flood risk estimates,
which could be mitigated by the investments in sustainable drainage systems and
property-level protection measures. In its turn, insurer pays reinsurance premium for
the government in order to pass the responsibility to cover the costs of flood
damages, which is higher than those insurers can support. Thus, authors simulate
recently implemented by UK authorities flood insurance scheme, Flood Re.

Developers represent the third class of agents. The main objective of the devel-
oper is to make profit though construction and selling the houses. The construction
ability is limited by intensity of already existing houses and government’s targets.
Half of the new construction possesses flood defense features. For simplicity rea-
sons, the model assumes that the developer cannot be involved in more than one
construction. Another simplification is related to the consideration that newly
constructed buildings and construction activities itself do not influence flood risk.
This simplification in fact represents a weak point of the model.

The fourth agent is the government. Its main role is to protect people from floods
through the investments in flood protection mechanisms. Such funding occurs in two
ways. First, the government distributes among homeowners the target grants with the
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maximum limit of £5000 per house. Second, the government invests in sustainable
drainage system projects. Additionally, the government evaluates the development
projects presented by developer for the authorities’ approval. The rate of success is
equal to 70%.

The fifth, and the last agent, is the bank. The purpose of the bank is to put on sale
the house by its market price in the case in which the owner cannot support house fee
payments during 3 consecutive years.

Researchers, in their agent-based simulations of floods and the respective dam-
ages, employ UK geographic information system data, UK residential building data,
and surface water flood depth maps. In order to introduce the effect of climate
change into the model, authors estimate the change in probability of surface water
flood events of a given magnitude. The annual flood risk is calculated separately for
each house using the formula developed in Beven and Hall (2014).

The ABM of flood risk and insurance developed in the paper allows performing
several studies. The first type of analysis is related to the question of how agents
could contribute to surface water flood risk reduction. The second class of problems
focuses on the specific role of insurance mechanisms in flood damage mitigation.

Applying their ABM, authors demonstrate that investment in protection mecha-
nisms is beneficial for the diminishing of flood risk, but nevertheless the trend on
flood risk increase prevails with and without flood protection measures. Researchers
attribute this evidence to the continued development of houses in areas of flood risk.

In respect of the flood insurance analyses, the paper advocates the implementation
of insurance mechanism, which has a positive feedback on investments in flood
protection arrangements. JSHC ABM, applied to Greater London case, shows that
reinsurance procedure, performed by the government for the insurer, allows to
diminish significantly the insurance premium payments for themost flood risky areas.

Concluding, the developed JSHC ABM gives an indication on constantly grow-
ing flood risk due to the socioeconomic developments and detects positive eco-
nomic, social, and climate features due to the public–private partnership in the flood
insurance schemes.

Still, assuming that newly constructed buildings and construction activities them-
selves do not influence flood risk, JSHC, in fact, break the feedback loop between
human activity and the climate, focusing solely on how the climate changes, herein
alterations in flood levels, impact human society.

To be on the edge of climate change, the ABM should be expanded to include the
whole feedback loop from the climate to the agents of the society and then back to
climate, etc. We believe that such kind of research is highly desirable and that the
described above work could/should be continued in this direction. Next subsection
discusses ABM of climate-economy relationship, assessing influence of floods and
other climate disasters on migration activity.
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2.2 Agent-Based Modeling Approach to Climate Shocks
and Migration

Herein we focus on the research by Entwisle et al. (2016), which studies climate
change influence on migration processes in rural agricultural areas. This work
develops empirically grounded ABM, which appeals for reassessing the neoclassical
economic paradigm advocating the large migration response to climate shocks.

Authors perform their weather-migration analysis employing the extensive eth-
nographic, qualitative, spatial, and social survey data from the Nang Rong district of
northeast Thailand. Nang Rong is a rural agricultural area, specialized on rice and
upland crops cultivation, with monsoonal climate.

Migration is treated as a strategy that Nang Rong farmers allegedly have followed
for a long time in order to respond, from one side, to the climate-posted challenge of
rain-fed paddy rice cultivating with minimal irrigation and, from another side, to the
national and international economic shocks affecting the demand for agricultural
products.

The recent studies on rainfall patterns of the Nang Rong region evidence the
annual rainfall downward trend with increased variance year-to-year. The possibility
to uncover the mechanisms of relationship between climate change and migratory
decisions incentivizes the authors to study migration responses to the proposed four
baseline weather scenarios. They are (1) a reference scenario, reflecting normal
timing and normal amount of rainfall, (2) a 7-year period of extremely dry weather,
(3) a 7-year period of extremely wet weather, and (4) a 7-year period of an
excessively volatile weather, frequently switching between the extrema of (2) and
(3) scenarios.

Entwisle et al. (2016) develop ABM composed of (1) individual agents forming
(2) households, which in their turn are embedded in (3) social networks, and
(4) village-type settlements. Households own or/and rent (5) land parcels. Each of
the five mentioned above modeled agents is endowed with the following specific
characteristics and assumptions.

Individuals are ascribed with the age, gender, and marital status. They participate
in demographic, social, and economic processes, such as birth, death, and migration.
The eligible age for migration belongs to interval between the 10 and 29 years old,
which is in line with range of migration in Nang Rong region. Authors calculate
migration probability for two age groups separately, namely, for 10–19 years old and
20–29 years old.

Households are characterized by their land ownership, by the position in the
village, and the connection with the wealthy households. Under environmental and
climate constraints, household agents make decisions on what kind of crop to
cultivate and what inputs (e.g., fertilizer), and its quantity should be utilized. Such
decisions, combined with the land quality and weather scenarios, affect the crop
productivity level, and therefore household revenues quantified as a cumulative
difference between income and expenses.
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Authors model social network (i.e., connectivity) of village-aggregate individuals
and households. They are represented in the model by such variables as population
size, migration prevalence, and ties to current migrants among others. Land parcels
are described by their size, distance from the village, probability of flood, soil
quality, etc.

Authors apply the proposed ABM to analyze migration as a function of four
climate scenarios: normal, droughts, floods, and the unstable flood-drought alterna-
tions. Surprisingly, Entwisle et al. (2016) find small difference in emigration
between the normal, flood, drought, and severely volatile weather scenarios despite
of the occurring large drops in the crop production under the climate shock scenar-
ios. Authors estimate that migration in the flood, drought, and excessive variability
scenarios belong to the 101 and 103% interval of the normal climate scenario.

In fact, it is not as surprising as authors claim at least due to the following reason.
The historic genetic memory, or so to say collective memory, tells agents that on
average the weather tends to be somewhat fair. That is why they still live there at
their usual habitats. Thus, impacts on the agents’ decisions from poor weather
provoked drops in the crop are counterbalanced by the agents’ implicit expectation
of the improved, better than the average weather during the times to follow.

Not surprisingly, authors highlight the necessity of further investigation of such
result, which contradicts to the neoclassical economics theory based on the standard
regression-based model. Namely, in accordance with the regression-based estima-
tions, there are larger increases in migration for the drought scenario (associated with
the largest drops in income and assets) and smaller increases in migration for the
flood scenario (associated with the negligible decreases in assets).

The difference between the draft scenario and the flood scenario is also not
surprising and quite comprehensible, as the soil quality is improving after the
flood due to the deposited sludge and sediments. Thus, floods are potentially benefic
to the future crops. This circumstance is likely to attenuate immediate attempts to
migrate due to the flood occurrence. On the contrary, there is no mitigation in the
draft-provoked negative impacts on crops and household incomes.

In order to explore the possible causes of unexpected outcome of the proposed
ABM of migration, researchers perform four additional experiments. First, Entwisle
et al. (2016) eliminate from their migration baseline model all individual character-
istics such as age, gender, marital status, and ties to current migrants. Authors justify
this procedure by the importance of these features, which could overwhelm the
climate change in determining migration outcomes. Nevertheless, the first version of
the ABM approach arrives to the conclusion that individual characteristics do not
have differential effects for the three extreme climate cases and thus do not help to
explain the smaller than expected migration response to climate change in a baseline
model.

Second, authors consider the hypothesis of the migration as the inverse function
of the remittances during climate shocks. Thus remittances could eventually provide
a clue of the weak migration response. Hoverer, testing this second hypothesis by
employing the appropriate alteration in the baseline ABM, researchers evidence that
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there is no meaningful influence of remittances, which could explain the absence of a
larger migration response to the climate scenarios.

In the third modification of the ABM, authors investigate the significance of
social network in a lack of migration response to the climate scenarios. Researchers,
excluding from the analysis variables responsible for social networks, come to
another unexpected surprising result. Under flood, drought, and flood-drought
scenarios, migration rates are lower than in the case of the baseline model. Entwisle
et al. (2016) explain this finding by the complexity of social network interactions,
which simultaneously could amplify and diminish migration. For example, from one
side, ties to migrants increase migration probability, but from other side, migration
violates connections between different households in a village which and thus
decreases the migration.

The fourth, and final, test envisages studying the migration dependence upon
household wealth. Individuals adapt their behavior if their household loses income.
The more prolonged the period of loses is, the higher will be the probability to
emigrate. Authors evidence much higher migration rates in this simulation if com-
pared with the original model.

Summarizing, authors argue that pre-existing condition of high migration rates is
the most important factor. Thus, climate events could have little impact on contem-
poraneous migration rates. We posit that to influence significantly migration rates,
the generation and even intergeneration collective memory should be affected in
such a manner that, on average, agents would not anymore judge the weather as
reasonably fair but rather as generally poor. In this case, the mechanisms of
counterbalancing drops in the crops by expectations of weather improvement will
stop working. But it takes time, perhaps generations, to produce changes in the
collective memory of individual agents and households.

There is also another possible explanation of why pre-existing condition of high
migration rates is the most important factor. It is due to contagion mechanisms. The
higher the previous migration rates, the stronger might be the social contagion effect
among the individual agents and households. Perhaps, the possibility to include
appropriate contagion mechanism in the considered ABM would improve its adher-
ence to observed reality. Still, this study is very challenging as it motivates academic
community to reassess and rethink the climate change effects on migration.

The authors conclude their paper with intriguing questions. Why do people
continue living in their areas after the devastating climate events occurred there
(e.g., in New Orleans after Hurricane Katrina and in New York City after Hurricane
Sandy)? Developing further this question, we may guess that it may be due to the
popular wisdom saying that “bombs never hit twice in the same spot,” do they?
Maybe superstition, religiosity, everyday mind, and common sense consideration
need to be explored in more detail in ABM?

Why does the Netherlands continue to be the most densely populated nation in the
world, while the most part of its territory is under sea level? Perhaps income level,
righteous society, tolerance culture, social justice, fair legal system, and insurance
policies along with cultural customs and traditions are eventually overweighting
existing risk of future negative impacts due to the breach of dams and following
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inundation of land? Should these factors be included in ABM description of the
regions potentially subjected to natural disasters and climate changes? For more
insights, see Ermolieva et al. (2017).

Why does Maldives also remain one of the most densely populated archipelago
while suffering severe land loss due to sea level rise? Perhaps, individual agents and
households underestimate tale risks of sudden rise of sea level? Maybe there are
several barriers to emigration: material, cultural, etc.? Maybe individual agent and
households on islands should be modeled somewhat differently from the continental
population? Are the alternatives fair enough for them? And finally, according to
Plato’s philosophy, “no one can escape his destiny,” so why should Maldivians
emigrate?

At the time of this chapter writing, similar questions keep arriving. Whether or
not the Hurricane Harvey impacted Texas, the Typhoon Hato affected the southern
provinces of China or the Hurricane Irma passed through and heavily damaged the
Florida State and the Caribbean region augment the migration processes from these
areas and how the authorities should react on such kind of uncertainty. Certainly, the
research in this field is to be carried further on. In the following subsection, we
describe ABM accessing the role of population among other factors in the climate-
economy relationship and the effectiveness of water-related policies.

2.3 Agent-Based Modeling of Climate, Population Growth,
and Water Shortages

In this subsection we present a study by Mashhadi et al. (2017), which contributes to
the literature investigating the problem of sustainable urban water supply under the
pressure of continuous expansion of the city areas along with the adverse climate
change causing negative impacts. The authors develop ABM, which integrates
traditionally used supply and demand management approaches with the dynamic
interactions between environment, technology, and society.

The proposed model is applied to simulate the water supply system of the city of
Raleigh, North Carolina, USA. This particular North American region has been
affected by severe hydrological droughts in 2002, 2005, and 2007, which led to
record low water levels and large economic losses due to water restrictions.

The model framework describes interactions between household agents and water
utility manager agents connected to a water supply reservoir. Households are
considered as agents, to which the individual characteristics such as a number of
members in a household, house built year, and irrigated area are ascribed. Each
household has indoor and outdoor water demands.

The water use behaviors of households are represented as rules, while water
planner is endowed with the right to introduce restrictions, which, in their turn,
depend upon changes in the level of water in the storage reservoir. Water utility
managers make decisions on restrictions in accordance with the reservoir model
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simulations, which indicate surface water dynamics. Restrictions are adopted in
response to decreasing volume of water in the reservoir and removed when the
water level returns to its normal range of values.

The possibility of restrictions imposed by utility manager agents allows preserv-
ing water supply in case of water shortages or droughts. It is assumed that household
agents must comply with the restrictions immediately for the case of outdoor water
use, while indoor water consumption remains unaffected.

In order to estimate the daily indoor water necessities, authors employ two data
sources. The first source is the Vickers’ (2001) report on water use at the household
appliance level. Second is the De Oreo et al.’s (2011) probabilistic distributions of
bathtubs water consumption and leakages in California. Outdoor water demand is
estimated using a theoretical irrigation model. This model, conceived quantifying
irrigation requirements, includes such variables as the size of land dedicated to each
type of farmed cultures, efficiency of irrigation technologies, and crop coefficient for
each type of cultivated plants.

Authors perform two types of water supply simulations with the proposed water
supply ABM. The first simulation is conducted for the historic data related to the
period from 1983 to 2014. The objective of this first simulation is to explore the
accuracy of the modeling prediction power through the back-testing analyses. The
model generates monthly values of the water demand, reservoir storage, and reser-
voir release. In order to obtain one of these three values, the historic data for the
remaining two is used as input. The proposed model passes the test and reveals an
acceptable level of performance.

The second simulation is performed with the purpose to test water management
strategies for the projected 19-year period under alternative climate circumstances.
Authors consider four management scenarios: (1) “no management,” when house-
holds do not modernize water equipment; (2) “retrofitting” scenario, when no
drought restriction is imposed while household agents upgrade water appliances;
(3) “relaxed drought response,” when drought restrictions are not applied immedi-
ately; and (4) “strict drought response” scenario, which corresponds to immediate
reaction to small losses in reservoir storage.

Although the water deficit, i.e., when demand is superior to supply, is observed
under “no management” strategy for all-weather scenarios, the three other scenarios
incorporating active management strategies contribute to maintain relatively high
levels of water reservoir.

For example, under active management strategies, a considerable diminishing of
water storage becomes observable only after climate conditions turn to be circa 60%
drier than the normal ones, as water demand is adequately attenuated through
retrofitting and drought restrictions, applied when needed.

Authors also estimate the sustainability index for each management option. For
the “no management” case, sustainability abruptly decreases while the climate
becomes arid, while for the (2), (3), and (4) management strategies, it equals
1. Based on their simulations, authors report that there is little risk of water deficit
for the analyzed region until the year 2032 if no considerable climate change occurs.
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Summarizing, the proposed model illustrates the importance of researching
population growth and their behavior, water shortages, climate change, and man-
agement strategies in the effectiveness of the reservoir storage. Authors argue that
the developed water supply ABM has potential to be improved in several ways.

The model in its current stage of development does not have a predictive power.
Still, the results of the authors’ work demonstrate that the use of the ABM approach
could be an important instrument and suitable for projecting the effectiveness of
management actions and recommend drought policies for improving the sustainabil-
ity of water resources in urban areas for the holistic and adequately adherent to
reality “all-weather” scenario.

Additionally, in order to better estimate potential effects of climate change on
water storage, a hydrologic model could be embedded in the base model to simulate
expected precipitation and temperature time series. Apart from this, complementary
water management strategies could be developed and included in the proposed
model.

3 Surprise: Agent-Based Alternative Futures Modeling
for Studying Wild Fires

The work by Hulse et al. (2016) is chosen herein to shed light on probabilistic
aspects of ABM, which frequently remain without a due attention of academic
community involved in climate change ABM. The discussed study offers a valuable
methodological contribution to the literature on probabilistic treatment of surprising
phenomena, in general, as well as on wildfire surprise forecasting, in particular. It
provides a condensed survey of diverse surprise prediction approaches emphasizing
their importance in designing strategies capable to diminish negative impacts of
climate- and economy-related surprise events on human society.

Additionally, authors provide a profound revision of definitions and qualitative
descriptions of surprise and discuss relevant prediction methodologies proposed in
literature from 1984 to 2013. This aspect of the paper also represents a considerable
input into the systematization of knowledge on the role of surprise in the complex
social, economic, and environmental systems.

Authors develop an innovative approach, which integrates the ABM of land use
change by Guzy et al. (2008), climate-sensitive successional model of vegetation,
and the mechanistic wildfire model driven by climate inputs. For a contemporaneous
comprehensive survey of non-agent-based components of quantitative and qualita-
tive simulation scenario modeling, we suggest further reading of Symstad
et al. (2017).

The resulting integrated ABM, presented by Hulse et al. (2016), relies on surprise
event definition elaborated in a well-known seminal work by Holling (1986). In
accordance with this definition, surprise is a local phenomenon when perceived
reality departs qualitatively from expectation.
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Researchers apply their integrated agent-based approach to study wildfire-
surprising phenomenon in Willamette Valley eco-region, which represents one of
the most urbanized and fastest-growing eco-regions in Oregon State of the USA. The
size of the studied area is 81,000 ha. This area contains a considerable variety of
residential developments, such as big urban center, smaller urban centers, and rural
housing.

This territory, chosen by the authors for testing the proposed integrated ABM, is
characterized by a relatively high exposure to fire risk. Almost half of the considered
eco-zone is qualified as a wildland-urban interface, where areas of urban construc-
tions are intertwined with undeveloped wildland, thus making fire risk increase. This
feature justifies the appropriateness of choice of the Willamette Valley eco-region
for studying fire surprises in the wide context of climate change and socioeconomic
impacts of land resources usage.

Hulse et al. (2016) simulate the territory inhabited by the agents making decisions
based on both their individual preferences and the level of production generated by
the land owned by each agent. The agents’ decisions are related to the new building
initiatives, timber production, commercial developments, environmental recovery,
and fuel reduction procedures. In their turn, agents’ decisions, along with the
biophysical events, provoke the landscape changes, which take place at annual
frequency within 2007–2056 time interval.

In general, landscape transformations depend on (1) climate change, (2) develop-
ment patterns, and (3) fire risk management. In the integrated model, climate change
projections influence simulated fire weather and determines vegetation succession in
the analyzed ecosystem.

The climate-related part of the proposed model uses the climate data from the
Hadley (Johns et al. 2003) and MIROC 3.2 model for interdisciplinary research on
climate (Hasumi and Emori 2004). On one hand, the MIROC is but coupled general
circulation model, which consists of five component models: atmosphere, land,
river, sea ice, and ocean. On the other hand, the Hadley permits to model global
climate change, warming, under diverse emissions scenarios.

Due to the global scale of climate projection outcomes of these future scenario-
modeling tools and due to the local regional scale of the present study by Hulse et al.
(2016), authors perform downscaling of Hadley and MIROC data in order to use
them as inputs in their agent-based integrated approach.

Authors employ two types of downscaled climate data, which is compared with
the observed regional variations in temperature and precipitation during the twenti-
eth century and project in this manner future climate impacts on vegetation and
wildfire in the Pacific Northwest climate.

Modeling the urbanization development activities of agents, authors consider the
two following alternatives. First, a compact urban development scenario replicates
the contemporaneous practices of land usage preserving the farm and forest areas.
Second, the dispersed urban development scenario adopts opposite policies to the
current practices, thus promoting more dispersed rural development.

In respect to fire hazard management, authors also propose two strategies. The
first is conventional fuel management supporting rapid suppression of fire with a
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little attention to overall resiliency of land to wildfire. Second mixed fuel-
biodiversity strategy emphases the overall landscape resiliency to fire allowing fire
to move through the areas with low risk to people, structures, and ecosystems, such
as oak savanna and woodland.

In order to be able of mapping the surprising fire occurrences, Hulse et al. (2016)
quantify the deviation of the modeled future fires from the reference benchmarks
determined using Oregon wildfire historical records from 1960 to 2011, which obey
a power law property. The benchmark fire for the high climate change scenario is
equal to 6000 ha fire, which corresponds to the largest fire in the previous 50+ years
from the historical fire data. Additionally, authors employ the 600 ha fire threshold,
which corresponds to the low climate change scenario.

Mapped differences between the future fire projections and fire thresholds allow
obtaining the probability of surprising fire under each modeled scenario. On the
other side, the surprising fire likelihood depends on relationship between weather,
the landscape agent’s activity, and their response to perceived fire risk and topogra-
phy, among other factors.

The proposed integrated ABM application provides the reader with several
insights. For example, model’s simulations show that the higher probability of fire
is associated with the mixed fuels management strategy, accounting for more than
65% of large fire occurrences for different climate change scenarios. It is observed
that 4 of the large fires affect more than 12,000 ha each, and 18 of the large fires
involve more than 9000 ha of territory each. Authors also highlight that large fires
usually occur after the relatively small fires, which affect less than 100 ha.

Additionally, model’s application demonstrates that the likelihood of surprise fire
augments while the population density, i.e., housing constructions, increases. Nev-
ertheless, dispersed rural developments are associated with more than 70% of early
surprising fires.

Summarizing, this paper provides the advanced methodology, based on ABM
pillar, which allows predicting and localize fire occurrences. This work is especially
interesting as many researchers performing the ABM somehow disrespect the
probability nature of modeled future paths, while this work tries to raise a kind of
alert flag focusing and correctly interpreting the inherently probabilistic nature of
integrated climate-economy-climate interactions.

4 Discussing Agent-Based Modeling of Integrated
Economy-Climate Systems

4.1 Agent-Based Modeling of Personal Beliefs and Climate
Change Interrelation

The research selected herein for detailed discussion, Geisendorf (2016), addresses
the problem of climate sensitivity to the economic activity and individual beliefs on a
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global scale and in a general form. Typically agent-based climate-economic models
are developed in order to analyze very specific topics related to the particular
regions. Differently from such studies, Geisendorf (2016) reassesses and advances
the original “battle of perspectives” model proposed by Janssen (1996) and Janssen
and de Vries (1998), which until nowadays has been the only model approaching the
global climate change issues from the generic perspective introducing the human
biases interactions.

Geisendorf (2016) connects the original core “battle of perspectives”model to the
ABM. This linkage allows simulating the individual adjustment processes in accor-
dance with their understanding of the observed model-generated world performance.
It is important to note that the “real-world” performance is hypothetical. The author
combines the traditional macroeconomic growth model with both economy-on-
climate (via emissions) and climate-to-the-economy (via economic losses due to
climate change and the costs of preventing it) feedbacks.

In order to analyze how different perspectives influence the economy and climate
change, the researcher introduces the classification composed of the four types of
economic agents, be them firms or single persons. All agents have double impact on
the modeled economy: (1) they decide what percentage of output to be invested into
traditional capital in order to support economic growth; (2) agents determine the
speed of shift from fossil to alternative climate-friendly fuels in accordance with the
deviation of temperature change from their expectations, reflecting their climate
policy, but within the bounds of their rooted beliefs.

The first type of agents believes in a self-correction ability of the climate-
economic system, and, thus, economic activity should not be constrained. The author
defines them as “free market advocates,”which are characterized by the high level of
CO2 emissions and relatively low level of willingness to limit economic growth. It is
assumed that “free market advocates” seek at least 3.2% annual economic growth,
which corresponds to the average world GDP growth for the 2005–2014 period with
the exclusion of the 2008 and 2009 financial crisis years. If the realized economic
growth rate is less than the minimum benchmark rate, the agents increase their
investments to stimulate economy. The transition from fossil to regenerative fuels is
considered very slow, with a half-life time of 1000 years.

The second group of “scientifically informed” agents believes in a possibility of
restrained abuse of nature. They base their perspectives on the Intergovernmental
Panel on Climate Change (IPCC) reports and advocate stable economic growth.
Thus, “scientifically informed” agents generate considerable level of CO2 emissions
and possess reasonably strong willingness to squeeze economic growth if necessary
according to their environment-related beliefs. Specifically, for this group, invest-
ment adjustments represent a function of both previous investments and economic
growth changes. In respect of climate change awareness, “scientifically informed”
agents aim at preventing +2� (and higher) temperature increase compared to 1900. If
temperature increases by +0.5�, they accelerate the transition from fossil fuels
aspiring to reach a half time of at least 100 years or even down to 20 years in the
event of extreme overheating on a planetary scale.
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The third type of agents, so-called environmentalists, is risk-averse. They prefer
absence of economic growth and, thus, low levels of wealth, associated with the safe
natural environment, to the growing economy, which leads to the high living
standards and exposes natural habitat to a very high risk of a climate disaster. The
author associates “environmentalists” with the low level of CO2 emissions and
extremely high degree of readiness to contract the economic growth. Thus, for all
the possible scenarios, they are attributed always with the highest transition speed to
green fuels (with a half-life time of 20 years) and capital investments to solely
compensate for its depreciation.

The fourth, and the last, category of agents includes those who do not possess any
position in respect of climate change and economic growth. The author calls them
“fatalists” as they believe that it is impossible to manage the economy and the natural
environment, and, thus, desired outcomes are unachievable. The researcher attri-
butes “fatalists” with the low level of CO2 emissions simultaneously with the low
willingness to limit economic growth. Author explains this by the following logic:
on one hand, there is no intention to prevent climate change by “fatalists”; on the
other hand, they have no intention to contribute to economic growth, and, thus, there
is low degree of negative impact on climate.

The four described above agent groups govern the world conjointly. The world
climate-economic policy is determined as the average of the proposed actions,
weighted by the number of agents implementing them. The author performs two
types of simulations with the starting point in 2005. The first scenario of experiments
assumes that agents are nonadaptive and do not have learning ability. The second
range of simulations is performed for the case of the adaptive agents, who learn from
each other and can change their beliefs in the case when the beliefs of other agents fit
better the world reality.

The non-learning agents’ model simulation aims to study the three following
situations: (1) world fitting the agent’s beliefs, (2) no fitting world to the agent’s
beliefs, and (3) free-riding effects within mixed populations. The test (1) reveals
impressive economic growth for the “free market advocates” until 2070, and since
then the growth rate remains stable at a target level of 3.2%. Temperature increases
over time, but the economy is not affected, thus the necessity to decrease CO2

emissions arises only in 2100. The “scientifically informed” and “environmentalists”
agents find themselves much more sensitive to the climate change: they manage to
implement the fuel transition policies until 2095 and 2035, respectively. Also both of
them experience a moderate economic growth.

The test (2) shows that the “free market advocates” type of agents, placed in
nonconforming worlds, generate very low economic growth, which begins to decline
from 2040 for the environmentalist conditions case. Since 2091 the GDP level drops
below its 2005 initial value. Climate change affects the economy much earlier,
leading to the fossil fuel substitution until 2065. In their turn, the agents, “environ-
mentalists,” placed in the free market world, experience a moderate economic
growth, more than doubling their environmentalists’ GDP over the next century.
Still, the growth of the aggregate GDP of environmentalists is six times lower than
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the growth they could have in the free market world should they not share environ-
mentalists’ beliefs.

The experiment (3) evidences the beneficial free-riding effect for the “free market
advocates” living in “environmentalist” or/and “scientifically informed”world(s) due
to the climate polices implemented by the agents-“environmentalist.”

The learning agents model simulations study the case when “free market advo-
cates” are placed in a “scientifically informed” world and vice versa, adapting their
perspectives. The bigger the difference between the agents’ perception and the
surrounding reality, the higher is the probability of changes in agents’ beliefs and,
hence, in agents’ behavior. The author calculates that the economic growth rate for
“scientifically informed” learning agents under the free market conditions is approx-
imately slightly below the growth rate of the innate incumbent “free market advo-
cates.” Over the century the former are not much worse than the latter as the GDP of
the initially “scientifically informed” but then adapted agents is only 12.5% below
the GDP of the innate “free market advocates.”

Differently from the initially “scientifically informed” but then adapted agents
placed into the free market world, who perform worse than the incumbent “free
market advocates,” the performance of the latter continues to be superior to the
performance of other types of agents, also when “free market advocates” agents are
adapting being placed in a scientifically informed world. They perform better for a
long time in comparison with the innate worldview of incumbent “scientifically
informed” agents. Thus, the performed simulations do not allow for finding draw-
backs and disadvantages of the free market strategy showing it superiority relative to
strategies based on other worldviews and beliefs.

Additionally, the author analyzes the influence of “fatalist” agents on economic
growth and climate change. Geisendorf (2016) advocates the importance of “fatal-
ists” to be included in the model as in real world many people behave as “fatalists,”
and, in fact, they adapt beliefs over time and affect the future growth paths. The
author estimates that there is at least 10% of the population, which has features of
“fatalists.” In accordance with the model output, when the percentage of “fatalists”
in a society is high (50%), the learning process is slowed down, economic growth is
weak, and, consequently, the climate change is negligibly small. On the other hand,
when the “fatalists” are in minority in a modeled society (10%), the “free market
advocates” agents overinvest, and economic growth becomes much higher as it
would be without “fatalists.” The increases in CO2 emission and temperature are
also much more pronounced if compared with the no “fatalists” world.

Overall, Geisendorf (2016) proposes the general agent-based climate-economic
model on a world scale. The developed model allows analyzing the global climate
change through the prism of agents’ perceptions and their contradictions under
uncertainty. The paper alerts on the strong effects of human beliefs and perceptions
on climate policy. This model allows deriving general conclusions on climate
change issues, simultaneously considering two-side relationship: economy influence
on climate and vice versa. The complete economy-climate-economy feedback loops
proposed in this seminal paper make it an important benchmark for future research.
The next subsection is dedicated to the modified Geisendorf (2016) model, which
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aims to analyze how different types of investment impact economic development
and climate change.

4.2 Agent-Based Climate-Economic Model to Assess Green
Investment Effects

Further developments of the dynamic agent-based climate-economic model by
Geisendorf (2016) are undertaken in the most recent selected work by Geisendorf
and Klippert (2017). In this paper, the authors modify the original model in order to
study the complex relationship between the perspectives of heterogeneous groups of
adaptive agents, economic growth, and climate change. The novelty of this research
resides in the assumption that expenditure for climate protection is classified as an
investment in technology and not as a cost with a negative effect on production like
many macroeconomic integrated assessment models consider.

The paper extensively criticizes macroeconomic growth models for their negli-
gence in differentiating the investments mitigating climate change from the invest-
ments in its conventional sense (e.g., infrastructure, machinery, etc.). In general,
such models consider traditional investments as a catalyst of capital stock accumu-
lation, which supports economic growth. Nevertheless, these models fail by not
recognizing and not accounting for the capacity of green investments to diminish
CO2 emissions. They also fail in a sense of not augmenting simultaneously the stock
of capital, which then should result in a stronger economic growth.

Additionally, the authors address another common drawback of macroeconomic
integrated assessment models by accounting for the heterogeneity and adaptive
behavior of economic agents. Traditional models and their extensions assume
homogeneous agents with rational behavior, which hardly correspond to how the
real world is functioning. The authors fill this gap by introducing in their agent-based
climate-economic model the limited rationality assumption and taking into consid-
eration that individuals and groups of individuals may be affected by the variety of
perceptions and constantly changing economic and climate perspectives.

In the proposed model, agents are faced with the choice to allocate their wealth into
conventional investment, into green investment, or equally into both types. The agents’
investment preferences depend on their individual perceptions. Thus, the agents with
high economic growth perspectives, so-called “freemarket economist” agents, invest in
traditional capital stock, as they believe in low productivity of green capital in com-
parison with the traditional one. On the contrary, the agents concerned most about
climate change negative impacts, i.e., “environmentalists,” invest in green capital, for
example, low-carbon energy, renewable energy, energy-saving measures, water infra-
structure, and other technological know-how related to climate protectingmechanisms.
“Scientifically informed” agents invest equally in conventional and green capital stocks
though they believe in a higher productive capacity of the latter.
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In order to allow economic agents to be influenced by economic and climate
factors, the authors create the possibility of the “free market economist” to invest in
green capital if damage originated by the climate change is higher than 1% of GDP.
“Environmentalists” increase green investments at the expense of traditional capital
stock under conditions when observed CO2 emissions exceed its desired level by
more than 1%. “Scientifically informed” agents are enforced to augment succes-
sively their investments in climate change mitigation actions from the existing 2% of
GDP targeted by the threshold level if a temperature increase is higher than 0.5�C.

Furthermore, authors assume that CO2 emissions are negatively related to the
green capital stock accumulation. In parallel, Geisendorf and Klippert (2017) intro-
duce the inverse GDP dynamic function of temperature, which accounts for decreas-
ing economic output under temperature increases and vice versa.

Following the procedures proposed in the approach developed by Geisendorf
(2016) and described earlier in this chapter, the authors, at the first stage, perform
two simulations, with starting point at year 2005. At the beginning, they place the
agents in an environment functioning in accordance with their perceptions and then
place the agents in a world ascribed different from their beliefs’ features and
dynamics.

The second step is concerned with the assessment of how agents’ beliefs influ-
ence economic growth and preventive measures aimed at climate protection.
Authors investigate two opposed modes of agents’ learning capacity: the absence
of learning ability of non-adapting agents and the existence of learning potential of
the adapting ones.

Under the non-adapting agent hypothesis, authors consider three situations:
(1) “free market economist” world, (2) “scientifically informed” agents universe,
(3) and “environmentalists” reality. “Free market economist” environment implies
the climate robustness to the CO2 emission increase and, thus, low productivity of
green capital. The “environmentalist” agents in such reality experience decline in
economic output, as they heavily invest in green stock by cutting investments in
conventional stock, which becomes exhausted due to depreciation.

In a world working in accordance with “scientifically informed” agents’ views,
“environmentalists” achieve almost the same GDP growth rate as the “free market
economists” do, and higher than that of “scientifically informed” agents. Also the
economic performance of “environmentalists” is better in the Geisendorf and
Klippert (2017) model if compared to the reference Geisendorf (2016) model,
which does not consider the effect of green investments. In “environmentalists”
world, “scientifically informed” agents perform better by all, climate and economic,
parameters if they have a choice to invest in green capital comparing to the absence
of such possibility. “Free market economists” in “environmentalists” world generate
GDP, which is 60% lower than “scientifically informed” and “environmentalists”
produce.

In order to study economic and climate dynamics of the world populated by
heterogeneous adaptive agents, authors perform a comparative analysis of
nonadaptive versus adaptive agents placed in three different realities. First, while
“environmentalist” and “scientifically informed” adaptive agents live in a “free
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market economists” reality, the economic performance and climate conditions of this
world improve in comparison with the nonadaptive agents’ condition.

Second, when the “environmentalists” world is mainly populated by the adaptive
“free market economist” agents, they also outperform nonadaptive agents in output
growth and climate parameters.

Third, “scientifically informed” world with heterogeneous adaptive agents could
achieve a win-win situation, as the influence of two other extreme perspectives is
weakened by “scientifically informed” believes. Nevertheless, the overall perfor-
mance in respect of output, CO2 emissions, and temperature is moderate.

Summarizing, this paper provides the important tool for the analysis of a complex
relationship between human perceptions, economic development, and climate
change. The authors, based on their modified agent-based climate-economic
model, advocate that wrong perceptions about the real state of the world could
originate strong effects on the climate and on the economy. The authors show that
even after such wrong assumptions are corrected, it takes a long time to mitigate
negative economic and climate impacts. Hence the attempts to cultivate adequate
beliefs adherent to the surrounding reality are very important. Perhaps the effects of
positive contagion of such correct perceptions could be further investigated in future
developments of this field of knowledge.

5 Concluding Remarks

As demonstrated across the chapter, the ABMs are capable of capturing all the
complexity of interactions between the heterogeneous agents and hence represent
appropriate tools for focusing on specific areas of interrelations potentially insightful
in a search for answers to the problems of economy-environment ecosystems. Still,
all models in general are based on assumptions and employ simplifications. The
most important, hence, is to assure that assumptions are appropriate and that they do
not precondition and/or distort the outcomes of climate change agent-based
modeling.

For instance, the discussed research employs simultaneously both stochastic and
dynamic approaches. Still outcomes of stochastic analyses depend on type of
statistical distributions used to generate series of random variables. If employed
distributions do not have considerable fat tails, as the normal distribution, such
models will be hardly suitable for modeling and forecasting the most important
extreme economic crisis-like events and/or natural climate-related catastrophes, be
they provoked or not by human activity and vice versa. So, a due caution is needed in
order to use the ABM outcomes as an urgent and unquestionable guidance to
elaborate appropriate climate-friendly policies.

Another important drawback on direct applicability of the ABM outcomes to
hands-on management of climate-economy relationship is the limited depth and
accuracy of historical records on climate. Not every aspect of climate change has
sufficiently long data series. Among rather rare exceptions is the study of Nile floods
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as water level in the river was recorded along several millennia (see Hurst (1954)).
The short data histories on climate parameters, along with complex system features
of agent-based modeling, make a calibration of ABMs a quite complicate issue with
a questionable reliability (see Fagiolo and Roventini 2017).

This alert is shared in the recent working paper by Lamperti et al. (2017), which
acknowledges that the magnitude and the uncertainty associated to climate change
impacts increase over time and thus turn shaping future scenarios a rather compli-
cated task. So, certainly, the academic community will adequately address with time
many of these issues. It is especially so, as the use of ABMs for studies of economy-
climate relationship is still a quite recent phenomenon.

We believe that the role of ABMs in studies of environmental dynamics will keep
increasing, as ABMs allow for assessing the full range from micro- to macroeco-
nomic influences on climate change as well as impacts on micro-, meso-, and macro-
scale climate shocks on economic development. What is also important is that
ABMs allow considering endogenous technological and structural changes contin-
uously occurring in the human society.

It is worth noting that ABMs onmacro- andmicroscales are not excluding each other;
rather, they are complementary as the former allow for checking the outcomes of the later
and vice versa. It is also important to mention that ABMs already started to influence
policymakers even though their explanatory power still deserves to be improved.

The main challenge that should be raised in front of ABMs is how to develop
more accurate and precise approaches to modeling and reflecting economy-climate
interrelations. Perhaps one of the solutions can be found in incorporating into ABMs
the interrelations between climate change and social inequality. It seems like ABMs
also lack a due accounting for relationship between financial markets and the
productive economy, not fully uncovering the potential of green investment to
withstand negative aspects of climate change. We hope that in the near future
ABMs will help us to reduce the magnitude and frequency of human disgrace caused
by environmental catastrophes through an asymptotic diminishing of knowledge
gaps relative to interactions of economic development and climate change.
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Abstract Climate change poses the serious challenge of greenhouse gas emissions
reduction with much concern over carbon dioxide (CO2) which is the main compo-
nent of overall greenhouse gas emissions. Emissions control by developing countries
is becoming a key for effective mitigation of climate change, as these countries now
account for more than a half of global emissions and are still expanding their energy
infrastructures. One solution to this is by reducing greenhouse gas emissions to
achieve the target of mitigating global warming. However, reducing CO2 emissions
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means decreasing a country’s industrial production, and it is likely to decrease gross
domestic product (GDP) growth, employment, etc. In other words, achieving a
higher growth will induce more emissions of CO2 thus deepening the climate crisis
with disturbing long-run consequences, both economically and socially. Therefore,
how to effectively control greenhouse gas emissions especially the emissions of
CO2 and to achieve a sustainable economic growth at the same time is a serious
problem in policy-makings. Although a large amount of academic researches have
been devoted to climate change, the overall climate change effect to growth is not
conclusive for developed and developing countries. Previous studies suggest that
there is a linear effect of climate change to growth, neglecting the non-linearity issue
between climate change and growth. Through this present study, we address the
issue of the existence of threshold effects in the relationship between climate change
and growth rate of GDP in the context of global data, using new endogenous panel
threshold autoregressive (TAR) model. Our main interest is to provide answer to the
question whether climate change can affect long-run economic growth. With thresh-
old regression models, we find that the effect of climate change on growth varies
with the level of GDP per capita. In assessing the effect of greenhouse gas emissions
to GDP growth, double threshold effect and three regimes are discovered. The
assessment of the effect of CO2 emissions to GDP growth has detected single
threshold indicating only two regimes exist.

Keywords Climate change · Sustainable economic growth · Carbon dioxide
emissions · Endogenous panel threshold autoregressive model

1 Background

It is well-accepted that economic development can incur pollution and lead to
environmental degradation. One enormous aspect of pollution and its impact on
environmental quality is with respect to air pollution and the resulted climate change.
In more details, greenhouse gas emissions lead to the greenhouse effect and finally
global warming. Specifically, fossil fuels like coal, natural gas, and oil have high
carbon content thus the burning of fossil fuels is responsible for a large part of
greenhouse gas emissions. In many countries, the primary source of energy is relying
on fossil fuels; therefore, CO2 emissions are expected. In addition, the transportation
sector has an intensive usage of fossil fuels. It has been indicated by some past
studies that the transportation sector contributes significantly to the increase in
CO2 emissions, for example, in South Africa (Prozzi et al. 2002), in the USA
(Davies et al. 2007) and in China (Tian et al. 2014). Apart from fossil fuels,
greenhouse gas emissions are attributed to land use change or the so-called carbon
debt. For instance, Searchinger et al. (2008) address the problem of greenhouse gas
increase in the USA due to land use change that converts croplands for biofuels in
providing substitute for gasoline. Furthermore, cement production is another impor-
tant source of CO2 emissions. In fact, economic development ultimately contributes
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to economic growth, but it involves negative externality in terms of environmental
degradation. The largest emitting countries can be both developed and developing
countries. In year 2015, the six largest emitting countries were China (29%), the
USA (14%), the European Union (EU) (10%), India (7%), Russian Federation (5%)
and Japan (3.5%) (Olivier et al. 2016). Hence, a new challenge faced by global
nations is to cope with the effect of climate change. In this, the effect to growth
deserves more attention because this is the primary goal for an economy.

Literature shows that climate change is closely linked with growth. There are two
main directions in this area of research. One direction of study is to postulate an
inverted U-shaped relationship or to determine the turning point between pollutants
and per capita income, based on the environmental Kuznets curve (EKC) hypothesis.
The hypothesis states that environmental quality tends to get worse with growth until
reaching certain level of higher income, and then environmental quality tends to
improve with growth. Numerous past studies in this direction are found. Some
examples are Stern et al. (1996), Lean and Smyth (2009), Borhan et al. (2012),
Linh and Lin (2014), Alam et al. (2016), Özokcu and Özdemir (2017), and so forth.
Another direction of study is to investigate the effect of climate change to growth,
much differing from the first direction which emphasizes on the effect of growth to
environmental quality. In view of the hazardous impact of climate change on growth,
the second direction of study has recently attracted a fast-growing interest among
researchers. The existing studies are including Fankhauser and Tol (2005), Estrada
et al. (2015), and Taylor et al. (2016) which focus on global economies; Du et al.
(2017) concentrate on developed countries, the USA and European Union (EU); Lu
et al. (2015) look into the case of China, then Alagidede et al. (2016) focus on
Sub-Saharan Africa, and the study by Elshennawy et al. (2016) is on Egypt. Thus far,
the investigations of climate change effect to growth are apparently still limited.
More research works are required to provide empirical evidence and to offer
recommendations for policy-makings.

The objective of our study is to examine the existence of threshold effects in the
relationship between climate change and growth rate of real gross domestic product
(GDP) in the context of global data from 1970 till 2015, using new endogenous
panel threshold autoregressive (TAR) model. How to effectively control greenhouse
gas emissions especially the emissions of CO2 and to achieve a sustainable eco-
nomic growth at the same time is a serious problem in policy-making. Even though a
large amount of studies are devoted to investigate the effect of climate change to
growth, the overall climate change effect to growth is not conclusive for developed
and developing countries. Previous studies suggest that there is a linear effect of
climate change to growth, neglecting the non-linearity issue between climate change
and growth. In this present study, the main question to be answered is whether
climate change affects the long-run economic growth. In the presence of threshold
effect, the effect of climate change to growth is expected to change with the level of
per capita income. Our study will extend the existing literature and come up with
some recommendations for better policy-makings.
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The remainder of this chapter is organized as follows: Sect. 2 is literature review;
Sect. 3 discusses data and methodology; Sect. 4 reports the empirical results; the last
section summarizes and concludes.

2 Literature Review

This review of literature is concentrating on the link between climate change and
economic growth aligned with the objective of our present study. This area of
research is of particularly great interest due to the concern of global warming and
the challenge to achieve a sustainable economic growth. The existing studies can be
divided into two categories: environmental Kuznets curve and the effect of climate
change to growth.

2.1 Environmental Kuznets Curve

The first category is for those studies aiming to postulate an “inverted U-shaped”
relationship or to determine the turning point between pollutants and per capita
income, based on the environmental Kuznets curve (EKC) hypothesis. Clearly, the
studies in this direction emphasize on the effect of growth to environmental quality.
Differently, studies in the second category are intended to investigate the effect of
climate change to growth. The latter category gains a fast-growing interest due to
increasing awareness of the tremendous climate change impact on growth.

Specifically, the non-linear relationship between pollutants (CO2 emission is
typically used as a proxy for climate change impact measure) and per capita income
(a proxy of economic growth) is postulated by the EKC hypothesis. EKC is named
for Kuznets (1955). The hypothesis postulates an “inverted U-shaped” relationship
between pollutants and per capita income. That is, environmental quality degrades
with higher level of income at the early stage of economic development until
reaching the threshold turning point then environmental quality improves with
higher level of income, in which this occurs at the later stage.

Stern et al. (1996) point out that as the EKC hypothesis presumes growth will
reduce the environmental impact of economic activity, the concept is dependent on a
model of economy where there is no feedback from environmental quality to
production possibilities as well as trade. Thus, violating these assumptions may
lead to fundamental problems in estimating the parameters of the model. It is
recommended to use econometric and qualitative historical analysis for individual
countries. The existence of EKC is empirically examined by a number of past studies
through different econometric applications.

Linh and Lin (2014) apply the Johansen (1991) cointegration approach and
Granger causality in the VECM context to examine the relationships between CO2
emissions, energy consumption, foreign direct investment, and economic growth for
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the case of Vietnam. This country is one of the fastest-growing emerging markets in
Asia. The annual data used are GDP per capita, foreign direct investment inflows and
stocks per capita, energy consumption measured in kilotonnes (kt) oil equivalence,
and CO2 emissions measured in kt CO2 emissions. All data cover the period from
1980 to 2010. It is found that the variables are cointegrated. The regression using
OLS shows there are two income levels which correspond to a positive coefficient
and a negative coefficient. However, the estimated coefficients are statistically
insignificant. The results are unable to conclude on the EKC hypothesis. Granger
causality test in the context of VECM is used, and it reveals the evidence of short-run
bidirectional causal relationships between income and foreign direct investment, as
well as between energy consumption and foreign direct investment, long-run bidi-
rectional causations between CO2 emissions and income, energy consumption and
income, energy consumption and foreign direct investment, and income and foreign
direct investment.

The EKC hypothesis in the context of ASEAN has been re-examined by recent
studies using some econometric techniques. Lean and Smyth (2009) analyse the
interactions between CO2 emissions, energy consumption, and economic growth on
a panel of ASEAN-5 countries, namely, Indonesia, Malaysia, the Philippines,
Singapore, and Thailand over the period of 1980–2006. The study employs annual
data on CO2 emissions measured in metric tons per capita, electricity consumption
measured in million kWh per capita, and income level measured by real GDP per
capita. By using the Johansen Fisher panel cointegration test proposed by Maddala
and Wu (1999), we obtain results that indicate a single cointegration vector implying
a long-run cointegration between the variables. Panel long-run estimation using the
panel version of dynamic OLS proposed by Pedroni (2001) gives the results that
indicate a positive relationship in the long-run relationship between CO2 emissions
and electricity consumption and a non-linear long-run relationship between CO2
emissions and economic growth. The results from Granger causality test indicate
unidirectional causality in the short-run from CO2 emissions and electricity con-
sumption to economic growth, consistent with the EKC hypothesis. Borhan et al.
(2012) contribute empirical evidence of the relationship between CO2 emissions and
GDP per capita in ASEAN-8 over the period of 1965–2010 from a three-equation
simultaneous model. In the first equation, pollutant is treated as a function of income
and population density. In the second equation, income is a function of pollutant,
labour, government expenditure, foreign direct investment, fixed capital investment,
and net export. In the third equation, population density is a function of pollutant.
We determine to use the fixed-effect one-way model for panel data based on the
Hausman specification test result employing annual data. The regression results of
simultaneous equation method reveal that an increase in income of 1 percent can lead
to 2,31,41,576 percent increase in pollutant, then a decrease in pollutant of 76.86
percent, and after that a decrease in pollutant of 7.12 percent. Besides that, pollutant
has a negative effect on population density. Hence, the evidence is in favour of the
EKC hypothesis.

Alam et al. (2016) employ time series data of four highly populated countries,
namely, Brazil, China, India, and Indonesia and use the ARDL bounds test approach
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of long-run and short-run relationships to investigate the impacts of income, energy
consumption, and population growth on CO2 emissions for the period of 1970–2012.
The results support the EKC hypothesis for Brazil and Indonesia in the long run and
short run; China in the long run, however, does not support the hypothesis for India.
The relationship between population growth and CO2 emissions is found empirically
valid only in Brazil and India. Özokcu and Özdemir (2017) employ the data of
26 OECD and 52 emerging countries in panel data estimations to investigate the
relationship between CO2 emissions and income over the period of 1980–2010. The
results of the two separate models do not support the EKC hypothesis.

2.2 Climate Change Effect to Growth

Next, another strand of studies is in the attempt on investigating the climate change
effect to growth. Taylor et al. (2016) apply a demand-driven model to analyse the
relationships among greenhouse gas accumulation, global warming, and economic
growth in the long run and their relationships with employment, distribution, and
labour productivity in the short run. Their findings reflect that climate change
mitigation policy is able to stabilize economy at higher income levels and lower
carbon levels at low cost. Specifically, a decrease in investments of around 1 percent
of the world’s GDP is expected to reduce almost all of the net carbon emissions
over time.

Several studies have applied the standard Ramsay-Cass-Koopmans growth model
where a social planner maximizes the utility of identical consumers through
intertemporal optimization. Using the intertemporal approach, it allows for endog-
enous anticipative adaptation responses to climate change impacts. It is different
from the standard recursive-dynamic approach where climate shocks hit agents in
the model by surprise (Elshennawy et al. 2016). More specifically, endogenous
growth may be affected by the impact from climate change, capital accumulation
effect, savings effect, and the possible influences from the changes in labour
productivity and different rates of technical progress which can exacerbate the
capital accumulation and savings effects. By assuming one with a closed economy,
i.e. excluding the possible effects from international trade and capital flows,
Fankhauser and Tol (2005) based on the simulations for developed and developing
countries conclude that the capital accumulation effect is more pronounced and the
savings effect is relatively weaker in an endogenous growth model. If savings rate is
constant, a decrease in output which is caused by climate change will reduce
investments proportionately and thus depress future production via the capital
accumulation effect. On the other hand, if savings rate is endogenous, the model
suggests that forward-looking agents will adapt their savings behaviour to the impact
of future climate change. Hence, growth is suppressed in absolute and per capita
terms via the savings effect. Elshennawy et al. (2016) explore the long-run growth
prospect for Egypt using an intertemporal general equilibrium model. The model
used incorporates the impact estimates based on agricultural productivity, labour
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productivity, and potential losses due to sea-level rise, to simulate the effects of
climate change on aggregate consumption, investment, and income up to the year
2050. Forward-looking agents, population growth, and technical progress are taken
into account. The simulation results indicate that in the absence of policy-led
adaptation investments, real GDP is about 6.5 percent which is lower than in a
hypothetical baseline without climate change impact. With adaptation investments,
the GDP loss in 2050 can be reduced to around 2.6 percent.

As mentioned by Estrada et al. (2015), the integrated assessment models (IAMs)
usually assume climate change affects economic growth only when it occurs; in
other words, the impact has no persistence. The study looks into the persistence of
climate change shocks in the GDP series for individual regions including Europe,
Latin America, South Asia, North Asia, North America, Africa, China, and the
world. By adding the memory parameter in the impact function of IAM, it is possible
to capture the indirect impact of climate change to growth which is the aftershocks
from past shocks or the persistence of shocks to growth. Meantime, the direct impact
of climate change is new shocks in that year. Two scenarios, RCP4.5 and RCP8.5,
are examined by using the modified IAM model with different values of the memory
parameter. Apparently, the estimates of the costs of climate change are different from
the estimates produced when the memory parameter is not included, which suggests
the regional disparities may be larger than previously estimated.

A few studies have attempted to determine the optimal level between climate
change and economic growth. Lu et al. (2015) apply a two-stage least squares
(TSLS) method and employ the annual data of China from 1979 to 2012 to analyse
the relationships among climate threshold, financial hoarding, and economic growth.
Findings suggest the existence of positive cumulative effects between financial
hoarding and economic growth, and the effects are restraint by climate threshold.
One of the policy implications derived is to stress on climate change mitigation
policy by giving emphasis on technology innovation and adaptive adjustment in
climate-sensitive industries, through the improvement in financial derivatives as
means of risk transfer mechanism. For the case of Sub-Saharan Africa (SSA),
Alagidede et al. (2016) use a sample of 18 SSA countries and a panel dataset from
1970 to 2009 that consists of real GDP per capita and two climate change data:
temperature and precipitation. The empirical model used is developed from the
Cobb-Douglas production function. In terms of methodology, panel cointegration
technique is utilized for analysing the long-run and short-run climate change effects
to economic growth. Both the pooled mean group (PMG) and mean group
(MG) estimators are utilized. PMG estimator uses the panel extension of
autoregressive distributed lag (ARDL) model which can provide information about
the contemporaneous impacts and the speed of adjustment towards equilibrium after
a shock. We manage to establish the long-run relationships between temperature and
economic growth, as well as between precipitation and economic growth. The
findings also indicate temperature has a more destructive effect to growth in the
short run. Furthermore, in the case of SSA, the increases in temperature beyond 24.9
�C can reduce growth significantly. Du et al. (2017) analyse the impact of temper-
ature increases on economic growth for the cases of the USA and EU. The empirical
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methodology used is based on a linear spline model derived from the Cobb-Douglas
production function. It is found that the optimal temperature is at 6 �C in each case.
There exists a non-linear relationship between temperature and economic growth, in
which growth increases as temperature rises until reaching the optimal level then
growth decreases with higher temperature. Hence, the use of more proactive climate
mitigation policy is suggested to counteract the devastating effect of climate change
to growth.

The existing studies that have investigated the effect of climate change to growth
are still limited. Among these studies, only a few of them have examined a
non-linear relationship between climate change and growth. We note that determin-
ing the optimal level between climate change and economic growth may provide
important inference regarding growth sustainability. However, this aspect is paid
little attention so far.

3 Data and Methodology

3.1 Data Source and Variable Descriptions

We employ the panel data starts from year 1970 to 2015. All the data are extracted
from the World Development Indicators (2017) of the World Bank. The dependent
variable is real GDP growth (GDP_GROWTH). The data of GDP are in constant
2010 US dollars. GDP is defined as the total of gross value added by all resident
producers in an economy, plus any product taxes and deducting any subsidies not
included in the value of products. Real GDP per capita (LN_GDP) is the threshold
variable. It is obtained from dividing real GDP by midyear population. Real GDP
equals GDP in constant 2010 USD. Thus, the threshold variable is measured by real
GDP per capita. We choose to use real GDP per capita as the threshold variable in
order to take into account the influence of population on income. This is to allow for
a comparison between countries to show the relative performance of the countries,
specifically, to capture the variations in performance between low- and middle-
income and high-income countries.

The proxies for climate change are (1) total greenhouse gas emissions (GHG) in
kt of CO2 equivalent composing of CO2 totals, which includes other biomass
burning (e.g. forest fires, post-burn decay, peat fires, and decay of drained
peatlands), all anthropogenic CH4 sources, N2O sources, and F-gases (HFCs,
PFCs, and SF6) but excludes short-cycle biomass burning (e.g. agricultural waste
burning and Savannah burning), and (2) carbon dioxide emissions (CO2 KT) from
the burning of fossil fuels; the manufacture of cement; the consumption of solid,
liquid, as well as gas fuels; and flaring. The graphs of GHG and CO2 emissions
based on high-income, middle-income, and low-income countries are provided in
the Appendix.

In terms of control variables, we follow the standard variables in growth regres-
sion as suggested by Sala-i-Martin (1997). First, we include gross fixed capital
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formation (GFCF % GDP). The GFCF % GDP includes land improvements, the
purchases of plant, equipment and machinery purchases, as well as the construction
of roads, railways, commercial and industrial buildings, hospitals, schools, and
private residential dwellings. Second, general government final consumption expen-
diture (GGFCE % GDP) is the sum of all government current expenditures for the
purchases of goods and services, which cover the compensation of employees and
most of the expenditures on national defence and security. It excludes government
military expenditures as these are considered as part of government capital forma-
tion. Third, we add trade as a control variable. Trade (TRADE % GDP) is calculated
by adding the values of exports and imports of goods and services, and it is measured
as a share of GDP. Further, we use broad money (M2) as a proxy for financial
deployment. The variable broad money (BMM2 % of GDP) is calculated by adding
currency outside banks; demand deposits other than those of the central government;
savings, time, and foreign currency deposits of resident sectors other than the central
government; bank and traveller’s checks; and other securities (e.g. commercial
paper, certificate of deposit). Lastly, we add annual population growth (POP
growth). The annual population growth rate (POP growth) for year t is the expo-
nential rate of growth of midyear population from year t � 1 to t, expressed as a
percentage. Population is based on the de facto definition of population, which
includes all residents regardless of legal status or citizenship. The measures HFCF
%GDP, GGFCE%GDP, TRADE%GDP, M2%GDP, and POP growth are the data
directly extracted from the World Development Indicators (2017) of the
World Bank.

3.2 Methodology

We propose to use the linear equations below to examine the relationship between
real GDP growth (GDP_GROWTH) with each proxy for climate change: (1) total
greenhouse gas emissions (GHG KT) and (2) carbon dioxide emissions (CO2 KT).

GDP GROWTHit ¼ βGHGit þ γXit þ εit ð1aÞ
GDP GROWTHit ¼ βCO2it þ γXit þ εit ð1bÞ

where GDP _ GROWTHit is the growth rate of real GDP, GHGit is total greenhouse
gas emissions, CO2it is carbon dioxide emissions, Xit is a vector of control variables,
εit is an error term, i ¼ 1,. . .,N represents country, and t ¼ 1970,. . .,2015
represents year.

A non-linear inverted U-shaped relationship between pollutants and per capita
income is postulated by Kuznets (1955). It has been examined in a number of past
studies. Recently, a few empirical studies have found the optimal level in the
relationship between climate change and growth. In the case of SSA, the increases
in temperature beyond 24.9 �C can decrease growth significantly (Alagidede et al.
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2016). In the cases of the USA and EU, growth increases as temperature rises until
reaching the optimal level and then growth decreases with higher temperature
(Du et al. 2017). Therefore, we have strong reasons to believe that the regression
functions for the relationship between real GDP growth and the proxies for climate
change may not be identical across all observations in a sample. The observations in
a sample may fall into discrete classes. This motivates us to examine the existence of
threshold effects between real GDP growth and the proxies for climate change. For
this, we follow the procedure of Hansen (1999) and start by setting up a single
threshold model. Our structural equation is expressed as follows:

GDP GROWTHit ¼ μi þ β1xitI qit � γð Þ þ β2xitI qit > γð Þ þ eit ð2Þ

where GDP _ GROWTHit is the growth rate of real GDP for country i at year t, xit is a
set of explanatory variables including a proxy for climate change and all the control
variables used, I(�) represents the indicator function, qit is the threshold variable real
GDP per capita, γ is the threshold parameter which separates observations in a
sample into subsamples, and eit denotes the error term which is a single realization
of white noise that is independent and identically distributed and with zero mean and
finite variance σ2. The structural equation in Eq. (2) can also be written as follows:

yit ¼ μi þ β1xit þ eit , qit � γ
μi þ β2xit þ eit , qit > γ

�
ð3Þ

where Eq. (3) indicates the separation of observations into regime I and regime II
depending on whether the real GDP per capita threshold qit is smaller or larger than
the threshold parameter γ. These regimes are determined by the regression slopes, β1
and β2, and for this, it requires that all the explanatory variables xit and threshold
variable qit are not time invariant. There is no threshold if the two regression slopes
β1 and β2 appear to be equal. In that case, Eq. (1) becomes a special case of the panel
threshold model [Eq. (3)].

The threshold parameter γ is estimated using ordinary least squares (OLS) through
the two-step procedure following Hansen (2000). The first step involves computing
the sum of squares of errors separately for any given γ. The second step allows
minimizing concentrated sum of squared errors for any given γ, in order to derive the
function:

γ̂ ¼ arg minγ S1 γð Þ ð4Þ

where S1 γð Þ ¼ ê∗ γð Þ0ê∗ γð Þ ¼ Y∗0
I � X∗ γð Þ0 X∗ γð Þ0X∗ γð Þ� ��1

X∗ γð Þ0
� �

Y∗ and I is

the identify matrix. Once γ̂ is obtained, we then calculate the residual vector ê∗ ¼ ê
∗
�
γ̂
�

and the square of residuals σ̂2 ¼ σ̂2
�
γ̂
� ¼ 1=n T � 1ð Þê∗ γð Þ0ê∗ γð Þ ¼

1=n T � 1ð ÞS1 γð Þ, n is the number of countries and t is the number of years.
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To detect the threshold effect, we test the null hypothesis of no threshold effect
H0 : β1 ¼ β2, which is set in Eq. (3). The test statistic is based on the likelihood ratio
of F1 ¼ S0 � S1

�
γ̂
�� �
=σ̂2 , where S0 is sum of squared residuals under null hypoth-

esis H0. Under the null hypothesis, the value of threshold γ is unrecognized.
Therefore, the distribution of the likelihood test is nonstandard. To address this
issue, Hansen (1999) proposes the heteroscedasticity-consistent Lagrange multiplier
(LM) bootstrap procedure to compute p-value for the null hypothesis and indicates
that the p-value based on this structure is asymptotically valid. Upon the existence of
threshold effect, we should test for the asymptotic distribution of threshold estimate,
H0 : γ ¼ γ0, and apply the likelihood test calculating as LR1 γð Þ ¼ S1 γð Þ � S1

�
γ̂
�� �

=σ̂2 with the asymptotic confidence intervals c αð Þ ¼ �2 log 1� ffiffiffiffiffiffiffiffiffiffiffi
1� α

p� �
:

The same procedure is replicated in testing for double or multiple threshold
effects. For the case of double threshold effects or three regimes, the structural
equations can be written as follows:

yit ¼
μi þ β1xit þ eit , qit � γ1
ui þ β2xit þ eit, γ1 < qit � γ2
μi þ β3xit þ eit , γ2 < qit

8<
: ð5Þ

where the threshold value is γ1 < γ2. For the case of multiple thresholds, the above
structural equations [Eq. (5)] can be extended through similar process
(γ1, γ2, γ3,. . .,γn).

4 Results

4.1 Descriptive Statistics

In this section, we report the summary statistics for real GDP growth
(GDP_GROWTH), real GDP per capita (LN_GDP), greenhouse gas emissions
(GHG KT), carbon dioxide emissions (CO2 KT), gross fixed capital formation
(GFCF % GDP), general government final consumption expenditure (GGFCE %
GDP), trade (TRADE % GDP), broad money (BM M2 % of GDP), and annual
population growth rate (POP growth). We notice that some of the continuous vari-
ables have extreme values. To make sure these extreme values do not bias our
results, we use the winsorization method to deal with this issue.

As reported in Table 1, the mean for real GDP growth is around 2.551 and for real
GDP per capita around 8.478 over the whole sample period. Greenhouse gas (GHG)
and carbon dioxide (CO2) emissions are on average 16.202 and 5.477, respectively.
The control variables, gross fixed capital formation (GFCF), general government
final consumption expenditure (GGFCE), trade (TRADE), and broad money M2
(BM M2) are measured as shares of GDP. The estimated mean values for these
variables are 24.164, 14.254, 42.833, and 67.309, respectively. Obviously, broad
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money M2 has the largest share of GDP on average over the sample period, as
compared to other variables. GGFCE has the smallest contribution to GDP on
average over the period. The average annual growth rate of population growth rate
is around 1.367 percent. The standard deviations (Std. dev.), minimum values (Min),
and maximum values (Max) of the variables are provided in Table 1.

4.2 Estimation Results for Greenhouse Gas Emissions

There are two proxies for climate change used in this study, namely, total greenhouse
gas emissions (GHG KT) and carbon dioxide emissions (CO2 KT). We first examine
the relationship between GHG emissions and real GDP growth by applying the
Hansen (1999) panel threshold model.

4.2.1 Test Results for Threshold Effects

The number of threshold is determined using the bootstrapping method following
Hansen (1999) allowing to obtain an approximation of the F-statistics and then
calculate the p-values. The F-statistics contain F1, F2, and F3 to access the null
hypothesis of none, one, and two thresholds, respectively. We use 500 bootstrap
replications for each of the bootstrap tests performed.

Table 2 presents the test results for threshold effects based on GHG emissions
using real GDP per capita (LN_GDP) as threshold variable. The test results are
reported for single, double, and triple threshold effects, F1, F2, and F3, along with
their bootstrap p-values. Both the test statistics F1 and F2 are highly significant at the
1% level with a bootstrap p-value of 0. For triple threshold effect, the test statistic F3

with a p-value of 0.616 is not statistically significant, which suggests the
non-existence of a third threshold. The sequential tests for single, double, and triple
threshold effects indicate the existence of two thresholds and thus three regimes in
our model.

Table 1 Summary statistics Variable Mean Std. dev. Min Max

GDP_GROWTH 2.551 2.038 �4.122 8.272

LN_GDP 8.478 1.414 6.530 10.635

GHG (KT) 16.202 0.461 15.069 16.951

CO2 (KT) 5.477 4.598 0.553 12.373

GFCF (% GDP) 24.164 3.186 14.802 31.741

GGFCE (% GDP) 14.254 2.649 10.037 19.200

TRADE (% GDP) 42.833 12.451 16.738 65.696

POP_GROWTH 1.367 0.641 0.477 2.468

BM (M2 % GDP) 67.309 31.073 22.662 142.298
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The estimated values for the two real GDP per capita thresholds
�
γ̂1; γ̂2

�
are

reported in Table 2. The point estimates of the thresholds are 7.7968 and 8.1063,
respectively, and these values are the log of real GDP per capita. The estimated
thresholds in real GDP per capita are around 2432.929 and 3315.441, respectively.
The asymptotic 95% confidence intervals ([7.6483, 7.7721]) and ([8.0754, 8.1388])
are narrower and more precise in both the first and second threshold estimates. It
indicates little uncertainty about the nature of this division. Figures 1 and 2 are then
produced to show the computed likelihood ratio statistics for the single and double

Table 2 Tests for threshold effects based on GHG emissions

F-test p-value

Critical values

Threshold value (γ̂ ) 95% Confidence interval1% 5% 10%

Test for single threshold (H0: no threshold)

31.96 0.000*** 10.248 9.005 8.511 7.7968 (2432.929) [7.6483, 7.7721]

Test for double threshold (H0: at most one threshold)

9.54 0.000*** 5.052 5.002 4.463 8.1063 (3315.441) [8.0754, 8.1388]

Test for triple threshold (H0: at most two thresholds)

6.66 0.616 20.389 17.081 15.089 6.8588 (952.194) [6.8331, 6.8591]

Note: This table reports the threshold estimates
�
γ̂
�
. F-statistics and p-values are from repeating

bootstrap procedures 500 times for each of the three bootstrap tests. ***, **, and * indicate
significance at the 1%, 5%, and 10% levels, respectively. The threshold variable is natural logarithm
of GDP per capita
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threshold models. These figures can confirm the estimates for the first and second
thresholds.

4.2.2 Regression Results

Having obtained the points of the two thresholds 7.7968 equivalents to real GDP per
capita 2432.929 and 8.1063 equivalents to real GDP per capita 3315.441, therefore,
the observations in our sample are divided into three regimes. The division of
observations into differing regimes is depending on whether the threshold variable
is lower or higher than the threshold value (γ1, γ2). We then define the three regimes
as follows: regime I for low per capita income (q� 7.7968 ) which is equivalent to or
less than per capita income 2432.929; regime II for moderate per capita income
(7.7968 < q� 8.1063) which is between per capita income 2432.929 and 3315.441;
and regime III for high per capita income (8.1063< q) which is more than per capita
income 3315.441.

Splitting the sample into separate regimes allows us to estimate our model for
each observation class, thus allowing for a comparison between different groups.
Table 3 presents the estimated coefficients, conventional OLS standard errors, and
White-corrected standard errors. As indicated by the regression results, the estimated
coefficients for GHG emissions in regimes I (2.3159), II (2.5888), and III (�2.3902)
are all highly significant at the 1% level. For regime I ((ln GDP) � 2432.9) and
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regime II (3315.4 � (ln GDP)>2432.9), the estimated coefficients for GHG emis-
sions have positive signs suggesting that real GDP growth increases with GHG
emissions in the low per capita income regime and in the middle per capita income
regime. Specifically, such positive effect to growth occurs in regime I or the low per
capita income regime when per capita income is below 2432.929 (equivalents to the
log of real GDP per capita around 7.7968) and occurs in regime II or the middle per
capita income regime when per capita income is between 2432.929 and 3315.441
(equivalents to the log of real GDP per capita between 7.7968 and 8.1063). The third
regime ((ln GDP) > 3315.4) is when the log of real GDP per capita turns to be
greater than 8.1063 or when a value is over real GDP per capita 3315.441. The
estimated coefficient for GHG emissions in regime III or the high per capita income
regime is having a negative sign (�2.3902). This result suggests the emissions
negatively and significantly affect growth when per capita income rises over
3315.441.

The estimated coefficients for all the control variables considered in this study are
found to be statistically significant at least at the 5% level. Both general government
final consumption expenditure (GGFCE % GDP) and annual growth rate of popu-
lation (POP_GROWTH) have significant negative effect to growth. Gross fixed
capital formation (GFCF % GDP), trade (TRADE % GDP), and broad money
(BM M2 % GDP) have significant positive effect to growth.

5 Estimation Results for Carbon Dioxide Emissions

In previous Sect. 4.2, the estimation results for total greenhouse gas emissions are
discussed in detail. Here, we proceed with the estimation for carbon dioxide emis-
sions (CO2 KT).

Table 3 Regression estimates for the effect of GHG emissions to GDP growth

Regressors Coefficient Robust standard errors p-values

GFCF (% GDP) 3.3962 0.3567 0.011

GGFCE (% GDP) �22.2199 4.5885 0.040

TRADE (% GDP) 0.6786 0.0405 0.000

POP_GROWTH �5.0041 0.0740 0.021

BM (M2 % GDP) 0.6496 0.0451 0.000

GHG (KT) 2.3159 0.1912 0.007

Regime I (ln GDP) � 2432.929

GHG (KT) 2.5888 0.1951 0.006

Regime II 3315.4 � (ln GDP) > 2432.929

GHG (KT) �2.3902 0.2071 0.007

Regime III (ln GDP) > 3315.441

Notes: White SE refers to White standard errors (considering heteroscedasticity)
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5.1 Test Results for Threshold Effects

To examine the relationship between GDP growth and CO2 emissions, we apply the
Hansen (1999) panel threshold model approach. The number of threshold is deter-
mined using the bootstrapping method that allows an approximation of the F-
statistics and then calculating the p-values. The F-statistics contain F1 and F2 to
access the null hypothesis of none and one threshold. Each of the bootstrap tests
performed is by using 500 bootstrap replications.

Table 4 reports the test results for threshold effects between CO2 emissions and
real GDP growth using real GDP per capita as the threshold variable. It can be seen
that the test statistic F1 is highly significant at the 1% level with a bootstrap p-value
of 0 for single threshold effect. For double threshold effect, the test statistic F2 is
statistically not significant with a bootstrap p-value 0.3360. These results allow us to
conclude that there is only one threshold and two regimes in the regression relation-
ship for CO2 emissions and real GDP growth.

The point estimate of single threshold is 8.1063 which is the log value of real
GDP per capita 3315.441. In comparison, this current estimated single threshold for
the case CO2 emissions is higher than the previously estimated single threshold in
the case of GHG emissions (log GDP per capita 7.7968 or real GDP per capita
2432.929), but it is the same as the estimated double threshold in the case of GHG
emissions. In the previous case of GHG emissions, there are two thresholds and three
regimes detected: low per capita income regime, middle per capita income regime,
and high per capita income regime. For this current case of CO2 emissions, there is
only one threshold. We define the two regimes as low and middle per capita income
regime and high per capita income regime. Accordingly, we split our observations
into low and middle per capita income regime (q� 8.1063) which is equivalent to or
less than per capita income 3315.441, and high per capita income regime
(8.1063 < q) exceeding per capita income 3315.441.

Figure 3 displays the computed likelihood ratio statistics as a function of the
threshold variable for our model which confirm the estimate for single threshold.
However, the asymptotic 95% confidence intervals with [8.0735, 8.1388] are
narrower indicating little uncertainty about the nature of this division.

Table 4 Tests for threshold effects based on CO2 emissions

F-test p-value

Critical values

Threshold value
�
γ̂
�

95% Confidence interval1% 5% 10%

Test for single threshold (H0: no threshold)

31.04 0.000*** 8.5219 8.1503 7.7556 8.1063 (3315.441) [8.0735, 8.1388]

Test for double threshold (H0: at most one threshold)

5.88 0.3360 9.9255 8.4686 8.0047 7.7318 (2279.777) [7.6748, 7.7721]

This table reports the threshold estimates
�
γ̂
�
. F-statistics and p-values are from repeating bootstrap

procedures 500 times for each of the three bootstrap tests. ***, **, and * indicate significance at the
1%, 5%, and 10% levels, respectively. The threshold variable is natural logarithm of GDP per capita
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5.2 Regression Results

We estimate our model for each observation class. Table 5 presents the estimated
coefficients, conventional OLS standard errors, and White-corrected standard errors
of each of the variables for the single threshold model. The estimated coefficient for
CO2 emissions (CO2 KT) in regime I ((ln GDP) � 3315.441) is 0.3629, which is
positive and significant at the 1% level. The result indicates that in the low and
middle per capita income regime, real GDP growth increases with CO2 emissions.
Meanwhile, we find that the estimated coefficient for CO2 emissions in regime II
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Table 5 Regression estimates for the effect of CO2 emissions to GDP growth

Regressors Coefficient Robust standard errors p-values

GFCF (% GDP) 0.2016 0.0861 0.021

GGFCE (% GDP) �19.568 2.2651 0.013

TRADE (% GDP) 1.1744 0.0902 0.000

POP_GROWTH �3.7501 0.9488 0.058

BM (M2 % GDP) �1.0251 0.7419 0.301

(CO2 KT) 0.3629 0.0398 0.000

Regime I (ln GDP) � 3315.441

(CO2 KT) �0.8361 0.1846 0.045

Regime II (ln GDP)>3315.441

Notes: White SE refers to White standard errors (considering heteroscedasticity)
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((ln GDP)> 3315.441) is�0.8361 and significant at the 5% level. The negative sign
of the coefficient indicates that real GDP growth is adversely affected by CO2
emissions in the high per capita income regime. Majority of the control variables
considered in this study are found to be statistically significant at least at the 10%
level, except for broad money (BM M2 % GDP). General government final con-
sumption expenditure (GGFCE % GDP) and annual growth rate of population
(POP_GROWTH) adversely affect real GDP growth. Gross fixed capital formation
(GFCF % GDP) and trade (TRADE % GDP) have a positive effect on real GDP
growth.

6 Summary and Conclusions

Our main objective in this study is to examine the existence of threshold effects in
the relationship between climate change and growth rate of real GDP in the context
of global data for the period of 1970–2015, using new endogenous panel threshold
autoregressive (TAR) model as proposed by Hansen (1999). The critical advantage
of this endogenous threshold regression technique over the traditional approach is
that it does not require any specified functional form of non-linearity. The way of
determining the existence of threshold effects between two variables is different
from the traditional approach, in which the threshold level is determined exoge-
nously. If the threshold level is chosen arbitrarily or is not determined within an
empirical model, it is not possible to derive confidence intervals for the chosen
threshold. Therefore, the number and location of thresholds are endogenously
determined by the data. Moreover, asymptotic theory applies, which can be used
to construct appropriate confidence intervals. A bootstrap method to assess the
statistical significance of the threshold effect, in order to test the null hypothesis of
a linear formulation against a threshold alternative, is also available.

We first analyse the effect of total greenhouse gas emissions (GHG KT) to real
GDP growth. The number of threshold is determined using the bootstrapping
method following Hansen (1999). The test results for threshold effect based on
GHG emissions suggest there is double threshold effect and thus three regimes are
discovered. We define the differing regimes as follows: regime I for low per capita
income (q� 7.7968) which is equivalent to or less than per capita income 2432.929,
regime II for moderate per capita income (7.7968 < q � 8.1063) which is between
per capita income 2432.929 and 3315.441, and regime III for high per capita income
(8.1063 < q) which is more than per capita income 3315.441. The panel threshold
regression results suggest the effect of GHG emissions to real GDP growth varies
with the level of real GDP per capita. For regime I ((ln GDP) � 2432.9) and regime
II (3315.4� (ln GDP)> 2432.9), the estimated coefficients for GHG emissions have
positive signs suggesting that real GDP growth increases with GHG emissions in the
low per capita income regime and in the middle per capita income regime. The third
regime ((ln GDP) > 3315.4) is when the log of real GDP per capita turns to be
greater than 8.1063 or exceeding real GDP per capita 3315.441. For this regime, the
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estimated coefficient for GHG emissions has a negative sign (�2.3902) suggesting
that GHG emissions negatively and significantly affect growth when per capita
income exceeds 3315.441.

Then, we analyse the effect of carbon dioxide emissions (CO2 KT) to real GDP
growth. Using the bootstrapping method, we are able to detect the existence of one
threshold and discover two regimes. As the value of single threshold is equivalent to
the value of the second threshold in the case of GHG emissions, we can define the
current regime I and regime II as follows: regime I for low and middle per capita
income (q � 8.1063) which is equivalent to or less than per capita income 3315.441
and regime II for high per capita income (8.1063 < q) which is more than per capita
income 3315.441. Based on the panel threshold regression results, we find that real
GDP growth increases with CO2 emissions in the low and middle per capita income
regime. In the high per capita income regime, real GDP growth is adversely affected
by the emissions.

We also added several control variables to incorporate in our panel threshold
regression models. These variables are found to be useful, including gross fixed
capital formation (GFCF % GDP), general government final consumption expendi-
ture (GGFCE % GDP), annual growth rate of population (POP_GROWTH), trade
(TRADE % GDP), and broad money (BM, M2 % GDP).

The overall findings indicate that the effect of climate change on real GDP growth
varies with the level of real per capita income, suggesting that the relationship
between climate change and growth is non-linear with the presence of threshold
effects. This is consistent with the past studies that have attempted to determine the
optimal level in the relationship between climate change and growth, such as
Alagidede et al. (2016) and Du et al. (2017). However, our results from panel
threshold regression indicate that both GHG emissions and CO2 emissions affect
real GDP growth negatively in the high per capita income regime and contribute to
growth in the lower per capita income regime. This finding is inconsistent with the
EKC hypothesis which explains that environmental quality tends to get worse with
growth until reaching certain level of higher income and then environmental quality
tends to improve with growth. It is reflected by an inverted U-shaped relationship
between pollutants and per capita income.

Our findings point towards the urgent need for climate change adaptation policies
to be implemented in high-income countries. As noted by Du et al. (2017), mitiga-
tion over long run does not make developed economies not negatively affected by
climate change; therefore, more proactive climate policy is suggested. Even though
countries in the groups of low income and middle income may have advantage in
terms of growth from the economic activities that cause GHG emissions, these
countries can promote clean technology and start to adopt climate change adaptation
policies instead of relying on emissions control policies. China is an example.
According to Ng and Ren (2017), the country thus far has focused on climate change
mitigation; however, the worries over more unpredictable extreme weather have
prompted the need for climate change adaptation measures. Moreover, CO2 emis-
sions in China are expected to be on a rising trend as urbanization and industriali-
zation are still ongoing. A set of revised policies for addressing climate change in
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China was published in 2013. The new policies are towards adaptation emphasizing
on disaster prevention and mitigation, monitoring and early warning, agriculture and
water resources, coastal areas and ecosystems, and public health. Obviously, climate
change adaptation has become a new direction in policy-makings as well as in
research.

Lastly, we remark that our findings suggest climate change adaptation is neces-
sary for high-income countries. For low- and middle-income countries, adaptation
can be a better choice of policy for long term because these countries are
transforming to a high-income country. Meantime, climate change mitigation should
be continued, but each country should reach a balance between mitigation and
growth.
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Abstract It is well-established that climate change can be the result of human
activities that create greenhouse gas emissions, which causes the greenhouse effect
and further lead to the net effect of global warming. As far as the effects of climate
change to human health and outputs of economic sectors are concerned, we can
expect there will be negative impacts on output and employment. The objective of
this study is to investigate the climate change effects to industrial output and
employment in the context of ASEAN, by focusing on six emerging economies,
namely, Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam for
the period of 1989–2016. We use temperature and precipitation as the proxies for
climate change. We apply the bounds testing procedure proposed by Pesaran et al.
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(Journal of Applied Econometrics 16:289–326, 2001) to analyse the cointegration
relationship and the autoregressive distributed lag (ARDL) modelling approach of
Pesaran and Shin (An autoregressive distributed lag modeling approach to
cointegration analysis. In: Strom S (ed) Econometrics and economic theory in the
20th century: the Ragnar Frisch centennial symposium. Cambridge University Press,
Cambridge, 1999) and Pesaran et al. (Journal of Applied Econometrics 16:289–326,
2001) for the long-run and short-run relationships between industrial output and
employment with the climate change variables. We found long-run relationship
between climate change, industrial output and employment in all the countries
analysed, except for the industrial output in Vietnam. Further, the long-run and
short-run results show some similarities and variations. Our findings allow us to
suggest different policy implications for long run and short run based on our results.

Keywords Greenhouse gases · Greenhouse effect · Global warming · Temperature ·
Precipitation · Industrial output · Employment · ASEAN emerging economies

1 Background

Greenhouse gases are referred to as the gases in atmosphere that let the sun’s heat in
but then block it from escaping, same as glass does in a greenhouse. Among the
major greenhouse gases are carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, sulphur hexafluoride, and nitrogen
trifluoride; see more details in the Greenhouse Gas Progress Report (2016) prepared
by the Environmental Commissioner of Ontario. The greenhouse gas emissions
induced by human activities are arguably the main source of climate change.
Specifically, the emissions can stem from the burning of fossil fuels, energy use,
transportation, deforestation, land use change, cement production, rice cultivation,
fertilizer use, and industrial processes. These human activities in turn lead to the
greenhouse effect and the net effect of global warming. The common signs of
climate change are rising temperature and the shifting trends of rainfall and snow.
Climate change poses threats to human health as well as livestock, agriculture, and
fisheries products; thus, it potentially affects food security. According to Dey et al.
(2016), fisheries resources are vital to the food security of Solomon Islands. As
climate change may impact on the fisheries production, food security is likely to be
fragile. When concerning human health and outputs of various economic sectors,
there can be negative climate change impacts such as industrial output decreases and
fall in employment. Policy-makers have thus been suggested for a great urgency to
implement effective environmental policies to curb the harmful implications of
climate change.

With regard to the effects of climate change to output and employment, ASEAN
is an interesting case study. Based on the actual data from 2014 till 2015 and the
latest projections for the period of 2016–2018, most countries in this region seem to
be able to realize a stunning growth in annual real GDP, for instance, Cambodia
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(6.8–7.1%), Indonesia (4.9–5.3%), Lao PDR (6.7–8.0%), Malaysia (4.2–6.0%),
Myanmar (6.3–8.0%), the Philippines (5.9–6.9%), and Vietnam (6.0–6.7%). These
appealing achievements have highlighted the increasing importance of ASEAN to
the world economy. However, there is a serious concern in terms of the region’s
contribution to the global working-age population. This region faces the problems of
slowing population growth and rapid increase in the old-age population. Based on
available information about the demographic classification using 2015 demographic
characteristics, Malaysia, Singapore, and Vietnam are the cases of late-dividend
economies in which the working-age population is decreasing as a share of total
population, but it is still growing in absolute numbers in the next 15 years; Thailand
is a case of post-dividend economy, where its working-age population is declining in
terms of its share in the total population and in absolute numbers in the subsequent
15 years; only Indonesia and the Philippines are the cases of early-dividend econ-
omies, in which the share of the working-age population will increase as a share of
the total population as well as in absolute terms in the following 15 years. Further-
more, when using the 2030 demographic characteristics, all the aforementioned
ASEAN economies become either a post-dividend or a late-dividend economy,
except for the Philippines which has remained as an early-dividend economy. It
means that this region is moving towards slowing population growth and rapidly
increasing in the old-age population: see more details in the Regional Economic
Outlook: Asia and Pacific prepared by International Monetary Fund (IMF) (2017). In
relation to the above issue, we note that mortality has a direct influence on popula-
tion growth. Extreme rises in temperature as a result of climate change can lead to
higher heat-related mortality rate. According to Ebi et al. (2017), human health is
threatened by excessive heat, both when one is exposed to severe heat wave and
when heat is a long-term condition. Heat stroke and death are the most serious health
consequences of climate change. The heat-related mortality has been empirically
proven by Lee and Kim (2016) in South Korea, Weinberger et al. (2017) in ten US
metropolitans, and Chen et al. (2017) in Jiangsu Province, China. Most of the
ASEAN economies exhibit great potentials in growth, but these economies face
the problem of shrinking working-age population. In this regard, it is indeed
interesting to find out how climate change may impact industrial output and employ-
ment in ASEAN emerging economies.

From the macro perspective, literature shows that climate change tends to have
significant impact on economic growth and there are a number of studies in this
direction (e.g. Lu et al. 2015; Elshennawy et al. 2016; Du et al. 2017, etc.). Very few
past studies which have emphasized on the climate change effect to employment as
suggested by Fankhauser et al. (2008). Some past studies have focused on the effect
of climate change to industrial output (e.g. Chalise et al. 2017; Hsiang 2010;
Somanathan et al. 2014, etc.), but the context of ASEAN is less studied.

The objective of this study is to investigate the climate change effects to industrial
output and employment across six ASEAN emerging economies, including Cam-
bodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam for the period of
1989–2016. Following literature, temperature, and precipitation are selected as the
proxies for climate change. We apply the bounds testing procedure proposed by
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Pesaran et al. (2001) to analyse the cointegration relationship and the autoregressive
distributed lag (ARDL) approach of Pesaran and Shin (1999) and Pesaran et al.
(2001) for the long-run and short-run relationships between industrial output and
employment with the climate change variables. This present study is different from
the past studies in a significant way: both industrial output and employment are
likely to be affected by climate change, but the case of ASEAN emerging economies
is less studied in the past. We expect to provide a better understanding of how
climate change (i.e. temperature, precipitation) may affect industrial output and
employment in these economies and to offer useful policy recommendations.

The remainder of this chapter is organized as follows: Sect. 2 is literature review;
Sect. 3 is data description; in Sect. 4, we explain the methodology used; empirical
results are discussed in Sect. 5; the last section provides summary and conclusion.

2 Literature Review

Our review of literature reveals several major aspects that are often considered for
the effects of climate change, but we are more concentrating on the effects to
industrial output and employment. In general, it can be noticed that the issue of
climate change has been a main focus of economists since the past few decades. In
terms of the climate influence on economic development, a number of studies
indicate that climate change can significantly affect economic growth. See, for
example, Lu et al. (2015), Elshennawy et al. (2016), and Du et al. (2017). Lu et al.
(2015) analyse empirically the relationship between climate threshold, financial
hoarding, and economic growth in China. The study found a positive cumulative
effect between financial hoarding and economic growth that is restraint by the
climate threshold. Elshennawy et al. (2016) take into account the impact of climate
change in evaluating the long-run growth prospect of Egypt. It is found that
adaptation investment reduces the country’s GDP loss by approximately 2.6% in
2050. Through the study of Du et al. (2017), a nonlinear relationship between
temperature and economic growth is established for each of the cases in European
Union (EU) and the USA, implying that growth increases with higher temperature
up to the optimal level and then any further rise in temperature is associated with a
reduction in growth.

Apparently, the climate change effect to employment has drawn little attention in
the past. A remarkable contribution to literature is made by Fankhauser et al. (2008)
who suggest three distinguished employment effects due to climate change. A short-
term effect is also known as direct employment effect. It occurs when jobs shift from
high-carbon activities to low-carbon activities. The latter is usually more labour-
intensive. In other words, jobs will move from the affected sectors to the replacing
sectors. A medium-term effect is the higher-order, economy-wide effect. An econ-
omy is affected by climate policy, as there are job lost and creation along the value
chains of the impacted sectors. Further, a long-term effect is also called dynamic
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effect. Innovation leads to creative destruction which involves structural adjustment.
As a result, new investment opportunities, growth, and jobs are created.

There are past studies regarding the industrial output effect of climate change.
Agriculture production is directly affected by rising temperature, the changing trends
of precipitation, and increasing exposure to solar radiation. Chalise et al. (2017)
perform a general equilibrium impacts assessment to capture the economy-wide
effects of climate change in the context of Nepal agriculture productivity. The
climate change induced productivity lost in the agriculture sector has significant
negative impact on the economy of Nepal. The agriculture sector plays an important
role in generating economic growth such that the sector contributes about 36% of
GDP. The main finding based on simulation results suggests that by year 2080, the
real GDP of Nepal will decrease by about 2.49% in the lowest-impact scenario,
6.56% in the medium-impact scenario, and 10.03% in the highest-impact scenario,
respectively. Therefore, there is a need for adaptation in spite of mitigation (i.e. by
reducing carbon emission). Luo et al. (2017) propose an eco-efficient and climate-
smart agriculture framework featuring the adaptation-oriented approach. The frame-
work encompasses two important dimensions of sustainable development, namely,
ecological or environmental sustainability and economic sustainability which is
related to productivity and profitability. Furthermore, it is geared towards a green
economy. Wesseh and Lin (2017) conduct simulations up to year 2060 using a
general equilibrium model for the impacts of climate change (CO2, temperature,
precipitation, adaptation) on prices [factor prices: labour wages, capital rent, land
rent; consumer price index (CPI)], sectoral productions (services, manufactures,
processed agricultural commodities, livestock, wheat, rice, other crops, other grains),
exports, and also income and welfare (household income). The main findings
derived from the simulations include the following: land rents in lower-middle-
and upper-middle-income countries and in China decline with the climate change
effect, while a reverse situation is observed in low-income and high-income coun-
tries and also in the USA which may due to the increase in demand for farmlands.
Further, declines in capital rent and labour wage are observed in low-income and
lower middle-income countries and in the USA. CPIs do not reflect much the
influence of climate change. The reason could be the prices of services and manu-
factures are not much affected. In terms of sectoral production, high-income coun-
tries in general and China show increases in both agricultural and nonagricultural
productions but not manufactures. For the USA, the finding indicates the increases in
wheat, rice, and manufactures and the declines in other productions. For
low-income, lower-middle-income, and upper-middle-income countries, produc-
tions decrease as a result of climate change. In high-income countries and in
China, agricultural exports increase, while nonagricultural exports decrease. A
complete reverse situation is observed in lower-middle-income and upper-middle-
income countries. In high-income countries and in China, household incomes
increase. In low-income, lower-middle-income, upper-middle-income countries,
and in the USA, household incomes decrease.

An interest of research is to find out how forests are vulnerable to climate change.
Forests become important as having an essential role in climate change mitigation.
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Nitschke et al. (2017) address the decisions in selecting tree species for the
Melbourne’s urban forest in order to adapt to the changing climate. Employing
163 tree samples which represent five European tree species, London planes, English
elm, green leaf elm, wych elm, and field elm, the study gives a finding that the
European tree species are vulnerable to the mid-range predicted climate change.
Therefore, it is suggested to find alternative tree species. Susaeta et al. (2017)
conduct simulations to capture the impacts of climate change on forest growth,
optimal harvest age, and land expectation value for the US slash pine forests. For
each of the following three scenarios: baseline scenario assuming no changes in
climate and CO2 concentration, RCP4.5 scenario that represents low-to-medium
greenhouse gas emissions, and RCP8.5 scenario that represents high greenhouse
gas emissions, the historical data on temperature and precipitation from 1950 till
2005 are used to generate future predictions for a period of 60 years, 2050–2100.
Then, the data are employed as inputs for simulating slash pine growth from planting
up to age 60 in 11 sites in the USA including Covington AL, Polk FL, Alachua FL,
Jefferson FL, Santa Rosa FL, and Brantley GA.

Next, we shift our attention to the fishing sector. Dey et al. (2016) assess the
impacts of three climate change adaptation strategies: aquaculture, fish aggregating
devices, and natural resource management, on price, production, and consumption of
the Solomon Islands’ fishing sector. The study utilizes country-specific partial
equilibrium model that incorporates six subsectors including tuna, other oceanic
finfish, coastal finfish, coastal invertebrates, freshwater finfish, and freshwater inver-
tebrates. It is found that through the use of fish aggregating devices, the supply of
oceanic fish can be increased by around 9–10% in year 2035 and 14–15% in year
2050. In addition, the strategy is expected to reduce the real price of tuna in year
2035 and year 2050. Meantime, aquaculture development may reduce the real price
of coastal invertebrates, while the projected real price rises of coastal finfish and
invertebrates require the remedy of natural resource management. As postulated by
Rodríguez-Rodríguez and Ramudo (2017), production decrease as a result of climate
change may or may not affect producer income depending on the available sub-
stitutes. If there are substitutes, a decrease in quantity is unlikely to incur price
increase; therefore, production decrease may cause lower producer income. The
study is an attempt to identify the existence of complements or substitutes for the
fresh mussel productions from several European markets including Spain, France,
Italy, the Netherlands, Sweden, the United Kingdom, and Belgium. Cointegration
approach is utilized to verify the long-run relationships between two or more vari-
ables. In terms of data, weekly retail prices for mussel across the markets are
collected for analysis. Retail price is considered as it combines wholesale price,
tariffs, transportation costs, and other transaction costs. The analysis covers a period
of 92 weeks starting from 2016:1 but there are missing data of Italy. As indicated by
the cointegration test results, the French and Spanish markets are partially integrated.
This may imply the limited substitutes for the fresh mussel productions from
European markets. A fall in the production in one of these markets may induce
price increase but may not affect producer income.
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Climate variation can lead to output lost via a mechanism in which thermal stress
in human adversely affects labour productivity. It is believed that high temperatures
cause heat stress which decreases productivity and output (Hsiang 2010;
Somanathan et al. 2014). Hsiang (2010) applies a multivariate panel regression
using ordinary least squares (OLS) to estimate the dependence of production on
temperature change and cyclone exposure in 28 Caribbean basin countries across
different industries: wholesale, retail, restaurants, and hotels; other services; trans-
port and communication; construction; manufacturing; agriculture, hunting, and
fishing; mining; and utilities. Over the period of 1970–2006, the region’s output
decreased by approximately 2.5% in response to a temporary increase of 1 degree
Celsius. From the 2.5%, only 0.1% was attributed to the reduction in agricultural
production, and the large part 2.4% was the output losses in nonagricultural indus-
tries. This finding indicates the global economic cost of climate change can be larger
than previously estimated, as the impact of labour response to heat stress in
nonagricultural industries is usually ignored. Agriculture and tourism are the two
industries most affected by cyclones, because of the geographical locations of the
sectors’ productions. As noted above, high temperatures can lead to heat stress
which adversely affects productivity and output. The relationship between temper-
ature and output is possibly nonlinear since labours may react differently in response
to low, moderate, and high levels of temperature. According to Somanathan et al.
(2014), the level of labour comfort should increase with low levels of temperature,
receive little impact at moderate levels of temperature, and severely affected by heat
stress at high levels of temperature. In the study of Somanathan et al. (2014), it is
hypothesized that heat stress should largely depend on the exposure to high temper-
atures. The study attempts on approximating the nonlinear response of manufactur-
ing workers in India to temperature by using a stepwise linear function of
production. The empirical analysis is by using annual panel dataset of the large
manufacturing plants employing over 100 workers and daily microdata of case study
firms. It is concluded that high temperatures can decrease the manufacturing pro-
ductivity and output in India. In more detail, the output from labour-intensive
manufacturing plants in India decrease by around 3% per degree Celsius. Wang
(2017) assesses the impacts of five climate change mitigation technologies on the
unified performance of US firms, namely, the eco-efficiency, low-carbon energy,
green design, pollution control, and management system technologies. The unified
performance integrates operational and environmental performances. The analysis is
based on annual periods from 2011 to 2013 and includes a sample that consists of
170 S&P 500 manufacturing firms. Three measures of unified performance are
developed using data envelopment analysis (DEA), including unified efficiency
(UE), unified efficiency under natural disposability (UEN), and unified efficiency
under managerial disposability (UEM). The impacts from technology adoption as
well as technology share on UE, UEN, and UEM are analysed using regression. The
regression models use UE, UEN, and UEM as dependent variables, and the inde-
pendent variable is either technology adoption or technology share which represent
the technology-related variables. Each regression model uses a similar set of control
variables: age of assets, leverage, advertising intensity, and year dummies. The study
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shows a positive impact from the low-carbon energy technology and a negative
impact from the pollution control technology on the unified performance of US
firms.

Current studies indicate the tourism industry is significantly affected by climate
change. In fact, the interaction between climate change and tourism is not new. As
mentioned by Weir (2017), tourism has had received the impact from climate change
throughout human history. Meantime, Hewer and Gough (2017) provide a review of
30 research works showing the assessments on climate change impact on tourism
and outdoor recreation in the case of Canada. It is concluded that warm-weather
activities in Canada benefit from climate change, while cold-weather activities tend
to be negatively affected by climate change. To give an example of quantitative
study using survey, Rutty and Scott (2010) assess the perceptions of “too hot” for
comfortable tourism activities at beach and urban destinations within the Mediter-
ranean region. Based on a survey conducted with 850 university students from
Austria, Germany, the Netherlands, Sweden, and Switzerland, the threshold of
“unacceptable hot” is identified. The threshold is compared to different thermal
conditions with regard to humidity and temperature including a baseline climate
change scenario between 1961 and 1990, an early century climate change scenario
between 2011 and 2035, a mid-century climate change scenario between 2046 and
2065, and a late century climate change scenario between 2080 and 2099, providing
ten destinations within the Mediterranean region. By the mid-century during the
peak summer months, two additional beaches and one additional urban destinations
are found to be associated with “unacceptable hot”. By the late century, the threshold
of “unacceptable hot” is exceeded in four additional beaches and five additional
urban destinations during summer months. To provide another example, Rosselló
et al. (2011) empirically analyse the sensitivity of outbound flows in the United
Kingdom to the short-term weather anomalies based on local weather conditions. It
is found that the variables of mean temperature, air frost, heat wave, and sunshine
days can significantly affect the British outbound flows.

Apart from studying the direct impact of climate change, current research in this
area has been extended to explore the impact from climate change adaptation
strategy as well as the impact from climate change mitigation technology. However,
the direct impacts of climate change to the industrial output and employment in the
context of ASEAN are not sufficiently explored. Therefore, these issues need to be
addressed first. In the future, the next step could be analysing the impacts of climate
change adaptation and/or mitigation in the region.

3 Data

This study relies on yearly dataset of six ASEAN countries collected from two data
sources from 1989 to 2016. We use two measures of climate change in this study:
temperature and precipitation (millimetres). Precipitation is defined as any kind of
water that falls from clouds as a liquid or solid. Temperature is average temperature
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in degrees Celsius. The climate change data on temperature and precipitation are
taken from the World Bank’s Climate Change Knowledge Portal (CCKP). The
World Bank created the Climate Change Knowledge Portal, supported by the Global
Facility for Disaster Reduction and Recovery and others. The data for output and
employment are collected from Asian Development Bank (ADB). The output data
are in year 2000 constant prices for all the countries. The six ASEAN developing
countries are Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Viet-
nam. Appendix has provided the graphs for the climate change variables used.

4 Methodology

4.1 Autoregressive Distributed Lag (ARDL) Cointegration
Method

To empirically investigate the long-run relationships between climate change,
industrial output and employment, the model has been estimated by using the
bounds testing procedure proposed by Pesaran et al. (2001). The ARDL modelling
approach was initially suggested by Pesaran and Shin (1999) and later extended by
Pesaran et al. (2001). There are a number of methods for conducting cointegration
analysis such as the residual-based EG approach developed by Engel and Granger
(1987) and Phillips and Hansen’s (1990) FMOLS, and the maximum likelihood-
based approach (JML), proposed by Johansen and Juselius (1990) among others.
The main advantage of the ARDL approach is that it does not generally require a
knowledge of the order of integration of variables, which is necessary in the EG and
FMOLS and also in the JML technique. These methods require that the variables
have the same order of integration. However, a problem arises when the variables
have different orders of integration; to overcome this problem, Pesaran et al. (2001)
propose to use the ARDL technique that does not require the classification of
variables into I(0) or I(1). Therefore, we are using ARDL approach in this study.

The ARDL approach to cointegration of Pesaran et al. (2001) involves estimating
the conditional error correction (EC) version of the ARDLmodel for climate change,
output, and mployment:

Δ ln Ind Outputð Þt ¼ α0 þ
Xp

i¼1

φiΔ ln Ind Outputð Þt�i

þ
Xp

i¼0

θiΔ ln Tempð Þt�i þ
Xp

i¼0

λiΔ ln Precipð Þt�i

þδ1 ln Ind Outputð Þt�1 þ δ2 ln Tempð Þt�1

þδ3 ln Precipð Þt�1 þ υt

ð1aÞ
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Δ ln Employð Þt ¼ α0 þ
Xp

i¼1

φiΔ ln Employð Þt�i

þ
Xp

i¼0

θiΔ ln Tempð Þt�i þ
Xp

i¼0

λiΔ ln Precipð Þt�i

þδ1 ln Employð Þt�1 þ δ2 ln Tempð Þt�1

þδ3 ln Precipð Þt�1 þ υt

ð1bÞ

where temperature (Temp) and precipitation (Precip) are used as climate change
proxies. The variables, ln(Employ) is the total employment, and ln(Ind_Output) is
total industrial output, Δ is first-difference operator and p is the optimal lag length.

The F-test is used in testing the existence of long-run relationship. When long-run
relationship exists, F-test indicates which variable should be normalized. The null
hypothesis for no cointegration amongvariables inEqs. (1a, 1b) isH0: δ1¼ δ2¼ 0 against
the alternative hypothesis H1: δ1 6¼ δ2 6¼ 0. The F-test has a nonstandard distribution
which depends on (1) whether variables included in the model are I(0) or I(1), (2) the
number of regressors, and (3) whether the model contains an intercept and/or a trend.
Pesaran et al. (2001) test the critical values for the I(1) series which are referred to as
upper bound critical values, while the critical values for I(0) series are referred to as
the lower bound critical values. If the F-test statistic exceeds their respective upper
critical values, we can conclude that there is evidence of long-run relationship
between the variables. If the test statistic is below the upper critical value, we cannot
reject the null hypothesis of no cointegration, and if it lies between the bounds, a
conclusive inference cannot be made without knowing the order of integration of the
underlying regressors.

In the next step, if there is evidence of long-run relationship (cointegration) of the
variables, the following long-run model is estimated:

ln Ind Outputð Þt ¼ α1 þ
Xp

i¼1

φ1i ln Ind Outputð Þt�i

þ
Xp

i¼0

β1i ln Tempð Þt�i þ
Xp

i¼0

θ1i ln Precipð Þt�i þ μt

ð2aÞ

ln Employð Þt ¼ α1 þ
Xp

i¼1

φ1i ln Employð Þt�i

þ
Xp

i¼0

β1i ln Tempð Þt�i þ
Xp

i¼0

θ1i ln Precipð Þt�i þ μt

ð2bÞ

In this study, the orders of the lags in the ARDL model are selected by the Akaike
information criterion (AIC), before the selected model is estimated by ordinary least
squares (OLS).

The ARDL specification of the short-run dynamics can be derived by
constructing an error correction model (ECM) of the following form:
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Δ ln Ind Outputð Þt ¼ α2 þ
Xp

i¼1

φ2iΔ ln Ind Outputð Þt�i

þ
Xp

i¼0

θ2iΔ ln Tempð Þt�i þ
Xp

i¼0

λ2iΔ ln Precipð Þt�i

þψECMt�1 þ ϑt

ð3aÞ

Δ ln Employð Þt ¼ α2 þ
Xp

i¼1

φ2iΔ ln Employð Þt�i

þ
Xp

i¼0

θ2iΔ ln Tempð Þt�i þ
Xp

i¼0

λ2iΔ ln Precipð Þt�i

þψECMt�1 þ ϑt

ð3bÞ

where ECMt�1 is the error correction term, defined as,

ECMt ¼ ln Ind Outputð Þt � α1 �
Xp

i¼1

φ1i ln Ind Outputð Þt�i

�
Xp

i¼0

β1i ln Tempð Þt�i �
Xp

i¼0

θ1i ln Precipð Þt�i

ECMt ¼ ln Employð Þt � α1 �
Xp

i¼1

φ1i ln Employð Þt�i

�
Xp

i¼0

β1i ln Tempð Þt�i �
Xp

i¼0

θ1i ln Precipð Þt�i

All coefficients of short-run equation are coefficients relating to the short-run
dynamics of the model’s convergence to equilibrium and ψ represents the speed of
adjustment.

5 Results and Discussion

5.1 Descriptive Statistics

Table 1 summarizes the descriptive statistics for the series Temp and Precip. The
minimum, maximum, and mean values of Temp for all the six ASEAN countries,
Cambodia, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam are close to
each other. The minimum values are in the range of 24.243–27.212, while the
maximum and mean values are within the range of 25.784–28.279 and
24.914–27.681, respectively. Small variations in the series Temp can be seen,
implying that climate change has caused somewhat similar increases in temperature
in the countries analysed. There are relatively larger variations in the series Precip as
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compared to the series Temp. For Precip, mean values are in the range of
136.295–244.444, minimum values between 117.420 and 192.749, and maximum
values between 166.046 and 306.870. Nevertheless, the precipitation variability
across these countries is not huge. The six ASEAN countries are in the regime of
Southeast Asian summer monsoon. The countries in this regime are including
Borneo, Cambodia, East India, Indonesia, Laos, Malaysia, South China, Myanmar,
Singapore, Thailand, the Philippines, Portuguese Timor, Vietnam, Singapore, South
China, Portuguese Timor, and western New Guinea. Monsoon is referred to as the
large-scale seasonal reversals of the wind regime. The Southeast Asian summer
monsoon is important in regulating rainfall in many countries within the tropical
latitudes (Loo et al. 2015). The standard deviations of the series Temp for all the six
ASEAN countries are in the range of 0.1600–0.3734 which is within the band of
1 standard deviation, Cambodia 0.3063, Indonesia 0.1729, Malaysia 0.2106, the
Philippines 0.1600, Thailand 0.3608, and Vietnam 0.3734. This means the data
points are close to the mean and not disperse from the mean. For the series Precip,
the standard deviations are much higher than 1 standard deviation, Cambodia
23.8038, Indonesia 26.7527, Malaysia 29.9560, the Philippines 30.9238, Thailand
13.7020, and Vietnam 16.4253. This set of data values is widely spread out over the
mean. The countries analysed exhibit consistency on low standard deviation of Temp
and high standard deviation of Precip.

5.2 Augmented Dickey-Fuller Unit Root Test Results

It is necessary to test the stationarity of the series before proceeding with the ARDL
bounds test. The stationarity status of all variables is important to determine their
order of integration. In other words, this is to make sure the variables are not I
(2) stationary so as to avoid spurious results. We apply a univariate Augmented
Dickey-Fuller (ADF 1979) test for autoregressive unit root. Table 2 displays the test

Table 1 Descriptive statistics of temperature and precipitation

Series Cambodia Indonesia Malaysia Philippines Thailand Vietnam

Temperature (Temp)

Min. 27.212 25.857 25.372 25.686 26.324 24.243

Max. 28.279 26.676 26.331 26.456 27.663 25.784

Mean 27.681 26.166 25.792 25.962 26.943 24.914

Std. dev. 0.3063 0.1729 0.2106 0.1600 0.3608 0.3734

Precipitation (Precip)

Min. 127.576 175.058 192.749 164.080 117.420 138.292

Max. 241.982 302.357 306.870 270.679 166.046 193.430

Mean 167.713 231.615 244.444 211.452 136.295 161.334

Std. dev. 23.8038 26.7527 29.9560 30.9238 13.7020 16.4253

Notes: Temperature is average degrees Celsius and precipitation is in millimeters
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results of the ADF test for Temp, Precip, Employ, and Ind_Output. All the variables
are I(1) or become stationary after taking first-difference. We reject the null hypoth-
esis of unit root process in all series based on the Akaike information criteria (AIC).
It is, therefore, worth concluding that all the variables used in this study are not I(2).
Having confirmed the variables are I(1), this suggests that OLS is not appropriate
and the vector error correction model (VECM) approach is advisable. As the vari-
ables are changing in time and not constant, using OLS method to estimate linear
regression model for these variables tends to produce spurious results. As a result,
the model may have R square higher than the Durbin Watson statistic.

5.3 Bounds Tests for Cointegration

Having concluded the stationarity status of all the variables are I(1), the next step is
to examine the long-run relationships between the variables. The optimal number of
lags to be included in the conditional error correction model (ECM) is determined
using the AIC, so that to ensure there is no serial correlation as emphasized by
Pesaran et al. (2001). We find that the lag length that minimizes AIC is 2. Table 3
presents the computed F-statistics for the cointegration tests performed for each
country.

The error correction term (ECTt�1) indicates whether there is existence of long-
run relationship between variables. In each model, almost all the coefficients of the
lagged error terms have an expected negative sign and are significant at the 1% level,
except the model Ind_Output|Temp and Percip for Vietnam in which coefficient with
a positive sign is derived but it is not significant. Our results based on VECM
provide strong evidence of cointegration relationships between the variables. We do

Table 2 ADF unit root test results

Series
Cambodia t-
stat.

Indonesia t-
stat.

Malaysia t-
stat.

Philippines t-
stat.

Thailand t-
stat.

Vietnam t-
stat.

Temp

I(0) �4.738* �2.307 �3.587** �5.016* �4.762* �3.934*

I(1) �7.539* �5.841* �6.217* �7.213* �6.946* �8.063*

Precip

I(0) �3.518** �2.207 �1.674 �3.300** �3.815* �3.359**

I(1) �4.145* �3.275** �5.225* �5.799* �7.575* �4.646*

Employ

I(0) �2.359 �0.045 �0.655 �0.596 �1.515 �1.415

I(1) �2.768*** �9.973* �3.550** �3.566** �9.130* 2.900***

Ind_Output

I(0) �3.920* �0.408 �0.764 �10.130* �3.047** �0.546

I(1) 5.167* �4.055* �5.228* �5.114* �4.368* �5.052*

Notes: The optimal lags for the ADF tests are selected based on optimising AIC. *, **, ***
significance at 1%, 5%, and 10% levels, respectively
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not obtain sufficient evidence to establish a cointegration relationship for Employ|
Temp and Precip in the case of Vietnam. The cointegrating equations serve as the
negative feedback mechanisms. Each implies that departure from equilibrium in the
previous period is reduced by certain percentage in the subsequent period. For
instance, the coefficient �0.5826 indicates the highest rate of convergence to
equilibrium with the model Ind_Output|Temp and Precip for Indonesia, and the
coefficient �0.0049 indicates the slowest speed of convergence to equilibrium with
the model Employ|Temp and Precip for Vietnam.

5.4 ARDL Long-Run Results of the Selected Models

This section further shows the ARDL long-run results for the estimated models. The
long-run estimates of ARDL approach for the six ASEAN countries are presented in
Table 4. Temperature negatively affects total industrial output in Cambodia (coef-
ficient of�1.979) and in Thailand (coefficient of�0.583). The result of Cambodia is
highly significant at the 1% level, and the result of Thailand is only weakly
supported at the 10% level. Agriculture, forestry, and fishing play a vital role in
the Cambodia economy besides the industry and service sectors. Over the last
decade 2006–2016, the service sector has had a leading role in national output
followed by the agriculture (agriculture, forestry, and fishing) and industry sectors.
In recent years, the industry sector has become increasingly important. A large
portion of Thailand’s GDP is clearly driven by the service sector, followed by the
industry and agriculture sectors in the last decade. For instance, in 2016, services
contributed 55.8%, industry contributed 35.8%, and agriculture only contributed
8.3% of the country’s GDP at current market prices. Considering the severe impact

Table 4 ARDL long-run results of the relationship between climate change, output, and
employment

Countries
Dep. variable:
Output Coeff. (std. error)

Dep. variable:
Employment Coeff. (std. error)

Cambodia Temp �1.979 (0.550)* Temp �20.588 (7.321)**

Precip �0.058 (2.744) Precip 4.155 (0.746)*

Indonesia Temp �12.030 (16.429) Temp �0.079 (0.248)

Precip 3.501 (1.399)** Precip 0.0275 (0.014)***

Malaysia Temp 117.41 (43.026)** Temp 8.033 (1497)*

Precip 4.012 (1.073)* Precip 6.467 (3.871)

Philippines Temp 26.342 (4.322)* Temp �0.473 (0.254)***

Precip 0.5107 (0.238)** Precip �0.936 (0.620)

Thailand Temp �0.583 (0.285)*** Temp �0.369 (0.147)**

Precip �0.568 (0.513) Precip 0.109 (3.325)

Vietnam Temp �3.069 (4.152) Temp �0.286 (0.116)**

Precip �0.742 (0.585) Precip �0.004 (0.016)

Note: Standard error in parentheses. *, **, *** significance at 1%, 5%, and 10% levels, respectively

Effects of Climate Change to Industrial Outputs and Employment in Asian. . . 97



that temperature can have on agriculture, forestry, and fishing, therefore the strong
evidence of temperature change impact on industrial output in Cambodia is
expected. In Thailand, the impact is relatively less profound. In Malaysia and the
Philippines, the total industrial output of each country seems to benefit greatly from
rising temperature over long run, as indicated by the coefficients 117.41 and 26.342,
respectively. The results are significant at least at the 5% level. The structures of
national output in Malaysia and the Philippines are much similar to Thailand, where
the services sector is leading and followed by the industry and agriculture sectors.
The expansions in all the three sectors and the less dependence of economy on the
agriculture sector may explain the positive impact of temperature on industrial
output, in the cases of Malaysia and the Philippines. There is no evidence of any
significant impact from temperature to industrial output in Indonesia and Vietnam. In
addition, the industrial outputs in Indonesia, Malaysia, and the Philippines receive
positive impacts from the increase in precipitation. These countries seem to have
advantage from average weather and sunshine which attract visitors and smooth
economic activities throughout the whole year, with the exception of irregular
extreme rainfall and the resulted floods.

Turning to the long-run employment effect of climate change, the majority of the
six ASEAN countries, including Cambodia, the Philippines, Thailand, and Vietnam,
are negatively affected by rising temperature, most possibly because the agriculture
sector is labour-intensive. The results for these countries are significant at the 5% or
10% levels. In the case of Malaysia, rising temperature seems to contribute towards
higher level of industrial output. The coefficient is 8.033 and significant at the 1%
level. In the last decade, the increase in employment in the agriculture sector of
Malaysia had been slower. Labour supply had increased across other sectors.
Meantime, Indonesia is not associated with the long-run employment effect from
temperature change. Cambodia and Indonesia experienced increases in employment
due to more precipitation, with the stronger impact observed in Cambodia (coeffi-
cient of 4.155) and relatively less impact in Indonesia (coefficient of 0.0275),
significant at the 1% and 10% levels, respectively. Increase in annual rainfall is
expected to enlarge the production of session paddy crop in Cambodia and Indone-
sia. The palm oil planting in Indonesia will maintain with reasonable rainfall. Thus,
the employment in the agriculture sector is enhanced (the details on national output
and employment of ASEAN countries as reported above are based on the Key
Indicators for Asia and the Pacific 2017).

We apply a number of diagnostic tests to the error correction model. We find no
evidence of serial correlation, heteroskedasticity, and ARCH (autoregressive condi-
tional heteroskedasticity) effect in the disturbances. The model also passes the
Jarque-Bera normality test which suggests that the errors are normally distributed.1

Finally, the cumulative sums of squares of recursive residuals (CUSUMSQ) graphs
are presented to show the stability of the ARDL estimations (see Brown et al. 1975).

1Results of these tests will be provided on request.
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Figures 1, 2, 3, 4, 5, and 6 show the cumulative sum of squares of recursive residuals
(CUSUMSQ) graphs which are resulted from the ARDL stability tests.
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Fig. 1 The plot of cumulative sum of squares of the recursive residuals of Cambodia
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Fig. 2 The plot of cumulative sum of squares of the recursive residuals of Indonesia
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The null hypothesis of instability is rejected when the plots of the CUSUMSQ
stay within the 5% significance level. However, the model is unstable when the plots
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Fig. 3 The plot of cumulative sum of squares of the recursive residuals of Malaysia
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Fig. 4 The plot of cumulative sum of squares of the recursive residuals of the Philippines
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of the CUSUMSQ move outside the 5% critical lines. Our findings provide strong
evidence for the stability of ARDL estimation results presented above.2
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Fig. 5 The plot of cumulative sum of squares of the recursive residuals of Thailand
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Fig. 6 The plot of cumulative sum of squares of the recursive residuals of Vietnam

2In order to save the space, we only provide the plots of cumulative sum of squares of the recursive
residuals of few models. However, the plots of cumulative sum of recursive residuals of other
models will be provided on request.
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5.5 ARDL Short-Run Results of the Selected Models

Table 5 reports the short-run results for different models. Some of the short-run
results are consistent with the long-run results reported in Sect. 5.4 which include as
follows: employment receives positive significant effect from temperature in Malay-
sia; employment is negatively and significantly affected by temperature in the
Philippines, Thailand, and Vietnam. The results for short-run provide some new
evidences. The employment in Cambodia is positively impacted by an increase in
temperature in short run, but the impact becomes negative over long run. Further-
more, the outputs in Cambodia and Thailand only receive short-run positive impact
from an increase precipitation, but there is no such impact in the long run. Lastly,
Indonesia’s national output reduces with higher temperature only in the short run, as
the negative effect of temperature on output becomes insignificant over long run.
The variations in the short-run and long-run results have implications for policy.

6 Summary and Conclusions

This chapter sheds light the climate change impacts to industrial output and employ-
ment in six ASEAN countries, namely, Cambodia, Indonesia, Malaysia, the Philip-
pines, Thailand, and Vietnam over the period of 1989–2016. The industrial output
and employment impacts are assessed based on temperature and precipitation as the
proxies for climate change. The bounds testing procedure proposed by Pesaran et al.
(2001) has been used to analyse the cointegration relationship between industrial
output and employment with the climate change variables. Then, the autoregressive

Table 5 ARDL short-run results of the relationship between climate change, output, and
employment

Countries
Dep. variable:
Output Coeff. (std. error)

Dep. variable:
Employment Coeff. (std. error)

Cambodia Δ(Temp) 0.137 (0.210) Δ(Temp) 4.761 (0.759)*

Δ(Precip) 0.037 (0.021)*** Δ(Precip) 0.066 (0.048)

Indonesia Δ(Temp) �1.251 (0.464)** Δ(Temp) 0.691 (0.473)

Δ(Precip) 0.578 (0.361) Δ(Precip) 0.041 (0.159)

Malaysia Δ(Temp) �1.639 (2.450) Δ(Temp) 0.403 (0.158)**

Δ(Precip) 0.135 (2.491) Δ(Precip) 0.053 (0.038)

Philippines Δ(Temp) 372.96 (489.154) Δ(Temp) �0.936 (0.524)***

Δ(Precip) �6.323 (17.352) Δ(Precip) �0.624 (0.690)

Thailand Δ(Temp) 1.242 (1.454) Δ(Temp) �0.369 (0.126)*

Δ(Precip) 0.583 (0.234)** Δ(Precip) �0.052 (0.028)***

Vietnam Δ(Temp) 13.914 (14.615) Δ(Temp) �0.291 (0.106)**

Δ(Precip) �0.011 (0.047) Δ(Precip) �0.004 (0.115)

Note: Standard error in parentheses. *, **, *** significance at 1%, 5%, and 10% levels, respectively
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distributed lag (ARDL) approach of Pesaran and Shin (1999) and Pesaran et al.
(2001) is used to model the long-run and short-run relationships between the vari-
ables. The majority of the variables exhibit cointegration relationships. Further, the
evidences of long-run and short-run relationships are obtained from the models
estimated. Our findings seem to suggest the impacts of climate change on industrial
output and employment are largely through the agriculture sectors of the countries
analysed, consistent with Chalise et al. (2017) and Wesseh and Lin (2017). We find
that climate change can significantly affect employment, in that sense, this finding is
consistent with Fankhauser et al. (2008).

The long-run and short-run results show some similarities and variations. In terms
of similarities, the employment in Malaysia receives positive significant effect from
temperature. Besides that, employment is negatively and significantly affected by
temperature in the Philippines, Thailand, and Vietnam. The different results yield in
comparison between long run and short run include as follows: the employment in
Cambodia is positively impacted by an increase in temperature in short run, but the
impact becomes negative over long run; the total industrial outputs in Cambodia and
Thailand only receive a short-run positive impact from an increase precipitation, but
there is no such impact in the long run; Indonesia’s national output reduces with
higher temperature only in the short run, as the negative effect of temperature on
output becomes insignificant over long run (refer to Tables 4 and 5).

The long-run results also indicate the following: the industrial outputs in Cam-
bodia and Thailand are adversely affected by temperature. The industrial outputs in
Malaysia and the Philippines tend to increase with higher temperature. In Indonesia
and the Philippines, the impact of precipitation to industrial output is positive and
significant. Both Cambodia and Indonesia experienced higher employment with an
increase in precipitation. It is important to stress that these are the long-run impacts
which cannot be observed in short run (refer to Table 4).

In order to cope with the negative long-run impacts of climate change, it is
generally accepted that the mitigation and adaptation approaches are crucial. In
this regard, we note that the ASEAN economies have a direction towards regional
cooperation to achieve an efficient use of resources. For instance, the ASEAN Socio-
Cultural Community (ASCC) Blueprint 2009–2015 helps to promote environmental
sound and clean technologies; and the ASEAN Plan of Action for Energy Cooper-
ation (APAEC) is for the period of 2016–2025. In order to ensure the policies
effectiveness, outreach of the institutional services is essential. Specifically, we
suggest the policy-makers of ASEAN to enhance the climate-specific advisory
services to benefit entrepreneurs, farmers, and fishermen who operate small busi-
nesses. In addition, the use of microfinance can be expanded to finance cleaner
technology for energy supply and environmentally sound technology for equipment
supply in the agriculture and fishing sectors. Meantime, the regional cooperation of
ASEAN which aims for an efficient use of resources can be expanded and enhanced
by the technologies from the advanced economies. As short-run negative climate
change impact may disappear over long run, there is no urgent need for remedy using
policy measures in the short run.
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Abstract In its Article 6, the Paris Agreement foresees international cooperation
and tasks it with mitigating greenhouse gas emissions, guaranteeing environmental
integrity and assuring sustainable development. In its paragraphs, the same article
provides for three different systems of international cooperation. The so-called
market mechanisms or carbon markets could play a role in two of them.

Article 6 makes it apparent that international cooperation and the use of markets
are valid—but not exclusive—approaches in reconciling climate change and (sus-
tainable) economic development. The question is how to align both through the
operationalization of market systems. This paper provides first an overview of
“carbon markets” within the body of the Paris Agreement. Then, it discusses why
and how carbon markets reconcile climate change-related action with (sustainable)
economic development. Third and lastly, the paper points at some safeguards in the
operationalization of the international cooperation using markets as stipulated in
Article 6 of the Paris Agreement. The most important safeguard regards to account-
ing principles.
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At first sight, economic growth, sustainable development, and climate change do not
seem harmonious. While sustainable development seems to slow economic growth,
development per se and economic growth seem to be detrimental to climate change-
related action (IPCC 2014), which is generally regarded as preservationist (for
example, in Taylor 2008). This is one possible picture, but not by necessity the
only one.

It is possible to conceive economic growth, climate change-related action, and
sustainable development as complementing each other. In fact, most definitions of
sustainable development make it clear that economic growth, development, and
climate change-related action complement each other. It would be outside the
scope of this paper to analyze if this more positive scenario is in principle, a matter
of spontaneous order due to decisions taken by responsible and free agents (Kolk and
Pinkse 2004), or of policy choice (Stern 2006). This paper will focus on policy
choice since it is policy choice already. This choice happens at domestic and
international level, and it is the latter that will be examined here. The Paris Agree-
ment—best imagined as a global action plan on climate change—is committed
toward reconciling sustainable (economic) development with climate change-related
action. This relationship will be the object of this paper.

In its Article 6, the Paris Agreement foresees international cooperation and tasks
it with mitigating greenhouse gas emissions, guaranteeing environmental integrity,
and assuring sustainable development. In its paragraphs, the same article provides
for two different systems of the so-called market-mechanisms or carbon markets.
Article 6 makes it apparent that international cooperation and the use of markets are
valid—but not exclusive—approaches in reconciling climate change and (sustain-
able) economic development. The question is how to align both through the
operationalization of market systems.

This paper provides first an overview of “carbon markets” within the body of the
Paris Agreement. Then, it discusses why and how carbon markets reconcile climate
change-related action with (sustainable) economic development. Third and lastly,
the paper points at some safeguards in the operationalization of the international
cooperation using markets as stipulated in Article 6 of the Paris Agreement. The
most important safeguard regards to accounting principles.

1 The Paris Agreement

This section explains the place of (sustainable) economic development and the
so-called carbon markets within the Paris Agreement in three subsections. The first
explores the overall context of the Paris Agreement as well as its Article 6; and the
second and the third discuss the two types of the so-called carbon markets foreseen
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in the Paris Agreement, Article 6 paragraphs 2 and 3, respectively, Article 6 para-
graphs 4–7.

1.1 Development and Markets

The Paris Agreement is an agreement—not an international treaty or an alliance, see
Bodansky (2016)—within the United Nations Framework Convention on Climate
Change (UNFCCC). It deals with the mitigation of greenhouse gas emissions,
adaptation to the consequences of climate change, and financing mitigation and
adaptation efforts. The Paris Agreement aims at including all state agents (called
Parties to the Agreement) while allowing for some inner differentiation between the
so-called developed and the other countries. Most of the Agreement’s provisions
become effective starting in 2020.

The language of the Agreement was negotiated by the representatives of
196 Parties at the 21st Conference of the Parties (COP) of the UNFCCC in Paris
and adopted by consensus on December 12, 2015. The same conference also adopted
a work program to operationalize the Paris Agreement in the form of a decision by
the COP, i.e., a mandate directed to the conference itself to further elaborate the
implementation of the Agreement. This work program is supposed to present rules,
modalities, procedures, and processes until 2018. After that, individual countries—
the signatory Parties to the Agreement—will each individually adapt their domestic
laws and regulations to the provisions of the Paris Agreement whereby each country
remains free to decide which provisions of the Agreement to pursue and use.

In a nutshell, the Paris Agreement builds upon the framework convention, the
UNFCCC, and—for the first time—brings all nations into a common cause to
undertake efforts related to climate change as well as to adapt to its effects, with
enhanced support to assist developing countries to do so. The Paris Agreement’s
self-declared central aim is to strengthen the global response to climate change by
keeping a global temperature rise in the twenty-first century “well”—a word that
needs further interpretation—below 2 �C above preindustrial levels and to pursue
efforts to limit the temperature increase even further to 1.5 �C. Additionally, the
Agreement aims to strengthen the ability of countries to deal with the possible effects
of climate change. To reach these goals, the Agreement continues to self-declare that
appropriate financial flows, a technology framework, and an enhanced capacity
building will be pursued, thus supporting action by developing countries and the
most vulnerable countries, in line with their own national objectives. The Agreement
also provides for enhanced transparency of action and support through a more robust
transparency framework.1

1A guide to all relevant aspects of the UNFCCC, the Kyoto Protocol, and the Paris Agreement can
be found here: http://bigpicture.unfccc.int.
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A core issue for the Paris Agreement is its requirement of all Parties to put
forward their best efforts through “nationally determined contributions” (NDCs)2

and to upgrade these efforts in the years ahead. This includes requirements of all
Parties to report regularly on their emissions and on their efforts in reaching their
respective NDCs and implementing climate change-related policies. In 2018, Parties
will take stock of the collective efforts in relation to progress toward the goal set in
the Paris Agreement and to inform the preparation of NDCs. There will also be a
global stock take every 5 years to assess the collective progress toward achieving the
purpose of the Agreement and to inform further individual actions by Parties. A
treatment of how to formulate NDCs is given by Levin et al. (2015); and one on how
to track them is discussed in Boyd et al. (2015), for example. NDCs will be further
addressed in Sects. 2 and 3 of this paper.

What role does (sustainable) economic development play in the Paris Agreement?
At the level of NDCs, for example, the staff of the World Resources Institute
analyzed in 2016 how they are aligned with the United Nations’ goals for sustainable
development finding out that climate actions communicated in NDCs align with at
least 154 of the 169 sustainable development goals’ targets (Northrop et al. 2016).
They report:

For example, Thailand’s INDC identifies ambitious actions under its Environmentally
Sustainable Transport System Plan, including extensions of mass rapid transit lines, con-
struction of double-track railways and improvement of bus transit in the Bangkok Metro
areas. Implementation of these actions has the potential to contribute to SDG target 11.2 to
provide access to safe, affordable, accessible and sustainable transport systems for all while
improving road safety. When it comes to actions aimed at increasing resilience and adaptive
capacity, Mexico’s INDC commits the country to improve watershed management and land
conservation in order to guarantee food security and water access in the face of growing
climate threats such as drought, floods and storms. This aligns strongly with SDG target 2.1
to end hunger and ensure all people’s access—particularly the poor and vulnerable—to safe,
nutritious and sufficient food year-round by 2030. Meanwhile, advancing action on the
SDGs can in many cases contribute to mitigation and adaptation. For instance, Niger’s
INDC identifies the lack of literacy and numeracy in rural areas as a significant impediment
to disseminating the technologies needed for climate-smart agriculture and land manage-
ment. By targeting these rural communities in implementing SDG target 4.6 to improve
literacy and numeracy by 2030, Niger can lay the necessary foundation for achieving its
climate goals.

Even if sustainable development can be taken to permeate the Paris Agreement, in
its text, explicit mentions of (sustainable) economic development are relatively
scarce. Paragraph 8 of the preambular recital as well as Articles 2(paragraph 1), 4
(1), 6, 7(1), 8(1), and 10(5) foresee the necessity for a complementary view of
climate change-related action and sustainable development—all economic develop-
ment in the language of the Paris Agreement is sustainable development, but not
necessarily, only interpretatively, aligned with the United Nations’ sustainable

2At the time of negotiation and beyond, these contributions were called “intended nationally
determined contributions” (INDCs). After the ratification of the Paris Agreement by a country-
Party, the contribution is fixed, thus becoming a “nationally determined contribution” (NDC).
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development goals. Technology, another issue closely related to (sustainable) eco-
nomic development, is mentioned in paragraph 6 of the Agreement’s preambular
recital as well as in Articles 6(8), 10, 11(1), and 13(9;10).

This overview shows that Articles 6 and 10 are especially interesting for the scope
of this paper, since only in those, development and, respectively, technology are
mentioned several times. While Article 6 is concerned with international coopera-
tion, Article 10 institutes the technology mechanism envisaging the exchange of
climate change-relevant technology between countries. Because of this narrow scope
of Article 10, it is Article 6 that addresses (sustainable) economic development in
broader terms. Article 6 itself consists of a general clause and three distinct parts.
The general clause in paragraph 1 reads:

1. Parties recognize that some Parties choose to pursue voluntary cooperation in the
implementation of their nationally determined contributions to allow for higher ambition
in their mitigation and adaptation actions and to promote sustainable development and
environmental integrity.

The three parts following it are the provisions for the use of “internationally
transferred mitigation outcomes” ITMOs (paragraphs 2 and 3), the establishment of
a “mechanism to contribute to the mitigation of greenhouse gas emissions and
support sustainable development”—called by many observers the “Sustainable
Development Mechanism” SDM—(paragraphs 4–7), and the recognition of the
“importance of integrated, holistic and balanced non-market approaches being
available to Parties to assist in the implementation of their nationally determined
contributions, in the context of sustainable development and poverty eradication, in
a coordinated and effective manner, including through, inter alia, mitigation, adap-
tation, finance, technology transfer and capacity-building, as appropriate,” generally
referred to as “nonmarket approaches” (paragraphs 8 and 9).

Article 6 can be generally subsumed under international cooperation. This coop-
eration can take several forms. For example, it could rely on or use so-called carbon
markets under 6(2–3) or 6(4–7), or they can take the form of exchange without
commodification, under 6(8), for example, in the realms of joint technology devel-
opment, multi- and supranational coordination of policies, or additional financing,
inter alia. As per the UNFCCC–COP/APA3 negotiations of 2017, the introductory
clause of the article is taken as valid for all three types of cooperation.4 Elements of
this clause are the voluntary nature of any cooperation, the idea that it can extend to
mitigation or adaptation actions, or the combination of both, as well as the commit-
ment toward higher ambition, sustainable development, and environmental integrity.
These assertions are not as clear as they seem, and there are considerable ongoing
debates on what the general clause of Article 6 means, how the three different types

3Ad hoc working group on the Paris Agreement (APA).
4Article 6 has a highly politicized genesis (see Marcu 2016b). While some Parties opposed the use
of the word “market” in the Agreement, others threatened with developing markets outside the
scope of the UNFCCC. Finally, it was agreed to create an overall article involving all forms of
international cooperation, market-based and not market-based.
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of cooperation are to be implemented, and how they relate to existing provisions—
those under the Kyoto Protocol (see Sect. 2). While it is not useful in this context to
delve in these open issues (for that, see Marcu 2016a), it is important to discuss those
that affect the relationship of (sustainable) economic development and climate
change-related action.

The first issue is the relationship between the general idea of a market, the specific
conception of a “carbon market,” and the clauses of 6(1), namely, higher ambition in
mitigation and adaptation action, sustainable development, and environmental integ-
rity. One reading of it is that so-called carbon markets lead per se, i.e., automatically,
to higher ambition in climate change-related action as well as in environment
integrity and development. It is questionable if this reading yields if past experiences
with carbon markets (see Sect. 2) as well as the spirit of the negotiations leading to
the Paris Agreement (Marcu 2016b) are taken into account. The other way of reading
this provision is: Since markets alone cannot vouch for any or either of the desiderata
in the clauses, specific guidance has to be given ensuring that they do. Again, this
reading is not plausible. During the negotiations leading to the Paris Agreement, an
overall majority of countries maintained their support for market instruments and
even discussed setting up a parallel pro-market organization within the negotiations
(Marcu 2016b; Falkner 2016).

Furthermore, the more recent experience with so-called carbon markets shows
that maintaining them to be detrimental to ambition, development, and environmen-
tal integrity does not hold (Spalding-Fecher et al. 2012). Via the World Bank,
different countries such as the United Kingdom, Sweden, or Switzerland increased
their respective levels of ambition using “carbon markets” (CI-Dev 2016).

There is a modified reading of the overall relationship of markets, environmental
integrity, and development, as they are expressed in Article 6. This reading takes the
first paragraph of Article 6 as a utilitarian task: Since there will be international
cooperation and since this cooperation might take the form of “carbon markets”
among other forms, the framework convention is being tasked with giving these
markets certain goals beyond the goals more typical to the market mechanism—the
allocation of prices and quantities. These further goals are sustainable economic
development and environmental integrity. Here, immediately two questions arise.
First: How are these additional goals given to be markets to be built into the market
principle? The most likely answer is: By the design of its “products,” i.e., ITMOs
and/or other tradable units. These should yield to enhanced specifications to conform
with the desiderata. The specifications are made by the framework convention in its
deliberations on how to implement the Paris Agreement. This answer might seem
straightforward, but the next subsection shows that it is not.

The second question that arises from the utilitarian view of paragraph 1 is: What
is the status of higher ambition? The most likely answer takes the statement about
higher ambition in the NDCs as a matter of fact. International cooperation allows
countries to be more ambitious in their climate change-related actions,5 and since

5The Paris Agreement makes it clear that there is no conditionality in the nations’ levels of ambition.
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this is the case, it applies equally to mitigation of greenhouse gas emissions as well
as to adaptation to climate change.

But this matter-of-fact statement is not without importance, since the dynamics of
the Paris Agreement foresees multiple stocktakes during or after which countries can
adjust their NDCs. The level of commitment to international cooperation will be
assessed by peers in this global stocktake. Those Parties that cooperate internation-
ally, using so-called carbon markets among other instruments, will face an easier
task if upgrading their respective NDCs making them more ambitious.

While these are the main tenets of the first paragraph of Article 6, the two
provisions about so-called carbon markets follow in Paragraphs 2–3 and 4–7.
They will be reviewed in the following sections.

1.2 Bottom-Up

Internationally transferred mitigation outcomes (ITMOs) are at the center of para-
graphs 2 and 3, which, together, form the first and wider understanding of so-called
carbon markets by the Paris Agreement. This first type of carbon market is a bottom-
up approach which 6(2–3) allude only to framework conditions. They read:

2. Parties shall, where engaging on a voluntary basis in cooperative approaches that involve
the use of internationally transferred mitigation outcomes towards nationally determined
contributions, promote sustainable development and ensure environmental integrity and
transparency, including in governance, and shall apply robust accounting to ensure, inter
alia, the avoidance of double counting, consistent with guidance adopted by the Conference
of the Parties serving as the meeting of the Parties to the Paris Agreement.

3. The use of internationally transferred mitigation outcomes to achieve nationally
determined contributions under this Agreement shall be voluntary and authorized by partic-
ipating Parties.

Additionally, as the COP negotiated the Paris Agreement, it took a decision on
how to work on the details of 6(2) UNFCCC (2015, paragraph 36 of decision
1/CP.21). It reads:

Requests the SBSTA [Subsidiary Body of Scientific and Technological Advice] to develop
and recommend the guidance referred to under Article 6, paragraph 2, of the Agreement for
adoption by the CMA [Conference of the Members of the (Paris) Agreement] at its first
session, including guidance to ensure that double counting is avoided on the basis of a
corresponding adjustment by Parties for both anthropogenic emissions by sources and
removals by sinks covered by their NDCs under the Agreement.

Paragraph 2 accepts international cooperation on a bi- or multilateral way. By
accepting that there will be cooperation, it includes the possibilities of cooperation,
in various forms, in the Agreement. Therefore, paragraph 2 does not endeavor in
defining, designing, or measuring the forms or scope of this type(s) of cooperation
but into accepting whichever possible forms of cooperation that will be established
as international cooperation under the Agreement. However, paragraph 2 does not
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accept it passively. This acceptance goes hand in hand with guidance on this bi- or
multilateral form of cooperation.

Paragraph 2 states that if such cooperation is the case and if it involves the
transfers of mitigation outcomes, this corporation shall safeguard different desider-
ata, among others sustainable development. Paragraph 3 readdresses this point
making it explicit that this form of international cooperation is voluntary and solely
dependent on the participating countries. In other words, whatever the mode of
cooperation is, is to be determined only by the countries participating in
it. Furthermore, it is outside the regulatory scope of the framework convention. As
per beginning of 2018, the only involvement of the latter with bi- or multilateral
cooperation is the guidance it gives on technical matters of transparency and
accountancy (including the reporting of corresponding adjustments) as well as on
environmental integrity and sustainable development. This question, however, will
continue to be discussed, since different Parties to the Agreement have different
interpretations and desiderata. The technical nature of the guidance6 is also recalled
in the decision and narrowed down to two elements, accountancy and the reporting
of corresponding adjustments in the overall “bookkeeping” of greenhouse gas
emissions.

As seen before, here too, different readings compete. There is considerable
discussion regarding how far this guidance given by the framework convention
should go and how mandatory their content will be for the mode(s) of cooperation.
One position would like a fine-grained guidance that remains, however, to large
extent voluntary to countries engaged in cooperation to apply it.

Another position is to call for mandatory fine-grained guidance, replicating much
of the rules to be established for 6(4–7). It would remain voluntary to cooperating
countries to abide by the guidance, but in order for their emission outcomes to be
counted as valid toward the implementation of NDCs, they would have to subscribe
to the mandatory fine-grained guidance.

The third position endorses this idea of a mandatory implementation of guidance
but asks for its content to be less fine-grained in order to make cooperation more
broadly acceptable and more flexible. Finally, the fourth position wants voluntary
and open guidance.

The probable conversion point of this discussion, as it unfolds toward the
implementation of the Paris Agreement, is on the one hand, the framework conven-
tion will elaborate fine-grained guidance with a semi-mandatory character regarding
technical issues such as robust accounting and transparency; on the other hand, it
will issue very general guidance on governance, environmental integrity, and (sus-
tainable) economic development. There are two reasons for this outcome. First,
technical guidance is needed to make the use of ITMOs compatible with the system
under the Paris Agreement and easily exchangeable along (linked) markets. Second,
it is unlikely that Parties will allow for sovereign issues to be subjected to a standard
under the framework convention. Finding consensus in matters concerning

6A guidance is less technical and less compulsory that rules, modalities, and procedures are.
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environmental integrity and (sustainable) economic development is difficult and
unnecessary for the instruments under Article 6(2–3) to develop. Yet another view
is that these elements will develop anyway, and the guidance will only be able to
catch up with whatever has emerged bottom-up.

This last remark also acknowledges that it is very likely that at least at the
beginning, several different systems and instruments of international cooperation
will arise. If these systems will be interlinked or will allow for trade or exchange
among them, remains to be seen. It is even possible that competition between these
international “carbon markets” could unfold. After all, in a bottom-up world, much is
possible. Many argue, therefore, that “one-size-fits-all” approaches are detrimental
to Article 6(2–3).

1.3 Top-Down

The other type of market instrument conceived by the Paris Agreement is specified in
paragraphs 4–7 of Article 6. This is a market mechanism under the centralized
auspices of the framework convention. This market type will have rules, modalities,
and procedures—a sharp contrast to the general framework conditions mentioned
above—centrally instituted by the Parties of UNFCCC. The mechanism under
Article 6(4–7) is top-down; these provisions read:

4. A mechanism to contribute to the mitigation of greenhouse gas emissions and support
sustainable development is hereby established under the authority and guidance of the
Conference of the Parties serving as the meeting of the Parties to the Paris Agreement for
use by Parties on a voluntary basis. It shall be supervised by a body designated by the
Conference of the Parties serving as the meeting of the Parties to the Paris Agreement, and
shall aim:

(a) To promote the mitigation of greenhouse gas emissions while fostering sustainable
development;

(b) To incentivize and facilitate participation in the mitigation of greenhouse gas emissions
by public and private entities authorized by a Party;

(c) To contribute to the reduction of emission levels in the host Party, which will benefit
from mitigation activities resulting in emission reductions that can also be used by
another Party to fulfil its nationally determined contribution; and

(d) To deliver an overall mitigation in global emissions.

5. Emission reductions resulting from the mechanism referred to in paragraph 4 of this
Article shall not be used to demonstrate achievement of the host Party’s nationally deter-
mined contribution if used by another Party to demonstrate achievement of its nationally
determined contribution.

6. The Conference of the Parties serving as the meeting of the Parties to the Paris
Agreement shall ensure that a share of the proceeds from activities under the mechanism
referred to in paragraph 4 of this Article is used to cover administrative expenses as well as to
assist developing country Parties that are particularly vulnerable to the adverse effects of
climate change to meet the costs of adaptation.

The Role of Carbon Markets in the Paris Agreement: Mitigation and Development 117



7. The Conference of the Parties serving as the meeting of the Parties to the Paris
Agreement shall adopt rules, modalities and procedures for the mechanism referred to in
paragraph 4 of this Article at its first session.

The decision by the COP that negotiated the Paris Agreement has further material
concerning Article 6(4–7) (UNFCCC 2015, paragraphs 37 and 38 of decision
1/CP.21). It reads:

37. Recommends that the CMA adopt rules, modalities and procedures for the mechanism
established by Article 6, paragraph 4, of the Agreement on the basis of: (a) Voluntary
participation authorized by each Party involved; (b) Real, measurable, and long-term
benefits related to the mitigation of climate change; (c) Specific scopes of activities;
(d) Reductions in emissions that are additional to any that would otherwise occur;
(e) Verification and certification of emission mitigation activities by designated operational
entities; (f) Experience gained with and lessons learned from existing mechanisms and
approaches adopted under the Convention and its related legal instruments.

38. Requests the SBSTA to develop and recommend rules, modalities and procedures for
the mechanism referred to in paragraph 37 above for consideration and adoption by the
CMA at its first session.

These paragraphs read differently from Article 6(2–3). They are about—possibly
only—one mechanism under the authority of the framework convention. Of course,
participation is voluntary, and countries still have responsibilities, even veto-rights,
but the overall design—via rules, modalities, and procedures—governance, and
administration of the mechanism are under the authority of the UNFCCC. For
participating countries, all those provisions envisaged by the decision will be
mandatory.

Paragraph 6 states that it is the market that is going to pay for its own adminis-
tration and governance under the framework convention. Also, it is the market that is
going to reserve some of its capital to aid the most vulnerable countries. So, there are
two different types of transaction costs built into in this mechanism. The first is the
administration fee and the second is development aid. These components are also
mandatory.

While the goals of cooperation under Article 6(2–3) remain open, since the
cooperating Parties or the cooperation entity sets its goals independently from the
UNFCCC, under Article 6(4–7), these goals are given by Article 6. But even if the
goals are given in the wording of the paragraphs, there is still controversy in their
interpretation.

The mechanism under Article 6(4–7) serves toward multiple goals: mitigating
greenhouse gas emissions, fostering (sustainable) economic development; delivering
overall mitigation in global emissions—meaning that in utilizing this mechanism,
cooperation must result in a lower emission of greenhouse gases and not just in an
offsetting of one’s emissions through another’s mitigation; involving public and
private entities; and allowing for transferal/trades of emission outcomes between
countries, whereby paragraph 5 makes sure that each mitigation outcome only
counts once, even when transferred. The discussion about these goals involves
questions concerning the priorities among them, their granularity, the relationship
between them, as well as possible conflicts within them.
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These, and other, questions could be clarified in a specific guidance on goals of
the mechanism under Article 6(4–7). This guidance would most probably not insist
on the achievement of all the goals simultaneously and additionally but allow for
various trade-offs between them. However, it is much more likely that the relation-
ships between goals will be implicitly solved when developing rules, modalities, and
procedures. This process will be a challenge of its own.

Summing up: This first section introduced the Paris Agreement and especially its
Article 6. This article is the only one to mention repeatedly a commitment toward
sustainable development. From the point of view of economics, it is no surprise that
the Paris Agreement’s provisions on so-called carbon markets—or, international
cooperation, in the terms of the Agreement—are also those that address sustainable
development. It was further shown that Article 6 foresees two different types of
“carbon markets”: a system of instruments emerging bottom-up and one mechanism
designed, governed, and administrated top-down. It was also explained that there are
different questions relating to each of these. Sustainable economic development has
a place in the overall conception of the Agreement, its Article 6 as well as in each
market type. However, it isn’t clear at all how they interplay. In order to find this out,
the next section reviews market instruments that already exist as well as those that
are newly developing in order to map the relationship of carbon markets and
sustainable economic development. The next section will make a case for why and
how carbon markets reconcile climate change action with (sustainable) economic
development.

2 Carbon Markets and Sustainable Economic Development

In a three-stepped approach, this section first introduces so-called carbon markets as
they actually operate and then asks how the experience with these market mecha-
nisms could so far inform (sustainable) economic development7; and finally, it
makes the case for why and how carbon markets reconcile climate change-related
action with (sustainable) economic development. While the section above was about
outlying “carbon markets” in the Paris Agreement, this section aims at showing how
economic development has profited from actual carbon markets and how it can
continue to do so. It will be the last section that drawing on this experience will go
back to the Paris Agreement and stipulate which market designs foment sustainable
economic development.

7Remembering that it is each Party to the Paris Agreement that defines what its understanding of
and policies regarding sustainable development are.
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2.1 Carbon Markets Under the Kyoto Protocol

Up to this subsection, this paper has been using the formula “so-called” to refer to
“carbon markets” or keeping them in quotation marks. After the explication of the
term in this subsection, this paper will employ it without a caveat marker. The core of
“carbon markets” is not, as the name might misleadingly make believe, trading of
physical greenhouse gasses, but the trading of the right to emit these gases whereby
the unit of account for these trades is a ton of carbon dioxide equivalent (tCO2e).

Market-based approaches are not referred to in the founding 1992 UNFCCC. It
was in 1997 during the negotiations that led to the Kyoto Protocol that the idea,
which has been discussed academically since the 1980, found its implementation
(MacKenzie 2009; the following characterization is based on Yamin 2012).8 In the
Kyoto Protocol, several developed countries agreed to targets for their emissions of
the six major greenhouse gases. Countries that opted to include themselves in an
annex to the protocol can participate in different “flexible mechanisms” that are
designed to allow these countries to meet their emission reduction commitments
with reduced economic impact. Among these flexible mechanisms are international
emissions trading (IET) and the sponsorship of activities that reduce greenhouse gas
emissions in other countries so that the reduction can be used by the sponsor as an
offset to its own emissions. These activities generate tradable credits that can be used
by countries in meeting their emission reduction goals. The activities-based Kyoto
Mechanisms are the Clean Development Mechanism (CDM) and Joint Implemen-
tation (JI). The CDM covers projects taking place in countries that are not in the
annex to the Protocol, while JI covers projects taking place among countries in the
annex.9

Emissions trading under the Kyoto Protocol rely on international multilateral
oversight. All transfers are tracked using a registry called the international transac-
tion log (ITL). A common accounting standard applies to all countries with emission
targets. An executive board must approve the methodology CDM projects propose
using a supervisory body as in charge of JI. Finally, under the protocol, only the
international transfers it sanctions are considered legitimate to fulfill a country’s
emission cutting obligations. The Kyoto model provides important infrastructure for
an international carbon market. Common accounting procedures ensure that any
transfer meets an internationally agreed level of environmental integrity. Common

8There are several other “carbon markets” in place; but those under the Kyoto Protocol are the
first—and remained for a long time the sole—international carbon markets.
9Each of these “carbon markets” has its own unit denomination; but all unit denominations go back
to the tCO2e. The units are international emissions trading (IET) that allows countries that have
reduced emissions below their targets to sell excess allowances to countries whose emissions
exceed their targets. This is also known as a “cap and trade” system. The allowances are known
as assigned amount units (AAUs). Joint Implementation (JI) allows countries in the annex to the
Protocol to earn emission reduction units (ERUs) through emission reduction or removal projects in
other countries. The Clean Development Mechanism (CDM) allows countries to earn certified
emission reduction (CER) credits through emissions reduction projects in developing countries.
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offset methodologies give a blueprint to replicate in projects across the globe.
Moreover, when countries submit their national greenhouse gas inventories, any
recorded transfers can be verified by checking the international registry thereby
reducing the potential for emissions double counting.

The Kyoto Protocol’s market mechanisms have, however, encountered shrinking
participation. One reason has been a reliance on the emissions trading scheme of the
European Union, a form of IET, as a source of demand. But the Union’s low
economic growth and restrictions placed on the accepted types of credits have
created a generous oversupply of CDM credits. On the other hand, the overly
complicated and controversial negotiations before and after the Paris Agreement
made many participants of these markets nervous, leading to their withdrawal from
the market or to price discounts (Schneider 2017). Independently from the actual
situation of the mechanisms under the Kyoto Protocol, evaluating how they, espe-
cially the CDM, did in aligning (sustainable) economic development and climate
change-related actions might prove informative for the way ahead under the Paris
Agreement.

2.2 A Review of the Clean Development Mechanism

The CDM has a dual mandate to deliver climate mitigation and sustainability
benefits. CDM projects are supposed to contribute to sustainable development in
developing countries and also generate “real” and “additional” emission savings,
i.e., savings that only occur thanks to the CDM project in question. The CDM has
been able to issue 1.85 billion credits (UNFCCC 2017)—each representing a metric
ton of avoided emissions—and mobilize over 400 billion US dollars in investment
(Platonova-Oquab et al. 2012). Despite these impressive numbers, there is much
criticism of the CDM. This critique will guide this subsection, not because it is
always right but because it can be instructive for the further development of carbon
markets and because it points at important aspects when thinking about how carbon
markets and (sustainable) economic development interact. Three different “batches”
of criticism will be addressed.

The first “batch” is the claim that the mechanism has failed on its dual mandate
(e.g., Castro 2014; Schade and Obergassel 2014; Sterk et al. 2015). While most
concede that it was able to deliver its mitigation, or offset, obligations, most equally
state this as critique rather than praise. Delivering overly well on offsets is
interpreted by critics as a sign of weak governance. From the actual point of view,
it is also seen as the proof of low mitigation ambition impacting negatively on carbon
prices and on climate change-related finance actions. The authors mentioned above
find different reasons explaining the supposed failure of CDM, especially for its
alleged failure of delivering benefits for (sustainable) economic development. One
reason is that countries hosting the activities define their own sustainability criteria—
sustainability being a national prerogative.
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Developing countries rejected attempts to establish an international sustainability
assessment process, arguing that it would violate their national sovereignty. Addi-
tionally, it is in the interest of the host country to secure as many CDM activities as
possible because of the investment they bring. This means, according to the critics,
that host countries have little or no incentive to require strong sustainability criteria
that could dampen investment. The sustainability criteria therefore usually lack
specificity, transparency, and stringency. Also, the assessment process that is
performed by the host country Designated National Authorities (DNAs) is usually
perfunctory. Even if the sustainability requirements are well developed, the require-
ments are often undermined by the lack of follow-up or verification of the sustain-
ability criteria. Furthermore, critics point out that sustainability benefits have no
financial value in the current system, as only greenhouse gas benefits result in
monetary compensation (through the generation of credits). This results in the
majority of offsets coming from projects with arguably little or no sustainable
benefits (such as industrial gases and large hydropower). Finally, some critics
point out that some activities caused significant harm to the local population such
as displacement, job loss, and even increased pollution.

The critique expressed above has some validity. Under the CDM, the assessment
of sustainable development issues is the prerogative of host countries. When
approving projects, the DNA of the host country has to confirm that the projects
assist the country in achieving sustainable development. Some host countries have
developed and published criteria or guidelines to assess the sustainable development
benefits of projects and programs, while most countries have not. Information on
sustainable development impacts is self-declared by project developers in project
design documents. In response to a request by the Conference of the Parties Serving
as the Meeting of the Parties to the Kyoto Protocol (CMP), the CDM Executive
Board has developed a tool that may be used on a voluntary basis to report on
sustainable development co-benefits in a comparable and structured manner. The
tool does not allow project developers to report on any negative effects. The CDM
does not require third party verification or monitoring of sustainable development
benefits. There are also no international environmental or social safeguards, except
for Carbon Capture and Storage (CCS) projects.

On the other hand, there are plenty of private initiatives monitoring CDM
activities and regularly publishing their findings as well as participating in climate
negotiations under the framework conventions. As it occurs in every market, there is
a process of differentiation between the investment options. Partly, this differentia-
tion is driven by regulatory actions of countries buying CERs, for example, allowing
only CERs fulfilling specific quality criteria to be bought or used. Partly, this
differentiation is driven by the investors themselves searching for different levels
of quality and demanding private organization to monitor and certify activities. One
example for this is the development of labels, such as the “gold standard.” The third
driver for differentiation is civil society itself exercising influence over governments
and investors. So, while the technical process shows gaps, in practice, all these gaps
can be addressed by allowing for differentiation. This means, however, giving
private sector, including civil society, a larger role to play, especially in monitoring
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and vouching for quality—and this inclusion of the private sector has been a
contentious issue in past climate negotiations. The same logic of differentiation
applies to the claim that CDM violate some of the peoples’ and communities’ rights.
First, many private labels and government regulations make investors incorporate
criteria regarding gender, indigenous rights, labor market, or environmental integrity
in their choices. Then, all CDM projects qualify for the appeal processes regarding
multinational enterprises foreseen by the Organization for Economic Co-operation
and Development (OECD) (Reinert et al. 2016).

Claiming that the CDM does not build in the value of sustainable economic
development as its co-benefit is correct. However, it remains doubtful if the problem
supposed by the critique is well-addressed. The idea of the mechanism is to price the
reduction of CO2 emissions, thus discovering lower abatement costs by allowing for
separation of labor between emitter and host country of an offsetting activity. Pricing
in other than mitigation outcomes would not only challenge the integrity of the
priced unit (tCO2e) but also blur the line between a market instrument and devel-
opment aid. The co-benefits of the CDM regarding (sustainable) economic devel-
opment are meant to make the instrument more attractive for the host countries, for
example, by allowing local entrepreneurship to develop around it, by making some
of the project outcomes benefit the people directly, or by building knowledge and
know-how in low-carbon activities, this leading to lower political obstacles or even
endorsement. While the benefits of the mitigation aspect (offsets) are split between
the emitter (credits) and the host country (financial inflows)—the emitter paying
almost all transaction costs—the host country appropriates all the benefits of eco-
nomic sustainable development of CDM activities. Countries hosting offsetting
activities, therefore, could improve the materialization of development benefits by
setting up good framework conditions, like incorporating the outcomes of activities
in regional strategies or allowing for tax breaks for entrepreneurship developing
around the activities.10

The second “batch” of critiques consists of two methodological issues. First,
many CDM activities have been deemed un-additional. And second, some might
lead to technological lock-in. To the first: to avoid giving credits to projects that
would have happened anyway, “free riders,” specified rules ensure the additionality
of a proposed project, that is, ensure the project reduces emissions more than would
have occurred in the absence of the use of CDM (Gillenwater 2012). At present, the

10Two anecdotal examples that this author assessed are: In Southeast Asia, a CDM financed project
transforming methane from landfills (garbage) into electrical power was regarded skeptically by the
local population. As the metropolitan government built net infrastructure making this electricity
available for the local community, the attitude changed. The local political leader stated in a private
conversation in 2015 “I don’t care for the money, but electricity it’s what we want. Since I have
access to this electricity, I have more children in the school, less criminality and even less health-
related problems.” In Central Africa, a CDM-financed project substituted coal or wood stoves with
lower carbon cook stoves. Around this project, local entrepreneurship developed, for example,
selling utensils for the new cook stove or increasing the energy efficiency of other household
components (cooling, water). These local entrepreneurs benefit from tax breaks.
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CDM Executive Board deems a project additional if its proponents can document
that realistic alternative scenarios to the proposed project would be more econom-
ically attractive or that the project faces barriers that CDM helps it overcome.
Proving additionality requires some work. Zhang and Wang (2011) measured the
large transaction costs of establishing additionality. Assessing additionality has
created delays, or bottlenecks, in approving CDM projects, they claim.

On the other hand, it is not surprising that additionality is a difficult criterion to
fulfill. Proving that a CDM activity is additional is complicated and creates transac-
tion costs. But the definitive measurement if a project is additional or not only
happens after implementation. After implementation, many initially additional pro-
jects might prove to be not additional. While there are guidelines of the Executive
Board of the CDM for technologies and activities that are automatically considered
additional, the technical idea behind the criterion is not to allow any activity to be
financed by the mechanism. Balancing these two, contradictory, ideas and paying
sufficient regard to the economic, social, and technological context of the individual
activity is an admittedly difficult task. But at the same time, it is the safeguard
addressing the critique voiced by the first “batch.” Either the system is strict or taking
time and effort to fulfill its strict criteria or the mechanism is permissive. The more
permissive it is, the less environmentally integer it becomes, and the less probable it
would lead to (sustainable) economic development of the host country. If there were
no admittedly tortuous proof of additionality, the CDM would be a cheap offsetting
tool, which it is not and should not be.

To the second: technology lock-in occurs, when the CDM finances investments
that create a long-term path dependency on technologies that are deemed
non-sustainable, for example, coal-based energy plants or, according to some,
large hydropower. Also, some have criticized CDM activities to have locked-out
smaller-scale projects, for example, solar energy for remote locations, biofuels,
improved cooking stoves, or efficient lighting. Nonetheless, a review of costs for
these technologies suggests that they could be cost-effective for developing coun-
tries. For projects requiring wide dispersal of household items, such as cooking
stoves or lighting, the administrative burdens of CDM, especially the proof of
additionality, provide a hurdle (Kim et al. 2013).

On the other hand, the differentiation between non-sustainable and sustainable
investments is difficult to make. More often than not, they are a judgment call. All
CDM activities must conform to specific technological guidance in addition to the
national regulation on sustainable development. Several lock-in and lock-outs are
prevented by this framework. Many critics that claim them nonetheless base their
criticisms on counterfactual scenarios or knowledge ex post, i.e., after the activity
has unfolded, which makes addressing the critique more difficult. Furthermore, the
question of path dependency isn’t developed along an academic benchmark but
often recurs to the normative preferences of specific authors. For example, CDM has
been criticized for technology lock-out of nuclear energy—by those that prefer it for
being less invasive on the natural environment—and for technology lock-in in small
hydropower, by those that prefer solar power. Nonetheless, this discussion points at
the steady risk of technical system components being interpreted normatively and/or
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politically. In the CDM, technological questions have to be approved three times,
making them the result of a wide consensus: first by the conventions under the
UNFCCC, second by the Executive Board of the CDM, and third by the countries
involved in a specific activity. There is no better process to scrutinize technology.

The third and last “batch” of critiques treated here addresses the economic logic
of the CDM, more appropriately, the actual price levels of CERs (Rahman and
Kirkman 2015; Newell et al. 2013). With low prices of CER, there is little incentive
to invest in the CDM and its activities. This fact is aggravated by the timeline of the
investment, since the investor and the project developer must inflow the whole
investment sum at the beginning of the project but only receive the outflow of
CERs with time, over the project cycle. The complete outflow will only be effective
after many, up to 20, years—with the end of the predetermined cycle of a specific
project. While this is common to all investments, falling unit prices and the expec-
tation of falling prices diminish the expected economic benefit of the activity, for
example, when activities are expected to over-deliver CERs, so that these CERs
might become tradable. Additionally, the entity hosting activities depends on its
operative revenues and carbon revenues. Because of the additionality criterion,
without the carbon revenues, the operative revenues cannot cover economic costs.
Low CER prices might drive the host to operate at a loss, leading to activities that
become nonoperational or bankrupt.

The price configuration might indeed be a problem. However, the question should
be posed, why the price configuration is such. Many would point at the lack of
ambition by buyer countries that should have stepped-up their commitments, thus
leading to higher demand. On the other side, these countries did not increase their
commitments due to developing countries obstructing negotiations under the frame-
work convention, namely, negotiations that could have led to clearer rules for the
CDM addressing the questions mentioned above. Also, many developing nations
refused committing to climate change-related goals which triggered developed
Parties not to step up theirs. This had a negative effect on the CDM. Additionally,
since 2012, there has been discussion about replacing the CDM with a “new market
mechanism.” The CDM is an artificial market as far as it was created by regulation.
The ever-shifting discussion about its regulatory framework and the risk of it being
replaced by other instruments could be argued to be the major driver of price decay
(for an in-depth discussion, see Schneider 2017).

What can be learned after discussing these criticisms of the CDM? The mecha-
nism strengthens the awareness and understanding about clean technologies, emis-
sion trading, and future action for climate change both in the private and public
sector. It helps to attract financing for clean energy and energy efficiency activities.
Where countries managed to set-up good economic conditions, a series of sustain-
able economic activities developed around CDM projects. It furthermore enables
countries to gain first-hand experience and to enhance their local human capacity and
institutions for managing and controlling greenhouse gas mitigation. It builds a
significant carbon market infrastructure for project development, verifications, and
finance services. And finally, it provides an opportunity for better understanding
how to regulate and support carbon markets (UNFCCC 2012).

The Role of Carbon Markets in the Paris Agreement: Mitigation and Development 125



In addition, under the framework convention, many reforms have been under-
taken: “The transparency of the framework has allowed identifying loopholes and
spur reforms that have been ongoing since the inception of the CDM. Recent work
led to the standardization of additionality demonstration and baseline setting as well
as streamlining the procedures and giving more opportunities to underrepresented
countries and sectors. On the other hand, more stringent baselines and performance
benchmarks can help ensure net emissions reductions that could compensate for
non-additional projects that manage to slip through validation. Some project types
offer extremely high returns on investment which may encourage strategic behavior
and rent seeking. This can be addressed through scrutinizing production technolo-
gies and introducing stringent benchmarks and/or crediting limits. The development
of programs of activities as well as new sectoral crediting mechanisms that avoid
project by project additionality demonstration may help achieve wider coverage.
Positive lists and standardized baselines which are already being implemented
within the CDM provide a good basis for further standardization, and hence
scaling-up of the mechanism. Standardization also contributes to limiting the “judg-
ment element” in project assessment (UNFCCC 2012).”

It is the task of the next subsection to make a case for carbon markets as
complementing to (sustainable) economic development. The last section will, then,
take these learnings from the CDM and incorporate them into the market mecha-
nisms under the Paris Agreement.

2.3 Carbon Markets for Sustainable Economic Development

There are many ways of conceptualizing (sustainable) economic development and its
interaction with carbon markets, as there are many ways of conceptualizing market
instruments themselves. Sustainable economic development has different elements.
First, there is the environmental element that addresses at least air, water, and soil as
well as conservation; then, there are a wide array of social components such as
health, welfare, or education; third, there is no development without macroeconomic
components such as employment, growth, the quality and availability of energy, as
well as imports and exports, for example; lastly, in order for development to be
economically sustainable, there is a microeconomic component consisting of entre-
preneurship and innovation, to mention some of its aspects.

It would be overbearing to expect a given activity under the premise of (sustain-
able) economic development to fulfill the totality of these components. It would be
even wrong to expect an activity to address all these issues equally. But it can be
expected for an activity to address more than one component and to balance several
aspects of different elements not as trade-offs, but as complementary value drivers.

Carbon markets can yield to the expectation, not automatically, but depending on
the design of policies and framework conditions. Let’s go through the different
components of (sustainable) economic development and asses how or under which
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conditions carbon markets can play the role as instigator, accelerator, trigger, driver,
or catalyst—whatever metaphor suits best—in (sustainable) economic development.

Carbon markets naturally address the first element. By reducing emissions,
carbon markets diminish the amount of greenhouse gases in the atmosphere. For
the conservationist aim, the motives of the market agents are irrelevant. It is equally
irrelevant where, why, and how the emission reduction occurs. From the conserva-
tionist point of view, it is only important to reduce greenhouse gas emissions.

There are, of course, different interpretations of the conservationist goal. The first
is to accept as an emission reduction any unit of greenhouse gas that has not been
released into the atmosphere. According to this version, all offsets by CDM count
toward the conservationist goal. If greenhouse gas emissions occur in a given place
and an emission reduction of the same magnitude occurs in a different place and
these are used to offset the first, according to this first version, conservationist goals
are fulfilled by the market instrument.

The second version of the conservationist goal is more ambitious claiming that
market instruments have to provide for a net reduction of greenhouse gas emissions.
This can happen either by discounting units credited by the markets or by setting
emission reduction goals in both the emitting and the reducing countries. In the first
variant, marketable projects would have to reduce greenhouse gas emissions by
more than 1 tCO2e in order to credit and trade 1tCO2e. In the second variant, the unit
of tCO2e remains undiscounted, but since both countries have to reduce emissions,
the emitter will be able to use market credits only for those emissions it was not able
to reduce instead of using them for all emissions, as in an offsetting system.

Carbon markets have to fulfill a goal, namely, to allow for price discrimination
along the abatement cost. Since this goal is aligned with the Paris Agreement, it is
difficult to make a case for the first version of the conservationist goal. Carbon
markets are only able to play their role as an instrument in climate change-related
action according to the Paris Agreement if they lead to a net decrease of greenhouse
gas emissions. On the other hand, diluting the exchange unit of the market, tCO2e, is
not a good idea. Any unit discount allows for the “politization of the unit itself”; with
this “politization,” the very base of the market can be called into question. This, in
turn, diminishes the institutional stability of a market and discourages agents form
operating in it. Furthermore, any discount in the unit leads to a price discount, which
is one of the most important obstacles markets face already. On the other hand,
setting greenhouse gas emission reduction goals for all participating entities is not
only administratively easier than discounting units but also sends scarcity signal to
markets. Markets work best in situations of scarcity; after all, it is their task to
allocate scarce units based on productivity, and therefore, prices (for a more pro-
found development of what the market is and how it deals with discounted units,
refer to Kirzner 1963).

If markets operate clearing scarcity, they increase the productivity of all agents,
supply and demand. It is because of this productivity effect that carbon markets
address the third and fourth elements of (sustainable) economic development,
macro- and microeconomics. Simply put, the entity that unfolds the activity related
to carbon market is part of the economic components. But because of the
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additionality requirement, that entity cannot rely only on the prices of CERs but has
to unfold an entrepreneurship of its own. Ideally, this entrepreneurship is not only
directed toward carbon markets but especially aims at encompassing local, real
markets. For example, the biogas activity will only have a small part of its revenues
from selling CERs, the majoritarian share of revenues come from turning biogas into
electricity and selling it to local electricity users. The same applies for activities
increasing energy efficiency. By exchanging conventional lamps through LED
lamps, the economic agent is benefitting from CERs but especially from those
local customers buying the LED. A third example is the cooking stoves. Again,
the CERs will only be a small part of the revenues, which are mainly made up of
selling the stoves as well as appliances in order to use them.

Generally, carbon markets can serve as catalysts—or any other appropriate
metaphor, see above—for the development of local entrepreneurship and economics.
But carbon markets will never be the only part of entrepreneurship. Furthermore,
whether they succeed in igniting entrepreneurial innovation depends, to a large
extent, on the local framework conditions—not only in the economic but especially
in the legal realm. Instead of seeing carbon market-related activities as stand alone,
local governments could foment a network of different activities that can comple-
ment each other. Using the examples above, electricity generation from biogas,
increasing energy efficiency, and substituting cooking stoves are activities that
complement each other and benefit from network effects, if coordinated. They can,
too, lead to as surge of entrepreneurship, once local infrastructure and revenue flows
are established. With more electricity and more energy efficiency, local industrial-
ization becomes achievable on scale. The revenues created by these activities plus
the additional revenues from the trade in CERs can lead to the local accumulation
and dispersion of capital, which, on its turn, leads to growing local markets. The
aggregation of functioning entrepreneurship and local markets leads to a stable
macroeconomic situation. Generally, this positive dynamics works well when the
involved entities are privately owned. This diminishes the risk of market distortion
and market power. In addition, the private entities involved in carbon markets and
the general entrepreneurship described here should operate under full responsibility
for their risks and full accountability for their success, i.e., without a state guarantee
of any kind in case of failure and without a threat of expropriation or confiscation in
case of success (Leeson and Boettke 2009).

Carbon markets cannot address any of these framework conditions on their own.
They can only accelerate entrepreneurship and indirectly contribute toward positive
economic development if these framework conditions are in place or guaranteed.
While local governments can try to foment more marketable activities, for example,
by forming clusters or providing for tax breaks, these instruments usually have little
impact on markets and entrepreneurship. It is much more important to provide for
good education and well-working framework conditions that set up instruments
directed at “aiding” markets to establish themselves. On the contrary, it is under
scarcity of means that market best work, provided that agents can unfold their
activities freely.
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Similarly, it is for the local level to create framework conditions for transforming
the conservationist and economic entrepreneurial benefits of carbon markets into
social benefits. As the anecdotal examples mentioned in the last subsection show,
often, the social benefit created by carbon markets surpasses their economic effects.
But, once again, carbon market activities only can allocate, i.e., create, benefits; it is
a matter of local policy to distribute—i.e., create framework conditions for market-
ing—these benefits. Because of this characterization of markets, it would be detri-
mental to their effect making them credit “social benefit” or building “social
benefits” into their unit of measurement, which is tCO2e.

To sum up the conclusions of this section, carbon markets surely fulfill the
conservationist goals of (sustainable) economic development. But carbon markets
are primarily catalysts or accelerators of (sustainable) economic development—
expecting more from them would amount to overbear the economic logic of a
market. It is a matter for local policy to develop favorable framework conditions
for the establishment of markets, for the development of entrepreneurship, and for
the distribution of social benefits. If it is the case, carbon markets surely work as
catalysts, accelerating entrepreneurial and economic development as well as the
allocation of “social benefits.” Favorable framework conditions consist of a legal
system that guarantees economic freedom as well as property that safeguards
equality in the juridical procedures and that allows all interested agents participating
in a market. They furthermore consist of low or no barriers to market entrance, of
competition, and of good education. Especially, good framework conditions align
risks and successes of market participants. But here, too, carbon markets can have a
positive impact. If countries want to establish domestic or international carbon
markets, they first need to reform their framework conditions, otherwise markets
won’t succeed.

3 What Follows Next?

In guise of a conclusion, this last section aggregates the learnings from the first and
second sections into a list of desiderata for the further work under the Paris
Agreement. This list aims at establishing carbon markets that serve as accelerators
in (sustainable) economic development. This section is to be read as a summary of
considerations that should inform the further work in implementing the Paris
Agreement on international and domestic level.

As it stands at the beginning of the year 2018, the situation of these works looks
like this:

The Paris Agreement establishes a fundamentally different framework from
Kyoto. Rather than binding emission limits, which readily lend themselves to market
approaches, the new climate regime requires all Parties to undertake nationally
determined contributions of their own choosing. These contributions are not legally
binding and come in many forms, ranging from absolute economy-wide targets to
peaking years, carbon intensity reductions, and so on. A new transparency system
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will apply to all Parties but will be less prescriptive than the accounting that
underpinned the Kyoto Protocol.11 The future of the Kyoto flexibility mechanisms
is also unclear, in particular whether the new mechanism will succeed the CDM and
JI, or will sit alongside either of these. The Paris Agreement does not mention the
CDM or JI, but notes that the new mechanism should draw on the experience gained
from existing mechanisms. Similarly, it is unclear whether units generated under the
Kyoto mechanisms will be eligible for compliance after 2020 and, if so, whether they
will need to be converted to an alternative credit type to conform with credit issues
under the new mechanism.

Over half of the Parties to the UNFCCC said that they plan to use or are
considering market-based instruments to meet their national climate targets. But
only half a dozen of them—Canada, Japan, New Zealand, South Korea, Switzerland,
and possibly Norway—are likely buyers of international credits. The rest are devel-
oping countries hoping to be on the supply side. Major players—including the
European Union and the United States—explicitly stated that they plan to meet
their climate commitments without engaging in emission-reduction markets. But
some experts think this might change as governments are faced with the economic
realities of meeting their targets. But even countries that choose not to purchase
emission reductions internationally may develop carbon markets at home in order to
meet their targets, potentially creating significant new pockets of domestic demand.
For example, China, the United States, and the European Union will face demand for
credits but can probably meet that demand internally, as they have committed to do.

Taking into account the further work to be done, the following desiderata should
be taken into account when developing guidance for 6(2–3) and rules, modalities,
and procedures for 6(4–7):

Carbon markets should contribute to overall emission reduction.

• They must account for mitigation targets and their progression of all countries,
i.e., all countries should have NDCs that can be compared.

• Carbon markets should be used by countries as accelerators in entrepreneurship,
economic growth, and “social benefits” taking into account that the development
of good framework conditions is a prerequisite for the successful functioning of
markets; on the other hand, it makes no sense to expect from carbon markets more
than markets can deliver, i.e., neither their units should be diluted nor should
other consideration than the greenhouse gas abatement cost be factored in the
prices; markets only work well if there is scarcity and the alignment of success
and failure; additionality is a key element of carbon markets—strict additionality
criteria make market environmentally feasible and prevent them from becoming
instruments of blunt subsidization of an economy.

11All of the following are cooperative instruments enabling cooperating parties to increase their
ambition, allowing for international transfer of units and allowing transferred ITMOs to adjust or to
be counted toward an NDC: Linked ETS, Bilateral Offsetting, Government to Government trans-
fers, Reddþ, instruments under article 6. Subnational ETS and domestic policies are not cooper-
ative approaches and do not allow for counting ITMOs toward national NDC.
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Abstract As soon as the environmental issues started to be recognised as a trans-
national cross- border and cross-cutting long-lasting challenge, the European Union
(EU) has sought to become a relevant player in the regulation and fight against
climate change. The 1986 Single European Act, the Europe 2020 Strategy, the
Framework for Climate and Energy 2030 or the Kyoto Protocol (1997) and Paris
Agreement (2015) clearly illustrates the policies and commitments that the EU is
being pursuing towards a political climate model and a global environmental
governance. But is the EU’s authority in environmental issues externally recognised
in the diplomatic arena? Moreover, has the environmental acquis led to more
cohesion among Member States and a harmonisation of the EU policies for more
autonomy? Caporaso and Jupille’s four components to address an actor’s capacity in
global politics—recognition, authority, autonomy and cohesion—pave the way to
the theoretical analysis and to identify some remaining shortfalls to succeed in the
“green” roadmap targeted to the next decade.
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1 Introduction

Climate change is the poster child of global diplomacy today. In fact, it can easily be
regarded as the most complex global policy problem.

(Khan 2016: 14)

Global development and climate change are indeed one of the most challenging
and pressing issues that international institutions, national governments and local
communities face nowadays as a global phenomenon with strong transnational and
cross border impact. As the world population continues to expand1 and water (EUI
2017) and energy scarcities grow, the global environmental challenges to human
development are becoming more pressing every day. Moreover,

[c]limate-related risks, combined with socio-economic pressures generated by rapid
industrialisation, urbanisation and shifting global economic power, have added another
layer of uncertainty to national policy planning. The anticipated bottlenecks and constraints
(in energy, water and other critical natural resources and in infrastructures)—together with
these socio-economic shifts—will result in new instabilities that will be difficult to manage.
(ESPAS 2011: 86)

In fact, it’s quite unanimous that, nowadays, environmental problems are so
“palpably linked” (Ferguson and Mansbach 2012: 96) that we cannot divide or
label what is economic, social, military or political if we want to manage, regulate
and address those phenomena. In other words, economic growth, social development
and welfare cannot be dissociated from climate change policies and effects, both at
the transnational, national and local level. Therefore, the awareness of both interna-
tional organisations and national states paved the way as

[b]y the early twenty-first century, environmental issues had been high on the international
agenda for a whole generation of political leaders, government officials, scientists, industri-
alists, and concerned citizens. Since the 1960s, awareness of the risks and implications of a
wide range of international environmental problems has increased greatly, and justifiably
so. (Greene 2001: 387).

Within this framework, the EU has also sought to become a relevant player and
even a prominent leader vis-a-vis the mitigation, regulation, fight and governance of
environmental issues (Schreurs and Tiberghien 2007). Historically acknowledged as
a project of peace for a Europe devastated by the Second World War (1939–1945),
the EU’s genesis was truly inspired by the ideals of peace, human rights, democracy
and good governance, both within and beyond its borders. Although under a new
and atypical formula, and despite not pursuing a conventional foreign policy, the EU
has a strong international presence and is one of the main players on the contempo-
rary international arena. The enlarged European Union covers a market of over
450 million people; the Euro is (despite the sovereign debts crisis of the last few

1The world population is expected to reach 8.5 billion by 2030, 9.7 billion in 2050 and 11.2 billion
in 2100. By 2050, China, India, Indonesia, Nigeria, Pakistan and the USA are expected to exceed
300 million people, while those aged 60 or above will be more than double by 2050 and more than
triple by 2100 (UNDESA 2015).
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years in the southern countries) a strong and stable currency in international financial
markets and is a major player in Africa, Latin America and competitive emerging
economies like India and China.

In what concerns the aspirations to shape and lead the governance of Climate
Change, Articles 112 and 191 to 1933 of the Treaty on the Functioning of the
European Union (TFEU) represent the legal basis, entitling the EU to act in all

2Environmental protection requirements must be integrated into the definition and implementation
of the Union’s policies and activities, in particular with a view to promoting sustainable
development.
3Article 191

1. Union policy on the environment shall contribute to pursuit of the following objectives:
preserving, protecting and improving the quality of the environment, protecting human health,
prudent and rational utilisation of natural resources, promoting measures at international level to
deal with regional or worldwide environmental problems, and in particular combating climate
change.

2. Union policy on the environment shall aim at a high level of protection taking into account the
diversity of situations in the various regions of the Union. It shall be based on the precautionary
principle and on the principles that preventive action should be taken, that environmental
damage should as a priority be rectified at source and that the polluter should pay.

In this context, harmonisation measures answering environmental protection requirements
shall include, where appropriate, a safeguard clause allowing Member States to take provisional
measures, for non-economic environmental reasons, subject to a procedure of inspection by the
Union.
3. In preparing its policy on the environment, the Union shall take account of: available scientific

and technical data, environmental conditions in the various regions of the Union, the potential
benefits and costs of action or lack of action, the economic and social development of the Union
as a whole and the balanced development of its regions.

4. Within their respective spheres of competence, the Union and the Member States shall cooperate
with third countries and with the competent international organisations. The arrangements for
Union cooperation may be the subject of agreements between the Union and the third parties
concerned.

The previous subparagraph shall be without prejudice to Member States’ competence to nego-
tiate in international bodies and to conclude international agreements.

Article 192

1. The European Parliament and the Council, acting in accordance with the ordinary legislative
procedure and after consulting the Economic and Social Committee and the Committee of the
Regions, shall decide what action is to be taken by the Union in order to achieve the objectives
referred to in Article 191.

2. By way of derogation from the decision-making procedure provided for in paragraph 1 and
without prejudice to Article 114, the Council acting unanimously in accordance with a special
legislative procedure and after consulting the European Parliament, the Economic and Social
Committee and the Committee of the Regions, shall adopt: (a) provisions primarily of a fiscal
nature; (b) measures affecting: town and country planning, quantitative management of water
resources or affecting, directly or indirectly, the availability of those resources, land use, with the
exception of waste management; (c) measures significantly affecting a Member State’s choice
between different energy sources and the general structure of its energy supply.

The Council, acting unanimously on a proposal from the Commission and after consulting
the European Parliament, the Economic and Social Committee and the Committee of the Regions,
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areas of environment policy, only limited by the principle of subsidiarity4 and the
requirement for unanimity in the Council in some specific fields.5 In addition, the EU
environment policy has been laying on the principles of precaution,6 prevention and
rectifying pollution at source and on the polluter pay7 principles.

Furthermore, since the 1998 Cardiff process, integrating environmental concerns
into other EU policy areas has become an important pillar in European politics. In
fact, the Cardiff European Council has raised the political profile of integration of all
environmental considerations into their respective activities, putting Article 68 of the
EC Treaty into practice.

In addition, EU’s decision to move forward with the ratification of the 1998
Kyoto Protocol, despite the US withdrawal, enhanced the key role and commitment
towards “[e]nvironmental security discussions [that] are now changing into climate
security discussions as the focus shifts to global warming and the effects it may have

may make the ordinary legislative procedure applicable to the matters referred to in the first
subparagraph.
3. General action programmes setting out priority objectives to be attained shall be adopted by the

European Parliament and the Council, acting in accordance with the ordinary legislative
procedure and after consulting the Economic and Social Committee and the Committee of the
Regions.

The measures necessary for the implementation of these programmes shall be adopted
under the terms of paragraph 1 or 2, as the case may be.
4. Without prejudice to certain measures adopted by the Union, the Member States shall finance

and implement the environment policy.
5. Without prejudice to the principle that the polluter should pay, if a measure based on the

provisions of paragraph 1 involves costs deemed disproportionate for the public authorities of
a Member State, such measure shall lay down appropriate provisions in the form of: temporary
derogations, and/or financial support from the Cohesion Fund set up pursuant to Article 177.

Article 193

The protective measures adopted pursuant to Article 192 shall not prevent any Member State
from maintaining or introducing more stringent protective measures. Such measures must be
compatible with the Treaties. They shall be notified to the Commission.
4The principle of subsidiarity is defined in Article 5 of the Treaty on European Union whereby the
EU does not take action (except in the areas that fall within its exclusive competence), unless it is
more effective than action taken at national, regional or local level. It is closely bound up with the
principle of proportionality, which requires that any action by the EU should not go beyond what is
necessary to achieve the objectives of the Treaties.
5We are referring to fiscal matters, town and country planning, land use, quantitative water resource
management, choice of energy sources and structure of energy supply.
6A risk management tool that may be invoked when there is scientific uncertainty about a suspected
risk to human health or to the environment emanating from a certain action or policy.
7Implemented by the Environmental Liability Directive, aims to prevent or otherwise remedy
environmental damage to protected species or to natural habitats, water and soil.
8The Union shall have competence to carry out actions to support, coordinate or supplement the
actions of the Member States. The areas of such action shall, at European level, be: (a) protection
and improvement of human health; (b) industry; (c) culture; (d) tourism; (e) education, vocational
training, youth and sport; (f) civil protection; and (g) administrative cooperation.
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in coming decades” (Dalby 2013: 313). The 2015 Paris Agreement also illustrates
the fact that the EU has been at the forefront of international efforts towards a global
climate deal, both in nourishing a broad coalition of developed and developing
countries in favour of high ambition that shaped the successful outcome of the
Paris conference and in taking concrete steps to implement its target to reduce
emissions by at least 40% by 2030.

Table 1 aims to illustrate those efforts and ambitions, showing how Kyoto
Protocol features evolved to the Paris Agreement in 2015 in terms of scope, duration,
application, coverage of global emissions, mechanism, compliance and
transparency.

In fact, within the Paris Agreement, governments committed to a long-term goal
of keeping the increase in global average temperature to well below 2�C above
pre-industrial levels; to aim to limit the increase to 1.5�C, since this would signif-
icantly reduce risks and the impacts of climate change; on the need for global
emissions to peak as soon as possible, recognising that this will take longer for
developing countries; and to undertake rapid reductions thereafter in accordance
with the best available science.

Within the framework of the United Nations, it’s also worth to note the interna-
tional commitment of both European Institutions and Members States towards the
Millennium Development Goals (2000–2015) and the Sustainable Development
Goals (2015–2030). But if in the first 15 years’ roadmap, there was only one goal
clearly devoted to this issue—ensure environmental sustainability9—in the second

Table 1 Main features of the Kyoto Protocol and the Paris Agreement (Erbach 2016)

Kyoto Protocol (1998) Paris Agreement (2015)

Scope Mitigation Mitigation, adaptation and finance

Duration Phase 1: 2008–2012 Indefinite, with revision of NDCs
every 5 yearsPhase 2: 2013–2020

Application Only developed country parties have
emission reduction targets

All parties must make (nationally
determined) mitigation contributions

Coverage of
global
emissions

14% in phase 2 99% of emissions are covered by
already submitted INDCs

Mechanism Emissions targets for developed coun-
tries, market-based mechanisms

Nationally determined contributions,
voluntary cooperation between Parties

Compliance Enforcement through suspension from
emissions trading and additional emis-
sions reductions in second commitment
period

Expert-based and facilitative mecha-
nism that is transparent,
non-adversarial and non-punitive

Transparency Different reporting requirements for
developed and developing countries

Similar reporting requirements for all
parties

9GOAL 7—Target 7.A: Integrate the principles of sustainable development into country policies
and programmes and reverse the loss of environmental resources; Target 7.B: Reduce biodiversity
loss, achieving, by 2010, a significant reduction in the rate of loss; Target 7.C: Halve, by 2015, the
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agenda, environment appears as a cross-cutting topic when targeting clean water and
sanitation, clean energy, sustainable cities and communities, responsible consump-
tion and protecting the planet, life below water or life on land.10 More recently,
environmental policy integration has made significant progress in the transition to a
low-carbon economy by 2050 in the sectors of power generation, industry, transport,
buildings and construction as well as agriculture.

Bearing all these in mind, this chapter’s aim is twofold: first, to briefly analyse the
historical background of the EU’s environmental policies (since the Single European
Act to the Europe 2020 Strategy and the Framework for Climate and Energy 2030)
and external commitments (Kyoto Protocol and Paris Agreement); second, to criti-
cally assess how those policies and commitments can actually embody the European
Union as an environmental player in the global politics. We will conclude that,
notwithstanding the EU has one of the world’s highest environmental standards with
significant impact in a greener economy, a more sustainable nature and a healthier
quality of life of EU citizens, there are still some shortfalls to accomplish the targets’
roadmap in the next decade. Jean Claude Juncker’s scenarios on the future of Europe
will also be helpful to trace the way Member States want to pursue in shaping EU’s
leadership and governance in environmental issues.

2 The European Union and the Environment: A Historical
Background

Article 2 of the Treaty of Rome (1957) already highlighted the promotion of a
harmonious development of economic activities as a key objective of the
community’s role, meaning that the economic expansion cannot be an end per
se. But it is only in the 1970s that the European Economic Community (EEC) has
been truly engaged in environmental issues.

In fact, in October 1972, a conference of Heads of State and Government held in
Paris, in the aftermath of the first UN conference on the environment, invited the
community institutions to establish, before July 31, 1973, an action programme
towards an environment policy. Also, since 1973, the Commission has issued

proportion of the population without sustainable access to safe drinking water and basic sanitation;
and Target 7.D: Achieve, by 2020, a significant improvement in the lives of at least 100 million
slum dwellers.
10In terms of specific goals, the sustainable development agenda includes: ensure availability and
sustainable management of water and sanitation for all (Goal 6); ensure access to affordable,
reliable, sustainable and modern energy for all (Goal 7); ensure sustainable consumption and
production patterns (Goal 12); take urgent action to combat climate change and its impacts (Goal
13); conserve and sustainably use the oceans, seas and marine resources for sustainable develop-
ment (Goal 14); protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification and halt and reverse land degradation and halt biodiversity
loss (Goal 15).
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multiannual Environment Action Programmes (EAPs) setting out forthcoming leg-
islative proposals and goals for EU environment policy. These multiannual environ-
mental action programmes aim to set the framework for future action in all areas of
environment policy, strategies and international environmental negotiations. Indeed,
the current EU dual responsibility of the EU institutions and national governments
up to 2020 is based on the 7th Environment Action Programme (2011–2020) and is
entitled “Living well, within the limits of our planet” and sets the following
ambitions for the next 30 years:

In 2050, we live well, within the planet’s ecological limits. Our prosperity and healthy
environment stem from an innovative, circular economy where nothing is wasted and where
natural resources are managed sustainably, and biodiversity is protected, valued and restored
in ways that enhance our society’s resilience. Our low-carbon growth has long been
decoupled from resource use, setting the pace for a safe and sustainable global society.11

Later, in 1986, the Single European Act added a new title—Environment—
providing the first legal basis of the community’s policy on preserving the quality
of the environment, protecting human health and ensuring rational use of natural
resources. The Single European Act-added value in environment issues is twofold:
first, the community’s competences were explicitly extended to environmental issues
calling for action to be based on the principles that preventive actions should be
taken, that environmental damage should be rectified at source and that the polluter
should pay; second, it specifies that the community can only intervene in environ-
mental matters when this action can be attained better at community level than at the
level of the individual Member States (subsidiarity principle). For that purpose, the
Single European Act adds the Articles130R, 130S and 130T of the EEC Treaty
which allow the community to preserve, protect and improve the quality of the
environment, to contribute towards protecting human health and to ensure a prudent
and rational utilisation of natural resources.

From 1990 to 2000, two major milestones should be emphasised as concrete steps
of EU’s role in environmental issues. First, the adoption of the 1992 Framework
Convention on Climate Change (UNFCCC) that sets an overall framework for
intergovernmental efforts to tackle the challenges posed by climate change, recog-
nizing that the climate system is a shared resource whose stability can be affected by
industrial and other emissions of carbon dioxide and other greenhouse gases; second,
the ratification of the Kyoto Protocol,12 an international agreement under the

11Please see http://ec.europa.eu/environment/action-programme/ and http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri¼CELEX:32013D1386&from¼EN. The programme sets out nine pri-
ority objectives—the protection of nature; stronger ecological resilience; sustainable, resource-
efficient and low-carbon growth; and the fight against environment-related threats to health—and
stresses the need for better implementation of EU environment law, state-of-the-art science,
investment, and integration of environmental aspects into other policies.
12Despite President George W. Bush intention in 2001 to withdraw the USA from the Protocol, the
European Council formally agreed to the Kyoto Protocol on 25 April 2002, and the European
Commission, represented by Margot Wallstrom, jointly presented their instruments of ratification to
the United Nations on 31 May 2002.
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UNFCCC which aims to reduce emissions of greenhouse gases in an approximate
percentage of at least 5% (compared to emissions to 1990) from 2008 to 2012,
establishing binding reduction targets for industrialised countries.

In addition, several European countries established voluntary domestic emission
reduction targets which ultimately led to an overall 8% reduction target adopted by
the EU-15, 3% higher than that of other developed countries average. In 2007, the
European Commission confirmed Europe’s commitment in cutting its CO2 emis-
sions by 20 percent of 1990 level by 2020, increasing the targets to 30 percent.

In turn, the 1992 Treaty of Maastricht succeeded in making the environment an
official EU policy area, introduced the co-decision procedure and made qualified
majority voting in the Council the general rule. In detail, Article 2 of the 1992
Maastricht Treaty recalls that one of the EU’s mission is to promote a harmonious
and balanced development of economic activities, sustainable and noninflationary
growth which respects the environment. Also, Article 130r assumes that environ-
mental protection requirements shall be integrated into the definition and implemen-
tation of other community policies, giving the legal basis to the EU competence to
intervene in all areas of environmental policy.

Consequently, the Maastricht Treaty

went a step further making the environment an explicit policy responsibility of the Com-
munity, giving the Commission greater powers to represent Member States in international
organizations and with third parties, and calling upon it to promote measures to deal with
regional and worldwide environmental problems. While the subsidiarity principle assures
that many environmental decisions remain at the local and national levels, there has been a
steady strengthening of the Community’s powers with time (Schreurs and Tiberghien 2007:
27)

In 1997, the Treaty of Amsterdam enhanced the duty to integrate environmental
protection into all EU sectoral policies and accepted the possibility of the EU to
conclude international agreements based on its legal personality. The Treaty of
Amsterdam also highlights the importance of promoting a harmonious, balanced
and sustainable development of economic activities, sustainable and noninflationary
growth aiming at a high level of protection and improvement of the quality of the
environment (Article 2). It’s Article 174 that clearly elaborates on the community
policy in the field of the environment:

1. Community policy on the environment shall contribute to pursuit of the following
objectives: preserving, protecting and improving the quality of the environment; protecting
human health; prudent and rational utilisation of natural resources; and promoting measures
at international level to deal with regional or worldwide environmental problems.

2. Community policy on the environment shall aim at a high level of protection taking
into account the diversity of situations in the various regions of the community. It shall be
based on the precautionary principle and on the principles that preventive action should be
taken, that environmental damage should as a priority be rectified at source and that the
polluter should pay.In this context, harmonisation measures answering environmental pro-
tection requirements shall include, where appropriate, a safeguard clause allowing Member
States to take provisional measures, for noneconomic environmental reasons, subject to a
community inspection procedure.

3. In preparing its policy on the environment, the community shall take account of
available scientific and technical data, environmental conditions in the various regions of the
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community, the potential benefits and costs of action or lack of action, the economic and
social development of the community as a whole and the balanced development of its
regions.

4. Within their respective spheres of competence, the community and the Member States
shall cooperate with third countries and with the competent international organisations. The
arrangements for community cooperation may be the subject of agreements between the
community and the third parties concerned, which shall be negotiated and concluded in
accordance with Article 300.

However, the scope of those competences is limited by the principle of subsid-
iarity (as mentioned before, it restricts EU action to areas where it can be more
effective than action at national or regional level) and the rule of unanimity in the
Council on issues such as fiscal, land use, water resources management, energy
source choices and the structure of energy supply. In fact, Article 176 clearly says
that

[t]he protective measures adopted pursuant to Article 175 shall not prevent any Member
State from maintaining or introducing more stringent protective measures. Such measures
must be compatible with this Treaty. They shall be notified to the Commission.

In turn, the Lisbon Strategy (2000) acknowledges the importance of promoting
growth and employment through an increasing EU competitiveness. In addition, it
sets the way to the 2001 EU Sustainable Development Strategy (ESD) aimed to

identify and develop actions to enable the EU to achieve a continuous long-term improve-
ment of quality of life through the creation of sustainable communities able to manage and
use resources efficiently, able to tap the ecological and social innovation potential of the
economy and in the end able to ensure prosperity, environmental protection and social
cohesion13

In October 2005, it was launched the second European Climate Change
Programme (ECCPII) showing the continuous commitment to climate change
leadership.

In what concerns the Treaty of Lisbon, signed on 13 December 2007 and entered
into force on 1 December 2009, combating climate change has become a specific
goal, as well as sustainable development in relations with third countries. In addition,
the Lisbon Treaty gives legally binding force to the Charter of Fundamental Rights
of the European Union that recognises rights, freedoms and principles also in the
environmental field14 that apply to the EU institutions and Member States when they
implement EU law. But there are more innovative aspects of this treaty with
significant impact in the environmental field: the recognition of the EU’s legal
personality, entitled to conclude international agreements and become a member
of international organisations; the acknowledgement of sustainable development as

13Please see http://ec.europa.eu/environment/sustainable-development/strategy/index_en.htm (last
accessed on 14 September 2017)
14Article 37 of the Charter of Fundamental Rights of the European Union states that: «A high level
of environmental protection and the improvement of the quality of the environment must be
integrated into the policies of the Union and ensured in accordance with the principle of sustainable
development».
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one of the specific policy goals of the EU in its external relations (paragraph 5 of
Article 3); the integration of environmental protection requirements in the definition
and implementation of other EU policies and activities framed with regard for the
need to preserve and improve the environment (Article 6); the clarification that
environment and energy competences are shared responsibilities (Articles 2 to 5);
and the reference to climate change as a worldwide environmental problem requiring
the adoption of international measures, in parallel to internal measures.

In January 2010, the Europe 2020 strategy presents three matching pillars: smart
growth (aimed to promote knowledge, innovation, education and the digital society),
sustainable growth (making our productive apparatus more resource efficient while
strengthening our competitiveness) and inclusive growth (increased labour market
participation, skill acquisition and poverty reduction). The general framework is set
by the EU institutions, but it’s up to the Member States to translate these parameters
into national targets: 75% of the population between the ages of 20 and 64 should be
employed; 3% of EU GDP should be invested in research and development; the
20/20/2015 climate/energy targets must be met; the drop-out rate must be less than
10% and at least 40% of the younger generation must have a higher education
diploma; and 20 million people should no longer be at risk of poverty. This strategy
must be read along with the 2015 Paris Agreement that sets out a global action plan
to put the world on track to avoid dangerous climate change by limiting global
warming below 2�C.

Bearing all these in mind, it is not surprising that

[e]nvironmental policy is typically identified as a success story; actors within the EU took
the creation of the single market as an opportunity to introduce an impressive array of
environmental regulation and to place the Union at the forefront of international efforts to
combat global environmental problems. (Burns and Carter 2012: 511)

In brief (see Table 2),
But what were the main drivers of the transformation of the European environ-

mental policy? Burns and Carter (2012: 514–515) highlight four main aspects:
(1) the transnational and cross sectorial nature of the environment was easily
legitimised as a policymaking area; (2) the economic rationale first shaped regulation
and harmonisation to prevent unfair competition; (3) the role of the EU institutions
emerged the environment both as a “potential legitimating cause for the European
project and a source for growth and jobs”; and (4) the pioneering role of Germany,
Denmark, the Netherlands and the Nordic countries in exporting their industry and
ecology “in promoting progressive environmental policy at the European level”.

Notwithstanding these four important drivers, is the EU’s authority in environ-
mental issues externally recognised in the diplomatic arena? Moreover, has the
environmental acquis led to more cohesion among Member States and a
harmonisation of the EU policies for more autonomy? Caporaso and Jupille’s four
components to address an actor’s capacity in global politics—recognition, authority,

1520% cut in greenhouse gas emissions (from 1990 levels); 20% of EU energy from renewables.
20% improvement in energy efficiency.
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autonomy and cohesion—pave the way to help us identify some remaining shortfalls
for the EU to succeed in the “green” roadmap targeted to the next decade.

3 The EU as an Environmental Global Player?

Although under a sui generis umbrella, and despite not having a conventional
foreign policy, the EU is currently recognised as one of the main players on the
international arena and even a global player (Bretherton and Vogler 1999).

The EU seems able to act as a strategic player worldwide and as a community
based on norms and values of stability and cooperation, within the EU, with its
neighbourhood and with its strategic partners worldwide. We should question
however if this is enough to project the EU’s current external role towards a strategic

Table 2 Chronological table of the EU’s environmental framework (developed by the author)

1970s 1980s 1990s 2000s 2010s

Treaties – Single
European Act
(1986)—
Articles
130 R, S, T

Maastricht
TFUE
(1992)—Arti-
cles 11 and
191–193

Lisbon Treaty
(2007): Arti-
cles 2–5

–

Amsterdam
Treaty
(1997) (Arti-
cles 2, 174,
176)

European
Council

– – Cardiff
(1998)

– –

Strategies
and
programmes

Multiannual
environment
action
programmes
(1973)

– – Lisbon Strat-
egy (2000)

Europe 2020
(2010)

EU Sustain-
able Develop-
ment Strategy
(2001)

7th Environ-
ment Action
Programme
(2011–2020)

Second
European
Climate
change
programme
(2005)

United
Nations
Framework

First UN
Conference
on the envi-
ronment
(1972)

– 1992 Frame-
work Con-
vention on
Climate
Change

Millennium
Development
Goals
(2000–2015)

Sustainable
development
Goals
(2015–2030)

Kyoto Proto-
col (1998)

Paris Agree-
ment (2015)
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power with effective presence as well as capacity to meet the natural and legitimate
expectations on issues such as environmental governance.

In discussing the EU’s activity in global politics, Caporaso and Jupille (1998:
214–220) suggest four requirements for the European Union to take over as a true
global player: recognition (“acceptance of and interaction with the entity by others”);
authority (“EU’s legal competence in a given subject matter”); autonomy (“reflects
the institutional distinctiveness and independence of an actor from other actors”);
and cohesion (“degree to which an entity can formulate and articulate internally
consistent policy preferences”).

This chapter will now recall this theoretical framework and question (a) if the
environmental acquis led to more cohesion among Member States and a
harmonisation of the EU policies for more autonomy and (b) if the EU’s authority
in environmental issues is externally recognised in the diplomatic arena.

In what concerns the environmental issues, the EU has been playing an important
role in international environmental negotiations, in a global, regional and subre-
gional scale. In fact,

(. . .) the EU has since the 1990s emerged as a key player in the field of international
environmental politics: it is the signatory to more than forty multilateral environmental
agreements and has sought to cast itself as a climate change leader. (Burns and Carter 2012:
519).

Just to mention some agreements on nature protection and biodiversity, climate
change and transboundary air or water pollution where the EU’s stance was crucial:
in the 10th Conference of the Parties to the Convention on Biological Diversity held
in Nagoya (Japan) in 2010, the EU contributed to achieve an agreement on a global
strategy to halt the loss of biodiversity by 2020; the negotiation of the global
Sustainable Development Goals (SDGs) in 2012; the United Nations Framework
Convention on Climate Change (UNFCCC) on setting international climate stan-
dards; and the Convention on International Trade in Endangered Species (CITES) to
pursue its fight against wildlife crime at the international level.

On the overall, the EU has one of the world’s highest environmental standards in
a greener economy, protecting the nature and safeguarding the health and quality of
life of people living in the EU. Moreover, the EU has been striking to balance a more
competitive economy that creates jobs and stimulates investment with a sustainable
environmental framework focused primarily in improving people’s quality of life.
Though respecting the subsidiarity principle, the regulatory role still relies on the EU
institutions with more than 500 directives, regulations and decisions being trans-
posed or poured into national legislation in the last few years. But, at the same time,
“[t]he failure to transpose and implement legislation properly has been a major
concern in EU environmental policy since the 1980s” (Burns and Carter 2012: 516).

In fact, one key feature of authority surely relies on the effectiveness of the
national, regional and local monitoring at the implementation level. And that is
where cohesion gets tricky as there are still disparities in the level of implementation
among Member States, although in accordance with the sayings of a top official of
Directorate- General Environment, the environment is a great unifying issue for EU
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integration (issue of preference). Gupta and Grubb (2000) clearly identify the gaps:
the complex multidimensional nature of the climate change that enfolds three key
dimensions—structural, instrumental and directional; the still early stage of the
development of effective and efficient instruments; the wide variety of complexity
of the negotiation process; and the lack of effective international or even global
governance and leadership. In addition, Vogler and Stephan (2007) highlight the
need to make internal policy coherence a greater priority when faced with persistent
diplomatic opposition from other coalitions (meaning China and the USA).

To overcome those kinds of structural problems, and despite its nonbinding
nature, the European Parliament and the Council adopted in 2001 minimum stan-
dards for environmental inspections as well as effective, proportionate and dissua-
sive criminal sanctions for the most serious environmental offences. In addition, it’s
worth to mention other platforms that were shaped to give cohesion to the EU
environmental policy: (1) the formation in 1990 of the European Environment
Agency (EEA), based in Copenhagen and also open to non-EU members, with the
mission to support the development, implementation and evaluation of environment
policy; (2) the coordination of the European Earth Observation Programme (Coper-
nicus), aiming to help policymakers take informed decisions and develop environ-
mental legislation and policies; (3) the creation of the European Union Network for
the Implementation and Enforcement of Environmental Law (IMPEL) providing a
platform for policymakers, environmental inspectors and enforcement officers to
exchange ideas and best practice; and (4) or the launching in May 2016 of the
Environmental Implementation Review along with a regulatory fitness and perfor-
mance programme, aiming to reach full implementation, monitoring and reporting
obligations of EU environmental legislation.

In fact, these initiatives illustrate that the EU aims to be an international agenda
settler and lead by example, driven by the pioneering role of the European Parlia-
ment, the European Commission and Member States. According to Schreurs and
Tiberghien (2007), the European institutions have been striving to push forward an
environmental agenda, namely, using the climate policy as a means to push EU
integration forward and empower the European Commission with new regulatory
tools; building an European foreign identity, especially in discrepancy with the US
agenda; and sharing with the public opinion relevant outcomes and key environ-
mental data such as the European Pollutant Release and Transfer Register (E-PRTR).

Therefore, authors such as Bäckstrand and Elgström don’t hesitate to recognise
the EU as a “leadiator” (2013) meaning a leader-cum-mediato between developing
countries and major environmental players, such as China and the USA, to bridge
legally binding agreements to put in practice the best environmental standards
worldwide. The extension of the Kyoto Protocol towards the Paris Agreement as
illustrated in Table 1 (page 6) clearly shows how the EU struggled for a binding
framework for global actions to address climate change in the period after 2020.

But what about the future? How can we foresee the EU as an environmental
global player? For sure,
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[f]ighting climate change successfully will certainly require sensible government policies to
leave the economic playing field between clean and dirty energy, such as putting a price on
carbon dioxide emissions. But it will also require policies that encourage investment in new
clean energy, with even a level playing field may not generate in its own. (Sivaram and
Norris 2016)

If we take in consideration the White Paper on the future of Europe (European
Commission 2017), there are five possible scenarios of the potential future state of
the union, depending on the choices Europe will make: (1) Carrying on (the EU27
focuses on delivering its positive reform agenda); (2) Nothing but the Single Market
(the EU27 is gradually recentred on the single market); (3) Those Who Want More
Do More (the EU27 allows willing Member States to do more together in specific
areas); (4) Doing Less More Efficiently (the EU27 focuses on delivering more and
faster in selected policy areas while doing less elsewhere); and (5) Doing Much
More Together (Member States decide to do much more together across all policy
areas).

Bearing those scenarios in mind and linking with the environmental issue, we
believe that the near future can balance two scenarios. The first could be “Doing less
more efficiently”, enhancing the cohesion and consensus among the Member States
in specific sectors but without major changes or developments in the existing acquis.
That means that the EU would neither lose its legitimate action and concern for
environment, development and sustainability and may even foster its global leader-
ship (especially with the possible withdrawal from the USA of the Paris Agreement)
nor turn back into their international commitments but within the existing frame-
work. Other scenario could be “Those who want more do more,” namely, accepting
that the Nordic states might take the lead in priority sectors if the consensus among
the 27 fails. But not only the Nordic states can take the lead. French President
Emmanuel Macron held a summit in December 12, last year, 2 years after the
adoption of the Paris Agreement on climate change and assembled more than
50 world leaders to fight against global warming and “make our planet great
again”. Despite US President Donald Trump’s rejection of the Paris climate agree-
ment and obvious unattendance in the summit, Macron’s initiative (supported by
President of the World Bank Group, Jim Yong Kim, and the Secretary-General of
the United Nations, António Guterres) succeeded both in shifting the focus to the
role of public and private finance to support and accelerate the fight against climate
change and in launching 12 ambitious commitments16 to be implemented until the
second edition of the One Planet Summit.

Still, what the future will look like is still unknown but

[i]n order to develop an adequate ethics of sustainability, it is necessary to understand the
development and main themes of environmental ethics, just as it is necessary to have an
overview of social and economic ethics (. . .). It is important to understand that environmen-
tal ethics encompasses a wide range of perspectives, with differing positions on many of the
theoretical and practical issues involved in sustainability. (Kibert et al. 2009: 165)

16Please see https://www.oneplanetsummit.fr/en/ (last accessed in January 12, 2018).
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However, by doing less more efficiently or doing more with who wants more,
EU’ s environmental actorness (Sjursen 2006; Hettne and Söderbaum 2005) surely
requires a high level of internal and external credibility to pursue more coherent
policies and investments for the European Union’ citizens sake in the future to
overcome the remaining shortfalls of EU’s governance ambitions. In fact, coherence
along with cohesiveness and effectiveness are crucial for a more reformist position in
the environmental field if the EU succeeds in making that position externally feasible
(Delreux 2014). In addition, when acknowledging the singular nature of EU’s
identity as an international actor, Pavese and Torney highlight that “EU actorness
depends crucially on internal cohesion and the external opportunity structure” (2012:
140) which are of irregular pattern and limited degree. Therefore, those structural
shortfalls must be overcome for the EU to succeed in the green roadmap that aims to
trace and lead for the next decade.

4 Conclusion

This chapter’s aim was twofold: first, to briefly analyse the historical background of
the EU’s environmental policies (from the Single European Act to the Europe 2020
Strategy and the Framework for Climate and Energy 2030) and external commit-
ments (Kyoto Protocol and Paris Agreement); second, to critically assess how those
policies and commitments can embody the European Union as an environmental
player in the global politics based on Caporaso and Jupille’s (1998) argument.

Regarding the first objective, this chapter intended to highlight the main back-
ground and historical milestones of the EU’s environmental policy, showing that not
only the EU has extensive environmental legislation (over 500 directives, regula-
tions and decisions on energy, air quality, noise pollution, waste or water pollution),
but it also has the ability to relate it with all the other EU’s policies and consequently
assure that Member States recognise environment as a crucial pillar of the commu-
nitarian action and their own. That leads us to our second question: critically assess
how those policies and commitments can embody the European Union as an
environmental player in the global politics.

In fact, as a global actor in environmental issues, the EU plays an important role
to promote, manage and regulate climate change and sustainable development
worldwide and does have a significant degree of actorness that favours its presence
in the international climate and environmental agenda. The EU has one of the
world’s highest environmental standards with significant impact in a greener econ-
omy (the protection of environment and the implementation of innovations in this
field can go hand to hand with a more competitive economy and investment), a more
sustainable nature (legislation to assure that high environmental standards of water,
air, natural habitats and species can coexist with human activities if they are
sustainable) and a healthier quality of life of all European citizens (reduction or
elimination of all the risks to health and wellbeing through a proper regulation of
water, noise, air pollution and harmful chemicals). For that reason, both the
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environmental acquis led to more cohesion among Member States and a
harmonisation of the EU policies for more autonomy, and the EU’s authority in
environmental issues is externally recognised and shapes the diplomatic arena.

That doesn’t mean, however, that the work is done in what considers policy-
making structures or Member States policy efforts. If we take in consideration
Caporaso and Jupille’s (1998) four components to address an actor’s capacity in
global politics—recognition, authority, autonomy and cohesion—it’s quite clear that
the EU meets those requirements in the environmental agenda but in different
degrees, as internal cohesion has been evolving in the last few years but not always
in the same extent than the other criteria. There’s still indeed room for improvement
in terms of cohesion, implementation, visibility and influence to succeed in the
targets’ roadmap set to the next decade and shape a new ethics of sustainability
that is widely discussed in academia and politics all over the world. That is why the
ongoing implementation of the 2015 Paris Agreement is so important (despite US
alleged withdrawal), representing a truly global bridge between all governments of
the world to become more engaged with climate action and more sensitive on how
that severely affects global development and social economy.

In brief, to affirm its identity as an international climate actor, more action is
needed to address current pressing environment threats and challenges and assure a
truly sustainable and manageable climate change. More action is indeed needed to
ensure that the existing programmes, strategies and roadmaps really meet the needs
of current generations without compromising the ability of future generations to
fulfil their own needs.

In the years to come, and notwithstanding the strongly intergovernmental nature
of EU climate regime that still has a significant impact in terms of an autonomous,
coherent and effective external diplomatic strategy, EU’s actorness will then depend
on the ability not only to contribute to global action to combat climate change but
specially to be recognised worldwide as a leading and shaping authority in the
environmental agenda.

References

Bäckstrand, K., & Elgström, O. (2013). The EU’s role in climate change negotiations: From leader
to ‘leadiator’. Journal of European Public Policy, 20(10), 1369–1386.

Bretherton, C., & Vogler, J. (1999). Europe as a global actor. London: Routledge.
Burns, C., & Carter, N. (2012). Environmental policy. In E. Jones & S. Weatherill (Eds.), The

Oxford handbook of the European Union (pp. 511–525). Oxford: Oxford University Press.
Caporaso, J., & Jupille, J. (1998). States, agency, and rules: The EU in Global Environmental

Politics. In C. Rhodes (Ed.), The European Union in the World Community. Boulder, CO:
Lynne Rienner.

Dalby, S. (2013). Climate change and environmental security. In P. D. Williams (Ed.), Security
studies—An introduction (pp. 311–323). New York: Routledge.

Delreux, T. (2014). EU actorness, cohesiveness and effectiveness in environmental affairs. Journal
of European Public Policy, 21(7: Speaking with a single voice: The EU as an effective actor in
global governance?), 1017–1032.

150 A. I. Xavier



Erbach, G. (2016). The Paris agreement: A new framework for global climate action. Brussels:
European Parliament http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573910/
EPRS_BRI(2016)573910_EN.pdf

ESPAS. (2011). Citizens in an interconnected and polycentric world—Global trends 2030. Paris:
European Union Institute of Security Studies.

EUI—The Economist Intelligence Unit. (2017).Water security threats demand new collaborations:
Lessons from the Mekong River Basin. London.

European Commission. (2017). White paper on the future of Europe. Brussels.
Ferguson, Y. H., & Mansbach, R. W. (2012). Globalization—The return of borders to a borderless

world? Abingdon: Routledge.
Greene, O. (2001). Environmental issues. In J. Baylis & S. Smith (Eds.), The globalization of world

politics—An introduction to international relations (pp. 387–414). Oxford: Oxford University
Press.

Gupta, J., & Grubb, M. J. (Eds.). (2000). Climate change and European leadership—A sustainable
role for Europe? (Environment and Policy, Series No. 27). The Netherlands: Springer

Hettne, B., & Soderbaum, F. (2005). Civilian power or soft imperialism? European Foreign Affairs
Review, 10(4), 535–552.

Khan, M. R. (2016). Climate change, adaptation and international relations theory. In G. Sosa-
Nunez & E. Atkins (Eds.), Environment, Climate Change and International Relations. Bristol:
E-International Relations Publishing.

Kibert, C. J., et al. (2009). The ethics of sustainability. Green Science Textbooks.
Pavese, C. B., & Torney, D. (2012). The contribution of the European Union to global climate

change governance: Explaining the conditions for EU actorness. Revista Brasileira Política
Internacional, 55(special edition), 125–143.

Schreurs, M. A., & Tiberghien, Y. (2007). Multi-level reinforcement: Explaining European Union
leadership in climate change mitigation. Global Environmental Politics, 7(4), 19–46.

Sivaram, V., & Norris, T. (2016). The clean energy revolution—Fighting climate change with
innovation. Foreign Affairs. Council on Foreign Relations, 95, 147.

Sjursen, H. (2006). The EU as a “normative” power: How can this be? Journal of European Public
Policy, 13(2), 235–251.

UNDESA (United Nations Department of Economic and Social Affairs). (2015).World population
prospects: The 2015 revision. New York: United Nations.

Vogler, J., & Stephan, H. R. S. (2007). The European Union in global environmental governance:
Leadership in the making? International Environmental Agreements: Politics, Law and Eco-
nomics, 7(4), 389–413.

Ana Isabel Xavier is an assistant professor in UAL and ISCTE-IUL and a research fellow in
OBSERVARE, also collaborating with CEI-IUL (Centre of International Studies) and at CISD
(Research Centre in Security and defence of the Military University Institute). She is a PhD in
International Relations/European Studies (University of Coimbra, Portugal, 2011). Currently, she is
a postdoc researcher at the CEI-IUL (Centre of International Studies) on “The European Union as a
global actor” and an associate research fellow at CISD (Research Centre in Security and Defence of
the Military University Institute). As a guest assistant professor in NOVA University of Lisbon, she
was responsible for teaching a course on “Environment, Development and Sustainability” for the
master’s students in International Relations and Political Science (2014–2017). Her main research
interests, teaching and publications include the European Union, Security and Defence, Human
Security, Human Rights and Globalization. From March 2015 to February 2017, she served as
Defence Deputy Policy Director in the Portuguese MoD).

The European Union as a Leading Environmental Player? A Critical. . . 151

http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573910/EPRS_BRI(2016)573910_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573910/EPRS_BRI(2016)573910_EN.pdf


The European Union Accession and Climate
Change Policies in the Western Balkan
Countries

Teresa Maria Resende Cierco Gomes

Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
2 Climate Change, Institution Capacity and the Western Balkan Region . . . . . . . . . . . . . . . . . . . 155
3 The EU Environmental Policy and the Western Balkans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
4 Three Case Studies: Albania, Macedonia and Serbia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

4.1 Albania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
4.2 Macedonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
4.3 Serbia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

Abstract Democracy, economic development and even statehood itself are all less
than secure in the Balkans, a region with a history of conflict. Now, as the countries
of the region (Serbia, Bosnia-Herzegovina, Macedonia, Albania, Montenegro and
Kosovo) strive for individual and collective stability, they face the additional chal-
lenges brought by climate change and do so against a background of weak or
recovering economies with limited budgets for addressing issues of environmental
protection, insufficient environmental regulation or implementation, limited public
participation and political tensions. Looking to the current legal and institutional
framework on climate change in this group of countries, we try to identify the main
obstacles to climate change policy and to access what has been the EU role at this
level. We defend that although the several challenges that these states still must
address on, such as corruption and weak governance, the EU accession process has
been the main political driver of change in the region, providing opportunities for
improving the environment in different ways. Using the comparative method, we
argue that there is a correlation between institutional capacity and implementation of
environmental laws and that governance aspects have a strong effect on environ-
mental actions and outcomes.
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1 Introduction

Climate change is a complex process (Gardiner 2006, p. 398; Devendra 2012, p. 2)
that can exacerbate threats caused by poverty, weak institutions, broken communi-
cation channels and mistrust between communities and nations and by inadequate
access to vital natural resources. Effective governance and political and economic
stability are thus crucial to a country’s or a region’s capacity to cope with climate
change (Wingqvist et al. 2012).

Characterised by weak governance, social and political tensions, limited public
participation, economies with limited budgets for addressing issues of environmental
protection, insufficient environmental regulation or implementation and heavy leg-
acies from the past, such as corruption, the Western Balkan countries seem to have
strong difficulties to react to the negative effects of climate change and to implement
with success a climate change policy. Meanwhile, the Balkans are getting warmer
and are projected to continue on this warming trend generally in proportion to the
expected increase in global temperatures (Alfthan et al. 2015, p. 24). Similarly, the
region is receiving less precipitation and is projected to experience further decreases,
although precipitation patterns will continue to vary according to terrain, elevation
and proximity to the sea. The effect of warmer temperatures on evaporation, together
with the decline in precipitation, will make the region drier and highly vulnerable to
climate change impacts (Idem).

Looking to the current legal and institutional framework on climate change in this
group of countries, we try to identify the main obstacles to climate change policy and
to access what has been the EU role at this level. The chapter is organised in three
sections. In the first section, we provide an overview of research on concepts and
linkages between climate change, institutions capacity and governance aspects,
arguing that strong institutions can help to improve environmental outcomes. We
then identify some of the environment challenges that the countries in the Western
Balkan region lead with. In the second section, we argue that the EU accession
process has been responsible for crucial developments in the protection of environ-
ment and the adoption of climate change policies in the region. Finally, in the third
section, taking into account the EU accession process, we look to Albania, Mace-
donia and Serbia main problems in what concerns two governance aspects: rule of
law and control of corruption. We defend that although there are challenges that
these states still must address on, the EU accession process has been the main
political driver of change, providing opportunities for improving the environment
in different ways and increasing climate change policies. The main sources are the
existing literature about climate change; the European Commission annual reports
on Albania, Macedonia and Serbia; and interviews that were carried out with the
heads of section for climate change in each of these countries. We then conclude that
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there is a correlation between institutional capacity and implementation of environ-
mental laws and that governance aspects have a strong effect on environmental
actions and outcomes.

2 Climate Change, Institution Capacity and the Western
Balkan Region

United Nations Framework Convention on Climate Change (UNFCCC), in its
Article 1, defines “climate change” as “a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over
comparable time periods” (IPCC 2001). The UNFCCC thus makes a distinction
between “climate change” attributable to human activities altering the atmospheric
composition and “climate variability” attributable to natural causes. According to
Hegerl et al. (2007), climate change refers to a change in the state of the climate
measured by changes in the mean and in the variability of certain properties, such as
temperature and precipitation that persist over decades. In other words, emissions of
greenhouse gases and aerosols may cause a temperature change that leads to changes
in precipitation patterns, rising sea levels and extreme weather events. These
changes interact and have impact in water resources, natural ecosystems, agriculture
and forestry.

In recent years climate change has been acknowledged as a challenge that carries
potentially serious implications for international and regional peace and security. It
has moved from being just an environmental problem and an energy challenge to
being a matter of economic, social and political concern. Climate change will “affect
the geopolitical landscapes as it brings direct and indirect risks related to energy
security, food security, human health, water resources, patterns of weather and
agriculture as well as disruptions to global markets” (ENVESEC 2017). States’
failure to effectively adapt “to challenges such as floods, drought, coastal erosion,
glacial melting and heat waves can result in disasters and societal instability. On the
regional level, climate change will stress existing mechanisms for sharing resources
like transboundary rivers and arable land” (Idem).1

In the Western Balkan region, climate change is expected to impact particularly
agricultural regions, which will cause economic downturn and social consequences
(ENVESEC 2017). Climate change produces serious threats to environment, eco-
logical and socioeconomic systems. Increasing variability of precipitation coupled

1The agriculture, fisheries and tourism sectors will face considerable challenges in certain areas, and
major investment will be required in adaptation activities to face drought, heat waves, forest fires,
coastal erosion and flooding (EC 2009, p. 5). “Urban life will have to adapt to more extreme weather
conditions which is likely to put a strain on the existing infrastructure in areas like water supply,
drainage, health, energy and public transport. Adaptation will attempt to counteract the different
impacts of climate change on regional conditions” (Idem).
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with above-average temperatures can exacerbate existing stress factors and probably
lead to a reduction in overall water availability, which in turn could affect the
agricultural and energy security in this region, which is already characterised by
political and social tensions over access to water and energy resources (Idem).

The Western Balkan region is not homogeneous. It is a concentration of different
cultures, religions, ethnic groups, economies and geographies (Ek and Walter 2012,
p. 40). This multicultural complexity added to a history of violent conflicts and to a
demanding transition process that compromise this group of countries with profound
reforms turns the adoption of climate change policies particularly difficult to
achieve. In the last decade, the Western Balkan countries have been confronted
with several challenges that contributed to environmental degradation and the
pollution of the soil, air and water in the region. According to Ek and Walter
(2012, pp. 2–3), “urbanisation, land abandonment, overexploitation of resources
due to poverty, intensification of agricultural and forestry practices”, the energy
sector based on coal and fuel wood, inadequate local participation in establishing
protected areas, insufficient or non-existing dialogue and lack of transparency and of
investment in efficiency measures for power generation, transport, buildings and
industry are just some of the problems. Despite considerable reductions in air
pollutant emissions in some of these countries, “atmospheric pollution still poses a
significant threat to human health and the environment”. Ageing mining, energy and
manufacturing plants generate high levels of air pollution, threatening human health
(Idem, p. 5). “The environment legacy associated with extraction industries” and
badly operated or abandoned mining sites has caused severe pollution, some with
impacts reaching across national boundaries.2 Moreover, one of the most difficult
challenges regarding environment is to develop waste management systems which
comply with EU legislation and, at the same time, are “affordable for consumers and
businesses” (Idem, p. 8). The waste management services and infrastructure remain
relatively underdeveloped in all these countries and generally lack advanced waste
management practices such as separate waste collection (Macura et al. 2009).

In this setting, institutions play an important role and can have a key influence on
climate change, based on how they structure it as a problem and how they devise
responses to deal with its impacts. The most cited definition of institutions belongs to
North (1991), who defines institutions as the rules of the game in a society or, in
other words, institutions are humanly devised constraints that shape human interac-
tion. Institutions from North’s definition consist of both formal (i.e. rules, laws,
constitutions) and informal (i.e. norms of behaviour, conventions, self-imposed
codes of conduct) sets of rules, compliance procedures and moral and ethical
behavioural norms designed to constrain individuals in the interest of maximising
the wealth or utility of the principals. In terms of climate change, institutions are
considered to be the multitude of means for holding society together, for giving it a
sense of purpose and for enabling it to adapt (O’Riordan and Jordan 1999). It also
helps “to define climate change both as a problem and a context, through such

2To see more about the environmental impact of the war in Yugoslavia, please see Clarke (2002).
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socialized devices as scientific knowledge, culturally defined interpretation and
politically tolerable adaptation policies” (Phong 2016, p. 83).

Central to our argument is also the concept of “institutional capacity” that has
evolved over the years (Segnestam et al. 2003). Its meaning has expanded beyond
individual organisations and their mandates, structures and processes. “Today,
institutional capacity often implies a broader focus of empowerment, social capital
and enabling environment, as well as the culture, values and power relations that
influence us” (Idem). An IPCC (2007, p. 178) study argues that the existence of
weak institutions in developing countries has implications for the capacity to adapt
to or mitigate climate change. In general terms, capacity can be defined as “the
ability to perform functions, solve problems and set and achieve objectives”
(Fukuda-Parr et al. 2002). Skocpol (1985) defined capacity as “the ability of states
to implement official goals, especially over the opposition of powerful social groups,
or in the face of difficult economic circumstances”. Linking the two concepts,
Lindley (apud. Wickham et al. 2009) defined “institutional capacity” as the ability
to “enhance the capability of local governments to perform intelligently and effi-
ciently under their own direction” or “the ability of this broadly defined system of
institutions, organizations, communities, relationships, rules, and values, within their
different contexts, to achieve organizational and societal goals”.

Institutional capacity is interrelated with the concept of governance. The term
“governance” is broader in significance than “institutional capacity”, which refers to
institutional and decision-making structures. “Both are context dependent, relate to
institutional environments through which citizens and government interact and are
influenced by value systems and power relations” (Phong 2016, p. 84). “The
conceptual scope of governance extends beyond that of institutional capacity to
include and emphasise principles of accountability of stakeholders, equitable partici-
pation, transparency and predictable legal and regulatory frameworks” (ADB apud.
Phong 2016, p. 84).

Climate change policies depend on the policy, institutional and legal framework
related to environment as well as on the implementation capacity. “Although there is
scope for improvement, the basic legal and policy framework are often in place in
transitional countries. The major challenges are related to effective implementation
of the existing framework. The gap between what is decided and actually
implemented to improve environmental outcomes and climate change policies is
called the implementation gap (or deficit)” (Wingqvist et al. 2012, p. 12). And, the
implementation gap is particularly evident in the Western Balkan countries
(EC 2016a).

There is now a growing consensus emphasising that governance has a strong
effect on environmental actions and outcomes. Rule of law, citizens’ rights of access
to information, public participation and equal access to justice are bases for poverty
reduction and sustainable development (UN 2012). According to Wingqvist et al.
(2012, p. 12):

weak governance is correlated with negative environmental outcomes and is closely asso-
ciated with social ills such as corruption, social exclusion, and lack of trust in authorities.
Good governance, on the other hand, has the potential to regulate and enforce environmen-
tally sound policies and, as such, to steer individuals and societies into productive outcomes

The European Union Accession and Climate Change Policies in the Western. . . 157



and sustainable use of the environment. Improved governance, combined with pro-poor
legal frameworks and processes, may be powerful instruments contributing to poverty
reduction and sustainable development.

Good governance aims at “ensuring inclusive participation and making governing
institutions more effective, responsive and accountable and respectful of the rule of
law and international norms and principles” (Idem, p. 13). “Participation of stake-
holders including minority groups, access to information, adequate funding, trans-
parency and accountability are crucial aspects to achieve good environmental
governance” (Idem, p. 15).3 Thus, the adoption of climate change policies is not
sufficient to obtain good environmental governance. Strengthening the rule of law
and controlling the corruption are equally or even more important than specific
environmental policies to improve environmental actions and outcomes (Idem, p. 9).
The rule of law implies legality, regularity and consistency in the enforcement of the
democratic order. It is a necessary ingredient for the sustainability of climate change
strategies and policies and fundamental to the effective implementation of EU
environmental law. According to Esty and Porter (2005), developing the rule of
law, eliminating corruption and strengthening governance structures are essential to
successful environmental outcomes. In the same reasoning, Wingqvist et al. (2012,
p. 10) stated that:

efforts to improve environmental policies must go hand in hand with efforts to reduce
corruption if they are to have the intended effects. Improved accountability, transparency,
public participation and integrity can reduce the risk for corruption and create trust and
legitimacy which facilitates implementation of different policy instruments.

Therefore, regarding the adoption and implementation of climate change policies,
governance features become extremely important to achieve positive results.

In the next section, we are going to analyse the EU role regarding the environ-
mental outcomes in the Western Balkan region and argue that these countries have a
difficult and complex governance situation that hampers the implementation of the
EU environmental legislation and the adoption of climate change policies.

3 The EU Environmental Policy and the Western Balkans

European environmental policy aims to preserve, protect and improve the quality of
the environment, protecting human health, prudent and rational utilisation of natural
resources, promoting measures at international level to deal with regional or world-
wide environmental problems and in particular combating climate change (Article
191 Lisbon Treaty). It is based on “preventive action, the polluter pays principle,

3
“Environmental governance is a specific form of the broader “governance” and refers to processes
and institutions through which societies make decisions that affect the environment. It often
includes a normative dimension of sustainability” (Wingqvist et al. 2012: 14).
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fighting environmental damage at source, shared responsibility and the integration of
environmental protection into other EU policies” (GRS 2017).

Protection of the environment is a well-established policy in the European Union
since 1967 when the first environmental directive for harmonised classification and
the labelling of dangerous chemicals was adopted. In November 1973, it was
approved the First Environmental Action Programme, the framework for the EU’s
overall environmental policy development. The decision to do so was based on
outcomes of the first UN Conference on Environment in Stockholm in 1972,
addressing the public and scientific concerns about the “limits of growth”. The
Single European Act of 1987 introduced a new “Environment Title”, “which
provided the first legal basis for a common environment policy with the aims of
preserving the quality of the environment, protecting human health, and ensuring
rational use of natural resources” (Ohliger 2017). After that, all the treaty revisions
strengthened the community’s commitment to environmental protection: in Maas-
tricht (1993) the environment was made an official EU policy area, and in Amster-
dam (1999) environmental protection was integrated into all EU sectoral policies
with a view to promoting sustainable development (Idem). In June 2013, it was
adopted the 7th Environmental Action Programme that will run until 2020 and
foresees the adoption of new targets for climate and energy, resource use and a
wide range of new measures to make products more efficient, longer lasting and
easier to repair and recycle, reduce waste production, protect citizens more effec-
tively from hazardous chemicals including nonmaterials, restore Europe’s biodiver-
sity and protect oceans from marine litter.4

At the moment, the EU has some of the world’s highest environmental standards,
developed over the last decades; it is one of the most important forums for climate
policy-making, with a far-reaching impact on the dynamics of international negoti-
ations and national debates in other countries; it is thus an influential actor in
environmental politics. One of its main concerns is to ensure that climate change
policies are taken on board in other policy areas such as transport, energy and
enlargement.

In their path towards accession into the EU, the Western Balkan countries must
fulfil certain conditions—the Copenhagen Criteria: stable democratic institutions
based on the rule of law protecting human rights, a functioning market economy and
the alignment of national legislation with the legislation that is currently in force
within the EU. This process of Europeanisation consists in “adopting new compliant
laws, adapting domestic policies and ensuring that institutions are able to effectively
implement these policies” (Borzel and Fagan 2015, p. 4). The adoption the EU laws
and regulations in all the sectors, known as the acquis communautaire, is particularly

4To see more about the 7th Environmental Action Program: http://ec.europa.eu/environment/
action-programme/
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demanding concerning the environment.5 Chapter 27 (Environment Chapter) is
considered one of the most difficult and complex negotiation chapters (Börzel
2009, p. 40).

EU environmental legislation is detailed and specific, and it covers a wider scope
of issues. It is increasingly interrelated, both between the various environmental
sectors and with other EU policy areas such as energy, agriculture, transport and
industry reflecting the EU overriding objective of promoting sustainable develop-
ment. This approach is in accordance with specific treaty obligations (constitutional
law) regarding the integration of environmental protection requirements into the
definition and implementation of other EU policies, as well as with the inherent
integrated nature of effective environmental legislation (ECRAN 2016, p. 16). The
sheer volume of legislation and its cross-cutting character are not the only reasons
that explain why the Environmental Chapter is considered one of the most difficult
chapters of the acquis. Taking into consideration the extent of the environmental
problems in the Western Balkan region and the state of environmental infrastructure,
this arguably will be the most expensive part of the acquis. Moreover, to implement
Chap. 27 has its politically sensitive aspects, such as the response to transboundary
pollution, relations to the internal market rules and external trade issues.

According to Ek and Walter (2012, p. 14), EU environment acquis requires
progress in three particular areas: legal, over 300 pieces of EU environmental
legislation have to be transposed into national legislation in a short space of time;
administrative, often weak and under-resourced administrations have to be signifi-
cantly strengthened to be able to apply the environmental acquis; and financial,
substantial investment in infrastructure and technology is needed to overcome years
of insufficient funding and inadequate attention to environmental priorities.

The acquis comprises several major legal acts covering “horizontal legislation,6

water and air quality, waste management, nature protection, industrial pollution
control and risk management, chemicals and genetically modified organisms, noise
and forestry” (GRS 2017). Thus, compliance with the environment acquis involves
significant investment and a strong and well-equipped administration at the national
and local level with the capacity to monitor and supervise the implementation and
enforcement of the legislation. As Borzel and Fagan 2015, p 5, argues, “formal
compliance refers to whether EU policies are fully and correctly transposed into

5The acquis has been divided into 35 different chapters, corresponding to different areas of Union
policy. One of the chapters of the acquis is devoted to the Union’s environmental rules and
regulations.
6It is difficult to provide a substantive law for every specific environmental matter. To have
effective and up-to-date instruments, which are able to regulate and to protect our environment,
the EU decided to elaborate the so-called horizontal legislation. This category comprises several
procedural pieces of law: the goal is to provide a strict procedural legislation to achieve a
substantive protection. The application of this legislative framework leads to an improvement of
the decision-making and legislative development through the regulation of the procedural aspect of
the matter. Furthermore, the public have an essential role in guarantying an effective application of
these rules: in terms of participation and as a supervisor (Env.Net 2017b).
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national laws, conflicting domestic laws are repelled and administrative procedures
are in place to ensure practical application. Practical application means the extent to
which legally adopted EU policies are put into practice, i.e., rule targets bring their
behaviour in line with the rule requirements and state actors monitor compliance
with rule targets and impose sanctions in cases of violation”. Considerable planning
and management is also essential to ensure that the environmental benefits, such as
the improvement of the ecosystem, public health and quality of life and the increased
of tourism, one of the main sources of income in the Western Balkan countries, are
obtained effectively and efficiently (Env.Net 2017a).

There are several EU strategies and instruments that aim to support the adoption
of climate change policies in the Western Balkan region. The Stability Pact
(launched in 1999), aimed at strengthening the Western Balkan countries’ efforts
in fostering peace, democracy, respect for human rights and economic prosperity,
was responsible for the beginning of the adoption of environmental institutional
structures in line with EU harmonisation requirements and has initiated legislative
reforms. The Stabilisation and Association Process (launched in 1999 and strength-
ened at the Thessaloniki Summit in June 2003) established common political and
economic goals, based on contractual relationships (the Stabilisation and Asso-
ciation Agreements), trade relations, financial assistance (the Instrument for
Pre-Accession Assistance—IPA) and regional cooperation. In this EU-Western
Balkan framework, the protection of the environment is always present and the
object of great concern.7

IPA supports all the political, economic and social reforms, especially the adop-
tion of climate change policies in the Western Balkan region. This is in fact the EU
main instrument responsible for the adoption of the EU environmental principles and
orientations that contributed to produce important environmental outcomes.

But, despite all the EU political and financial assistance, the governance in
Western Balkan countries is still fragile. State institutions are still characterised as
weak with high levels of bureaucracy, judicial system is still considered inefficient
and not independent and corruption, lack of transparency and accountability of
public institutions are still prevailing (Cierco 2016, p. 115; EC 2016a, p. 3).

Besides all the environmental problems that we have already identified in the
previous section, Alfthan et al. (2015, p. 6) argue that the most “common gaps” in
the Western Balkan countries “include inadequate policy coverage at different scales

7Several initiatives were taken to help this group of countries: the Regional Environmental
Reconstruction Programme (2000–2009); the Regional Environmental Network for Accession
(RENA) (2010–2013) that aimed to facilitate exchange of experience and best practice between
the Member States, the candidate countries and the potential candidates; the Handbook for
Implementation of EU Climate Legislation, which provides framework and step-by-step guidance,
on the approaches and specific activities required to implement EC climate legislation; and, more
recently, the Environment and Climate Regional Accession Network (ECRAN) project
(2013–2016) that aimed to continue strengthening regional cooperation in the fields of environment
and climate action and to assist the beneficiary countries on their way towards the transposition and
implementation of the EU environmental and climate policies and instruments which is a key
precondition for EU accession. For more information, please see http://www.ecranetwork.org
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(e.g., regional, national and local); a lack of institutional coordination (including
mechanisms) across sectors; a lack of or limited vertical integration from the EU to
local administrations; and limited or low financial capacities to finance adaptation
measures. In some cases, no policies exist to address existing or future risks”.
Another problem is corruption, a heavy legacy of the past. Corruption in this
group of countries has high consequences in the environment. Every time that a
project is approved with a bribe or corruption, it will have consequences to inhab-
itants by downgrading all factors of normal living socioeconomic, environmental,
political, etc. According to UNODC-United Nations Office on Drugs and Crime, in
the Western Balkans, every tenth company has paid bribe, being Kosovo, Serbia and
Albania in the worst positions (Abedini 2016, p. 2). In these countries, corruption is
deeply entrenched in the political culture; thus, reform programs that just borrow
“best practices” from developed countries do not do enough to address the root
causes of the problem. Corruption reforms need to be deep and comprehensive and
have a long-term perspective; otherwise “the effects of the bad old days are likely to
persist (Fredriksson and Neumayer 2014, p. 16). Fredriksson and Neumayer found
that both corruption and democracy are statistically significant and substantively
important determinants of climate change policies. Some of the most climate-
vulnerable countries in the world fare worst on Transparency International
Index (2017).8 High levels of corruption, lack of transparency and low levels of
participation may constrain the outcomes of the environmental efforts that are made.

The capacity of adopting and implementing climate change policies depends on
the functioning of other checks and balances, including courts, law enforcement and
a participative media and civil society. In this context, the efficiency and indepen-
dence of key institutions in adopting climate change policies in accordance with the
EU environmental acquis and promoting its implementation are serious compromise.

Candidate countries such as Albania, Macedonia and Serbia have limited insti-
tutional, financial and human capacity to effectively change, monitor and enforce
environmental regulation or engage civil society, as they are building a market
economy and a democratic system with all the political, economic and social
transformation that this requires. Economic and social challenges include impacts
of the recession with low levels of competitiveness, income and investment and of
high and rising unemployment. There is awareness of the need for priority reforms
and measures for growth, and there are opportunities to develop and implement
green growth strategies. However, they face difficulties ranging from a lack of the
necessary financial resources to an administrative structure that is not prepared to
implement and enforce the EU legislation. The costs are high, especially in the areas
of air pollution, water and wastewater management and solid waste management,

8To see more about this issue, see the 2017 Transparency International Report about Global
Corruption Report: Climate Change.
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besides the cost to set up the administrative structure that is needed to carry out the
environmental acquis.9

Weak institutional capacity obstructs implementation of the legislation. Imple-
mentation is the process of having the national authorities that are in charge of the
environment take EU environmental requirements into account when making indi-
vidual decisions. Applicant countries will have to make improvements in many areas
in order for successful implementation to occur. Among the necessary improvements
are the creation of reliable data collection systems, effective systems of monitoring
and reporting, increasing the awareness of industry and the public in environmental
matters and facilitation of public participation in environmental issues. Perhaps the
most pressing requirement for the applicant states, in order to successfully imple-
ment the environmental acquis, is the development of competent national authorities
to carry out environmental administration. Therefore, it is necessary that the appli-
cant countries have an administrative structure capable of ensuring compliance with
the requirements of the acquis and the capacity to implement and enforce EU law.
Unfortunately, this does not exist in most of the applicant countries. Most of the
Western Balkan countries lack the qualified personnel necessary to implement and
enforce the environmental acquis. These tasks belong to several different admin-
istrative agencies, resulting in a lack of coordination in ensuring compliance.

In the Western Balkan countries, there is an increased implementation gap
between standards and the situation and practices on the ground. In the current
institutional architecture of government, successful implementation will require
significant enhancement of current intra- and inter-ministerial coordination and
cooperation channels. And, as we are going to analyse in the next section, this is
difficult to achieve in the Western Balkan countries. Thus, it is possible to affirm that
in this region, the adoption of and adaptation to the acquis communautaire “has run
into serious problems, with high costs meeting weak capacities” (Börzel and
Buzogány 2010).

Nevertheless, EU acquis is driving Western Balkans environment institutions to
adjust to a changing legal framework that has significant implications for the future
scope and organisation of their work. Institutional changes are part of a government-
wide adjustment that expands the role of environmental protection, increases
accountability and demands improved communication on outputs and objectives
of environment programs and investments (Env.Net 2017a). Consequently, EU
support at this level to this group of countries creates an opportunity to adapt
institutions systematically and access additional resources, guidance and technical
assistance before completing the stabilisation and association process.

9Specifically related to environment, key challenges include air quality; waste management (includ-
ing the Landfill Directive); water and wastewater management (including the Water Framework
Directive); industrial pollution control and risk management (including Directive on Industrial
Emissions); and nature protection (including Natura 2000 sites and lack of implementation of
existing laws on nature protection).
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4 Three Case Studies: Albania, Macedonia and Serbia

As we have already the opportunity to argue in the previous sections, governance is
essential for environmental management. Strong and democratic institutions, such as
environmental ministries, agencies and inspectorates, will guarantee the implemen-
tation of climate change policies and contribute to prepare and adapting the region to
climate change impacts.

Taking into account our argument—the EU accession process has been the main
political driver of change in the region, and there is a correlation between institu-
tional capacity and implementation of environmental law—we are now going to
analyse two governance indicators in Albania, Macedonia and Serbia, namely, the
rule of law and the control of corruption. These two aspects are at the heart of the
enlargement process and are considered both major problems in the region. Due to
their importance in the EU accession, the “new” approach, endorsed by the Council
in December 2011, requires that countries tackle judicial reform and the fight against
corruption early in accession negotiations. This maximises the time to develop a
solid track record of reform implementation.

Although with candidate status, Albania, Macedonia and Serbia are in different
stages regarding the EU accession process. According to the last European Com-
mission reports, Serbia is in the better position and Macedonia in the worst. Albania
is still struggling with major difficulties regarding the two governance aspects that
we have chosen: the rule of law and the control of corruption.

This study will be useful to access the EU influence on the improvement of
environmental outcomes and to confirm the importance of institutional capacity in
the implementation of climate change policies.

4.1 Albania

The EU-Albania relation has been gradually developed in the last years. The
Stabilisation and Association Agreement (SAA) was signed on June 2006 and
entered into force on April 2007; the European Partnership, an instrument of the
Stabilisation and Association Process, was established on February 2008; and
finally, in June 2014, Albania got the status of candidate country for EU accession.

According to the last European Commission report (EC 2016a, p. 12), Albania
has two major problems: the adoption and implementation of the judicial system
reforms and the high level of corruption.

Looking to the rule of law, Albania adopted constitutional amendments related to
the organisation and functioning of the justice system, including an “in-depth
re-evaluation of judges and prosecutors” (EC 2016a, p. 12). Nevertheless, there
are negative aspects that still persist, namely, the politicisation in the appointments
process and the political interference in investigations and court cases (Idem, p. 15).
Moreover, the “planning and distribution of administrative and financial resources
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within the judiciary” and the “efficiency of the court system” need to be improved
(Idem, p. 16).

The country has continued other reforms, such as the public administration and
the “establishment of solid track records of proactive investigations, prosecutions
and convictions in the fight against corruption and organised crime”, but institutions
need to be strengthened, public service needs to be depoliticised and its efficiency
and financial sustainability need to be increased (EC 2014, p. 10).

Looking now to the second indicator of our analysis, corruption, “Albania has
one of the highest levels of perceived corruption in the region” (Abel apud. TI 2016).
Crucial institutions for fighting corruption, such as the “Prosecutor’s Office, the
High Court or the Central Election Commission and the Inspectorate for the Decla-
ration and Audit of Assets and Conflict of Interest are subject to political pressure
and interference that undermines their ability to fulfil their role to stop corruption”
(TI 2016). As Cornelia Abel (apud. TI 2016) argues, “it is troubling that institutions
that are set up to ensure decision makers act in the interest of Albania citizens are not
given the strength, impartiality and resources to do so”. And, this situation has strong
implications in the environmental outcomes.

Although the legal framework is almost in line with EU environmental acquis, its
implementation is still lacking (EC 2016b, p. 4). The progress was mostly made in
the sector of horizontal legislation, waste management, water quality and nature
protection (Env.Net 2017c). Laws on Environmental Impact Assessment, Environ-
mental Permits and Strategic Environmental Assessment entered into force, but
“monitoring of implementation records are still lacking” (Idem).

In the field of climate change, there was very little progress (EC 2016b, p. 78).
Some initial steps were taken to identify stationary installation for the purpose of
future implementation of Emissions Trading System, but the country needs to
strengthen its monitoring, reporting and verification capacities.

Albania, just like the other countries of this region, “lacks human, financial and
administrative resources to successfully implement environmental legislation”.10

According to the European Commission report (2016b, p. 78), “industrial control
and monitoring of emissions, water quality and waste management still remain poor.
Resources and investments remain limited”. The capacity to develop important
projects in areas such as water and waste management infrastructure is weak, and
insufficient resources are allocated to ensure sustainability of such projects.

Albania Environment Agency requires extensive investment in equipment and
training to manage issues such as permit applications, permit monitoring, environ-
mental monitoring and sampling and legislative enforcement. Local authorities have
limited budgets and scarce administrative tools to develop the infrastructure and
services required (Env.Net 2017c).

Despite the adoption of a national strategy for climate change, a national action
plan for mitigation and a specific law on climate change, Albania still needs “more
political commitment, investment and cooperation and coordination with and

10Interview with an Albanian Environment Ministry Official in September 2017.
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between sectors”, “to ensure coherence of the Climate Strategy with the EU 2030
Framework on Climate and Energy Policies” and increase public awareness and
consultation on legislative initiatives or public investments, especially regarding
climate change (EC 2016b, p. 78).

4.2 Macedonia

Macedonia was the first country of the Western Balkan region to sign a Stabilisation
and Association Agreement with the EU, which entered into force in April 2004. A
Joint Parliamentary Committee of the EU andMacedonia was established in 2004, to
ensure the implementation of the SAA, and, in February 2008, it was adopted the
Accession Partnership.

Although with candidate status since 2005, Macedonia is one of the Western
Balkan countries with more difficulties to fulfil the set of reforms that are needed in
its accession process towards the EU. Macedonia has been leading with a political
crisis in the last years that has put into question its transition process and refrained
the adoption of reforms in important sectors, such as the environment. Concerns
about state capture affecting the functioning of democratic institutions and key areas
of society persist, and “substantial progress is still needed in terms of concrete
implementation of the Urgent Reform Priorities” (EC 2016a, p. 12).

Looking to the first governance indicator, the rule of law, political interference
continues to “undermine the work and appointment of the judiciary” (EC 2016c,
p. 13). There are “reports of selective justice in high-profile or politically sensitive
court cases” and the political tension related to the wiretapping scandal continues
(Idem). Deficiencies in the rule of law estimate a serious distrust on the citizens in the
judiciary, as the institutions that should provide assurance in the rule of law,
protection of the public interest and state prosperity are considered inefficient.

The country’s capacity to effectively tackle corruption continued to be challenged
by political interference. According to the European Commission report (2016c,
p. 15), “corruption remains prevalent in many areas and continues to be a serious
problem”. The main institution responsible for prevention of corruption, the State
Commission for Prevention of Corruption, “lacks functional independence: the
selection and appointment process of its members is not transparent and seems to
favour political loyalty over professionalism and integrity”, and it also “suffers from
certain structural shortcomings which the national authorities are not willing to
address effectively” (Idem).

Just like in the Albania case, although there has been some progress in Macedonia
alignment with the acquis in the field of environment, there was overall very little
progress in the field of climate change. The “national strategy on environment and
climate change has not yet been adopted”, and the administrative capacity for
implementing the Environmental Impact Assessment (EIA) and Strategic Environ-
mental Assessment (SEA) directives, although has been improved, “remains insuf-
ficient, notably at local level” (Env.Net 2017a; EC 2016c, p. 73).
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Meanwhile, the country has adopted the acquis related to the air quality, waste
management and water quality. Most of the air quality monitoring system was made
operational; plans for an integrated regional waste management system and a
national water strategy were adopted; priority measures were identified to strengthen
the implementation of environmental legislation at local level, and a coordination
body has been set up for cooperation and dialogue with civil society. However, the
access to information and public consultation “needs to be improved in connection
with the implementation of the EIA and SEA directives” (EC 2016c, p. 74).

The complex political, economic and social situation in the country turns more
difficult the adoption of new laws or their implementation and enforcement, espe-
cially in the environmental sector. It is still missing the law on environmental
inspection; the existing law on inspection supervision is not in line with EU acquis
and relevant best practice; important horizontal environmental directives were not
still transferred and implemented in the country, such as the Environmental Liability
Directive, INSPIRE and the Environmental Crime Directive (Idem).

Moreover, the administrative capacity for implementing and enforcing environ-
mental and climate change legislation remains insufficient at both central and local
levels.11 According to a Macedonian Environment Ministry Official (Interview
2017), the main problems are the lack of political will and understanding of the
complexity of the problem and the lack of institutional and technical capacities.
Moreover, environmental protection and climate change requirements need to be
better integrated into policy-making and policy implementation in other area, and the
external funding requires strengthening of capacities and prioritisation of the sector
(Idem).

According to the European Commission report (2016c, p. 75), the level of
alignment with the climate change acquis is considered to be “at an early stage”.
So, the country still must “develop a comprehensive policy and strategy on climate
action consistent with the EU 2030 framework” and “integrate climate change into
other sectoral policies and strategies” (Env.Net 2017d).

4.3 Serbia

EU-Serbia relations have developed fast since Kosovo declaration of independence
in 2008. On that year, a European Partnership was adopted, setting out priorities for
the country’s membership application; in March 2012, the candidate status was
received; and in September 2013, the Stabilisation and Association Agreement
entered into force. Finally, on January 2014, EU-Serbia formal accession negotia-
tions started.

Serbia is the only country of the three that has already opened EU accession
negotiations with the EU. But, the overall pace of these negotiations will depend in

11Interview with a Macedonian Environment Ministry Official in September 2017.
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particular on sustainable progress in two areas: the rule of law and the normalisation
of its relations with Kosovo. The implementation of relevant strategies and action
plans in the area of rule of law will be essential in the country’s path towards the
EU. Institutions must be strengthened; the institutional and administrative capacity
for planning, monitoring and coordination needs to be enhanced; political and
administrative reforms must proceed, especially in creating an accountable, inde-
pendent and efficient judicial system (EC 2016d, p. 14).

According to the European Commission report (2016d, p. 4), “the judicial system
has reached some level of preparation”, but “further steps are needed to tackle
political influence”. The quality and efficiency of the judiciary and access to justice
“remain undermined by an uneven distribution of workload, a burdensome case
backlog and the lack of a free legal aid system”, and the political influence in the
recruitment and appointment of judges and prosecutors continues to obstruct judges’
independence (Idem, p. 12).

Looking to the second governance indicator, corruption, we argue that this is still
prevalent in many areas of public and economic life and continues to be a major
concern (EC 2014, p. 17; EC 2016d, p. 4). The legal and institutional framework for
the prevention and fight against corruption is largely in place, but “implementation is
lagging behind” (EC 2016d, p. 16). The administrative capacity of relevant author-
ities and especially inter-institutional cooperation and coordination among relevant
authorities such as judiciary, prosecution, police, customs and tax authorities
remains insufficient for proper joint investigations (EC 2014, p. 18). Institutions
must be substantially strengthened, both in terms of staff and in terms of respecting
the full independence of law enforcement and judicial bodies dealing with investi-
gations especially into high-level corruption.

In Serbia, important institutions such as the Anti-Corruption Agency benefits
from some independence but still “faces obstacles to playing its role effectively, in
the form of imprecise and unclear provisions of the law on the Anti-Corruption
Agency and the lack of legal access to databases and records of other state bodies”
(EC 2016d, p. 16). The “Anti-Corruption Council does not have the necessary
resources and the government does not follow up and act on its recommendations
systematically” (Idem).

In terms of the degree of compliance with the EU environmental acquis, intense
legislative activity of the ministry in charge of environment and other institutions
with responsibility in this area has led to a significant level of transposition of the
relevant EU regulations. Serbia adopted its National Environmental Approximation
Strategy (NEAS) in 2011 and a post-screening action plan called “Transposition and
Implementation of Environmental and Climate Acquis—Chapter 27: Status and
Plans” in September 2015 (EC 2016e, p. 2). In March 2016, Serbia set up a new
financing facility (Green Fund) in the ministry. Thus, according to the European
Commission report (EC 2016a, p. 74), “Serbia has achieved a high level of align-
ment with the acquis”.

The majority of EU directives relating to the so-called horizontal sector (nature
protection, management of chemicals and noise) are completely or almost
completely transposed into national legislation (Env.Net 2017e). In other areas (air
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quality, waste management, water protection, industrial pollution control), the bulk
of EU legislation has largely been transposed into national legislation.

There was progress in transposing EU directives on public access to environ-
mental information and public participation in environmental decision-making:
Serbia has opened a fifth Aarhus centre in 2015 in Belgrade,12 what provides a
platform to engage citizens, governments and the private sector in a dialogue on
environmental challenges. But it is still required “to increase the effectiveness of
public consultations” (EC 2016d, p. 76).

Given the institutional complexity and multidisciplinary nature of the field of
environment, full transposition of the acquis may require a longer time frame,
especially in the case of directives that require large financial investments. The
existing administrative capacity, especially at the local level, is assessed as insuffi-
cient for adequate implementation.13

Regarding climate change, Serbia “has achieved some level of preparation but
implementation is at a very early stage. There is a substantial amount of work to be
undertaken as regards the implementation of legislation and the establishment of the
necessary administrative and enforcement and control capacities required by the
acquis” (EC 2016e, p. 17). It is still missing a national strategy on climate change,
consistent with the EU 2030 framework on climate and energy policies; and, the
National Climate Change Committee needs to integrate climate action into other
sectors (EC 2016d, p. 77).

Similar to other countries of this region, Serbia also leads with problems regard-
ing administrative and technical capacities and “lack of understanding of climate
change issues in general in the country” (Interview 2017). The government itself
stated that it accepted the acquis on environment and climate change, but it leads
with difficulties regarding the implementation of some parts of the acquis due to the
high costs of the required investments (EC 2016e, p. 2). According to the Screening
Report on Serbia (Idem), “further institutional development and capacity building,
staffing, training, financing as well as technical assistance” are required for the
implementation of the EU acquis related to the environment and climate change
policies. Moreover, the “inter-institutional cooperation and coordination at state and
local level” must be developed and organised (Idem, p. 27). The institutions respon-
sible for policy development, implementation and enforcement exist in the country,

12Access to information, public participation in environmental decision-making and access to
justice in environmental matters are the three pillars of the 1998 Aarhus Convention. Serbia has a
network of five Aarhus Centres. The first Aarhus Centre was inaugurated in 2010 in the city of
Kragujevac, followed by the Aarhus Centres Novi Sad and Subotica in 2011. In 2012, an Aarhus
Centre opened in the south-eastern city of Niš. In 2015, the Aarhus Centre Novi Beograd was
inaugurated in the capital Belgrade. The Aarhus Centres of Serbia focus on building and facilitating
participatory local governance processes and on promoting dialogue on environmental issues. The
Aarhus Centres are also working on Disaster Risk Reduction (DRR), particularly flood risk
reduction (OSCE 2017).
13Interview with a Serbian Environment Ministry Official in September 2017.
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but they need to have the necessary resources (human, technical and financial) to
ensure that “competences are matched by capacity” (EC 2016d, pp. 17–18).

5 Conclusion

Environmental problems in the Western Balkan region constitute a great challenge
for both the countries within themselves and for their relationship with the
EU. Undoubtedly, the EU enlargement process is a powerful driver of change in
the region and provides opportunities for environmental improvements as well as
(legal, administrative and financial) challenges. But, complying with EU environ-
mental requirements may prove to be one of the most demanding tasks for these
countries. While recent reform efforts include the important development of a new
legal and policy framework for environmental management, effective imple-
mentation leading to measurable improvements remains a great concern. Thus, in
the area of environment and climate change legal aligning, there is a growing
implementation gap.

In this study, it is possible to confirm that there is a correlation between insti-
tutional capacity and the implementation of environmental laws. Institutional or
governance indicators, such as the rule of law and the control of corruption, have a
strong effect on environmental actions and outcomes. Weak governance is correlated
with negative environmental outcomes and is closely associated with instability and
political and social problems, such as corruption, and lack of trust in institutions and
authorities (Wingqvist et al. 2012, p. 13).

Furthermore, the study also demonstrates that these governance indicators have
an impact on the ability/capacity of the governments to perform or not the necessary
legal changes and the institutional capacity needs associated with implementation
and enforcement of environmental legislation. The strengthening of policies, insti-
tutions and capacities is needed in all of the Western Balkans countries as weak
governance often hampers the adoption of climate change policies and the adaptation
efforts to the EU environmental acquis.

The administrative challenges are becoming more obvious when it comes to
applying and implementing the environmental legislation. There is a growing
implementation gap, between what is agreed and decided and what is actually
implemented. The lack of implementation and enforcement remains a concern and
is related to weak administrative capacities, which have been identified as a major
obstacle for EU accession process. All countries need to better integrate environment
and climate change concerns into other policy areas. Strengthening of administrative
capacity and inter-institutional cooperation and coordination among ministries of
government institutions should remain a priority. Technical solutions to environ-
mental problems are often not sufficient to obtain sustainable development. Improv-
ing governance is key and could provide important synergies with support to
infrastructure investment. It provides an important vehicle to improve environmental
performance in general as well as the relation with the EU.
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Looking to the last European Commission reports, governance has been
improving in the Western Balkan countries, but it is still plagued with several
problems that contribute to the fragility of the rule of law and the weakness of
institutions. Improving government effectiveness, supporting inclusion of private
sector and civil society in policy-making and monitoring and improving the rule of
law and control of corruption are thus important means to enhance implementation
and enforcement of climate change policies.

But, although important, improving governance is not the sole solution. Envi-
ronment and climate changes also need to be political and economic priorities given
adequate budget allocations and incentives provided for environmental improve-
ments. Areas identified as particularly important are improved integration of envi-
ronment and climate change in development, enhanced capacities for environmental
management and the transformation towards a greener economy.

The role of environmental authorities in the Western Balkan countries will
continue to be important. However, in order to fully integrate environment into the
core of development, also other ministries (like finance, economy, planning) play a
key role.
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Abstract Since 2008, the countries of the group known as the BRIC countries
(Brazil, Russia, India and China) have acted as strategic partners with a twofold
purpose: to change the architecture of international relations and to rearrange the
balance of powers to soft balance world’s largest military power, the United States.
Countries that are today classified as ‘growing economies’ are undoubtedly the
highest global consumers of energy, emitting polluting agents such as those from
natural gas, oil and coal, which are all responsible for the greenhouse effect. The
present chapter analyzes and examines whether, within the international context, the
BRICS have sought to respect the United Nations Framework Convention on
Climate Change (1992) (that is, the Doha Amendment to the Kyoto Protocol), and
to establish new commitments for the period 2013–2020 under the Paris Agreement
(2016). To that end, we note important political and economic aspects of the BRICS
that converge—and sometimes diverge—as member countries pursue the climate
change agenda, and we look at how these same aspects strengthen the decisions of
the different governments of each BRICS. Of note in this examination is the role of
the New Development Bank, known as the BRICS Bank, which is recognized as the
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driving force behind clean energy financing and for its contribution to sustainable
development.

Keywords BRICS · Climate change · Sustainable development · Clean energy ·
Soft balance

1 Powers in Cooperation

The emergence of new players in international relations, known as the BRIC
countries (Brazil, Russia, India, China), tended to combine member powers and
minimize their differences in the face of the global challenges of climate change. In
fact, these states are located in geopolitically strategic regions, where they claim a
position of world leadership by which they may stem the continued hegemonic
intentions and influence of the United States, as it transmits and applies unidirec-
tional policies. The idea of ‘leadership’ connotes an actor’s ability to influence the
course of international relations. The actor may not only aspire to lead but must also
be capable of enacting domestic governmental mechanisms, establishing institutions
and a form of government, put forth an economic policy, practice cultural diplomacy
and various policies for the energy sector (Langenhove et al. 2016). All this reflects
the degree to which the actor is involved in the international arena and its interactions
there.

The BRICS, as a group of regional powers, lies within a context and varying
structural dimension, as it adapts to the international reality, as it attends to sensitive
and problematic issues, such as security, respect for human rights, the environment
and global warming and energy; not less important is the agenda related to financial
and international trade sectors.

Each of these states develops its respective political agenda, taking into account
the geopolitical space it occupies in a dynamic of participation at various levels. For
example, China’s macro-regional location allows it to participate in the Association
of Southeast Asian Nations (ASEAN), the group Asia-Pacific Economic Coopera-
tion (APEC), and the Shanghai Cooperation Organization (SCO). With Russia and
the countries of Central Asia, China has a complex relation with Europe and its
bordering countries, in addition to the United States and its spheres-of-influence,
namely, the Commonwealth and its allies. South Africa, in its post-apartheid logic,
affirms its regional identity, promotes sustainable development and aims to reduce
poverty and guarantee the security of the region. To this end, this country reinforces
the role of the Southern African Development Community (SADC), demonstrating
evidence of its agenda for a greater multilateral diplomatic commitment in Africa to
resolve the crises that plague the continent (Soko and Balchin 2016). For its part,
Brazil relies on intra-regional cooperation through Mercosur and the Union of South
American Nations (UNASUR) to boost its economy and promote its social and
human development. As a partner and actor in bilateral relations with its neighbours
and economic partners, Brazil strengthens political dialogue to achieve greater
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energy integration, supporting and respecting biodiversity and the ecosystem in the
fight against the causes and consequences of climate change.

It should be noted that Brazil seeks to solidify an identity separate from other
countries in the region regarding progressive recognition of the rights not only of its
nationals but of residents of each member state of UNASUR. Brazil’s aim is to
rejoin, South-American association, and its policies are directed towards being
interconnected regionally, but with a global focus. This is especially the case in
Brazil’s fight against terrorism and corruption, the trafficking of humans, arms, and
drugs, or in countering any other transnational threat that might affect the internal
security of each of the member states of UNASUR. In all these areas, Brazil’s long
view is to enhance the security of each citizen.

Also of note is the case of India within the framework of the South Asian
Association for Regional Cooperation (SAARC), whose political and economic
charter outlines the fundamental structure of the various areas of cooperation:
agriculture, rural development, telecommunications, health, science, technological
development, infrastructure and transport. In doing so, it aims to ensure the well-
being of the population of that region.

The reinforcement and development of these intra- and extra-regional links, on
the one hand, is intended to increase the degree of regional integration and, on the
other hand, to enable small powers to play a strategic coalition role, enabling them to
maneuver in the international system as they represent their regions at the level of a
global community (Langenhove et al. 2016). Precisely in Quiliconi’s opinion
(2016), the rise of new players and powers in international relations is by its nature
a challenge to the world order.

2 Climate Change and Challenges

Within the framework of the BRICs, it is critically important to emphasize that the
countries comprise one of the largest areas of biodiversity richness in the world. In
this sense, as emerging economies, they have high consumption and energy produc-
tion indices, which increase the concentration of greenhouse gases in the atmo-
sphere, having a direct impact on the ecosystem due to the excessive concentration
of carbon dioxide, nitrous oxide, methane, chlorofluorocarbons, perfluorocarbons
and sulfur hexafluoride. Thus, derived from the high consumption as referred to,
these countries endanger their ecosystem.

In addition, problems related to the consequences of energy use are linked not
only to economic issues, but also to society. Thus, climate change implies the
transnationalization of the debate and a consensus on solutions that incorporate
economic, financial, commercial and security considerations—among others. All
these issues of major importance were highlighted in the United Nations Framework
Convention on Climate Change (1992) and subsequently included in the Kyoto
Protocol in 1997, where, for strategic reasons, the European Union advocated a
strong and serious commitment to the countries involved; they were retaken at the
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United Nations Conference on Climate Change (2015), which aimed at a universal
agreement with the regency from 2020 to limit global warming to less than 2 �C by
the year 2100.

The emergence of the BRICs, in focus with their agendas, in the framework of the
geopolitical alliance of the BASIC (Brazil, South Africa, India and China), which
does not include Russia, arose from an imperative necessity, the identification of
attractive and alternative poles in the search for new markets and investments, in the
international political system inserted in the dynamics of the global capitalist
structure. The key question is this: What kind of order or disorder can these new
actors generate or provoke?

South–South relations promote economic and trade links alongside specific
coalitions in the trade blocs with the G20 or the World Trade Organization
(WTO), which implies a convergence of the nature of the definition of the foreign
policy of each of these states in a changing age so they do not become threats, but
rather that they become cooperative powers, defyingWestern world domination. It is
evident that one of the major convergences in this cooperation is evident in global
economic governance, where the BRICS intend to demonstrate, even with the
creation of the Bank for Development, that they can play a relevant role in the
conduct of international politics together with the United States and the European
Union.

In the second decade of the twenty-first century, the constant threat and specter of
a new global financial crisis put the BRICS in a position of greater importance on
this chessboard. Each of these states intends to become the preferred player, as was
the case of Brazil during the presidency of Dilma Rousseff, or of Russia as a
counterbalance to its eternal, ideological rival, the United States, during the
Cold War.

However, from another perspective, China, through President Xi Jinping, pre-
sents itself not as a counter-power, but as a faithful player whose function lies in the
constant rebalancing of the balance of power. However, the negative side of this
common agenda, specifically, the limitations on any effective action the BRICS from
imposing its policy reforms as an alternative to the dominance of the World Bank
and its satellite institutions in financial and investment.

According to Quiliconi and Kingah (2016), related tensions exist in terms of
inclusion or exclusion resulting from an unequal distribution of wealth within each
of these countries, despite considerable efforts to reduce extreme poverty, in partic-
ular, in Brazil, India and China. All these elements are embedded in economic
policies in the name of redistribution and social inclusion carried out by the leaders
of these powers, with a greater or lesser degree of results in the various sectors of the
population.

One of the characteristics referred to by O’Neill (2013) is the phenomenon of the
rise of an unparalleled middle class compared to other Western countries, despite
inequalities of social stratification, and a positive effect on the global transactional
flows of capital, trade and labour.

Although the major urban centers of the BRICS readily allowed and contributed
unequivocally to the emergence of this new middle class, this process did not bring
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about an eradication of poverty; on the contrary, inequalities persist alongside a
reconfiguration of urbanization that, in a way, indicates and projects the image of
two opposing worlds: those included in the process and those excluded from the
system.

In addition, one of the major problems of and obstacles to the effective develop-
ment of these countries in the name of the inclusion and eradication of human misery
is the adoption of policies that promote the demolition of the wall or barriers to
health, education, access to transport services and environmental practices, given
that economic growth means high energy consumption, degradation of air and water
quality and a disrespect of environmental policies, derived from the high rates of
pollution. Incidentally, in the case of India, the government has been reluctant to
accept the multinationals Walmart, Carrefour, Tesco and Metro because it considers
them destructive to small businesses, and because they bring negative repercussions
for local commerce, for both consumers and producers, problems that particularly
affect the rural environment (Quiliconi and Kingah 2016).

As a result, the leadership of the BRICS starts at the domestic level and is
reflected in the international arena, based on its behaviour regarding the reinforce-
ment and containment of internal/international cleavages. Despite limitations, it is
clear that the BRICs have been a force since 2009, from the moment they met at the
first of several ministerial summits to address foreign affairs, and to affirm and
develop their global leadership capacity. Since the 2011 BRICS summit, which
involved meetings for the first time in the fields of education, health, agriculture and
urbanization, it has been necessary to establish regular inter-ministerial meetings to
follow up and monitor these areas of intervention. In summary, it is pointed out that
the first summit, in Yekaterinburg, Russia, on June 16, 2009, before South Africa
was a part of the group, debates converged on financial and economic issues, as it
analyzed the impact of the 2008 crisis. The recovery of the world economy was part
of the discussion regarding the need to reform the UN system.

The second summit in Brasília, Brazil, on April 16, 2010, served to strengthen
political consensus among members of this group, announcing the intention to carry
out and develop initiatives aimed at intra-BRIC cooperation, involving themes
related to safety.

At the third summit, in Sanya, China, on April 14, 2011, South Africa was
included in the group, taking into account its economic relevance and, above all,
issues of geostrategic importance on the African continent as well as in constructive
action in international politics, reaffirming the imperative to readapt the United
Nations to contemporary reality, since the UN system did not then respond to or
represent the new world order. Of the topics discussed, terrorism was condemned,
the use of renewable energies was embraced and nuclear energy for peaceful and
non-war purposes was supported, not as it was used during the Cold War. Equally,
the relevance of the Millennium Development Goals, the fight against human misery
and the eradication of hunger was equally emphasized.

The fourth summit, held in New Delhi, India, on 29 March 2012, consolidated the
fundamental pillars of the BRICS, extending financial cooperation to non-member
countries outside the group, through the decision to create the Development Bank in
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the name of financing infrastructure projects and sustainable development, in addi-
tion to helping and facilitating the granting of credits using local currencies.

The fifth summit in Durban, South Africa, on March 26–27, 2013, approved the
report on the viability of the Development Bank and took advantage of the signing of
two agreements: the establishment of the BRICs behalf Business Council and the
establishment of the BRICS Think Tanks Council on of BRICS and Africa cooper-
ation. With regard to Africa, the BRICS are the main partner; therefore, through the
IBSA Dialogue Forum (India, Brazil, and South Africa) the volume of trade goes to
around US $25 billion, offering and opening a new way to the achievement of new
export, business and investment opportunities.

The BRICS have a particular interest in the exploitation of natural resources, in
particular, energy, i.e., oil. Brazil intends to lead and create the new axis of the
South, while Russia wishes to improve its image around a new perspective because
of its action in previous times in Africa during the Cold War. For India, Africa is
viewed politically as a strategic ally in seeking competitive advantages over its
Chinese Asian competitor. However, for China, the countries of the African conti-
nent are considered long-term partners in the attempt to gain a foothold and, clearly,
a certain global economic ascendancy. It is noted in passing that in just 20 years,
from 1990 to 2010, China’s trade grew from US $3.5 billion to US $100 billion,
which reflects an exponential increase in Sino-African trade and its China’s clear bet
on the importance of international trade.

At the sixth summit held in Fortaleza, Brazil, on July 14–16, 2014, an agreement
was signed by the Development Bank, the Reserve Contingent and the Memoran-
dum of Understanding for Technical Cooperation between Credit Agencies and
Guarantees to BRICS Exports. In addition, an agreement was implemented between
the BRICS national banking sectors in the name of innovation cooperation.

At the seventh summit in Ufa, Russia, on July 8–9, 2015, the constituent
agreements of the Development and Reserve Contingencies were ratified. at meet-
ings of the Board of Governors. Furthermore, at this summit, the members decided
not only to diversify but also to deepen trade to strengthen intra-BRICS investment.

At the eighth summit, in Panjim, India, on October 15–16, 2016, the BRICS
decided to focus their attention on promoting the innovative global economy, linking
global growth with sustainable development. From this summit, the role of the
BRICS in the world was analyzed, and it was taken into account that the BRICS
countries represented 43% of the world population and 30% of GDP and that they
move around 17% of global trade, according to IMF the growth was on the order of
7.6% in 2016/2017. On the international agenda, climate change, regional security,
the grave problem of international terrorism and the peace process in Syria were
discussed. In the case of Brazil, Michel Temer called on remaining members of the
group to aid and support Brazil in its exit from the deep recession.

The ninth summit, September 3-5, 2017, in Xiamen, China, was convened in the
name of strengthening the intra-BRICS partnership, to promote solidarity and
collaboration in order to improve global governance. It was deemed important to
deepen cooperation and act pragmatically to achieve mutual benefit, increase
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interpersonal exchange, strengthen public support and create an institutional mech-
anism by which to improve the cooperation platform.

In this respect, China is expected to actively intervene, with President Xi Jinping
the guarantor of success and fulfillment of such desires, in particular, to extend and
deepen its influence on South–South cooperation, as it has already taken place to
become a global platform of influence in international relations. Thus, the BRICS as
a driving force at this summit had to sustain global economic growth accompanied
by the promotion of democracy in international relations. According to Quiliconi
and Kingah (2016), the BRICs involved the G20 in the process to “mask” their
domestic differences, using G20 to follow up on their intentions to reform interna-
tional financial institutions. However, the same author points out that the BRICS,
despite their manifest desire to change the system, have focused more on increasing
their participation in the global system than on properly proceeding with or contrib-
uting to their change.

Of the G20 issues in which the BRICS have shown interest, we highlight the
following: (1) a better representation of the international financial institutions; (2) the
Chinese devaluation resulting from increased imports of Chinese industrial prod-
ucts—an especial concern of Brazil, India and South Africa; (3) Brazil and China’s
criticism of the policy of US monetary expansion (India opted for the contrary
position, demonstrating its support); (4) Russia’s quest to restore confidence in the
European investment market and to resolve the debt issue. From these common
positions, Brazil continues to opt for cooperation to overcome the European crisis, in
addition to requesting urgent reform of the IMF; the creation of intra-BRICS
financial mechanisms, together with an increase in resources in the banking sector,
namely the BRICS development banks, is the position assumed by Russia, India,
China and South Africa (Quiliconi and Kingah 2016).

On the other hand, one of the major challenges of the BRICS in its claim to global
leadership in place of the United States and the reform of the financial system
dominated by the World Bank and its agencies is that each member country has to
fight its isolationism in intra-BRICS logic by directing their bilateral relations and,
clearly, in building a common global agenda. It is essential the BRICS develop
policies of cooperation not only in matters of economic or finance, but in the large
areas of employment, health, education, agriculture, environment, security and
defense.

In this context, according to Käkönen (2013), each of the BRICS has its own
internal vision of the group, being these: (1) Brazil, the connection of its interests
with a South–South cooperation logic, specifically with economies such as India and
South Africa, meaning an alternative channel of financing; (2) China, to share its
approach to the concept of sovereignty, since it already acts on the world stage as a
global power; (3) India, the possibility of exploring strategic options in the Indian
Ocean region, beyond the feasibility of establishing multiple bilateral free trade areas
with all countries currently contributing to global growth, adding Turkey, Indonesia
and Nigeria, and it is of the utmost importance that China remain subject to a
multilateral system and a rules-based international order.
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India recognizes, at the global level, the relative decline of the alliance system
around the United States is already evident; the US administration has been aware of
this reality for more than a decade, presenting Trump with the challenge of finding a
viable global strategy and the various regional levels (Khilnani et al. 2012); (4) Russia,
in Lavrov’s perspective (2012), taking the BRICS group as “a key piece of global
chess” and supporting them as a new model of global relations. Replacing the former
East–West and North–South relations is a key priority of Russian foreign policy; the
Russia–India–China trilateral format is of equal importance, in addition to the demand
for diplomatic support around Turkey, Egypt, Algeria, Iran, Saudi Arabia, Syria, Libya
and Pakistan, among others; (5) South Africa, the continuation of the Bandung
Conference and South–South relations, inserted in the African context of integration.
Indeed, this group generates a sense of the search for an alternative order in the
international community, in particular, the United States, which could put the domi-
nant powers at risk and instigate violence and confrontation in international politics.

3 Polycentric Dynamics in the International Arena

BRICS individually or collectively may determine the health of the international
market and the system of multilateral trade. In this sense, there are two ways of
avoiding friction: on the one hand, it consists of a broad group of actors with new
forms of thinking and acting on the social and economic consequences of BRICS
globalization; and, on the other hand, it entails coming up with a strategy that
involves the developed countries in their dialogue on the exploitation of the
BRICS’ place in a constantly changing world.

Under the chairmanship of Vladimir Putin (7 May 2000–7 May 2008), Russia
becomes a world power and a counterbalance to Europe and plays a key role in the
supply of hydrocarbons and geopolitical configuration energy. It should be empha-
sized that, according to Igor Sergeyevich Ivanov, Russia’s former Minister of
Foreign Affairs, Russia aims to enjoy full recognition by the European Union of
the internal economic market, the marketing of Russian goods on EU soil, diversi-
fication of economic relations, exports to the APEC countries, the increase of foreign
direct investment (FDI), and the representation of the national interest in the
development of commercial relations, especially in legal matters. For Ivanov,
external relations are part of a logic of expansion of multilateral and bilateral
relations, where the intellectual sphere is properly present in initiatives of a scientific,
cultural and educational nature (Ivanov 2002).

As far as foreign relations are concerned, Russia is moving forward in a dynamic
and creative process, one oriented towards the individual, guaranteeing the interests
of Russian citizens, actively supporting national entrepreneurs when penetrating
foreign markets and, finally, supporting the development of international contacts
in culture and science.

In general BRICS terms, let us note Brazil as a regional giant; Russia as a key
factor in energy and within the framework of overall policy stability; India as having
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the largest global democracy and potential consumer market; and China being the
largest authoritarian state with a capitalist economy as well as a huge consumer
market. There is a positive development of the BRICS in terms of infrastructure
development beyond its adoption of a new energy model: the Growth Acceleration
Program (PAC) is accompanied by an increase in funds in the areas of social
intervention, such as in the education system at child and middle/junior level.

However, in the economic context, we must bear in mind the volatility and
instability of markets, which creates a considerable risk for both the BRICS and
internationally. Within this context, it should be noted that the BRICS are associated
in the international arena with poor countries, and therefore constitute not only the
voice of the peoples of the 3A’s (Africa, Asia, Latin America) but also form a kind of
buffer zone.

Within the BRICS, we mention that Russia does not attach importance to the
economic growth of Brazil, India and China due to these countries’ poor contribu-
tion to Russian development. For the moment, the Russian government focuses its
attention on the West in the context of technological imports. The biggest risk for
Russia in terms of the global BRIC market is primarily its banking and financial
sectors, in addition to the fact that it is characterized by its paternalistic government,
its lack of transparency, its noncompliance and non-enforcement of environmental
regulations.

Although we see a positive spillover of economic benefits within the population,
an equitable distribution of these is lacking, which causes and generates disparity
between social classes, between the richest and the poorest. However, if there is to be
a positive effect on the world order, it is essential there be verifiable development in
key sectors, such as those relating to economic and social issues. At the same time,
countries such as Russia, India and China need to be strengthened in the technolog-
ical area, and there needs to be a strategic implementation of the educational system.

Among the BRICS, Russia has positioned itself in the last 7 years with a GDP
growth rate of around 7%, making it the tenth largest economy in the world,
corresponding to GDP per capita of around US $10,000, building on a strong parallel
economic and social growth during Vladimir Putin’s presidential term. In compar-
ative terms, since Russia is an economy based on the export of energy resources, it is
closer to the Brazilian model than to the Indian or Chinese. It should be noted that
although each BRICS country is quite different in overall, they are similar in social
inequalities, especially in the distribution of wealth and the high poverty rate, in
addition to how the government is involved in the functioning of the economy.

Russia has strengthened its economy to better meet the social conditions of the
population through the systematic injection of capital in the short term. In addition,
Russia sets up a stabilization fund from funds raised in energy exports through a
balanced national budget. Indeed, one of the main problems for BRICS is the
investment sector, specifically FDI, as these economies do not have sufficient
funds to support the development of the global market. In the Russian context, the
problem is at the governmental level due to the absence and insufficiency of policies
aimed at attracting FDI; for example, a government monopoly in the natural gas
sector and eventually in the oil sector.
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In the case of China, export productive capacity is based on a mass-produced
manufacturing industry, despite a diversified economy in which we find new tech-
nologies. However, in terms of sustainable development, if India and China follow
similar paths, such as those taken by Japan and South Korea, they should certainly
see substantial improvement in the areas of environment and income.

In fact, when addressing potential problems within the BRICS from a market and
investment perspective, India and China are notorious examples of the poverty
reduction effort, even as both economies gradually position themselves as potential
centers of economic growth in the global economy. Of course, when we compare
India and China to the United States, Japan and an organization like the European
Union, we see different realities in both the cultural and social contexts: industrial-
ized economies are guarantors of greater stability than emerging ones, owing to their
immense monetary reserves.

At the global level, both India and China stand as the major economic forces. The
main driver of economic growth was the opening of the global trading system, which
has led to structural changes in the internal economies of these two countries, namely
through the creation of private institutions to eliminate trade barriers. In addition,
India and China capitalize on access to lower-cost labor and financing for techno-
logical development. BRICS economies choose increasing their economic levels
over adopting preventive measures against environmental impact and global
warming. If India and China maintain their current pace of economic growth using
the same amount of energy, they will put enormous pressure over the next two
decades on the world’s energy resources.

We note that India’s economic growth marks an average of 8%, despite no
accumulation of capital or FDI. The areas of potential growth to attract FDI are
those linked to the infrastructure sector and the retail industry. According to
Goldman Sachs, India may be the long-term economic engine of the world, notably
by building new rail networks in the country that can boost the transport sector,
vehicle manufacturing and housing construction, creating a suburban corridor along
this new network linking the entire country (O’Neill 2007).

The development of information technologies in India provokes an attractive
offer for students seeking new areas of study in various knowledge-oriented pro-
fessions. Alongside technological development, we have seen unparalleled urban
growth, representing 10 of the 30 developing world. At the beginning of the decade
of 2001, India had 35 cities with more than 1 million inhabitants.

In China, one problem of economic growth is seen in the aging of the population,
brought on by the one-child policy. However, for Asian neighbors, China represents
a center of investment opportunities in the industrial economy sector as well as a hub
for multinationals, who can live there better off than they do in their countries of
origin. It should be mentioned that consumption habits, with the evolution of time,
will change as human capital is added, accompanied by urban growth and more
luxury goods, travel, entertainment, media, fashion and acquisition industries.

On the other hand, in the Brazilian framework we have verified that savings and
investment are not a political priority, since if they were, a fiscal adjustment and an
improvement in the population’s living conditions would have occurred to attract
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FDI. To this end, the da Silva administration’s policy (mandates: first, 2002–2006,
second, 2006–2010) should focus on greater economic opening to substantially
increase the investment to be applied in education, structural reforms to make
productivity competitive. These measures would result in continued economic
growth by 2050, bearing in mind that the main challenge is to restore global investor
confidence so that emerging economies and industrialized countries can regain lost
ground, in addition to a political circumvention of an international crisis.

In the energy and environmental framework, it is worth noting that Brazil in the
last 6 years, despite its investment in energy infrastructures, abandons a clean energy
policy and continues to burn forests, showing little respect for the Kyoto Protocol.

Similarly, we can mention that Russia is not concerned about the dangers of
nuclear waste when it abandons its submarines in the North Seas and experiments
with bacteriological weapons. It invests little in energy exploration, demonstrating
an absence of orientation toward care and control of the environment. Members of
the Russian mafia have tried to obtain nuclear missiles and atomic waste for ilegal
trade, taking advantage of the government’s policy of abandoning nuclear weapons
and equipment.

China maintains the same position in the use of its energy sources, even provok-
ing acid rain, despite sending a positive message to the international community. The
industrialization of India and China demands energy resources, namely oil, and
consequently puts pressure on crude oil prices and global demand/supply. It is
estimated that India over the next 15 years will overtake China in this area and
will need to consume increasing amounts of energy. In turn, both Brazil and Russia
approach Japan’s energy consumption habits, but will only reach Japan in this sense
by the year 2025 (O’Neill 2006). In terms of world demand for oil, the value for
Brazil, by 2025 is 4%; for India, by 2025, 7%, and in the case of Russia, 4%; in
contrast, in the BRICS, China is highest at 16%. As a global reference, Japan will
increase to 4% and the US to 19%, attesting to a decline in demand for oil, through
implementation of renewable energy resources based on a long-term policy on
environmental protection.

4 Conclusions

In the BRICS, poverty translates into a problem of the utmost gravity: education and
the role of women. In India, someone with the most fortunate means, such as a
driver, will tell his son to study rather than to pursue his father’s line of work. This
example reveals that it should be noted that, in the education sector, the BRICS has
been developing rapidly and the sector has become more rigorous.

Taking into account cultural differences and social systems among the BRICS,
the path of mutual understanding is the best way to prevent friction. Governments
need to face the problems of misery and social contrasts in order to succeed.

Coming from the complexity of financial integration, no state even the most
advanced will be able to guarantee their immunity from the impact of a new global
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economic crisis. The BRICS, clear examples of postcolonial formations, have been
accelerating their economic growth, holding a regional market whose accessibility
translates into a competitive advantage in productive expansion of their capacity,
keeping them independent of the OECD club.

Russia might learn by following the example of China in business if it intends to
increase investment and its position in the BRICS. It is noted that in an endogenous
way, the market continues to operate according to the will of investors and analysts,
both in gains and losses, inciting instability. In exogenous terms, the most diverse
institutions for development—finance and universities—need to operate in a stable
environment.

The emergence of BRICS in this twenty-first century is a testament to the fact that
we are in an era of change, in a world where powers such as the United States and the
EU continue to play a key role in reconfiguring international relations (Martins
2015). The emergence of new actors generates ambition and attempts to change the
situation from geopolitics to the global economy in a world of marked contrasts. It
thus increasingly appeals to a paradigm shift or a gradual transition to another system
where the exercise of global leadership beyond American influence in politics and
international relations, bearing in mind that the problems that humanity faces in your
planet require solutions and initiatives that seek to promote multilateral cooperation.

In fact, the BRICS intend to assume a position in the international scene, even
though domestically they face problems of the greatest dimension in terms of
poverty, health, social inequalities and human rights and in judicial arena. In order
to contribute to the transition or rebalancing of the international system as an
alternative to US hegemony, it is difficult for the BRICS to impose their will or to
replace this European Union, even in a marked crisis and an uncertain future, or if
their role overlaps with that of the United Nations, ranging from humanitarian to
guarantor of world security.
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Abstract The Anthropocene poses profound challenges to the conservation of the
Amazon rainforest, a global carbon reservoir. The forest’s unsustainable model of
development, based on severe land use changes, and the effects of anthropogenic
climate change may result in irreversible damage. In addition, crossing tipping
points for the survival of the Amazon rainforest may trigger catastrophic climate
change (CCC), which reflects the urgent need for a new development paradigm for
the region. However, the prospects of the dieback of the Amazon as well as of a CCC
scenario are generally overlooked in the academic and political debates. This chapter
aims to fill this gap by exploring the link between irreversible environmental
changes in the forest and potential CCC and by analyzing the challenge of sustain-
able development in the Brazilian Amazon, demonstrating how close a climate
catastrophe might be; it then presents a novel development paradigm for the region.
The revolutionary technologies of the Fourth Industrial Revolution are proposed as
central to this necessary paradigm shift. Because the Amazon rainforest is a global
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natural asset for avoiding CCC, Brazil is also advised to follow a diplomatic plan that
upholds fundamental ecological principles for creating a safe space for humanity,
thus attracting international investments to manage and preserve the forest.

Keywords Amazon · Anthropocene · Brazil · Catastrophic climate change ·
Deforestation · Fourth Industrial Revolution

1 Introduction

Humanity has become a dominant force in driving global environmental change.
Breaking with the relative environmental stability and predictability of the Holocene
and profoundly changing the Earth system, human actions have become the drivers
of the planet’s transition to a new geological epoch, the Anthropocene (Crutzen and
Stoermer 2000). Complex, uncertain, unstable, and dangerous, the Anthropocene
threatens economies, societies, and ultimately the survival of the human species by
challenging scientists, policymakers, and practitioners who address environmental
conservation and management (Golladay et al. 2016; Zalasiewicz et al. 2010).

Under the Earth’s new geological conditions, policymaking and academic and
public discussions should consider the risk of transgressing thresholds that trigger
abrupt, non-linear, and irreversible environmental changes. However, in a complex
and uncertain environment, it is nearly impossible to define exactly where these
thresholds are (Baum and Handoh 2014). Therefore, renowned scientists have
established a set of planetary boundaries (PBs) that delimitate “a safe operating
space for humanity”; if these boundaries are breached, humanity will probably risk
catastrophic environmental events, since such breaches will bring humanity closer to
crossing the expected Earth system’s thresholds (Rockström et al. 2009). Alarm-
ingly, scientists believe that humanity has already crossed four of the nine identified
PBs, namely, altered biogeochemical cycles, land system change, biosphere integ-
rity, and climate change. They suggest that crossing one boundary may cause others
to be crossed, creating a “cascading collapse”; they also suggest that biosphere
resilience and climate change are key boundaries that may drive the planet into a
new state on their own if they are substantially and constantly crossed (Steffen et al.
2015). This is problematic, especially because the latest scientific research indicates
that human actions are causing the climate to change 170 times faster than natural
forces (Gaffney and Steffen 2017) and that the global rate of species extinction and
population decline is more serious than previously thought, possibly leading to
negative cascading effects on the functioning of ecosystems (Ceballos et al. 2017).

Political action has been profoundly disconnected from the gravity of planetary
reality. Even if fully implemented, the pledges that countries have made under the
Paris Climate Agreement have less than a 10% probability of keeping the planet
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below 2 �C above 1900 levels and a >50% chance of exceeding 3 �C.1 Since Parties
are not currently on track to meet their Nationally Determined Contributions
(NDCs), the risk may be far greater than 50%. According to the Intergovernmental
Panel on Climate Change (IPCC 2013), to stand a reasonable chance (>66%) of
staying below 2 �C, humanity must not exceed a remaining global carbon budget of
225 GtC.

There is now a scientific consensus that self-reinforcing feedback loops are
established once temperatures exceed a certain limit, potentially leading to a rapid
increase in the concentration of greenhouse gases (GHG) in the atmosphere. Even a
global warming increase of 2 �C may be sufficient to trigger tipping points in the
biosphere that would push the planet into a completely new state (Abe et al. 2017).
Considering that 2017 (+0.84 �C), 2016 (+0.94 �C), and 2015 (+0.90 �C) are the
three warmest years since 18802—and that 2017 experienced near-record tempera-
tures even in the absence of El Niño events3—there are reasons for concern. Climate
scientists believe that global temperatures may exceed 1.5 �C in the next one to two
decades, placing the planet at a potentially dangerous level of climate change
(Henley and King 2017). Considering this scenario, the prospect of a global envi-
ronmental catastrophe should not be overlooked.

Nevertheless, academic, political, and public debates rarely acknowledge global
catastrophic risks (Abe et al. 2017; Bostrom 2013; Rees 2013; Wiener 2016) such as
catastrophic climate change (CCC). According to the definition of Bostrom and
Cirkovic (2008)—commonly used in the still embryonic literature on global cata-
strophic risks—a global catastrophic event would potentially affect at least a large
part of the current population or at most all future generations; it could cause
significant harm while not destroying the quality of life completely, or, in the
worst-case scenario, it could lead to “the premature extinction of Earth-originating
intelligent life or the premature and drastic destruction of its potential for desirable
future development” (Bostrom 2013, p. 15). To be considered catastrophic, an event
would have to end the lives of no less than nearly 10% of the global population or
have a comparable impact (Cotton-Barratt et al. 2016). CCC, one of the most
pressing and challenging global catastrophic risks facing civilization, would proba-
bly cause this massive level of destruction. A CCC scenario would entail a global
average temperature increase beyond 3 �C above preindustrial levels, a severe rise in
sea levels, large-scale species extinction, substantial risks to regional and global food
security, the combination of high temperature and humidity jeopardizing normal
human activities, etc. (IPCC 2014a; King et al. 2015; Xu and Ramanathan 2017).

1Data from the Climate Action Tracker, available at http://climateactiontracker.org/global.html,
accessed 24 January 2018.
2Data from the National Oceanic and Atmospheric Administration (NOAA), available at https://
www.ncdc.noaa.gov/cag/time-series/global, accessed 15 June 2017.
3El Niño events usually magnify global warming; the hottest years on record correspond to the
occurrence of these events. The first half of 2016 experienced a strong El Niño and was the warmest
year ever recorded (NOAA 2017).
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CCC would potentially be triggered by crossing one or more tipping points of the
Earth’s climate system.

The dieback of the Amazon rainforest is one of the tipping points in the Earth
system4 that may push the planet into a global climate catastrophe. Natural scientists
suggest that the resilience of this vital biome may be deteriorating (Brienen et al.
2015; Fearnside 2012, 2016a; Rockström et al. 2016; Zemp et al. 2017). The forest’s
unsustainable model of development, based on severe land use changes, and the
effects of anthropogenic climate change may result in irreversible damage; this
reflects the urgent need for a new development paradigm for the region. Neverthe-
less, social scientists who study the Amazon as well as policymakers have generally
not considered catastrophic climate risk and the link between the dieback of the
forest and CCC thus far.5

This chapter aims to fill this gap by presenting the Amazon as a global natural
asset in avoiding CCC (Sect. 2); analyzing the challenge of sustainable development
in the Brazilian Amazon (which accounts for nearly 70% of the whole forest) and
demonstrating the profound inconsistencies between the country’s Amazonian pol-
itics and policies and the action needed to avert a climate catastrophe (Sect. 3); and
suggesting a novel development paradigm for the region (Sect. 4). The revolutionary
technologies of the Fourth Industrial Revolution are argued to be key for the
necessary paradigm shift in the Amazon. Brazil is also briefly advised to follow a
diplomatic plan that upholds the fundamental ecological principles for creating a
safe space for humanity, thus attracting international investments to manage and
preserve the forest.

2 The Amazon as a Global Natural Asset for Averting
Catastrophic Climate Change

2.1 The Need for Securing and Enhancing the Resilience
of Forest Biomes

Global climate stability implies rapid and deep decarbonization, negative carbon
emissions in the medium-term, and increasing biosphere resilience. During the next
decade, Herculean efforts will be needed to decarbonize the world’s economy and
safeguard the Earth’s climate. Abrupt carbon emission reductions within 40 years

4The others are the melting of Greenland’s ice shelf, Arctic sea-ice loss, permafrost and tundra loss,
boreal forest dieback, Indian monsoon chaotic multistability, Atlantic deep water formation, Sahara
greening, a West African monsoon shift, a climate change-induced ozone hole, a change in the El
Niño–Southern Oscillation amplitude of frequency, changes in Antarctic bottom water formations,
and the instability of the West Antarctic ice shelf (Abe et al. 2017).
5Natural scientists widely recognize the gravity of the climate risk; however, CCC has been off of
most social sciences’ radar thus far.
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starting in 2020 and a new carbon sink on the scale of the ocean sink are required if
humanity wants to prevent dangerous climate change. Securing and enhancing the
resilience of terrestrial biosphere carbon sinks and stocks are thus keys to meeting
the 1.5 �C goal of the Paris Climate Agreement; hence, large forest biomes must be
given top priority (Figueres et al. 2017; Rockström et al. 2016). Forests play an
integral part in the carbon cycle. By absorbing and conserving carbon in soils and
vegetation, they offset a large fraction of global anthropogenic emissions, making
them the largest terrestrial stock by holding more than three-quarters of all above-
ground terrestrial carbon (UNEP 2014). Some of the IPCC’s Representative Con-
centration Pathways (RCPs) assume that carbon sinks will remain sufficiently robust
to continue buffering anthropogenic interferences in the Earth’s climate system
(IPCC 2014b). However, this assumption is very uncertain.

First, it is worth noting that between 2013 and 2017, land temperatures persis-
tently registered an annual average anomaly above 1 �C and 2016, the warmest year,
reached +1.45 �C.6 As global warming becomes more severe, forest droughts will
certainly become more frequent, potentially reducing the resilience of terrestrial
biosphere carbon sinks and stocks. Second, anthropogenic disturbances to forests
(conversion to agricultural use, logging and other resource extraction, induced fires,
hunting and wildlife trade, the spread of introduced species and pathogens, and
human-induced changes to the climate) are seriously affecting the basic forces that
determine the structure, functioning, and species composition of forests, possibly
leading to ecological outcomes that we cannot foresee (Malhi et al. 2014). Under so
many pressures, forest biomes may be pushed towards tipping points and alternate
states of vegetation cover, releasing massive amounts of carbon (Reyer et al. 2015).
However, the IPCC’s carbon budget of 225 GtC does not consider carbon loss
related to forest dieback, a self-reinforcing process that could potentially further
destabilize the climate system (Abe et al. 2017).

In fact, as we shall see below, the resilience of vital biomes such as the Amazon
rainforest is at risk. Rockström et al. (2016, pp. 468–469) assert that

nations would be unwise to take for granted the robustness of the biosphere’s capacity to
buffer anthropogenic interferences. Carbon-cycle feedbacks may lead to long-term reservoir
failure. (. . .) the restoration of ecosystems and large biome resilience must be on top of the
agenda in the immediate future to ensure that critical sub-components of the Earth system
continue to provide the services we take for granted.

Consequently, developing strong political coalitions to make significant public
investments in conserving and restoring forests is fundamental. Urgent research and
financial support are needed to promote reforestation projects and to establish carbon
dioxide removal methods such as the afforestation of degraded land and the combi-
nation of second- and third-generation bioenergy production with carbon capture
and storage (BECCS) (Rockström et al. 2017). The fact that terrestrial carbon stocks
are vulnerable to human activities and natural events that release carbon back into

6Data from NOAA, available at https://www.ncdc.noaa.gov/cag/time-series/global, accessed
21 January 2018.
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the atmosphere reinforces that need to promote their resilience and develop effective
carbon stock management techniques and practices (Read 2008). This is particularly
pressing in the case of the Amazon, a vital biome for the planet’s climate stability
that has been suffering from the effects of the Anthropocene.

2.2 The Key Role of the Amazon Rainforest: Risks
and Opportunities

The Amazon holds the greatest continuous tropical forest in the world, covering
nearly 5.5 million km2. The forest provides a variety of key services at local,
regional, and global levels, such as air filtration, water cycling, soil stabilization,
the maintenance of biodiversity, and climate regulation. It is estimated that the forest
stores approximately 50% of all tropical forest carbon, i.e. nearly 150–200 GtC
(Brienen et al. 2015).

Some studies suggest a threshold for the dieback of the Amazon rainforest of 4 �C
of global warming or deforestation exceeding 40% of the forest area (Nobre et al.
2016). Others indicate that the threshold may be closer, possibly at 20% deforesta-
tion (Fraser 2016). Crossing these tipping points would probably have massive
consequences; the establishment of savanna-type vegetation would dry soils and
carbon would be lost (Marengo et al. 2011). Since the Amazon is one of the Earth’s
climate system tipping points, the savannization of the forest could potentially
trigger CCC. In the opinion of the IPCC experts, “the possibility of a critical
threshold being crossed in precipitation volume and duration of dry seasons [in the
Amazon] cannot be ruled out” (IPCC 2013, p. 71). In fact, the Amazon has warmed
approximately 1 �C over the last 60 years and has already been deforested by almost
20% (Nobre et al. 2016). As we shall see in Sect. 3 in relation to the Brazilian
Amazon, deforestation has been increasing again following a substantial reduction
between 2005 and 2012.

According to Brienen et al. (2015), the Amazon acted as a strong carbon sink
between 1990 and 2007, absorbing 0.42–0.65 GtC/year, which means that it was
responsible for the uptake of 25% of the carbon absorbed by all terrestrial carbon
sinks on Earth during that period. Due to the higher concentration of carbon dioxide
in the atmosphere, which presumably increases the rate of photosynthesis, trees are
believed to have been growing faster since the late 1980s—a phenomenon known as
the carbon fertilization effect. As a result, the Amazon’s vegetation has stored more
carbon and helped to limit the effects of the increase in carbon dioxide concentra-
tions. However, the authors’ data also reveal that although the Amazon’s mature
forests acted as a biomass carbon sink between 1983 and 2011, there is a long-term
declining trend of carbon accumulation (a decrease of 30% from the 1990s to the
2000s) because faster growing trees are dying sooner than expected. In other words,
trees have been living faster and, consequently, dying younger. This phenomenon is
also described by Allen et al. (2015), who warn about the underestimation of global
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vulnerability to tree mortality and forest die-off. In addition, as Monteiro et al. (2014,
p. 693) stress, one cannot neglect that “numerical models suggest that vegetation loss
leads to increased surface temperatures and loss in rainfall, which in turn can cause
further losses in rainforest and a breakdown in the equilibrium between these parts”.
Actually, a recent study by Baccini et al. (2017) suggests that the world’s tropical
forests are already a net carbon source.

Droughts are integral to the natural climate variability of the Amazon; however,
in 2005, 2010, and 2015, the Amazon experienced unusually extreme droughts that
will probably have long-term effects (Nobre et al. 2016). Moreover, these droughts
will certainly become more frequent, as temperatures are rising in the region.
According to Feldpausch et al. (2016), during the 2005 and 2010 droughts, the
Amazon temporarily lost its ability to absorb carbon dioxide. The 2015 drought may
have had worse impacts. Jiménez-Muñoz et al. (2016) suggest that during the
2015–2016 course of El Niño, the forest faced record-breaking high temperatures;
the affected forest area was approximately 20% greater than in past extreme El Niño
events. The same authors also noted that during the 2015 and 2016 dry seasons,
forest fires intensified significantly in Brazil, further contributing to tree mortality
and biomass loss. As stated by FAO (2012) experts, fires, deforestation, and climate
change form a vicious circle in the Amazon and have the potential to degrade up to
55% of the forest.

Furthermore, even the Amazon’s indigenous territories and protected natural
areas, generally considered free from risk, have surprisingly been experiencing
growing threats related to growth in the agriculture, grazing, mining, petroleum,
timber, and transportation sectors. A study by Walker et al. (2015) reveals that more
than one-third of the above-ground carbon in those areas is currently at risk of being
released; when the entire Amazon is considered, this number rises to nearly half of
the carbon stored above ground in the forest. This is a conservative study that does
not quantify illegal extractive activities or projected deforestation threats; conse-
quently, the risk may be greater than the authors suggest.

The need to protect, conserve, and restore the region thus seems greater than ever.
Maintaining the forest’s carbon stocks is a key ecological service and essential for
achieving global climate security. Action should be taken to reduce and prevent
emissions into the atmosphere by conserving existing carbon pools in soils and
vegetation and enhancing the uptake of carbon in forest reservoirs (Smith et al.
2014). Providentially, reducing emissions from deforestation and increasing forest
restoration is one of the most cost-effective climate solutions available to
policymakers today (Chazdon et al. 2016; Stanfurt et al. 2015). As reported by
Aragão et al. (2014), doubling the current area of secondary forests and avoiding the
additional removal of primary forests would potentially help the Amazon counteract
approximately 42% of global emissions related to land use change. This is techni-
cally and economically feasible as well as socially desirable (Stanfurt et al. 2015).
Restoration of the Amazon forest by reforesting part of the 20% that has already
been converted or degraded is hence a powerful tool in helping to limit the risk of
CCC (Ometto et al. 2011). Furthermore, experts believe that if the Amazon’s
biodiversity is protected, the forest may hold the best solutions to creating the
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disruptive technologies essential for developing the necessary zero and negative
emission energy sources that will sustain the future of civilization.7 Accordingly, the
Amazon is a global natural asset for averting CCC. However, as Fearnside (2013,
p. 18) has noted,

not yet incorporated into policy is the value of the environmental services of the forest (. . .)
and the nearness of the threat posed by climate change killing the forest itself. Unfortunately,
science and technology are often totally ignored in Amazonian policy making when the
results are inconvenient.

The quality of governance in the Amazonian region, which has unfortunately
declined dramatically since 2014, requires substantial improvement in order to
conserve the forest. The future does not look promising.

3 Brazilian Governance of the Amazon (2005–2018): From
Progress to Regression

To understand the Brazilian governance of the Amazon and the challenge of
sustainable development in the region, it is important to look first at the evolution
of the country’s GHG emissions profile. Between 1990 and 2015, Brazil’s gross
GHG emissions increased by 17%; however, considering carbon dioxide removal
from the atmosphere by land use changes (for instance, pasture turning into second-
ary forest) and the maintenance of natural forests in indigenous territories and
conservation units, the country’s GHG emissions in 2015 are roughly the same as
they were in 1990.8 Throughout those 25 years, the trajectory of emissions had
distinct stages of growth and reduction (Fig. 1). The non-linear variations over time
in the country’s GHG emissions profile have been intrinsically related to emissions
from land use, land use change, and forestry (LULUCF), especially deforestation in
the Amazon forest (Fig. 2).

Brazil’s GHG emissions profile has historically differed from that of the major
GHG-emitting countries due to Brazil’s relatively low-carbon energy matrix. In
2016, renewable energy sources accounted for approximately 44% of the country’s
primary energy supply, with biomass from sugarcane (17.5%) and hydropower
(12.6%) representing the biggest shares of that percentage (EPE 2017). Unlike
many emerging countries whose electricity comes mostly from fossil fuels, Brazil’s
electricity is mainly hydroelectric; hydropower accounts for approximately 68% of
the Brazilian electric energy matrix (EPE 2017). LULUCF has historically been the

7Interview with Professor Roberto Schaeffer (from the Federal University of Rio de Janeiro),
16 April 2017.
8Data from the Brazilian Greenhouse Gas Emission Estimate System (Sistema de Estimativas de
Emissões de Gases de Efeito Estufa—SEEG in Portuguese), using the Global Warming Potential
metric provided by the IPCC in its Fifth Assessment Report (GWP–AR5), available at http://
plataforma.seeg.eco.br/total_emission, accessed 21 March 2017.
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main source of the country’s GHG emissions; in 2005, the sector accounted by about
two-thirds of Brazil’s net GHG emissions profile. However, since 2005, deforesta-
tion in the country has declined significantly to the point that between 2005 and
2012, Brazil reduced its overall gross emissions by more than 40%.9 As reported in
Brazil’s third national communication to the United Nations Framework Convention
on Climate Change (UNFCCC) (Brazil. Ministry of Science 2016), LULUCF’s

Fig. 1 Brazil’s net GHG emissions (MtCO2-eq.; 1990–2015). Source: Developed by the Author
(2017) with data from SEEG (http://plataforma.seeg.eco.br/total_emission)

Fig. 2 Annual deforestation in the Brazilian Legal Amazon (km2; 1990–2016). Source: Developed
by the author (2017) with data from INPE (http://www.obt.inpe.br/prodes/prodes_1988_2016.htm)

9Data from SEEG, available at http://plataforma.seeg.eco.br/total_emission, accessed
21 March 2017.
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share in Brazilian emissions dropped to approximately 26% in 2010; as a result, it
was no longer the main driver of emissions, as it was overtaken by the agriculture
(35%) and energy (27%) sectors.10 In 2015, the emissions profile remained essen-
tially the same.11 Encouraged by these results, Brazil has stated in its NDC that it
pledges to eliminate Amazonian deforestation by 2030 (Federative Republic of
Brazil 2015); however, the current deforestation trend does not indicate that this
goal will be achieved.

Deforestation is no longer the main source of Brazil’s GHG emissions, but its
volume is still substantial. Considering the deforestation rates in the Amazon since
2013, there are reasons for concern. Although deforestation has decreased by more
than 70% since 2004 (when forest loss reached approximately 28,000 km2), 2016
brought the largest reported forest loss in the region since 2008. Between 2015 and
2016, deforestation increased by nearly 29%; the Amazon has lost almost 8000 km2

of forest (Fig. 2).12 Illegal logging, cattle ranching, and soybean farming have been
the main drivers of deforestation.

According to Viola and Franchini (2013), environmental governance is the result
of the interactions between the reformist and conservative forces that constitute the
government, the business sector, and the civil society. Reformist agents seek to push
the system onto a low-carbon path, while the goal of conservative agents is to
maintain the traditional carbon-intensive development paradigm. During the first
decade of this century, Brazilian environmental movements contributed to and
benefited from progress made regarding deforestation reduction and became more
active; however, there have been several setbacks since 2010 affecting the reformist
agenda (Schaeffer et al. 2015). Presently, the conservative forces prevail. The
struggle between reformist and conservative forces is visible in Amazonian politics
and policy.

As we shall see below, in addition to the dramatic decrease in deforestation rates,
Amazonian politics and policy in Brazil from 2005 to the present were marked by
(a) the slow development of hydropower projects in the region due to environmental
restrictions and opposition by society; (b) the substantial encouragement of biofuels
production caused by the emergence of flexible-fuel vehicles, which then faded after
the discovery of the Brazilian pre-salt oil reserves (Viola and Basso 2014); and the
recent (c) series of efforts to erode protected areas and weaken environmental
licensing (Crouzeilles et al. 2017; Fearnside 2016b).

10Net emissions using the GWP–AR5 metric.
11Data from SEEG, available at http://plataforma.seeg.eco.br/total_emission, accessed
21 March 2017.
12Data from the Brazilian State Institute for Space Research (Instituto Nacional de Pesquisas
Espaciais—INPE in Portuguese), available at http://www.obt.inpe.br/prodes/prodes_1988_2016.
htm, accessed 8 February 2017.
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3.1 Curbing Deforestation (2005–2012): The Rise and Fall
of Reformist Forces

Deforestation became a concern in Brazil during the 1970s when the military
government encouraged the occupation of the Amazon to ensure the national
sovereignty of the territory, promoted migration to the region with the aim of
avoiding land reform in highly populated areas of the country, and stimulated the
exploitation of the land to produce commodities and improve the Brazilian balance
of payments. During the late 1980s, when sustainable development concerns entered
the international agenda and the Amazon started to attract drawing public attention,
the Brazilian government took initial measures to combat deforestation (Carvalho
2012). However, as we have seen, deforestation rates were persistently high through-
out the 1990s and the first half of the 2000s; 2005 was the turning point for the
protection of the forest.

As stated by Viola (2013), reducing deforestation in the Amazon was at the core
of the Brazilian government’s agenda from 2005 to 2009. Between 2010 and 2012,
the federal government’s prime concern was no longer reducing deforestation but
avoiding a new increase; deforestation continued to drop but at a slower rate.
Deforestation reduction was the result of several factors: enhanced institutional
capacity and stricter law enforcement; the creation of new and extensive protected
areas; the formation of coalitions by various stakeholders to oppose the consumption
of soybeans and beef produced in deforested areas; greater influence by national and
international NGOs and the scientific community on the media; greater cooperation
between the Amazon state governments and the federal government; and the coop-
eration agreement made between Norway and Brazil by which the Norwegian
government pledged up to one billion dollars in results-based compensation through
the Amazon Fund, the main fund for preventing, monitoring, and combating defor-
estation in the Amazon (Boucher et al. 2013; Viola and Basso 2014). The dramatic
decrease in deforestation was accomplished with no apparent negative effects on the
country’s economic growth. In fact, despite the 2009 economic decline, Brazil’s
GDP has grown on average by 4% per year between 2005 and 2012 despite the
abrupt fall in deforestation.13

We will now more closely examine the rise of reformist environmental forces in
Brazil during the second half of the 2000s and their impact on Amazonian politics
and policy. In 2003, Marina Silva, a renowned Brazilian environmentalist, was
appointed to head the Ministry of the Environment (ME) during the first term of
President Lula da Silva and made the conservation of the Amazon a priority in the
federal government’s agenda. In 2005, Marina finally gathered enough support to
urge a profound shift in Amazonian politics and policy. The federal police and other
federal agencies were ordered to cooperate closely with the ME to combat illegal

13Data from the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e
Estatística—IBGE in Portuguese), available at https://www.ibge.gov.br/estatisticas-novoportal/
economicas/contas-nacionais/9300-contas-nacionais-trimestrais.html, accessed 14 March 2017.
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deforestation, which substantially increased law enforcement in the region. Simul-
taneously, more conservation units and constraints were created in the Amazon.
Additionally, the Brazilian state’s ability to monitor deforestation was significantly
enhanced in 2007 with the substantial reinforcement of the scientific and technolog-
ical capabilities of the Institute for Space Research (INPE). During the same period,
NGOs such as Greenpeace and the World Wildlife Fund, supermarkets such as
Carrefour, corporations such as Cargill, some local governments, members of the
scientific community, and universities formed coalitions to draw attention to the
irrational scourge of deforestation. These efforts had a considerable impact on the
media and consequently on Brazilian public opinion. In 2008, Marina Silva was
replaced by Carlos Minc, another renowned environmentalist, who was able to
increase the influence of the ME in Brazilian politics (Viola and Franchini 2014).

The successful fight against deforestation weakened a belief that had long
persisted in Brazil: the idea that deforestation was inevitable and the country
would not be able to prevent it. Encouraged by the good results in terms of
deforestation reduction, the Brazilian government started to shift away from some
of the country’s historical international positions regarding forests under the
UNFCCC regime. Traditionally, Brazilian diplomacy has refused to recognize
forests as subjects of international regulation to avoid external interference in the
county’s national sovereignty over the Amazonian region. During COP12 in Nairobi
in 2006, Brazil proposed the creation of a global fund financed by the Annex I
Parties to the UNFCCC and corporations to help curb deforestation. The fund’s
resources would be distributed according to performance in reducing deforestation.
For the first time, Brazil was associating deforestation reduction with global financial
tools; however, the country continued its traditional rejection of carbon markets
(Viola 2013; Viola and Basso 2015).

In 2009, climate change was under scrutiny due to international expectations on
the outcome of COP15, which was to be held in Copenhagen. In this context, the
Amazon state governments, headed by the Amazon and Mato Grosso states,
pressured the federal government into accepting the inclusion of a mechanism that
had emerged within the UNFCCC in 2005, REDD+,14 into the Clean Development
Mechanism15 or any other market mechanism, thus pressing Brazil to change its
traditional position concerning forests in the international climate regime. Other
requests, such as committing to reduce emissions until 2020 and negotiating avoided
deforestation through market mechanisms, were made by corporate coalitions. In

14Reducing Emissions from Deforestation and Forest Degradation and the role of conservation,
sustainable management of forests and enhancement of forest carbon stocks in developing coun-
tries. On REDD+ see, for example, Gupta (2012), Pistorius (2012), and Turnhout et al. (2017).
15The Clean Development Mechanism “allows a country with an emission-reduction or emission-
limitation commitment under the Kyoto Protocol (Annex B Party) to implement an emission-
reduction project in developing countries. Such projects can earn saleable certified emission
reduction (CER) credits, each equivalent to one tonne of CO2, which can be counted towards
meeting Kyoto targets”—UNFCCC, available at http://unfccc.int/kyoto_protocol/mechanisms/
clean_development_mechanism/items/2718.php, accessed 15 May 2017.
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addition, Marina Silva announced that she was running for the Brazilian presidency,
and she managed to bring the environmental and climate agenda into the spotlight
during campaign discussions for the 2010 elections, forcing President Lula da Silva
and his candidate, Dilma Rousseff, to address sustainability issues. These events
were all very important in developing the Brazilian voluntary commitment to reduce
GHG emissions by 36–39% from business as usual by 2020 presented at COP15
(Carvalho 2012). This pledge was included in the National Plan on Climate
Change16 in which measures for controlling deforestation in the Amazon strength-
ened previous policies for the region and whose results have met with considerable
success. Hence, 2009 was marked by a substantial change in the Brazilian position
within the UNFCCC negotiations. Traditionally conservative and unwilling to
accept emission targets (with an attitude based on a North/South divide that placed
all responsibility for global warming on developed countries), the country began to
assume a more reformist position at that time (Pereira 2013a, b).

In 2010, Izabella Teixeira replaced Carlos Minc as Minister of the Environment,
which marked the beginning of a conservative turn in the Brazilian ME. Between
2011 and 2012, the positive environmental trajectory in Brazil started to slow;
conservative forces were progressively regaining ground, and the National Climate
Change Policy became stagnant. The power of conservative forces, namely, the
agribusiness lobby, was evident in 2011, when the Congress voted by a seven-to-one
margin to largely reduce environmental protections in the Brazilian Forest Code,
even though approximately 80% of the population was opposed to changes in the
code (Fearnside 2016b; Pereira 2013b; Schaeffer et al. 2015). Even the ME
supported the reform of the Forest Code—which paved the way for a new wave of
deforestation in the Amazon and acted in synergy with the conservative economic
growth paradigm of the new president at the time, Dilma Rousseff. The expansion of
the oil sector, increases in gasoline consumption, the stagnation of the production of
ethanol, and the continuous expansion of individual transport were other setbacks in
this period that confirmed the fall of the reformist forces in Brazil. In fact, in 2012,
the federal government bet on a carbon-intensive industrial impulse package to
respond to the effects of the international crisis. In that year, environmental forces
broke their alliance with the Workers’ Party (Viola and Franchini 2014).

3.1.1 The Controversy Over Hydropower in the Amazon

Another significant development in this period strictly linked to Amazonian politics
and policy was the resolution by some reformist forces to reinvest in hydroelectric
power plants. Brazil holds one of the world’s largest hydroelectric power poten-
tials—in terms of volume of water, the Amazon basin is the largest in the world. The

16In Portuguese, Plano Nacional sobre Mudança do Clima (PNMC), available at http://www.mma.
gov.br/estruturas/smcq_climaticas/_arquivos/plano_nacional_mudanca_clima.pdf, accessed
11 January 2017.
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majority of the country’s southern river basins have already been explored, and
approximately 70% of the remaining Brazilian potential lies in the Amazon (Vieira
and Dalgaard 2013). It is worth noting that most of the country’s hydropower plants
were built in the 1970s and 1980s when it was easier to obtain construction licenses;
during the 1990s, higher environmental standards were in force, and licenses to build
hydropower plants became much more difficult to obtain. Although hydropower
expansion has positive effects in terms of GHG emission reductions, its negative
environmental impacts—especially associated with the construction of big reser-
voirs—have attracted considerable resistance by some segments of the reformist
sector of Brazilian society, especially within the environmental movement. The
construction of hydroelectric reservoirs affects the ecological dynamics of ecosys-
tems, altering hydrological, hydrosocial, and fundamental processes (Tundisi et al.
2014).

Although they usually have no concern for climate mitigation issues, conserva-
tive forces that were focused on traditional economic growth supported the move
towards reintroducing hydroelectric power plants because of the relatively low price
of hydroelectric energy (Viola and Franchini 2014). Hence, some segments of the
reformist forces concerned with anthropogenic climate change agreed with conser-
vative forces on reinvesting in hydropower in the Amazon, although for very
different reasons. However, the segment of reformist environmental forces opposing
such a move were able to press the government to opt for run-of-the-river hydro-
electric power plants characterized by a low amount of water storage—which would
presumably lower the environmental impacts—in the new hydropower plants built
on the Amazon, namely, Jirau and Santo Antônio on the Madeira River. The direct
consequences of the adoption of this type of technology have been an increase in the
uncertainty regarding the real capacity of electricity production to match demands.
With little or no stored water, the electric production of run-of-the-river hydropower
plants is dependent on the river’s run-off flow in a region with high rainfall
variability and extreme vulnerability to droughts. To compensate for the intermit-
tence of hydroelectric production, complementary energy sources need to be applied
(Lucena et al. 2016; Schaeffer et al. 2013). For this purpose, the best option would be
to couple run-of-the-river power plants with biomass; however, fossil fuel thermal
power plants have played this role, exacerbating environmental impacts (Pereira
2013b).

On the Xingu River in the Amazon, the Belo Monte hydropower plant, whose
project was redesigned during the second half of the 2000s to apply run-of-the-river
technology, is under construction (Lucena et al. 2013). Once concluded, it will be the
world’s fourth largest hydroelectric dam in terms of installed capacity. This dam has
been a controversial project, especially due to its effects on indigenous populations.
Despite applying run-of-the-river technology, environmentalists claim that because
this huge project floods swathes of forest, it will result in the release of significant
amounts of methane, which would have a negative impact on climate change. These
environmentalists also claim that the project will threaten ecosystems, including
animal life, and displace indigenous communities (Vieira and Dalgaard 2013).
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Amidst controversy in Brazil, alternatives have emerged, such as an ambitious
project between Brazil and Peru regarding the construction of six hydroelectric
power plants in the Peruvian Amazon; these plants would supply Peru, and the
surplus would be exported to Brazil. Nevertheless, potential negative impacts on the
environment and opposition by indigenous populations have also been an obstacle,
and the project was blocked by local social movements; in addition, because of the
huge corruption scandal engulfing Brazil’s largest construction firm, Odebrecht,17

which was involved in the project, it may be very difficult to make any progress over
the next few years.

The future of hydropower in Brazil is unclear. The government has vast plans for
the construction of dams and highways in the Amazon region that would probably
have massive environmental consequences18; however, it is worth noting that the
lack of production from some of Brazil’s largest hydroelectric power plants due to
recent droughts is increasing the awareness in the Brazilian energy sector that Brazil
must reduce its dependence on hydropower. This need for change may open the
country to the expertise of engineering firms that can increase efficiency and
generation capacity in existing hydroelectric power plants through technological
and engineering services; it may also encourage the expansion of wind and solar
energy (Pereira 2017a). Furthermore, societal resistance to the construction of
hydroelectric power plants in the Amazon remains very strong.

3.1.2 Biofuels: Ethanol and Biodiesel as Drivers of Amazonian
Deforestation?

The exceptional encouragement to produce biofuels in Brazil in the second half of
the 2000s also had implications for the Amazon. The country has traditionally been a
producer of ethanol from sugarcane; as a result of the oil shocks of the 1970s, the use
of ethanol as a substitute for petroleum derivatives, especially for gasoline, regis-
tered an exponential increase. At that time, Brazil was heavily dependent on crude
oil imports, importing more than 80% of the oil it consumed, and the high oil prices
in the international market led to the creation of the National Alcohol Program in
1975. Governmental incentives and subsidies promoted the establishment of large
sugarcane plantations, especially in São Paulo and Pernambuco. In 1985, 85% of the
cars sold in Brazil were powered by alcohol (EPE 2007). However, the fall in oil
prices in the following years and a severe supply crisis led to a decline in the ethanol
sector. Still, due to the compulsory use of anhydrous alcohol in the gasoline mixture,
the existence of cars exclusively powered by hydrated alcohol, and the maintenance
of the ethanol supply in more than 90% of the country’s gas stations, ethanol has

17Now being sued in the ten Latin American countries in which it was operating.
18See Brazil’s Growth Acceleration Plan (Programa de Aceleração do Crescimento—PAC in
Portuguese), available at http://www.pac.gov.br/, accessed 24 May 2017.
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survived (IPEA 2010). With the development of flexible-fuel vehicle technology—
which allows consumers to alternate between ethanol and fossil fuel—at the begin-
ning of the twenty-first century, ethanol was revived. In 2004, considering the
international prices for oil, ethanol in Brazil became economically competitive
with gasoline (Goldemberg 2008; Goldemberg et al. 2008). By 2010, flex-fuel
cars accounted for more than 85% of light vehicle sales (EPE 2011).

In 2006, President Lula also launched the “ethanol diplomacy”. Brazil’s
sugarcane-based ethanol production is far more efficient than the corn-based ethanol
produced in the USA (Goldemberg 2008). Biofuels became an integral part of the
international insertion strategy of the country; President Lula aimed to create the
conditions for a global economy for Brazilian biofuels. Brazil has exported its know-
how to several countries, such as some of its Central and South American neighbours
and a number of African countries. The high point of “ethanol diplomacy” occurred
in March 2007 when Brazil and the USA announced an agreement to develop this
market. The dynamism of the Brazilian investment in biofuels was evident; in 2009,
the country invested nearly 3.5 billion dollars, and between 1995 and 2009, ethanol
production increased from nearly 13 million to 28 million cubic metres per year
(Benavidez and Cadena 2011; Pinto et al. 2012).

Heated discussions occurred regarding the potential relationship between sugar-
cane plantations—which require large parcels of land—and deforestation in the
Amazon; however, the dramatic decline in deforestation in the region revealed that
such plantations were not the driver of this issue. Cultivation is currently concen-
trated in São Paulo and the surrounding areas. Still, as noted by Viola and Basso
(2014), the expansion of sugarcane production in these areas has displaced cattle
grazing and soybean farming to the Amazon region, which means that these plan-
tations were partly and indirectly responsible for deforestation; however, it would be
unreasonable to say that they were its main driver.

Additionally, “ethanol diplomacy” started to fade after the discovery of the
pre-salt offshore oil reserves in 2007. In fact, President’s Lula discourse shifted
from the defence of ethanol as a substitute for fossil fuels to the promotion of an
international image of Brazil as a future major exporter of oil (Vieira and Dalgaard
2013). Oil prices started to be used as a heterodox policy tool to artificially maintain
greater economic growth rates, which translated into changes in the relative prices of
gasoline/ethanol, compromising ethanol’s competitiveness. Due to a number of
obstacles, such as the postponement of the reserves’ auctions due to disputes
among state governments over the distribution of revenues, the shale gas revolution
in the USA (which would probably be the largest market for Brazilian oil), and the
loss of financial capacity by the semipublic Brazilian energy company, Petrobras,
national euphoria regarding offshore oil reserves has declined substantially since
2013. However, this situation has led only to small changes in the relative prices of
gasoline/ethanol, and the ethanol production has stagnated in recent years
(Goldemberg et al. 2014; Viola and Basso 2015). However, at the time of the writing
of this chapter, the Brazilian Congress passed a bill for a new federal programme for
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biofuels, RenovaBio,19 whose aim is to expand the sustainable national production
of ethanol, biodiesel, and other biofuels so that they account for 18% of the Brazilian
energy matrix by 2030, helping the country to achieve its pledges under the Paris
Climate Agreement.

This expansion plan may be particularly problematic in the case of biodiesel.
Brazil is one of the world’s largest producers of biodiesel. The Brazilian biodiesel
market emerged in 2004 when the federal government launched the National
Programme for the Production and Use of Biodiesel. Since January 2010, the diesel
available in Brazil has contained amixture of biodiesel (10% in 2018), thus ensuring a
market for this fuel (La Rovere et al. 2013). The government plans to increase the
percentage of biodiesel in diesel to 15% in 2023. Considering that soybeans are the
main source of Brazilian biodiesel and that the country’s freight sector uses mostly
diesel, the production of biodiesel has contributed to deforestation in the Amazon in
recent years. Nevertheless, it would also be unreasonable to say that biodiesel
production is responsible for the deforestation rates of recent years, since the amount
of soybeans exported for animal and human consumption is far greater than the share
of soybeans used in biodiesel production (Viola and Basso 2014). However, govern-
mental incentives and subsidies under the RenovaBio programme may change this
scenario, especially considering that the current Brazilian government is profoundly
conservative and environmental conservation is very low on its political agenda.

3.2 Reversing the Trend (2013–2018): The Dominance
of Conservative Forces

By 2013, Brazil was struggling with deteriorating public services, rising inflation,
falling commodity prices, and a massive wave of street demonstrations. These
protests triggered a chain of events that culminated in a serious economic recession
and a cycle of political instability that continues to persist. These problems began as
a complaint against the increase in public transportation fares, but they rapidly grew
to include issues such as the quality of healthcare and education and corruption. In
2014, the country’s GDP registered anaemic growth (+0.5%), followed by a pro-
found recession in 2015 (�3.8%) and 2016 (�3.6%).20 Additionally, operation Lava
Jato (Car Wash), launched in the same year, exposed huge corruption scandals
involving politicians, Petrobras, and several Brazilian infrastructure companies. In
August 2016, President Rousseff was impeached.

19Available at http://www.mme.gov.br/web/guest/secretarias/petroleo-gas-natural-e-combustiveis-
renovaveis/programas/renovabio/principal, accessed 27 December 2017.
20Data from the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e
Estatística—IBGE in Portuguese), available at https://www.ibge.gov.br/estatisticas-novoportal/
economicas/contas-nacionais/9300-contas-nacionais-trimestrais.html, accessed 14 March 2017.
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Amidst a severe political, economic, and ethical crisis, environmental conservation
in Brazil has suffered various setbacks. Public attention to environmental issues has
seriously declined since 2014. Although Marina Silva has once again run for the
Brazilian presidency, the environmental and climate agenda played a limited role
during campaign discussions for the October 2014 elections. Instead, issues such as
corruption, economic growth, public spending, inflation control, and employment
prevailed during the 2014 presidential campaign and were Rousseff’s top priorities
during her second term (Schaeffer et al. 2015). The weak results of the Green Party in
themunicipal elections of 2016 are symptomatic of the reduced role that environmental
issues currently play in the country’s political agenda. Taking advantage of the
country’s chaotic situation, conservative forces have been trying to reverse environ-
mental progress by reviving proposals that had been “dormant” for some time.

Between 2016 and 2018, theBrazilian government and its president,Michel Temer,
who was supported by a coalition of conservative/particularistic interests, made efforts
to soften environmental licensing and erode protected areas. Short-term economic
plans to attract foreign investment, improve exports, and revive the country’s recessive
economy, aswell as the political dominance of the Agribusiness Parliamentary Front—
which accounted for 40%of the Brazilian Congress during the 2015-2018 legislature—
have resulted in a number of anti-environmentalist bills and laws to weaken environ-
mental licensing, suspend the ratification of indigenous lands, reduce the protection of
60,000 km2 in the Amazon and Atlantic Forest, and allow those who have illicitly
appropriated land to easily and cheaply legalize those holdings (Crouzeilles et al. 2017).

The country’s environmental licensing system is fundamental for restraining infra-
structure projects entailing very high impacts on the environment. PEC-65, a proposed
constitutional amendment (pending since 2012), would allow any project to progress to
completion as long as an environmental impact assessment was submitted, regardless
of the assessment’s content. Moreover, there is a bill (654/2015) also waiting for a full
Senate vote that would allow any project considered “strategic” and of “national
interest” to go through a simplified and accelerated environmental approval pro-
cess—the usual sequence of 3 licenses (which commonly takes 4–5 years) would be
reduced to 1 with a deadline of 8 months to approve the license; after the deadline, the
project would automatically be authorized (Fearnside 2016b;Moutinho et al. 2016). As
we have seen, Brazil has significant plans for building dams and highways in the
Amazon. PL 1610/1996 is another anti-environmental bill currently being considered;
it would authorize mining on indigenous lands (El Bizri et al. 2016).

It is worth noting that indigenous lands are particularly relevant since they have a
positive record of resisting deforestation and protect a larger area than conservation
units (Nepstad et al. 2006). PEC-215, another proposed constitutional amendment
awaiting approval (pending since 2000), aims to delegate the authority to create
indigenous lands as well as conservation units exclusively to the Congress; in essence,
as long as ruralists control the legislature, new protected areas would not be created.21

21Available at http://www.camara.gov.br/proposicoesWeb/fichadetramitacao?idProposicao¼14562,
accessed 24 May 2017.
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Another threat to the conservation of the Amazon forest lies in palm oil exploi-
tation. Under the aegis of the Ministry of Agriculture, Livestock, and Food Supply,
the Brazilian Agricultural Research Corporation has plans to transform Brazil into a
“palm oil giant” able to compete with Indonesia and Malaysia, the world’s largest
producers of this commodity. The country’s current production volumes are insig-
nificant, but the sector is expanding and has substantial potential for massive future
growth; because most of this potential is in the Amazon, environmentalists fear that
this ambitious project in the palm oil sector will boost land grabbing, conflict, and
deforestation (Levitt and Araujo 2017).

Finally, it is worth noting the severe budget cuts in the fields of science and
technology in Brazil that profoundly affect research on biodiversity, a fundamental
basis of public policies for nature conservation and sustainable development
(Overbeck et al. 2017).

The chances of halting deforestation are clearly at risk. Environmental conserva-
tion is now far from being a public policy priority in Brazil. Nevertheless, because
deforestation in the Amazon causes severe climatic and ecological disruptions that
may ultimately trigger CCC, current trend urgently needs to be reversed. Brazil must
take bold steps to eradicate both illegal and legal deforestation in the region over the
next years. However, in an epoch marked by unprecedented human-produced
developments, lessons of the past offer little guidance in preparing for a “no
analogue future” (Crawford 2016; Sample and Topik 2014); consequently, an
innovative and revolutionary approach is needed if Brazil and the world are to
conserve the most important tropical biome on the planet.

4 A New Development Paradigm for the Amazon and Novel
Pathways for the Brazilian Diplomacy

What would be a sustainable development paradigm for the Amazon rainforest? As
the Brazilian Academy of Sciences asserts, attributing greater economic value to the
standing forest would allow it to compete with other uses that are based on its
deforestation or degradation, and transdisciplinary science, technology, and innova-
tion are the tools that can show us how we can take advantage of the vast Amazonian
potential without destroying the forest (Academia Brasileira de Ciências 2008).
Hence, the effective conservation and exploration of this potential require opening
the region to the high-tech revolutionary currents of the Fourth Industrial Revolu-
tion,22 which would entail moving towards zero deforestation and putting an end to
illegal activities such as biopiracy.

In the twenty-first century, knowledge has become the most important and
strategic element of the world economy. Knowledge advancements in various

22On the Fourth Industrial Revolution, see, for example, https://www.weforum.org/agenda/2016/
01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/, accessed 14 March 2017.
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areas are increasingly influencing and modifying productive processes, the genera-
tion and diversification of products and the organization of enterprises and under-
takings; as a result, the dominance of knowledge will determine the competitiveness
of states and companies in the world market (De Mello 2015). The acceleration of
emerging technological advances, encompassing broad fields such as artificial intel-
ligence, robotics, nanotechnology, synthetic biology, DNA editing, biomimetics,
advanced material science, energy storage, and quantum computing, will shape the
future (Nobre et al. 2016). Hence, overcoming low economic development and
poverty seems inseparable from the promotion of a green knowledge economy.

According to Nobre et al. (2016), if the Amazon’s biodiversity is protected, the
forest may hold the “biological keys” to boost the Fourth Industrial Revolution,
since its extraordinary biomimetic resources and biodiversity can lead us to revolu-
tionary developments. If combined with innovative technologies, the forest’s fauna
and flora could be the basis for significant scientific advances and high added-value
products and services. Exploring the Amazon’s potential through Fourth Industrial
Revolution technology on a sustainable basis would imply prioritizing low-carbon
developments, namely, green infrastructure, low-carbon forestry, international green
tourism (strictly controlled to prevent ecosystem degradation), as well as informa-
tion- and knowledge-intense production systems linked to forests, biodiversity,
water, and climate (Viola and Franchini 2018). As La Rovere (2017) stresses, the
current economic crisis in Brazil demonstrates that the country’s previous cycle of
economic growth has been exhausted, which means that a new economic growth
cycle must be built through another basis. According to the author, national sectorial
priorities include agriculture, forestry, and other land use, renewable energy, and
energy efficiency. The Amazon has a very important role to play in these areas, since
the region has, for example, significant potential in terms of biomass, wind energy,
and solar energy.23 The implementation of this new development paradigm could
make Brazil the first fully developed tropical country in the world.24

In a world threatened by the global environmental crisis and in a country in which
rural poverty is a reality, activating Amazonian wealth according to a paradigm
based on the intelligent, selective, and environmentally safe use of the forest’s
natural resources—which would also integrate the vast knowledge of rural

23Interview with Professor Roberto Schaeffer (from the Federal University of Rio de Janeiro),
16 April 2017.
24It is worth noting, however, that technological development per se is an insufficient condition for
protecting nature. Considering the severity of the global ecological crisis and the urgency of
concrete answers, technology is a key part of solving the problem. Nevertheless, a paradigm shift
in the way in which humanity relates to nature is absolutely essential; otherwise, instead of
challenging the current development paradigm, the revolutionary technologies of the Fourth
Industrial Revolution may convert into vehicles for reinforcing the prevailing consumption patterns
and lifestyles. Discussing the new ethical and societal approach needed to protect the Amazon is
beyond the scope of this chapter, whose focus relies only on the technological conditions for
preserving the forest. On the ethical and societal conditions for conserving nature, see, for instance,
Burke et al. (2016), Pereira (2017a, b), Pereira and Freitas (2017), and New Earth Politics: Essays
from the Anthropocene, edited by Nicholson and Jinnah (2016).
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populations and indigenous peoples regarding the Amazon and its resources—would
be an important engine for new and inclusive opportunities for Brazilian society.
Recognizing that the economic value of the conservation of the forest is greater than
that of its destruction is thus fundamental. Nevertheless, as we have seen, there are
currently no legal tools sufficiently strong to protect the Amazonian biome, which
reinforces the need for the real, effective, and environmentally conscious presence of
the state in the region (Penna Filho 2013). This presence is also essential for ensuring
that nature protection is the absolute priority of future projects and activities as well
as for attracting the necessary local and international investments to fuel a techno-
logical revolution in the forest. Since the country faces a severe economic recession,
the Brazilian government should create favourable conditions for foreign direct
investment, establishing clear competition rules and ensuring strong rule of law in
the region. In fact, in addition to requiring the creation of new public universities and
scientific and technological institutes, which would train, attract, and establish high
quality human resources that would be inseparable from very expressive invest-
ments, deploying this new development paradigm would also necessitate a close
connection with the business sector. Therefore, it is essential that Brazil promotes the
necessary conditions to make the scientific revolution of the Amazon a reliable
project. According to the Brazilian Academy of Sciences, these large investments
would be fully offset by the emergence of new economic activities, accelerated
innovate industrialization, and the expansion of employment opportunities and a
highly qualified workforce (Academia Brasileira de Ciências 2008).

Conserving the Amazon and attracting financial resources to revolutionize the
forest would entail not only the successful promotion of the necessary internal
conditions already mentioned but also an avant-garde and activist attitude on the
part of Brazilian diplomacy in the regional and international arenas of climate
change discussion as soon as possible. Consequently, Brazil should follow a diplo-
matic path that upholds the fundamental ecological principles for creating a safe
operating space for humanity. These principles should focus on recognizing that the
new conditions of the Anthropocene are the greatest global challenge of the twenty-
first century, that the Amazon is a global natural asset needed to avoid potential
CCC, and that the conservation of the forest has economic value within the Fourth
Industrial Revolution framework, which needs to build coalitions and partnerships to
attract the best investments to manage, preserve, and develop a green knowledge
economy in the region. As we have seen, for Amazonia, Brazil, and the world, it is
essential to limit global warming at a level that ensures the survival of the forest. It is
also important to include Amazon forest maintenance as a mitigation option on a
level that adequately halts deforestation. Brazil could take advantage of its extremely
rich natural patrimony and the fact that 70% of one of the forest tipping points of the
Earth’s climate system is in its national territory.

At the regional level, Brazilian diplomacy should become the “voice” of the
Anthropocene’s challenges in the arenas of South American environmental cooper-
ation, especially with respect to the Amazon Cooperation Treaty Organization
(ACTO), which seeks to gather the support of Brazil’s Amazonian neighbours to
form a collective international strategy, which would help them strengthen their
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presence in the world. Although ACTO is an organization that aims to protect the
Amazonian biome and promote sustainable development, it has not established long-
term policies that promote real changes in the region, remaining essentially a
platform for the dissemination of information and thus being widely underestimated
despite its potential (Tigre 2016). Strengthening ACTO is a fundamental condition
for controlling illegal activities in the region because building common policies and
unifying efforts among the different Amazonian countries would allow them to
overcome some of the constraints they all face, such as the scarcity of financial
resources (Becker 2016). As stated by Viola and Franchini (2018), since two of the
major ACTO’s members, Colombia and Peru, are cooperative in environmental
matters and the organization’s headquarters are located in Brasília, Brazil could,
investing relatively small resources, build a sustainable leadership among the Ama-
zonian countries by promoting forest conservation and the technological revolution
of the region. Brazil and its neighbours could also use to good advantage the fact that
the critical role of forests in fighting climate change was formally recognized in the
Paris Climate Agreement (article 5). This declaration could help Brazil raise signif-
icant funds to help conserve the Amazon.

Internationally, Brazil should promote discussion on PBs, forest tipping points,
and CCC in the agendas of the World Trade Organization, the International Mon-
etary Fund, and the World Bank while also advocating for the creation of a global
environmental organization whose powers would be equivalent to those of the
World Trade Organization (Viola and Franchini 2018). Brazil should foster
programmes such as the creation of a sustainable forestry coalition and a sustainable
energy technology coalition as channels through which to scale up the investment in
sustainable infrastructure and to encourage technological cooperation capable of
triggering the deployment of forestry and sustainable energy technologies. These
coalitions could potentially accelerate technological development and stimulate the
deployment of renewable energy (wind energy, solar energy, second-generation
biofuels, and renewable charcoal production) in Brazil and abroad while also playing
an important role in helping Brazil find new short-term practices to control defores-
tation and conserve biodiversity that draw from the good practices of other forest
countries. The experience that Brazil acquired during the second half of the 2000s in
terms of forest management and conservation (for instance, the inventory of GHG
emissions from land use change, early warning systems for forest clearance and fire
detection via satellite imagery, and low-carbon agricultural practices) could also be
shared with others (especially Southeast Asian and African countries) (La Rovere
2017).

Relevant and potentially cooperative partners for those coalitions would include
countries and groups such as the European Union, Norway, Canada (whose boreal
forests remain largely intact), China (because the Chinese government is interested
in moving towards a green energy transition as soon as possible), the Independent
Association of Latin America and the Caribbean (a reformist group within the
UNFCCC), Mexico (an important green pole in the American continent given its
low-carbon potential), and Indonesia (whose rainforests are home to some of the
highest levels of biodiversity on the planet). Within these coalitions, Brazil and its
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partners should make efforts to challenge the conservative climate tendencies of
decisive players in climate change issues, such as the USA and India, and deepen
environmental global governance structures (Viola and Franchini 2018). Brazilian
diplomacy should act with the double aim of ensuring that global warming does not
reach a level that leads to the savannization of the Amazon and gathering enough
international support to deploy a scientific revolution in the region, thus ensuring
zero deforestation as well as reforestation of the deforested area, which would
greatly enhance the role of the Amazon in fighting potential CCC.

This strategy would obviously first require a substantial improvement in envi-
ronmental conservation in Brazil, so that the country could become a national
example in environmental matters, legitimizing its arguments and position in
regional and international cooperation spaces. Brazil is unfortunately and dramati-
cally following the opposite path. The scientific community, the reformist forces in
Brazilian society, national and international environmental NGOs, and the interna-
tional community as a whole must act to put the country back onto the path it was
following in the second half of the 2000s.

5 Conclusion

This chapter aimed to draw attention to the fact that CCC may be closer than most of
humanity is able to perceive and to highlight the key role of the Amazon rainforest as
both a potential trigger of a global climate catastrophe and a powerful tool to help
limit catastrophic climate risk by conserving carbon stored in soils and vegetation,
enhancing carbon uptake through reforestation of deforested areas, and potentially
paving the way for disruptive sustainable energy technologies. Focusing on the
Brazilian Amazon, this chapter explored the challenge of sustainable development
in the forest, addressing the issues that have marked the federal politics and policies
towards the region from 2005 to 2018 while framing them in the broader national
environmental political context. This chapter thus sought to provide a comprehen-
sive overview of the Brazilian governance of the Amazon as well as the obstacles
facing the conservation of the forest. The future of this crucial biome is highly
dependent on the development paradigm followed by Brazil as well as on the
performance of Brazilian diplomacy in international environmental arenas. Consid-
ering the recent deterioration in the quality of the Brazilian governance of the forest,
bringing the Amazon to the forefront of the academic, political, and public debate is
consequently of vital importance. Within this context and aiming to begin a dialogue
on how to manage the Amazon under the challenging conditions of the
Anthropocene, conserving the forest was suggested as inseparable from an innova-
tive development paradigm based on the revolutionary technologies of the Fourth
Industrial Revolution. Based on this assumption, novel pathways for Brazilian
diplomacy were suggested.

As we have seen, humanity might have already crossed core PBs such as climate
change and biosphere integrity; the Earth is experiencing record-breaking high
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temperatures, and even a 2 �C global warming may trigger tipping points in the Earth
system. The prevailing estimates and assumptions are based on the stability of
threatened vital terrestrial biomes, such as the Amazon rainforest, and the IPPC’s
calculation of the remaining global carbon budget to stand a reasonable chance of
staying below 2 �C of global warming does not consider carbon loss associated with
forest dieback. In addition, the Paris Climate Agreement is clearly insufficient to
prevent dangerous/catastrophic climate change. Given this overview, it would be
unwise to overlook the prospect of transcending the IPCC’s mid-range RCPs. The
fact that environmental conservation is far from being a political priority on the
agenda of the current Brazilian government and that the unsustainable exploitation
of the Amazon in particular is being used as a means of reviving Brazil’s recessive
economy reinforces the urgency of an informed and resolute debate at the regional,
national, and international levels on the prospect of the dieback of the forest.

Rising temperatures, droughts, and extensive fires; the possible construction of
hydropower plants and highways; the expansion of biofuel production; governmen-
tal efforts to weaken environmental licensing, erode protected areas, and suspend the
ratification of indigenous lands; the strength of the Brazilian agribusiness lobby;
profound budget cuts in the fields of science and technology; and future prospects for
the expansion of palm oil exploitation emerge as the main risks to the resilience of
the Amazon. Regarding hydropower plants, projects may be blocked due to sub-
stantial societal resistance despite the Brazilian government’s plans for the construc-
tion of new dams in the Amazonian region. In addition, the fact that Brazil’s largest
construction firms are struggling with serious corruption scandals may postpone
large infrastructure projects. Concerning the government’s intent to promote the
expansion of biofuel production under the RenovaBio programme, ensuring the
sustainable cultivation of sugarcane and soybeans as well as investing in second-
generation biofuels to avoid undesirable trade-offs between emission mitigation and
the conservation of the forest is essential because these fuels are an important part of
reducing GHG energy emissions throughout the country. Diversifying the renewable
energy matrix would be the best option to prevent energy security-related threats to
the forest. Although biofuels were never the main driver of Amazonian deforestation
even when their production was greatly encouraged in Brazil during the 2000s, the
profound conservative environmental tendencies of the current Brazilian govern-
ment may translate into unsustainable practices. Countering these conservative
tendencies is key to overcoming all of the risks mentioned above. These successes
can only be achieved if the Brazilian government recognizes the great economic
value of the standing forest, which is where the Fourth Industrial Revolution enters
the discussion. Once Brazil acknowledges the benefits of protecting the forest’s
biodiversity as well as the crucial role that the Amazon plays in limiting catastrophic
climate risk, an ambitious national plan to eradicate deforestation and an avant-garde
environmental diplomatic strategy should be developed and implemented.

Social science research on the relationship between forest dieback and CCC
would have a positive impact on national climate policies in the Amazonian coun-
tries—especially in Brazil, Colombia, Peru, Bolivia, and Ecuador—as well as on the
performance of ACTO. Social scientists have an important role to play in working
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with this regional organization to build constructive and reformist political proposals
and practices that consider catastrophic climate risk as well as the urgent need of
preserving one of the most important forest tipping points of the Earth’s climate
system.
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Abstract This chapter uses data on Intended Nationally Determined Contributions
(INDCs) to examine the nature of climate change mitigation and adaptation actions
being pursued in African countries and assesses the extent to which preferred
mitigation and adaptation priorities advance the cause of sustainable development
on the continent. The prospective synergies between mitigation and adaptation
approaches and sustainable development are assessed. Also, the pathways through
which resource constraints and institutional and policy environment affect Africa’s
ability to mitigate and adapt to climate change are examined, as well as the degree to
which these constraints are being addressed. It is argued that Africa’s ability to
benefit from sustainable development synergies embedded in the mitigation and
adaptation strategies in the INDCs will be greatly limited by institutional and policy
environment that hinders funding, capacity building, and technological innovation
systems development. The slow pace of efforts to address these impediments further
erodes confidence that climate adaptation in Africa will be effective at sufficiently
contributing to a reduction in climate change risks to the continent.
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1 Introduction

Africa emits relatively a small proportion of aggregate greenhouse gases (GHG);
hence its climate change problem is fundamentally a developmental one. That is, the
approach to addressing climate change should have minimum impacts on develop-
ment objectives. This is a significant challenge because economic development in
Africa is driven by natural resources whose exploitation contribute to climate change
and the external demand that underpins this trend. Hence, the region’s approach to
addressing climate change will necessarily require significant structural economic
changes whose results may be uncertain. This chapter uses data on Intended Nation-
ally Determined Contributions to examine how African countries are emphasizing
these structural changes in their climate change mitigation and adaptation strategies
and the extent to which these strategies suit sustainable development goals. Adap-
tation aims at helping communities deal with the climate change-related vulnerabil-
ities and risks in the environmental and socioeconomic areas such as food security,
health, species extinction, and water supply. Mitigation focuses on addressing causes
of climate change, usually with heavy emphasis on greenhouse gas (GHG) emission
reductions.

Existing data indicate that the energy sector dominates in mitigation actions and
the agricultural sector is the main focus of adaptation measures. It is worth noting
that the latter sector is a slightly larger source of greenhouse gases than the former.
There are important synergies between various intended climate change mitigation
and adaptation actions and sustainable development, at the sectoral and national
levels, that if fully exploited can enhance the quality and increase the pace of
development in Africa. However, there are significant obstacles to realizing these
outcomes. These obstacles include the absence of suitable macro- and microlevel
policy environment for desirable mitigation and adaptation actions, institutional and
capacity deficiencies in both climate policy and scientific research, and, most
importantly, the inability to bear the enormous cost of mitigation and adaptation.

2 Climate Change Mitigation and Adaptation in Africa:
Current Priorities

In both relative and absolute terms, Africa contributes relatively a small share of the
global greenhouse gas emissions; World Resources Institute (2017) data shows
sub-Saharan Africa’s contribution at about 7% but growing. Only a few countries
(South Africa, Nigeria, Egypt, Algeria, and Morocco) on the continent are
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responsible for a large portion of this share of global emissions (Boden et al. 2011).
At the same time, the continent is generally predicted to disproportionately bear the
potential effects of climate change, with environmentally sensitive sectors such as
water and agriculture among the most vulnerable. Sufficient water supplies in many
countries of the continent heavily depend on adequate rainfall, raising not only
issues of water security but the consequences of climate change-induced drought.
The agricultural sector in many parts of the continent relies on rain-fed systems of
agriculture, and climate change raises the risk of increased food insecurity. Overall,
the cost of climate change is estimated to be up to an average of 7% of the region’s
gross domestic product (GDP) by 2100 (African Development Bank (AfDB) 2015).

The continent is exposed to a relatively large number of approaches to addressing
this climate change problem and its risks. Some are feasible, while others are not,
and some will be more beneficial than others. It is in this context that priorities of
African countries on climate change-related actions should be understood; especially
in relation to their pursuit of sustainable development objectives. In fact, there is
evidence that African countries are emphasizing the links between their sustainable
development planning and climate change mitigation and adaptation (Mbeva et al.
2015). This has been partially aided by the continent’s active participation in
initiatives at the national, regional, and global levels aimed at promoting reductions
in greenhouse gas (GHG) and other emissions contributing to climate change. Under
the UNFCCC’s common but differentiated responsibility (CBDR) principles, a
notion also maintained in Article 2 of the Paris Agreement (PA), there are no
expectations of specific emission targets for Africa. However, they are not excluded
from Intended Nationally Determined Contributions (INDCs)—post-2020 self-
identified, voluntary national mitigation and adaptation targets, which become
binding under the PA. With no legally binding obligations currently in place,
Africa’s mitigation and adaptation priorities can be understood in the context of
their INDCs as well as their commitments in the Non-state Actor Zone for Climate
Action (NAZCA)—a UNFCCC depository for climate change mitigation and adap-
tation initiatives undertaken by non-state entities (e.g., cities, investors, subnational
regions, and companies) in their respective countries. As of June 2017, of the
165 countries that have submitted INDCs, nearly all African countries (53 in total)
are among them. Note that most of these are still commitments rather than specific
policy actions already taken and carefully designed to complement existing devel-
opment objectives. Of the 517 (as of June 2017) climate actions already undertaken
by various countries around the world and communicated to the UNFCCC, 77 of
them are in Africa. These actions, according to the UNFCCC, include “good
practices, approaches and technologies with significant mitigation potential, which
could be tapped into up to 2020.” In addition, the NAZCA portal shows that 66 cities
and 5 subnational regions in Africa have committed to climate change actions of
various types and scales.

Available data on INDCs show a clear pattern of climate change priorities for
African countries. A casual look at the data on NAZCA also shows a similar pattern,
but the analysis here will be limited to the data on INDCs simply because more data
is available on them. In part because INDCs are voluntary, African countries have
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taken the initiative, and rightly so, to align mitigation and adaptation commitments
with sustainable development goals. As can be seen in Fig. 1, top mitigation
priorities across 53 African countries are in energy, forestry, transport, agriculture,
waste, and to some degree buildings, economy-wide, and industries.1 For adaptation,
top priorities are concentrated in agriculture, water, energy, and forestry. Mbeva
et al. (2015) conduct an analysis of INDCs for 43 African countries and identify a
similar trend.

2.1 Mitigation

In 2013, Africa’s share of global energy-related CO2 emissions stood at a mere 3%
but projected to grow by 40% by 2030 (IEA 2015). According to recent data from
the World Resources Institute database, energy consumption is the second largest
source (after land use change and forestry) of GHG emissions in Africa, and this
sector has witnessed the fastest growth in emissions between 1990 and 2013. This
may partially explain why renewable energy is a leading mitigation approach in
African countries, targeting emission reduction through increased consumption of
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Fig. 1 Sectoral balance in mitigation and adaptation actions in Africa. Source of Data: World Bank
database on INDCs (as of September 9, 2017, http://spappssecext.worldbank.org/sites/indc/Pages/
Adaptation.aspx). Note: each bar represents the number of mitigation or adaptation actions across
53 African countries. A country may have more than one action in the same sector

1Data based on dominant themes in INDCs. Extracting exact details from INDCs is complicated by
the fact that there are no universal guidelines for designing and formatting them. Each country
submits an INDC according to its understanding of the request from the UNFCCC.
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energy from renewable sources, with more than 100 actions reported in this sector
across the 53 African countries that have submitted INDCs (see Fig. 3 in the
Appendix). The deep focus in Africa on renewable energy as a mitigation strategy
is significant for obvious reasons. The primary one is that the energy needs in
sub-Saharan Africa (SSA) alone are enormous. IEA (2014) estimates that only
32% of the population in SSA has access to electricity and about 80% of those
without access reside in rural areas. Renewable energy is deemed to be a possible
solution to this energy insecurity in rural areas since it is capable of providing
electricity access both on the main grid and distributed forms. IEA (2015) pro-
jections through 2030 indicate that renewable energy will play an important role in
improving access to energy in SSA.

Renewable energy use as a mitigation strategy is one area where Africa has gone
beyond promises; SSA in particular has witnessed a rapid rise in the share of
renewable energy generation and consumption beginning at the turn of the century.
This growth in total renewable energy consumption, while driven mostly by hydro-
electricity, can be observed in various renewable energy sources such as biomass and
geothermal and less so in solar and wind. However, in levels and per capita basis,
renewable energy consumption in SSA remains low relative to other developing
regions, with total renewable energy generation in SSA just below 100 billion
kilowatt hours and total installed capacity of 29 million kilowatts for the continent
in 2012 (Nyiwul 2017).

The focus of mitigation on the energy sector emphasizes two aspects of energy
use: substituting fossil fuels with energy from renewable sources and enhancing
energy efficiency in general. While the sector is still dominated by hydropower,
there are significant emphases on biofuels and solar and efficient cook stoves in the
INDCs. Also, INDCs data show that energy efficiency tops the list of priorities in
this sector. This in part is recognition of the current poor state of infrastructure which
reduces energy efficiency in this sector. Some countries’ energy supply is still
largely based on colonial structures with major transmission and distribution losses,
while the persistent practice of gas flaring in oil-producing countries represents lost
opportunities to expand and improve energy supply chains.

Renewable energy target-setting in climate policy is common in African coun-
tries; with projected shares of renewable energy in total energy consumption ranging
anywhere from 2% in Guinea-Bissau to 80% in Gabon (IRENA 2015). Per the
INDCs, only a few African countries have set targets for carbon emissions. These
include South Africa which proposes 34% emission reduction below business as
usual by 2020 and 42% in 2025; Ethiopia which proposes a 65% emission reduction
below business as usual by 2030; Morocco with a target of 17% reduction in GHG
emissions below business as usual by 2030; and Gambia with a target of 44.4%
reduction in GHG emissions below business-as-usual scenario by 2025.2

2These percentages are extracted from the INDCs of the respective countries, as listed in the World
Bank Database (as of July 6, 2017, http://spappssecext.worldbank.org/sites/indc/Pages/Adaptation.
aspx).
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Mitigation in Africa partly builds on prior conservation efforts which now take on
additional significance in the face of climate change. This is especially true for
forestry, with Africa being home to 17% of the world’s forests (Pan et al. 2013).
Land use change and forestry represent the largest source of GHG emissions in
Africa, and research reports indicate that the forest sector in general is responsible for
anywhere between 10 and 30% of the global total (Harris et al. 2012; van der Werf
et al. 2009; IPCC 2007; FAO 2006), driven by high rates of deforestation, forest
degradation, and other land use changes that serve to increase the concentration of
GHG in the atmosphere. The forest functions as absorbers of carbon dioxide, a major
GHG, and managing forests sustainably enhances this function and helps to mitigate
climate change. This, perhaps, may explain why this sector is the second most
important mitigation priority, as seen in Fig. 1. INDC data on this sector show
reduced emissions from deforestation and forest degradation and the role of conser-
vation, sustainable forest management and enhancement of forest carbon stocks
(REDD+), afforestation, and reforestation as the dominant specific mitigation strat-
egy in Africa (see Fig. 3 in the Appendix). There is also heavy emphasis on
sustainable forest and land management. This is a lauded strategy because there is
evidence showing higher aggregate mitigation potential in the forestry sector, at
lower per ton costs of carbon (Sathaye and Ravindranath 1998). This approach suits
sustainability if appropriately deployed. The risk however lies in the specific instru-
ments adopted. For example, Hussein et al. (2013) show that forest carbon seques-
tration incentives can hurt the poor and vulnerable in developing countries, in part
because of a rise in returns to land, a fall in agricultural output, and resulting first-
and second-order effects of these changes. Furthermore, along with agriculture and
fisheries, the forest sector employs a large proportion of the population, and thus
mitigation and adaptation strategies have implications for equity.

The INDC data show the transportation sector as the third most important
mitigation strategic focus in Africa. A detailed breakdown (see Fig. 3 in the
Appendix) of the data on this sector indicates that specific commitments include
the urban and public transport, fleet vehicle and freight vehicles. In addition to
transportation planning and infrastructure (especially in road, transit, and rail), there
are a considerable number of actions envisioned in transportation fuels.

Dealing with waste also figures prominently in the mitigation strategy in Africa.
Specific actions on this are reported for solid waste, waste-to-energy, agricultural
and water waste, recycling, and reuse (see Fig. 3 in the Appendix). Analysis in
Nyiwul (2016) exposes problems of waste management in Africa whose health
impacts would easily be exacerbated by climate change-related impacts.

Agriculture is a significant source of greenhouse emissions. The INDCs of
African countries in this sector indicate that specific mitigation actions are domi-
nated by climate-smart agriculture, agricultural waste, soil management, livestock,
and to a less extent fisheries and aquaculture (see Fig. 3 in the Appendix)—worth
noting that the limited focus on fisheries is disappointing because African countries
have generally underperformed in the management of their fish stocks (Nyiwul
2016). Mitigation in the agricultural sector might require great sensitivity to local
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realities, particularly because this sector employs a large proportion of the popula-
tion, especially in rural areas.

2.2 Adaptation

Figure 1 illustrates the importance of climate change adaptation to Africa. While the
classification of all sectors and subsectors reported in the INDCs was not possible,
considering only the most visible sectors reported gives a clear picture that African
countries consider adaptation a top priority compared to mitigation in terms of sectors
in which some form of action will be pursued. Given the different levels of vulner-
abilities of various economic sectors, Fig. 1 illustrates that African countries are
prioritizing adaptation in accordance with perceived climate change sectoral risk
profiles. Adaptation actions, as expected, are observed in more sectors than mitiga-
tion actions, illustrating the degree of concerns about climate change risks in Africa.
In all, agriculture, followed by water, consistently ranks as the most visible sector in
which climate change consequences would be quite severe. This ranking is consistent
with findings elsewhere on this topic; for example, see Mbeva et al. (2015) and Pauw
and Pegels (2013). As can be seen in Fig. 4 in the Appendix, adaptation actions in this
sector are oriented toward developing climate-smart agriculture; improving the
agricultural sector in the areas of irrigation systems, land and soil management,
crops, livestock, fisheries, and aquaculture; and ensuring food security. These areas
are projected to be particularly affected by climate change, with sub-Saharan Africa
expected to experience a 3.2% fall in average cereal yield by 2050 (Gerald et al. 2009;
Ringler et al. 2010) and even greater decreases in sorghum, wheat, corn, and millet
(Knox et al. 2012). These impacts would affect the region’s ability to achieve its goal
of sustainable development by securing food production and reducing vulnerability
of livelihoods for low-income households. Thus, there is good reason to position the
agriculture as top priority for adaptation: sustainable development in most of Africa
depends on this sector. Per AfDB (2017), the share of agriculture in Africa ranges
from 2.3% of gross domestic product (GDP) in South Africa to 80% in Liberia, with
even higher numbers for employment in the sector.

Agriculture and water are intricately linked in Africa. The fraction of the popu-
lation in sub-Saharan Africa that relies on rain-fed agriculture is at a high 96%
(Madzwamuse 2010). A small decrease in rainfall can lead to a large reduction in
river water volumes and hence endanger water supplies to a significant number of
people, thus affecting food production and security. Data from the INDCs indicate
that African countries are addressing these risks by taking adaptation actions that
address water management issues, water supply and quality, increased water con-
servation and reuse, and water infrastructure and improving wastewater treatment
capacity. These actions are expected to help reduce the risks associated with climate
change, including extreme weather events such as drought and floods that would
exacerbate food insecurity by reducing agricultural productivity and arable land,
thereby increasing poverty and jeopardizing sustainable development. The Horn of
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Africa is particularly prone to severe droughts, and many parts of the continent face
frequent floods. Climate change-induced droughts can reduce water flows from lakes
and rivers that feed hydropower dams, thus exacerbating energy insecurity. For
example, the Nile region is estimated to experience a 75% decrease in river flow
by 2100, along with depletion of biomass stock, with negative consequences for
energy security and sustainable development (UNEP 2006). These risks of natural
disasters may explain why disaster risk and management is another important focus
of adaptation in Africa, with INDCs emphasizing adaptation actions on disaster
preparedness, monitoring and evaluation, relief and recovery, and more importantly
investments in early warning systems. These emphases point to the concerns for
losses and damages resulting from climate change-induced natural disasters, partic-
ularly in countries with coastlines and those at risk of prolonged droughts.

Vulnerabilities in water systems, agriculture, and natural disasters also have
implications for health in Africa. Poor water quality and insufficient supplies
increase chances of waterborne diseases, and food insecurity due to poor agricultural
performance induces malnutrition. Meanwhile floods and droughts from climate
change impacts can result in vector-borne disease like malaria and cholera. African
countries are planning adaptation to these risks by taking actions that emphasize
disease surveillance and control, health services and assessments, and awareness and
behavior change, as well as reducing malnutrition.

Other important priority areas of adaptation that are visible but less prominent in
the INDCs include energy, environment, and forests. In energy, the adaptation focus
is more generally on shifts to renewable sources of energy but also includes power
systems planning. The latter is important because it aims to improve energy effi-
ciency, which is one major problematic area of energy use in Africa. Upgrades in
power systems as well as a revamp of regulatory regimes will improve climate
adaptation measures in the region. The shift to renewable energy is fraud with risks
because of the heavy reliance on hydropower as a source of renewable energy.
Nyiwul (2018) presents a detailed critique of large hydropower as a renewable
energy source, citing evidence of net negative environmental impact of large hydro-
power. With regard to the environment and forests, environment adaption actions in
Africa are focused on watershed and river basin management, ecosystem, and
biodiversity, while forest adaptation actions are dominated by sustainable forest
and land management, along with reforestation, afforestation, and land degradation
topping out the list. Biodiversity and forest management is especially important for
sub-Saharan Africa because an unusually high proportion of its population relies on
products from forest.
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3 Synergies in Climate Change Mitigation in Africa
and Their Benefits to Sustainable Development

Africa’s efforts to address the climate change problem is rightly focused more on
adaptation than mitigation since the continent’s contribution to climate change-
causing emissions is relatively small. The challenge is to align adaptation with
sustainable development planning given the implied costs. The PA, like its pre-
decessors, recognizes and emphasizes the implied links between climate change and
sustainable development. However, such agreements do not establish systematic
links between the two and how to identify and evaluate their effectiveness, trade-
offs, and impacts of synergies. The existing broad spectrum of mitigation and
adaptation measures, particularly those identified in the INDCs of African countries,
has important synergies for sustainable development on the continent. Hence, to be
realistic and practical, particular attention is devoted to synergies in mitigation and
adaptation measures identified in the African INDCs. One such synergy crucial for
sustainable development is in renewable energy development, which can be viewed
from several perspectives. First, beyond the climate change mitigation role of
renewable energy, there is the potential for stimulating local and national economies
through microenterprise development (Foley 1995). Second, a major hurdle to the
provision of electricity in rural areas is the cost concerns. Renewable energy resolves
this problem through its ability to provide off-grid solutions. This is particularly
important for areas where grid connection is too expensive—the AfDB (2010)
estimates that areas with difficult access for electricity provision in SSA are home
to 66% of the population. Off-grid renewable energy is considered to be among the
easiest, fast, and cheap options for improving energy access in the developing world
(REN21 2011). Also, empirical evidence in Chien and Hu (2007, 2008) suggests that
increases in renewable energy consumption also increase technical efficiency. This
result would seem to support the emphasis on renewable energy use as a legitimate
approach to address the energy efficiency issue discussed in Sect. 2. Third, renew-
able energy, especially small hydropower, has the potential to contribute to poverty
reduction because it possesses the many benefits of “distributed power” (El-Khattam
and Salama 2004) associated with the other forms of renewable energy. Specifically,
decentralized renewables are likely to lead to increased locally available resource use
and employment (directly in projects and indirectly in ancillary services) and
increase technical skills required for the efficient management of energy-generating
plants. This is in addition to technical benefits such as energy savings, power quality,
voltage control, market liberalization, and efficiency.3 This is crucial for SSA
because about 80% of those lacking electricity access live in the rural areas of the
region (IEA 2014); many of whom are capable of adopting and benefiting from
various forms of sustainable energy (Bensch et al. 2017). Hence, distributed gener-
ation is clearly among the greatest potential to achieve sustainable development. In

3See Pepermans et al. (2005), Jordehi (2016), and El-Khattam and Salama (2004) for extended
definitions and analysis of the types of distributed generation and their associated benefits.
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fact, available data show relatively high concentration of small hydropower potential
in some countries of the continent, accounting for a majority of total renewable
electricity installed capacity in some cases (Nyiwul 2018).

Furthermore, the Technology Mechanism (TM) of the PA, coupled with its
financial mechanisms, could have implications for the renewable energy sector as
well as economy-wide benefits in Africa. Renewable energy production in Africa,
like most of the developing world, is still costly compared to fossil fuel sources. Both
technology transfer and funding mechanisms embedded in the PA could help reduce
costs and provide scale economies to local economies, thus enhancing sustainable
development. Of the estimated $783 billion in climate-smart investments in Africa,
close to 16% (or $123 billion) are in the clean energy (IFC 2016). These investments
have the potential to not just expand and modernize the energy sector but also to
enhance market development, particularly in the market for financial intermediary
and banking technology services, a key feature grossly lacking in most of the African
economies. In addition, the design of instruments in climate markets and programs
can have economy-wide positive externalities and foster domestic endogenous
technologies that greatly enhance sustainable development in Africa.

The PA maintained and enhanced previous articles on technology transfer to aid
mitigation and adaptation in developing countries. Among the most contentious
barriers to such transfer in general has been the issue of weak property rights
protections in many of the receiving developing countries. Climate change mitiga-
tion technologies are among the fast-proliferating technologies, coming after leading
sectors like information communication technology that has transformed banking in
ways unimaginable a decade ago. Costs seem to be the impending barrier to them
than the technological know-how. Many less developed countries are cultivating
domestic energy technologies at rates that may serve as a springboard for other
industrial subsectors. Population dynamics will continue to favor this trend in Africa
and help to support the emergence of market mechanisms of the types envisioned in
climate change mitigation and adaptation.

Among these market mechanisms is the Clean Development Mechanism, origi-
nally designed under the Kyoto Protocol as an offset program and updated in Article
6 of the PA. It is essentially a market mechanism for GHG abatement. Specifically, it
is a policy instrument that allows emission reduction projects in developing coun-
tries to earn certified emission reduction credits which can be traded and/or used by
developed countries to meet emission reduction targets under the Paris and preced-
ing climate agreements. It gives developed economies flexibility in their emission
reduction efforts while supporting sustainable development in less affluent countries.
The CDM embodies the synergies inherent in climate change mitigation and adap-
tation. Beyond the emission reduction function of the CDM for developing coun-
tries, the inflow of financial resources and transfers of technology embedded in
CDM projects have implications for local capacity building and the potential to
transform domestic economies. A large base of potential CDM projects, evident in
Africa, provides opportunities for technology spillover and acquisition through
learning by doing. There are significant opportunities for Africa to realize these
potential benefits because it currently hosts only a minor fraction of implemented
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CDM projects, owing to poor institutional, risk, and regulatory environment (Burian
and Arens 2014). It is worth noting that such benefits would be maximized with
disembodied technology transfer (sharing the technical know-how) than under an
embodied one.

Tripathi (2016) argues that CDM is developmental in three major ways:

First, socially by emphasizing equity and fairness, alleviating poverty, and improv-
ing quality of life. For example, clean cook stoves not only improves health and
access to energy, they also serve to reduce inequity by saving wood collection
time—an activity noted to be gender bias against children and women.

Second, CDM is developmental environmentally through its contribution to resource
conservation and biodiversity protection.

Third, economically through technology, cost-effectiveness, and financial resources
to local communities.

Another dimension of CDM with important synergies for sustainable develop-
ment in Africa is the potential externalities that may emanate from the markets,
funding flows, and mechanisms of the CDM projects. Trading in certified emission
reductions (CERs) would be a new market in the African economy characterized by
perpetually and comparably underdeveloped market institutions. Other instruments
of the CDM that generate CERs include carbon capture and storage and small
afforestation and reforestation projects—those that will remove GHG by sinks of
less than 16 kt of CO2 annually or implemented by low-income communities. CDM
projects are often thought of as aiming to meet the demand for carbon credits in
developed economies, and there is also great potential for carbon markets in devel-
oping countries. There is an ongoing effort in Africa to develop carbon markets to
support both climate change and sustainable development. The experience from
developing such a market can create important economy-wide scale benefits, espe-
cially in terms of market development and intermediary services. The introduction of
INDCs as binding commitments in the PA means that in eliminating double
counting, CERs would require capacity building to facilitate the development of
the CER market, which itself promotes important economic transformation.

Furthermore, like renewable energy, CDM also provides a unique vehicle
through which technology transfer can foster sustainable development in Africa.
Article 10 of the PA strengthened the TM of preceding climate agreements aimed at
promoting climate change technologies and the transfer of mitigation and adaptation
technologies to developing countries. Some of the functions of the TM, through its
Technology Executive Committee (TEC), have broader development implications.
For example, the committee aims to actively engage developing countries in their
climate technology needs assessment and domestic barriers to innovation, facilitate
north-south as well as south-south dialogue and cooperation in climate change
technology transfer issues, and, mostly importantly, finance not just climate change
technologies but also research and development in general. Thus, the opportunity
exists to learn from the experience of TEC for the benefit of the rest of the economy.

Another market mechanism from which sustainable development in Africa will
greatly benefit is the REDD+, though in only general terms, this mechanism is

Climate Change Mitigation and Adaptation in Africa: Strategies. . . 229



recognized under Article 5 of the PA and provides an impetus for further develop-
ment of the workable approaches to the mechanism. While REDD+, as part of
INDCs, is largely envisioned as an initiative at the national level, the private sector
can play a vital role in achieving its goals. In African countries, engaging the private
sector in the REDD+ mechanism can be economically transformational and hence
developmental in different aspects. For example, involving the private sector reduces
the burden of capacity and resource needs of the bureaucracy while providing
avenues for private sector innovation and development of new markets in the areas
of carbon offset credit buyers, carbon market project developers, and carbon market
intermediary by banks and other financial institutions. It is worth noting that no
African country currently operates carbon trading systems at the local or national
level; however Africa is 38% of the composition of the Forest Carbon Partnership
Facility (FCPF)—a global partnership of governments, businesses, civil society, and
indigenous peoples dedicated to REDD+ mechanisms. The fund provides payments
for verified emission reductions from REDD+ programs. The experience garnered
from participating in this global initiative will have positive impacts on the effort to
develop and integrate local economies with global carbon markets. Also, REDD+,
like other climate change mechanisms, is essentially a new form of public policy in
Africa and thus provides an opportunity to learn valuable lessons for development
planning. Another potential benefit of REDD+ in Africa is that it may finally be the
driver of land tenure reforms in many countries and even increase the momentum for
property rights reforms in general. Lastly, and more broadly, REDD+ will further
support sustainable development in Africa through its contributions to national
public policy objectives in the areas of biodiversity, poverty reduction, and limit
rates of deforestation. This is especially so because it dovetails well with forest
sector policy framework outlined in many African countries since the 1990s.

Successful climate change mitigation and adaptation depend to a large degree on
public awareness and support. This likely requires devoted educational campaigns
and programs by specialized, trained personnel integrated into climate change
mitigation and adaptation. For example, community or social forestry as part of
mitigation and adaptation planning will entail engaging local communities in both
policy formulation and implementation, which itself will require its effort on prac-
tices, laws, and their enforcement. This reduces chances of conflicting goals between
the community and government authority and minimizing property rights issues.
This experience has positive societal and economy-wide effects.
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4 Constraints to Climate Change Mitigation
and Adaptation in Africa: Implications for Sustainable
Development

Here, we consider the multitude of pathways through which weak institutions, policy
environment, and resource constraints affect Africa’s ability to mitigate and adapt to
climate change and the extent to which these constraints are being addressed. The
mitigation and adaptation efforts and objectives conveyed in the INDCs by African
countries are clearly very optimistic given the full set of formidable obstacles to
achieving them and thus limiting the ability to fully take advantage of the synergies
discussed in Sect. 3. The INDCs themselves are as close a climate change policy as
can be found in most African countries. Yet, while not the fault of the parties
submitting them, they are also representative of the kind of general policy and
institutional environment prevailing in many countries of the continent: void of
details, incoherent, and ultimately ineffectual.

Just as important is the fact that given the current development challenges in
Africa, effective mitigation and adaptation priorities and strategies should be indis-
tinguishable from development planning. This is an exceedingly difficult task
because of the current tendency to favor macroeconomic interests, for example,
commercial agriculture taking precedence over subsistence farmers’ needs in adap-
tation and vulnerability assessments, in the effort to attract foreign direct investment
(Madzwamuse 2010). A full integration of adaptation and development planning
will require a policy framework and governance structures that are contrasting
versions of current ones. Very few countries on the continent have the necessary
and coherent climate change policy framework capable of supporting adaptation for
sustainable development. A review by Madzwamuse (2010) identifies a tendency to
locate adaptation planning within the environmental sector, with little to no integra-
tion with other sectors of the economy. By itself, this demonstrates limited under-
standing of climate change, its impacts, and how to appropriately address it.

Funding Climate Change Mitigation and Adaptation One specific and obvious
obstacle to operationalizing the steps outlined in the INDCs is funding. In their
INDCs, African countries request financial and technical assistance to support their
implementation. They have also indicated commitments to devoting domestic
resources to achieve mitigation and adaptation goals. But given the level of resources
needed, as seen in Fig. 2, it is quite evident that much of the mitigation and
adaptation actions will be unsuccessful without substantially higher level of external
support. It is worth noting that the INDCs were developed with solemn anticipation
of such support in the form of technology transfer, capacity building, and finance.

There are simply no domestic savings in Africa to finance climate change. Even if
such savings were available, the problem of information asymmetry, finance knowl-
edge, and skills may prove costly and thus prevent the productive deployment of
climate funding. Note that a major sticking point in climate change negotiations has
been on bearing the costs of mitigation and adaptation, where developing countries
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insist on a compromise that does not impose undue burdens on their ability to
address development challenges such as poverty reduction and health improvements
given that their contributions to the climate change problem are small. Developing
countries thus usually demand significant support from developed economies. This
reliance on external support to achieve the goals outlined in the INDCs is a
significant problem because there is little evidence that the kind of funding demands
conveyed in the INDCs will be met. The region’s negotiating position at climate
talks is usually weak. This can be attributed to its limited capacity on climate change
analysis to support negotiating positions and hence has to rely on external assistance
in this regard. Equally important in climate negotiations is the issue of absorption
capacity necessary to deal with large flows of adaptation funds. Developed countries
which serve as the source of these funds would be focused on ensuring that
mitigation and adaptation funding is effective. The inability to demonstrate the
existence of absorptive capacity might be interpreted by donors as evidence to
withhold financial assistance and thus undermining adaptation.

There is hope that the private sector will play a productive role in meeting climate
change funding needs in Africa. There is some limited evidence that this indeed
could materialize from external sources however. IFC (2016) estimates a $783 billion
opportunity in Africa, but this is just about 3.4% of the total for emerging markets
and may fail to be realized for a number of reasons. The inflow of foreign private
climate investments will be curtailed by a public bureaucracy characterized by red
tape, a banking sector whose infrastructure, technologies, and services are lagging
behind other developing peer regions and with little financial intermediary of the
type that is crucial in some elements of climate finance and other sectors in general.
Bureaucratic bottlenecks are particularly important because of the stipulations of the
financing mechanism: requiring developing countries receiving climate funds to
demonstrate ability to effectively utilize them, though there is the question of how
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Fig. 2 Mitigation and adaptation costs in Africa ($billion). Source of Data: World Bank Database
(as of September 9, 2017, http://spappssecext.worldbank.org/sites/indc/Pages/Adaptation.aspx).
(South Africa was excluded as an outlier, with $1688 billion in mitigation and adaptation costs)
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this ability will be evaluated and the potential impacts of noncompliance given the
record of transparency in many African countries.

Dearth of Expertise in Climate Change Science and Analysis In addition to the
climate change mitigation and adaptation goals being contingent on external
funding, domestic constraints alone imply high likelihood of failure. In particular,
many countries of the continent still face intractable problems in climate-related
institutional capacity, quality, and effectiveness in numerous aspects. Reliable
climate information and data analysis at the global, national, and local scales are
crucial for understanding and planning for climate change, not just for the sake of
minimizing negative impacts but also for maximizing potential development benefits
from favorable climate conditions. In this respect, Africa is falling short, with many
countries unable to base development planning on climate data because it simply
does not exist or is inaccessible. While climate observation stations exist in many
parts of the continent, the coverage is not only small but unevenly distributed, with
limited availability in rural areas. Furthermore, even the data collected at existing
observation stations is often of poor quality, with data collection systems mostly
outdated, poorly maintained, and isolated with no capability of feeding data across
networks in local or global systems (Dinku et al. 2016; UNECA 2011a, b). This
problem is exacerbated by the dearth of technical expertise and resources at the
agencies tasked with climate monitoring, thus making the funding and technology
transfer mechanisms in the PA extremely important for Africa.

The consequence of limited climate technical expertise and funding in Africa is
that scientific research on mitigation and adaptation is considerably constrained, thus
building blind spots in national planning to reduce climate change risks. A recent
joint initiative of the African Union (AU), the African Development Bank (AfDB),
and the United Nations Economic Commission for Africa (UNECA), called the
Climate for Development (ClimDev) Program in Africa, is a partial solution to this
problem of climate change data generation and dissemination. It also aims at
enhancing institutional capacity and policy support in integrating climate change
data in development planning. Programs of this nature, themselves, require sustain-
able funding and technical support, especially in Africa to provide a base for national
and domestic expertise to emerge. Such programs will also be essential in taking
advantage of the mitigation, adaptation processes, and tools embedded in the PA.

Other recent efforts to help alleviate this problem include World Bank invest-
ments in hydrometeorological services on the continent and the Italian government-
funded training program on climate change adaptation and disaster risk reduction in
West African agriculture. These efforts are important because in the face of climate
change sustainable development will require a systematic integration of climate
information into crucial sectors such as agriculture and health. A related conse-
quence of climate data unavailability in Africa is that climate change analyses of
climate change impacts based on limited data from Africa and used in global
agreements might be disadvantaging the continent both in terms of negotiating
position and climate change risks. For example, the focus on climate change has
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placed a lot of emphasis limiting carbon emissions. Should this be Africa’s priority at
all or should it focus largely on adaptation?

Insufficient climate information and specifically environmental data in many
African countries may partially explain the absence of legislation or other significant
legally binding courses of action on climate change in Africa, even taking interna-
tional climate change political economy considerations into account. This may also
simply be an issue of general incompetence given the experience with environmental
regulation in the some countries.4 Climate change data may be available for some
countries, mainly from outside establishments, but it does not advance the course of
local human resources capable of analyzing, interpreting, and disseminating it to the
communities that need it. There is little evidence that a domestic investment in
scientific research on climate change is a priority.

Bureaucratic Inertia and Policy Environment Another challenge to effective cli-
mate change mitigation and adaptation in Africa lies in the policy environment
necessary for climate-resilient development. Not only do the bureaucratic and
legal frameworks require reforms to enhance efficiency, they also will certainly
need to be updated to account for environmental and more generally climate change
realities; for example, some mitigation and adaptation strategies will affect issues of
existing property rights. Many countries of the continent are likely to lose out on the
funding mechanisms outlined in the PA on account of their weak legal frameworks.
Such low-performing legal systems are partly the reason for the small share of green
investments in Africa, which so far is home to a mere 3% of registered CDM projects
(OECD 2012). Existing intellectual property rights protections in Africa also means
technology transfer envisioned under that PA will be unlikely to benefit Africa to the
extent desired. External support is also likely to deteriorate in such a policy envi-
ronment since it projects weak prospects of program implementation and success.
Reforms serve to create a risk reduction environment in micro and macro terms,
thereby creating attractive avenues for private initiative and confidence in the
provision of assistance by external stakeholders.

The state of environmental regulation (lack of specificity in policy documenta-
tion, lax enforcement, under multiple government agencies with sometime
conflicting visions and goals, etc.) may be replicated in climate change mitigation
and adaption if changes are not undertaken. Some adaptation efforts are
decentralized into community projects that are not fed into national planning. As
in the case of environmental regulation, there is a risk that adaptation policies and
projects will overlap and conflict with each other, leading to duplication and hence
putting unnecessary pressures on limited institutional capacity.

Forest-based industries on the continent should require significant reforms as part
of mitigation and adaptation strategies. The practice of low royalties in exchange for
large concessions through timber extraction from forests is still prevalent in coun-
tries endowed with vast forests. Reforms may involve providing incentives to

4See Nyiwul (2016) for a detailed critique of environmental regulation in African countries.

234 L. M. Nyiwul



operators of forestry firms that source materials from non-forests such as farmland or
community forestry or encourage private forestry.

While the mitigation actions in the energy sector appear to already be yielding
results, such success will be limited unless extensive effort is made to lift various
cost-effective barriers in the sector in general. These barriers include state interfer-
ence in the form of ineffective regulation, subsidization of fuels and electricity,
import tariffs, and insufficient information dissemination on renewable energy
technologies. These barriers raise the risk of expansion in the carbon-intensive
energy consumption; for example, ineffective regulation and enabling of monopolies
in the sector lead to higher energy prices which in turn force low-income consumers
into cheap, high-carbon-content, and low-grade fuels.

Although CDM projects have the potential to expand at multiples of current
numbers with increased foreign investments and assistance, the resulting CERs will
likely continue to be used to fill the demand for them elsewhere. The development of
carbon markets on the continent will take longer. This is in part due to constraints on
the technical, institutional, and informational requirements. While the ease of current
global fast information flows on carbon markets can reduce the burden on informa-
tion acquisition, the private sector will continue to be faced with limited financial
capacity, technical know-how, and bureaucratic bottlenecks that limit exposure to
external access to solutions, especially in accessing international financing in this
market. Continental bodies specifically targeting these issues would go a long way to
address these problems. For example, the Africa Carbon Forum, which at the
moment is largely focused on sharing experiences, can be given a larger role in
developing carbon markets on the continent. A more general problem that may slow
down CDM projects geared toward generating CERs in Africa is the persistent low
pricing that may erode investor confidence and result in limiting flows of financing
to the region.

It is worth recognizing the uphill task of TEC in successfully carrying out its
functions in Africa given the long-standing obstacles in developing a requisite
environment for innovation and technology transfer in the region. For example, it
is not clear to what extent supporting infrastructure for climate change technology
will be a priority since resource constraints are a factor. While TEC is also tasked
with improving the capacity of developing countries to effectively adopt climate
change technologies, Africa’s capacity needs in this regard are not just in climate
change but economy-wide.

The TM will take on additional significance with the PA, since it will be
instrumental in helping African countries achieve their INDC goals. But it is easy
to see here that the TM is less likely, given past experience outside climate change
debate, to achieve desired results. To see why, we can consider what TM envisions
and the potential sources of obstacles to the vision. The IPCC Special Report (IPCC
2000), from which the TM eventually emerged, defined technology transfer as “a
broad set of processes covering the flows of know-how, experience and equipment
for mitigating and adapting to climate change amongst different stakeholders such as
governments, private sector entities, financial institutions, NGOs and research/edu-
cation institutions. It comprises the process of learning to understand, utilize, and
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replicate the technology, including the capacity to choose it, adapt it to local
conditions, and integrate it with indigenous technologies.” Each of these stake-
holders is imbued with serious limitations that would hinder TM’s ability to carry
out its mission. First among these limitations is an inefficient bureaucracy that
inhibits private sector initiative. The private sector is already facing a shortage of
needed skills, and this makes the capacity building mission of TM (specifically its
implementation arm, the Climate Technology Center and Network (CTCN)) quite
difficult. The TM will also be faced with NGOs, educational and research institu-
tions that are underfunded, and infrastructure needs unmet or neglected, a financial
sector with weak and unfledged markets. This is hardly a conducive environment for
innovation systems to emerge. In these circumstances, the TM is unlikely to achieve
desirable outcomes in its efforts to help African countries realize their INDC goals.
Moreover, even the definition of technology transfer above appears to have different
meanings to different parties to the climate change agreement, with developed
countries seeming to adopt a much narrower interpretation of the concept than
developing countries (de Coninck and Sagar 2015). This will likely hamper both
the policy and implementation arms of the TM. And given the typically weak climate
change negotiating position of African countries, the expected TM contributions of
developed economies embedded in the INDCs may be currently vastly
overestimated.

It is worth noting that due to the heavy reliance on agriculture and forestry and
given the intertwined nature of the two sectors, mitigation and adaptation strategies
may overlap. Avoiding such overlap would require extensive coordination at various
levels to avoid duplication and waste. This is a challenge given the existing institu-
tional fragmentation, with government bodies often operating independently of each
other and jurisdictional overlaps that lead to power struggles within the bureaucracy
that paralyze policy [see Nyiwul (2016) for a detailed description of this dynamic].

Incorporating REDD+ into sustainable development in Africa is a challenge.
While general frameworks are prevalent, implementation has mostly been in the
form of patchwork of projects and practices at local levels, with little national focus
and coordination. Nevertheless, a carbon-centered REDD+ has sustainable devel-
opment potential if it becomes the impetus for instituting well-regulated mechanism
that results in proper land tenure reforms and clear rules that guarantee fairness in
resource distribution and governance. Other policy and bureaucratic barriers to
achieving the INDC goals in the forest sector include absence of institutions to
promote participation of local communities and private sector stakeholders.

5 Conclusion

Africa contributes only a small share of the global greenhouse gas emissions
responsible for climate change but stands to suffer disproportionately from the
negative impacts of climate change. These negative impacts include shape falls in
agricultural output and productivity, deterioration in health outcomes and water
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supplies that affect food and energy security, and increased frequencies of natural
disasters. Policy-makers on the continent recognize these threats and are making
efforts to address them. Across 53 countries in Africa, climate change mitigation has
focused on energy, forestry, transport, agriculture, waste, and to some degree
buildings, economy-wide, and industries, while adaptation priorities are concen-
trated in agriculture, water, energy, and forestry. In general, the balance of these
mitigation and adaptation actions generally favors adaptation in Africa—this recog-
nizes the reality that the continent faces negative impacts of climate change that have
little to do with its contribution to the phenomenon. In some cases, mitigation and
adaptation are not mutually exclusive. For example, using renewable energy tech-
nologies such as improved biomass stoves does have significant implications for
deforestation. Similarly, mitigation and adaptation in agriculture has implications for
forestry, where a disproportionately large share of deforestation is attributed to
agriculture. This merge and integration of mitigation and adaptation priorities offer
important synergies for sustainable development in African countries. These syner-
gies are embedded in the nature and forms of technology transfer and funding
mechanisms of the Paris Agreement and the potential externalities of such market
mechanisms as CDM and REDD+. However, achieving these synergies will require
a successful implementation of the mitigation and adaptation priorities. This suc-
cessful implementation in Africa will require fundamental transformations in the
institutional and policy environment. The difficult question is whether this require-
ment will be met.
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Abstract The purpose of this paper is to compare the environmental performance of
two internal combustion engine vehicles (ICEVs) with distinct engines, one with the
conventional diesel engine and the other with an electric motor supply (hybrid
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diesel) and a diesel engine, and then to assess which one has less environmental
impact. The Portuguese automobile park was chosen for this study. The purpose of
the comparison of the two researched ICEVs is that they show many similarities in
terms of features by having the same type of body and varying only in the power-
train system. The life-cycle assessment (LCA) methodology is performed by utiliz-
ing one ICEV with 170 kW. In both ICEVs the direct environmental impact is
evaluated through a quantitative analysis, and a comparison is made with the
purpose to assess the ICEV with the best environmental performance. The inputs
and outputs data were collected from different sources and treated by the software
OpenLCA for each life-cycle stage. The results have shown that the hybrid ICEV has
revealed to have generally a better environmental performance compared to the
diesel ICEV.

Keywords Life-cycle assessment · Environmental performance · Climate change ·
Vehicle emissions · Greenhouse gases

1 Introduction

The average annual growth in passenger transportation in the period 1995–2013 in
the EU was 1.0%, and the transport in the European Union is steadily continuing its
growth. However, with this growth more greenhouse gases (GHGs) will be released
in the atmosphere and thus add a negative impact to the climate change. Yet the
climate change consequences of transportation can be diminished by decreasing the
quantity of combusted fuel, which can be achieved by improving the efficiency of
the sector, reducing the travelled distances, increasing vehicle fuel efficiency, and
replacing fuels with less environmental harmful ones. Both policy makers and
researchers are currently putting climate change as an overall target into action
(García-Olivares et al. 2018).

Currently consumers are more demanding, both in the conservation of natural
resources and in the protection of the environment, as well as in the quality of the
products and services they receive. For this reason, the industry faces the challenge
of producing with high quality while at the same time satisfying the expectations of
consumers and other interested parties in the field of environmental protection
(Meng and Sager 2017).

Climate change has been deemed as a global environmental threat caused by
human activities. It is a critical problem to the world and the European Commission
which considers the climate changes as the second grimmest problem faced by the
planet (Nanaki and Koroneos 2016). The human activities have contributed to the
augmentation of the greenhouse effect and for increasing the temperature of the
planet. The Intergovernmental Panel on Climate Change (IPCC) has predicted a
global escalation of temperature between 1.1 �C and 6.4 �C, and the most recent
projections from the IPCC report consider a scenario of very high emissions and
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predict a global rise of 52–98 cm by the end of this century, which will endanger the
viability of many coastal cities (Carrasco et al. 2016).

The top emitted GHGs into the atmosphere due to anthropological action are
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and fluorinated gases
(Remuzgo et al. 2016). Among all these GHGs, the CO2 is considered the main
responsible for the global warming (Nel and Nienaber 2012).

The GHG emissions from transport sector, particularly the ICEVs, contribute
significantly to the overall high levels of GHGs in the atmosphere. This is the
second-largest sector and is responsible for as much as 23% of CO2 emissions
globally (Lullo et al. 2016). Meanwhile, in Europe the transport system is respon-
sible for circa 30% of the European emission of GHGs and has still been steadily
growing in recent years (Nocera and Cavallaro 2016). Due to the fast increase of
ICEVs and due to a progress at slow pace of emission control technologies, the
transport sector is revealed to be the largest source of urban air pollution, which is a
worrying public health obstacle in many cities around the world, essentially the ones
from the developing world. The World Health Organization has projected that circa
2.4 million people pass away every year due to the pollutants generated by ICEVs
(WHO 2009).

Air pollution and its impact on environment have been the subject of ongoing
research in several areas, such as transport industry. The influence of air quality on
public health has also been heavily investigated (Coria et al. 2015). Researchers also
concluded that air quality is highly associated with mortality due to respiratory and
cardiovascular diseases. The most significant gases with more environmental impact
formed during a conventional ICEV life cycle are carbon dioxide (CO2), ozone (O3),
carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxides (NOx), lead (Pb), and
many others (Dalianis et al. 2016).

By the reason of the increasing concern of global pollution, the automotive
industry has been incentivized to decrease the environmental impact that results
from the production of ICEVs, as these are unsustainable in the medium and long
term. The regulators have also forced the automotive industry for more sustainable
solutions in an attempt to entice consumer buying patterns in order to stimulate the
demand for more environmentally friendly solutions. Thus, the professionals from
the automotive industry have been working together with academics to develop a
clear and reliable way of measuring the environmental performance of ICEVs and
analyze the progress and impact of alternative solutions (Bauer et al. 2015).

Diesel engine has a wide-ranging utilization due to higher energy efficiency,
higher durability, low operating costs, and reliability (Liu et al. 2016). Even though
the diesel engine has many advantages, it also has a substantial influence on air
pollution and its impact on environment. In particular, diesel exhaust gas leads to
higher levels of NOx emissions that are responsible of severe environmental and
health problems (Cho et al. 2017). Researchers in health industry concluded that
pollutants emitted by diesel engines of ICEVs have a negative impact on human
health. Studies have also shown that a prolonged exposure to diesel exhaust gas
produced by ICEVs gives origin to respiratory diseases, even lung cancer (Reşitoğlu
et al. 2015; Kałuża 2016).
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In this context it is important to analyze the impact that the production and use of
such products have on the environment. The LCA is one of the methodologies used
to analyze the environmental impact of a product, a set of processes, or to make a
comparison between products or processes. The LCA allows detailed evaluation and
measurement of the impact caused by a product or process in a “cradle to cradle”
cycle (Branker et al. 2011). The product designers usually use this technique to take
advantages of their competitors, to improve the characteristics of their products, to
trace a strategic plan for the company, or even to develop their product to have a
better environmental performance. This opens the way for the automotive industry to
lunch ICEVs and several innovations to the market with environmental concerns by
having better performances in terms of fuel consumption or with alternative energy
sources. Examples of such types of innovations are ICEVs’ internal combustion
engines (diesel and gasoline) with better performance, electric ICEVs which have
almost zero emissions during their use, hybrid gasoline, plug-in hybrids, and, more
recently, hybrid diesel and fuel cell (Karakaya et al. 2014).

This study is intended to study the environmental performance using the LCA
methodology of a diesel and a hybrid-diesel ICEV during their life cycle and
compare them. The Portuguese automobile park was chosen for this study. The
data utilized in this study was obtained from the manufacturers of both ICEVs with
their permission. It is analyzed if the hybrid-diesel ICEV contributes for additional
environmental problems during its lifetime. The main objective of this research is to
analyze the environmental performance of two different types of ICEV engines
using the LCA methodology. The two researched ICEVs have similarities in terms
of features, offering the same body, varying only in the power-train system. Both
have also the same final power level, but one is diesel, and the other is a hybrid with
diesel and electric engines. The inputs and outputs data were collected from different
sources and treated by the software OpenLCA for each life-cycle stage. The data-
bases used to collect data to perform this study were the ELCD (European Reference
Life Cycle Database), BioenergyDat, NEEDS, and also the CPM database. When-
ever data was not available, the worst scenario was assumed. For example, in the
case of thermoplastics and the glasses, a percentage in the total weight of the ICEV
was considered.

The rest of the paper is organized as follows. The LCA is briefly addressed in
chapter “On the Edge of Climate Change: In a Search of an Adequate Agent-Based
Methodology to Model Environmental Dynamics.” In chapter “Greenhouse Gas,
Carbon Dioxide Emissions and Economic Growth: Empirical Evidence from
Threshold Effect,” the overall LCA application in this study is explained. The
evaluation of the impact of the life cycle on the studied ICEVs is shown in chapter
“Effects of Climate Change to Industrial Outputs and Employment in Asian Emerg-
ing Economies.” Finally, chapter “The Role of Carbon Markets in the Paris Agree-
ment: Mitigation and Development” concludes the study.
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2 Life-Cycle Assessment

The environmental impact of a product begins with the extraction of raw materials
and ends when the useful life of the product ends, becoming a waste that has to be
managed properly. During manufacturing, companies must assess the environmental
impact of their process, and they also have responsibility for the impact caused by
the parties involved in the process until the product reaches the consumer customer
(e.g., suppliers, distributors, and consumers) (Bascoul et al. 2014).

The emergence of environmental concerns, including the overuse of natural
resources (raw materials), in the 1960s created the necessity of assessing the
consumption of raw materials and energy. This contributed for promoting the
methodology of the LCA. The product-related life-cycle assessment with an empha-
sis on energy, resources, and waste started around 1970 (Levasseur et al. 2016). The
Limits to Growth, a report by the Club of Rome (Ju et al. 2015), and the first oil crisis
were responsible by the shortage of oil and the vulnerability of the global economic
system. Twenty years later, the LCA methodology was developed and harmonized
by the Society of Environmental Toxicology and Chemistry (SETAC) (Curran 2012)
and later on standardized by the International Organization for Standardization (ISO
2006). The term life-cycle assessment was only known in the 1990s, because since
1970 the designation for such studies was REPA—Resource and Environmental
Profile Analysis (Vieira et al. 2016). With this incentive and the increasing number
of studies conducted between the years 1970 and 1975, in which there was not
always an agreement on the obtained results, the methodology used needed to be
standardized. This was accomplished in the 1990s by the International Organization
for Standardization (ISO), which created 4 more standards to the 14,000 family
(Castka and Balzarova 2008): (1) ISO 14040: 1997 Environmental management—
Principles and framework; (2) ISO 14041: 1998 Environmental management—Goal
and scope definition and inventory analysis; (3) ISO 14042: 2000 Environmental
management—Life cycle impact assessment; and (4) ISO 14043: 2000 Environ-
mental management—Life cycle interpretation (ISO 2006).

The LCA presents advantages when it comes to the evaluation of the environ-
mental impact of a product or process, of which the following stand out (Klöpffer
and Grahl 2014):

• It allows the analysis of flows of materials and energy that cannot be verified by
other methodologies.

• It allows to identify and compare products and processes among themselves,
through a systematic evaluation of the environmental impacts.

• It allows to identify opportunities to improve the environmental performance of
products or processes at different stages of their life cycle.

• It allows a better perception, from the beginning, of the materials or activities that
cause the greatest environmental impacts.
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By having a notion of the importance of potential environmental impacts and
where they occur, the decision-maker has the capability of being able to solve them
from the beginning, even during the design or development phase. It is possible to
reach a decision based on the results of the LCA of a system (product or process).

The LCA methodology has been used by the automotive industry to compare the
environmental performance of its products with different types of engines. Some
studies have compared these different types of engines, for example, comparing
Li-ion batteries of personal electric vehicles (PEVs) with fuel cell electric vehicles
(FCEV), showing that pure PEVs should hardly compete with FCEV in the presence
of medium-to-long driving range requirements, but the FCEV with a long-range
battery and plug-in technology should be a great solution with the best of two clean
technologies (MacLean et al. 2000). Other studies compared other types of cars, for
example, ICEV and liquid petrol gas (LPG) with the BEVs or with the plug-in
hybrids. There is a consensus in most of the studies that the PEV and the plug-in
hybrid have the best environmental performance, with considerable reductions in the
emissions of pollutants only when the battery production is not considered in the
study (Danilecki et al. 2017; Groenewald et al. 2017; Tagliaferri et al. 2016).

Several damaging gases are generated during the combustion of ICEV’s diesel
engines. The most noteworthy hurtful ones are CO, hydrocarbons (HC), NOx, and
particulate matter (PM). However, the pollutant emissions only share less than 1% of
the diesel exhaust gas. Of those, NOx represents the highest quantity with 50% in
case of diesel. PM is the second in line of pollutant emissions due to the reason of
diesel engines being lean combustion engines. Finally, both CO and HC display a
minimal concentration and can be neglected. Also, one of the generated damaging
gases could comprise a modest SO2 concentration depending on the quality of fuel
and its specifications. However, since it is dangerous for health reasons, most of oil
distributors and customers prefer the alternatively ultralow sulfur diesel (ULSD) in
order to avoid the damaging effects of SO2 (Farahani et al. 2011; Reşitoğlu et al.
2015).

In consequence of several negative effects of diesel emissions on environment
and health, policy makers have been called to act and thus have implemented several
requirements for permissible exhaust emission standards. Since the limitations have
been stronger and stronger, the automotive industry was incited to put an increasing
amount of effort in reducing pollutant emission from ICEVs. Yet, the implemented
actions have been unsuccessful to achieve the reduction of emissions established by
such standards (Crippa et al. 2016).

3 Study of the LCA Application

This study uses the LCA methodology and follows the standard patterns of the ISO
14040: 2006. This methodology follows five steps: (1) the definition of the objective
and scope, (2) the design of the process tree, (3) the life-cycle inventory, (4) the
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evaluation of the life-cycle impact, and (5) the interpretation of results (ISO 2006).
The inputs and outputs data were collected from different sources and treated by the
software OpenLCA for each life-cycle stage.

Regarding the LCA inventory, it emerges as the nucleus of this study. It is
composed of several sub-steps that are necessary to go through several times and
which discriminate the collection and processing of the environmental impacts
originated during the life cycle of the product or service under study. The
sub-steps correspond to the definition of system boundaries, schematic representa-
tion of the system block diagram, information gathering, data processing, analysis of
results, and eventual redefinition of system boundaries. The inventory focuses on the
determination and quantification of inputs and outputs associated with the life cycle
of the product or service being analyzed. This results in a significant amount of data
which may, however, not be sufficient to correctly define the inventory of the
process under study (Lu et al. 2017).

3.1 Definition of the Objective and Scope

The definition of the objective and scope of the study is divided into several parts. It
starts by identifying the objects under study. The object chosen to perform this study
is two ICEVs with similarities in terms of features, offering the same body, varying
only in the power-train system, and both having the same final power level. One of
the studied ICEVs is a diesel, and the other is a hybrid with diesel and electric
engines.

The main objective of this paper is to analyze the environmental performance of
two different types of ICEV engines using the LCA methodology to find out which
one has a better environmental performance throughout its life cycle. Also, it intends
to improve the knowledge on the negative impact of this new power solution (hybrid
diesel) on the environment.

For the present study, an ICEV with a power capacity of 170 kW was defined as a
functional unit. Two different ICEVs were selected. One is a diesel ICEV with a
power capacity of 170 kW and the other an ICEV with a diesel engine with the aid of
an electric motor (hybrid) with 150 kW to 20 kW, respectively, for a total of 170 kW.
Thus, it is necessary to define the boundaries of the process, i.e., the phases of the life
cycle of the ICEV engine that are focused. These phases are the production process,
fuel production process, and ICEV use.

3.2 Design of the Process Tree

The process tree is one of the most important steps in a LCA study. It shows the
processes involved in the life cycle of a product, and it is the best method to verify
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the inputs and outputs necessary to develop the inventory. The process tree of the
researched ICEVs engines is illustrated in Fig. 1.

Resources Extraction Phase The extraction of resources is included in the results of
the material and automotive production phases. In this processes the transportation
was not included since the related data was unavailable. The data used in this study
was obtained from the manufacturers of both ICEVs with their permission (Table 1).

Use Phase The average consumption of the researched ICEVs was the maximum
given by the brand. Accordingly, it was assumed that the average consumption of
fuel for the diesel ICEV is 6.1 l per 100 km and for the hybrid-diesel ICEV is 4.3 l
per 100 km.

Fuel Production Fuel production is a phase that depends on the use phase. Thus,
during the lifetime it was considered a consumption of 15,250 l for the diesel ICEV
and 10,750 l by the hybrid.

3.3 Life-Cycle Inventory

The Portuguese automobile park was chosen based on a convenience criterion since
the research team is from Portugal. It was considered that a diesel ICEV drives an
average of 25,000 km by year since the Portuguese automobile park has an average
of 10 years (INE, I.P. 2012).

Project/Design Resource 
Extraction

Material 
Production

Vehicle 
Production Utilisation Fuel 

Production
Crude Oil 
Extraction

End of 
Life

Maintenance

Studied Processes

Fig. 1 Studied processes

Table 1 Main resources
required in the production of
an ICEV

Resource Units Diesel Hybrid

Bauxite kg 718 727

Dolomite kg 110 128

Iron ore kg 977 995

Mixed ores (Cu, Pb, Zn) kg 120 146

Precious metal ores kg 0.3 0.7

Plastic (ABS) kg 217 218

Other plastics kg 39 40

Glass kg 58 58
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3.4 Evaluation of LCA Impact

After the LCA inventory, the evaluation of the impacts should be performed. This
phase considers the selection of the categories (calculation method), the classifica-
tion, and the characterization of the environmental impacts and could have optional
steps such as normalizing, grouping, weighting, evaluating, and reporting LCIA
(life-cycle inventory assessment) results.

Considering the impact categories, this study follows the environmental impact
assessment of CML 2001 baseline. This involves the study of ten environmental
impact categories: abiotic depletion potential (ADP), global warming potential
(GWP100), photochemical oxidation (POPC), acidification potential (AP), eutrophi-
cation potential (EP), ozone depletion potential (ODP), human toxicity potential
(HTP), freshwater aquatic eco-toxicity potential (FAETP), marine aquatic
eco-toxicity potential (MAETP), and terrestrial eco-toxicity potential (TETP).

In this phase the elements of ICEV as the constituents of the product life cycle are
identified and grouped into different impact categories. Through the use of a LCA
software, the process was performed automatically by combining the results of the
ICEV with the environmental impact categories and displaying the results according
to the selected methodology.

At this stage the environmental repercussions are calculated by category impacts
and by multiplying the factors of environmental load obtained during the classifica-
tion phase by their respective factor. This makes possible to compute the contribu-
tion of each element in each category for the environmental impact. Table 2 presents
the results of each environmental impact category by using the LCA software.

According to Table 2, the diesel ICEV presents higher environmental impacts in
all categories.

The ODP environmental impact category shows a value almost near zero in both
cases, and for that reason, it was discarded. Also, the eco-toxicity categories that
showed inconclusive results were not counted in the study. Beyond those impact
categories, it is possible to identify pollutant emissions that contribute for this
indicator, such as the air and water emissions. About the air emissions, the hybrid
ICEV has less air emissions than the diesel one. However it can be seen that the
diesel ICEV presents less emissions of NO2[kg] (Table 3).

As for the water emissions, as illustrated in Table 4, the hybrid ICEV has more
water emissions than the diesel, and also the last one has more SO4

2� [kg] and
hydrocarbons [g].

Table 2 Environmental
impact categories by ICEV

ICEV

ADP GWP POPC AP EP

GJ t CO2 kg C2H4 kg SO2 kg PO4
3�

Diesel 675.1 60.1 7.89 126 20.4

Hybrid 499.9 44.5 5.96 91.9 14.7
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3.5 Interpretation of Results

The main objective of the results interpretation stage is to verify which of the ICEVs
in this study has a better environmental performance. Through Fig. 2, it is possible to
observe that the values of the categories of environmental impact differ significantly
between diesel and hybrid ICEV. Such differences happen due to the different

Table 3 Results of air emissions

Diesel Hybrid

Carbon dioxide CO2 [t] 58.2 42.9

Carbon monoxide CO [kg] 181 129

Non-methane volatile organic compounds NMVOC [kg] 0.73 0.702

Methane CH4 [kg] 73.8 38.9

Oxides of nitrogen NOx [kg] 26.12 38.8

Sulfur dioxide SO2 [kg] 22.62 18.21

Ammonia NH3 [g] 250 243

Nitrogen dioxide NO2[kg] 4.83 4.95

Total 617.3 516.462

Table 4 Results of water emissions

Diesel Hybrid

Nitrate NO3� [g] 294 296

Phosphate PO4
3� [g] 314 330

Sulfate SO4
2� [kg] 9.47 9.27

Hydrocarbons [g] 126.7 89.4

75% 75% 75% 74%76%

100% 100% 100% 100% 100%
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Fig. 2 Categories of environmental impact by diesel and hybrid ICEV

254 B. Pereira et al.



components used in the production of automobiles and the consumption of fuel
during their lifetimes.

By analyzing the ADP, particularly fossil fuels, between the two ICEVs,
expressed in GJ, and using absolute values, it can be observed that the most
significant differences between the two ICEVs are associated with their use
(Fig. 3). This is due to the difference in intake observed between the two ICEVs.
Consequently, the diesel ICEV has a greater contribution for this indicator in the
production of fuel. During production, there is a contribution, however slight, in the
case of the hybrid ICEV compared to the diesel one due to its superior requirement of
materials and energy resources.

In Fig. 4 is shown the global warming potential between the two ICEVs,
expressed in tons of carbon dioxide. It can be seen that the diesel ICEV has a larger
contribution to global warming than the hybrid ICEV. This results from the differ-
ence between the emission of the main dangerous gases to the environment (CO2 and
CH4) by showing a higher abundance in the life cycle of the diesel ICEV.

Figure 5 illustrates the POPC between the two ICEVs in kilograms of ethylene.
By observing the figure, the diesel ICEV has a greater contribution for this environ-
mental impact category than the hybrid one. This is explained by the gases that
contribute to this indicator, which are CH4, NOx, and CO, which show different
behaviors depending on the type of ICEV.

As can be observed in Fig. 6, the diesel ICEV has a larger contribution for the AP
indicator. The main substances that contribute to this indicator are SO2 and NH3. The
SO2 causes the greatest impact since this indicator is in kilograms of SO2, and as
such it has a ratio of 1:1 contribution, and SO2 emissions are produced when diesel is
used as an energy source.
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Fig. 3 Differences between the two ICEVs by analyzing the ADP
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About the EP, it measures the excessive nutrient enrichment of water bodies,
particularly with phosphate. It leads to the degradation of aquatic systems through
increasing aquatic vegetation. In addition, it contributes for ammonia emission,
nitrates, nitric acid, phosphate, and phosphorous, among others.

In this study the diesel ICEV presents a larger EP mainly during the utilization
phase as can be seen in Fig. 7.
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4 Conclusion

In this study the environmental performance of two ICEVs with different engines
was analyzed: one with a diesel engine and the other with a diesel engine with an
electric motor supply—a hybrid-diesel ICEV. The environmental impact of both
ICEVs during their lifetime was assessed using the LCA methodology by employing
the software OpenLCA. The Portuguese automobile park was chosen for this study.
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Fig. 6 Contribution of the diesel ICEV for the AP indicator
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The data utilized in this study was obtained from the manufacturers of both ICEVs
with their permission. Then, by performing a quantitative analysis, a comparison
was made with the purpose to assess the ICEV with the best environmental
performance.

According to the results, the environmental impact differs significantly between
diesel and hybrid ICEVs. This is due to the different components used during the
production phase and the consumption of fuel during their lifetimes. Considering the
ADP during production, there is a greater contribution of the hybrid ICEV compared
to the diesel due to its superior requirements of materials and energy resources.
However, the most significant differences between the two ICEVs, considering this
indicator, were related to their use. Also, it can be stated that the diesel ICEV has a
larger contribution to global warming than the hybrid ICEV. The potential impact of
POPC of both ICEVs was also analyzed, and it was concluded that the diesel ICEV
has a greater contribution for this environmental impact category than the
hybrid one.

About the negative environmental impact of EP, the diesel ICEV presents a larger
potential of eutrophication mainly during the utilization phase. The results indicated
that the hybrid ICEV has shown generally a better environmental performance
compared to the diesel ICEV. Results also indicated that the phase with the greatest
impact on environment in both ICEVs is the use phase. The reduction in consump-
tion by the hybrid ICEV due to the use of electrical energy generated by the power of
the electric motor is a technological breakthrough of significant importance.
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buying used when possible and asking customers to reduce unnecessary consump-
tion. “Baked before sunrise; donated after sunset” is the marketing campaign
developed by the bakery company Panera. This company donates all the leftover
bread after stores have shut down, and the unsold bread goes toward a great cause,
reducing food waste, which is the cause of huge wastage of natural resources.

Nowadays, numerous companies are conscious that the consequences of market-
ing actions clearly extend beyond the company to society as a whole. Consequently,
companies following the sustainable marketing orientation consider the environ-
mental aspects in the exchange relationship between the company and the market.
This orientation is grounded on the recognition that the best marketing strategy is
being coherent with the long-term survival of the company and the natural environ-
ment. In this context, the main purpose of this study is the examination of some
interesting examples of companies that are developing real marketing actions to
reduce the climate change.

Keywords Marketing · Climate change · Sustainable Marketing · Anti-consumption

1 Introduction

We live on a finite planet, and this fact entails major challenges such as the depletion
of natural resources, the climate change, or the ecological footprint. Likewise, the
unsustainable nature of existing patterns of production, consumption, and develop-
ment is increasing the actual concern about the environmental effects of companies’
practices. The economic data report that the majority of economic trends continue to
move away from sustainability and that consumption patterns and levels are not
environmentally sustainable (Peattie and Peattie 2009). Therefore, consumption
patterns cannot continue at their current rate; but such practices persist and are
increasing due to the continued growth of the global economy (Lim 2017).

This is the main paradox of marketing. On one hand, marketing focuses on an
increased consumption and economic development, being the marketing goal to
encourage and increase consumption (Gordon et al. 2011). So, marketing is not
being inherently focused to deliver sustainability. However, and on the other hand,
marketing plays a key role in environmental issues, since marketing can influence
and change consumer behavior. Moreover, marketing can encourage individuals to
reuse, recycle, or save energy, provide ethical products, as well as address the goal of
sustainability, serving consumer and society needs (Gordon et al. 2011). Finally,
marketing can provide strategies for radical changes to the unsustainable
consumption.

In this context, the present chapter considers and examines the potential of the
discipline of marketing to contribute to climate change reduction, through a more
sustainable consumption and through changes in consumer behavior.
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2 The Sustainable Marketing Orientation

Sustainability embraces both production and consumption; and as a consequence,
both sides will be examined: the companies’ sustainable orientations and the new
ways of consumption.

2.1 Environmental-Conscious Marketing Orientations

2.1.1 Green Marketing Orientation

Peattie (1995) conceptualized the green orientation as the management orientation
responsible for identifying, anticipating, and satisfying the requirements of con-
sumers and society in a profitable and sustainable way, developing sustainable
practices from production to post-purchasing services. Likewise, the green market-
ing orientation facilitates the development and commercialization of more sustain-
able products and services (Gordon et al. 2011). That is, green marketing addresses
the gap between the current marketing practices and the ecological and social
realities. Later, Papadas et al. (2017) conceptualized the green marketing orientation
as the extent to which an organization engages in strategic, tactical, and internal
processes and activities which aim to create, communicate, and deliver products and
services with the minimal environmental impact.

However, keeping a conventional marketing orientation, while encouraging
product substitutions in favor of green products, has neglected other important
environmental issues, such as energy consumption, resource depletion, species
extinction, or ecosystem destruction. In this vein, some authors pointed out that
the green marketing orientation was entirely geared toward trying to persuade
consumers to buy more green products or to dispose them more responsibly (Peattie
and Peattie 2009), thus not making a substantive contribution toward sustainability.

Therefore, the green marketing orientation should imply a much broader adoption
of sustainability behavior including product-related decisions to reduce the environ-
mental footprint, tools in order to reduce the negative environmental impact of the
company, environmentally responsible packaging, recyclable or reusable content,
the re-examination of the product life cycle, and the reverse supply chain approach to
recover the product’s maximum possible value (Cronin et al. 2011).

2.1.2 Social Marketing Orientation

Kotler and Zaltman (1971) introduced the term social marketing as the use of
marketing principles and techniques to advance a social idea, cause, or behavior.
Later, Lazer and Kelley (1973) noted that the social marketing is concerned with the
application of marketing knowledge, concepts, and techniques to achieve social and
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economic goals and with the analysis of the social consequences of marketing
policies, decisions, and activities. Similarly, the social marketing orientation holds
that marketing activities should take into consideration the welfare of society and the
interests of consumers and business shareholders (Prothero 1990). Finally, Kotler
et al. (2002) defined social marketing as “the use of marketing principles and
techniques to influence a target audience to voluntarily accept, reject, modify or
abandon a behavior for the benefit or society as a whole.”

So, the social marketing orientation involves using the power of marketing in
order to encourage sustainable behavior among consumers and to evaluate the
impact of current marketing practices on sustainability (Gordon et al. 2011). That
is, social marketing seeks to go beyond changing attitudes to changing human
behavior, as a way to encourage sustainable marketing solutions for the benefit of
the society as a whole. Further, the principles and practices of the social marketing
orientation provide solutions to environmental problems and to tackle climate
change, such as recycling, composting, energy efficiency and sustainable transport
use, and the promotion of sustainable lifestyles.

2.1.3 Critical Marketing Orientation

The critical marketing orientation entails a critical appraisal of marketing theory and
encourages a marketing system in which sustainability is the key goal (Gordon et al.
2011). Similarly, this marketing orientation focuses less on encouraging unnecessary
consumption and more toward encouraging sustainability, stimulating sustainable
marketing practices, and supporting customers to make informed choices that do not
harm societal well-being. That is, critical marketing encourages sustainability, rather
than unnecessary consumption.

According to Peattie (2007), the role of critical marketing is not only the
application of a critical viewpoint to the marketing discipline but also the examina-
tion of some of the fundamental principles and concepts of marketing. Thus, critical
marketing is involved with the evaluation of the impact of conventional marketing
on society (Hastings 2009). Finally, critical marketing orientation could be used to
challenge the dominant marketing theory and practice, shifting the focus from
encouraging consumption to other marketing goals such as satisfaction, sustainabil-
ity, and quality of life (Peattie and Peattie 2009). So, according to this marketing
orientation, marketing should focus on sustainability, quality of life, quality of
services and products, and consumer satisfaction (Peattie 2007).

2.1.4 Sustainable Marketing Orientation

Marketing practices today focus on an increased consumption and economic devel-
opment, being the marketing goal to encourage consumption (Gordon et al. 2011),
and in this context, the sustainability marketing orientation could be considered an
alternative approach to marketing theory and practice. And it is evident that
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extensive environmental damage has been caused by continuous manufacturing,
processing, consumption, and discarding (Saha and Darnton 2005).

According to the OECD (2002), the sustainability concept could be defined as
“the consumption of goods and services that meet basic needs and quality of life,
without jeopardizing the needs of future generations,” thus considering both on the
needs of current and future generations. Therefore, sustainability could become a
key component of marketing theory and practice (Peattie and Peattie 2009).

The concept of sustainable marketing orientation recognizes that current con-
sumption patterns are unsustainable and the requirement of changes in consumer
behavior (UNEP, 2005). So, sustainable marketing offers products and services
marketed in a responsible way that does not adversely impact upon environment
sustainability. Further, the sustainable marketing orientation develops strategies and
actions so that only items that are considered as “needs” are commercialized and
marketed, while those considered as “wants” are not (Schor, 1998), encouraging
consumers to develop a more resource-efficient way of consumption (Connolly and
Prothero 2003), including the acceptance of consumption reduction, responsible
consumption, and sustainable lifestyle (Peattie and Peattie 2009).

More precisely, the marketing sustainability orientation is based on three dimen-
sions (Sung and Lee 2011). First one is the social dimension, related to the
company’s impact on society and the human well-being, including social equity
and community relations. Second dimension is the environmental component that
focuses on the company’s activities relative to natural resources, as well as the
company contribution to environmental sustainability. And the last dimension is
the economic one, which refers to the value generation and financial performance of
companies (Simpson and Radford 2014). The most relevant environmental-
conscious marketing orientations are shown in Table 1.

Table 1 Environmental-conscious marketing orientations

Marketing
orientations Actions

Green marketing Reduced packaging, energy efficient production. Focuses on the marketing
mix and the minimization of its negative environmental impact

Social marketing Marketing activities should take into consideration the welfare of society.
Consumers should live an ecological lifestyle, demand of ecological products
and local food produce

Critical
marketing

Critical viewpoint to the marketing theory and practice
Marketing should increase customer satisfaction and quality of life

Sustainable
marketing

Integration of environmental, social, and economic concerns and practices
into the strategic and marketing activities
Sustainable production and consumption. Reduction of consumption and
wastage. Development of resource-efficient ways of consumption

Source: Own elaboration from Peattie and Peattie (2009) and Gordon et al. (2011)
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2.2 New Ways of Consumption

Even though there is a general consensus on the need to reduce resource utilization
and energy or reduce carbon emissions as part of sustainable development, a lack of
consensus exists on whether consumption should be reduced or just changed and
whether individual consumers have the capability to significantly contribute to
resource conservation (Banbury et al. 2012). However, major changes in current
consumption patterns are required to solve the global environmental issues, such as
climate change (Perry 2006; Robinson et al. 2006).

2.2.1 Sustainable Consumption

Many consumers find it difficult to consume sustainably, because the acts of
consuming and sustaining are contradictory to each other. Therefore, the concept
of sustainable consumption itself is a problematic concept, and the reason is that to
consume something means to use it up or to destroy it. In this context, consumption
is being increasingly challenged by consumerist and anti-consumption movements
(Lim 2017), and a new perspective of consumption is required. This new perspective
could be the so-called sustainable consumption, which is a concept that goes beyond
the traditional understanding of consumption.

According to the World Commission on Environment and Development (1987),
sustainable consumption should meet current needs and wants without
impoverishing future generations and the planet’s ability to meet these needs and
wants. In this vein, the European Environmental Agency (2005) defined sustainable
consumption as “the use of goods and services that respond to basic needs and bring
better quality of life, while minimizing the use of natural resources, toxic materials
and emissions of waste and pollutants over the life cycle, so as not to jeopardize the
needs of future generations.” So, in general terms, the sustainable consumption
emphasizes the need for a reduction in overall resource consumption and the
assumption that changes in consumption levels and patterns are needed in order to
achieve sustainability.

Following Cummins et al. (2014), sustainable consumption refers to the purchase
and use of more efficiently produced goods, and environmentally friendly consump-
tion practices, to address the resource needs of current and future generations.
Likewise, sustainable consumption includes meeting needs, improving quality of
life, improving efficiency, minimizing waste, and taking a life cycle perspective
while contributing to reducing environmental damage (Manoochehri 2001). So,
sustainable consumption is a way of life that rejects consumerism, high consump-
tion, and materialistic lifestyles.
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2.2.2 Responsible Consumption

The seminal work of Fisk (1973) explored the potential role of consumption
reduction in his Theory of Responsible Consumption and referred to responsible
consumption as the “rational and efficient use of resources with respect to the global
human population”; similarly, focusing on the demand side, responsible consump-
tion could be considered as a consumer behavior. According to Mohr et al. (2001)
the responsible consumption means the acquisition, usage, and disposition decisions
based on the desire to minimize or eliminate any harmful effects and maximize the
long-term beneficial impact on the society and the environment. Other definitions of
responsible consumption report that ethical, social, and environmental dimensions
should be incorporated into the term of responsible consumption (Lim 2017).

2.2.3 Anti-consumption

The anti-consumption movements highlight the excessive unsustainable
consumption.

Further, the anti-consumption orientation makes some propositions such as “we
need to consume less,” “you don’t buy happiness in a shop,” “new is not always
better,” or “maintaining and repairing products is smart” (Peattie and Peattie 2009),
seeking to move individuals away from an intensive form of consumption.

More precisely, this new way of consumption considers three dimensions. In the
first place, it considers the importance of non-purchase elements of consumer
behavior including product use and disposal. Second, it considers the potential
importance of non-purchase-based behaviors as the means for consumers to meet
their needs and achieve satisfaction. Finally, this way of consumption considers the
social and environmental concern to encourage a reduction in the total level of
consumption (Peattie and Peattie 2009).

Numerous authors defined the concept of anti-consumption. Zevestoski (2002)
refers to anti-consumption as an act of resistance to, distaste of, or even resentment
of consumption. Later, Lim (2017) conceptualized anti-consumption as a subjective
consumer practice motivated by personal interests or social or environmental con-
cerns, in which the consumer rejects the consumption of a particular product/brand
on both a personal and societal level. Similarly, according to Lee et al. (2011), anti-
consumption includes rejection, restriction, and reclamation. First, in the process of
rejecting, consumers intentionally exclude particular products/brands from their
consumption. When total anti-consumption is not possible, consumers can chose
to restrict consumption of particular products/brands. Then, reclamation represents
an ideological shift to a holistic process that includes acquisition, use, and
dispossession.

In addition, the anti-consumption orientation creates savings rather than
expenses. So, the costs of changing behavior into anti-consumption are not financial,
and costs may be in terms of psychological barriers, related with not keeping up with
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fashion or trends or matching the consumption patterns and levels of peers (Peattie
and Peattie 2009). However, it is difficult to make consumption reduction appealing
to consumers, and in developed countries, promoting consumption reduction goes
against the highly consumption-orientated dominant social paradigm (Kilbourne and
Beckman 1998). Further, consumption is far easier to portray and communicate than
frugality or a simplified lifestyle.

2.2.4 Mindful Consumption

Mindfulness could be conceptualized as the open and receptive attention to and
awareness of what is occurring in the present moment (Brown and Ryan 2004).
Similarly, the seminal work of Sheth et al. (2011) offers the first extensive concep-
tual integration of the notion of mindfulness with consumption. More specifically,
these authors define mindfulness consumption as the behavior of the consumer who
guides his/her consumption behavior on whether to consume sustainably or
unsustainably. Later, authors like Lim (2017) suggested that the core attribute of
mindfulness consumption is consumer temperance in consumption, with the goal of
enhancing personal well-being in a way that is consistent with personal values. So,
consumers who engage in mindfulness consumption make conscious choices fully
understanding the consequences of their consumption choices and practices.

These alternative new ways of consumption are shown in Table 2.

3 How the Sustainable Marketing Orientation Helps
Reducing Climate Change

Any act of consumption will inevitably have some impact on the environment. In
this vein, marketing could be used to change consumers’ attitudes and activities: if
consumers do not change their consumption behavior to become more sustainable,

Table 2 Alternative ways of consumption

Alternative ways of consumption

Sustainable
consumption

Consumers concern about the environment, social, and economic issues
Consumers’ evaluations regarding companies sustainability practices

Responsible
consumption

Consumers are aware of the negative effects of consumption. Social,
environmental, and ethical concerns can be translated into consumers’
decisions

Anti-consumption Increase of non-purchase behaviors and non-purchase elements. Reduce
the total level of consumption. Alternative consumption choices include
restriction and reclamation

Mindful
consumption

Great consumer awareness for oneself and the entire ecosystem, which may
dampen the effects of unsustainable practices

Source: Own elaboration from Lee et al. (2011) and Lim (2017)

268 C. Calvo-Porral



then little will be achieved. Likewise, marketing could help in shifting the cultural
values of consumption to address environmental issues, making consumers under-
stand and become aware about the environmental impact of consumption, while
promoting sustainable ways of consumption.

However, the relationship of marketing to sustainability is complex. On one hand,
marketing has developed a role in stimulating unsustainable levels of demand and
unsustainable consumption patterns. And on the other hand, marketing has devel-
oped mechanisms to tackle environmental issues (Peattie and Peattie 2009). More
precisely, through sustainable marketing, companies could introduce sustainability
into the core marketing strategies and actions, ensuring that product design and
development, manufacturing, distribution, and promotion are made sustainable and,
further, reduce consumption and waste (Gordon et al. 2011).

This chapter supports that marketing holds many potential solutions to some of
the challenges around sustainability faced today and that marketing actions and
strategies could help companies to face the new environmental challenges.

3.1 Slow Food and Slow Fashion Movements

3.1.1 Slow Food

Environmental problems are closely related to the dominant food production prac-
tices, and there are great links between food consumption practices and climate
change. In fact, a large proportion of greenhouse gas emissions are caused by food
production through the use of chemical fertilizers and pesticides, as well as by
consumer habits (IFOAM 2009). Additionally, the localization of food production
affects climate change and, more specifically, the long physical distance between the
food production and the food consumption in the global food system (Soler 2012).

In this context, the American Public Health Association (2007) defines sustain-
able food production as “one that provides healthy food to meet current food needs
while maintaining healthy ecosystems that can also provide food for generations to
come with minimal negative impact on the environment, while encouraging local
food production.” Likewise, sustainable food is related to food that is minimally
processed, organically produced, regional and seasonal, and fairly traded and packed
in an environmentally friendly way, entailing the recycling of soil nutrients and the
circulation of energy (Soler 2012).

Nowadays, the dominant food production system in agriculture is the conven-
tional method of production and distribution that relies heavily upon high inputs of
fertilizers, pesticides, and fossil fuels to cultivate large monocultures. Further, it
could be considered a large-scale industrial food production system dependent on
inputs of energy and nutrients, globally sourced and nonseasonal (Soler 2012).
However, as a result of the increasingly negative impacts of conventional agriculture
on the environment, alternative agriculture movements have emerged that propose
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alternative methods of production, distribution, and consumption. One of these
movements is the slow food movement.

The main concern of the slow food movement is that agribusiness and food
industries are standardizing taste and leading to the annihilation of thousands of
food varieties (Stille 2001). As a consequence, this movement promotes food
quality, environmental and cultural sustainability, and biodiversity (Sassatelli and
Davolio 2010), through unique local foods prepared with locally grown ingredients,
from local food producers and suppliers. More precisely, local food production is
based on small-scale food production of seasonal food for the local market, follow-
ing local-regional food production. Finally, slow food must be produced or
harvested sustainably, without genetically modified plants or transgenic breeds.
Finally, one major issue is that consumers cannot directly perceive the direct impact
of climate change or global warming of unsustainably produced food, which makes
the marketing of sustainably produced food more complex in terms of credibility
(Soler 2012).

3.1.2 Slow Fashion

The fashion industry is considered as not a sustainable industry, with business
activities creating pollution, gas emissions, and hazardous waste. The deep environ-
mental impact of fashion activities is due to the volume of processes dependent on
the massive use of natural resources. In addition, the fashion industry promotes
overconsumption and fashion waste, mainly due to the short and seasonal product
life cycle, the high volatility and low predictability of product’s demand, and the
high purchasing impulse, since many fashion purchase decisions are influenced by
emotional factors (Fletcher 2007). Overconsumption and fashion waste have
become important environmental issues in the fashion industry. More specifically,
the fast fashion industry, focused on the capability to quickly respond to fast-
changing fashion trends offering low prices, enhances overconsumption, which is
a direct cause of unsustainability and climate change. Similarly, the fast fashion
industry makes consumers purchase clothes at a certain time and discard them not
long after by shortening the life span of clothing deliberately, resulting in huge
resource consumption and fashion waste (Fletcher 2010).

In this context, and being in line with the slow food movement, Fletcher (2007)
first introduced the concept of slow fashion which broadens the sustainability
perspective to include the pace of fashion cycles, emerging as an alternative to
environmentally unsustainable practices resulting from the fast fashion. Slow fashion
products are manufactured slowly and in small quantities, reducing the consumption
of natural resources and the amount of waste (Cline 2012) and emphasizing the
product quality through a slower production and consumption cycle. Consequently,
the prices of slow fashion products are higher in general terms than fast fashion
products—which are produced through mass production systems (Jung and Jin
2016). Likewise, slow fashion encourages consumers to buy less products at a
higher price and more durable quality (Fletcher 2007), offering designs that are
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less influenced by fashion trends, so consumers can wear the garments for a long
time and keep the garment longer, rather than discarding it shortly after purchase
(Fletcher 2010; Jung and Jin 2016).

Therefore, slow fashion makes individuals to buy less at a high quality, underly-
ing a shift in the consumer mind-set from quantity to quality and shifting consump-
tion patterns to reduce the consumption levels. However, even the slow fashion
sustainable production can become unsustainable, when garments are worn only a
few times and then discarded quickly.

4 Methodology

The methodology developed is the case study method. Case studies illustrating
practice from the world of business are widely used and have become an integral
part of the methodology for business studies that draw on reality. More specifically,
case studies are useful when a case represents a special set of circumstances or
phenomena that warrant intensive study or when researchers do not have sufficient
knowledge of a case to place it in theoretical perspective (Bradshaw and Wallace
1991).

This case study analysis focuses on environmental aspects. The companies were
selected for the study according to their innovation and originality in reducing
climate change and according to their special circumstances that deserve analysis.
Likewise, the companies selected may help inform general theory and explain
conditions that deviate from conventional theoretical foundations, since the selected
cases deviate from conventional marketing strategies. Consequently, in this study
some companies belonging to different sectors have been selected to examine their
contribution to climate change reduction, through a sustainable marketing
orientation.

5 Companies Developing Sustainable Marketing Actions

5.1 Panera: Reduction of Food Waste Through Donations

The bakery company Panera addresses the challenge of food waste through the
donation of usable food that remains on their shelves at the end of the day. As a
bakery-cafe, this company addresses two main types of food disposal, packaging and
food waste, which are generated in the guest areas and back of house. Regarding
packaging, waste ranges from paperboard, plastic, and aluminum, all of which are
recyclable. The other main issue is the food waste generated in the bakery-cafes. To
address this issue, Panera created the Day-End Dough-Nation program, which pro-
vides leftover bread and other foods to local charities, through the donation of unsold
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baked goods—that otherwise would go to waste—to food banks, organizations, and
other charities.

Later, Panera developed the “Food For Thought Outreach” program with the goal
of providing wholesome food to the Walton Academy in Florida—a charter school
with a large at-risk student population. In this school, 90% of the students are eligible
for free breakfast, since they do not get enough food to eat at home, arriving at school
hungry. However, this school did not have a cafeteria, making it unable to meet this
need. Today, this school partners with Panera, providing breakfast to 100% of the
most at-risk children they attend: Panera provides breakfast food and snacks every
week, donating much-needed nourishment to these kids and making a significant
difference in their lives at school. So, in 2014, Panera donated a retail value of
approximately $100 million worth of unsold baked goods to those in need, food that
otherwise would go wasted.

5.2 Patagonia: “Everything We Make Costs the Planet More
Than It Gives Back”

Patagonia developed downstream consumption, intending to influence consumer
behavior to lower the environmental strain from the growing consumption levels.
This outdoor clothing company aims to reduce the environmental and social impact
of disposable fashion, developing an alternative marketing approach emphasizing
fashion maintenance, repair, and recycling, thus discouraging consumption and the
disposability of clothes. More precisely, Patagonia is putting sustainability ahead of
profit and actively asking and encouraging consumers to buy less.

The company soon realized that their business has potentially harmful impacts on
the environment, since Patagonia jackets come with an environmental cost higher
than their price—one jacket requires 135 l of water to be manufactured and generates
20 pounds of carbon dioxide. So, the company believes that “we design and sell
things made to last and be useful. In addition, we ask customers not to buy from us
what they do not need or cannot really use, since everything we make costs the
planet more than it gives back.” For this reason, when the jacket comes to the end of
its life cycle, the company offers customers to take it back to recycle into a product of
equal value. To put the idea into action, Patagonia is partnering with eBay to provide
consumers a way to resell their used Patagonia apparel. So, the Patagonia’s message
is that consumers should buy high-quality apparel that will last a very long time and
such apparel should command a premium price, relative to lower-quality garments.

More surprisingly, on Black Friday, Patagonia launched an advertising campaign
“Don’t buy this jacket” (Fig. 1) asking consumers to rethink their purchasing
decision if they really needed this jacket and encouraging them to repair their jackets
instead. The advertisement was part of an initiative communicating to consumers:
“Reduce what you buy, repair what you can, reuse what you no longer need, recycle
what’s worn out,” attempting to close the loop of the product life cycle.
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5.3 Levi Strauss & Co.: Reducing Water Consumption

The production of jeans comes with a considerable environmental footprint. In fact,
some of the most significant environmental impacts of making jeans come from
fabric mills, which use a great deal of water, chemicals, and energy during the dyeing
and finishing process.

In this context, the fashion company Levi Strauss & Co. introduced various
environmental strategies to reduce the negative impact of this fashion industry on
the marketplace. In the first place, Levi Strauss & Co. developed a green strategy
which consisted of a line of jeans crafted with organic cotton. In year 2007, Levi’s
began to deeply research the overall sustainability of jeans, conducting the first life
cycle assessment to better understand the environmental impact of a pair of jeans
(Fig. 2). Many important aspects of the life cycle and ripple effects of the production
of Levi’s denim jeans were examined, focusing on the effects of resource extraction,
production, shipping, packaging, and afterlife of jeans when they are thrown away as
waste. The company soon realized that every step of the process to create a pair of
jeans made of cotton requires water—from the cotton fields to manufacturing
facilities. More precisely, making one pair of jeans required almost 920 gallons of
water—which means an average of 12.6 l of water per pair of jeans—and expelled
32 kg of carbon dioxide.

Surprisingly, their analysis showed that while the overall water consumption in a
jean’s life cycle is largely accounted for in the cotton growing stage (49% of water
consumption), the consumer phase comes representing the 43% of water consump-
tion in the jean’s life cycle. Moreover, the consumer phase could have the greatest
overall impact on climate change, compromising 58% of its total estimated environ-
mental impact, based on an average life span of 2 years with one washing per week.

Fig. 1 Patagonia advertising campaign

The Role of Marketing in Reducing Climate Change: An Approach to the. . . 273



Since then, the company Levi’s tried to reduce the water consumption and its
environmental impact in three ways. First, the company creates the WaterLess™
process that reduces water in the finishing process of denim jeans by up to 96%. This
manufacturing process is based on the addition of a chemical which causes the dye to
more readily fix to the fabric, resulting in less water needed for rinsing the fabric.
The process results in 75% water savings and up to a 96% compared to traditional
jeans’ dyeing (Fig. 2).

Second, the company implemented a marketing campaign “Care Tag for the
Planet” to teach and educate consumers about caring for their jeans in a more
responsible way in order to reduce their footprint. The main purpose of this market-
ing campaign was to educate consumers in not washing jeans so frequently, given
that by decreasing the number of times people wash their jeans, they can signifi-
cantly reduce the consumer impact on environment. Finally and third, the company
joined the “Better Cotton Initiative” to educate farmers on water efficiencies in order
to reduce water consumption in the production process.

5.4 Ecoalf: “Because There Is No Planet B”

Ecoalf is a pioneer business into the high-end fashion market. This company
production process is based on reverse logistics, since the manufacturing process
is based on collecting wastage and recycled plastic to offer fashion garments and
accessories. So, this company is strongly focused in sustainability and technological
innovation, as well as on reducing resources, consumption, and waste. More pre-
cisely, Ecoalf manufactures products such as clothing, handbags, luggage, and
accessories exclusively from recycled materials that include PET plastic bottles,

Fig. 2 Life cycle of a pair of jeans and Levi’s waterless advertising
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fishing nets, or rubber tires, among other materials upcycled or reused. Conse-
quently, this company helps in reducing plastic waste and cleaning the sea.

What is going on in the oceans and seas? Over 500,000 million plastic bags are
used every year, 200 million plastic bottles are not collected every year around the
world ending in the oceans, and 650,000 tons of plastic fishing nets is left at the
bottom of the oceans. Unfortunately, fishermen have to change their nets every
5–6 years, and they need to pay to leave those nets in the ports; so often nets are
thrown in the ocean creating a lot of damage to marine life. In addition, this waste is
growing and it is very difficult to recycle.

In this context, Ecoalf founded “Upcycling the Oceans,” a revolutionary project
to collect the discarded plastic bottles that are harming the Mediterranean Sea and
turn it into top-quality thread. Using sophisticated research and design processes to
recycle bottles from the ocean floor, the project’s main objective is to develop
production technologies that will allow the company to create textile products
made with marine debris. Fortunately, the fishermen agreed to participate in the
project and place plastic containers in the ports where they could put all the waste
they caught in their nets.

Nowadays, the company recycles discarded fishing nets, plastic bottles, used
tires, post-consumer coffee, postindustrial cotton, and postindustrial wool and has
developed over 98 different recycled fabrics through an innovative recycling process
(Fig. 3). Today, the company needs 80 plastic bottles to make one their our jackets.

Fig. 3 Ecoalf recycling process
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Ecoalf was born with the idea of creating a truly sustainable fashion company that
wanted to develop the “trashion” concept, since each recycled material is processed
and turned into new fashion products. The company believes that the most sustain-
able thing to do was to not use natural resources, so it focused on recycling to create
fashion products. More interestingly, the company aims to collect the plastic before
it enters the oceans and is converted into micro-plastic. This way, the company could
demonstrate that it is possible to transform what other people call waste into amazing
products, so that the company thinks of waste of something that has great value
(Fig. 4).

5.5 Tide: Laundry Washing in Cold Water

Promoting consumer behaviors that can decrease current greenhouse gas emissions
can provide great benefit for the environment and decrease consequences of climate
change. Nowadays, laundry is becoming a more sustainable practice, due to a variety
of innovations in products, and the increasing consumer awareness has also led to the
introduction of detergents that are readily biodegradable, phosphate-free, or made
from vegetable-based ingredients, instead of being petroleum-based. In this context,
a range of products have emerged that market themselves specifically based on the
absence of harmful chemicals. The success of Seventh Generation or Method
Laundry illustrates the rise of detergents with new formulations that represent
sustainable alternatives that are playing their part in reducing the environmental
impact of each laundry cycle.

However, many consumers may not be aware that washing clothes is responsible
for 341 kWh of electricity consumption and 0.24 metric tons of greenhouse gas
emission per household per year. More precisely, if just one load of laundry per week

Fig. 4 Ecoalf advertising campaigns
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was shed on cold instead of hot or warm cycles, over the course of a year,
2007 million kWh of electricity, 166 million tons of natural gas, and 2.3 million
metric ton of greenhouse gas emissions could be averted (Fig. 5). Therefore, small
changes in wash temperatures are able to generate significant savings in energy
consumption. Further, changes in washing machines, particularly in making cold the
default for most cycles, will contribute to greater sustainability. When looking at
laundry process, the choice of the machine wash temperature is the single biggest
driver of the environmental footprint, since the most important impact is from the
electricity used to heat the wash water. In this vein, public campaigns in some
European countries encouraged the reduction of wash cycle temperatures among
consumers.

In this context, DuPont and Procter & Gamble designed and launched a washing
powder to work at cold-water and low water temperatures with less harmful chem-
ical additives through the inclusion of enzymes that improved detergent cleaning
performance: “Tide ColdWater” (Fig. 6). So, with an adequate cold-water detergent,
it is easier for consumers to make a small change in their habits to care for the
environment, through energy saving, and a transition to lower temperature washing
could be enabled by laundry product innovations.
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Fig. 5 Life cycle assessment profiles of conventional versus cold-water laundry soap
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5.6 Carrefour: Removal of Disposable Plastic Bags

Single-use disposable plastic bags used to carry goods from supermarkets and other
shops—these bags are usually only used for one shopping trip—and often provided
free of charge. So, plastic bags have facilitated a more convenient shopping expe-
rience for consumers, since plastic bags are light and inexpensive.

However, the use of disposable plastic bags entails negative environmental
externalities that are not taken into account in the prices paid by retailers or end
users. First, plastic bags in landfill can take decades or longer to degrade, since
depending on the type of bag, they persist in the environment for a long time—
biodegradable plastic bags do not last as long in the environment as
non-biodegradable bags; however, they will only degrade within a reasonable time
if disposed of in appropriate conditions. Second, additives in plastic bags can
contaminate soil and waterways and, if ingested by animals, can enter the food
chain. Many species accidentally ingest plastic bags because they confuse them with
prey species, and to some extent, ingestion by marine mammals may occur indirectly
as a result of ingesting fish that have eaten plastic. Other particular concern emerging
in the marine environment is the giant masses of plastic waste known as plastic soup

Fig. 6 Tide ColdWater advertising
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that have been discovered in the oceans (European Commission 2011), and substan-
tial quantities of plastic bags are accumulating in natural habitats worldwide. Finally,
other environmental issue is that plastic bags are likely to end up as litter, and once
littered they are visually intrusive and persistent, due to their lightness and mobility.
Therefore, the reduction in the use of single-use plastic bags would have a highly
positive influence on all environmental indicators, including energy use and green-
house gas emissions (Fig. 7).

But how is the scale of this environmental issue? The number of plastic bags used
in trade in year 2010 is about 98.6 billion plastic bags, of which 89% were the single-
use type, the vast majority non-biodegradable. Plastic bags have a high calorific
value, and this energy can be recovered in waste-to-energy plants for use in heating
and electricity generation; however, the share of plastic bags going to energy
recovery in the EU is only the 39% (European Commission 2011).

In this context, many countries have introduced strong policies to reduce single-
use plastic bag use, and such initiatives have proved popular. The fact that many
retailers still distribute plastic bags for free is the main driver behind their use and
thus an important lever for change. So, pricing measures requiring that a price be
placed on all plastic bags would result in both a reduction in their use and a shift from
single-use to multiple-use plastic bags, thus having an almost immediate effect on
consumer behavior and being a highly effective measure (European Commission
2011). In addition, other policies to reduce the use of plastic bags would be to switch
to multiple-use plastic bags, since many consumers prefer to use multiple-use bags
made of plastic or other materials, instead of paying for single-use plastic bags.
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Nevertheless, whatever type of bag is used, the key to reduce its environmental
impact is to reuse it as many times as possible.

In 2008, the Carrefour Group decided to take action and adopt an effective
strategy aimed at identifying and reducing their environmental impact. This retailer
group aimed to reduce CO2 emissions from its stores by 40%. Later, in year 2012,
Carrefour decided to completely stop giving out free disposable plastic checkout
bags in its stores. This has come into effect in hypermarkets and supermarkets in
France, Belgium, Spain, Greece, or Argentina, and in these countries, the company
now offers alternative solutions to their customers, such as reusable shopping bags.
This is a pioneering initiative that has been accompanied by a major customer
awareness-raising campaign called “No more plastic bags” in partnership with
local authorities.

5.7 Bulk Purchase: The Removal of Food Packages
in Grocery Shopping

Consumers are increasingly looking for convenience foods that reduce preparation
and cooking time, such as fresh produce that is prepacked, for example, cut and
washed lettuce leaves, as well as foods that are ready to eat, for example, frozen
meals, and this trend is expected to continue. However, food packaging has a great
environmental impact, increasing the amounts of packaging waste requiring disposal
or recycling at the household level and being a great source of pollution.

Food packaging is wasteful and mostly unnecessary, and consumers may prob-
ably love the idea of a package-free grocery store. In this context a recent trend has
emerged, the bulk purchasing, which consists on the removal of food packaging by
offering some food product categories in large containers or bins through bulk
purchase. These bulk bins usually offer dry foods from dried fruit to nuts, dried
beans, grains, teas and coffees, or spices.

Bulk food requires less packaging than individual serving packaged food items,
resulting in less waste; and consequently when consumers purchase bulk items, they
are reducing their carbon footprint. Therefore, buying in bulk eliminates the need for
wasteful packaging and lessens the amount of trash, and the transportation of food
products is simplified, easing the burden of CO2 emissions. In addition, bulk
purchase also reduces food waste, since this method of purchasing allows the portion
control by customers, who will only purchase the needed quantity, decreasing the
quantity of food wasted when using prepackaged products.

The store will offer many items from gravity bins, which do the work of
dispensing the food (Fig. 8). Customers will often have plastic and/or paper bags
available to them for transporting their food bulk items home. However, using these
bags will produce a tremendous amount of waste, negating one of the benefits of
bulk purchasing. Therefore, most of these grocery retailers allow customers bring
their own containers or reusable bags.
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Ingredients, in Austin (Texas), was the first store to apply this concept, offering
local food and beverages that were filled in customers’ own containers. Today, some
retailers such asWhole Foods and Auchan offer bulk purchase, covering the walls in
the store with clear bins stocked with grains, beans, and dried goods.

6 Conclusion

In general terms marketing focuses on encouraging increased and unsustainable
consumption. However, marketing can influence and change consumers’ behavior,
helping in the shift of cultural values of consumption to address environmental
issues, making consumers become aware about the environmental impact of con-
sumption, and promoting sustainable ways of consumption. Similarly, there is a
general consensus on the need to reduce resource utilization, energy consumption,
and carbon emissions, but a lack of consensus exists on whether consumption should
be reduced or just changed and whether consumers have the capability to contribute
to resource conservation. In this context, the sustainability marketing orientation
could be considered an alternative approach to marketing theory and practice.
Through sustainable marketing, companies introduce sustainability into the core
marketing strategies and actions to ensure the reduction of consumption and waste
and to encourage consumers in developing a resource-efficient way of consumption,
which includes the acceptance of consumption reduction.

The present study supports that marketing can provide strategies and actions for
radical changes to the unsustainable consumption system. Therefore, marketing
holds potential solutions to some of the challenges of sustainability faced today,
such as the climate change.

Fig. 8 Examples of bulk purchase in grocery food retailers
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Abstract There is no doubt that globalization and technology have in recent years
been responsible for the economic and social progress of the four corners of the
world. Tourism has also been “affected” by these phenomena and is generally
referred to as the greatest expression of globalization. Today, the business volume
of tourism equals or even surpasses that of oil exports, food products or automobiles.
Tourism has become one of the major players in international commerce and
represents at the same time one of the main income sources for many developing
countries. This growth goes hand in hand with an increasing diversification and
competition among destinations (UNWTO). In the service area, tourism distin-
guishes itself as the main industry for technological use and innovation. But as
tourism grows, climate risks increase. Storms, hurricanes, torrents of water, earth-
quakes and general natural disasters arrive without warning!

Last decade can be remembered for the multiplicity of negative events including
natural disasters, terrorist attacks and bird flu that have severely impacted tourist
destinations. Whether the incidence of disasters or crises, both natural and
man-made, is increasing, people have become more concerned about their safety,
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particularly when they decide to go travelling (Machado and Almeida, Natural
disasters: Prevention, risk factors and management. Nova Science Publishers,
2012). The Atlantic islands, fragile by nature, have been plagued in recent decades
by relatively frequent events, leaving tracks of destruction and extremely damaging
image of fate.

Madeira Island was no exception; after the storm of 2010, which left marks still
visible today, the island once again suffered a fire of unprecedented dimensions in
August 2016, terrorizing the population and tourists who quickly helped spread the
news around the world. The strong winds and very high temperatures far above
normal pushed the flames to the city, populated by old buildings and badly treated
pieces of land that worked as a fuse to make the city a hell of flames. The initial
under-assessment of risk and clear lack of preparation for such events helped, and
chaos settled for several days. The economic impact of the fires, the damage to the
local entrepreneurs and the recovery of the destination image are something that can
take years to recover. This chapter intends to deepen the damage caused to the island
tourism sector while suggesting some actions that can minimize the effect of a
similar crisis in events that seem to arise more and more frequently!

Keywords Safety and security crisis · Crisis in Atlantic islands · Managing crisis ·
Place image

1 Introduction

Islands offer several of the most beautiful and unforgiving places on earth. Superb
landscapes, a diversity of natural habitats, crystalline waters and golden sands attract
thousands of tourists every year. Tourism is traditionally considered the almost ideal
instrument to boost the islands’ economies (Machado and Almeida 2012). Not all is
rosy, however, in this regard. The rising trend in natural disasters in small islands is
well evident, and the global warming will lead to a dramatic increase in the
vulnerability of low-lying coastal and tourism infrastructures (Okuyama 2018).
For several decades, short-term conservationist concerns have been seen as primary
over long-term concerns. Small islands possess high levels of coastal and marine
biodiversity. In this regard, any detrimental activity would lead to unsustainable
losses in terms of the quality of the ecological systems, followed by a reduced
number of arrivals and a deteriorated image abroad. Nowadays, however, in a
growing number of cases, risks relate mainly to major natural disasters and episodes
of extreme weather, which are proportionately more difficult to prevent and contain
than human-made detrimental and pollution activities. The increasing number and
intensity of natural disasters highlight the importance of studying tourists’ post-
disaster behaviour in order to enhance and promote risk management practices.

Research on tourist behaviour in post-disaster timeframes is rather limited (Miller
et al. 2017; Jiang and Ritchie 2017). What is known, however, is that destination
image impacts profoundly travel decision-making processes at the individual level.
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Destination image is a critical selection factor. As “connotations” derived from the
destination image are constantly mixed up with travel’s expectations from past
experiences at the destination and insights from meaningful events broadcasted by
the media, meaningful events such as natural disaster may lead to a downgrade of the
image. Destination images are shaped in visitors’ minds through a synthesis and
analyses of the information gathered over time (Letho et al. 2010, p. 32). An
increasing number of studies on the subject on crisis management have been dealing
with the subject from a supply side perspective. These efforts have been instrumental
in helping regions and islands to proactive planning schemes and systems of reactive
crisis management (Prideaux et al. 2003; Prideaux 2003; Coles 2003). Nevertheless,
a key component of any crisis management scheme lies in visitors’ perceptions and
“perception” changes. In this respect, the analysis of the destination image is
worthwhile and a matter of concern because natural disasters may have a profound
impact on the psyche of tourists with far-reaching effects on their behaviour.

In line with the trend observed worldwide, Madeira is increasingly vulnerable to
natural and man-made disasters (EM-DAT CRED 2012). Faced with such chal-
lenges, the local government has considered to direct its focus to the development of
planning systems aiming at the identification and assessment of potential risks. Good
reasons abound to follow the “natural disaster agenda” closely. The region suffered a
string of natural disasters and human-made events since 2010, with far-reaching
consequences, notably in the case of the tourism industry. Tourism plays a crucial
role in generating employment and added-value in Madeira. This high level of
dependency on tourism leaves the region’s economy highly vulnerable external
shocks in the form of “erratic and uncertain movements of tourism” (Ismeri 2011,
p. 128). The preference for islands seems to be associated with factors such as the
diversity of natural landscapes and habitats and a minimum or total absence of risks
and failures in terms of life-threatening events, disruptive weather, poor quality of
services, etc. The study analyses the recent experience of the tourism sector in
Madeira in dealing with the aftermath of a major natural disaster. Based on quali-
tative content analysis of the local press headlines and news and reports in leading
international newspapers, plus interviews with leading officials, we analyse the
efforts pursued by the local authorities to restore normality as soon as possible, in
order to improve the positive image of the region shared by a number of potential
tourists. Section 2 offers a brief overview of the tourism industry in Madeira.
Section 3 reviews the literature pertinent to the topic under analysis, and Sect. 4
provides a detail of the 2010 natural disaster and looks at local government response
to the crisis in order to mitigate the magnitude of most severe potential impacts.
Section 5 summarizes the study and presents conclusions.
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2 Contextual Setting

The tourism is the dominant sector of the economy in Madeira. The sector benefits
from a “centenary tradition” (Madeira is one of the oldest touristic destinations in the
world) (Ismeri 2011, p. 135). Ismeri (2011, p. 139) places the sector in an interme-
diate stage of development: “far from the mass offer of the Canary Islands but also
far from the scarce hotel capacities of the Azores: far from the mass approach of the
former but far from the ‘niche’ approach of the latter”.

By taking into account direct and indirect impacts, Ismeri (2011) indicates the
following figures in terms of GDP and employment: 21% for GDP and 14% for
employment. The accommodation and hotel sector employs 6205 persons, account-
ing for 5.8% of the total employment. The sector has been growing consistently in
the recent decades with intermittent periods of stagnation and slower growth, as
indicated by the yellow-coloured bars in Fig. 1. In 2016, the region counted
7,368,095 overnight stays. The number of arrivals grew by 13% in 2015 to
1,162,621, and, in 2016, the sector generated 377.75 million euros in earnings.
Forecasts for 2017 point out to another sizeable increase in terms of arrivals. The
sector operates 29,118 beds and welcomed 1,162,621 visitors in 2016. By 2016,
Madeira had 156 hotels providing 13,914 rooms. The average occupancy rate was
69.2% in 2016, 4.9 percentage points higher than in 2015.

As mentioned above, the region experienced just two major upheavals since
1976: in 1993 and then in 2010–2012. The 1993 crisis is largely attributable to the
effects of the financial crisis at the EU level, and the number of tourists had already
been faltering since the last quarter of 1991. It should be noted that in October
29, 1993, a flash flood, thought to be one of the most violent episodes to be recorded
in the city of Funchal history left a trail of destruction and death. The tragedy lead to
high losses in terms of public infrastructure and private sector facilities, with more

Source: Direção Regional de Estatística da Madeira (Madeira Statistical Office) 
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than 400 evacuees and 5 deaths. There is not much, however, to indicate that the
tourism sector was adversely affected by this event. The sector was much more
affected by the 2010 natural disaster. The total number of visitors in 2010 fell by
7.8%, although the number of guests increased by 6.2% in 2011. The sector fallen
again by 4.1% in 2012 (compared with the previous year), but since then, the sector
has experienced continuous growth.

The South Coast in general and Funchal in particular are particularly affected by
flash floods with most deaths recorded in and around Funchal. Funchal is an
extremely popular “vacation” destination hosting about 2/3 of the region’s accom-
modation capacity (more than 10,000 tourists per day). Madeira is densely popu-
lated, with 254,876 inhabitants as of 2016. Not surprisingly, significant negative
environmental loss of infrastructure or health impacts are likely to occur in a such
densely populated area in the event of a major disaster. It is worth to mention that
around 104,813 inhabitants (approximately 41.1% of the total population) live in the
city capital Funchal, with most tourists staying or visiting the capital city every
single day.

3 Literature Review

Tourism emerges as one of the most vulnerable industries to natural disasters and
climate change. On islands, the tourism industry is prone to a myriad of risks
including traditional natural disasters, outbreaks of tropical diseases, climate
change-related events and political instability. In addition, there is a significant
trend in unpredictable and erratic variations in demands patterns for a wide variety
of reasons. For example, cancelled flight schedules caused by weather events and
localized political and economic crises may explain changes in market demand.
Natural disasters had been defined as “an event caused by forces of nature such as
weather which leads to a significant damage to the physical environment and may
threaten human safety” (Henderson 2007, p. 100). On the subject of safety, Beattie
(1992) refers that tourism and natural disasters conjure up radically different images
and emotions in visitors’ minds. When thinking of tourism, visitors dream of “fun,
relaxation, sightseeing, and beautiful surroundings” (Beattie 1992, p. 7; Mazursky
and Jacoby 1986). In a similar vein, Santana (2003) refers that it is unusual to think
about tourism and natural disaster simultaneously. Tourism evokes feelings of
“enjoyment, pleasure, relaxation, safety”, while natural disaster relates to “distress,
death, fear, anxiety, trauma, panic; contrariwise, natural disasters ‘bring to mind’
images of “destruction, death, and tragedy” (Santana 2003, p. 230). Therefore,
disaster-hit areas do not appear to be regarded as ideal vacation settings. As pointed
out by Beattie (1992), tourism and natural disasters are located on the opposite ends
of a spectrum, being “mutually exclusive rather than complementary”. It is for that
reason that, in a number of cases, DMOs in hazard-prone regions may be tempted to
discuss the topic in a cautious approach in order to avoid giving rise of concern
among potential visitors. However, Roger Yates in The Guardian claims that “it has
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been (in 2016) a busy year for disasters: from the Haitian earthquake to Chinese
landslides, food insecurity in Niger to the current floods in Pakistan, it has seemed
like a constant barrage”, which suggests there is no point in avoiding a frank
discussion of the subject. If countless tourists are affected in one way or another
by natural disaster while on vacation, the negative impact on the image conveyed
abroad may be quite serious and hard to manage and restore.

In the aftermath of a natural disaster, destinations are urged to rebuild infrastruc-
ture, facilities and communities. However, in the post-recovery stage, marketing
communication aiming at “regaining market shares” is key. In this case, marketing
campaigns are critical to support the region’s efforts to recover and change any
customers’ misperceptions. In this regard, an assessment of visitors’ profile in terms
of attitudinal and affective responses must be carried out as soon as possible to
gather accurate and updated information. It is essential to take into account that the
tourism industry relies on perceptions of safety, smooth operational systems and
predictability (Ritchie 2008). Risk influences tourist’s behaviours and expectations.
Natural disasters affect the levels of perceived security, which are a major reason to
outline appropriate risk control measures. The key reason to control risks and plan in
advance mitigation measures lies in capability to manage the crisis aftermath. In fact,
the magnitude of the impact of a major natural disaster on the tourism industry is
largely determined by tourists’ responses. Tourists are entitled to a large degree of
autonomy and flexibility in deciding their next move: whether to visit or not a
disaster-hit destination, as well as their travel arrangements and timing of visit and
most importantly, word-of-mouth. Therefore, in a significant and surprisingly higher
number of cases, it is possible to mitigate to a large extent the impact of a major
disaster, no matter how catastrophic it may appear at first.

Since September 11, 2001, terrorism and insecurity are perceived as a critical
factor affecting the tourism industry in a negative way. The September 11, 2001,
terrorist attack is seen as a major turning point in international travellers’ point of
view on issue of security. In more recent years, travellers’ fears were pushed to the
limit by the Indian Ocean Tsunami in 2004, the Hurricane Katrina in 2005, the 2010
eruptions of Eyjafjallajökull and the 2011 Tohoku earthquake and tsunami. These
events had a major impact on the tourism industry (Orchiston 2012; Tsai and Chen
2010; Yang et al. 2011). In the aftermath of such events, a number of studies have
been carried out to analyse post-disaster recovery and planning strategies (Huang
and Min 2002; Ritchie 2008). It became apparent the key role of the media as the
primary actor in shaping the disaster-hit area image abroad (Sharpley 2005). Media
coverage, by increasing the public awareness, can negatively affect the post-disaster
phase. Roger Yates, already mentioned above, highlights the key role played by the
media. A balanced and informative coverage from the very beginning helps the local
authorities to manage the aftermath. Not every natural disaster is newsworthy.
Normally, high death toll incidents tend to lead the audiences and media coverage,
which offers the opportunity to escape unharmed. Quite ironically, it is also possible
to turn an out-of-control flow of events into an opportunity to attract new audiences.
As observed by McClure (2012, p. 2) “in an ironic signal of the supremacy of the
technological psychosis, 24 h cable news now transforms all major natural disasters
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into profitable spectacles of destruction, complete with an endless line of supernu-
merary victims—‘the CNN syndrome’—while screening out the politics of disaster
management policy”.

In any event, to study visitors’ reaction is essential in order to identify patterns of
behaviour. Itzhaky et al. (2016) based on a qualitative analysis of the experiences felt
by a group of backpackers, who were travelling in Nepal at the time of the
earthquake, identified four main themes: emotional turmoil, quick recovery, spring-
ing into action and connection to the army. While most interviewees understood the
crisis in an emotional manner at first, in a second stage, respondents searched for
ways to cope effectively with the situation in the field based on problem-solving
strategies (community of action, analysis of past experiences). A positive assessment
of the region’s image is instrumental in this regard.

Image has been defined as an attitudinal construct relating to the individual’s
beliefs, feelings and general impressions about an object or tourism destination
(Letho et al. 2010: Crompton 1979; Echtner and Ritchie 1991). Lawson and Baud
Bovy (1977) define destination image as “the expression of all objective knowledge,
prejudices, imagination and emotional” that contribute to define the perceptions,
attitudes and views of an individual about a particular destination. Bigné et al. (2001)
consider that an individual’s destination image is subjective, ambiguous and imma-
terial by nature because closely linked to tourists’s individual interpretation of
“reality” made by the tourist. The image of a destination in a visitor’ mind is
subjective to a great extent because it is based primarily on perceptions rather than
on attributes, which is especially true when no visit has actually taken place. There is a
widespread consensus that image is compounded by cognitive and affective compo-
nents. Baloglu and McCleary (1999a) assert that the cognitive component relates to
beliefs or previous knowledge about the destination’ attributes, while the affective
component relates to feelings towards or an emotional attachment to salient charac-
teristics of the destination. A number of authors admit (Baloglu and Brinberg 1997;
Walmsley and Young 1998; Baloglu and McCleary 1999a; Lin et al. 2007) that the
development of the image of a tourist destination in visitor’s minds is governed by
principles of rationality and emotionality, along with the above-mentioned compo-
nents or dimensions: cognitive and affective. It is worth to mention the cognitive
component of the image impacts to a large extent the affective component (Lin et al.
2007; Ryan and Cove 2007; Baloglu andMcCleary 1999b). However, there are other
factors at play. Beerli and Martín (2004) found out that the socio-demographic
background of the tourists exerts a great influence on the individuals’ cognitive and
affective assessment of the overall image. In all, the overall image of the destination
being formed in visitors’minds results from a combination of cognitive and affective
aspects, with past experiences and previous visits impacting the destination image
being formed on visitors’ minds (Beerli and Martín 2004). The process of image
formation is intricately entwined with perceptual and cognitive process, which is, in
turn, conditioned by several sources of information (e.g. reference groups, group
membership, media, etc.). Under these circumstances, any potential visitor person
can build a mental image of any territory without having experienced it for himself.
The image of the destination is conditioned by information relating to historical,
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political, economic and social facts and also natural and man-made disasters, which
will lead to a reappraisal of the initial image being stored in his/her mind (Echtner and
Ritchie 1991). Furthermore, the values (and misconceptions and stereotypes) shared
each potential visitor will influence the overall image of any tourist destination, by
offering a selective attention filter (Moutinho 1987). Moreover, the country of origin
of the visitor has been found to influence the image in visitors’ mind (Bonn et al.
2005; Stern and Krakover 1993).

Traditionally, it was considered that tourist’s images were rather resistant to
change and relatively persistent. However, major changes in perception can occur
after a major natural disaster, especially in cases of severe damage to the environ-
ment and loss of life. In this case the overall impact in terms of a negative image can
be “serious and long-lasting” (Obasi and Frangialli 1998).

4 The 2010 Natural Disaster

On February 20, 2010, the region was hit by a natural disaster in the form of torrential
rainfall. The episode of torrential rainfall triggered “catastrophic flash-floods” (Fragoso
et al. 2012, p. 715). When the rain finally stopped, at least 42 persons were recorded as
dead, with 13 persons still missing 1 week later. Around half of the victims were found
in Funchal. As specified by Fragoso et al. (2012, p. 715), “it was the deadliest hydro-
meteorological catastrophe in the Portuguese territory in the last four decades”.Madeira
usually enjoys a mild attractive weather all year round. However, in 2010, the weather
stations recorded the rainfall of 426mmduring the first 22 days of February, which was
equivalent to approximately 70% of the total annual average.

The economic damage was estimated at 1.1 billion euros. Graphic images of
rivers of mud and rocks ripping through the city’ streets were pictured in the world’s
press. The island’s topography contributed to the disaster. The island orography is
characterized by deep valleys and steeped slopes and scarps (Fragoso et al. 2012,
p. 715).

As mentioned earlier, the region boasts a “Mediterranean type climate moderated
by the Atlantic Ocean” (Fragoso et al. 2012, p. 715), but it is not immune to episodes
of extreme weather. In terms of natural disasters, it is worth to mention that the
region is not affected by major volcanic activity with only relatively modest earth-
quake incidents being recorded over the recent decades (Fragoso et al. 2012).
However, rain-induced natural hazards are a major reason for concern. As mentioned
by Fragoso et al. (2012, p. 716), “flash-floods, landslides, debris flows and less
frequently tsunamis, which can be caused by coastal rock slides”, have been
recorded since the nineteenth century (Rodrigues and Ayala-Carcedo 2003; Fragoso
et al. 2012). Flash floods are understood as the most dangerous and dramatic natural
event that occurs in the island. A particularly dangerous type of flash floods, locally
known as “aluvião”, takes the forms of “flash-floods affecting streams whose
discharges and energy increase dramatically after intense rainfall episodes, dragging
mud, blocks and debris, and producing a powerful and destructive current” (Fragoso

292 A. M. M. de Almeida and L. P. Machado



et al. 2012, p. 715). Quintal (1999) produced an inventory of flash flood events
leading to deaths or severe damage. Thirty major events were recorded since the
historical aluvião of the October 9, 1803, with more than 800 residents killed, most
of them in Funchal. A recent compilation produced by the SRES points to nine major
events over a period of 210 years running from 1800 to 2009 (SRES 2010).

The 2010 natural disaster damaged to a certain extent inbound tourism in
Madeira. The total number of arrivals in 2010 drop by 7.8% to 968,000, compared
to 1.05 million tourism arrivals recorded in the previous year. The annual growth rate
in terms of arrivals recovered somewhat during the first three quarters of 2011
(annual growth rate of 6.2%), but minor losses were reported again in 2012
(�4.1% compared with the previous year). By considering the highest value
recorded each year, it is possible to notice that the region recovered the previous
dynamics by 2013–2015. The values recorded in 2015 are in line with the
2000–2009 trend, a clear understanding that the sector has successfully overcome
the effects of the 2010 economic crisis (see Fig. 2). We provide a closer look at the
figures available now. It is worth to mention that the recovery process of different
markets exhibits different patterns, with Portuguese nationals to recover quickly. A
further relevant aspect can be examined by looking at monthly data covering the
period 2009–2013. Figure 3 shows that the number of arrival in January 2010 is up
to 1.8% compared with the homologous period in 2009. However, throughout the
remainder of the year, but October, Madeira recorded losses in terms of number of
arrivals amounting to 83,175 visitors. By 2011, monthly arrivals were already above
the values observed in 2010, except for the winter months (October to February).
The same pattern can be observed in 2012 (October to March) and, to some extent, in
2013 (just for January and February). The “long-term” impact of the 2010 natural
disaster appears to die out by January 2014, less than 4 years after the disaster.
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Fig. 2 Arrivals’ highest value recorded each year (2000–2015). Source: Direção Regional de
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The 2010 natural disaster received worldwide attention. The 2010 Madeira Island
floods and mudslides were classified as an extreme weather event by the press, with
an abundance of words and images conveyed abroad. The media impact in Portugal
and in the UK was greater than in other European countries, with a number of
officials expressing their deepest sympathy to the victims’ families. In Portugal, the
civil society, in general, and previous visitors expressed their sympathy for the
region. At least 250 persons were injured as a result of the mudslides, and about
650 residents lost their houses.

In the aftermath of the natural disaster, the authorities work hard to restore and
rebuilt key facilities and infrastructure. A few days later, the local government
launched an extensive marketing campaign to mitigate the negative impact on the
public opinion. According to the BBC website, the president of the regional gov-
ernment, Joao Jardim, urged the economic operators (more specifically shop owners)
to reopen as soon as possible, in order to give an appearance of “normality”. The
president went to quite extraordinary lengths to protect the tourism industry, namely,
by downplaying the scale of the tragedy: “We don’t know howmuch it will affect the
tourism, but there is no point in dramatizing the situation too much”. Key players
urged tourists planning their vacations in Madeira to not cancel their travel arrange-
ments, by making an appeal to international solidarity. Michael Blandy, chairman of
the Blandy group, and one of the leading operators in the sector with five hotels
targeting the British market, complained that as a result of the “dramatic images of
the devastation”, the number of cancellations went out of control. This leading
hotelier was hopeful that “the impact would be quick to pass”, with life totally
back to normal “hopefully within days” (quoted fromThe Telegraph, 23th of February,
2010). The local authorities try to convey the message only a “very small area that has
been affected” (The Telegraph, 23th 2010). In the end, they succeeded in instilling a
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sense of normalcy. The streets were thoroughly cleared ofmud and debris in a few days.
In the following day, the recovery and cleaning operations were underway thanks to a
2000 strong army of public servants, private sector employees, army personnel and
volunteers from the civil society. The local government succeeded in restoring normal
living conditions as soon as possible, in most areas. A few days later, essential services
such as electricity and water services were restored, as well as telecommunications
services (mobile phone and the Internet). At the very same time, the oldest and most
emblematic alley in Funchal was fully operational, just a week after, with shops and
coffees open to welcome 4500 cruiser’s passengers. It is worth to mention that most
hotels were unaffected and were fully operational during the entire crisis. The airport,
the harbour and the main tourist areas remain operational and ready to welcome
visitors, and most areas in the island suffered only minor damage.

Aiming at attracting tourists back, the local government implemented a series of
countermeasures to revitalize the tourism industry. One of the leading hoteliers
recommended aggressive marketing campaigns based both on price and normal
advertising campaigns to bring traditional visitors back. Other recommended
stepping up decisive action to reduce the airport fares. It must be highlighted that a
sizeable number of tourists opted for remaining in the area. Most were genuinely
surprised with the recovery efforts and the street cleaning process, and a number of
them interviewed by leading national newspapers were rather pleased of being able
to resist calls from home to go back. They claim that the alarmist and often factually
incorrect reporting by some journalists did not do justice to the strenuous efforts
being undertaken by the local authorities and operators to offer suitable replacement
activities. Dozens of celebrities were filmed telling their intention to visit the area
in 2010.

To enhance the competitiveness of the tourism industry, the local government has
undertaken a number of initiatives to attract and enhance the visitor’s experiences
and to meet visitor’s need. For example, the tourism sector was able to offer
alternative visitor itineraries and original ways of exploring the region through the
region’s roads without being forced to contact with areas severely damaged. But, the
impact in terms of daily prices was quite heavy. As depicted in Fig. 4, RevPar figures
are below the 2009 ones, with the biggest impacts felt in the following months
(March to June of 2010) and then in the peak of the low season (November 2010 to
February 2011). A notable recovery in terms of the RevPar figures can be seen in
2011, except for the low season (November 2011 to February 2012). Once again, it
can be concluded that the 2010 natural disaster was interpreted by visitors as
indicating a higher degree of risk in the winter periods. However, the negative
impacts were concentrated mainly in the low season (winter months) and were
particularly strong in the following months and in the rain season of 2010/2011.
By January 2013, no signs of price cuts are visible. From the end of 2012, demand
has recovered to the level before the natural disaster. However, more recently,
Madeira has been increasingly featured in the news for reasons other than the
2010 natural disaster. For example, the 2011 forest fires made the headlines, and
more recently, the fall of 200-year-old tree killed 13 people and injured dozens
during the Celebration of Our Lady of the Mount festival near Funchal.
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5 Suggestions for an Action Plan

Avraham (2016) identified a number of strategies employed by the Egyptian author-
ities in the aftermath of the Arab Spring events. Basically, the local authorities
adopted a dual approach: (a) either by cooperating with the media, based on
interviews, press conferences and readiness and willingness to respond to any of
the journalists’ questions and to provide information in “upcoming events” or (b) by
resorting to strategies of information control to downplay the seriousness of the
events taking place. We will focus our attention on information control strategies.
The first approach lies in (ba) ignoring the crisis (by pretending that “nothing
happened”) and/or (bb) by conveying abroad the message of “business as usual”.
A variant of this approach lies in admitting a fortuitous combination of unpropitious
events followed by the announcement that the life goes on as usual. When it is not
possible and convenient to deny the occurrence of a negative event, local authorities
may resort to (bba) downplaying the importance of the events. In this case, DMOs
attempt to mitigate or limit the scale of the crisis. In this case, government officials
develop efforts to explicitly delimit the geographical boundaries of the crisis, its
severity and impacts in terms of disruption on daily life activities and the degree of
impact on tourism activities and tourists’wellbeing (Benoit 1997, 2015). As reported
above, the local authorities in Madeira fully acknowledged the extent of the tragedy,
at domestic level, but attempt to divert the focus towards a few areas in Funchal
while pointing out the efforts being deployed to clean and secure all areas around the
key tourism assets in order to downplay the problem abroad. The local authorities
claimed that less than one tenth of the city area were affected by disturbances and
that, as opposed to Funchal, other parts of the islands were ready to welcome
tourists. Another approach to handle the crisis lies in downplaying and lessening
the impact of the crisis and even promoting an early recovery by depicting the event
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as “insignificant or marginal” in terms of damage, loss of life and injuries. In a few
cases, such as in Madeira in 2010, it is not possible to ignore or limit the importance
of the crisis to the tourism industry. Neither it was possible to portray the events as
“as insignificant, marginal or irrelevant for foreign tourists” (Avraham 2016, p. 45).
Damage control measures as RP tools are often employed by officials confronted
with journalists bombarding the government with annoying issues (Bonn et al.
2005). Another variant of the downplaying approach lies (bbc) in portraying the
crisis as irrelevant for tourists, with no risk or unattended consequences whatsoever
to foreign nationals and tourists alike (Avraham 2016). The local government
resorted to this approach to a certain extent. Still, in the field of information control
techniques, acknowledging the negative nature of the unfold events in terms of
destination image may offer interesting avenues to gain the upper hand and turn the
game around. Admitting to the full extent of the crisis helps to build an image of
transparency and honesty (Avraham 2013), which was the case in Madeira. In this
regard, destinations may try to sell the idea of better future and the beginning of the
new era. The basic premise of this communication strategy lies in conveying abroad
information on the changes and initiatives being pursued to minimize all the
difficulties felt in the past along with the steps taken to consolidate the beginning
of a new era and a bright future ahead based on urban planning, risk management
measures, investment in infrastructures aiming at minimizing the impact of future
natural hazards, etc. (Avraham 2015, 2016; Paraskevas and Arendell 2007). In other
cases, the local authorities may resort to “spotlight events” in order to create positive
news and shift international media attention from a negative to a positive portrayal of
the place (Avraham and Ketter 2008, p. 145).

Avraham (2014, 2016) provides an example of turning a liability into an asset, by
transforming the chaos, danger and instability into a political experience to be
participated by visitors interested in witnessing the very beginning of new era of
democracy (Avraham 2013; Kwok and Chew 2017). In the case of a wider geo-
graphical area, it is possible to promote a “geographic disassociation” of the desti-
nation under analysis from problematic areas in the vicinity. In the case of
destinations suffering from a persistent image problem and negative media views
expressed frequently in the press, the association with celebrities and brands can be
advisable. Opinion leaders, representatives of civil society in selected countries,
business world moguls and academic researchers may encourage potential visitors to
reach a more balanced opinion (Mair et al. 2014; Baloglu and Mangaloglu 2001). In
a number of cases, image problems derive from preconceptions, generalizations and
stereotypes, which may be unworkable to redress because images tend to be persis-
tent (Manheim and Albritton 1984; Mansfeld and Winckler 2015). The local author-
ities can also choose to target specific audiences to increase the number of arrivals
instead of opting for damage control strategies. In this case, the DMO attempts to
improve the destination’s image based on specific targets and market segments
(Cooper and Momani 2009; Okuyama 2018). For example, Avraham (2016) suggests
emphasizing similarities, resemblances and relevance to specific market segments to
attract their attention. The basic idea lies in connecting specific audiences’ sharing
interests, values and political ideologies or holding in high esteem a key feature and
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characteristic of the region, by several potential visitors to the region’s/destination
background in terms of history, past historical events and values. Such audiences may
be attracted through “solidarity tourism” initiatives (Tucker 2016; Avraham and Ketter
2016; Walters and Mair 2012). A more generic approach lies in developing from
scratch new market niches. In this case, efforts are directed towards the promotion of
new market segments such as golf, nature, rural tourism, eco-tourism and any other
sector being neglected in the past. Market segments less sensitive to natural disasters
and safety issues are of special value. There is a consensus that cultural tourism is, to a
certain extent, less affected by local crisis. In Madeira, aiming at increasing the
availability of events and the number of reasons to visit, instead of promoting the
traditionally over-represented aspects of nature and landscapes, the local government
started to promote and stage a series of cultural events. Successful campaigns were
designed to promote the region’s culture, because it is believed that region’s culture is
not merely a green hotspot in the Atlantic.

In the end, the region succeeded in avoiding the most irksome consequences of
the 2010 natural disaster. The public relations and image restoration campaign were
able to counteract to a large extent any negative image being conveyed abroad by the
media. By 2014 most negative impacts in terms of losses in arrivals and RevPar had
just died out.

6 Conclusion

Islands are under pressure to cope with an increasing number of external threats in
the form of natural disasters, climate change-related events and other risks such as
outbreaks of tropical diseases. Madeira provides an instructive example in this
regard. After years of continued growth in terms of arrivals, overnights and revenue,
the industry was forced to handle complex issues resulting from a major natural
disaster. Owing to the quantity and quality of the sector’s competitive advantages,
the industry recovered quite rapidly, and the demand’s levels quickly returned to its
2010 levels, which can be dangerous because it effectively led to a reduced level of
risk. Operators need to incorporate into the decision-making process and strategic
planning lessons learnt from the 2010 natural disaster. As described in Sect. 5, a
number of strategies can be successfully deployed if the impact of a natural disaster
lies with an acceptable range. Disruptive disaster will demand further measures,
which should prompt operators in the regions to adopt a “disaster-ready” strategy.
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Abstract A broad lesson from this book is the recognition that climate change is a
global phenomenon, which should be accounted for in a multidisciplinary perspec-
tive. In fact, it is impossible to deal with climate change and promote its mitigation
without taking into account the agents’ choices and priorities in different countries
and regions. Those choices determine the politics followed by decision-makers at
every opportunity (through elections in democracies) and iterations between coun-
tries (and eventually have an effect on the well-being of populations) that should take
into account the income level, the income distribution, and the health status of
populations. Thus, the interplay between politics, international relations, and eco-
nomics becomes a stage for the analysis made in the different chapters of this book.
Additionally, climate change mitigation is crucially dependent on technological
change, as is the economic development of societies.
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countries (and eventually have an effect on the well-being of populations) that
should take into account the income level, the income distribution, and the health
status of populations. Thus, the interplay between politics, international relations,
and economics becomes a stage for the analysis made in the different chapters of this
book. Additionally, climate change mitigation is crucially dependent on technolog-
ical change, as is the economic development of societies. If the agent-based deci-
sions (both families and firms) and their political effects can bias technological
change towards cleaner technologies that mitigate the effects of climate change,
the future can provide more well-being for the human species (Fig. 1).

1 Lessons from What Has Been Discussed in the Book

This book brought together the contributions of authors from several countries with a
variety of analyses on climate change. From the research on the chapters of the three
parts of this book, we are able to draw some lessons and reveal some of the future
research challenges regarding the implications of climate change for global
development.

In the first part, the market economies’ effects of climate change linked with civil
society and states are analysed. For example, Marya Gubareva and Orlando Gomes
argue that the main challenge that should be raised vis-à-vis agent-based modelling
is how to develop more accurate and precise approaches to modelling and reflecting
economy-climate interrelations. Perhaps one of the solutions can be found in incor-
porating into agent-based modelling the interrelations between climate change and
social inequality. Using a game theory approach, Caleiro, Rocha de Sousa, and
Oliveira have a very pessimistic view. In fact, they state that the ecocidemight occur
and we are on the way to it. As they argue, their parametrization of a sufficiently low
parameter of no punishment for pollution (and thus a high level of defection reward

Agents Governments Other Countries’
International Institutions

Families

Firms

Choices between present and future; 
attitude toward environment 

Technological Changes
Demand side approaches (marketing)

Fig. 1 The schematic relationship between international relations, politics, economics, and
management
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in our agent-based simulations) makes a cooperative situation ending easily in a
disastrous situation—the so-called ecocide. Empirical contributions in this part may
suggest that heterogeneity between countries should be taken into account. Results
from panel threshold regression indicate that both GHG emissions and C02 emis-
sions affect real GDP growth negatively in the high per capita income regime and
contribute to growth in the lower per capita income regime (see chapters from Qaiser
Munir and Sook Chin Kok). An interdisciplinary lesson calls for an intergovern-
mental commitment to face those differences on economic outcome.

In the second part, dedicated to international actors, we realize that if the
European Union has been perceived as a “green player” due to its leading role in
the external action of climate change, it is also by the increasingly intense regulation
of environmental issues. Ana Isabel Xavier analyses the historical background of the
EU’s environmental policies (from the Single European Act to the Europe 2020
Strategy and the Framework for Climate & Energy 2030) and policy and EU
commitments towards global development and climate change, concluding that the
EU plays an important role to promote, manage, and regulate climate change and
sustainable development worldwide and has a significant degree of actorness that
helps its presence in the international climate and environmental agenda, underlining
that, given the strong intergovernmental nature of the EU climate regime that still has
a significant impact in terms of an autonomous, coherent, and effective external
diplomatic strategy, EU actors will then depend on the ability not only to contribute
to global action to combat climate change but on an endogenous point of view that
there are still a number of issues that need to be overcome and may have implications
for the future of the union. The intergovernmental nature of most of this subject is
also influenced by the idiosyncrasies of some of the countries in their
neighbourhood, such as the Balkans. In fact, Teresa Cierco shows that the Balkans
are facing very serious challenges in the field of climate change, due to the lack of
legal framework for most environmental issues. But what the data presented suggest
is that poor environmental governance in the Balkans may not only compromise
environmental standards in these countries but also across Europe. However, with
this situation environmental issues could also threaten the path of belonging to the
EU of these countries. The question of the fragility of some states in responding to
the need to adapt legislation also affects the mitigation of the effects of climate
change. The continent of Africa, although contributing little to climate change, has
been one of the most penalized by its effects, as underlined by Lynus Nyiwul in the
chapter “Climate Change Mitigation and Adaptation in Africa: Strategies, Synergies
and Constraints”. Yet the political vulnerability of several states on this continent
seems to compromise the adoption of policy environment necessary for climate-
resilient development. Not only do the bureaucratic and legal frameworks require
reforms to enhance efficiency, they will certainly need to be updated to account for
environmental and more general climate change realities. However, achieving these
synergies will require successful implementation of the mitigation and adaptation
priorities. This successful implementation in Africa will require fundamental trans-
formations in the institutional and policy environment. Following one of the ideas of
the game theoretical approach of Caleiro, Rocha de Sousa, and Oliveira (first
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chapter, Part 1), Joana Pereira also argues that a climate change catastrophe may be
closer than perceived in the public opinion, focusing on the Amazon forest and
considering the recent deterioration of the Brazilian governance of the forest. That
chapter explored the challenge of sustainable development in the forest, addressing
the issues that have marked the federal politics and policies towards the region from
2005 to 2017. The future of this crucial biome is highly dependent on the develop-
ment paradigm followed by Brazil as well as on the performance of Brazilian
diplomacy in international environmental arenas.

With respect to the BRICs (Brazil, Russia, India, China, and South Africa), they
claim to have a place in world leadership and indeed have enormous biodiversity
richness, as mentioned by Marco Martins. However, these countries continue to
present some of the greatest challenges to environmental issues. The struggle for
growth and the guarantee of their status quo in the international system has
compromised much of their own natural resources, with inevitable consequences
for climate change. However, BRICS countries’ environment ministers have
reaffirmed their commitment to the implementation of the Paris climate deal despite
the withdrawal of the USA from the accord.

There will probably be rearrangements in theoretical models of both international
relations and economic theory. Classic theories, at least in isolation, appear inade-
quate to capture the current challenges posed by climate change to global develop-
ment, which will certainly be greater in the future due to the challenges discussed in
the various chapters of this book. Thus, the moment we are living through is a time
of profound uncertainty about future political and economic choices among the
many governance networks. Probably in the near future, it will certainly be com-
promise, policy, and right options at the legal level that will determine our ability to
reduce or at least mitigate the effects of climate change, and not compromise global
development, as Fig. 2 reveals.

From the point of view of international relations, the first part revealed that many
of the idiosyncrasies of climate change mitigation in many countries are related to
the multiple weaknesses in political institutions and the difficulty in consolidating
the rule of law and thus the adoption of legislative measures necessary for the
protection of the environment. The USA, which also seemed committed to environ-
mental issues and climate change mitigation globally, suffered a change in the
conduct of its foreign environmental policy with the election of Donald Trump.

Global governance has altered institutional architecture and the systemic and
institutional conditions under which power is exercised, as well as the characteristics
of the political system, the form of government, and the system of intermediation of
interests. However, although it has surpassed the state’s dimension of power, it
created new interstate dimensions and new relations between powers (Vaz and Reis
2017, p. 13). The decentralization of governance to the supranational and
subnational level has made it possible for multiple actors (e.g. civil society, NGO,
cities) to assume a central role not only in governance but also in the management
and sharing of responsibilities in resolving states’ problems from an endogenous and
exogenous point of view.
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Keohane and Nye (1974, p. 41) used the term “transgovernmental” for the first
time to describe interactions among “sub-units of governments” in response to the
“greater complexity” of governance. Currently, threats to the international system
and, particularly, to states are diffuse and interdependent. Indeed, the most recent
World Economic Forum (2017) named environmental risks (natural disasters, bio-
diversity loss and ecosystem collapse, extreme weather events, failure of climate
change mitigation and adaption, man-made environmental disasters) as a main threat
to states’ security. These broader and more diversified threats confront and go
beyond the powers of the Westphalian state. They require global responses, given
the globalized characteristics of threats and risks; and they require an investigation
that considers the responses from “inside” states, within a subnational sphere, as we
see in Fig. 3.

Part 3 continues the analysis of climate change issues related to climate change
but from a more microeconomic perspective. There are three chapters focusing on
micro-issues. Together they present a more optimistic view on climate change from a
local or micro perspective. These show examples of how micro experiences and
lessons, if they could be generalized, could help to avoid some of the climate change
catastrophe highlighted above. For example, Cristina Porral analyses a set of mar-
keting experiences that are both the response and the cause of changing attitudes of
consumers towards more environment-friendly behaviours and choices. Bruno
Pereira, Radu Godina, João Matias, and Susana Azevedo compare the environmental
performance of diesel and hybrid automobile engines and conclude for a better
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Norms/ Law
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performance of the latter. Also, they identify that taking account of the production
stages, both engines have highly detrimental environmental effects in the use phase.
This highlights again the importance of consumers’ choices towards more
environment-friendly vehicles. This chapter also highlights that a technological
change that incorporates more electric power potential within hybrid vehicles
would have important climate change mitigation effects. In addition to the automo-
bile industry (one of the greatest contributors to climate change), tourism as a
growing industry is highlighted by Luiz Pinto Machado and António Almeida.
This is important because climate change can be a trigger of changes in tourist
demand. As an important consequence of this dependence of the tourism demand
due to climate change-driven events, tourism can also be a sector that contributes to
climate change mitigation, if good governance policies are implemented. For exam-
ple, tourist tax revenues may be directed to climate change mitigation measures.

2 Topics for Further Discussion and Research

This book has sought to bring together a number of interdisciplinary contributions to
the discussion of climate change and global development, but does not close the
discussion. In fact, there are a number of issues that need to be monitored in the
coming years, including:

• The response of different agents (consumers, families, and the states) to climate
change, accounting for economic incentives, political arrangements, and inter-
governmental frameworks
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• The post-Paris Agreement and the assessment of its effects on the mitigation of
the effects of climate change, taking into account the heterogeneous climate
change effects that have been identified for high-income and low-income
countries

• Necessity of continuing interdisciplinary social, economic, and environmental
research on monitoring climate change and the danger of a climate change
catastrophe, looking closely at both global and local effects

• Necessity of communicating and influencing public opinion and thus preferences
of agents concerning the scientific results on climate change

Many positive trends seem unstoppable particularly at the level of the interna-
tional “green agenda”. In effect, the foreign policy of the main state actors has
welcomed the environment and mitigation to climate change as an undeniable
resource of soft power. It also seems consensual that most states remain committed
to environmental advocacy and sustainable development initiated at the Rio Con-
ference in 1992. Still, the editors of this book consider it to be of crucial importance
that we continue to follow the international agenda of all international actors (state
and non-state actors) and the evaluation of the results of the Paris Agreement.

As stated byWyligała (2012, pp. 2–3), “Environmental foreign policy shows how
environmental changes, as climate change influence foreign policy processes and
how actors and institutions—both domestic and international—recognize national
activity towards global problems at local, regional and international level. Green
diplomacy is associated more with negotiation-based approach and focused on
international struggle within the frameworks of environmental regimes or confer-
ences”. In fact, greening of foreign policy emphasizes integrative approach in which
domestic agencies incorporate environmental concerns into different aspects of
policy, such as investments, development cooperation, defence, and diplomacy.
Using “greener missions” improves economic prospects of development.
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