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ABSTRACT

This thesis explores a number of key economic impacts associated with climate
change in Ireland. It begins by examining the idea of climate change as a so called
“wicked problem”, and in turn investigates uncertainty, the importance of ethics in
economic valuation, and the complexities associated with creating economic
assessments, formulating policy and carrying out appropriate action. Drawing on
sustainability science the terms resilience, vulnerability and adaptive capacity are also

discussed, defined and engaged with.

Key results, associated with both potential climate impact and adaptation costs,
are presented from global and regional integrated assessment models and in turn
vulnerable Irish sectors are uncovered. The following bottom-up approach explores key
vulnerabilities in Ireland in the areas of coastal exposure, wetland vulnerability and
inland flooding. Digital Terrain Modelling is used in conjunction with a range of
datasets to examine vulnerabilities relating to coastal land, commercial and residential
property addresses, insurance claim costs, as well as wetland and species vulnerability.
It should be noted that the results presented are cognisant of the limitations of monetary
evaluation alone as a measure of potential climate impacts. The bottom up approach has
the added advantage of providing geographically distributed impacts in discrete sectors
as apposed to the often highly aggregated regional Integrated Assessment Modelling

approach.

Finally, the implications of these results for decision-making in relation to

adaptation planning are discussed, along with avenues for potential future work.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW OF CLIMATE CHANGE

1.1.1 Observations and projections

Global climate change engendered by past and present human activities poses a
severe threat to human welfare, biodiversity and ecosystem integrity, and possibly to
life itself (IPCC, 2007a). The 2007 Fourth Assessment Report of the Intergovernmental
Panel on Climate Change states unequivocally that anthropogenic climate change is a
tangible and severe threat to life on this planet. The impacts including: long term
changes in precipitation, high-tide levels, ocean salinity and acidity, wind patterns and
extreme weather events, as well as droughts, heavy precipitation, heat waves and an
increased intensity of tropical cyclones, confront humanity with enormous practical

challenges (IPCC, 2007b).

In the second half of the twentieth century the climate system was recognised as
involving five major subsystems: the atmosphere, the oceans, global snow and ice
cover, and the earth’s land surface with its vegetation cover (the lithosphere and
biosphere). The atmosphere and the oceans are the two most critical elements in driving
this complex system (Barry and Chorley, 2010). The atmosphere is a highly dynamic
climate component through which all the solar energy that enters the climate system
first passes. The earth’s oceans function as a regulator to the more rapid atmospheric

changes through their ability to store and transport large volumes of energy.

The atmosphere has a significant impact on the earth’s surface temperature,

although it is only 1% of the earth’s radius in diameter. Without it the average surface
g y g



temperature would be in the region of -18°C instead of 14°C, and terrestrial life as we
know it would not exist. By the start of the 21% century climate scientists were
beginning to amass significant evidence of the human impact in increasing global
concentrations of greenhouse gases in the atmosphere. Since the industrial revolution,
increasing concentrations of greenhouse gases, primarily carbon dioxide, have been
observed. Carbon dioxide is one of the main by-products of fossil fuel use. Human
exploitation of fossil fuels increased extensively since the beginning of the industrial
revolution in the mid to late 18" century. Coal, oil and natural gas fossil fuels are
formed through the anaerobic decomposition of buried dead organisms over millions of
years. The fuels when burned release high levels of carbon and hydrocarbon, which

when combined with oxygen produce carbon dioxide.

Pre-industrial levels of carbon dioxide are in the range of 280ppm (parts per
million) in the earth’s atmosphere. In fact, carbon dioxide levels have only naturally
fluctuated between 180 to 280ppm over a 420,000 year period up to the middle of the
18" century. These findings were uncovered through analysis carried out on an ice core
(over 3,600 metres in length) which was drilled in VVostok in the Antarctica (Petit et al.,
1999). Current concentrations (as of August 2012) of carbon dioxide in the atmosphere
are in the region of 392ppm (Tans and Keeling, 2012). Observations from the Mauna
Loa observatory in Hawaii display this increase over a fifty year period (Figure 1.1).
The station has continuously monitored atmospheric carbon dioxide since 1958, and
therefore provides an important record of changes in observed carbon dioxide
concentrations in the atmosphere. The station is also unique because of its remote
location. Due to its altitude, the air around the station is quite undisturbed and, because
the station is remote, the observations are less influenced by human activity in the
immediate vicinity, i.e. there is minimal contamination of the data due to “noise”

(Keeling et al., 1976).
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Figure 1.1: Mauna Loa carbon dioxide record indicating increases in atmospheric carbon
dioxide in parts per million since 1958 (Source: Tans and Keeling, 2012).
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Figure 1.2: Observed changes in (a) global average surface temperature; (b) global average sea
level from tide gauge (blue) and satellite (red) data; and (c) Northern Hemisphere snow cover
for March-April. All differences are relative to corresponding averages for the period 1961-
1990. Smoothed curves represent decadal averaged values while circles show yearly values
(Source: IPCC, 2007).

The IPCC Fourth Assessment Report states with 90% confidence that human
activities since 1750 have exerted a net warming effect on the climate by increasing
atmospheric concentrations of greenhouse gases. The report also indicates that the
average global temperature has increased by 0.74°C in the last one hundred years along
with an increase in SLR of approximately 0.2m (Figure 1.2). In Europe temperatures
have increased by 1.4°C compared with pre-industrial levels, with the last decade the
warmest in one hundred and fifty years (IPCC, 2007a). Of the six Special Report on
Emissions Scenarios (SRES) the A1F1 scenario of a fossil-fuel dependent, highly
industrialized world is the most likely. This is also the scenario with the greatest

projected global warming of between 2 and 6°C (Figure 1.3).
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Figure 1.3: Multi-model averages and assessed ranges for surface warming. Solid lines are
multi-model global averages of surface warming (relative to 1980-1999) for the scenarios A2,
Al1B and B1, shown as continuations of the 20th century simulations. Shading denotes the +1
standard deviation range of individual model annual averages. The orange line is for the
experiment where concentrations were held constant at year 2000 values. The grey bars at right
indicate the best estimate (solid line within each bar) and the likely range assessed for the six
SRES marker scenarios (Source IPCC, 2007).

1.1.2 Impacts

Present and potential future climate change impacts are extensive and severe.
Impacts relate to freshwater resources and their management, ecosystems, food
production systems, coastal systems and low-lying areas, and health (Figure 1.4). In the
course of the century more than one sixth of the global population will be at risk as
water supplies, in the form of meltwater stored in glaciers and snow cover, are set to
decline over major mountain ranges. Annual river run-off is projected to increase by 10
to 40% at higher latitudes and in some of the Earth’s wet tropical areas, and to decrease
by 10 to 30% over some dry regions in the mid-latitudes and in the dry tropics (IPCC,

2007b). It is likely that existing drought effected regions (such as in sub-Saharan




Africa) will increase in extent and that heavy precipitation events, with a high likelihood

of increasing frequency, will amplify flood risk (IPCC, 2007b).

Key impacts as a function of increasing global average temperature change

(Impacts will vary by extent of adaptation, rate of temperature change, and socio-economic pathway)
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Figure 1.4: Key impacts as a function of increasing global average temperature change (Source:
IPCC, 2007).

Approximately 20 to 30% of plant and animal species examined in the report are
likely to face an increased risk of extinction if global average temperature increases
exceed 1.5 to 2.5°C (IPCC, 2007b). If global average temperatures do increase to this

extent or beyond, then major changes in ecosystem structure and function are projected



with predominantly negative consequences for biodiversity and ecosystem goods and
services (IPCC, 2007b). The net carbon uptake by terrestrial ecosystems is also likely
to weaken, or even reverse, by mid-century. Global food production is set to increase
with increases of local average temperature in the range of 1 to 3°C, but is projected to
decrease above this range. Increases in the frequency of flooding events, as well as
droughts, are projected to affect local crop production (especially in subsistence sectors

at low latitudes) negatively.

Coasts are projected to be exposed to increasing risks such as coastal erosion
due to climate change and sea-level rise. Coastal wetlands including salt marshes and
mangroves are projected to be negatively impacted. Millions of additional people are
expected to be flooded every year due to sea-level rise by mid to late century. Those
living in densely populated and low-lying areas with low adaptive capacity, where
tropical storms and local coastal subsistence are already prominent, are especially at risk
(IPCC, 2007Db). Studies in temperate zones have shown that climate change is projected
to bring some health benefits such as fewer deaths from cold exposure. Changes in the
range and transmissions of malaria in Africa may also bring a mixture of positive and
negative impacts (IPCC, 2007b). However, the overall health impacts due to climate
change are negative. Significant increases in malnutrition levels, diarrhoea, cardio-
respiratory diseases, as well as increased death, disease and injury due to heatwaves,

floods, storms and droughts are all projected (IPCC, 2007Db).

In order to account for, mitigate against, and help adapt to present and future
potential climate change impacts, decision makers require a range of tools to assist them
in understanding and quantifying climate change impacts and developing appropriate
policy responses. Economic valuation and its methodologies of quantifying climate

change impacts can provide such a tool.



1.2 CLIMATE CHANGE AND ECONOMICS: FOUNDATIONS
Traditional neo-classical economic approaches neglect to account for the market
failure that is environmental pollution. The field of environmental economics was

established to address these types of market failures or externalities.

Price MSC
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Figure 1.5: Environmental externalities of a coal power plant (Source: Tietenberg and Lewis,
2007).

Figure 1.5 displays how environmental externalities come into being. The graph
displays two cost functions and their interaction with a demand function. In the case of
a market failure only the marginal private cost (MPC) of a coal powered plant
producing electricity is considered. The costs considered here reflect the costs of
producing the electricity but do not consider the environmental costs related to the
pollution created by the plant. When considering the marginal private costs alone the
graph produces a certain price and quantity (P1 and Q1) for producing electricity as
determined by the demand function. However, if one is also to account for the costs to
society as a whole then the marginal social cost curve (MSC) is considered. This curve
includes the total costs of producing electricity and hence includes the costs of
pollution. When this function is employed one can see that a higher price (P*) is
determined to produce a lower quantity (Q*) of electricity. This revised price and

quantity take the additional cost of pollution into account. The gap between MPC and



MSC represents this negative externality or market failure and the black triangular

wedge represents the cost of such an externality.

The field of environmental economics aims to internalise market externalities
such as this by considering social and environmental costs relating to economic
activities. Of course, determining the marginal social cost of a particular activity is not
as straight forward as it might first appear. There are two requirements for decision-
making when it comes to quantifying environmental damages. The first is a
fundamental philosophical position and the second is the need to know the extent to
which people are willing-to-pay to prevent damages or the willingness-to-accept
compensation for damages suffered (Spash, 1997). The philosophical position assumed
by environmental economists is that the net utility from the consequences of an action
determines whether the action is right or wrong. Cost-benefit analysis and its tools, such
as the contingent valuation method, assume that individuals are able and willing to
consider trade-offs in relation to public goods, i.e. that individuals follow a utilitarian
philosophy (Spash, 1997). The contingent valuation method involves directly asking
people, in a survey, how much they would be willing to pay for specific environmental
services. It is called “contingent” valuation, because people are asked to state their
willingness to pay, contingent on a specific hypothetical scenario and description of the
environmental service. This utilitarian standpoint is the approach from which the
majority of socioeconomic impacts associated with climate change are approached in
the literature.

The majority of economic assessments exploring climate change impacts are
carried out on a global or regional scale, and use integrated assessment models (IAMs)
to undertake their analysis. IAMs combine socioeconomic models with climate system
models to estimate potential climate change impacts on human activities and

ecosystems. They normally run under a range of greenhouse gas emission scenarios



(Parson and Fischer-Vanden, 1997). The majority of IAMs present their model output in
terms of potential GDP impact costs and take a top-down approach in their assessment.
Bottom-up assessments model economic impacts relating to climate change
vulnerabilities in individual sectors, and tend to be of particular value at the national or
sub-national level (Ciscar et al., 2011). Sectors focused on in these analyses normally
include coastal systems, human health, agriculture, tourism, biodiversity and inland
flooding. Under bottom-up assessments impacts are often accounted for in monetary

and physical terms (Ciscar et al., 2011).

1.3 GENERAL AIMS OF THESIS

The primary aim of the thesis is to quantify the economic costs of climate
change in Ireland in a number of vulnerable sectors. The thesis will also aim to explore
the notions of ethics, equity, vulnerability, resilience and sustainability with reference to
the economic valuations of climate impacts. The thesis will present a number of
significant issues relating to the economic impacts of climate change in Ireland. Case
studies are presented on three specific areas; potential sea-level rise (SLR) related
impacts, biodiversity impacts along the Irish coast, and inland flooding impacts for
selected river catchments. When exploring these sectors a GIS modelling approach was
used so that vulnerabilities could be linked with specific locations rather than
aggregated to a national level. The strength of this methodology is that decision-makers
can begin to prioritise locations where climate vulnerabilities are likely to be more
acute, and hence formulate more useful adaption strategies. The work will aim to
complement traditional monetary valuations with non-monetary indicators relating to
vulnerable properties, land and biodiversity. The outputs of the modelling aim to inform

policy dialogues and provide an economic argument for putting climate adaptation
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measures in place in Ireland. In addition, the outputs are intended to specify locations
and sectors where adaptation actions should be prioritised.

1.4 STRUCTURE OF THESIS

The thesis consists of 9 interrelated chapters (Figure 1.6). Chapters 1 and 2
provide an introduction and general literature review. Chapters 4 to 8 consists of three
coupled thematic areas focusing on economics impacts associated with coastal
vulnerability, economic costs relating to wetland vulnerability, and economic costs
associated with inland flooding respectively. Chapter 9 offers conclusions and

recommendations relating to the entire thesis.

Chp1: INTRODUCTION

Chp2: CLIMATE CHANGE IMPACTS AND VALUATION: A REVIEW

Chp3:EXISTING STUDIES ON Chp5: STATE OF CURRENT Chp7: UNDERSTANDING
ECONOMIC IMPACTS THINKING ON ECOSYSTEM PHYSICAL AND ECONOMIC
ASSOCIATED WITH COASTAL SERVICES: WETLANDS IMPACTS OF INLAND
VULNERABILITY FLOODING IN EUROPE AND
IRELAND

Chp4: MEASURING ECONOMIC Chp6: ECONOMIC COSTS Chp8: EVALUATING
IMPACTS ASSOCIATED WITH RELATING TO WETLAND ECONOMIC COSTS OF
COASTAL VULNERABILITY IN VULNERABILITY IN INLAND FLOODING

IRELAND IRELAND IN IRELAND

Chp9: FINAL CONCLUSIONS

Figure 1.6: Map of thesis structure.

An overview of each chapter is provided below:

Chapter 1: Introduction gives an overview of the science of climate change
and potential physical impacts, as well as discussing the foundations of climate change
economics. The general aims of the thesis are also presented.

Chapter 2: Climate change impacts and valuation: A review outlines the

climate change challenge by exploring complexities and methodologies associated with
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valuing the environment. It presents an overview of global and European economic
Impact and adaptation costs associated with climate change. It also analyses the role of
adaptation together with the concepts of sustainable development, vulnerability and
resilience to provide an appropriate approach to policy actions.

Chapter 3: Existing studies on economic impacts associated with coastal
vulnerability highlights physical and socioeconomic impacts linked with climate
related coastal vulnerabilities in a global and Irish context. This chapter’s function is to
frame the analysis carried out in Chapter 4.

Chapter 4: Measuring economic impacts associated with coastal
vulnerability in Ireland uses digital terrain models to explore the potential economic
impacts of sea-level rise and storm surges on the Irish coast. Six sea-level rise scenarios
ranging from 0.5m to 6m are explored to determine potential impacts on coastal land
and properties. The concept of the Coastal Vulnerability Index (CVI) as a decision-
making tool is also evaluated.

Chapter 5: State of current thinking on ecosystem services: Wetlands
discusses ecosystem services valuations, maps global, European and Irish wetlands and
explores wetland services, valuation methodologies and vulnerabilities. In relation to
Irish wetlands a special focus is placed on salt marshes, coastal lagoons, dunes and
machairs. The work presented here is intended to provide context to the modelling work
carried out in Chapter 6.

Chapter 6: Economic costs relating to wetland vulnerability in Ireland
examines potential impacts of SLR on Irish wetlands. Digital terrain modelling is used
to explore three SLR scenarios ranging from 0.5m to 2m. CORINE land cover data
provides an indication of potential wetland loss in each of the three Irish wetland

subgroups. In addition, IJUCN Red List species lists along with the Irish National
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Biodiversity Data Centre’s species mapping tool were used to map out vulnerable
species present in the two case study sites of Wexford and Dublin.

Chapter 7: Understanding physical and economic impacts of inland
flooding in Europe and Ireland explores the physical processes of flooding and its
link with climate change in Europe and Ireland. Irish rivers are specifically examined in
relation to the economic impact of historical Irish flood events. Irish flood policies and
management schemes are also investigated. This chapter provides context to the
modelling work carried out in the following chapter.

Chapter 8: Evaluating economic costs of inland flooding in Ireland presents
the results of vulnerability studies in four Irish river catchments. The modelling
employs a hydrologically adjusted digital terrain model and explores three flood level
scenarios ranging from 1m to 3m. Point data for commercial and residential addresses is
used to determine potentially exposed properties. In addition, historical flood records,
collated by the Office of Public Works, are displayed for the four case study
catchments. Inland flooding costs in Ireland up to mid-century are also projected.

Chapter 9: Conclusions summarises the key findings of the thesis and

highlights potential areas of future study.
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CHAPTER 2
CLIMATE CHANGE IMPACTS AND
VALUATION: A REVIEW

2.1 INTRODUCTION

Climate change is conceptually framed as a so called “wicked problem”. Urban
planners coined the phrase through their observations that many social planning
problems could not be successfully treated with traditional linear and analytical
approaches (Rittel and Weber, 1973). They classified these “wicked problems” as being
difficult to clearly define, lacking in stability, and having no clear solution. Possible
solutions involved a change in societal behaviour. Responsibility for such problems also
does not sit within one particular organisation (Rittel and Webber, 1973). Climate
change is difficult to define as the nature and extent of the problem differs, depending
on which stakeholder group is involved, due to multiple perspectives on the issue
(Hulme, 2011). Thinking on climate change is in flux, as the evidence relating to its
understanding is evolving at the same time as policy makers are trying to address it
(Australian Government, 2007). As there is no clear definition of the climate change
problem it is difficult to define a clear solution. Hence, it is more appropriate to think of
climate change as a problem that has to be managed rather than solved. In addition, due
to the social and technical complexity of climate change, any efforts at managing the
problem will involve not only engaging with stakeholders from across society
(including private business, individuals, government departments and non-governmental
organisations) but also from across levels from international to local. It is difficult to
separate “wicked problems” from notions of equity, values, ethics and social justice

(Ludwig, 2001). Therefore, ultimately, climate change management will involve
14



significant challenges to, as well as changes in, human behaviour across societies at
every level.

The following chapter outlines the climate change challenge by exploring
complexities and methodologies associated with valuing the environment. It presents an
overview of global and European economic impact and adaptation costs associated with
climate change. It also analyses the role of adaptation together with the concepts of
sustainable development, vulnerability and resilience to provide an appropriate

approach to policy actions.

2.2 VALUING THE ENVIRONMENT

2.2.1 Ethics, justice and economic paradigms

In general terms, ethics is understood as knowledge of the fundamental values of
human existence. Values are general attributions on the importance of objects (material
or ideal, physical or spiritual) according to certain criteria. There are different kinds of
values that can be broadly broken down into instrumental and intrinsic in nature.
Instrumental values are important for their usefulness in gaining other values, whereas
intrinsic values refer to objects that hold value in and of themselves. As such,
instrumental value can never be a quality of the object itself but rather a judgement
upon the object which remains inherent in the subject (Simmel, 1990). Ethical values
form the basis of decision-making and action in accordance with an idea accepted in a
given moral system. They are expressed in the notions of good and evil, right and
wrong, just and unjust, what deserves respect or not. Ethical values are prescriptive;
they articulate an imperative or must that cannot be escaped by anyone who subscribes

to them (Comest, 2010).

Justice, as distinct from ethics, is concerned with what is legally right and wrong

and can take several forms in the discourse of climate change. It can be distributive,
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compensatory or procedural. Distributive justice discusses what is unfair and unjust in
the distribution of negative (or positive) effects of climate change. Compensatory
justice sets out how to determine historical and current responsibility. Procedural justice
explores who should participate in which processes of decision making about measures
to prevent, mitigate or adapt to climate change (Comest, 2010). Climate justice plays a
critical role in the entire climate change debate at a political environmental level. The
principle of common but differentiated responsibilities forms the current cornerstone of
the climate justice debate at the UNFCCC level (Paavola and Adger, 2002). Its
application is of fundamental importance in determining both a fair way to decide which
agents pay the financial burden of preventing or adapting to future climate change, and
deciding who takes the lead in climate mitigation and adaptation activities (Page, 2008).
Through exploring the various forms of climate justice, one can begin to understand the
complexity of equitable burden sharing across countries and generations. It is argued
that only by critically reviewing the rival approaches to burden sharing of “contribution
to the problem”, “ability to pay” and “beneficiary pays” that a satisfactory blend of

theoretical coherence and practical application can be achieved (Page, 2008).

The philosophical position assumed by environmental economists is that the net
utility from the consequences of an action determines whether the action is right or
wrong. Cost-benefit analysis and its tools, such as the contingent valuation method,
assume that individuals are willing and able to consider trade-offs in relation to public
goods, i.e. that individuals follow a utilitarian philosophy (Spash, 1997). It assumes that
a monetary value can be ascribed to public as well as private goods. This tendency
towards the single metric of monetary valuation and the reluctance of the mainstream to
consider other numéraires finds its roots in the epistemology of the Enlightenment or
Age of Reason. Enlightenment thinking originates in 17" and 18" century European

thinkers such as Voltaire, Rousseau, Kant and Hegel, with the foundations built upon
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the theories of Descartes (Van Asselt and Rotmans, 2002). Systematic investigation
employing mathematical and quantitative methods was considered to lead to certain
knowledge about reality. This Enlightenment thinking grew into what is generally
referred to as positivism; a paradigm that defines science as the search for and
prediction of empirical regularities that can be made universal. In strict positivist
epistemology uncertainty is considered as something unscientific (Van Asselt and

Rotmans, 2002).

It is important to note from the outset that monetary elements of the cost of
climate change can only provide an incomplete picture of the damages that climate
change may cause. It is even likely that aggregating all costs and expressing them in
monetary terms could obscure rather than enlighten the decision making process (Azar
and Schneider, 2003). Monetary price must be seen as a measure of one aspect of value
reflecting one particular sort of interest expressed mainly through traditional

commercial markets (Funtowicz and Ravetz, 1994).

The question of substitutability is one that burns at the very core of the debate on
economic valuation, ethics and climate change. The implicit utilitarian viewpoint of
environmental economics, and in particular cost-benefit analysis, precludes the
preservationist perspective which focuses on non-human intrinsic values associated with
environmental systems (Spash, 1997). Most environmental policy is couched in terms of
calculating the usefulness to humans of preserving specific environmental goods and
services provided by environmental systems. This contrasts with the foundations of
ecological economics (see Figure 2.1). Ecological economics is holistic in its approach
and much less anthropocentric than environmental economics. It also tends towards
rights-based thinking. Figure 2.2 displays the fundamental differences between
ecological economics and traditional neo-classical economics approaches, in terms of

their view of the environment, economy and humanity. Neo-classical economics tends
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to view the environment and humanity as embedded within the economy. Ecological
economics takes a more holistic approach and considers the economy as a part of

humanity living within its environment. Making decisions on a utilitarian basis is

considered the most sensible approach by the majority of economists (Spash, 1997).

Figure 2.1: Foundations of Ecological Economics and Environmental Economics.

Ecological Environmental
Economics Economics
Systems Thinking (Broadly) Market Focus

Non-Anthropocentric Anthropocentric
(Tends to) Rights Based (Tends to) Utilitarian

Figure 2.2: The positions of Neoclassical Economics and Ecological Economics in relation to
environment, humanity and economy.

However this approach is rejected by those who hold a principles-based or rights-based
deontological® approach to life. In the case of deontology, decisions are made on the

basis of whether the act itself is right or wrong regardless of the consequences, e.g. thou
shall not kill. This contrasts with teleology which is the branch of knowledge dealing
with ends or purposes (telos meaning end). Teleology, when considered in modern
economic thought normally takes a narrow anthropocentric utilitarian position (Spash,
1997). The fundamental flaw of taking this viewpoint is that it is humanity that is

dependent on the environmental systems provided by our planet and not vice versa. The

! Etymological origins of deontology lie with the ancient Greeks. Dei holds the meaning “it is binding” or
“it behoves” and ontology is the study of being.
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asymmetric nature of this relationship is not captured within existing climate policy.
Climate policy often looks at “comparable” risks of natural and economic instability
even though these risks are not comparable at all (Van den Bergh, 2004: 390). Even
with a moderately varying global climate and tough climate policies in place, the
resulting economic impacts cannot be predicted exactly but can be guided or controlled
within certain boundaries. However, economic impacts cannot be estimated or
controlled under more extreme changes in the global environment that may include
erratic irreversible and discontinuous changes in environmental variables (Van den

Bergh, 2004).

2.2.2 Post-normal approaches

In the effort to capture climate change impacts, how can one go about including
what cannot be counted easily in GDP terms in a practical manner? One possible
method is that of Post-Normal Science (PNS). This approach focuses on problem
solving in a different fashion to more traditional scientific practice. It attempts to
capture the neglected aspects of uncertainty, value loading, and the plurality of

legitimate responses (Funtowicz & Ravetz, 2003).

high

Decision Stakes

low ' high
Systems Uncertainty

Figure 2.3: Decision stakes, systems uncertainty and Post-Normal Science.

19



Figure 2.3 above outlines the PNS approach relative to more traditional problem-solving
strategies. Systems uncertainty is on the x axis and decision stakes are on the y axis. The
expertise of applied science is fully effective when both system uncertainty and decision stakes
are low. When both are of a medium level then the application of routine techniques is not
enough; skill, judgment, and often courage are required (Funtowicz & Ravetz, 2003). This
demands professional consultancy where the creative element can be thought of as an exercise
in design rather than the discovery of facts. When both risk and uncertainty are very high then
one leaves the realm of traditional expertise and traditional problem solving methodologies.
Another way to conceptualise this is to explore the idea of confidence intervals in applied
science. In statistics Type | and Type Il errors correspond to errors relating to the excess of
sensitivity and an excess of selectivity respectively. These statistical tests are useful when
examining a well defined applied science problem where the conditions of relatively low
decision stakes and uncertainty hold. However, statistical theory tends to undervalue what is
known as Type Il (or Type 0) error that examines if the modelling effort itself is fit for purpose,
i.e., does the exercise sufficiently capture reality. Modelling exercises are especially vulnerable
to this type of error, as the shortcomings between a manageable model and available data on the

one hand, and the real policy circumstances, often cannot be reconciled (Funtowicz & Ravetz,

2003).

It is argued that the approach employed by normal science to manage complex
social and biophysical systems as if they were simple scientific exercises has created
our present situation — as referred to by Funtowicz & Ravetz — as the “fusion of
intellectual triumph and socio-ecological peril”. In the arena of climate change often
difficult policy decisions need to be made where scientific inputs are uncertain. When
shaping research conclusions or policy recommendations, the need for the hard or
concrete science that is necessary to arrive at rational policy decisions may effectively
conceal “value-loadings” (Funtowicz & Ravetz, 2003: 2). With increased complexity

and plurality one can see that the quest for “truth” as the goal of science is problematic.
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The PNS approach would argue that quality is of greater importance than “truth”. The
post-normal method argues against the use of one single valuation when appraising
policy options. It argues that value is never a “quality” of the object(s), but a judgement
upon them which remains inherent in the subject. This fundamental conceptualisation of
value is explored in Simmel’s writings on the philosophy of money (Simmel, 1990). He
clarifies the difference between value as a real psychological occurrence that can be
considered a part of the natural world and our human conceptualisation of value as a
quality that is independent of this world. This conceptual notion of value is synonymous
with instrumental valuation, and is understood by Simmel as the world viewed from a

particular viewpoint.

Furthermore, it is argued that one must question whose special interests are
served when only one value or numéraire is presented. For this reason, other metrics or
numéraires are needed when assessing the impacts of climate change. Five potential
numeéraires include 1) market impacts, 2) human lives lost, 3) biodiversity loss, 4)
income distributional impacts and 5) quality of life impacts that might include loss of

heritage sites, forced migration and health impacts (Azar & Schneider, 2003).

PNS and ecological economics are not currently within the mainstream policy
discourse on climate change. Rhetorical approaches (after Aristotle) are important in
allowing a range of ethical viewpoints and valuation methodologies to have a greater

voice.

2.2.3 Rhetoric and politics

The word rhetoric has two definitions; the first Platonic and the other
Aristotelian. The first defined as mere flattery and cosmetics (made popular in the 19"

century when sincerity was elevated to the chief virtue); with the other all “the available
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means of [uncoerced] persuasion” as Aristotle phrased it, or as the whole art of

argument and the study of debates (McCloskey, 1994, xiii ).

The broader definition of rhetoric is interesting in the context of economic
argument and persuasion. One must always be cognisant of the rhetoric employed by
economists, especially when it claims to be constructed from cold, clear “facts”. For
example, one must always ask whose special interests are served when only one
numéraire is presented. Realising that the current mainstream approach in exploring
climate change and economics is that of environmental economics, one must try to
understand what is not being discussed, considered and explored, and why this might be
the case. Economics’ particular alignment within social science is cause for much of its
singular focus on the mathematically quantifiable and especially monetary
quantification. It is argued that positivism commands intellectual narrowness. It can be
accused of narrowing the grounds on which scholars can converse down to the
observable, to the numerical, to the non-tacit (McCloskey, 1994). This can be very
dangerous in practice, especially when exploring something such as the potential far-
reaching economic impacts resulting from climate change. The dangers resulting from
mathematically complex quantifications of economic impacts resulting from potential
climate change scenarios is their perceived presentation as an objective truth. A tonic to
the quest for clear fact and objective truth in the science of economics must be the
realisation that truth seeking is a hopeless epistemic project. On the other hand, trying to
live a life of virtue within the framework of a rule is a possible moral ambition (Harré,
1983). In practice the scientific conversation is a complex rhetorical matter, a practice,
not a theory. Rhetoric flourishes where disagreement flourishes, which is why rhetoric
had a special connection with free and open societies. Barriers to inclusive discussion
and open rhetorical discussion include the varying interests of actors, implicit ethical

practice and market influence. Possible forums for discussion include the government,
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the business community, the media and popular discourse and non-governmental

organisations and academics (Figure 2.3).

NGOs &

Academic

Media &
Popular
Discourse

Figure 2.4: Global forums.

The practice of rhetoric blends into that of politics, and the politics of climate
change specifically is a sphere of political engagement that has been discussed at length
in the literature (Dessler, 2012; Hulme, 2011; Patterson, 1996). Climate change politics
has developed in tandem with the development of climate science and a number of other
global environmental issues. Ozone layer depletion along with the acid rain
phenomenon were two issues that received significant political interest though the
1970s and 1980s (Dessler, 2012). At the time, those opposed to actions to prevent both
impacts took up a similar strategy to the tobacco industry’s efforts in protecting its
business interests; they cast doubts on the science. This divergence between the public
policy and scientific arenas is one reason why there is significant disagreement over
climate science in the public policy sphere, even though there is a general consensus
among the climate science community (Dessler, 2012). Hence it is clear that free and
open debate is critical if a balanced climate change narrative is to be relayed to
decision-makers in the public sphere. The framing of the climate change narrative is

discussed at length in Hulme’s work. The way climate change is viewed plays an
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important role in how it is engaged with politically, and in turn how it is governed
(Hulme, 2011). In accordance with its definition as a “wicked problem” it can be
viewed through a wide range of perspectives including security, economics, social

justice and environment.

Ethical approaches or ideologies are critical in further framing the issue. The
approach of market environmentalism, or neoclassical environmental economics, raises
a set of particular criticisms categorised under the term ‘carbon colonialism’ (Hulme,
2011). The criticism is that market environmentalism seeks to achieve “economically
efficient” solutions to climate change impacts through mitigation and adaptation efforts
that pay little or no regard to geography and, it can be argued; often pay little attention
to temporal issues. As a consequence issues of justice, equity and ethics are often

neglected.

It is interesting to try and place this market environmentalism within the current
global systems that govern climate change mitigation and adaptation efforts. The role of
traditional state sovereignty and the international community in relation to climate
change governance have been explored at length in the literature. It is worth expanding
on some of these theoretical constructs in the context of this preceding discussion on
rhetoric. The traditional neorealist theory stresses the difficulties in achieving
international cooperation. It also emphasises the unity and dominance of state actors
(Patterson, 1996). In contrast to this construct Hass (1989; 1990) and others see the
notion of “epistemic communities” as a much more useful approach that is also

grounded in present day political interactions. An epistemic community is defined as:

“a network of individuals or groups with an authoritative claim to policy relevant
knowledge within their domain of expertise ... They adhere to the following: (1) shared

consummatory values and principled beliefs; (2) shared causal beliefs or professional
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judgement; (3) common notions of validity based on intersubjective internally defined

criteria for validating knowledge; and (4) a common policy project.”

(Adler, 1992: 101n1)

It is thought that the knowledge that they generate and have control over gains political
importance when the consensus among this epistemic community is sufficient enough to
be convincing to the external political community (Patterson, 1996). However, the clear
distinction between the epistemic community and the political community simplifies the
reality of the system somewhat. As Haas states; “epistemic agreement [is] possible only
in those areas removed from the political whirl” (Haas, 1992: 5). In practice all agents
have implicit political ties of some kind and this weakens the epistemic community

construct somewhat.

These political ties often come down to geographical identities associated with
North-South relations. During the 18" and 19™ centuries inequalities in terms of wealth,
education, and health care were much greater within countries than between countries.
However, increasingly from the later 19™ century that relationship has been reversed
(Brown, 1992). The theory of historical materialism explores these inequalities in some
depth (Froebel et al., 1980; Augelli and Murphy, 1988). The differing political
identities of North versus South are critically linked with the notions of climate justice
and ethics (Page, 2008). This is highlighted in the proceedings of current international
climate negotiations with representatives from the North and South arguing over issues
that reflect the structural inequality in the world political economy that clearly question

notions of justice and ethical viewpoint (Hulme, 2011).

The following Section (2.2.4) presents an argument based on the Aristotelian
notion of rhetoric within the sphere of academic debate surrounding the Stern Review

on the costs of climate change. It provides an interesting cross-section of viewpoints
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relating to different economic thinkers and displays a wide range of perspectives and
approaches to economic valuation and climate change. It highlights the importance of
open and frank debate and discussion, as well as the difficulty of formulating

universally accepted valuation methodologies.

2.2.4 Stern and post-Stern

The publication of the Stern Review in October 2006 marked the beginning of
an intense period of global interest and attention in climate change. The review,
published on behalf of the British government by a team of economists lead by Sir
Nicholas Stern, created significant attention across all public forums: the government,
the business sector, academics and NGOs as well as the media and the general public
discourse. This period, before the property-fuelled global financial crash in September
2008 and the ensuing global economic downturn, marked a sustained level of attention
on climate change issues. The Review painted a clear picture of the dangers and costs of
climate change to the world economy. It stated that the scientific evidence is
overwhelming that climate change presents very serious global economic risks. In turn,
it advocated a global response of strong, early action on climate change in order to
outweigh future potential costs (Stern, 2006). The academic critique on the Review is
varied but a number of specific issues and themes repeatedly appear. The arguments
presented can be broadly categorised into four main themes: those that find fault with
the discount rate applied in the report, those who disagree with the scale of the climate
change impacts presented in the report that drive the economic modelling, those that
find the modelling and results are inadequate and biased, and those that find the
methodology in general inappropriate. These critiques provide a useful case study in
identifying ideas and arguments within the spectrum ranging from environmental to
ecological economic thought. The following account outlines the critiques of seven

leading economists in relation to the Review.
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Kenneth Arrow, an environmental economist, comments on the way in which
the Review treats discounting but agrees with its fundamental conclusions (Arrow,
2007). He agrees that society is much better off to act now to reduce carbon dioxide
emissions substantially rather than suffer the potential risks associated with climate
change impacts. Arrow argues that this conclusion holds even if one heavily discounts
the future. Arrow also points out two critical elements of the cost-benefit analysis
approach?. Firstly, the need to allow for uncertainty is stressed along with the
assumption that individuals prefer to avoid risk. The possible outcomes of global
warming in the absence of mitigation are very uncertain, although assumed to be
negative. It follows that the uncertain losses should be evaluated as a single loss greater
than the expected loss. The other critical aspect is how future outcomes are treated
relative to current outcomes. This leads on to a discussion on discounting and discount
rates. The consumption discount rate (used in cost-benefit analysis) evaluates how
future losses of consumption should be discounted to present values using the following

formula:

d=p+gn

O is the consumption discount rate,

p is the social rate of time preference,

g is the projected growth rate of average consumption and

n is the elasticity of the social weight attributed to a change in consumption.

The final parameter (n) accounts for the possibility that, as consumption grows, the
marginal unit of consumption may be considered as having less social value. This

component of the consumption rate of discount is relatively uncontroversial. However,

there is significant argument surrounding the appropriate value of p, the social rate of

2 Cost-benefit analysis (CBA) is the principle economic approach for deciding whether actions to mitigate
against climate change are warranted. In CBA, benefits and costs are expressed in money terms, and are
adjusted to account for the time value of money. Using the CBA method all flow of costs and benefits
which tend to occur at different points in time are expressed on a common basis in terms of their "present
value."
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time preference. This parameter allows for discounting the future simply because it is
the future, even if future generations’ incomes are no higher than ours. The Stern
Review generated a significant level of criticism by adopting a value of zero for the
social rate of time preference. Arrow defends this decision because of the severity of
potential losses from climate change impacts. He argues that even with higher
discounting in place the cost-benefit analysis results indicate that mitigation action
should be taken now.

Richard Tol and Gary Yohe, both environmental economists, argue that the
Stern Review estimates economic impacts related to climate change well outside the
range of the literature of estimates on climate change (Tol and Yohe, 2006). They also
argue that the role of adaptation in avoiding many of these impacts is not seriously
considered. In addition, Tol and Yohe criticise the modelling used in the report. They
argue that the results are not robust as the report only uses one model (the PAGE2002
Integrated Assessment Model). It is also pointed out that the model incorrectly assumes
that vulnerability to climate change is independent of development. They also criticise
the report for not providing enough information on how the results it presents were
calculated and call attention to the fact that the consumption discount rate is lower than
the official recommendations by HM Treasury. They conclude by stating that the report

is alarmist and incompetent.

Martin Weitzman, an environmental economist, also criticises the Review’s low
discount rate (Weitzman, 2007). He believes that the Review deserves a measure of
discredit for not fully disclosing that the policy recommendations suggested depend
upon extreme assumptions and unconventional discount rates that most mainstream
economists would consider too low. He also believes that mitigation of climate change
should be seen as comparable to buying an insurance policy to offset a ruinous

catastrophe that is difficult to compensate by ordinary savings. He criticises the Review
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for not formally confronting this issue of what to do about catastrophe insurance against
the possibility of high-impact, low probability disasters. However, Weitzman concludes
by praising the Review for effectively raising the level of public discourse on economic
impacts of climate change. He is also in favour of the global carbon tax recommended
in the Review as a policy tool, and for popularising to a wider audience, outside of
economists, the cost-benefit analysis methodology. In addition, he believes that the
Review deserves some praise for highlighting the difficulty of making decisions to

anticipate events whose scale and probability cannot be known precisely.

A number of ecological economists have also voiced their criticism at the report
but on different grounds. Eric Neumayer highlights the fundamental flaw of traditional
cost-benefit analysis carried out in the Review, as it does not account for the often non-
substitutable nature of natural capital loss (Neumayer, 2007). He finds the discount rate
selected in the Review as ethically defendable but argues that the discourse needs to
move beyond the discounting debate. He also makes the point that the cost-benefit
analysis tool is misleading in offering up quantitative results for future potential climate
change impacts. He argues that many of the effects of climate change cannot be
adequately valued in a monetary fashion. In addition he points out that discount rates
are informed by normative value judgements and are hence heavily influenced by
ethical choices. He believes that the non-substitutability argument is much closer to the
real concerns of people and that cost-benefit analysis is strangely out of touch with

reality.

Simon Dietz et al. echo the comments of Weitzman in arguing for a more
comprehensive analysis of low-probability/high-damage scenarios (Dietz et al., 2007).
They also call for caution in over relying on cost-benefit analyses and argue for an
approach built on broader foundations. They argue that cost-benefit analysis makes a

particular value judgement and that rights-based approaches are not considered in the
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analysis. Economic modelling is considered useful in estimating an order-of-magnitude
quantification of the economic consequences of unabated climate change. Dietz et al.
thus consider Integrated Assessment Modelling as providing a useful input into the
broader discourse on intergenerational equity, wealth distribution and the management

of risk and uncertainty.

Clive Spash also argues against the sole use of cost-benefit analysis as an
appropriate tool for generating policy recommendations (Spash, 2007). He points out
that the authors of the Stern Review maintain allegiance to an economic orthodoxy that
follows a belief that current economic growth can be sustained and answer all our
problems. He believes this allegiance diverts attention away from alternative
approaches, including ethical discussions on climate change and its impacts on future
generations. It also diverts attention away from consideration of the impacts of the
current economic growth model on our environmental systems. He concludes that the
argument furnished by Stern limits the climate change issue to examining impacts on
future consumption growth. In this way its results are oversimplified and based on

narrow ethical positions.

These six different critical analyses on the Stern Review highlight the wide
ranging display of arguments and critiques that vary from technical issues relating to
discount rates and economic modelling approaches to critiques of the cost-benefit
methodology itself. These critiques thus display the implicit importance of ethics in the
entire exercise of estimating economic impacts relating to potential future climate

change impacts.

The next Section (2.2.5) draws upon the debate and critique around Stern, as

well as the preceding discussion on valuation, by suggesting that a clear understanding
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and appreciation of sustainability, vulnerability, and resilience are needed to frame our

economic evaluations, as well as our actions, in relation to climate change.

2.2.5 Sustainable development, vulnerability and resilience

The term Sustainable development (SD) was coined with the publication of the
1987 Report of the Brundtland Commission; Our Common Future (United Nations,
1987). The Report grounds the principles of SD and framed its definition, which is still
in use today: "Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet their own needs"
(United Nations, 1987, 24). The Report is wide-ranging in scope and thematically
explores common concerns relating to conceptualising SD, environmental degradation,
the role of the international economy in the context of our environment, and human
development. Common challenges are outlined, which include issues relating to
population and human resources, food security, species and ecosystems, energy needs,
industrial processes and the challenge of developing sustainable cities. The report closes
by focussing on common endeavours such as managing the global commons, peace and
security in relation to development and the environment, as well as proposals for

institutional and legal change.

Use of the term SD became widespread and pervasive a number of years after
the publication of the Report and indeed became the developmental paradigm of the
1990s (Lélé, 1991; Aguirre, 2002). However, with time, its exact meaning and
application became increasingly unclear and fuzzy. On the one hand, it can be argued
that the value of the phrase rests on the fact that it is so broad. This vagueness allowed
people with greatly varying positions on environmental development to enter more
readily into dialogue and debate and search for common positions (Lélé, 1991).
However, on the other hand, this vagueness also gave rise to real concerns that SD may

be misinterpreted or distorted with many becoming disillusioned with the term (Fergus
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and Rowney, 2005). During the early 90’s the scientific community also became
increasingly estranged from the SD agenda as they felt that societal and political
processes were overly dominant in shaping the debate on SD (Kates et al., 2001). A
new field of sustainability science began to emerge with the goal of understanding the
fundamental character of interactions between nature and society. Table 2.1 below
proposes a set of core questions of sustainability science. All of these questions are of
relevance to the area of climate change science with one in particular of significant
relevance to the economic valuation of present and potential climate change impacts:
“What determines the vulnerability or resilience of the nature-society system in

particular kinds of places and for particular types of ecosystems and human livelihoods?

Table 2.1: Core questions for sustainability science (source: Kates et al., 2001).
CORE QUESTIONS OF SUSTAINABILITY SCIENCE

How can the dynamic interactions between nature and society — including lags and
inertia — be better incorporated into emerging models and conceptualisations that
integrate the Earth system, human development, and sustainability?

How are long-term trends in environment and development, including consumption and
population, reshaping nature-society interactions in ways relevant to sustainability?
What determines the vulnerability or resilience of the nature-society system in
particular kinds of places and for particular types of ecosystems and human
livelihoods?

Can scientifically meaningful “limits” or “boundaries” be defined that would provide
effective warning of conditions beyond which the nature-society systems incur a
significantly increased risk of serious degradation?

What systems of incentive structures — including markets, rules, norm, and scientific
information — can most effectively improve social capacity to guide interactions between
nature and society toward more sustainable trajectories?

How can today’s operational systems for monitoring and reporting on environmental and
social conditions be integrated or extended to provide more useful guidance for efforts
to navigate a transition toward sustainability?

How can today’s relatively independent activities of research planning, monitoring,
assessment and decision support be better integrated into systems for adaptive
management and societal learning?

Economic impacts relating to climate change are unevenly distributed globally
(Stern, 2006). This question focuses on determining which places, are particularly
vulnerable or indeed resilient, which ecosystems are particularly vulnerable or resilient
and which human livelihoods are particularly vulnerable or resilient. Note that it is the
entire nature-society system (my italics) that is examined in this instance. System

thinking finds its origins in the field of system dynamics, which was founded in 1956 by
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Jay Forrester (Forrester, 1961). Traditional forms of analysis focus on breaking a
problem into its constituent parts. System thinking, in contrast, explores how the object
that is being studied interacts with the other constituents of the greater system (Aronson,
1998). Vulnerability, in the context of climate change, relates to the extent to which
“... geophysical, biological and socio-economic systems are susceptible to, and unable
to cope with adverse impacts of climate change” (IPCC, 2007b: 73). The term
vulnerability can thus refer to the vulnerable system itself (e.g., low lying coastlines),
the impact to this system (e.g. coastal flooding or increased prevalence of disease), or
the mechanism causing these impacts (e.g. disintegration of the West Antarctic ice

sheet) (IPCC, 2007h).

O’Brien et al. explore two competing interpretations of vulnerability in the
climate change literature (O’Brien et al., 2004). The first interpretation views
vulnerability as a residual of climate change impacts minus adaptation actions, and is
known as the “end point” approach. In this case vulnerability is determined at the end of
a process that moves from emission trend projections, to impact studies, to
identification of adaptive capacity and adaptation options. The second interpretation
takes vulnerability as a general characteristic generated by multiple factors and
processes or as a “starting point”. In this interpretation vulnerability represents a present
inability to cope with external pressures or changes. The first interpretation considers
that adaptation and adaptive capacity determine vulnerability, whereas the second
interpretation posits that vulnerability determines adaptive capacity. The manner in
which vulnerability is defined becomes very important when it comes to policy
formulation and decision making. If one holds an “end point” definition of vulnerability
then it can be addressed by limiting impacts, through mitigation activities, or by
increasing adaptations that reduce climate sensitivity, such as introducing drought-

tolerant seed varieties or changing infrastructure (O’Brien et al., 2004). From a “starting
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point” perspective vulnerability is addressed by enhancing the ability to cope with
current climate vulnerability as well as long term climate uncertainty. There is a focus
on improving coping capacity and decreasing vulnerability not only to climate change
but to other multiple stressors. Table 2.2 below draws up a useful comparison between

the two terms under a number of headings.

Table 2.2: Two interpretations of vulnerability in climate change research (Adapted from
Fussel, 2007).

“End point” interpretation

“Starting point”
interpretation

Root problem

Climate change

Social vulnerability

Policy context

Climate change mitigation,
compensation, technical
adaptation

Social adaptation, sustainable
development

lllustrative policy

What are the benefits of climate

How can vulnerability of

guestion change mitigation? societies to climatic hazards be
reduced?
lllustrative What are the expected net Why are some groups more

research question

impacts of climate change in
different regions?

affected by climatic hazards
than others?

Vulnerability and
adaptive capacity

Adaptive capacity determines
vulnerability

Vulnerability determines
adaptive capacity

Reference for
adaptive capacity

Adaptation to future climate
change

Adaptation to current climate
variability

Starting point of
analysis

Scenarios of future climate
hazards

Current vulnerability to climatic
stimuli

Analytical function

Descriptive, positivist

Explanatory, normative

Main discipline

Natural sciences

Social sciences

Meaning of
“vulnerability”

Expected net damage for a
given level of global climate
change

Susceptibility to climate change
and variability as determined by
socioeconomic factors

Vulnerability
approach

Integrated, risk-hazard

Political economy

Resilience is defined in the United Nations International Strategy for Disaster

Reduction (UNISDR) as:

“The ability of a system, community or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient
manner, including through the preservation and restoration of its essential basic

structures and functions”. (UNISDR, 2009, 24)
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There is a significant volume of literature discussing the issues of both vulnerability and
resilience (Adger, 2006; Gallopin, 2006; Vogel et al., 2007; Turner, 2010). In the field

of sustainability science the terms are highly interrelated and often overlapping.

Vulnerability research generally focuses on threats to some element of society due to a
particular hazard or a range of hazards (Adger, 2003). Resilience on the other hand is
grounded in the ecological sciences and is occupied with addressing persistence and
change in ecosystems (Carpenter et al., 2001). It gradually has found a place in the
study of nature-society systems and entered into social sciences terminology. Both these
concepts are attractive for geographers with vulnerability focusing on inherent risks that
are experienced by people living in particular areas, with resilience referring to the
ability of ecosystems and people in adapting to both opportunities and risks (Adger and
Brown, 2009). Vulnerability has a strong foundation in risks and hazards research, and
places a strong focal point on economic and social conditions as causes of social
vulnerability. Resilience, is focused on understanding complex system studies with an
emphasis on adaptive capacity (Adger and Brown, 2009; Nelson et al., 2007).
Essentially resilience examines a system’s ability to retain its system function and
character. Vulnerabilities are normally defined in terms of perturbations or changes
outside of the control of human communities, and are usually portrayed as something
negative or to be avoided (Adger and Brown, 2009). Seen from this perspective
vulnerability can be seen as the opposite to resilience. However, referring back to
sustainability science, and specifically to the core question that frames this thesis, both
concepts are gradually converging towards a common agenda that recognises the place-
specific nature of resilience communities along with the necessity to determine those
who benefit and that that lose out as a result of interventions and adaptation actions that

seek to promote resilience and the capacity to adapt (Adger and Brown, 2009).
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This Section reiterated the importance of viewpoints and approaches when it
comes to the measurement and valuation of climate change; SD and resilience can be
thought of taking a systems thinking approach that one could align more easily with the
foundations of ecological economics than with those of environmental economics. “End
point” or “starting point” definitions of vulnerability can also shape policy approaches
and actions in relation to climate change. The following section (2.3) presents an
overview of global and European economic impact and adaptation costs associated with
climate change. These economic values provide decision-makers with a useful
indication of the potential magnitude of climate change impacts and adaption costs

expressed in monetary terms.

2.3 ECONOMIC IMPACT AND ADAPTATION COSTS

As aforementioned, the economic impacts of climate change were brought fully
to the attention of the public consciousness in late 2006 with the publication of the Stern
Review (Stern, 2006). The main recommendations of the report suggest that the
expected benefits of tackling climate change far outweigh the expected costs, and that
early action is preferable to reduce and avoid the worst of the impacts. The key
messages from the economic modelling carried out in the report forecast that an
increase of global average temperatures of 2-3°C could lead to an equivalent loss of up
to 3% in global GDP with poorer countries suffering the highest costs. With global
average temperature increases of 5-6°C, resulting from an estimate of temperature
increases following abrupt and large scale climate change, the losses in global GDP are
estimated to be in the region of 5-10%, with poor countries suffering costs in excess of
10%. However, the risks considered in the assessment cover a very broad range and
involve the possibility of much higher losses (Stern, 2006). Adaptation costs are also

discussed in the report with a focus on the additional costs of new climate resilient
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infrastructure and buildings. These costs are estimated to range from €11-111 billion
each year in OECD countries (0.05-0.5% of GDP), dependent on the warming scenario

(Stern, 2006).

Adaptation in developed countries is considered to be still at an early stage, even
though there are well developed market structures and the capacity to adapt is relatively
high. The Stern Review believes that market forces are unlikely to deliver the full
necessary response needed to deal with climate risks and subsequently governments
provide a role through providing clear policy frameworks to guide effective adaptation
by individuals and organisations in the medium to long term (Stern, 2006). The Green
Climate Fund, operationalised in the 2011 UN climate negotiations in Durban, is
currently the primary supranational non-market revenue source intended for developing
countries (and especially those particularly vulnerable to climate change) to adapt to
climate change impacts. Current fast-start finance to be made available to developing
countries is in the order of €22B from 2010-2012 including Irish pledges of €100M.
Medium-term financing is currently set to €100B a year by 2020 (WRIL, 2011;
UNFCCC, 2010; UNFCCC, 2008). However, there was little discussion at the 2011
Conference of the Parties in Durban on how this €100B medium-term financing would

be raised (Economist, 2011).

The Stern Review was a welcome addition to the literature as it has raised the
profile of potential economic impacts relating to climate change. While it received
significant criticism from various standpoints (Yohe & Tol, 2008; Neumayer, 2007,
Dietz et al., 2007; Sterner & Persson, 2008) the majority of commentators found that

the central messages of the report were sound.

Modeling global costs associated with climate change is a very complex task

which presents many challenges including capturing the uncertain changes that occur
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over long periods in economies and societies at large, and taking account of high impact
low probability risks. Stern uses an Integrated Assessment Model (IAM) which
combines the scientific and economic aspects of climate change to provide policy
options. The PAGE2002 model (Policy Analysis of the Greenhouse Effect 2002) used
in the report takes account of risks and uncertainty by allowing outcomes to vary
probabilistically across many model runs, with the probabilities calibrated to the latest
scientific evidence on particular risks (Hope, 2006). Other Integrated Assessment
Models include RICE/DICE (Nordhaus, 1992; Nordhaus & Zang, 1996), MERGE
(Manne et al., 1995), and FUND (Tol, 1997). RICE and FUND simulate regionally
specific impacts in a number of sectors (either in the aggregate or sector-specific).
PAGE, DICE and MERGE simulate aggregate global market and non-market damages,
as well as damage due to rapid or catastrophic climate change. Only the PAGE model is

probabilistic in nature and can explicitly simulate adaptation (Warren et al., 2006).

Table 2.3 below displays some of the modelled economic damage costs referring
to possible future climate change scenarios. The timeframes, assumptions, regions and
economic sectors examined differ between models leading to estimated damage costs
ranging from 0.2% of European GDP up to 2.49% of global GDP. These losses are
considerably lower than the 5-10% losses estimated by Stern. However, Stern explored
5-6°C temperature increases, using the PAGE2002 model, and uses a much lower
discount rate than the models explored above. The subject of discounting is an
important one, and should be carefully approached when issues of substitutability and
intergenerational equity are considered in relation to economic climate change impacts.
As discussed in Section 2.2.4, discounting considers the issue of temporal aggregation
of costs while equity weighting explores spatial aggregation of costs. Discounting is
based on the principle that costs and benefits in the future count for less in the present

because they affect a larger expected income. A “discount rate” is used to convert

38



economic costs to “present values” (European Environmental Agency, 2007)°. The
issue of discounting is particularly important when looking at the economic analysis of
climate change as long time frames are often considered. Discount rates therefore
decide in which time period it is economically cheaper to implement adaptation or
mitigation.

Table 2.3: GDP percentage loss damage costs referring to modelled future climate change
scenarios.

Damage | Time | Countries Sectors Comments on
Model Cost Frame | Included methods/ sources
DICE & 2100 Global Agriculture, Other Impact of 2.5°C warming
RICE vulnerable market, above 1900 on different
(1999) 1.5% of Coastal, Health, Non- | Sectors shown in output
GDP market time use weighted global GDP %

. loss
Catastrophic,

Settlements

MERGE 0.5% of Up to Developing Market Sectors only | Impact of 2.5°C warming

(2004) GDP 2200 Countries above 1900 shown in
GDP % loss
2.49% of Up to Developed Market and non-
GDP 2200 Countries market sectors
FUND 1.2% of 2095 Global Agriculture, Forestry, | Impact of 2.5°C warming
(2006) GDP Water Resources, above 1990 shown in

Energy Consumption, | GDP % loss
Sea level rise,
Ecosystems, Human

health
GEM- 0.2% of 2080’s European Agriculture, river Impact of 2.5°C warming
E3 GDP region flooding, coastal above 1900 shown in
(2005) impacts, tourism GDP % loss

The World Bank provides global economic costs relating to climate impacts in
its 2009 report that sets its focus on the developing world. The report points out that
global mean temperature increases in the magnitude of 4°C will significantly increase
the likelihood of irreversible and potentially catastrophic impacts including extinctions
for half of our species worldwide, inundation of up to 30% of coastal wetlands and

significant increases in malnutrition, diarrheal and cardio-respiratory diseases (World

% A high discount rate leads to lower economic costs as large future negative effects are reduced through
discounting. A low discount leads to higher economic costs as large future negative effects are reduced to
a much lesser extent through discounting.
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Bank, 2009). The outputs of this work forecast that the cost, between 2010 and 2050, of
adapting to 2°C warmer world by 2050 is in the range of €56B to €74B a year. It is also
noted that this sum is of the same order of magnitude as the foreign aid that developed
countries currently give developing countries each year (World Bank, 2009). Please see

Table 2.4 below for a summary of a range of adaptation costs from various studies.

The OECD has also published a number of reports exploring the economic
aspects of adapting to climate change. Their 2008 report points out that while there is a
significant body of literature accumulated on assessing adaptation costs at a sectoral
level it is unevenly spread across sectors (see Table 2.5). For example, economic
impacts relating to climate change on agriculture and coastal zones are well developed
at a global level (OECD 2008). However, information on adaptation costs is quite
limited for other sectors including tourism, public health, water resources, energy and
infrastructure. The majority of information available for these sectors is also tied to the
local context and this makes generalisations in the broader global context difficult

(OECD, 2008).
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Table 2.4: Adaptation costs from a number of key economic assessments (Adapted from OECD,

2008).

Review

Adaptation
Cost

Time
Frame

Countries
Included

Sectors

Comments on
methods/ sources

World
Bank
(2006)

€7-30
billion/yr

Present

Developing
Countries

unspecified

Based on OECD &
World Bank (WB)
analysis of official flows
exposed to climate risk.
Costs of "Climate
Proofing" are assumed.

Stern
Review
(2006)

€3-27
billion/yr

Present

Developing
Countries

€11-111
billion/yr

Not
Specified

Developed
Countries

unspecified

Update, with slight
modifications of WB
Study.

Oxfam
(2007)

At least €37
billion/yr

Present

Developing
Countries

unspecified

WB study +
extrapolation of cost
estimates from NGO &
National adaptation
programmes of action
(NAPAS) projects.

UNDP
(2007)

€64 - 81
billion/yr

2015

Developing
Countries

unspecified

WB study + costing of
targets for adapting
poverty reduction
programmes &
strengthening disaster
response systems.

UNFCCC
(2007)

€21-50
billion/yr

2030

Developing
Countries

UNFCCC
(2007)

€36 - 127
billion/yr

2030

Global

Agriculture;
water supply;
human health;
coastal zones;
infrastructure

In-depth costing of
specific adaptations in
water, health & coastal
zones. Less detailed
costing for agriculture,
infrastructure &
ecosystems.
Infrastructure more
abstract. Infrastructure
adaptation costs
overlap with costing in
coastal zones & water
resources.

World
Bank
(2010)

€56 - 74
billion/yr

2010-2050

Global

Agriculture;
water supply;
health; coastal
zones;
Infrastructure;
forestry;
fisheries &
extreme

weather events.

This study estimates
the costs for major
economic sectors
under two alternative
future climate
scenarios — one wetter
and one drier. The
study mostly estimated
costs for ‘hard’ options
involving engineering.
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Table 2.5: Adaptation cost coverage (Source: OECD, 2008).

Coverage Cost Benefit
Estimates Estimates

Coastal Comprehensive — most
Zones coastlines
Agriculture Comprehensive — most crops &

growing regions = '\/
Water Isolated Case studies A v
Energy Primarily N. America ) A
Infrastructure Cross-cutting issue; Isolated N

studies -
Tourism Very limited — winter tourism J _
Health Very limited J _

Table 2.6: ClimateCost headline results (Source: European Commission, 2011).

Damage Time Comments on methods/
Model Sector
Cost Frame sources
Impact of 1m SLR using
2100 Coastal zones and high emission scenario
€156 sea-level rise RCP8.5*. Undiscounted
DIVA -
billion/ yr values.
Marginal effect of climate
b'||'€5(; 2080s River floods change impactts using :—\181
LISELOOD illion/ yr scenario at current,
undiscounted values.
€1.3
billion/ yr
(VOLY) Impacts ur_]der an Al1B1
scenario, without
VOLY and 2080s Health adaptation, and accounting
VSL® €146 for autonomous
analysis billion/ yr acclimatization.
(VSL)
_ §95 2100 Energy Additional energy costs
POLES billion/ yr under an A1B scenario.

The European Commission’s CLIMATE COST project provides sectoral

bottom-up analysis exploring European climate impacts relating to sectors including

* This scenario reaches a global warming of about 3.5°C by 2071-2100 relative to the 1961-1990 baseline.
S VOLY stands for Value of a Life Year Lost and VSL stands for Value of a Statistical Life.
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coastal vulnerabilities, inland flooding, health, and energy (Table 2.6) (European

Commission, 2011).

The European Commission’s Joint Research Centre’s report exploring climate
change impacts in Europe highlights a number of impact categories as areas of concern
for Ireland (Ciscar et al., 2011). The report focuses on 5 impact categories including
agriculture, inland flooding, coastal systems, tourism and human health. In Ireland
(often included with the British Isles in the study) the impact categories under greatest
threat from climate change are forecast to include coastal systems and inland river
flooding. These areas also mirror those considered of greatest exposure under the
United Kingdom Climate Impacts Programme (Jenkins et al., 2009) various regional
impact studies coordinated under the aegis of ClimateUK (ClimateUK). Climate
impacts on agriculture in Ireland calculated using the GTAP general equilibrium model
(Hertel, 1997) are estimated to be marginally positive in terms of GDP; ranging from
close to negligible for a 2.5°C scenario® to approximately 0.05% under a 4.1°C
scenario’ equating to an €80M boost in Irish GDP (European Commission, 2009a).
Climate change impacts on tourism revenues in Ireland are also positive when modelled
with a European tourism demand equation in conjunction with climate models. Under
the 2.5°C scenario above tourism receipts are set to increase in the region of €680 M in

the 2080’s and by up to €4.5B under a 5.4°C scenario® (European Commission, 2009a).

This section presented an overview of global and European economic impacts
associated with future potential climate change. It highlighted the rational of
implementing strong adaption actions in the face of uncertain but potentially large
climate impact costs. Coastal and inland flooding were also recognised as sectors of

particular vulnerability in the Irish context. The following section (2.4) discusses how

¢ B2 HadAM3h scenario referring to the 2080s climate, compared to the 1961-1990 period
" B2 ECHAM4 scenario referring to the 2020’s climate

® A2 ECHAM4 scenario exploring change in tourism receipt in the 2080’s
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the outputs of economic modelling, presented above, can best be used to inform climate

policy.

2.4 CLIMATE CHANGE ECONOMICS AND POLICY

2.4.1 Climate policy informed by economics

Environmental economics, and its primary cost-benefit analytical approach, is
clearly positioned in the current climate change policy arena as the dominant school of
economic theory. As this review has discussed, its analysis is framed by a series of
choices in relation to implicit ethical decisions on perceptions of value, risk, uncertainty
and the environment. It is imperative that the inherent values, assumptions and
methodologies that inform this economic approach are communicated in a transparent
manner.

Over and above the universal complexities of modelling uncertain future events
associated with climate change economics, Frank Ackerman, an environmental
economist, suggests that there are four fundamental requirements necessary when
looking to create an adequate economic framework for climate policy that challenge

orthodox styles of economic analysis:

e Discounting and ethical judgments relating to the importance of current versus
future generations;

e Incorporating multidimensional, often unmonetisable impacts, that create
methodological difficulties for the cost-benefit analysis approach;

e Recognition of the problems of catastrophic risks and irreducible uncertainty,
which leads to a precautionary approach to policy;

e An understanding of institutional barriers in relation to the nature of
implementation costs associated with climate policy.

(Ackerman et al., 2009)
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Discounting was discussed in Section 2.2.4 in relation to the Stern Review as
well as in Section 2.3. The discussion here will briefly present some additional thinking
relating to discount rates and climate change economic analysis. Howarth in agreement
with Weitzman (2007) argues that the idea of using discount rates associated with
typical capital investments (in the region of 5%) is flawed, as investments to mitigate
against climate change can be understood to be closer to insurance-type investments in
their characteristics rather than typical capital investments (Howarth, 2003). Howarth
understands climate mitigation efforts as social insurance against disaster rather than
ordinary profit seeking investments. If they are considered as such then a risk free rate
of return is closer to 1% or less in real terms. A further argument suggests that impacts
that cannot be readily expressed in monetary terms be excluded from any exercise in
discounting (Scrieciu et al., 2011). This includes impacts relating to the loss of human
lives and the loss of particular species. Declining discount rates, which are based on
research into individuals’ time preferences, are also starting to appear in climate policy

analyses (Lowe, 2008).

Ackerman’s second fundamental requirement, that discusses the challenges of
incorporating the multidimensional, often unmonetisable climate impacts into economic
analyses of climate change economics, is discussed at length in Section 2.2 of this
chapter. His third fundamental requirement, on recognising catastrophic risks and
irreducible uncertainty when looking at climate policy, is discussed under Stern and
post-Stern (Section 2.2.4) and under decision-making on adaptation (Section 2.4.2). His
final fundamental requirement on understanding institutional barriers is also touched on

in Section 2.4.2.

The following section bolsters the economic argument presented by the Stern
Review, as well as modelling by the World Bank and others, that early action on

adaption makes sound economic sense as it is the less costly alternative to potential
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climate impact costs. The strength of this argument is further underpinned by the

drafting of the European white paper on adaptation.

2.4.2 Adding weight to the economic argument for adaptation

In 2010 global CO, emissions reached a record high of 30.6Gt in spite of the
global recession. Economic modelling carried out by the OECD predicts that with
current climate policies in place GHG emissions will increase by another 50% by 2050.
This is primarily in response to a 70% growth of CO, emissions from energy use as a
result of an 80% increase in global energy demand (OECD, 2011). A significant rise in
demand for cars in developing countries is expected to lead to a doubling of transport
emissions in the period. The world is locking itself into high-carbon systems to a greater
degree with each passing year (OECD, 2011). This can be clearly seen in the power
sector, where 80% of the projected emissions in 2020 are inevitable, as they are
produced by existing plants or plants being built today. The OECD predicts that
atmospheric concentrations of GHGs will reach almost 685ppm of CO; equivalents by
2050 without significantly more ambitious policies in place. This level of GHG
concentration far exceeds the 450ppm concentration level required to have at least a
50% chance of stabilising the climate at a 2°C global average temperature increase.

Under current projections global average temperatures could be in the region of
3 to 6°C higher than pre-industrial levels by the end of the century (OECD, 2011). It is
also important to take account of the fact that it will take time for the Earth’s
atmosphere to process and recover from GHGs already emitted. It is thought that the
world may be faced with climate change impacts for the next 50 years even if GHG
atmospheric concentrations are reduced to within so called safe levels (Wigley, 2005;

Meehl et al., 2005).
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Figure 2.5: GHG emissions by region (in GtCO2e): Baseline scenario (Source: OECD
Environmental Outlook Baseline; ENV-Linkages model). Note: OECD A1 countries include
most OECD member countries and some countries from central and eastern Europe and the
Commonwealth of Independent States that are undergoing the process of transition to a market
economy, BRIICS refer to Brazil, Russia, India, Indonesia, China and South Africa, ROW
refers to Rest of World.

These projections add weight to the importance of adaptation measures in
coping with future potential climate change impacts. It must be noted that, to date,
global climate policy has been framed in terms of climate change mitigation. European
climate policy also leads with mitigation efforts, which include the EU ETS® along with
an ambitious Climate and Energy Package (with mitigation targets of 20% reductions in
GHG emissions, from 2005 levels, in non-ETS sectors by 2020). However, the 2009
white paper on adaptation outlines some important policy measures acknowledging the
importance of adaptation. An adaptation strategy is viewed as a means of enhancing the

EU’s resilience to climate change impacts. An increase in energy efficiency, the uptake

% The European Union’s Emissions Trading Scheme, launched in 2005, functions on a "cap and trade"
principle. This means there is a "cap”, or limit, on the total amount of certain greenhouse gases that can
be emitted by the factories, power plants and other installations in the system (excluding aviation). Within
this cap, companies receive emission allowances which they can sell to or buy from one another as
needed. The limit on the total number of allowances available ensures that they have a value.

47



of green products and infrastructural modernisation are viewed as cornerstones in
developing a competitive low-carbon economy (European Commission, 2009c). The
EU maps out its adaptation strategy in an Adaptation Framework nested within the EU
sustainable development objectives. The Adaptation Framework is set out in two
phases. The objective of phase one, from 2009-2012, is to prepare and set out the
comprehensive EU adaptation strategy to be implemented during phase two which
commences in 2013 (European Commission, 2009c). The European Adaptation Strategy
presents an ambitious EU level framework that links climate change adaption with the

concepts of sustainable development and resilience.

The value and importance of adaptation to future climate change impacts has
been demonstrated and quantified. The next Section (2.4.3) explores the important
issue of how sensible and cost effective decisions should be reached in relation to

potential adaptation options.

2.4.3 Decision making on adaptation

The practical application of adaptation measures is a complex matter that can
create significant difficulties for decis