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INTRODUCTION
Welcome tdDES 219: Climate Change And Development

DES 219: Climate change and development is a two-credit ame-
semester course. The course is made up of twelitse sjpread across
fifteen lectures weeks. This course guide providednsight to issues
revolving around climate change and developmentbaimg)s those who
are beginning the study of climate change closeéht frontiers of
knowledge. It gives information about the coursdemals and how to
work through it. It also suggests general guidalioe the required time
to successfully achieve each unit aims and objestiinswers to your
tutor marked assignments (TMAS) are provided withecontents of the
material.

COURSE COMPETENCIES.

This course is on climate change and its impactpresent and future
socio-economic development. The overall purpose¢hefcourse is to
introduce the concept of climate change within atert of social,

economic, geography and sustainable developmeset.tdjics covered
include science of climate change, economics ofaté change, global
warming and climate change and sustainable devedopm

COURSE OBJECTIVES

To achieve the aims of this course, there are dwavgectives which the
course is out to achieve though, there are seblgattives for each unit.
The unit objectives are included at the beginnih@ anit; you should
read them before working through the unit. You mwat to refer to them
during your study of the unit to check on your pess. You should
always look at the unit objectives after completearh unit. This is to
assist the students in accomplishing the tasksledtm this course. In
this way, the student can be sure he/she has dbatwas required of
he/she by the unit. The objectives serve as stuitleg, such that students
could know if he/she is able to grab the knowledfjeach unit through
the sets of objectives in each one. At the enchefdourse period, the
students are expected to be able to: what clictz@ge means and the
basic definitions and terminologies that are common

The student will thus:

. Understand the economics of climate change, ranfyog the
guantification of potential impacts to the design mdlicy
instruments

. Understand responses to climate change
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. Examine critically a range of media and perspestioe climate
change and sustainable development

. Apply the concept of sustainable development tegrdte a range
of climate change perspectives

. Interpret scientific, statistical and other data

o Search for and make judgements on evidence fromnger of
sources

o Marshall evidence, and develop and communicateour Ypwn
words an argument.

o Construct knowledge on climate change through comcative
exchange with others and develop transboundary etanpe.

o Understand the connection between inequality aintaté issues

o Understand the link between climate change andaisizile

development
WORKING THROUGH THIS COURSE

To successfully complete this course, you are redquio read the study
units, referenced books and other materials ocdese.

Each unit contains self-assessment exercises catletent Assessment
Exercises (SAE). At some point in the course, yolll e required to
submit assignments for assessment purposes. Adritieof the course
there is a final examination. This course shoule tabout 15weeks to
complete and some components of the course aremeditunder the
course material subsection.

STUDY UNITS

There are 12 units in this course which shouldtbdied cautiously and
meticulously.

Modulel: The Science of Climate Change

Unit 1 Introduction: Understanding Climate Change
Unit 2 Models of Climate Change

Unit 3 Observed Climate change and future projestio
Unit 4 Global Warming

MODULE 2 Economics of Climate Change

Unit 1 Climate Change and Economic Development

Unit 2 The Economics of Climate Change tigito the Dominant
Neoclassical Lens

Unit 3 Cost-Benefit Analysis and Sectoral ImpactsQGiimate

Change
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Unit 4 The Challenges from Economics and Edoklg
Perspectives and Sustainable Development

MODULE 3 Institutions, Policy and Gover nance

Unit 1 Climate Change, Policy Frameworks and Rioit®
Unit 2 Climate Change, Development and Policy Qi
Unit 3 Climate Change Financing

Unit 4 Climate Change Action Plans

Each study unit will take at least two hours, andinclude the

introduction, objective, main content, self-assemsm exercise,

conclusion, summary and reference. Other areaseband the Tutor-

Marked Assessment (TMA) questions. Some of the-asd&ssment
exercise will necessitate discussion, brainstormang argument with
some of your colleagues.

There are also textbooks under the reference dret @dn-line and off-

line) resources for further reading. They are méaugive you additional
information. You are required to study the materigdractice the self-
assessment exercise and tutor-marked assignmeri)(gMestions for

greater and in-depth understanding of the courgesaBdoing, the stated
learning objectives of the course would have bextmezed.

References and Further Readings

For further reading and more detailed informatibowt the course, the
following materials are recommended:

Tom Tietenberg and Lynne Lewi (2012). EnvironmengalNatural
Resource Economics. Pearson 9th edition.

Gordon Wilson, Victor Fairén, Javier Garcia-Sangnakcio Zufiga,
Daniel Otto, Helmut Breitmeir, Dina Abbott and GkenKroeze(2012)
Module 1: Introduction to climate Change in thetext of sustainable
development. T869 LECH-e Modulel Textbook 20.

John Chung-En Liu, Yoram Bauman and Yating Chu&0d.9) Climate
Change and Economics 101: Teaching the GreateskelM&ailure.
Sustainability 2019, 11, 1340; doi:10.3390/su11@®13
www.mdpi.com/journal/sustainability

PRESENTATION SCHEDULE
The presentation schedule included in the courderrahgives you the
important dates for the completion of tutor-markiagsignments and

attending tutorials. You are required to submityalir assignments by
due date. You should guide against falling behmygdur work.

Vi
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ASSESSMENT

There are two types of assessments in the courseisthe tutor-marked
assignments; and the second is a written examimatio

In attempting the assignments, you are expectagty the information,
knowledge and techniques gathered during the cotitse assignments
must be submitted to your course tutor for formdasessment in
accordance with the deadlines stated in the Prats@miSchedule and the
Assignments File. The works you submit to your seututor for
assessment constitute 30 % of the total course.mark

At the end of the course, you will need to sit forfinal written
examination of two hours' duration. This examinatiall constitute 70%
of your total course mark.

HOW TO GET THE MOST FROM THE COURSE

In distance learning, the study units replace thev&fsity lecturer. This
is one of the great advantages of distance legrpgcan read and work
through specially designed study materials at your pace and at a time
and place that suit you best.

Think of it as reading the lecture instead of hatg to a lecturer. In the
same way that a lecturer might set you some reddidg, the study units
tell you when to read your books or other mateaal] when to embark
on discussion with your colleagues. Just as afectmight give you an
in-class exercise, your study units provides esescifor you to do at
appropriate points.

Each of the study units follows a common formate Tinst item is an

introduction to the subject matter of the unit &adv a particular unit is
integrated with the other units and the coursewhae. Next is a set of
learning objectives. These objectives let you kmvelmat you should be
able to do by the time you have completed the unit.

You should use these objectives to guide your stidigen you have
finished the unit you must re-check whether youehachieved the
objectives. If you make a habit of doing this youll wignificantly
improve your chances of passing the course anohgette best grade.
The main body of the unit guides you through thleuneed reading from
other sources. This will usually be either from ysat books or from a
readings section.

Self-assessments are interspersed throughout tte and answers are
given at the end of the units. Working through éessts will help you

achieve the objectives of the unit and preparefgothe assignments and
the examination. You should do each self-assesse@rtises as you

Vil
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come to it in the study unit. Also, ensure to mastene major historical
dates and events during the course of studyingtterial.

The following is a practical strategy for workingraugh the course. If
you run into any trouble, consult your tutor. Rerbemthat your tutor's
job is to help you. When you need help, don't bésito call and ask your
tutor to provide it.

1.
2.

10.

viii

Read this Course Guide thoroughly.

Organize a study schedule. Refer to the "Coursevieve for more
details. Note the time you are expected to spendach unit and
how the assignments relate to the units. Importdotmation, e.qg.
details of your tutorials, and the date of thetfilgy of the semester
is available from study centre. You need to gatbgether all this
information in one place, such as your diary orall walendar.
Whatever method you choose to use, you should eemdand
write in your own dates for working breach unit.

Once you have created your own study schedule vdoyihing
you can to stick to it. The major reason that stisidail is that
they get behind with their course work. If you geb difficulties
with your schedule, let your tutor know beforesitao late for help.
Turn to Unit 1 and read the introduction and thgdlives for the
unit.

Assemble the study materials. Information abouttwioai need
for a unit is given in the "Overview' at the begnghof each unit.
You will also need both the study unit you are viogkon and one
of your set books on your desk at the same time.

Work through the unit. The content of the unit litdeas been
arranged to provide a sequence for you to follow.yAu work
through the unit you will be instructed to readtsets from your
set books or other articles. Use the unit to gymler reading.
Up-to-date course information will be continuouslglivered to
you at the study centre.

Work before the relevant due date (about 4 weeksrdedue
dates), get the Assignment File for the next remgLimssignment.
Keep in mind that you will learn a lot by doing thesignments
carefully. They have been designed to help you thestbjectives
of the course and, therefore, will help you pagssdakam. Submit
all assignments no later than the due date.

Review the objectives for each study unit to confihat you have
achieved them. If you feel unsure about any of dbgctives,
review the study material or consult your tutor.

When you are confident that you have achieved gswbjectives,
you can then start on the next unit. Proceed unitirot through
the course and try to space your study so thakgep yourself on
schedule.
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11. When you have submitted an assignment to your fatanarking
do not wait for its return "before starting on tiext units. Keep to
your schedule. When the assignment is returned,ppatycular
attention to your tutor's comments, both on thertutarked
assignment form and also written on the assignn@&risult your
tutor as soon as possible if you have any questopsoblems.

12. After completing the last unit, review the coursed grepare
yourself for the final examination. Check that ylwave achieved
the unit objectives (listed at the beginning ofleamit) and the
course objectives (listed in this Course Guide).

ONLINE FACILITATION

The course, Climate Change and Development (DE$, 24B expose
you to the phenomenon of climate change and theosey, concepts of
global warming, science of climate change, chamrdfesting the natural
systems, key risk factors to the environment (idlg physical, human
factors, government policies and regulatory consitlens), Implications
of climate change scenarios to development, glabdllocal institutions
and their efforts in curbing negative effects afelte change.

On successful completion of the course, you woudstehdeveloped
sufficient critical thinking skills with the mateti necessary for efficient
and effective discussion on issues related to ¢énchange and socio-
economic development.

We wish you success with the course and hope thatwill find it
interesting and convenient.

Course I nformation
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MODULE 1 INTRODUCTION: THE SCIENCE OF
CLIMATE CHANGE

Unit 1 Understanding Climate Change

Unit 2 Models of Climate Chang

Unit 3 Observed Climate change and future projestio

Unit 4 Global Warming

Unit 1 Understanding Climate Change

Unit Structure

1.1 Introduction

1.2 Learning Outcomes (LOSs)

1.3 Main Content
1.3.1 Historical overview of Climate Change Science
1.3.2 Causes of Climate Change

1.4 Internal variability
1.4.1 External forcing mechanisms

1.5 Effects of Climate Change
1.5.1 Steps that can be taken to reduce greentgasss in the
atmosphere

1.6 Summary

1.7 References/Further Readings/Web Resources

1.8 Possible Answers to SAEs

N 1.1 INTRODUCTION

Climate is conventionally defined as the long-teawerage of weather
conditions, such as temperature, cloudiness, aacigtation; trends in
these conditions for decades or longer are a pyimmaasure of climate
change. The climate is naturally variable. Evidensigows that
throughout earth’s history, there have been nunsegiobal climate
changes that were much larger than those expedencescent times.
For most of the last 500 million years, the eariiswrobably much
warmer than it is today. Some data suggest thata@ease has occurred
in average temperatures at the earth’s surface ofiech as 1°C since
the mid-1800s, with continued trends of about améwio tenths of a
degree per decade in recent years (IPCC, 2001yeTdre considerable
uncertainties and ongoing scientific debate abbatreasons for such
changes and what they mean for the future. Comyputerclimate
models used by the IPCC assign most of the causéhi® trend to
increases in the atmospheric concentrations ofnfpaese gases, due
mainly to the burning of fossil fuels.
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@

At the end of this unit, you should be able to:

o Understand the historical overview of Climate CheSgience
Know the causes of Climate Change

Know the effects of Climate Change

Also know the Steps that can be taken to reducenfp@ise gases
in the atmosphere

1.2 Learning Outcomes (LOS)

1.3 MAIN CONTENT
1.3.1 Historical Overview of Climate Change Science

Developed countries, focus may be developing nhtwsources and
food production, while in the developed countriesyphasis may be on
investment, internal security and internationati¢ra

Planning Evidence in Selected Countries

To better understand the science of climate charigis, helpful to
review the long historical perspective that hasttethe current state of
climate change. This unit starts by clarifying tbencepts of climate
change and global warming, then change of climai#inv human
history using a wide-ranging subset of examples.

A related term, “climatic change”, was proposed tme World
Meteorological Organization (WMO) in 1966 to encasgp all forms of
climatic variability on time-scales longer thanyigars, but regardless of
cause. During the 1970s, the term climate changéaced climatic
change to focus on anthropogenic causes, as itfeeckear that human
activities had a potential to drastically alter tienate. Climate change
was incorporated in the title of the Intergoverntaéfanel on Climate
Change (IPCC) and the UN Framework Convention om&k Change
(UNFCCC). Climate change is now used as both anteahdescription
of the process, as well as a noun used to destwbperoblem.

Climate change and global warming are terms thatsametimes used
synonymously, but they have different meaningsha sense that a

2
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‘warming” is only one phase of the larger climaystem on Earth that
naturally features change. Physical evidence othEard in space has
helped scientists understand that there are mantorfa that can
contribute to the changing of the planet's climatea long-term basis.
Examples of these factors are solar radiation &\ehrth’s orbit around
the sun, volcanic activity, ocean currents, andchegdate tectonics. The
periods of warming and cooling are referred to mierglacials and
glacials, respectively, with the latter being parttharacterized by
enormous sheets of ice extending from the poles.

Recent periods of change within human history ideluhe Medieval
Warm Period (A.D.1000-1270) and the Little Ice A@e D. 1270-
1850) (Singer & Avery, 2007) The history of climateange discussion
among people goes farther back in time than onéhtntignk. Weart
(2007) notes that climate change was conceptualizezhcient times,
with knowledge of the subject growing as the tedbgw to study it
improved over time. An important figure in climaeience history who
warned of possible problems was Guy Stewart Cadlendhose idea of
carbon dioxide as a heat trapping agent was inde®de out by
computer climate simulations in the 1970s- “Evehtleuchanges in the
Earth's orbit could make a difference. To the ssepof many, studies of
ancient climates showed that astronomical cycles partly set the
timing of the ice ages. Apparently, the climate wss delicately
balanced that almost any small perturbation mightosf a great shift”
(Weart, 2007). More recently, Earth’s climate haerb studied by the
Intergovernmental Panel on Climate Change, an artgion made up
of many scientists who specialize in climate stadi€he IPCC has
issued four reports over recent years that hawdiestuthe connections
between human activity and climate change. Onehefrhost recent
report, “Climate Change 2007, declared that theseosus of the group
is that there is 90% certainty that global warmisglirectly related to
human greenhouse gas emissions.

1.3.2 Causes of Climate Change

Climate can change due to forces external to timatk system (e.g.,
arrangement of continents, volcanic eruptions, a@hdnges in the
intensity of sunlight). It can also change as alltesf forces internal to
the climate system (e.g., atmospheric composittoyds), or because
of anthropogenic (human-caused) changes (e.g., e-sugle

modifications of the land surface and atmospheenmosition of

greenhouse gases).

On the broadest scale, the rate at which energceived from the Sun
and the rate at which it is lost to space deterntime equilibrium
temperature and climate of Earth. This energy s$trituted around the
globe by winds, ocean currents,and other mechantemaffect the
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climates of different regions. Factors that canpghelimate are called

climate forcings or "forcing mechanisms". Thesdude processes such
as variations in solar radiation, variations in Beth's orbit, variations

in the albedo or reflectivity of the continentsmasphere, and oceans,
mountain-building and continental drift and changegreenhouse gas
concentrations.

Climate change can either occur due to externatirigr or due to
internal processes. Internal unforced processes aftvolve changes in
the distribution of energy in the ocean and atmesphfor instance
changes in the thermohaline circulation. Extermaitihg mechanisms
can be either anthropogenic (e.g. increased emssid greenhouse
gases and dust) or natural (e.g., changes in sotput, the earth's orbit,
volcano eruptions).Whether the initial forcing maotsm is internal or
external, the response of the climate system nfigifast (e.g., a sudden
cooling due to airborne volcanic ash reflecting ligin), slow (e.qg.
thermal expansion of warming ocean water), or algpation (e.g.,
sudden loss of albedo in the Arctic Ocean as smilts, followed by
more gradual thermal expansion of the water). Theee the climate
system can respond abruptly, but the full respomse forcing
mechanisms might not be fully developed for ceetnr even longer.

Anthropogenic is something/anything that is made Hwmans. An
example of something that could be considered aptdgenic are
excessive greenhouse gasses. Anthropogenic Factdrs the

Environment. changes which influence the organicrldvaand are
introduced into nature by human activity. In rewodk nature and
adapting it to their own needs, people influeneelives of animals and
plants by altering their habitats. The influenceyrba indirect or direct.
Greenhouse gas. The vast majority of anthropogearbon dioxide
emissions (i.e., emissions produced by human &esyi come from
combustion of fossil fuels, principally coal, odnd natural gas, with
additional contributions coming from deforestatichanges in land use,
soil erosion and agriculture (including livestock).

SELF ASSESMENT EXERCISE 1

1. What are the causes of global climate change?

1.4 Internal variability

Scientists generally define the five componenteasth's climate system
to include atmosphere, hydrosphere, cryospheresighere (restricted
to the surface soils, rocks, and sediments), amgpbiere. Natural
changes in the climate system result in internimate variability".
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Examples include the type and distribution of spgcand changes in
ocean-atmosphere circulations.

A. Ocean-atmosphere variability The ocean and atmosphere can
work together to spontaneously generate internamate
variability that can persist for years to decadésaatime.
Examples of this type of variability include the MRifio—
Southern Oscillation, the Pacific decadal osciati and the
Atlantic Multi-decadal Oscillation. These variat®orcan affect
global average surface temperature by redistrigutieat between
the deep ocean and the atmosphere and/or by glteha
cloud/water vapor/sea ice distribution which cafeetf the total
energy budget of the earth. The oceanic aspectshese
circulations can generate variability on cententimkescales due
to the ocean having hundreds of times more mags ithahe
atmosphere, and thus very high thermal inertia. &ample,
alterations to ocean processes such as thermohaficidation
play a key role in redistributing heat in the wésldceans. Due to
the long timescales of this circulation, ocean terafure at depth
is still adjusting to effects of the Little Ice Agehich occurred
between the 1600 and 1800s.

B. Random forcing: From a climate perspective, the weather can
be considered as being random. If there are ldkbeids in a
particular year, there is an energy imbalance atich deat can
be absorbed by the oceans. Due to climate inghis signal can
be 'stored’ in the ocean and be expressed as Nigriab longer
time scales than the original weather disturbances.

1.4.1 External forcing mechanisms
A. Green House gasses

The scientific consensus on climate change is 'thatate is changing
and that these changes are in large part causbdrbgn activities”, and
it "is largely irreversible". Whereas greenhousasegareleased by the
biosphere are often seen as a feedback or intelimbte process,
greenhouse gases emitted from volcanoes are tiypickssified as
external by climatologists. Greenhouse gases, as€202, methane and
nitrous oxide, heat the climate system by trappinffared light.
Human's main impact is by emitting CO2 from fo$s#l combustion,
followed by aerosols (particulate matter in the@dphere), and the CO2
released by cement manufacture. Other factorsudimay land use,
ozone depletion, animal husbandry (ruminant aninsaish as cattle
produce methane, and deforestation, are also plalga
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B. Volcanoes:Volcanoes are also part of the extended carbole.cyc
Over very long (geological) time periods, they aske carbon
dioxide from the Earth's crust and mantle, couwtarg the
uptake by sedimentary rocks and other geologicdloradioxide
sinks. The US Geological Survey estimates are todtanic
emissions are at a much lower level than the effe€tcurrent
human activities, which generate 100-300 timesam®unt of
carbon dioxide emitted by volcanoes. The annualwsriput out
by human activities may be greater than the amoeleised by
super eruptions, the most recent of which was thieaTeruption
in Indonesia 74,000 years ago.

C. Orbital variations

Slight variations in Earth’s motion lead to chasmige the seasonal
distribution of sunlight reaching the Earth’s sedaand how it is

distributed across the globe. There is very littheange to the area-
averaged annually averaged sunshine; but therbecatrong changes in
the geographical and seasonal distribution. Theetltypes of kinematic
change are variations in Earth’s eccentricity, gesnin the tilt angle of
Earth’s axis of rotation, and precession of EartXis.

D. Solar output

The Sun is the predominant source of energy inptit¢ Earth's climate
system. Other sources include geothermal energy the Earth's core,
tidal energy from the Moon and heat from the deo&yadioactive
compounds. Both long- and short-term variationsotar intensity are
known to affect global climate.

E. Plate Tectonics

Over the course of millions of years, the motionteftonic plates

reconfigures global land and ocean areas and gesdapography. This
can affect both global and local patterns of clenand atmosphere-
ocean circulation. The position of the continentstednines the

geometry of the oceans and therefore influencesenpat of ocean

circulation. The locations of the seas are impdriancontrolling the

transfer of heat and moisture across the globe, tedefore, in

determining global climate. The size of continergsalso important.

Because of the stabilizing effect of the oceangewmperature, yearly
temperature variations are generally lower in @amteas than they are
inland. A larger supercontinent will therefore hawere area in which

climate is strongly seasonal than will several $snatontinents or

islands.
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1.5 Effects of ClimateChange

Climate change will affect ecosystems and humanesys such as
agricultural, coastal, transportation, and heattfrastructure in ways
that we are only beginning to understand. Theré bl winners and
losers from the impacts of climate change, evehiwia single region,
but globally the losses are expected to far outivéige benefits. The
larger and faster the changes in climate, the rdifieult it will be for
human and natural systems to adapt without advesHects.
Unfortunately, the regions that will be most selyerdfected are often
the regions that are the least able to adapt. Bdegh, one of the
poorest nations in the world, is projected to |23e5% of its land if sea
level rises about 40 inches (1 meter), displacingioms of people.
Several islands in the South Pacific and Indiaransewill be at similar
risk of increased flooding and vulnerability to rsto surges. Coastal
flooding will likely threaten animals, plants, afigsh water supplies.
Tourism and local agriculture could be severelyllehged.

Many developed nations, including the United Statese also

threatened. Nations with wealth have a better aharicusing science
and technology to anticipate, mitigate, and adajeg-level rise, threats
to agriculture, and other climate impacts. Adaptadi could include

revising construction codes in coastal zones oreldging new

agricultural technologies. The developed world wiled to assist the
developing nations to build their capacity to més challenges of
adapting to climate change.

Climate change will likely affect human health imetfuture. Potential
impacts include heat stress, increased air poliumd lack of food due
to drought or other agricultural stresses. Climateange can also
influence the spread of infectious diseases. Teatpes, precipitation,
and humidity can affect the lifecycle of many dsegathogens and
carriers, modifying the timing and intensity of ese outbreaks. For
example, some studies have predicted that globabt# change could
lead to a widespread increase in malaria transomsby expanding
mosquito habitat and range.

Click on: https://www.youtube.com/watch?v=M3Iztt4D2
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SELF ASSESMENT EXERCISE 2

2. Explain the various effects of climate change

1.5.1 Steps that can be taken to reduce Greenhou&mases in the
Atmosphere

Despite remaining unanswered questions, the stieeatiderstanding of
climate change is now sufficiently clear to justifiking steps to reduce
the amount of greenhouse gases in the atmosphe@auBe carbon
dioxide and some other greenhouse gases can ré@méia atmosphere
for many decades, centuries, or longer, the climhtage impacts from
concentrations today will likely continue well beybthe 21st century
and could potentially accelerate. Failure to imp#emn significant

reductions in net greenhouse gas emissions willenthle job much

harder in the future both in terms of stabilizingeit atmospheric
abundances and in terms of experiencing more sgnif impacts.

Governments have proven they can work togetheressbdlly to reduce
or reverse negative human impacts on nature. Asicla&xample is the
successful international effort to phase out of thse of

chlorofluorocarbons (CFCs) in aerosols and refdges that were
destroying the Earth’s protective ozone layer. & present time there
is no single solution that can eliminate future mveng. As early as
1992, Policy Implications of Greenhouse Warmingniduhat there are
many potentially costeffective technological opsothat could help
stabilize greenhouse gas concentrations. Persomafional, and

international choices could have an impact; fornegie, driving less,

regulating emissions, and sharing energy techneogcould be
beneficial.

SELF ASSESMENT EXERCISE 3

1. How can we reduce the emission of greenhousegas

9,

In this unit we can conclude that Climate generggfigrs to the average
weather over long periods of time. The climatefisaed by changes in
solar energy, as well as complex interactions betwthe air, water,
land, ice, and living world. Over billions of yearas the earth has
changed, so too has the climate. One feature dfi'saclimate is the

1.6 Summary
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greenhouse effect. This effect causes the eariwface and lower
atmosphere to be warmer than it would be otherwise.

In this unit, we have discussed vividly on the scee of climate change
such as historical overview of climate change, theses of climate
change, effects of climate change, as well as wayghich greenhouse
gasses emission can be reduced.

N

Edwards, Paul Geoffrey; Miller, Clark A. (2001).CQiggng the
atmosphere: expert knowledge and environmentalrganee.
Cambridge, Massachusetts: MIT Press. ISBN 0-26283%
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u:; 1.8 Possible Answers to SAEs

Answers to SAEs 1

1. The causes of global Climate change can occur indwension

external forcing or due to internal processes.riaeunforced
processes often involve changes in the distributibenergy in
the ocean and atmosphere, for instance changeshén
thermohaline circulation while External forcing rhaaisms can
be either anthropogenic.

Answers to SAEs 2

1. The effect of Climate change will likely affect ham health in

the future. Potential impacts include heat stréssreased air
pollution, and lack of food due to drought or otlagricultural
stresses. Climate change can also influence theadpof
infectious diseases. Temperature, precipitatiod, rammidity can
affect the lifecycle of many disease pathogens aattiers,
modifying the timing and intensity of disease oatks.

Answers to SAEs 3

10

1. Despite remaining unanswered, Failure to implensggnificant

reductions in net greenhouse gas emissions willemale job
much harder in the futureboth in terms of stabilzitheir
atmospheric abundances and in terms of experienoioge
significant impacts Policy Implications of Greenkeuwarming
found that there are many potentially cost-effextiechnological
options that could help stabilize greenhouse gasemrations.
Personal, national, and international choices colb&Vve an
impact; for example, driving less, regulating eneiss, and
sharing energy technologies could be beneficial.
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UNIT 2 CLIMATE CHANGE MODELS

Unit Structure
2.1  Introduction
2.2  Learning Outcomes (LOs)
2.3 Main Content
2.3.1 Energy Balance Models
2.3.2 Radiative-Convective Models
2.3.3 Simple Ocean Models
2.3.4 Global Climate Models (GCMs)
2.4  Clouds and precipitation
2.4.1 Boundary layer
2.4.2 Ocean GCMs
2.5 Modelling the Land
2.5.1 Model Validation
2.6  Summary
2.7  References/Further Readings/Web Resources
2.8 Possible Answers to SAEs

N 2.1 INTRODUCTION

Climate change models aim to understand the pHyprozesses that
produce climate and predict the effects of theanges and interactions.
These interactions operate at different spacescabel have different
response times, some simplifications are therategeired in modelling
climate change. For example, atmospheric procéssastime-scales of
hours or a few days, whereas deep ocean proceagediime-scales of
hundreds of years, and these times increase uptsands of years for
the processes related to ice sheets. Thereforeg tisea variety of
climate models depending on the number of diffepeatesses included
and the range of time intervals considered. A t@ifidoetween these
features is necessary due to limitations of contmral resources.
Models are developed for particular purposes amuilghbe evaluated
on that standard. Often, a simple model is adeqtmtexplain the
fundamental mechanisms of an exact process thdttrnggunknown by
the complexity of a larger model.

@

At the end of this unit, student will be able to:
. The concept of feedback in its many dimensions asd
importance in analysing, and attempts to modehatke.

2.2Learning Outcomes (LOs)

12
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o The mechanisms by which climate changes over bmily bnd
shorter time periods.

o The role in climate change of forcing agents, bo#tural and
those deriving from human activity.

o The main models that have been developed to sienglahate,

how it changes historically and how it is preditte change.

2.3 MAIN CONTENT
2.3.1 Energy Balance Models

Climate models are the energy balance models (EBMsse models
attempt to determine the evolution of surface amperature due to
changes in global radiative balance. The simpl&¥ ks the 0-D (zero
dimensional) model, which takes the Earth as aoumifsphere. The rate
of surface temperature variation is proportional ttee difference
between the energy received and the energy entigetthe Earth. An
equilibrium temperature is attained when both nemgiand emitted
energies are equal. The emitted energy (by are@ sngiven by the
formula for the black body radiation, corrected dyoefficient which
accounts for the absorption in the atmosphere. rébeived energy is
the fraction of solar radiation which is not subjecthat reflected by the
surface (the albedo). However, the albedo is degr@non temperature,
since low temperature should imply a larger snoa iae cover, thereby
a larger albedo. Therefore, in order to close tluElehit is needed to
assume a particular form for this dependence. thassimplest example
of parameterisation in a climate model. A paranigdéion is a
simplified description of a case or phenomenon whsgace-scale is
smaller than the minimum spacescale which the misddile to resolve.
Hence, a global albedo is used as an average \alumbedos of
different regions of the Earth. Parameterisatioa main ingredient of
climate models, but the simplified descriptions which the process
depends also mean that parameterisation is dependen the
assumptions made by the modeller who creates th&hus,
parameterisation can be a source of model unceytain

The 0-D model is useful to estimate the global méamperature
responses to changes in radiative forcings. AbbeeOtD model is the
(one-dimensional) 1-D zone-averaged model.

Here, the Earth is not taken as a uniform spheug,its surface is
divided by latitudinal zones. Thus, the albedo lsarmade dependent on
latitude as well as on temperature. Besides theggramitted to space, a
transfer of energy from one latitudinal zone todtdder neighbour is
also important. The energy emitted to space isnparerized as a linear

13



DES219 CLIMATE CHANGE AND DEVELOPMENT

function of temperature, the formula also takindoiraccount the

absorption of long-wave emitted radiation by cloaas! aerosols in the
atmosphere. The energy transfer to a neighbour moteken as being
proportional to the difference between the zonepemature and a mean
global temperature. Originally this model was deem to study

essentially the sensitivity of the Earth’s equililon mean temperature to
changes in the terrestrial orbit around the Sun.

14
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SELF ASSESMENT EXERCISE 1

Discuss the Energy Balanced Model (EBMs

2.3.2 Radiative-convective Models

Radiative-convective models are other types of mBdels. In these
models the referred dimension is the altitude ogeound level.
Radiative is the act of emitting or radiating albsar energy or heat back
to the atmosphere). The atmosphere is resolvednamber of layers,
likely of different thickness. Each layer radiatas a black body
upwards and downwards. The ground radiates upwé&iash layer is
characterized by absorptivity (i.e. the fractionrafliation absorbed at a
given wavelength). The radiative balance of thdsed results in a
temperature profile along the vertical direction.ow¢ver, the
temperature profile obtained in this way tendshiovs vertical gradients
exceeding the lapse adiabatic rate (i.e. the temyper gradient above
which the atmosphere fails to be mechanically stagainst buoyancy
forces). In this situation, movements of atmospgheyases between
layers transfer energy by convection to restorestiability. Thus, this
energy carried by convection must be added to timdi@nergy in the
energy balance equations. These processes are icallgesimulated
until a stable equilibrium state is attained.

The radiative-convective models are amenable toyniaprovements.
Contents of layers can include different types asep and aerosols,
together with their characteristic absorptivitidsradiation of different
wavelengths. These models have been used for thelogenent of
schemes for cloud formation and evolution. Cloudsehdifferent and
opposed effects on the climate. On one hand, cloalsase the albedo
and, consequently, tend to produce a decreasecefvesl radiation,
leading to a lower mean temperature. On the othedhclouds retain
the radiation upwards from the ground, producingreenhouse effect.
These effects depend on the type of clouds, anghheind size of
droplets. Therefore, while the global effect of uds is far from
obvious, these radiative-convective models arebtst tool to develop
cloud schemes to be included in more complex cémaddels.

Other models are the two-dimensional (2D) modelsest models can
be classified into two types according to the disiems explicitly

considered. For example, these two dimensions @anatitude and
longitude, neglecting altitude over the ground. Séhenodels are very
useful in the simulations of large scale atmosghamovements. In the
2D models, the dimensions considered are the digtiand the altitude.

15
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For instance, over each latitudinal belt in a Buty&llers model, we
can consider an atmospheric column divided in gartlayers. Now,

there are horizontal radiation fluxes between afjacolumns as well

as vertical fluxes between layers within the samleman (Figure 1.1).

Equally, the convective fluxes required to restiwe lapse adiabatic rate
can act horizontal as well as vertically.

AT THE SURFACE % g
Ground tempera

LT oV
LNM, oty

Figure 1.1 Adapted from McGuffie and Henderson-Sedirs (2005)

SELF ASSESMENT EXERCISE 2

Discuss different types of radiative-convective models

2.3.3. Ocean Models

Early ocean models were designed to simulate oceamirents. This
ocean model must include three phenomena: i) seidarrents driven
by winds ii) deep currents driven by gradients emperature and
salinity iii) tides driven by gravitational effects

The ocean basin model is rectangular. The cirarats driven by
surface winds, ocean bottom friction, pressure igrad and Coriolis
force (the force that arises from the Earth movim@ rotating system).
The aim of the model was to study the influencéheke factors on the
velocity of the surface currents. Two-box modeSddmmel (Stommel,
1961) is another different kind of model. The oceamodelled by two
boxes: one corresponding to equatorial latitudesl d@he other
corresponding to polar latitudes (Figure 1.2). Eaxdhthese boxes
contains well mixed water at a given temperaturgBdx 1), T2 (Box
2) and a given salinity S1 (Box 1), S2 (Box 2). [Bttoxes exchange
heat and moisture fluxes, HS, with the atmosph@&iee boxes are
connected by pipes through which water is transteriThe strength of
the fluxes between the boxes, g, is assumed torbpogional to

16
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differences of temperature as well as differencesailinity. Each box
can be further divided in two vertical layers tpamte surface currents
from deep currents.These models can be used ty stimohaline
circulation (THC) or simulate the onset of glacat.

v
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Figure 1.2: The two-box ocean model. Adapted from Mrotzke

Imfrared
rachation

.

) :I Heat exchanges
- 1 ;o " s '
i ] T i T
Upwelling
| Diffusive
[ mixing
W
Upaneelling
+ 4 * 4 r
] (5 T [ L] .._I

Simking
ot cold
polar
water

Figure 1.3 lllustration of the upwelling-diffusion climate model,
consisting of a single atmospheric box, a surfacayer

representing both land and the ocean mixed-layer,ral a deep

ocean layer.
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Figure 1.4 Sketch of a 2D model. Source: An Introdetion to Simple
Climate Models Used in the IPCC Second
Assessment  Report. IPCC  Technical Paper 2, P28.

http://www.ipcc.ch/pdf/technical-papers/paper-Il-enpdf

SELF ASSESMENT EXERCISE 3

What do you understand by an Ocean Model?
What are the major components of model validation?
Discuss different types of ocean models known to you.

2.3.4. Global Climate ModeldGCMSs)

The most complex climate models are the GCMs. Thd& models
aim at mimicking the general circulation of botimasphere and oceans.
This type of model works in all three dimensionsl @aantemplates both
dynamic (physical movement of air and waters) amermhodynamic
(heat movement) features. An example of GCMs modslsthe
Atmospheric GCMs. These models (usually referredsdAGCMSs) are
constructed from early models of weather forecdstey are built
around a dynamical core represented by a set dfemedtical equations
describing the behaviour of a compressible fluid) @n a rotating body.
The variables which appear on these equations, chadacterize the
fluid, are the prognosis variables: wind velocitigsmperature, pressure
and mass components. The amount of water vapoeim{tist important
greenhouse gas) is included in the dynamical d®aeameterisation is
one of the most important schemes for AGCMs coreadiation. It
usually incorporates daily and annual solar cydlésen a GCM is used
for simulations of paleoclimates or for very lomgr climate forecasts,
variations of the solar constant due to changethenEarth’s orbit are
also included. The solar radiation is eventuallgaabed or scattered by

18
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clouds, gases and aerosols. Some models also énchgblicitly
chemical reactions in which atmospheric gases aedbsals are
involved. For instance, very well-known are the eetfé of
chorofluorocarbon (CFC) aerosol gases on the ozstretospheric
depletion.

2.4 Clouds and precipitation

Cloud parameterisation is one of the most debatdgtrses and is
dependent on assumptions made by the modellerd€lbave multiple
feedback effects on the climate: they determinefline of radiation,
produce precipitation, redistribute the atmosphenass, redistribute
energy through latent heat, etc. Early schemesithesicstatistically the
cloud field and used prespecified, empirically deieed values for
albedos. More recent schemes diagnose the formatiomistribution of
clouds from the prognosis variables of the dynamimare. These
schemes deal with clouds of different forms andyhisi of formation
(basically cumulus and stratiform clouds), and dilve corresponding
albedo and absorption as a function of distributiod size of the water
droplets that they contain. Precipitation paranedéion is based on the
modelling of the microphysical behaviour of clouds. this scheme
aerosols enter through their role as nucleationtregn(particles on
which water condensation occurs).

2.4.1 Boundary layer

Other atmospheric processes which have to be p&rdsesl are the
boundary layer processes. The boundary layer islaper in direct

contact with the ground, where the surface frictiais a great effect on
the momentum and heat fluxes. Moreover, effectsadar variations
during the day are very sensitive with respect émgerature and
moisture. So, these processes cannot be treatedficglly even if a

finer vertical resolution is used. Finally, boung#ayer models need to
conserve enstrophy; otherwise, the numerical schetered to yield a
wrong energy transfer to smaller and smaller spaedes.As the
computational resources allow the use of finer gridhore local

processes can be included in the models. Therefeeent AGCM

models show also a good performance in weathecdsts.

2.4.2 Ocean GCMs

Early ocean models represented the oceans as aofsdioxes
interchanging fluxes. However, advances in comparigiower have led
to the development of Ocean GCMs (OGCMs) comparablehe
AGCMs. The dynamical core is similar to the cordhd AGCMs, with
water playing the role of air, and salinity that lafmidity. Moreover,

19
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whereas ocean processes are generally slower thaosgheric

processes, the spatial scale of the former is sméan that of the latter
— because ocean eddies have a smaller size. Heudinbension of grid-

cells can be as small as 1° x 1° (correspondirgptut 12.000 square
kilometres for a cell near to the equator). In samadels the grid is

progressively refined for latitudes smaller tha® BOorder to obtain a
better resolution of processes nearer to the equataviously, the grid

does not span the entire surface of the Earthpblytthe ocean basins.
Therefore, the profile of continents must be sirteda Typical values

for the number of vertical layers go from 16 to 40.

2.5 Modelling the Land

Land schemes include several types of soils witferdint uses and
vegetation cover. Up to ten different types of lear@ considered in
some models, ranging from broadleaf evergreendoiallice. Each soil

has a parameterised albedo, inversely proportimnaegetation cover.
The vegetation is also important for the balanceasbon dioxide and

water vapour through photosynthesis and evapotiratism. Recent

models also include a complete carbon cycle irssdihe inclusion of

the terrestrial carbon cycle introduces a new faekbnto the climate

system with important effects on large time scalése subsoil is

characterised by its capacity for water storageteWm the superficial

layer can be either evaporated to the atmospheith, subsequent
release of latent heat and possible cloud formad®nt condenses, or
filtered to deeper layers. However, when the piitadipn rate exceeds
the storage capacity, the excess becomes runoffhwisi released as
fresh water in river estuaries.A good ability of esets to uncover

features of the present climate and observed clsadgeng the recent
past is a clear requirement and ensures that alintiportant processes
have been adequately represented.

2.5.1 Model Validation Model

validation is the ability to simulate present oceet past climates a
guarantee for the accuracy of a model's projectioinslimate change.
The dynamical cores of climate models are basedfumlamental

physical principles which are invariant with timélowever, the

parameterisations, while also based on physicals,lamtroduce

approximations which hold in most situations butynteeak down in

others that are quite different from current caods. Thus, in order to
validate a model it is necessary to carry out &sesf experiments to
ascertain

the model’'s response to a variation of forcingdfddent models often
use different schemes or parameterisations; saaecgence of results
of different models gives confidence about them.

20
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Validation can be made at both an overall systewell@and for a
particular component or scheme level. Due to feekiban the model, it
can be the case that a scheme tuned to certaiateliptocesses results
in a good validation for the complete system ornef@ a different
scheme concerned with other processes. These nobdedidation of
climate models have changed substantially in regeats, along with
the multiplication of models. The number of GCMss hiacreased
steadily from the last decade of past century. Fewm models used in
the First IPCC Assessment in 1990, the number neoutd 23 in the
Fourth IPCC Assessment in 2007. This allows for et®dlso to be
validated by comparing one another. This has leestablishment of a
Programme for Climate Model Diagnosis and Inter-parnson
(PCMDI).

Climate sensitivity is an important measure of ititernal feedbacks on
a model. This is defined as the equilibrium glolmaéan surface
temperature change following a doubling of atmosigheCO2
concentration. The climate sensitivity providesmme way to quantify
and compare the climate response simulated byreiftemodels to a
specified perturbation. In spite of the difficulty an exact measurement
for the real climate, the climate sensitivity rengia useful concept
because many aspects of a climate model scalenbliglobal average
temperature. There is considerable confidence tatate models
provide credible quantitative estimates of futurkmate change,
particularly at continental scales and above. Thididence comes from
the foundation of the models in accepted physicaiciples and from
their ability to reproduce observed features ofrenir climate and past
climate changes. Confidence in model estimatesighen for some
climate variables (e.g., temperature) than for istife.g., precipitation).
Over several decades of development, models havesistently
provided a robust and clear picture of significalitate warming in
response to increasing greenhouse gases.

SELF ASSESMENT EXERCISE 4

Discuss climate sensitivity
Discuss different types of models of climate

Vc,a'/|
2.6 Summary

Many aspects of climate change may be the objecbwotroversy, there
are some basic facts that are considered wellledtad knowledge and
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on which rest the foundations of any argument imote of global
warming predictions.

It is well known from classical physics that cantgiases (water vapour,
carbon dioxide, methane and nitrous oxide, amohgrs} do absorb and
emit significantly within the thermal infrared raamgAs components of
the atmosphere they do that with the infrared taxheemitted from the
Earth’s surface. Part of this absorbed energy {ismmgted back into
space, where it ultimately came from; but the ofteet is trapped in the
atmosphere. These gases are naturally presentimtthosphere and
help in maintaining the Earth’s mean temperatune.ifcrease in their
concentrations has invariably a positive feedbackilee atmosphere’s
temperature and thus on that of the Earth. Systemiastrumental
measurements made all over the World in the Idst fiears have
detected a significant increase in the concentmatiothese gases in the
atmosphere.

A trend towards a rise in the “atmosphere mean ézaipre” (0.4 to 0.8
°C) has been observed since the beginning of #ieimental record.
Since the beginning of the industrial revolutiomgrenthan 200 hundred
years ago, huge quantities of carbon sequesterddssil fuels have
been released in the form of carbon dioxide int® @timosphere as a
result of human activities, altering significantlye pre-existing natural
carbon cycle.

Human activities have also released into the atimargpsmall particles
(known as aerosols), essentially from burning fdssls. Some of these
particles are known to reflect incoming radiatiom at is presumed that
a similar effect may happen when they are airboawe,far as the
incoming solar radiation is concerned. Aerosols othus have a
cooling effect, something which is consistent withserved drops in
temperature after volcanic eruptions. It also appdélaat the observed
temperature rise is connected to human emissiotiglisnuption of the

pre-industrial carbon cycle, although the actudéeiof the correlation

is difficult to appraise, partly due to not wellsassed or yet unknown
feedback processes in the climate system. Whaibgs to debate is
the magnitude of the global warming and its impactclimate, not the

fact that emissions of greenhouse gases leadetmpetrature rise.

In order to capture both the relationship betwesa previous well-
established facts and the factors paramount eénctimate system,
climate scientist resort to what are known as diénmaodels, which are
computer-run, mathematical simulations of physiatlels

Climate is an extremely complex system, with a higiimber of
intervening variables and crosseffects, many ofctvhare still poorly
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known and imperfectly modelled due to the limitasoof present
computer power. Models are nevertheless continyouggraded and
sharpened and are presently able to represeny faell, for example,
the evolution of climate in the last 200 years. yipeovide a powerful
instrument in the hands of climate scientists forrawelling the
mysteries of the climate machinery and its futurel@ion in response
to the human alteration of nature of global proposd.

N

Spencer Weart (2008). The Discovery of Global WagnHarvard
University Press, Revised and Expanded Editiontid@aiew
available on Google Books).
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2.8 Possible Answers to SAEs

Answers to SAEs 1

1.

Climate models are the energy balance models (EBWsse
models attempt to determine the evolution of swfaair
temperature due to changes in global radiativencala

Answers to SAEs 2

1.

Radiative-convective models are other types of trddels. In
these models the referred dimension is the altitonk ground
level. Radiative is the act of emitting or radigtimbsorbed
energy or heat back to the atmosphere). The atreospis
resolved in a number of layers, likely of differéhnickness
Other models are the two-dimensional (2D) modelbesE
models can be classified into two types according the
dimensions explicitly considered. For example, ¢hesvo
dimensions can be latitude and longitude, neglgdititude over
the ground. These models are very useful in theilastmons of
large scale atmospheric movements. In the 2D mpdéks
dimensions considered are the latitude and thieicdti

Answers to SAEs 3

1.

3.

The ocean models are designed to simulate oceaments. This
ocean model include three phenomena: i) surfagermis driven
by winds ii) deep currents driven by gradientseshperature and
salinity iii) tides driven by gravitational effects

Model validation is the ability to simulate presemtrecent past
climates a guarantee for the accuracy of a mogedgctions of
climate change.

A type of Ocean models is the Simple 1-D. The maaehds
sinking of polar cold waters and convective fluga®ugh
movement of atmospheric gases.

Answers to SAEs 4

1.

24

Climate sensitivity is an important measure of tinéernal
feedbacks on a model. This is defined as the éguiin global
mean surface temperature change following a dogblof
atmospheric CO2 concentration. The climate serigitprovides
a simple way to quantify and compare the climatspoase
simulated by different models to a specified pérdtion.

The GCMs models aim at mimicking the general catiah of
both atmosphere and oceans. This type of model svorkall
three dimensions and contemplates both dynamic s{phly



DES219 MODULE 1

movement of air and waters) and thermodynamic (heat
movement) features

These models (usually referred to as AGCMs) arestcocted
from early models of weather forecast. They ardt lauound a
dynamical core represented by a set of mathemagigahtions
describing the behaviour of a compressible fluid)(@n a
rotating body
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UNIT 3 OBSERVED CLIMATE CHANGE AND FUTURE
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3.1 INTRODUCTION

Climate generally refers to the average weather toeg periods of

time.

The climate is affected by changes in solzrgy, as well as

complex interactions between the air, water, lacel, and living world.
Over billions of years, as the earth has changedos has the climate.
One feature of earth’s climate is the greenhougectefThis effect
causes the earth’s surface and lower atmosphebe warmer than it
would be otherwise. At the same time, the atmosplaso cools the
surface through convection of heated air. TheoWalhg chapters
explore in more detail how human and natural factaffect earth’s
climate, and the changes that may occur over thel®® years.

@

3.2 Learning Outcomes (LOSs)

At the end of this unit student will be able to:

26

Understand the observed changes in temperatures and
precipitation on earth

Know the observed changes in the frozen partseoédrth
Know observed changes in the oceans and sea levels
Also know the Global and Regional climate projeasio
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3.3 MAIN CONTENT
3.3.1 Changes in Climatic Variables on Earth
3.1.2 Observed Changes in Temperatures

At any moment, temperatures on earth range fronutazi®) °C to +40
°C, but local temperatures outside of this range rast uncommon.
Current estimates obtained from thermometers atrgtdevel, as well
as weather balloons and satellite records, showtligaearth’s average
temperature has increased in recent decades, ththeyh differ by

exactly how much. Recent increases are on the staleout one to two
tenths of a degree per decade.

The global average surface temperature is estimbtedaveraging
thermometer measurements from thousands of lanidrgaacross the
earth, combined with those of sea-surface temperdtom ships and
buoys. Over the past 150 years there have been wizmges in the
kinds of equipment used, where the monitoring tgdase, how many
places were sampled, and so forth. Data from dweroteans has been
particularly difficultto obtain. Temperature datallected for climate
analysis must be adjusted to remove all influented arise due to
urbanization and other land-use changes, as wellclEnges in
equipment, station location, and the number of ajpmmal stations over
time. The resulting index indicates that averagepierature has
increased about 1°C over the past 150 years.

Many weather stations continue to operate in ciieat airports, where
the high concentration of buildings and human #etw often causes
these areas to be more than a few degrees wararetht surrounding
rural areas. This is called the urban heat isldfete and is not related
to greenhouse

gases. A series of studies in recent years presentiglence that as
much as half the increase in the average of teypesaover land since
1980 can be attributed to a failure to fully cotrir local urbanization
and other land surface changes, as well as othargimlity problems
(de Laat and Maurellis 2004, 2006; McKitrick and ddiaels 2004,
2007). In its recent report, the IPCC acknowledgfeese studies but
dismissed the findings. However, the IPCC did noéspnt any
counterevidence.
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SELF ASSESMENT EXRECISE 1

What are the observed changes in global temperatures and
precipitation over the past 100 years?

3.3.2 Observed changes in Precipitation

There is little evidence of a strong, long termra& in precipitation
patterns, either globally or regionally. Precipdaat has, however,
changed abruptly in some areas, and it has inatesigghtly in many
northern regions over the last 100 years. In mayhern areas, rising
temperatures have resulted in more wintertime pitation falling as
rain rather than snow.

3.3.4 Observed Changes in the Frozen Parts of theih

The cryosphere is the frozen part of the earth’sewaystem, and
consists of snow, river and lake ice, glaciers enxedcaps, ice shelves
and ice sheets, and frozen ground. The cryosphsce paovides an
indirect way to see the effect of climate, but sirit is affected by
several factors, interpretation of changes is cempFor example, a
local change in ice cover (for instance, the rdoessf a glacier) may be
due to an increase in local average temperatuteit lalso may be the
result of changes in precipitation, local sendyivio changing solar
radiation, or a combination of the above.

Snow

Snow cover has decreased in most regions compardtiet 1800s,
especially in the spring and summer. Between 19662804, there was
a decreasing trend in average Northern Hemispheosv scover in

spring and summer, but not substantially less imevi

River and Lake Ice

Long-term (approximately 150-year) records show emegal trend
towards later freezing and earlier break-up of mem river and lake ice.
There is, however, considerable variability in &yw of Canadian rivers
since the late 1960s. The IPCC emphasizes that aive lake ice data
must be interpreted with care.

Sea lce
Since satellite measurements began in 1978, thiécAgea ice area has
steadily declined, with the rate of decrease greatthe summer than in

the winter. The thickness of sea ice in the cerfratic has decreased
since 1980, with most of the decrease occurringi@ly between the
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late 1980s and late 1990s. However, the IPCC nttas sea ice
thickness is one of most difficult climate variabl® measure. A study
by NASA scientists, published after the IPCC repeodncluded that
cyclical patterns in the Arctic Ocean circulatiamther than global
warming trends, explain many of the recent chargg=n in the far
North (Morison et al. 2007).

Glaciers

Glaciers are affected by changes in temperatuesigtation, and solar
insolation (the amount of solar radiation receiadhe glacier). Data
have been collected for relatively few glaciers lide, but of those
sampled, most have been losing mass over the 2dtary. The biggest
losses have been in Patagonia, Alaska, northwest @8d southwest
Canada. Regional patterns are complex, and theyeplaces where
glaciers have been advancing in the past decade thitkness of the
glacier on top of Mount Kilimanjaro has not changadch over the
20th century, although the ice is retreating at ihdical walls. Solar
radiation has been identified by the IPCC as thénndaiver of this

decrease.

SELF ASSESMENT EXRECISE 2

What are the observed changes in the frozen parts of the earth?

3.4 Observed Changes in the Oceans and Sea Levels

The ocean plays an important role in climate valitgb For example,
ocean currents transfer heat from one locatiomudteer, and the ocean
is able to hold about 1,000 times more heat thanatmosphere. It has
proven difficult to thoroughly sample the ocean.dderements only
began in the 1950s and trends are often impossibldentify due to
variations in the datasets. Temperatures in soms péthe ocean are
difficult to measure, and there are large regionsthe Southern
Hemisphere that are not well sampled. A worldwidetwork
(www.argo.net) for sampling ocean temperaturesieots, and salinity
was only completed in the fall of 2007.

Heat Content
The average temperature of the global ocean bettheesurface and the
top 700 meters is estimated to have risen by 0.1@t®@een 1961 and

2003. High rates of warming were observed betwé&83 hnd 2003, but
the IPCC notes that since 2003, the oceans hantedsta cool.
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Salinity

Ocean salinity can decrease if fresh meltwater fitbi cryosphere
enters the oceans. Data on salinity are sparsenie sireas, particularly
in the Southern Hemisphere. However, salinity hasrehsed in the
polar areas of the Pacific, and increased in tbpidal areas of the
Atlantic and Indian oceans. Current observationsndd provide a
reliable estimate of a global average change iamsalinity.

Carbon Absorption

The oceans absorb and store large quantities bboaiThe amount of
carbon dioxide captured by the oceans decreaseudebdet1970 and
1994, likely because the carbon content of the mee¢hemselves has
increased, thus limiting their ability to absorb mmocarbon. This
increase in carbon has led to an increase in sukeder acidity, which
can adversely affect some marine organisms.

Sea Level

Two major processes change the global mean (averseg level:
thermal expansion (the expansion of water as itmsarand the
exchange of water between oceans, ice, the atmespdred other water
reservoirs. Globally, sea levels are estimatechieehisen on average by
about 15 to 20 centimeters over the last 100 y®engh is an increase
of about 1.5 millimeters to 2 millimeters per ye&@imce the early 1990s,
sea levels have been rising at a slightly highde raf about 3
millimeters per year. Sea level changes are notsdmee globally. In
some areas, the sea level is rising at severatttheeaverage rate, while
in other areas sea levels are falling. While sdierknowledge of sea
level changes has improved significantly, there stift uncertainties
which make it difficult to understand how each loé tvarious processes
has contributed to sea level rise over the lastyBa0s.

SELF ASSESMENT EXRECISE3

1. What are the observed changes in the oceans and sea
level over the last decades?

3.4 Global and Regional Climate Projections
The IPCC report presents many specific forecastghainges in the

earth’s weather patterns over the next 100 yeassed on the
assumption of strong greenhouse gas-induced warming
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Global Climate Projections

a. Temperature: Depending on which of several scenarios of future
global greenhouse gas concentrations is used, telinmodels
project that average temperatures could increase & minimum
of 1.1°C to a maximum of 6.4°C. The same models pisdict
that greenhouse gases will cause warming in th@icab
troposphere to be about double the warming atuhace. As of
the present, this has not been observed. In maslable data
series, the troposphere appears to be warming tless the
surface.

b. Precipitation: Evaporation and precipitation are expected to
increase in a warmer climate. The models predicat th
precipitation will increase in the tropics and he tpoles, and
decrease in the subtropics and middle latitudes. ilitensity of
precipitation is projected to increase, particylaml tropical areas
and at the poles.

C. Snow and ice:Current models show a wide range in the response
of Northern Hemisphere sea ice to temperature aser® from
very little change to a strong accelerating reductver the 21st
century. Antarctic sea ice is projected to decraasee slowly
than in the Arctic. Models project an overall des® in glacier
volume, but there is uncertainty in how to estimétgure
changes. In general, snow cover area and the aotalunt of
snow is projected to decrease in the Northern Hameie, with
increases in a few regions.

d. Sea levelsDepending on the emissions scenario, the aveeme s
level is projected to rise between 18 cm and 59 Ts will be
due mostly to thermal expansion, though meltingjlatiers, ice
caps, and the Greenland ice sheet is also projeéatedntribute
to the rise.

e. Tropical cyclones: Models that examine tropical cyclones on a
large scale predict a decrease in the total nunalbetropical
cyclones and little to no change in the intensiyrength) of
individual cyclones on average. On the other handdels that
examines tropical cyclones at a higher resolutimh @n a smaller
scale project that tropical cyclones will becomeeniatense.

Regional Climate Projections
New sources of uncertainty and complexity arise whé&empting to
project climate changes at local and regional Ev@eneral projections

of regional changes are summarized in the IPCCrtepowever, at this
time, the uncertainties in regional projections substantial.
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SELF ASSESMENT EXRECISE 4
What are the likely future global and regional climatic conditions?

9,

In this unit it is clear that the climate is natlyavariable. Evidence
shows that throughout earth’s history, there hasenbnumerous global
climate changes that were much larger than thoper@nced in recent
times. While predictions of climate change 50 o6 }@ars from now
cannot be reliably made, it is plausible that farthncreases in
greenhouse gas levels this century will have anradvevarming
influence on the climate.

3.6 Summary

In this unit, we have discussed extensively on nteskclimate change
and future projections especially observed charnigesemperatures,
precipitation, observed changes in the frozen pairthe earth, in the
oceans and sea levels as well as global and rdgilomate projections.

N
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u:; 3.8 Possible Answers to SAEs

Answers to SAEs 1
1. The changes observed in global temperature and
perceptions is estimated by averaging thermomesasarements
from thousands of land stations across the eadimbmed with
those of sea-surface temperature from ships angsb@ver the
past 100 years there have been many changes ikiritie of
equipment used, In many northern areas, rising éeatpres have
resulted in more wintertime precipitation falling aain rather
than snow.

Answers to SAEs 2
1. The changes observed in the frozen part of thé earisists of
snow, river and lake ice, glaciers and ice cagssielves and ice
sheets, and frozen ground

Answers to SAEs 3

1. Observation changes in the ocean and sea levehanpast
decades plays an important role in climate valitsbiFor
example, ocean currents transfer heat from onetitocao
another, and the ocean is able to hold about 1{®d&s more
heat than the atmosphere. sea levels are estirntateave risen
on average by about 15 to 20 centimeters overattel00 years,
which is an increase of about 1.5 millimeters tmiflimeters per
year.

Answers to SAEs 4
1. The future global and regional condition are likédy presents
many specific forecasts of changes in the eartle'atiaer patterns
such as Temperature, Sea levels, Tropical cycloaed, Snow
and ice
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UNIT 4 GLOBAL WARMING

Unit Structure

1.1 Introduction

1.2 Learning Outcomes (LOS)

1.3 Main Content
1.3.1 Escalating Temperatures
1.3.2 Precipitations

1.4 The Energy Budget

1.5 Radiant Energy and Temperatures
1.5.1 Greenhouse Gases

4.6 Summary

4.7 References/Further Readings/Web Resources

4.8 Possible Answers to SAEs

N 4.1 INTRODUCTION

Global warming is the long-term rise in the averég@mperature of the
Earth's climate system. It is a major aspect ofenirclimate change
discourse, and has been demonstrated by direct etamope

measurements and by measurements of various etfetit® warming.

The term commonly refers to the mainly human induésctors that
cause increase in global surface temperatures #&hndpriojected

continuation. In this context, the terms global merg and climate
change are often used interchangeably, but clictzege includes both
global warming and its effects, such as changeprétipitation and
impacts that differ by region.There were prehistgreriods of global
warming, but observed changes since the mid20thucemave been
much greater than those seen in previous recordsriog decades to
thousands of years. This unit discusses the cuseidience of global
warming it’s relation to climate change.

@

At the end of this unit students are expected to:

4.2Learning Outcomes (LOSs)

. understand the current evidence for global warming

o understand the current warming in relation to ctenehanges
throughout the Earth's history

. explain factors forcing climate change, and theetxof

anthropogenic influence
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4.3 MAIN CONTENT
4.3.1 Escalating Temperatures
Figure 1.5 shows that global temperatures haveeasad over the last

120 years, in spite of year to year, or even ddcddareases, as
happened in the period 1940-1960.
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Figure 1.5: Graph of global annual surface temperatres relative
to 1951-1980 mean temperature (Air and ocean dateoim
weather stations, ships and satellites). Source:
http://data.giss.nasa.gov/gistemp/graphs/

Instrumental measurements starting around the middl the 19th
century plus the extrapolations made on valueseofiperatures in
previous centuries lead to the conclusion that newe the last

millennium have temperatures shown such a high ohiacrease. But
temperatures and mean precipitations do not onlymdut also show
more variability over the planet in the last on@dined years. Important
differences between land and sea, between diffeesgibns, between
seasons, or even between day and night constitutematral

phenomenon. What characterises the last hundre yeahat those
differences are becoming superior to the statistiaaiability. Winters

are warming faster than summers. This is mostlyngment in Eastern
and Southern Europe, where the number of cold dws notably
reduced while days with suffocating temperatures more frequent
(See Figure 1.6).
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Figure 1.6: Linear trend of seasonal March-April-May (MAM),
June-July-August (JJA), September-OctoberNovember§ON)
and December-January-February (DJF) temperature forl979 to
2005 (°C per decade). Source: IPCC Fourth AssessnidReport,
Surface and Atmospheric Climate Change.

This global warming is not only detected in therneten readings all
over the world. There is much evidence coming fagher sources.

SELF ASSESMENT EXERCISE 1

Briefly discuss escalating temperatures.

4.3.2 PRECIPITATIONS

In meteorology, precipitation is any product of thendensation of
atmospheric water vapour that falls under gravitge main forms of
precipitation include drizzle, rain, sleet, snowaugpel and hail.
Evaporation goes with the scaling up of temperatuteaccounts for the
2 percent rise in precipitations that has beenrobsgeover the last one
hundred years. But this is not good news becaiesbdheficial effect is
mitigated by the large regional differences. Obatons show that
changes are occurring in the amount, intensitygueacy and type of
precipitation. These aspects of precipitation exhiarge natural

variability, and El Nifio and changes in atmosphericulation patterns
such as the North Atlantic Oscillation have a larggluence.

Pronounced long term trends from 1900 to 2005 hmaen observed in
precipitation amount in some places: significantigtter in eastern
North and South America, northern Europe and namttend central

Asia, but drier in the Sahel, southern Africa, tediterranean and
southern Asia. More precipitation now falls in fleem of rain instead of
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snow in northern regions. Widespread increaseseavyh precipitation

events have been observed, even in places wherkawoiounts have
decreased. These changes are associated withsedreeter vapour in
the atmosphere arising from the warming of the @srbceans, at lower
latitudes. There are also increases in some regotiee occurrences of
both droughts and floods”.

Oceans levels and temperatures also have beeg sBine the end of
the 19th century and the trend has been accelgratiarting in the early
1990s. In some locations, part of this change maydbe to natural
causes. But, the alterations observed at the planstale cannot but be
connected to global warming. Instrumental readiegsl to an estimate
of 0.6°C for the global increase since 1860. Howetreat warming is
unfairly distributed. Ocean dynamics and local c¢bods induce
differences in warming among the different seag North Atlantic has
been warming less than the North and Baltic Seas, td influences
from the Arctic and the Ocean Conveyor Belt. Sealkehave increased
up to 25 cm in some places. The extent of the pihenon varies
locally, as happens with tides, and depends on rfaatgrs, such as sea
floor topography, irregularity of the coast linent subsidence (as in
Bangladesh) or isostatic land rises. Narvik, in tNem Norway,
registers a 3mm rise per year, while Marseille, e French
Mediterranean Coast, 1Imm/year. Surface water expasda result of
climbing temperatures. Expanding sea water therdjuses itself
vertically as it is constrained by the continetitalts of oceanic basins.
Moreover, melting continental ice packs contribfuteher to ascending
sea level, but by a much smaller amount. The tread gained
momentum since the early 1990s. Due to its theingtia sea water
has been warming much less than the atmospheré midems that even
if temperatures are someday stabilised, the oosdihsontinue to show
noticeable effects, and, in particular, they wihtinue their expansion.

Most glaciers in the World are melting. In factetprocess has been
particularly marked since the beginning of the 2@d#ntury. In the
course of the last hundred years Mounts Kenya ailich&jaro, for
example, have lost 92 percent and 82 percent oir tkaciers,
respectively. The melt is too fast in order to kealobal warming as
the ultimate cause. The melt was already appareifit vefore global
warming started to be significant (Figure 1.7).
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Pedersen Glacier

Fjords National Park, Alaska) in 1920 and 2005. Soue: Global
Warming Art,
http://www.globalwarmingart.com/wiki/File:Pedersen_Glacier_jpg.

4.4The Energy Budget

Past climatic events have left their mark on thetlEs surface.

Research on these footprints has shown that clihate undergone
many changes during the Earth’'s history. With ssitated and

complex techniques, scientists have been able twepd to a
reconstruction of the history of the climate of opfanet. The

reconstruction of the recent past is certainly mewweurate and reliable
than that of the distant past, being related tcatraglability of pieces of

evidence where transformations of the Earth’s crestove with time.

Paleoclimatology has nevertheless allowed us tce hepretty good
image of the last 800,000 years, due to air bubblagped in the
Greenland and Antarctic ice packs, while littlkmown of how climate

was and evolved 500 million years ago. What we kim®wonetheless
more than enough to convince us of the existenckotli colder and
hotter periods than the present — both types tigiwith life — and also
of transitions between those extreme types. Whadingular to the

present rise of temperatures is that there is aarwus of the scientific
community linking it specifically to human actias, particularly, to the
burning of fossil fuels. On the other hand, it goadhreat to life and our
present civilisation.
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So the question can be asked as to why human taegiare behind the
temperature switch? The answer lies in the modifioa brought about
by the flow of energy throughout the climate systeyngases emitted
from burning fuels: the so-called greenhouse gases.

Earths Energy Balance

Reflected Solar
Radiation

Surface S
“Radiation Absorbed
Surface

Thermals Evaﬁo—

S‘ﬁrhk-! transpiration
Net absarbed
0.9

Wm*

Figure 1.8 Estimate of the Earth’s annual and globlamean energy
balance. Source: IPCC Fourth Assessment Report, apter 1,
Historical Overview of Climate Change Science.
http://www.ipcc.ch/publications_and_data/ar4/wgl/effag-1-1.html.

The flows of energy to which we refer to are shawrrigure 1.8. The
latest estimations show that the Earth receiveghat top of the
atmosphere (TOA), in the form of shortwave radmtis directly
returned by both the atmosphere and the planetfacgs Consequently,
constitutes the absorbed solar radiation (ASR)heyianet, which sets
the atmosphere and oceans into motion and thusesgetilimate. This
absorbed energy follows a course of transformatiamg of complex
exchanges between the climate agents. Figure llBesithe major
features of this energy flow. This energy cannaham on Earth.
Otherwise, the planet would be heating up to uritkenkevels. In fact, it
is returned to the outer space in form of long weagiation — outgoing
(infrared) long wave radiation (OLR). As shown imgle 1.8, it is
estimated that at the TOA the outgoing radiatior238.5 W/m2. This
means that 0.9 W/m2 are not returned to the opteres they have been
captured by the Earth’s atmosphere. The resulha the Earth is
heating up and thus temperatures are rising.

SELF ASSESMENT EXERCISE 2

Why are temperatures rising?
Write short note on precipitation.
Why is this so worrying if variability is intrinsic to climate?
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4.5 Radiant Energy and Temperatures

The fundamental difficulty of trying to understamdhat is behind the
energy imbalance and the ensuing temperature rése row be
addressed. A discussion of incoming and outgoiraytskiave and long
wave radiation has ensued. What do we mean by Brafgy is known,
and traded, in a number of different forms. We hheard about the
epithets thermal, mechanical, chemical, electrieldstic, nuclear, and
so on, when referring to energy. The Earth, takera avhole, which
means including its atmosphere, exchanges enertjytia@ outer space
almost exclusively through a single form: radiantight energy, that is,
in the form of electromagnetic waves. This radieamergy is intrinsic to
all bodies whose temperature is above the absaete on what is
called the Kelvin (K) scale (0°K which = -273°ChrREhe simple fact of
having a temperature above the absolute zero, @ &ots light in a
way which has been known to physics since the &8tiury: the black
body radiation. Moreover, it turns out that blacdi radiation provides
us with a set of very precise working equationst thalate the
temperature of an object to the light it emits. Radikbody radiates
energy at every wavelength although the intensityvhich a given
wavelength is emitted depends on the temperatutheobody. If we
draw the intensity at which a wavelength is emitted terms of
wavelengths we obtain a bellshaped, universal cuive theoretical
black body curve at a given temperature, also knawithe black body
spectrum. Figure 1.9 depicts four examples at @iffetemperatures (in
degrees Kelvin). We observe that the peak decraasesgnitude and
shifts its position to the longer wavelengths regas the temperature
lowers. It means that the light emitted by very botlies (> 7,000 K) is
essentially ultraviolet light (short wave radiatjoAs the body becomes
colder (in the range 4,000 K — 7,000 K) most radiamergy is in the
form of visible light, or infrared light (long waveadiation) for
temperatures below 4,000 K.
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Figure 1.9: Displacement of the blackbody radiatiorspectrum
with decreasing temperature (in °K). Hotter objectsemit
preferably in the short wavelength window and, as &ody
becomes cooler its emission shifts to longer wavegghs (lower
frequency and less energetic light). Source: Edutian Resources
of the Hong Kong Space Museum,
http://www.lcsd.gov.hk/CE/Museum/Space/EducationResirce/
Universe/framed_e/lecture/c h05/ch05.html

The temperature of the outer, visible part of the §he photosphere) is
approximately 5,700 K. The peak is consequentltha visible range.
This is why we see the Sun shine. On the other h#mel mean
temperature of the Earth is 288 K (15 °C). The ltaadiates in the
infrared range. This is why our planet does notirish though that does
not mean that it does not radiate light: its lighsimply not visible; it is
instead sensed as plain heat.

SELF ASSESMENT EXERCISE 3

Write short notes on radiant energy and temperatures

4.5.1 Greenhouse Gases

All gases which absorb infrared radiation are gneeise gases: water
vapour, carbon dioxide (CO2), methane (CH4), ndraxide (N20),
ozone (0O3) and man-made molecules such as fluedngases or
halocarbon compounds. The efficacy with which a gagributes to the
greenhouse effect depends on both its concentratidime atmosphere
and its capacity to absorb infrared light.

Natural 155 W/m?

W Water vapor
m Other gases
Clouds

Additional 2.9 W/m?

5.50%

= Carbon dioxide
= Methane

Figure 1.10: (Top) Relative contributions of some fothe natural
components of the atmosphere to radiative forcing.g. the
contribution to the greenhouse effect). (Bottom) Ma-made
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contribution to radiative forcing for main greenhouse gases;
percentages denote the contribution for each typef gas — not to
be confused to the actual concentration for that gain the
atmosphere.

Figure 1.10 shows the figures for the contributimineach of these
agents. The top chart refers to the natural camioh. Here, water
vapour accounts for more than half of the total,ileviother gases
(including naturally present carbon dioxide) acdoomly for 30%. The
bottom chart displays the added contributions, tviesult from human
activities. Carbon dioxide collects the major pa&urrently, methane
amounts to 16.5% of the effect, which is a shardear disproportion to
its actual concentration. Its impact, molecule bglenule, is several
times more powerful than that of carbon dioxide andepresents a
potentially very dangerous source given the hugantjies of trapped
methane that can be released if temperatures centinrise.

Seasonal variations in annual cycle are due tagtbeth of vegetation

during the warm season, which retrieves throughtqgymthesis CO2
from the atmosphere, while the decomposition of #zane vegetation
during the cold season releases CO2. These ommiator the CO2

concentration follow the seasonal fluctuations dfe t Northern

Hemisphere due to higher concentration of contael@ndmasses in
that hemisphere. This accumulation of carbon dexgl the result of
two hundred years of the combustion of fossil fuetsal, oil and gas —
which were produced years ago as the result obtinal by sediments
of plants and animals in anaerobic conditions. @2 accumulation is
happening at an ever increasing pace: in the det@88-2008 carbon
emissions rose by an average of 2.5 percent —yniean! times as fast as
in the 1990s. It has been estimated that abouy fifercent of

anthropogenic carbon dioxide ever emitted has bepoved from the

atmosphere. In spite of that, its atmospheric commagon continues to
rise. In the short term, the efficiency of oceassCD2 sinks may be
weakened by global warming, as the gas solubitityvater decreases
with temperature.

Water vapour is the most important greenhouse lggsoduces more
atmospheric warming than any other gas, even ifalemwmolecule is
less efficient in absorbing infrared radiation tri€O2 molecule. The
equilibrium vapour pressure of liquid water, andrespondingly the
maximum amount of water in the atmosphere, augmexpgenentially
with temperature. If this is a well-known physiatt, the consequences
are not so clear. As a result, the infrared themadiation redirected by
water vapour will consequently be boosted by thebagl warming
produced by other gases (and itself), and tempestwill rise more.
But, on the other hand, cloud formation will bersilated in a vapour
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rich atmosphere, and clouds are known to have adniffect on
infrared thermal radiation. Water in the form ofuid droplets also
absorbs infrared thermal radiation. Depending oeirthype, clouds
behave differently with respect to incoming soladiation. In a simple
term, it can be said that low altitude clouds daally reflect solar
radiation, and allegedly cool the atmosphere, whidgh altitude clouds,
on the contrary, show the opposite behaviour anadnwa However, our
understanding of clouds and their effect on glabatming and climate
is incomplete. It is still not obvious if a highatmospheric vapour
content will have a positive or a negative influermn global warming.

|V<f/|
4.6 Summary

The effects of global warming include rising seels, regional changes
in precipitation, more frequent extreme weatherné&vesuch as heat
waves, and expansion of deserts. Surface temperatgreases are
greatest in the Arctic, which has contributed te tktreat of glaciers,
permafrost, and sea ice. Overall, higher tempegatloring more rain
and snowfall, but for some regions droughts anddfids increase
instead. Climate change threatens to diminish grelds, harming food
security, and rising sea levels may flood coastmbstructure and force
the abandonment of many coastal cities. Environatemtpacts include
the extinction or relocation of many species a# theosystems change,
most immediately the environments of coral reefsuntains, and the
Arctic. Due to the persistence of CO2 in the atrhesp and the inertia
of the climate system, climatic changes and th#ects will continue
even if carbon emissions are stopped. Possibleetabaiesponses to
global warming include mitigation by emissions refiton, adaptation to
its effects, and climate engineering.

Global warming has reached a level such that weattibute with a
high degree of confidence a cause and effect oelsttip between the
greenhouse effect and the observed warming. Patiéation increased
over the year, and global warming became the damhipapular term,
commonly used in public discourse. This unit disessglobal warming
and its effects on planet earth. The unit discusBH#erent causes of
global warming and its evolvement over the years.

The unit concluded by stating that the effectslobgl warming include

rising sea levels, regional changes in precipitationore frequent
extreme weather events such as heat waves, andstapaf deserts.
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u:; 4.8 Possible Answers to SAEs

Answers to SAEs 1

1. Escalating temperature is the differences betweaed bnd sea,
between different regions, between seasons, or leeeveen day
and night constitute a natural phenomenon. Thismisstly
prominent in Eastern and Southern Europe, wherentingber of
cold days has notably reduced while days with safiog
temperatures are more frequent

Answers to SAEs 2
1. precipitation is any product of the condensatioataiospheric
water vapour that falls under gravity. The mainsrof
precipitation include drizzle, rain, sleet, snowaigpel and hail.
Evaporation goes with the scaling up of temperature

Answers to SAEs 3

This radiant energy is intrinsic to all bodies whdemperature is above
the absolute zero on what is called the Kelvin gKale (0°K which = —
273°C). For the simple fact of having a temperatlyeve the absolute
zero, a body emits light in a way which has beeovknto physics since
the 19th century: the black body radiation. Moreoveturns out that
black body radiation provides us with a set of vergcise working
equations that relate the temperature of an ohbpetie light it emits.
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MODULE 2 ECONOMICS OF CLIMATE CHANGE

Module Introduction

Unit 1 Climate Change and Economic Development

Unit 2 The Economics of Climate Change throughDieeninant
Neoclassical Lens

Unit 3 Cost-Benefit Analysis and Sectoral Impaofts Climate
Change

Unit 4 The Challenges from Economics and Ecoldgica

Perspectives and Sustainable Development

UNIT 1 CLIMATE CHANGE AND ECONOMIC
DEVELOPMENT

Unit Structure
1.1 Introduction
1.2  Learning Outcomes (LoS)
1.3 Main Content
1.3.1  The Externality Framework
1.3.2 Climate Change beyond Externalities
1.3.3 GDP Accounting, Economic Growth and Cliem&hange
1.4 Economic Factors surrounding Global Wagni
1.4.1 Economics of Global Warming Solutions
1.5 Climate Change and Global Inequality
1.6 Summary
1.7  References/Further Readings/Web Resources
1.8 Possible Answers to SAEs

N 1.1 INTRODUCTION

This unit introduces you to the central importanE@conomic analysis
and issues on climate change and development. @lio@nge impacts
can be measured as an economic cost. This is yartic linked to

market transactions and therefore directly affeet®nomic growth

(GDP). Monetary measures of non-market impactsh siscimpacts on
human health and ecosystems, are more difficutiatoulate. However,
attempting to quantify the economic costs of glob&lrming as a
percentage of GDP has its inherent problems bec#usenits the

ecological effects of climate that are difficult @ssociate with a
monetary value such as loss of human life or biemivy, or those
effects that will have economic consequences laerMost economic
studies looking at the effects of climate changeehauggested that
climate change does negatively affect the globahemy, though the
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issue remains intensely debated. This unit givésoad discussion on
climate change and development and various isel&®d to it.

@

At the end of this, student would be able to:

1.2 Learning Outcomes (Los)

o Understand the key concepts of externalities antkehdailure
and how minimize their adverse effects

. Have a basic understanding of alternative appraadbethe
economics of climate change.

. Use your knowledge and understanding to engage atiitbrs on

issues surrounding climate change and economidaj@vent.

1.3 MAIN CONTENT
1.3.1 The Externality Framework

Climate change, energy, technology and the econamgy closely
related. The dominant model of the economy is pagdd on growth of
economic activity which requires resources and rieldgy to enact
transformations into goods and services neededdasumption. The
bulk of useful energy is globally generated throumirning of fossil
fuels (oil, coal, gas), which releases their stoe@drgy as heat. Some
economic literature describes climate change asgteatest market
failure the world has ever seen. Market failuréhiss economic situation
defined by an inefficient distribution of goods aservices in the free
market. In this situation a deliberate governmaeuiicp is required to
ensure efficient allocation of resources. Extetgiala form of market
failure is the effect of economic activities of @arficular economic agent
on the welfare of a bystander. It occurs when aregn’s actions affect
another person’s well-being and the relevant casts benefits are not
reflected in market prices. A positive externalidyises when my
neighbours benefit from my cleaning up my yardl dannot charge
them for these benefits, | will not clean the yasdoften as they would
like. (Note that the free-rider problem and pogitaxternalities are two
sides of the same coin). A negative externalitgesriwhen one person’s
actions harm another. When polluting, factory ownmay not consider
the costs that pollution imposes on others.

The framework of “externalities"—a form of markeilure— has been
employed to conceptualize climate change. This eptualization has
two implications; the first is about the overall ecage of climate
change. This explains how the policy debate abmmiiag warming is an
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example of economists engaging in “normative ecdosimto study
what the goals of economic policy should be. Selygrile externality
framework focuses on the idea that societies dgawptthe “true” costs
of burning fossil fuels. This is based on the agstion that the optimal
level of pollution should not be zero, but shouidetermined by using
marginal analysis to compare the benefits and adstgissions. Once
we know the optimal emission level, the economiduttmn is to
“internalize” the externalities, leaving market des to achieve the
policy goal. In the case of climate change, thigmnseputting a price on
carbon. In this regard, the key message is thaenine-based
regulations are more efficient than commandand-obnégulations. If
the physical science of manmade global warming asrect, then
policymakers are confronted with a massive negaditernality. When
firms or individuals embark on activities that comite to greater
atmospheric concentrations of greenhouse gaseg,dthaot take into
account the potentially large harms that theircmdiimpose on others.
As Chief Economist of the World Bank Nicholas Stetated in his
famous report, climate change is “the greatest @lamwf market failure
we have ever seen.

The two most common incentive-based regulations. @&radable

emission rights (cap-and-trade) and Pigouvian ®Basides tradable
pollution rights and Pigouvian taxes, there is dlmwCoase Theorem, in
which property rights serve as a powerful tool tdve environmental

problems. However, many economists have conclubetl & cap-and-
trade system would not be the best way to curb @@&ssions and
“most economists, regardless of political philosgpbelieve that a
carbon tax is an easier and more transparent dioterf solution than

cap-and-trade”. The policy discussions in this casere often

significantly outdated. It does not provide any esyye to the real-world
climate policies in effect. For example, in Calif@, which started its
cap-and-trade programme in 2013 and recently egttiicbeyond 2020;

in China, which has piloted regional carbon markgtsee 2013 and
established a national system in 2017; or in Bri@®lumbia, which has
had a carbon tax since 20087

SELF ASSESMENT EXERCISE 1

Discuss the concept of market failure and externality
within the context of climate change.

1.3.2 CLIMATE CHANGE BEYOND EXTERNALITIES
The externality framework provides a coherent apndvgrful way to

think about the climate. But such an all-encompagsissue also
intersects with many other economic theories arattmal concerns.
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This section discusses various useful points ofagement used for
climate change beyond the typical externalities amlironmental
economics.

1.3.3 GDP Accounting, Economic Growth and Climate Gange

Climate change is as much a macroeconomic issaengsroeconomic
one. The externality framework, however, mostlytdeas in the micro
section, leaving climate issues absent in the masmotion. The
framework of GDP accounting is a natural placeringpclimate change
into the macroeconomic curriculum. GDP accountiegds us to the
topic of economic growth and carbon emissions cantdken into

account. There are lots of arguments on whethenau@ growth is

compatible with fighting climate change. Many schelaeject the
Malthusian view on the limits to growth. For exampKrugman and
Wells (2015) argue that long-run economic growthd acurbing

greenhouse gas emissions can go hand in hand.ohimection between
growth and environment is tenuous as argued by smoeomic growth
proponents. Increases in economic growth need m@tnnincreases in
pollution; limiting growth is the wrong solution.r@vth has allowed
economies to reduce pollution, be more sensitiveenwironmental

considerations...” On the other hand, a few autlasesmore cautious
about the desirability of economic growth. Theyes$ that the type of
economic growth matters, as shown in the follominmptes: “Yet the

desirability of further economic growth for a sdgi¢hat is already quite
wealthy has been questioned on several groundsdw has costs,
and economics requires us to look at both costsbanefits of growth,
the wrong type of growth may produce undesirablde seffects,

including global warming and polluted rivers, larhd air.” Economic
growth occurs when there is an increase in theymtooh of goods and
services in the country. That is an increase irsgm@omestic product.
This can only occur when resources are efficieutiljzed. That is when
there is production efficiency, consumption effirmg and economic
efficiency.

Economics can yield valuable insights to examinenae change
through the lens of collective action. Colander1@0and Hall and
Lieberman (2013), note that international actiores@nstrained by the
free-rider problem. A free-rider problem is whensaerces are
consumed without paying appropriate price by ther.ushe free rider
problem is an issue in economics. It is consideaadexample of a
market failure. That is, it is an inefficient disution of goods or
services that occurs when some individuals arewalibto consume
more than their fair share of the shared resourgeay less than their
fair share of the costs. Free riding prevents thmedyction and
consumption of goods and services through conwvealtifree-market
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methods. To the free rider, there is little inceatio contribute to a
collective resource since they can enjoy its bénefven if they don't.
As a consequence, the producer of the resourceot&mnsufficiently
compensated. The shared resource must be subsidizenime other
way, or it will not be created. Colander argueg tianate actions often
fall short: “Because there is no world governmenattcan force
countries to comply with any global effort to adebecarbon emissions,
any policy has to be voluntary, making it easydoe country to opt out
(free ride).” From another angle, Parkin (2016)adies cutting global
carbon emissions as a “prisoners’ dilemma” and snabat the Nash
equilibrium is for all countries to keep increasitigir emissions even
though everyone would be better off if everyone thdir emissions.
There is also the issue of “the tragedy of the comsit that
individual's self-interested behaviours can lead ttee demise of
common goods such as the climate. While relatimgate change to the
tragedy of commons, for example, Chiang (2014)sci€@strom to
suggest that tragedy is not always the destiny:rmdsgtain institutional
conditions are met, user management of common pesdurces is
typically successful.

SELF ASSESMENT EXERCISE 2
1.Discuss the phenomenon of externality resulting from climate

change and how it affects economic efficiency

2 Discuss the economics of global warming solution

1.4 Economic Factors Surrounding Global Warming

The phenomenon of global warming has generated boigeerns today
due to its impact on resource availability. It reféo a gradual increase
in the overall temperature of the earth's atmosplgenerally attributed
to the greenhouse effect caused by increased lefedarbon dioxide,
CFCs, and other pollutants. This has severe intphies for the world
population in attaining sustainable developmentisTib perhaps why
scholars have committed to suggesting was in cgrlineffects.). For
example, Nicholas Stern, a former vice presidenthef World Bank,
estimated the economic costs of dealing with glosaiming (Stern
Review on the Economics of Climate Change, Oct2B06). According
to him, it would cost 1% of global economic actvih 2050 to cut CO2
60%—80% below 1990 levels. The costs would be Ztomes higher if
we didn’t act now. The worst effects of climate oa could be avoided
by 4% of gross domestic product (GDP), with an ugpsind of 20%.
Most people valued future benefits less than curcests and would
invest only if the projected payoff was large enmughe Stern Report
treated current and future generations equallyestinated $7 trillion in
costs if we didn’t blunt global warming within aasele. “Our actions
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over the coming few decades could create risks abmndisruption to
economic and social activity, later in this centaryd in the next, on a
scale similar to those associated with the greaswad the economic
depression of the first half of the 20th century,”

1.4.1 Economics of Global Warming Solutions

Pacala and Socolow have written about the scientiéichnical, and

industrial know-how to solve the carbon and climpteblem for the

next half-century. A portfolio exists to prevenetdoubling of carbon
dioxide (CO2); this portfolio has been divided iseven equal wedges.
Seven of the following fifteen options must be acplshed by 2050.

The first category, efficiency and conservation,lude four possible

options for wedges:

Increase the fuel economy of two billion cars (ftiores as many
as today) from 30 mpg to 60 mpg.

Reduce the average annual distance driven of Brbidars from
10,000 miles to 5,000 miles.

Reduce mid-century carbon dioxide (CO2) emissionsmf
buildings by about one-fourth

Increase efficiency of coal-fired power plants fro8%#to 60%
and still allow for a doubling of the quantity obal-based
electricity.

The second category is to decarbonize electricityfaels:

Increase natural gas for power by fourfold and ldisp 1,400
GW of baseload coal.

Install carbon capture and storage (CCS) at 800 laAkload
coal plants or equivalent to 3500 Norwegian Sleigejects.
Institute carbon dioxide (CO2) capture and storagle a six-fold
increase in hydrogen from coal and natural gastglar off-site
use.

Institute carbon dioxide (CO2) capture and stonagdb synfuels
equivalent to 200 South African Sasol projects.

Build more nuclear fission power plants at the pEcE975-1990
for 700 GW base load coal capacity.

Increase wind turbines about 50 times today’'s depémt,
covering 3% of the area of the United States.

Increase photovoltaics by 700 times today’s deplaym
Produce hydrogen for automobile fuel cells fromadviarbines at
about 100 times today’s wind turbine deployment.

Produce 34 billion barrels of ethanol, which woblg 50 times
larger than today’s output of Brazilian sugar cane U.S. corn
ethanol. The third category is natural sinks:
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Reduce tropical forest clear-cutting to zero overyears and
reforest approximately 500-1,000 million acresaofd.

Apply conservation tillage to all of the world’'sO®0 million
acres of cropland.

Each of these represents a considerable chall&ogeseven need to be
accomplished completely to stabilize carbon diox{@®?2) levels by
2050. Good leadership is required to make this @éapphe economics
of climate change uses economic theory and computelels

to study the interactions among government polidies climate system,
and the economy. It ties to provide solution to gmeblem of global
warming with the use of economics tools of analysiick on:
https://lwww.youtube.com/watch?v=AkOmYPYBMrl

SELF ASSESMENT EXERCISE 3

Mention and explain various argument surrounding
climate change and global inequality.

3.4. Climate Change and Global Inequality

In recent years, many scholars and activists halptad a “climate
justice” framework to advocate for a new approazhaddressing the
negative impact of climate change. They have ganémas to argue
that equity should be fundamental in climate chapgkcy research.
This discussion has been based on two differentoappes. The first
approach concerns the fact that countries have jreutk continue to
make, vastly unequal contributions to the probl&mgman and Wells
(2015) have captured this issue in one succindesea: “historically,
the wealthy nations have been responsible for thé lof these
emissions because they have consumed far moreyepergerson than
poorer countries.” Focusing on trade, Case, Fail, @ster (2014) have
a thoughtful discussion linking carbon emissionscemsumption, not
just production: A study found that in 2004, 23 pmnt of the
greenhouse gas emissions produced by China weidedran the
production of exports. In other words, these eraissicome not as a
result of goods that China’s population enjoys &sita consequence of
the consumption of the United States and Europedd with China may
be a way for developed nations to avoid their commants to pollution
reduction.

A second approach to inequality is to note thamntaes face different
impacts from climate change and possess differapaaties-which
could be due to cultural factors, technology ofretiee will- to adapt.
O’Sullivan, Sheffrin, and Perez (2014) bring honhe tmessage that
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poor populations and countries are, and will beit hlbe most. The
adverse effects of increases in temperature seeatflicc mainly the
poor countries, most of whom are dependent on

agriculture. Rich countries do not suffer from e&ses in temperature.
The Charts below show the spatial variation in pohihn and impacts
of the climate change across the world.

Eurasia Other high-income

Russia
China
Japan
India
Middle East & Morth Africa

Sub-Saharan Africa
Latin America

Other developing Asia

European Union

United States

D Developing - Developed
Who caused climate change historically?

The historical cancentration of industry and wealth in developed countries means that they are responsible for 79
percent of the emissions from 1850 to 2011, Source: CO2 emissions excluding LUCF, 1850-2011 (CAIT v2.0)
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Sub-Saharan Africa Japan

Russia

Middle East & North Africa Eurasia

Dther high-income

India

China
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Who's causing climate change now?

ions are produced by developing countries. The economic growth behind that is avery
de effect—carbon emissions. Source: GHG emissions including LUICF, 2011 [CAIT v2.0)

Sixty-three percent of annual e
good thing, but it has adangerow
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United States
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Who's hurt by climate change?
Climate change hits the poor hardest, Poor people living intn countries are more exposad o storms and extreme weather,
their housing and infrastructure

o fall back on when disaster strikes.

Source
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However, some scholars do not link climate changd wequality.
Improving fuel efficiency is potentially an importapart of climate
change mitigation. The other important aspect isciing from burning
fossil fuels to forms of useful energy generationick do not involve
the release of greenhouse gases. The chemicalimmabake it clear
that its production and release into the atmospisesn inevitable by-
product of burning fossil fuels, the heat energyfrwhich is needed for
economic and livelihood activity. Hence there ignaar chain as shown
in Figure 2.1 below:

| Economic activity ‘

l

‘ Burning fossil fuels

,/d- \‘*-
— —

-— ~—a
Uselul energy ‘ Carbon Dioxide released &
concentration build-np in

‘ Global warming |

b 4

| Climate change |

Figure 2.1 From economic activity to climate change
through burning fossil fuels

So, is climate change good or bad in economic tervfa will probably
have already gathered that this question provokgsingent. Two
answers that are in direct opposition to each adnerdentified, both of
which accept the scientific arguments about anthgepic global
warming.

o The release of carbon dioxide into the atmosph&reenign or
even positive for economic activity and hence humaaifare.
For example, linking increased carbon dioxide coftregion to
agricultural production, some parts of the worldichkh are
currently cold and dry might benefit from becomingrmer and
wetter. The melting polar ice caps might reveal reawrces of
oil.

. While there may be some economic benefits, thedlebeifar
outweighed by the economic costs of the massiveiplion that
climate change will cause in many parts of the dioihese
include disruption caused by extreme and unpredetaeather
patterns, rising sea levels displacing millionspebple, and so
on. Economists have a well-worn tool for weighing the
balance of benefits and costs of an activity.
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Both of these scenarios, however, carry the saihtaudn assumption
that economic activity is ultimately in the servisehuman welfare. It is
why, governments worry about climate change becafig@e risk to
economic growth policy. Governments especially woabout the
second scenario above. Even if a few countries ha@gpear to benefit,
they cannot escape from the economic interconneatiothe world,
which is commonly referred to as ‘globalisation. yAbhenefits which
accrue to a few countries will be an illusion ikethest of the world
suffers economically and is not able to engageraue with them.
However, the basic assumption that economic grogghals human
welfare requires investigation.

|V<,n'/|
1.6 Summary

It has been argued that equity should be fundarhéssae in climate
change policy research. And this has been viewed) i&o approaches.
The first concern the fact that countries have maael, continue to
make, unequal contributions to the climate changdblpm while the
second approach noted that countries face diffengpécts from climate
change and possess different capacities to adagk.tiiis brings home
the message that poor populations and countriearatevill be the most
hurt.

This unit looked at climate change and global iraitys It discusses
different approaches of looking at inequality bathcontribution to the

climate change problem and the consequences chtgiohange on both
poor countries and rich countries. The unit suleditthat climate

change may not be link to inequality because imimigp¥uel efficiency

is potentially an important part of climate chamggigation. However,

the unit concluded that any benefits which accoua tew countries will

be an illusion if the rest of the world suffers eromically and is not
able to engage in trade with them and submittedagsimption that
economic growth equals human welfare requires iyason.

N

Spencer Weart (2008). The Discovery of Global WagniHarvard
University Press, Revised and Expanded Editionrtigita
view available on Google Books).
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u:; 1.8 Possible Answers to SAEs

Answers to SAEs 1

1. In the context of climate change, Market failurghie economic
situation defined by an inefficient distribution gfoods and
services in the free market. Externality occursmvbee person’s
actions affect another person’s well-being andrélevant costs
and benefits are not reflected in market pricess Tan occur in
two different ways the positive externality arisadien my
neighbours benefit from my cleaning up my yard. Tegative
externality arises when one person’s actions hanother.

Answers to SAEs 2

1. Externality is a form of market failure which efts economic
efficiency when resources are consumed without rgpyi
appropriate price by the user.

2. Solution to economic global warming can ben seerthiree
categories, the first category as seen Reduceceritisry carbon
dioxide (CO2) emissions from buildings by about -boerth,
Increase efficiency of coal-fired power plants frd®% to 60%
and still allow for a doubling of the quantity obal-based
electricity. The second install carbon capture atutage (CCS)
at 800 GW baseload coal plants or equivalent t®3%@rwegian
Sleipner projects. And lastly, Apply conservatidtage to all of
the world’s 4,000 million acres of cropland.

Answers to SAEs 3

1. argument surrounding global climate change and ajlob
inequality It has been argued that inequity shd@dundamental
issue in climate change policy research. And thslheen viewed
using two approaches. The first concern the faat tountries
have made, and continue to make, unequal conwiitio the
climate change problem while the second approadkdnthat
countries face different impacts from climate cheaagd possess
different capacities to adapt. And this brings haime message
that poor populations and countries are and willhigemost hurt.
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UNIT 2: THE ECONOMICS OF CLIMATE CHANGE
THROUGH THE DOMINANT
NEOCLASSICAL LENS

Unit Structure

2.1  Introduction

2.2  Objectives

2.3  Main Content

2.4  The Public Choice School of Economics

2.5 The tragedy of the commons

2.6  Summary

2.7 References/Further Readings/Web Resources
2.8 Possible Answers to SAEs

N 2.1 INTRODUCTION

Market failure is part of the semantic of the nesslcal economics
which is considered basically a theory of capitali®\n essential feature
of capitalism is its ability to build continuousty itself and hence grow
wealth through a spontaneous and unconscious dces within.
This process is called immanent development angreslicated on a
self-regulating market, where goods and services @xchanged
according to the laws of supply and demand. Thiispeople are
producing similar goods and services, there is aiitipn amongst
them for customers who choose according to a caatibim of price and
quality of what is on offer. This in turn creatée incentives to innovate
(so as to remain relevant or competitive in thekagplace). This unit
looks at the economics of climate change within toatext of the
neoclassical economics. It starts with the disaussi the pubic choice
school of economics and also looks at the issuetheftragedy of
commons.

@ 2.2 Learning Outcomes (LOs)

At the end of this unit students are expected to:

o Understand the contribution of the Neoclassicalitmate change

. Use your knowledge and understanding to reflecttreept of
the tragedy of commons on issues surrounding céiroaiinge
and economic development.
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2.3 Main Content
2.4  The Public Choice School Of Economics

This concerns subjecting government, politiciangl grublic sector

officials to economic analysis, usually from a rlassical perspective. It
starts from the premise that politicians and pubéctor officials are no
different from other individuals. They are driven frivate self interest
which results in public sector bureaucrats attemgptio expand their
powers, budgets and privileges, and leads to coeeful states. Such
individuals will always attempt to privately gaimofn opportunities

created by state regulations (known as ‘rent-segkimrhus, public

servants can be made by institutional norms, valumgsrules to act in
the public interest. It is easy to see how pubhoice theorists are
interested in the notion of government failure whéenattempts to

intervene so as to correct ‘market failure’, andttthe former can turn
out to be worse than the latter.

Thus neoclassical economics contends that sellaggg markets can
correct just about everything according to lawssopply and demand.
For example, if our lives are being degraded sigaiftly through
greenhouse gas emissions from industrial productisn will demand
more carbon friendly products (such as electrics)cawhich will
accordingly be supplied by the ‘invisible hand’ thife market. This
suggests that the self-regulating invisible handhef market will take
care of climate change for us.

Among conventional economists, (such as neo-clalsgconomists)
very few claims that markets in practice conform renothan
approximately to this abstract ideal. Some obvusbnform more
closely than others and there is thus a spectrudlegiation from the
ideal. The extreme deviation is market failure widspect to global
warming. Economists generally agree that substad&siations from
perfect markets require a correcting factor. Twoal categories of
correcting factor which involve government intertien or intervention
through an international agreement between goveamtsnean be
identified:

Interventions which either establish or enable aketawhich
functions correctly, through for example a robustgadl
framework which protects individual property rights
Interventions which involve more directed actiogsglovernment
(or supra-government bodies such as the Europeam)n
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Classical and Neoclassical economists tend to Ippyhavith the first
category of intervention, but ideologically oppostnl the second,
though most will accept in practice some form okdied intervention.
These groups of economists believe that the maskée best arbiter in
allocating scarce resources and should be allowedriction without
hindrance; they therefore suggest minimal inteneanthrough rule
making. Only national Governments can commandréseurces and
means to intervene in the market economy promaseatde outcomes
and address real or potential market failures. [EQgimacy of directed
intervention in the economy by government, its ektend timing, is
highly contested, the debate being summarised ridatly under the
heading, ‘State versus Market’. Since states atealso perfect, which
has led the Public Choice School of Economics tguear that
government failures may be worse than the markietrés they seek to
correct.

SELF ASSESMENT EXERCISE 1

According to neoclassical economists, the self-
regulating invisible hand of the market will take
care of climate change for us. Discuss this
argument within the context of the Public Choice

School of Economics.

2.5 A Classic Example Of Market Failure: The Tragely Of The
Commons

Market failures represent the extreme of marketerfgctions, where
the mechanisms have failed to deliver their setfexding role. An
obvious classic example in relation to ‘free’ naturesources — i.e.
situations where markets for the natural resource’tdexist -- was
provided in 1968 with the publication of GarrettrHia’s ‘The tragedy
of the commons’ (Hardin, 1968). Hardin explainesl &igument through
the example of herdsmen sharing a common pieceandl I(the
commons) for grazing their cattle. It is in theeir@sts of each ‘rational’
herdsman to keep adding cattle to his stock onlahd. The benefits
which accrue to him personally of doing so outweitje costs of
possible overgrazing, because the latter are shiayedll herdsmen.
Thus, he concluded:

‘Therein is the tragedy. Each man is locked in&ystem that compels
him to increase his herd without limit — in a wotldht is limited. Ruin is
the destination towards which all men rush, eaaisyng his own best
interest in a society that believes in the freedoimthe commons.
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Freedom in a commons brings ruin to all. This asialfas been seized
upon by many economist (note that Hardin was aopist) to argue for
private property rights in natural resources, imleorto provide the
necessary incentives to conserve them. Privateepnopights form
another basic tenet of neoclassical economics amdkan failures are
deemed inevitable where they don’t exist. They eomcthe private
ownership of goods, services, intelligence (asnieliectual property
rights), and so on where the owner’s rights include

. The right to use something (for example to farmd)arand
conversely the right to exclude others from ustng i

. The right to alienate it (to give it away, to sell otherwise
dispose of it).

. The right to transform it (for example, to use stan input to a
production process).

o The right to appropriate it (for example, to eat s&ll farm

produce). Thus, to illustrate, assume that eactehdnas private
property rights to (i.e. ‘owns’) a piece of lanahdapropose that
one herder wishes to add to his stock.

The herder has two options:

o He grazes the extra stock on the land that he oM, he risks
degrading his own land through overgrazing. Theltasay be
no net gain and even a loss if cattle die premBtiloecause they
are weak through lack of food.

o He may therefore approach another herder to bugrdgrland off
him so that he can maintain his grazing resourcethat
appropriate level. In effect, the allocation of vate property
rights in this situation has established a martetsgnd.

With the second option, the price that the herday imave to pay in rent
or purchase is the result of a complex tacit cakioh made by both
parties and which appears as the invisible guitiamgd of the market at
work. Thus the prospective buyer/tenant has toutate the maximum

price he is prepared to pay in order for this apto be worthwhile. The
seller has to calculate

the price he needs to extract to make it worthwiiéng up herding the

land himself. The really complicated bit, however,that each must
conduct his own internal risk analysis — again llikeo be tacit and

unconscious — of things not working out as planrfeal. example, for

the buyer/tenant, what if there is a prolonged ghbyust after the deal
is done and all the grass dries up? For the selteat if a second herder
is willing to sell or rent and undercuts him?

62



DES?219 MODULE 2

It is beyond the scope of this module to enter th®s debate about the
tragedy of the commons in relation to property t$gland natural
resource management, except to note that the comarerrarely free in
Hardin’'s sense of unregulated access. In relatonatmospheric
pollution by carbon dioxide and other greenhoussega establishing
private property rights is clearly untenable. Hoauld one establish
private property rights over the air we breathe®Hwould we exclude
others from its use and from polluting it with yebre greenhouse gases
which know no boundaries? Thus, global warming esents a market
failure, unable to provide a selfcorrecting mechani However,
intervention by government, or perhaps even a ¢lawmalition of
governments, to correct for the failure requiresegidence base for the
decisions taken, involving answers to the followbasic questions:

o What are the costs of the global warming markéufa?

) What are the costs and benefits of different kiofdmtervention
and their timing?

. Is the net balance sheet positive or negative?

) Who bears the costs and who claims the benefite@ ahswers

to these questions inform the extent, content amdch fof the
intervention, where to intervene, and who intengeriehe most
widely used tool in economics for informing suchcid®ns is
cost-benefit analysis (CBA) which, as the term d¢adies, weighs
up the costs and benefits of this or that inteneentwhere a net
benefit will support a decision to go ahead, and wipresent
value for the money spent.

SELF ASSESMENT EXERCISE 2

Discuss 'tragedy of the commons' within the context of

Vc,a'/|
2.6 Summary

The neoclassical economics assumed that a selfateégy market can
automatically adjust everything according to laws supply and

demand. But this may not be so in the presencentdrket failure. One
obvious example in relation to free natural resesris the tragedy of
the commons. Global warming represents a markkiréabecause it is
unable to provide a selfcorrecting mechanism. Buervention by

government or global coalition of governments, eorect for the failure
requires an evidence base for the decisions taken.
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This unit looked at climate change within the cahtef neoclassical
theory of economics. It discusses climate chang#hencontext of the
public choice school of economics and consideredcthssical example
of the market failure called the tragedy of the owns. The unit raised
possible questions that need to be addressed iea ofspossible
intervention by the government or coalition of gowaents to correct
the market failure as a result of climate change.

N

Spencer Weart (2008). The Discovery of Global WagniHarvard
University Press, Revised and Expanded Editiontigfaview
available on Google Books).
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u:; 2.8 Possible Answers to SAEs

Answers to SAEs 1

1. Thus neoclassical economics contends that sellatgg
markets can correct just about everything accordmd¢pws of
supply and demand.

Answers to SAEs 2

1. ‘The tragedy of the commons’ (Hardin, 1968). Hardkplained
his argument through the example of herdsmen giasn
common piece of land (the commons) for grazingrtbattle. It is
in the interests of each ‘rational’ herdsman togkedding cattle
to his stock on the land. The benefits which acctoehim
personally of doing so outweigh the costs of pdssib
overgrazing, because the latter are shared byadsmen.
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UNIT 3 COST-BENEFIT ANALYSIS AND SECTORAL
IMPACTS OF CLIMATE CHANGE

Unit Structure
3.1 Introduction
3.2  Learning Outcomes (LOSs)
3.3  Main Content
3.3.1 Climate Change: Threats and Impacts
3.3.2 Climate Change and Costs-Benefit Analysis
3.4 Impacts of Climate Change on Different Sectors
3.5 Destruction of Marine Ecosystem
4.0 Self-Assessment Exercise(s)
5.0 Conclusion
6.0 Summary
7.0 Reference/Further Readings

N 3.1 INTRODUCTION

Climate change is a global phenomenon resultinghftbe collective
actions/activities of individuals across the gloBémate change result
majorly as a result of emission of greenhouse gastbscarbon dioxide
as the highest contributor (75%) (Kaddo,2016). Matily consider this
phenomenon as a future event; thus not attributing present
occurrences such as flood, increase in heat, diseagater shortage,
drought amongst others taking place within the yst@esn to it. Some of
these impacts are already taking significant tolllmmans and it has
been reported that greater toll on these suffasrexpected to occur as
time progresses. It has been posited also thatsieveof the process of
climate change is impossible even if significanttiac against
greenhouse gas emission is taken. The managerh#m situation by
decreasing on the actions affecting the greenhetiget is currently
advised. Without collective action plans as corgdim the Sustainable
Development Goals (SDGs), efforts at curtailings throblem will not
be feasible even in the distant future. This isabige the heavy reliance
on

fossil fuels by humans for energy has great impactlimate change,
this without doubt has contributed to the gradisd m global warming
over time with noticeable greater impacts beginrfnogn the period of
the Industrial Revolution (Kaddo, 2016). Howevehe timpact of
climate change on the physical, biological andhihman spheres within
the ecosystem is without doubt overwhelming anddseeollective
efforts to tackle the challenges it posed.
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@

It is expected that the following should be intdizesd at the end of this
unit:

3.2 Learning Outcomes (LOs)

e The concept of cost-benefit analysis

e The contributions of human and nature to climagnge

e The effects of climate change on the physical,dgaal and human
systems

e Measures to curtail the effect of global warming ahmate change.

3.3 Main Content
3.3.1 Climate Change: Threats and Impacts

Climate change is the result of global warming \whia long term rise
in the average temperature of the Earth’'s climdtee term Climate
change may be used sometimes interchangeably \athalgwarming,
however it is important to note that the two aré the same as climate
change is more encompassing as it includes botraglearming and its
effects, (Intergovernmental Panel on Climate Cha@@é3; 2018). The
cause of climate change is thought to be associaitd release of
greenhouse gases which acts like a cover/blanlaindr the earth.
Whereas it is a natural phenomenon that traps gnertpe atmosphere
and causes it to be warm, this event is referredstadhe greenhouse
effect and the constant buildup of this processtdusoth natural events
(volcanoes eruptions) and human activities (burnafigfossil fuels)
releases more greenhouse gases in the form of negtbarbon dioxide,
water vapour, and dinitrogen-oxide into the atmesph

Climate change impact is significant on ecosysteet®nomies, and
societies, with severe impacts on every spheréoftih there has been
observed changes in the level of green gas

emission starting in the mid-20th century with tiee of the Industrial
Revolution. Notwithstanding changes observed withis period have
seen greater impact when compared to all periodsstory. Report on
global warming currently at 1.10C with estimati@i2.70C to 4.80C at
the end of the century buttresses this point (IPE,3). This will have
much impact on the environment as the thinning stmihking of the
Arctic sea ice is rapidly on the rise, with thelgidbmean sea level at 61-
110cm (WRCP Global Sea Level Budget Group, 2018he rising
increase in Green House Gases (GHG) Especiallyofadimxide from
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industrial productions, vehicular activities andheat sources is putting
the human the increasing human population at riskhe impacts of
climate change. The human carbon foot print is e ihcrease at the
midst of the global outcry on the increasing riskl ampacts. Click on:
https://lwww.youtube.com/watch?v=0YexpY|_-eE

SELF ASSESMENT EXERCISE 1

Discuss the threats and impacts of climate change and how it

affects human lives.

3.3.2 Climate Change and Cost—benefit Analysis

The Stern Review is the most significant analysishef economics of
climate change in this century. Stern endorsedngtrdimate action,

arguing that the costs can be kept to 1% of glabedme, while the

benefits are at least 5% and possibly 20% of glotlwaime. The topic is
a suitable avenue to introduce students to thec lagi cost—benefit
analysis, as well as economists’ efforts to qugntlie impacts of

climate change. The cost—benefit analysis (CBA)iafate change is, in
part, a question of how today’s society, through thoice of discount
rates, weighs the costs and benefits to be redhyddture generations.
Chiang (2014) discusses this intergenerational peets/e by saying
that“...small changes in emissions today may hétle keffect on the

current generation, but will have sizable effecengndecades out.” He
also taps into the behavioural economics literatareescribe that we
tend to overvalue present benefits relative to &utasts, thus not taking
enough action.

A cost-benefit analysis purports to measure in motems all the
benefits and all the costs to be expected ovefutioee of some mooted
project, and to admit the project if the sum of thenefits exceeds the
sum of the costs by a significant margin’. There several reasons why
CBA has evolved into a standard economic tool tbd&cision-making.
Below are three of the most important:

. In theory, it is simple and neat. CBA reduces thmplexities of
decision making to a single number, the ratio afdiits to costs.
Market failures can occur for many reasons, butpomary
importance for this section is that they often odoecause they
have to deal with phenomena on which it is diffidol assign an
economic value. Many government interventions fatb this
category, and CBA provides a legitimate way of ngkisuch
externalities as they are called into account. GBs can take a
wide view rather than a narrow view. An exampletted latter
would be a decision to invest in a new coal-firenvpr station
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that is based purely on an assessment of the @ssteiated with
building, running and maintaining the power stati@amd the
expected returns on this investment. Alternativedgditional

consideration of the costs of emissions, includiagbon dioxide
emissions, and the adverse consequences for thelatiop

would constitute a wide view.

o Economic investment becomes even more uncertaiegsoject
further into the future, which is why market capsan is good at
making short term decisions but often fails on tbeg-term.
CBA specifically projects into the future to progid longer-term
view. In practice, however, CBA is anything but plm the main
criticisms being:

. Assigning a monetary value to something where thekat has
already failed to do so is highly contentious. fir example,
people have to leave coastal homes because of is&a levels,
the cost of providing new homes inland is not hi@reestimate.
What value, however can be put on the wholesaleiglion to
the lives of these people? To cast the net widégtwalue can
be put on the lives of the people who already iivend and who
might be disrupted by an influx of coastal dwelteiBo take a
different example, what value can be put on theugison caused
to a local community by erecting a wind farm litgranext door
as a contribution to reducing a country’s carbastgant?

These problems are compounded when projectingtimduture, which

has to be done because climate change has a stropgral dimension.

Its impacts are already being felt today, but mathhe prediction is

about the probably greater impacts into the futBrg. crudely, the issue
concerns assigning a value to intervening todayreviiee benefits are
likely to accrue principally to future generations.

A third issue relates to the claim that CBA offersvide view of an
intervention decision, beyond straightforward irtwesnt costs and
returns. But, how wide is wide and conversely hamraow is narrow? In
other words, there can be a tricky decision on wbanclude and what
to exclude in the CBA. To follow the example in thest of these
criticisms, above, how is the decision taken whettee include or
exclude the disruption costs to the lives of thodand dwellers who
might have to absorb an influx of coastal ‘refugeeso their
communities? A further criticism of CBA which redst to the
inclusion/exclusion issue is that often it only azdates the net social
benefit. It does not discriminate necessarily ituaions where some
gain while others lose. To take a different exam@egovernment
decision to intervene to protect rain forests igeéyia might be a sound
decision for the Government and the population aéae, especially if
it attracts money from the international Clean Depment Mechanism
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Rain forest dwellers who depend on the forest fuirtlivelihoods,
however, might become worse off. The deepest itic however, is
that CBA is not the neutral tool that it is claimedbe. The boundaries
of what to include and exclude from the calculatitre values placed
on different costs and benefits both now and in fthare, reflect the
interests and values of the most powerful stakedrsld

Some costs of climate change are relatively easgstonate as there
already exist ways of expressing them in monetamns$. Thus one can
work out by country or region the costs to agrigxdt or even benefits
in some northern latitudes, of a particular tempeea rise. The
aggregation across the world of these individuainty/region costs
and benefits can then easily be worked out forcagitire. The same can
be done for other sectors of the economy. The dwarm will represent
the net cost aggregated across the sectors ofcireomy which are
analysed and across the world. Much more difficeilconverting into
money the damage costs that don’t normally haveaeken value. For
example, how does one value the trauma assoomtedosing your
home and means of livelihood because of rising Isgals, or with
flooding from excessive rainfall? How does one ealne amenity loss
associated with climaterelated biodiversity chaffjgétow does one
aggregate these kinds of cost across locationsspeaies loss in one
country might be an addition to another country. ®different scale,
how might one value the damage done by a far-ragg¢iuut unlikely,
abrupt climate change event? We should not asshatepeople and
groups of people are passive in the face of clinedtange. Some
damages will possibly be offset by local adaptatiofior example a
community of farmers in Sub-Saharan Africa seletyivbreeding
drought resistant strains of their staple crop.

The discussion of adaptation in different partshe world leads to a
more general consideration of how we value the scasturred by
different groups of people, those who are poorerricher than
ourselves. This is where the equity weighting facenters the
calculation. In contrast to equity weighting, digoting the future is a
standard feature of CBA where net benefits (org)osttend some way
into the future. In a straightforward investmentACBuch as a road or
bridge, the future returns on investment are distanito a ‘net present
value’ (NPV). The time discount rate is expresssdaapercentage,
meaning the proportion by which the net future Khiénelecline in
present value year on year. Thus, to give an ilitise example, a time
discount rate of 5% will mean that a net benefibné million naira in
year 15 of the project will have a net present eatii about half a
million naira. This is because it decreases by Z¥heyear working
back to the present in what is the reverse of apoamd interest
calculation. If however the time discount rate rdyo2%, the NPV of
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one million naira in year 15 will be approximaté1¢0,000 naira, while
if it is 10% it will be approximately 240,000 nairen sum, the higher
the discount rate the lower the NPV of the net bieaecrued over time.

A very pragmatic approach is taken to assign tme tliscount rate for a
conventional investment project. The reasoningifdows: the highest
risks of the investment will be in the present ahdse risks will
diminish over time. Therefore the present returnstioe investment
should be weighted higher than the returns in thest risk environment
of the future. This is similar to deposits of perabsavings. The ‘safer’
deposit in a trusted bank account attracts a loater of interest than a
deposit in something riskier (e.g. share dealifyactically, discount
rates are chosen in line with the rate of retuat thight be obtained by
investing the money elsewhere. The Stern Reviewcsiely rejected
this justification for discounting future returns the context of the net
benefits of climate change, arguing that it is aambunt to valuing the
welfare of future generations less than our owns Than issue of inter-
generational equity, as enshrined in the oft-quotkinition of
sustainable development of the United Nations W@tanmission on
Sustainable Development in 1987 (WCED). Click on:
https://www.youtube.com/watch?v=Al_xp5sRVmM

SELF ASSESMENT EXERCISE 2

Discuss Cost-Benefit Analysis (CBA) within the context
of climate change.

3.4 Impacts of Climate change on different sectors

The rise in the global warming puts the environnadrd very precarious
position as the entire ecosystems are currentlindgaserious crisis.
Major environmental changes have resulted in théneton or
relocation of species with economic importanceh® balancing of the
ecosystem. Furthermore, weather conditions hava besatly affected
by climate change, with the record of warmer terapee, increase in
water vapor and consequently heavy and intenséliaoccurs. Besides
the increase in rainfall frequency, the meltingtioé ice glaziers also
take place and they both further result into riseaa levels and flooding
(Riebeek, 2010). Although the melting of the icazigrs is important as
it aid in irrigation farming, providing source ofidking water and the
continuous flow of streams, the rapid rate of thedtimg is alarming.

AGRICULTURE

Climate change threatens agriculture by diminishingp yields thus
bringing about food insecurity. The severity of uybts, wildfires and
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flooding currently being experienced especiallyha developing world
affects global food production and brings about damn loss of
livelihoods, and high migration rate. The leveldvbughts affects crop
production and the rates of wildfires caused byditmeight destroy crops
and other beneficial microorganisms in the soilpgupng a good crop
yield. The bulk of this impact is reported to halevastation in the sub-
Saharan regions of African and the South-East Adl Environment,
2018). This has serious implication on developmefiich could
threaten the attainment of the sustainable devedopngoals of the
United Nations.

STORMS AND FLOODS

The increase in temperature due to global warmmuogeases the level of
moisture trapped in the atmosphere with the warnoihthe oceans, as
well as vegetation therefore bringing about frequyeim heavy rainfall
and consequently experiences of storms and floodiflge direct
consequences of this include hunger, loss of liged livelihood,
infrastructure, migration rate, displacement, diesa loss of
biodiversity amongst others. Urban centres are twhis by this
incessant flood events as basic infrastructure cgshe drainage
facilities are either inadequate or not availalidhere available they are
overwhelmed by the frequency and volume of theaffifrom the rains,
thereby resulting into catastrophe.

HEAT WAVES

The rise in temperature due to global warming &ffethe entire

ecosystems from melting of the ice to bleachindghef coral reefs, the
entire human race is equally affected with the ease in discomfort
rates with further results in diseases and dedthwas reported that
globally the years, 2014, 2015, 2016 and 2017 wigtorded

temperature records as the hottest years sincé98@s, with 2016 as
the warmest (NASA, NAOO, 2017). This event has lefteat

devastation in its wake as thousands of lives wastin major parts of
Europe, Asia and Africa. Significantly two examplesthe impact of
climate change on human lives is the extreme mséimperature in
Korea in 2013 and India in the year 2019 where tauibigl numbers
were left dead and many struck with major healtués. The diagram
below shows the trend in global temperature in @aveentury.
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Global temperature change (1850-2016)

HadCRUT4
@ed_hawkins Baseline: 1850-1900

Figure 1: Global temperature Change (1850-2016)
S

ource: Hawkins,
2016

SHORTAGE OF DRINKING WATER

Climate change has affected the supply of safekishgnwater for both
human and other living things. With the increases&a levels, fresh
water bodies have been intruded with this saltwétes making the
water unfit for consumption. The implication is thepecies including
human will face deaths and some will be forcedeloaate, which will
have a critical effect on the ecosystem. The effetdrmed as one of the
largest global risks as an estimated 4 billion pedap global population
live under severe conditions of water scarcity (@loRisks Report,
2019)

DEFORESTATION

Forests play a crucial role in shaping global temajpures and by
implication its climate. They affect the world’simbkte by absorbing
carbon dioxide, the main greenhouse gas respondiiieglobal

warming, thereby help in regulating the climaticndtion over time.

Besides this important role that it plays, it servas habitat to
ecologically important species of plants and
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animals. It goes to say that all hands must be egk do ensure the
continuity of the forest reserve but and take appabte measures to
keep it in its optimum state.

With global warming effect on the rise, increases temperature,

drought and wildfires, large areas of forest armdelestroyed as seen
in the Amazon forest. Consequently the releasé@fstored up carbon
dioxide in these plants are further emitted inte #imosphere and
increasing the level of greenhouse gas.

3.5 DESTRUCTION OF MARINE ECOSYSTEMS

Ocean acidification which occurs when ocean absestress carbon
dioxide puts the lives of ocean creatures in jedpaiThis level of

acidity has been reported to reach about a miticors and it has led to
the death of many marine species with others migyathile those who
survive losses their natural endowments (Mckie, 520J1Also, the

bleaching of the coral reef due to high temperaputs the lives of

marine species at risk, although they are repaedonsist less than
0.1% of world’s ocean floor, they support a quadieall marine species
(Mccutcheon, 2016). The presences of mangrovesagsiagnportant role
as in serve as nurseries for fishes’ filter sedimemnd protect coastal
ecosystems and shorelines from violent storms. &énchange impact
has changed all that as drought due to lack ofathimise in sea surface
temperature has led to the loss of major mangriovéee world.

|V<f/|
3.6 Summary

Climate change is no longer an event of the fuamd should not be
seen as such. The impact being experienced irplanet currently is
without any doubt in dire need of urgent and coilec attention. The
emission of greenhouse gas; an identified causkeeophenomenon will
continue to be on the rise as human consumptiofossil fuels for

energy will not diminish unless an environmentaridly replacement
is found and incorporated.

Climate change in the world can be cause by maniyitees; both
natural and human influenced. However, the majortrdautor to this
phenomenon is man through his energy consumptides.rarhese
actions bring about the emission of greenhouse sgas& the
atmosphere, causing a rise in the level of tempergglobal warming).
This has a great impact on the health of man himbked immediate
surroundings and the entire ecosystems. Climatageh&s irreversible,
however, the situation can be managed, especidllyactions as
contained in the SDGS documents geared towarddea aad viable
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environment are adopted by this present generasahe next may not
be able to do much with the worsen state it maghlen.

N
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u:; 3.8 Possible Answers to SAEs

Answers to SAEs 1
1. The threats of climate change is thought to be cassal with
release of greenhouse gases which acts like a /otedret
around the earth. Whereas it is a natural phenomémet traps
energy in the atmosphere and causes it to be wand, the
impacts is significant on ecosystems, economied, stieties,
with severe impacts on every sphere.

Answers to SAEs 2
1. A cost-benefit analysis purports to measure in mpaeems all
the benefits and all the costs to be expected theerfuture of
some mooted project, and to admit the projectef shm of the
benefits exceeds the sum of the costs by a signifimargin’.
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UNIT 4 THE CHALLENGES FROM ECONOMICS AND
ECOLOGICAL PERSPECTIVES AND
SUSTAINABLE DEVELOPMENT

Unit Structure
4.1 Introduction
4.2  Learning Outcomes (LOS)
4.3  Main Content
4.3.1 The Challenges from Economic Perspective
4.4  Ecological Perspectives and sustainable dpuetat
4.4.1 climate change and limits on natural resegirc
4.4.2 Trends, Challenges and Scenarios
4.5 Government responses
4.5.1 Risk in transition
4.5.2 Green economy opportunities
4.6 Summary
4.7  References/Further Readings/Web Resources
4.8 Possible Answers to SAEs

N 4.1 INTRODUCTION

The increasing pressure of the long-term trendliohate change and
the availability of essential natural resourced halve significant impact
on economic development with a range of possibie@@ effects on
global society. In what follows, current best kneddge on these two
factors and their possible future evolution is eksd. Paradoxically,

while their impact on society and social securitgynbe greater than
other exogenous factors such as demographic orulalmarket

development, policy-makers, employers and othéwestalders have put
in place very limited effective measures to anttgand mitigate these
impacts. Indeed, some commentators argue that ntumeeasures
exacerbate or accelerate the impacts. The impacietate change and
natural resource scarcity are often similar anerdegpendent.

@ 4.2 Learning Outcomes (LOSs)

At the end of this unit, you should be able to:

o Understand climate change and limits on naturauees
. Describe the economic and ecological perspectivies dimate
change
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4.3 MAIN CONTENT
4.3.1 The Challenges from Economic Perspective

Richer countries and their citizens can do muchlesen harmful
climate change through their lifestyle and consumbpices. For
example, they might reduce the amount they tramdl generally adopt
simplified lifestyles which require less energytekhatively, they might
try and maintain their lifestyle but are preparedoly more for lower-
energy alternatives, for example, build a low-egdrgme, own a hybrid
car rather than a conventional car, and buy locstiyrced food rather
than food which has many air miles attached té\lit.of the above is
significant and does depend on voluntary behawhich runs contrary
to normal expectations about lifestyle and incesgivassociated with
economic behaviour. The stark reality is that mpsbple will not
voluntarily change their behaviour in the name dMmate change
without appropriate economic incentives and a neaisie assurance that
their lifestyles will be maintained. ‘Voluntary splicity’ as has been
applied to some East European states is signifibahtnot sufficient.
This is where economics matters in climate chalttgeas a privileged
role in policymaking as it sets incentives for bebaral change for both
producers and consumers. It also provides warnogitawhat is likely
to happen to lifestyles if nothing is done at s¢aleneet the challenge.

Any deal on climate change, whether local, natiomainternational,
will be informed by the science, but ultimately Mble based on some
common ground of what we can afford in the presentpared with the
economic costs of not doing anything. As far asnéernational deal is
concerned, finance ministers around the world pitly a huge role.
This is the reality and the most compelling reagon exploring
economics in relation to climate change. Thus:

o Global warming conceptualised as market failurevigies a
strong conventional reason for intervening
. Discounting the future is a key consideration bseaudlimate

change, and hence its economics, stretches intduthee and
raises issues about the welfare of future humarergéions as
well as about the present generation

o Opportunity costs raise issues about choice ofrustg@ion
between climate change and other pressing globalgms.

The economic perspective of climate change consigsues of equity,
justice, rights and so on if it is in one’s selfarest to do so. Thus the
economics of climate change is interested in tlygiraent of classical
and neoclassical economics justification ratherntibe normative
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justification that is generally found in alternaivapproaches. This
would hardly matter if they achieve the same resexcept that the
former appears to have a distasteful connotatiorpraigmatism in
contrast to the ‘pure and lofty’ thoughts of thitda

SELF ASSESMENT EXERCISE 1

1. Discuss the challenges of climate change from an
economic perspective
2. Critically explain climate change and limits on natural

resources

4.4  Ecological Perspectives and Sustainable Devetoent
4.4.1 Climate change and limits on natural resoues

Global economic activity and growth depends onaalitg available and
accessible supply of essential resources. Howewest non-renewable
resources that are at present the dominant compookrenergy
production and industrial capacity are becomingraasingly scarce
while demand is increasing due to population growtl the urge for
economic development. The question of the avaitgbibf certain
resources is complex. Figure 1.1 shows the cuaeatiability of some
of the critical resources at their current consuomptates. In reality the
exact number of years left of economically-viabldraction for each
resource will depend on a number of factors. Fastthe price of the
resource increases, previously uneconomic soueesne viable due to
increased investment into extraction technologiedificult-to-mine
areas becoming financially worthwhile (such as deepan drilling).
Second, technology change (possibly driven by asxs in the prices of
resources) or policy change (for example, by pgtan absolute global
cap on carbon emissions and therefore a limit enude of fossil fuel)
may allow resource switching which lowers demantdird;, but most
importantly, economic growth and activity will alteconsumption
patterns over time. For example, assuming an isereia future
consumption based on a continuation of historindse(over the past 20
years there has been an average annual increasengsumption by
approximately 1 per cent for oil, 2 per cent fos gad 2.5 per cent for
coal) would result in oil running out in 41 yeagss in 38 years and coal
in 53 years. The overarching trend has been onenofeasing
consumption and while some efficiencies have bemsmnsthese are
driven by price increases. Therefore, resourceepriare likely to
significantly increase over the short to mediummtetue to increased
demand.
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4.4.2 Trends, challenges and scenarios

To push for economic growth over the past centilng,world economy
has relied on relatively cheap access to both raheawesources, such
as forests, and non-renewable — and thus finiuress such as oil and
minerals. This means that infinite growth in atimworld is not possible
and therefore the limited nature of resources atilsome point start to
place limits on economic growth. In 1972, the ChflRome published
the Limits to Growth (Meadows and Club of Rome, 297This used
system dynamics theory to analyze the long-term sesuand
consequences of growth in the world’s populatiod & economy. The
model measured the impacts of resource scarcityd fproduction,
pollution levels, population growth and changesetmnomic activity
(services and industrial output). It showed thathwit substantive
policy intervention, resource availability couldgsificantly reduce
industrial output per capita. Not only will resoerdimits severely
impact economic growth but pollution levels coukhech a level that
would severely impact food production. The overakssage of the
report was that under this “business as usual’ at@neven with
optimistic projections of resource availabilityetimpacts on the world
economy would see a peak in productivity by thedi@df this century
This will be followed by mass global famine and usttial output
collapsing to levels below those seen in the newte century.
Subsequent analysis has continued to support thergleconclusions
within the original report (Meadows, Randers, aneallows, 2004,
Rockstrom et al., 2009) and further work has shaeonomic and
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political consequences of such limits (Lagi, Berttaand Bar-Yam,
2012; Lee et al., 2012).

While limits apply to a range of resources, wittsaerces such as
indium particularly in short supply, energy res@agave received the
most focus because of their importance in drivimgn®mic growth.
Over the past decade there has been a paradiginirshinderlying
energy markets leading to a step change in the pnd volatility of key
resources. This has mainly been driven by incrgademand alongside
fossil fuel supplies being extracted from noncortieral sources, such
as shale or deep offshore, which have become edondue to the
higher prices of oil and gas on international mezk&or example, oil
prices have seen an almost fourfold increase 2008

. Average oil price per barrel 1985-2005 8: USD 240t(mean /
standard deviation)

. Average oil price 2006-2014: USD 83 % 19 (meanahdard
deviation)

Over a similar period, the impacts of climate clargve also been
more evident with increasing financial losses. Esiample, in the

United States, estimates show that 2012 was thendemost costly

year, after Hurricane Katrina in 2005, for insurmarlosses related to
climate

disasters with over USD 139 billion in damages (AB&hfield, 2013).

These losses are driven by three factors:

o Society has a tendency to build infrastructuredgions which
are particularly vulnerable to climate change, é&xample on
coasts, and the economic value of this at-riskastfucture has
increased with increasing levels of developmenthiese areas.
The magnitude and frequency of extreme weather tevieas
increased with climate change (more extreme evenisiding
rainfall, droughts and wind) (IPCC, 2012).

. Over the past three years, floods in Thailand kaslted in huge
economic losses of USD 30 billion (WEF, 2013), htane
Sandy in the United States resulted in losses ef &SD 50
billion (US Department of Commerce, 2013) and Hofrfrica
droughts in 2011 threatened the livelihoods ofr@ilion people.
Typhoon Haiyan in the Philippines is estimated &veh killed
10,000 individuals and created hundreds of thousanil
displaced persons. The global distribution of th@puation
exposed to cyclones by 2030. With an increase ith libe
frequency and severity of extreme events globailg, will see
increasing numbers of displaced people seeking geefu
elsewhere. Many of these displaced persons wié lin
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precarious environments with often limited accesshe formal
labour market and in countries with different cds and
languages.

. The total cumulative global cost of climate chartges been
estimated at between USD 2 trillion and USD 4itmllby 2030
across different scenarios (Mercer, 2011). Thisas going to
continue over future decades. The production oflfand water
infrastructure depends on inexpensive fossil fuekrgy, the
increase in the price of energy input will mean iaoal
volatility of global markets and the likelihood Wwile an upward
pressure on water and food prices globally.

How quickly prices rise and/or whether alternatitezhnologies or
processes can be put in place to alleviate soméhisf pressure is
dependent on an early response at scale into produsupply chains,
consumption and markets by governments and/orrikatp sector. This
uncertainty on future price is likely to lead toodghterm shocks and in
particular increasing volatility which in turn willmpact financial

markets and, in turn, human welfare and income

security. Jones et al. (2013) brought together l#thest evidence on
resource trends and climate change exploring thengial impact on the
global economy and the financial sector. In paléicthe report focused
on pensions and investment returns over a mediutorig-term time

horizon through the use of scenarios and actuaralelling. The report
suggests that even modest impacts from increaseértamty and on
global economic growth could have significant imigaan pension fund
assets and costs.

Alongside the physical pressures from climate ckaagd resource
trends, changes in local demographics will alstuérice the outcomes
of these global challenges. For example, ageinglptpns put different
demands on energy, food systems and health imgaatis mental and
physical health) will change. Labour markets w#l indirectly affected
due to the differing nature of economic developmant risk. In
addition, physical risks from climate change, tbgetwith the demands
for increased investment in infrastructure to ecttiacreasingly scarce
resources may limit the capital availability of gorments. This in turn
may limit the available fiscal space for social @y budgets where
these are partially or fully tax financed. The cecedness of food,
water and energy systems is becoming more apparahtwill be a
driver for future pressures on social systems. égons become less
productive economically, and see large physicalkckfidrom climate
change due to the increasing frequency and magnitfdextreme
events, the likelihood of large-scale movementp@bple will result.
Some migration and displacement may improve theodeaphic profile
of a particular region and could alleviate pressuva social security

83



DES?219 CLIMATE CHANGE AND DEVELOPMENT

systems (increasing the percentage of people ablotk) while others
could overwhelm local systems. In simple parlartbées will alter the
availability or allocation of resources and comgle the cost of
production. Therefore, the scale and pace of swtbngal population
movements will be important, as will be politicdfogts to control such
flows. Anticipating and addressing these risks adllenges at a
government level involves a transition to a newadagm or approach,
which will have economic and political benefits ansks associated
with it.

4.5 Government responses

Given the impact of climate change and limits tourel resources on

economic growth, the analysis of government respo®nsan be

categorized into four broad future growth trajeigsr These are (Jones
et al., 2013):

a. “Growth is the solution”. Commentators argue thabreomic
growth brings with it technological innovation thabuld bring
about the required changes to meet resource coristrad other
challenges faced by the modern world such as ppvand
inequality.

b. “Green growth”: By examining and changing indicatoof
growth to be more aligned with resource constrgjatsl climate
change) global economic development would more ralyu
develop the required solutions to the global cinaiés, without
harming people’s “standard of living”.

C. “End of growth”: The finite size of the planet cbmed with the
fact that the economy is now operating on a worldwscale
means that growth cannot continue and must stabiizremain
within global boundaries. Economies need to berwettred to
accommodate a zero growth future.

d. “Beyond the limits”: Resource limits and/or climatkange have
been ignored for too long and the global econont @opulation
is now too large to be supported at current rateonsumption.
Since long-term decline is inevitable, the bestrselof action is
to manage this decline.

Currently the overarching paradigm adopted by gavents around the
world is “growth is the solution”. However, givehet future impacts of
resource constraints and the inherent delays amperiections in the
market (for example, an excessive focus on thet $6on) this is likely
to lead to short-term shocks and price volatilitytlze very least. In
addition, if new technologies are introduced thi@ anore efficient in
their use of resources this can occasionally irseré¢he overall use of a
particular resource over the short term as morputyter unit input is
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possible making the activity more economically prctive. Therefore,
“growth is the solution” could actually hasten ttime when resource
limits start to have an economic impact. Followisigpcks caused by
resource constraints, the reaction of governmdatsexample in their
decision over money supply and where to directstwent, will be the
immediate major determinant of the impact on thenemy and the
financial sector.

4.5.1 Risk in transition

Even when governments proactively set an agendastategy for the
future (for example, emission targets) to tacklensoof these issues
there is a risk in transition. Some of these riska be large, such as
governments opting for one particular technologyclvimay not in the
end provide the necessary solution in time to presbocks. Other risks
can be more local (either physically or financiglig nature but still
cause uncertainty and changes in labour marketsatylag these risks
can create substantial market distortions. For @@mmuclear power
often creates large market distortions with theéespaoviding insurance
and future price guarantees and uncertain deconanisg costs being
absorbed by governments to the possible detriménbtieer energy
sources (Hultman, Koomey and Kammen, 2007).

The United Kingdom Government introduced the Clen@hange Bill

in 2008 which set in place targets for reducindboaremissions. As part
of the measures introduced to help achieve thosgetta the United
Kingdom Department for Energy and Climate Changeoduced a

feed-in-tariff to encourage uptake of solar phottaio technology.

However, the design of the feed-in-tariff was ndfisiently flexible, so

a surge in demand meant the costs were unaffordablgovernment
and the scheme was subsequently changed.

While individual examples of labour market impacee currently
relatively few, compared with the total size ofiaaal job markets, as
economic transformation increases in size, thepestyof collapses in
employment and investor confidence could have aensignificant
impact. Another issue that is central to globaleagnents on action to
tackle climate change is energy access and markeelapment.
Ensuring access to energy for those in fuel povertunderpin health
and education is an important driver for developitguntries. As
markets change, ensuring growth and protecting jebsnportant in
developed countries. Both of these issues havesdwstantial subsidies
from governments. Estimates put the total globakilofuel subsidy at
over USD 500 billion per annum with over USD 110 pelult per
annum in top 11 rich-country emitters (Whitley, 3D1As government
budgets face increasing pressure, the impactdroatd change become
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more evident and the price of fossil fuels contiaeincrease, these
subsidies will become more difficult to justify their present form.

4.5.2 Green economy opportunities

The International Energy Agency (IEA, 2010) estiengtat USD 270
trillion (approximately USD 7 trillion per year) Wibe invested into
energy supply and use under a “business as ustatiaso up to 2050.
To meet the commitments already made under theednMNations
Framework Convention on Climate Change (UNFCCC)additional
USD 46 trillion (17 per cent), or approximately USID7 trillion per
annum would be needed to be invested. In 2010 biclean energy
investment reached just USD 243 billion (WEF, 20Rg&w Charitable
Trusts, 2010) and therefore a fourfold increasmwestment is required
to meet targets. Energy supply is only part of itheestment required,
with environmental products and services projettedouble from USD
1,370 billion per year at present to USD 2,740dnllby 2020 (Federal
Ministry for the Environment, Nature ConservatiardaNuclear Safety,
2007, as referenced in Cedefop, 2009). This indwteergy efficiency,
sustainable transport, water supply, sanitation \@adte management.
Adaptation investment, in particular in agricultureill add to the
significant global investment over the next few atdes.

Jobs will be created in a number of sectors antitosthers. Social
security systems will need to be flexible to copéhwhe issues raised
by transition towards a greener economy, in pddicthose related to
the re-skilling of labour markets. Skill shortagee already reported in
a number of sectors including the biofuels indulstryn Brazil, the
renewable energy and environment industry in Bategh, Germany,
and the United States and in the construction séttAustralia, China,
Europe and South Africa (BVET, 2007; London EneRgrtnership,
2007, as referenced in Cedefop 2009). The focuwamiing and re-
skilling efforts by government agencies need tolec#f this
transformation Solutions to resource constraint$ @mate change not
only include large-scale infrastructure projecguigng engineering and
project manager skills. In addition, a substargi®rt in development,
lifestyles and behavioural change is required. Thislves increased
investment in education systems, restructuringniong systems, a shift
in the narrative that highlights the opportunitiesabling behaviour
change, new methods to capture and reprocess imatste retail sector,
shifts in regulation and a re-purposed health sygteee, for example,
WBCSD, 2010).

Green economic growth is a significant opportunity countries,

governments and private sector players all ovemtbed. However, the
nature and speed of the transformation to new lasoan and resource
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efficient modalities is not without risk. As econmmand physical
shocks increase in scale, countries that are batgared will be able to
respond more effectively.

19

While climate impacts are debated in the globalitipal arena, the
scale, urgency and connectedness of the challengpésred here do not
appear to be widely understood. Similarly, the fetuncrease in
resource prices and increase in demand due to iggogéobal economic
activity are receiving less political attention.sBibly this is due to the
predominance of the freemarket paradigm that beti¢kiat markets will
naturally develop affordable alternative technadsgiat scale in an
appropriate time frame. In the absence of an apjatepresponse at
scale there is a risk of reduced and/or stagnadicmnomic growth,
reduced access to commodities and hence increasesk,preduced
international and national security, increasingnelie disruption and
reductions to life expectancy with increases in lidity. The global
resource system is already stressed. The intenadiEtween food,
energy, climate, water and economic systems is roggp better
understood. Appropriate action is required to ptivaty manage future
risks as well as cope with impacts already evid€he impact on social
security systems will be significant.

4.6 Summary

In this unit, we have discussed vividly on the scee of climate change
such as historical overview of climate change, theses of climate
change, effects of climate change, as well as wayghich greenhouse
gasses emission can be reduced.
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u:; 4 .8Possible Answers to SAEs

Answers to SAEs 1

1. The challenges of climate change in economic petsgare as
follows: e issues about the welfare of future human germersiti
as well as about the present generasiddpportunity costs raise
issues about choice of intervention between clinthi@nge and
other pressing global problems. The issues quiigtige, and
rights.

2. limitations of climate change on natural resourtlesvever, the
price of the resource increases, capacity are bagom
increasingly scarce while demand is increasingtdygopulation
growth, technology change, policy change and ecangmowth
and activity will alter consumption patterns ovend.
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N 1.1INTRODUCTION

Climate change is one of the greatest environmeata economic
threats facing the world today. There is a growimeged to develop
strategies that will reduce current levels of gremise gases in the
atmosphere and curtail future emissions. This héwsmed the current
global collating actions aimed at addressing thienmmenon. The
United Nations Framework Convention for Climate @ipa (UNFCCC)

and the Kyoto Protocol represent an internationategy to combat
these effects. Admittedly, these instruments hadte and cannot retard

90



DES?219 MODULE 3

climate change to zero. Adaptation efforts shoulerefore equally be
directed towards helping countries cope with thangng weather

patterns. The Kyoto protocol has, to some exteatl tto address this,
especially in case of developing countries. Thasgruments also
require state parties to take action at the nakti@nel to realise their

objects. Uganda, as a party to the Kyoto protobak developed a
number of policies and laws for the implementatairthe protocol at

the national level. This unit addresses issues aadhe Climate change
Policy Framework, Provisions of the United Framew@onvention on

Climate Change (UNFCCC), The Kyoto Protocol, Massues and

Negotiation Streams and towards a Post- 2020 regime

@ 1.2 L earning Outcomes (L Os)

At the end of this unit students will be able to:

o Describe the main aims and provisions of the UNFC@ its
Kyoto Protocol.
. Identify the main organizations and bodies thatateunder the

UNFCCC and its Kyoto Protocol.

o Explain why the UNFCCC and its Kyoto Protocol amgportant
to developed and developing countries.

. Analyze key points relevant for a post-2020 clienathange
regime

1.3MAIN CONTENT
1.3.1 TheClimate Policy Framework

Climate change is a global problem and a “commomncem to

mankind. GHG emissions contribute to climate chamgespective of
their origin, all countries will be affected if raxction is taken. A global
agreement is needed to regulate emissions anctbelyries to adapt. A
framework convention setting out basic obligatiaisall ‘Parties’ to

combat climate change was signed in 1992 in Riocamae into force in
1994. Currently this convention has 195 Partieslunting 194 states
and 1 regional organization. Article 3.1 stresses frinciple of equity
and ‘common but differentiated responsibilities.

1.3.2 Provisions of the United Framework Convention on Climate
Change (UNFCCC)

The UNFCCC is a “Rio Convention”, one of three agopat the “Rio
Earth Summit” in 1992. Its sister Rio Conventionee ahe UN
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Convention on Biological Diversity and the Conventito Combat
Desertification. The three are intrinsically linkdtlis in this context that
the Joint Liaison Group was set up to boost codgperamong the three
Conventions, with the ultimate aim of developinghengies in their
activities on issues of mutual concern. It now aisoorporates the
Ramsar Convention on Wetlands. Preventing “danggrduwuman
interference with the climate system is the ultenaim of the
UNFCCC.

The convention recognized that there is a problemd this was
remarkable for its time. In 1994, when the UNFC@0Gkt effect, there
was less scientific evidence of climate change teme is now. The
UNFCCC borrowed a very important line from one &k tmost
successful multilateral environmental treaties istdry (the Montreal
Protocol, in 1987): it bound member states to acthie interests of
human safety even in the face of scientific undetya

The ultimate objective of the Convention is to #itaé greenhouse gas
concentrations "at a level that would prevent damge anthropogenic
(human induced) interference with the climate systelt states that
"such a level should be achieved within a time-&asufficient to allow
ecosystems to adapt naturally to climate changeensure that food
production is not threatened, and to enable ecanaavelopment to
proceed in a sustainable manner. The UNFCCC aimadbieve
stabilization of greenhouse gas concentrationshé @atmosphere at a
level that would prevent dangerous anthropogerterfierence with the
climate system within a time frame sufficient to:

1. Allow ecosystems to adapt naturally to climate gen

2. Ensure that food production is not threatened, and
3. Enable economic development to proceed in a sudikEn
manner.”

The idea is that, as they are the source of most pad current
greenhouse gas emissions, industrialized coungéiesexpected to do
the most to cut emissions on home ground. Theycated Annex |
countries and belong to the Organization for Ecand@ooperation and
Development (OECD). They include 12 countries wigconomies in
transition” from Central and Eastern Europe. Anhesountries were
expected by the year 2000 to reduce emissions20 Eels. Many of
them have taken strong action to do so, and some [@ready
succeeded. Industrialized nations agree under timyéhtion to support
climate change activities in developing countrigspboviding financial
support for action on climate change-- above anibé any financial
assistance they already provide to these countesystem of grants
and loans has been set up through the Conventmbrsananaged by the
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Global Environment Facility. Industrialized couesialso agree to share
technology with less-advanced nations. The key dgiom of UNFCC
also included;

Industrialized countries (Annex |) have to repoegularly on
their climate change policies and measures, inetudssues
governed by the Kyoto Protocol (for countries whiblave
ratified it).

They must also submit an annual inventory of tlyegenhouse
gas emissions, including data for their base y280@) and all
the years since.

Developing countries (Non-Annex | Parties) repamt more
general terms on their actions both to addressatdimhange and
to adapt to its impacts - but less regularly thameéx | Parties
do, and their reporting is contingent on their iggttfunding for
the preparation of the reports, particularly in tase of the Least
Developed Countries.

The Convention acknowledges the vulnerability dfcaluntries to the
effects of climate change and calls for speciabrédf to ease the
consequences, especially in developing countrieschwhack the
resources to do so on their own. In the early yearthe Convention,
adaptation received less attention than mitigat@a®, Parties wanted
more certainty on impacts of and vulnerability tionate change. When
IPCC's Third Assessment Report was released, doaptaained
traction, and Parties agreed on a process to a&ldobgerse effects and
to establish funding arrangements for adaptatioumredtly, work on
adaptation takes place under different Conventioodids. The
Adaptation Committee, which Parties agreed to painder the Cancun
Adaptation Framework as part of the Cancun Agredésnaa a major
step towards a cohesive, Convention-based apptoaataptation.

SELF ASSESMENT EXERCISE 1

1. Identify the main negotiation issues on
climate change

2. Briefly explain the provisions of the
UNFCCC and its Kyoto Protocol
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1.3.3 Different Responsibilities for Different Party Groups
1. Annex | Parties

Group of 43 developed countries, that were pathefOECD in 1992,
and countries with economies in transition (EIThelf responsibilities
include;

i. Take the lead in reducing GHG emissions
ii.  Submit regular national communications and bienm@pbrts
iii.  Submit annual inventory of GHG emissions

2. Annex || Parties

Group of 23 developed countries but not countrigl ®IT (subset of
Annex | countries). Their responsibilities include;

Provide financial & other resources to developimgirdries for
mitigation and adaptation
Facilitate the transfer of climate-friendly techogies

3. Non-Annex | Parties
Mostly developing countries. Their responsibilitiaslude;

Report on mitigation and adaptation actions
Submit national communications and biennial updagports
(BURS)

1.4 The Kyoto Protocol

The Kyoto Protocol is an international agreememikdd to the United
Nations Framework Convention on Climate Change clwisiommits its

Parties by setting internationally binding emissigduction targets.
Recognizing that developed countries are pringfp@sponsible for the
current high levels of GHG emissions in the atmesphas a result of
more than 150 years of industrial activity, thetBecol places a heavier
burden on developed nations under the principle"a@mmon but

differentiated responsibilities. The Kyoto Protocelas adopted in
Kyoto, Japan, on 11 December 1997 and came inte fon 16 February
2005. The detailed rules for the implementationtred Protocol were
adopted at COP 7 in Marrakesh, Morocco, in 2004, e referred to
as the "Marrakesh Accords." Its first commitmentiqe started in 2008
and ended in 2012.
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In Doha, Qatar, on 8 December 2012, the "Doha Ammamd to the
Kyoto Protocol” was adopted. The amendment includes

New commitments for Annex | Parties to the KyototBcol who
agreed to take on commitments in a second commitpemod
from 1 January 2013 to 31 December 2020;

A revised list of greenhouse gases (GHG) to bertedoon by
Parties in the second commitment period; and

Amendments to several articles of the Kyoto Prdtogbich
specifically referenced issues pertaining to thst ftommitment
period and which needed to be updated for the skcon
commitment period.

On 21 December 2012, the amendment was circulatedebSecretary-
General of the United Nations, acting in his cafyaas Depositary, to
all Parties to the Kyoto Protocol in accordancehwitticles 20 and 21
of the Protocol. During the first commitment peri@&¥ industrialized
countries and the European Community committed emuce GHG
emissions to an average of five percent againsd 1&@1Is. During the
second commitment period, Parties committed to cedGHG

emissions by at least 18 percent below 1990 lewelthe eight-year
period from

2013 to 2020; however, the composition of Partiesthe second
commitment period is different from the first.

1.4.1 The Kyoto mechanisms

Under the Protocol, countries must meet their targeimarily through
national measures. However, the Protocol also ®ffteem additional
means to meet their targets by way of three mdsased mechanisms.
The Kyoto mechanisms are:

eInternational Emissions Trading

*Clean Development Mechanism (CDM)

«Joint implementation (J1)

The mechanisms help to stimulate green investmedtlelp Parties
meet their emission targets in a cost-effective .vidgnitoring emission
targets. Under the Protocol, countries' actual sions have to be
monitored and precise records have to be kepteotrides carried out.
Registry systems track and record transactions dyid3 under the
mechanisms. The UN Climate Change Secretariat, dbaseBonn,

Germany, keeps an international transaction log verify that

transactions are consistent with the rules of tretoeol. Reporting is
done by Parties by submitting annual emission ités and national
reports under the Protocol at regular intervalscompliance system
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ensures that Parties are meeting their commitmamtshelps them to
meet their commitments if they have problems dsiog

The Kyoto Protocol, like the Convention, is alscsideed to assist
countries in adapting to the adverse effects ofmale change. It
facilitates the development and deployment of tetdgies that can help
increase resilience to the impacts of climate ckarithe Adaptation
Fund was established to finance adaptation progsudsprogrammes in
developing countries that are Parties to the KyRrtwotocol. In the first
commitment period, the Fund was financed mainlyhwat share of
proceeds from CDM project activities. In Doha, B2, it was decided
that for the second commitment period, internafi@maissions trading
and joint implementation would also provide the pi@dion Fund with a
2 percent share of proceeds.

The Kyoto Protocol is seen as an important firspstowards a truly
global emission reduction regime that will stal@li@HG emissions, and
can provide the architecture for the future intéoral agreement on
climate change.

In Durban, the Ad Hoc Working Group on the Durbaatférm for
Enhanced Action (ADP) was established to develgpotocol, another
legal instrument or an agreed outcome with legatdounder the
Convention, applicable to all Parties. The ADPascomplete its work
as early as possible, but no later than 2015, deroto adopt this
protocol, legal instrument or agreed outcome wibal force at the
twenty-first session of the Conference of the Barand for it to come
into effect and be implemented from 2020.

SELF ASSESMENT EXERCISE 2

What is the relevance of the Kyoto Protocol?

Highlight the relevance of post 2020 climate change regime

1.4.2 Relevance of the Kyoto Protocol
The relevance of the Kyoto Protocol includes tH®¥ang;

Supplements and strengthens the Convention

Identifies & regulates six gases as GHGs (Annex Ahe
regulated gases include Carbon dioxide (CO2), Meth®&H4),
Nitrous oxide (N20), Hydro fluoro carbons (HFCskgrRluoro
carbons (PFCs), Sulphur hexa fluoride (SF6) androlyén
trifluoride (NF3)
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Provides opportunities for mitigation and adaptatidn
developing countries

iv.  Sets out individual, legally binding emission tasgéor Annex |
Parties (Annex B). The key areas for emission redodnclude
energy, Industrial processes, Waste, Agriculturé &alvent and
other product use

1.4.3 Mitigation Commitments: 2008-2012

The 37 industrialized countries and the Europeanmi@onity
committed to:

Reduce their emissions by at least 5% below 1998ldein the
2008-2012 period

Ensure their amount of CO2 equivalent emissionsatoexceed
assigned amounts

Each Kyoto Protocol Annex B Party had assigned arnauits
(AAUS) for the 20082012 commitment period

Reduce GHG emissions by at least 18% below 193fldev

1.4.4 Main Issues and Negotiation Streams
Adaptation

Adapting to the adverse effects of climate change along with
mitigation, a major area of action under the UNh@lie Change regime.
The world is already experiencing changes in meamperature, shifts
in the seasons and an increasing frequency of mgtneeather events.
As the climate changes, societies will have torldaradapt. The faster
the climate changes, the harder it could be.

Adaptation, in the simplest terms, refers to theas that countries will
need to take to respond to the impacts of climh#nge that are already
happening, while at the same time preparing farreuiimpacts. It refers
to changes in processes, practices and structhat¢scan reduce our
vulnerability to climate change impacts, such as leeel rise or food
insecurity. It also includes making the most of abgneficial
opportunities associated with climate change, saghncreased crop
yields or longer growing seasons in some regions.

Adaptation solutions take many shapes and formpert#ing on the
unigue context of a community, business, orgarematicountry or
region. There is no ‘one-size-fits-all-solution’'—daptation can range
from building flood defences, setting up early wagnsystems for
cyclones and switching to drought-resistant crofms, redesigning
communication systems, business operations andrigoeat policies.
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Many nations and communities are already takingsste build resilient
societies and economies, but far greater actioh heilneeded to cost
effectively manage the risks, now and in the future

Successful adaptation activities also call foreffective engagement of
stakeholders— including national, regional, mulétal and
international organizations, the public and privatctors, and civil
society—and the management of knowledge for adaptat each step.

Parties to the UNFCCC and the Paris Agreement rezegthat

adaptation is a global challenge faced by all vidtal, sub-national,
national, regional and international dimensionss & key component of
the long-term global response to climate changeprmtect people,
livelihoods and ecosystems. Parties acknowledgeathaptation action
should follow a country-driven, gender responsigarticipatory and
fully transparent approach, considering vulnerapteups, communities
and ecosystems, and should be based on and guyidkd best available
science and, as appropriate, traditional knowledgeowledge of

indigenous peoples and local knowledge systemsh witview to

integrating adaptation into relevant socioeconoamc environmental
policies and actions.

Climate Finance

Climate finance refers to local, national or traatsmal financing—

drawn from public, private and alternative souroédinancing—that

seeks to support mitigation and adaptation actibras will address
climate change. The Convention, the Kyoto Protoaotl the Paris
Agreement call for financial assistance from Partigth more financial

resources to those that are less endowed and munerable. This

recognizes that the contribution of countries imate change and their
capacity to prevent it and cope with its conseqgasna@ry enormously.
Climate finance is needed for mitigation, becausegd-scale
investments are required to significantly reduceissions. Climate
finance is equally important for adaptation, asnsigant financial

resources are needed to adapt to the adversesefied reduce the
impacts of a changing climate.

In accordance with the principle of “common but feliéntiated
responsibility and respective capabilities” set autthe Convention,
developed country Parties are to provide finanogslources to assist
developing country Parties in implementing the otwes of the
UNFCCC. The Paris Agreement reaffirms the obligegiof developed
countries, while for the first time also encouragirvoluntary
contributions by other Parties. Developed countaytiBs should also
continue to take the lead in mobilizing climateatite from a wide
variety of sources, instruments and channels, gdtie significant role
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of public funds, through a variety of actions, udihg supporting
country-driven strategies, and taking into accotim¢ needs and
priorities of developing country Parties. Such niimbtion of climate
finance should represent a progression beyond qus\gfforts.

It is important for all governments and stakehadder understand and
assess the financial needs of developing countiss,well as to
understand how these financial resources can bdingab Provision of
resources should also aim to achieve a balanceekatadaptation and
mitigation. Overall, efforts under the Paris Agresmare guided by its
aim of making finance flows consistent with a patlywiowards low
greenhouse gas emissions and climate-resilientig@went. Assessing
progress in provision and mobilization of suppartalso part of the
global stock take under the Agreement. The Parieé&gent also places
emphasis on the transparency and enhanced preliigtab financial
support

Technology Transfer

The development and transfer of climate technokgge critical for

achieving the ultimate objective of the Conventidine Convention

notes that all Parties shall promote and coopdrathe development
and transfer of technologies that reduce emiss@n&HGs. It also

urges developed country Parties to take all prablecsteps to promote,
facilitate and finance the transfer of, or accesslimate technologies to
other Parties, particularly to developing countri€sirthermore, the
Convention states that the extent to which devalpmountry Parties
will effectively implement their commitments willepend on the
effective implementation by developed country Rartiof their

commitments under the Convention related to fir@nesources and
transfer of technology.

Capacity Building

Addressing climate change in a sustainable wayiresjwconsiderable
efforts, and not all countries have the capacitye—knowledge, the
tools, the public support, the scientific expertssel the political will,
know-how—to do so. Capacity-building is about erdiag the ability
of individuals, organizations and institutions ieveloping countries and
in countries with economies in transition to idgntplan and implement
ways to mitigate and adapt to climate change. Ggphailding under
the UN climate change regime takes place at (omgethlevels:
developing educational, training and awarenessagisactivities;
fostering the development of organizations anditirigins, including
their missions, mandates, cultures, structures petemcies, and human
and financial resources, as well as the cooperatlmetween
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organizations, institutions and creating enablingimnments through
economic and regulatory policies and accountabifiggmeworks in
which institutions and individuals operate.

Nationally Deter mined Contributions

Nationally Determined Contributions, or NDCs, atettee heart of the
Paris Agreement. In short, they represent the ibrion of each Party
towards meeting the objective of this Agreement. &mample, NDCs
should, in aggregate, set the world on a trajectowards peaking of
global emissions as soon as possible and rapidctieds thereafter
towards a balance of emissions and removals. Shidy, through their
NDCs, each Party should specify, among other thirigs plans to
reduce its emissions.

The Paris Agreement requires each Party to preparamunicate and
maintain successive NDCs that it intends to achiera to pursue
domestic mitigation measures, with the aim of adhig the objectives
of such contributions. Parties are expected tocdevery five years and
to aim at increasing their ambition with each sgbest NDC. Further,
the Paris Agreement expects developed country d3att lead by
undertaking economy-wide absolute emission redoctargets and
encourages developing country Parties to move wsvauch targets
over time, in the light of different national cirogtances.

Transparency

Reporting is one of the cornerstones of the UN alerchange regime: it
provides transparency and is the basis for undedstg and gauging the
implementation of the Convention, the Kyoto Protoaad the Paris
Agreement. To achieve the objective of the ConwentiParties need
accurate, consistent and internationally comparasala on trends in
GHG emissions and on efforts to change these treédoisimunicating
information on the most effective ways to reducessions and adapt to
the adverse effects of climate change also putsvtrél collectively on
the path towards more sustainable forms of devedopm

Under the Convention, all Parties must communicatéin information
to the COP, through the secretariat, within agréme lines. The two
main elements of this information are the detailstheir activities to
implement the Convention—that is, their climate redp@ policies and
measures—and their national inventories of GHGse Tkequired
contents of national reports and the timetabletii@ir submission are
different for Annex | Parties and Parties not imgd in Annex | to the
Convention (non-Annex | Parties), in accordanceéhwfite principle of
common but differentiated responsibilities and eztipe capabilities.
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Under the Kyoto Protocol, Annex | Parties are regpiito include
supplementary information relating to their implertagion of the
protocol. All Parties to the Paris Agreement witport under its
enhanced transparency framework for action and wtupfghe Paris
Agreement requires each Party to prepare, commignemad maintain
successive NDCs that it intends to achieve, anguisue domestic
mitigation measures, with the aim of achieving digectives of such
contributions. Parties are expected to do so efreeyyears and to aim
at increasing their ambition with each subsequeDCN Further, the
Paris Agreement expects developed country Parteslead by
undertaking economy-wide absolute emission redoct@argets and
encourages developing country Parties to move wsvauch targets
over time, in the light of different national cirogtances.

Science

Effective interaction between climate science aolitp is important for
moving climate negotiations forwards. Scientifisearch continues to
inform the international climate regime, as wellnasional and regional
climate policies. The UN climate change processleurthe supreme
(COP, CMP, CMA) and subsidiary bodies (SBSTA andl)SBses
scientific information on climate change throughnamber of work
streams.

In 2010, the COP agreed on a long-term global oBGG) to reduce
GHG emissions so as to hold the increase in glabalage temperature
below 2 °C above pre-industrial levels. The COPo atiecided to
periodically review the adequacy of this LTGG inetlight of the
ultimate objective of the Convention and to permadly review the
overall progress towards achieving the LTGG, intlgda consideration
of the implementation of the commitments under the

Convention. This review — carried out for the fitiste in 2013-2015 —
was also to consider strengthening the LTGG, irinlyidn relation to
temperature rises of 1.5 °C.

Negotiations

United Nations climate change conferences have exponentially in
size over the past two decades—from small workiesgi®ns into the
largest annual conferences currently held under abhspices of the
United Nations—and are now among the largest iatevnal meetings
in the world. The intergovernmental negotiationsenhkewise become
increasingly complex and involve an ever-increasinmber of officials
from governments all over the world, at all leveds well as huge
numbers of representatives from civil society ahd global news
media.
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These conferences are the foremost global forumsnfaltilateral

discussion of climate change matters, and havenaredibly busy
schedule. The conferences, which rotate annuallyngnthe five United
Nations regional groups, serve as the formal mgetoi the Conference
of the Parties (COP), the Conference of the Pasdmwing as the
meeting of the Parties to the Kyoto Protocol (CNRY the Conference
of the Parties serving as the meeting of the Parte the Paris
Agreement (the CMA).

They also include sessions of the subsidiary bodies SBSTA and the
SBIl) and any ad hoc negotiating groups. The UNFC&&Cretariat
supports all institutions involved in the negotas, as well as the
Bureau of the COP/CMP/CMA, which is the executivedy that

advises the President of the conference.

Mitigation

The mitigation mechanism includes: Reducing Emissiofrom
Deforestation and Forest Degradation (REDD+), Lals#®, Land-use
Change and Forestry (LULUCF), Nationally AppropeiaMitigation
Action (NAMA) and Reporting on National Implementat and
Monitoring Reporting and Verification (MRV)

1.5 Towards a Post- 2020 regime
Negotiations 2012 used Two Track Approach namely;
1. Long Term Cooperative Action (LCA)

The Ad Hoc Working Group on Long-term Cooperativetién under

the Convention (AWGLCA) was established as a sudngicdbody under
the Convention by decision 1/CP.13 (the Bali Actfelan) to conduct a
comprehensive process to enable the full, effecewel sustained
implementation of the Convention through long-temoperative action,
now, up to and beyond 2012, in order to reach aeeaoutcome to be
presented to the COP for adoption. Significant egdinents that have
resulted from the five years of work of the AWG-LGrclude decision

1/CP.16 (the Cancun Agreements), decision 2/CPCtcome of the
AWG-LCA) and subsequent implementing decisionsteeldo the many
institutional arrangements created - including @&ncun Adaptation
Framework, the Technology Mechanism, institutioms Finance, the
Forum on Response Measures and the Durban Forur@apacity-

Building. The COP, at its eighteenth session, astbphe decision
1/CP.18 (Agreed outcome pursuant to the Bali Actban) and noted
that this decision, together with decisions adodtgdthe COP at its
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sixteenth and seventeenth sessions, constitutesagiheed outcome
pursuant to decision 1/CP.13.

2. Further Commitments Under the Kyoto Protocol (KP)

In 2005, the Conference of the Parties servinghasmeeting of the
Parties to the Kyoto Protocol (CMP) at its firstetieg in Montreal, by
its decision 1/CMP.1, established the Ad Hoc WagkiGroup on
Further Commitments for Annex | Parties under thgotd Protocol
(AWG-KP). The AWG-KP was established to discuss urfet
commitments for industrialized countries under ky®to Protocol. The
AWG-KP reported to the CMP. In 2012, the CMP, atdighth session,
adopted decision 1/CMP.8 (the Doha Amendment). dmgl so, the
CMP decided that the AWG-KP had fulfilled the matedaet out in
decision 1/CMP.1, and that its work was concluded.

1.5.1 Progress Made under the Two Tracks
1. Copenhagen Accord

Global commitment to keep temperature increasenb2he
Principle financial commitments from developed doies:

USD 30 billion for period of 2010-2012

USD 100 billion a year by 2020

Cancun Agreements

Formalization of Annex | Parties’ pledges made wpénhagen
Accord

Green Climate Fund

. Cancun Adaptation Framework and Adaptation Committe

o Technology Mechanism

.!—\....

152 Ad Hoc Working Group on the Durban Platform for
Enhanced Action

Established to develop the post-2020 climate chaaegene, The ADP
to develop under the Convention and applicabldIt®aties, either: A
protocol, Another legal instrument and an agreett@mune with legal

force. The ADP is to complete its work no later tha015. The
instruments developed will come into effect andilbplemented from
2020. The Ad Hoc Working Group on the Durban Platfofor

Enhanced Action (ADP) is a subsidiary body that watblished by
decision 1/CP.17 in December 2011. The mandateh®fADP is to

develop a protocol, another legal instrument oagreed outcome with
legal force under the Convention applicable tdPalities, which is to be
completed no later than 2015 in order for it toaldepted at the twenty-
first session of the Conference of the Parties (C&tl for it to come
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into effect and be implemented from 2020. By thmealecision, the
COP launched a work plan on enhancing mitigatiobiaom to identify
and to explore options for a range of actions taat close the ambition
gap with a view to ensuring the highest possiblegation efforts by all
Parties. The two-work stream of the ADP is to;

i. To take steps to negotiate a global climate chaggeement to
be adopted by 2015 and enter into force 2020

ii. To agree how to raise global ambition before 202@geed up
response to climate change

1.5.3 Key Issuesto Resolve

i.  Closing mitigation gap
ii. Form of legal framework for 2020 and beyond
iii.  Finance for mitigation and adaptation
iv. Effective implementation of technology transfer imeaism
v. Up-scaling of capacity development for implemeioiati

|L'/‘<f/|
1.6 Summary

The overall objective of the Climate Change Polgyo guide Partner
States and other stakeholders on the preparatidnngriementation of
collective measures to address Climate Change Igfol@ssuring
sustainable social and economic development. THeyPprescribes
statements and actions to guide Climate Change tatttap and
mitigation to reduce the vulnerability and enhaadaptive capacity and
build socioeconomic resilience of vulnerable popals and
ecosystems. Adaptation to Climate Change is of ripyioto the
UNFCCC in view of the high vulnerability of the lieg to the impacts
of Climate Change, with the emerging associatedleriges, especially
food security.

Since climate change is a global issue, internatignlutions must be
found. The main platform where international negtdns on climate
change happen is the UN Framework Convention om&é& Change
(UNFCCC). The main negotiation issues are climatenge adaptation,
mitigation, finance, technology and capacity buitdi Under the Kyoto
Protocol developed countries committed to redue# tjreenhouse gas
emissions between 2008-2012. The Protocol has tereswed for the
period 2012-2020.The current negotiations are abw®aiching an
agreement that will go beyond 2020.

104



DES?219 MODULE 3

N

UNITAR (2013). Climate Change Diplomacy: Negotigtigffectively
under the UNFCCC, Module | — VIILI.

1.7 References/Further Readings

UNFCCC (2004). The First Ten Years
NFCCC (2006). UNFCCC Handbook

UNFCCC (2008). Kyoto Protocol Reference Manual:Azcounting of
Emissions and Assigned Amount

UNFCCC & UNEP (2002). Climate Change
Information Kit UNFCCC. Official Website.

105



DES?219 CLIMATE CHANGE AND DEVELOPMENT

u:; 1.8 Possible Answersto SAEs

Answersto SAEs1

1. The negotiation issues on climate change are fu=htias
Climate Finance, Technology, Transfer Capacity dnd,
Nationally Determined Contributions, Transparencynd
Adaptation

2. The UNFCCC is a “Rio Convention”, one of three aedpat the
“Rio Earth Summit” in 1992. Its sister Rio Convemis are the
UN Convention on Biological Diversity and the Contien to
Combat Desertification. The convention recognizeat there is a
problem and this was remarkable for its time. 194,9vhen the
UNFCCC took effect, there was less scientific ente of
climate change than there is now.The Kyoto Protdsolan
international agreement linked to the United NatiGinamework
Convention on Climate Change, which commits itstiBarby
setting internationally binding emission reducttargets

Answersto SAEs 2
1. The relevance of Kyoto Protocol is Provides opputies for
mitigation and adaptation in developing countriasd Sets out
individual, legally binding emission targets for hex | Parties
(Annex B). The key areas for emission reductiorude energy,
Industrial processes, Waste, Agriculture and Sdhaavwd other

product use.

2. The post 2020 climate change regime and its retsvas the
Formalization of Annex | Parties’ pledges made wpénhagen
Accord, the Green Climate Fund, Cancun Adaptati@mfework
and Adaptation Committee and Technology Mechanism
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UNIT 2 CLIMATE CHANGE, DEVELOPMENT AND
POLICY OPTIONS

Unit Structure
2.1 Introduction
2.2 Learning Outcomes (LoS)
2.3  Main Content
2.3.1 Climate change Impact
2.3.2 Concept of Development
2.3.3 Sustainable development
2.4  Climate change threats to development progress
2.4.1 Climate change threats to sustainable dexedap
2.5 A brief history of development policy
2.5.1 A Brief History of Climate Change Policy
2.5.2 Policy Options
2.6  Summary
2.7 Reference/Further Readings
2.8 Possible Answersto SAEs

N 21INTRODUCTION

This unit introduces ‘Climate Change, Developmemtd aPolicy

Options'. Tackling climate change and achievingettgwment are two
major challenges facing the world. They are alsimiately related.
Human activities fundamental to development — itgusland use,
energy generation and transport — are root cauSemnthropogenic
climate change. Conversely, climate change imphotd the greatest
threat for the livelihood activities and developm@nospects of poor
and marginalized people. Climate change and undelolement are
both global and national problems that are the domumajor research
endeavors and of global and national policies, stments and other
interventions. In this section, we briefly reviewet history of

development and of climate change as recognizedlems requiring

understanding and action.

@

At the end of this unit, it is expected that thedsints would be able to

2.2 L earning Outcomes (L 0s)

o review the scale of problems posed by climate chaagd
development, and how they interact
. explain why the problems posed by climate change an

development are particularly difficult to address
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o critically discuss major interactions between natign and
adaptation as the two major forms of responseitoaté change
challenges.

. describe the broad history of national and inteonal attempts

to promote development

. describe the broad history of the threat of climelb@ange as a
global and national problem, and of national anerimational
attempts to respond to this threat.

2.3 MAIN CONTENT
2.3.1 Climate Change Impact

It is now widely accepted that human activitiesgtsias burning fossil
fuels for energy, transport and industry, alonghwdrest clearance and
livestock keeping, are major contributors to theréase in average
global temperatures. The Intergovernmental PaneClimate Change
(IPCC) states that ‘the atmospheric concentratiohgarbon dioxide
(CO2), methane, and nitrous oxide have increased leeels
unprecedented in at least the last 800 000 yedd® €bncentrations
have increased by 40% since pre-industrial timesayily from fossil
fuel emissions and secondarily from net land usangh emissions’
(IPCC, 2013: p. 7). The IPCC has an extremely kigffidence level of
95% probability that global climate change is aoglmgenic, caused by
excessive greenhouse gas (GHG) emissions. At thieaglscale, the
atmospheric concentration of CO2 had increased f@opte-industrial
value of approximately 280 parts per million (ppim)over 400 ppm by
2013 (NOAA, 2013).

2.3.2 Concept of Development

While ‘climate change’ is relatively easy to defiribis is not the case
with the term ‘development’. As with many ‘good’ sitact concepts
(such as equity, justice and human rights), mosiplgerecognise the
existence of development and would probably adrakits achievement
is desirable and a good goal for societies to workards. There is,
however, considerable disagreement about just wietelopment
means.

We can think about development in terms of two mafand
interrelated) dimensions. The first dimension malaesdistinction
between development goals and development proce$ses second
dimension distinguishes between the core concefndewelopment,
identified here as economic and human development.
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This is illustrated in the table in 4.1

4.1 Dimensions of development

Processes Goals
Economic Economic policies} improvements in
development infrastructural and material living
market development;standards; income,

investment; economicconsumption,

and social structuralemployment, saving
changes; technicaland investment; foo
change,; efficiency security; income and
wealth distribution;
poverty reduction
environmental

LU

protection
Human or  social | Equitable  economicCapabilities; access to
development growth; health and education
empowerment; services; rights
governance; change |requity; freedom

formal and informal empowerment;
rights and social andparticular focus on
economic relations | minority and
marginalised groups,
on gender relations;
security; dignit'

As with many characterizations of development,diséinctions made in

the table inl.1provide some useful insights, buettgoment is too

complex to fit into four neat and distinct boxesantable! First, the

distinction between processes (or means of aclgedavelopment) and
goals is not rigid. With regard to economic devebenmt, some of the
goals are necessary parts of the

process (investment, for example, is placed in Ibatkes). Sen (2001)
describes ‘development as freedom’, and the inteamal external

development of capabilities are both goals and meanachieving

freedom (to live, to participate in society, to oke, to consume, etc).
Indeed, from a human development perspective, tearation of

processes from goals may be seen as arising frpanti@ular economic

or technical and reductionist view of developmé&nir understanding of
development is often affected by our backgroundur culture and

personal history, as well as our professional etitutatraining and

experience.

The destruction of societies, cultures and livedith® by ‘development’
is often associated with globalization and with guiéies in power
relations. Loss of access to or degradation ofrahtasources is another
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process that is often associated with ‘developm@vith the destruction
of societies, cultures and livelihoods which dependhose resources).

Loss of access to natural resources occurs whelitidrzal (generally
poor) users do not have formal property rightsher ineans and power
to protect their rights from other more powerfukirests. Degradation of
resources as a result of pollution or overuse eaartalyzed in a similar
way: the fundamental problem is a lack of proteqismperty rights. Of
course, the degradation of resources does notajiestt the poor and
marginalized (although it affects them most). le torld we live in
today (and especially in the context of climateng®, it is not possible
to discuss development without considering questioabout
sustainability and sustainable development.

2.3.2 Sustainable Development

There are no clear and agreed definitions of guasaity and
sustainable development. It is helpful to identifyee dimensions of
sustainability and hence of sustainable development

Environmental sustainability —describes the abilityf

environmental resources to support an activityedio$ activities.

Economic sustainability describes the ability ofeaivity or set
of activities to yield economic benefits greateartheconomic
costs.

Social sustainability describes the ability of sbcstructures
and/or behaviour to support an activity withoutrigeundermined
by it.

One definition of sustainable development that hasmed popularity,
after the Brundtland report (WCED, 1987) was puigds was that it is
‘development which meets the needs of the preseithowt

compromising the ability of future generations teentheir own needs’.
Various definitions have emerged since then. Drgghand Murphy
(2010:p. 6) distil three principles that the ddfons have in common:
that there is a commitment to equity and fairngssolitizing the

improvement of conditions of the world’s pooresidaincluding the
rights of future generations), employment of thecputionary principle
(‘where there are threats of serious or irreveesithmage, lack of full
scientific certainty shall not be used as a redsorpostponing cost-
effective measures to prevent environmental degada (Rio

Declaration on Environment and Development, Priecip5 — UN,

1992)) and recognition of the interdependency efthiree pillars so that
there is ‘integration, and understanding and actmgthe complex
interconnections that exist between the environmenbnomy, and
society’. Our main focus in examining climate charamnd development
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is on the problems of uneven development and ppviert poorer
countries, but we also consider a number of lessomk interactions
between these and development processes and goaisre wealthy
societies.

The growing focus on uneven development and, itiquéar, poverty in
international development has been associated \witkernational
agreement at the United Nations on Development sGdmding a
unifying framework for international developmenttiaities. Eight
Millennium Development Goals (MDGs) were agreed2600, and in
2015 they were replaced by the more comprehensivsta®able
Development Goals (SDGS).

SELF ASSESMENT EXERCISE 1

List the features of climate change and of climate change

impacts that make it so difficult to address.

3.4 Climate Change and Development Inter actions

There are two ways in which our separate examingtiof climate
change and development suggest that the major Igtttzdlenges of
climate change and development interact. Firstyate change impacts
most heavily on poor and vulnerable people, artdasefore likely to set
back development gains made in the past. Secongitel change poses
a threat to sustainable development. Climate ahaigarly has the
potential to impact, directly or indirectly, all ISDGs. The achievement
of some of the goals, such as those related t@isasle consumption
and production patterns, and sustainably using maaand terrestrial
ecosystems, could result in reduced emissions mpaoson with
business as usual.

2.4.1 Climate change threats to development progress

A major difficulty in the consideration of climatehange impacts on
development is the considerable uncertainty aldloirate and nature of
global warming, about the consequent rate and eatfiits effects on

different parts of the climate system, and thenualiee rate and nature
of the effects of changes in these climate varsalda human and
economic development. Such uncertainty means tagiderable care
needs to be taken in interpreting estimates ofatknthange impacts on
development. However, understanding of the physic@logical and

social sciences of climate change impacts is rppadivancing. The
previous estimates of climate change and its ingphetve frequently
been found to be more conservative than curreninatds (see, for
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example, Richardson et al, 2009), and this suggists policy and
planning should take account of the more seriougntial impacts.
Hallegatte et al (2016: p. 2) state that ‘climatearmge represents a
significant obstacle to the sustained eradicatibpaverty, but future
impacts on poverty are determined by policy choicapid, inclusive,
and climateinformed development can prevent mosit€arm impacts
whereas immediate pro-poor, emissions-reduction icigsl can
drastically limit long- term ones'.

Indications of the ways that climate change isaayeundermining and
negating existing development achievements has deeamented for
some years now, for instance in the ‘Human Impagpdrt: Climate
Change: The Anatomy of a Silent Crisis’ (GHF, 2008his report
recognises the uncertainty and difficulties inhér@m quantifying
climate change impacts on development and the riskseither
overstating or understating these impacts. Howeavetpes attempt to
draw together and triangulate across a wide ranigenformation
sources, including IPCC and other peer- reviewed anore
conservative scientific reports and models, instceanindustry
information, international organisation reports acake studies. The
report estimates that, in 2008/2009, 325 milliorogle were affected
annually by climate change, with a further 315 #and annual deaths
due to climate change (these may be compared witiuad global
estimates of 24 million people needing medicalrditb® after traffic
accidents in 2004, 247 million cases of malari2@®6, 22 thousand
deaths from the Indian Ocean Tsunami in 2006 adtbdusand deaths
annually from breast cancer from 2004 to 2008) (GBRE09: p. 11).
These figures are calculated assuming that 40%h@tased weather
events and 4% of people affected and deaths cdnsetivironmental
degradation are attributable to climate change (G®09: pp. 9, 11).

Global economic losses from climate change arenastid at US$125
billion and are projected to more than double 2010 to 2030 (GHF,
2009: pp. 19, 20). Critical human impacts of climathange arise
through impacts on human habitat, food securitglthe poverty, water
scarcity, displacement and security.
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It seems likely that climate change will make tlehiavement of the
SDGs very difficult. Wright et al (2015) state th@limate change will
significantly hamper LDCs’ [least developed couwsdti ability to
achieve the SDGs on poverty, hunger, health, watggwth,
infrastructure, cities, marine resources and edeBys It may also
decrease LDCs’ ability to meet goals on educatwender, energy,
inequality, sustainable consumption and produci@ace, and
implementation. And extreme climate change will matombating
climate change itself more difficult. Climate impgare also very likely
to increase the cost of meeting all SDGs in LDGpgeially under high-
emission scenarios.’

It is difficult to determine with any precision theurrent or future
impacts of climate change on development. It isrglaowever, that the
scale of impacts is likely to be large, and thagréhwill be many
negative impacts to which poor people are partibulaulnerable.
Climate change is therefore likely to set back mahthe development
gains made in the past. Climate change makes dewela all the more
urgent and important if development can help brekilience to climate
change impacts and the adaptive capacity for poa ‘alnerable
people. Similarly, the potential seriousness ahalie change impacts on
poor people, and its likely negative impact on depment processes
and goals, make tacking climate change all the magyent.

2.4.2 Climate change threatsto sustainable development

Climate change represents a fundamental threaterd patterns of
development, as it is clear that development wimelves large-scale
emissions of GHGs is not sustainable. The climgstesn does not have
the capacity to absorb large amounts of GHGs witteubstantial
changes in the climate, changes which underminbagjloatural and
economic systems on which we currently depend. &heslude our
water supplies, food systems, health, infrastrectand settlements.
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Understanding these threats requires an undersgudithe science of
climate change, impacts of different human acggiton climate change
and impacts of climate change on human activitred \&elfare. Major
areas of human activity and welfare to considere here agriculture,
energy generation, transport, industry, settlemeater supplies, health,
food supplies, lifestyles and vulnerabilities, aadponses to disasters.

A consideration of the implications of climate sae and the impacts
for sustainable development needs to be set itdh&xt of a broader
understanding of the nature of climate change aegeldpment

problems.

2.5 A brief history of development policy

In its most general sense, development is a protetshas gone on
throughout human history as individuals and soegehiave attempted to
better themselves. In Europe, concerted efforismifwove the conditions
of disadvantaged sectors in society began in thiia &8d early 20th
centuries often spearheaded by religious or sstigibups. Such efforts
were accompanied by the study of disadvantage, exedtually led,
inter alia, to legislation and the establishment gbvernment
departments concerned with improving or protectsagial welfare.
However, ‘development’ as a major government agtiand field of
endeavour extending beyond national borders emeogdd after the
Second World War, as a result of the need to rdbthie war-torn
countries in Europe. European, US and internatiom@anisations
involved in reconstruction in Europe then turnedirttattention to the
problems faced by countries in Africa, Asia andih@&merica. As these
countries began to gain their independence, pempdegovernments in
former colonial countries recognised that they bath obligations and
opportunities to raise economic activities andnigvistandards in their
former colonies.

Development rapidly became mixed up with the ColdarWas
international development assistance was seen astansion of foreign
policy, and the capitalist West (United States, &) Europe and
Australasia) competed with the socialist East (8bWnion, Eastern
Europe and China) to attract and keep Asian, Africand Latin
American countries within their spheres of influenand trade.
Understandings of ‘development’ changed, and becarmeeasingly
contested, with different theorists, Northern amaditSern governments,
international agencies and others, putting differemphases on
political, social, economic and technological changs the key
constraints to and drivers of change. The collagsthe Soviet Union
and the end of the Cold War led to, and coincideth,wmportant
changes in the practice and theory of internatiolealelopment, which
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has since largely been dominated by the West. Thawe, however,
been continuing alternative currents, notably imeoLatin American
countries, such as Venezuela, Cuba and Bolivia,same non-
governmental organisations

(NGOs), and anti-globalisation and environmentalvements in the
West, and most recently in the emergence of Chsna major investor
and economic player in Africa.

Cutting across and within these streams were o#pgroaches to
development, which included the:

o basic needs approach, which stressed the importasfce
investments to provide people with secure accefso shelter,
water and education and health services, often ugtro
community-based organization

o environmental and natural resource management agipes,
which stressed the importance of natural resourdes
development and the threats posed by changing saa¢oeand
productivity of natural resources

o gender approaches, which stressed the differenatsins and
roles of women and men in societies and in devedm
processes

o the sustainable livelihoods approach, which stitise need for
holistic and peoplecentred analysis and action

o participatory and empowerment approaches, with tgrea

involvement of poor people in the definition andalysis of
problems and priorities, and in action

o poverty reduction approach, which came to be enstrin the
MDGs articulated and set out as the overarchingidoor all
international development efforts at the end of2@th century

2.5.2 A Brief History of Climate Change Policy

Awareness of climate change as an issue facing msimeand action to
address it, are not as recent as we might thinkiristance, suggestions
of climate change caused by humans were being daicéhe times of

Classical Greece (Hughes, 1985); albeit not onoaajlscale. What is
newer, relatively speaking, is a preoccupation \ifitb scale at which
human activity has environmental consequencesiarghrticular, with

the global magnitude of anthropogenic climate clkargnd a more
thorough understanding of the atmospheric physiekind it. The

importance of the atmosphere in maintaining theptnature at the
surface of the earth, the role in this of absorptd solar radiation by
carbon dioxide and methane, and the potential fobaj temperature
increases as a result of industrial activitiesagileg carbon dioxide were
first identified by Fourier, Tyndale and Arrhenius 1827, 1859, and
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1896, respectively, in France, Britain and Swedemwas not until the

late 1970s, however, that the World Meteorologi€atganization

(WMO) began to express concern that human actviienotably the
emission of carbon dioxide — might lead to serimasming of the lower

atmosphere. Scientific concerns about global wagngrew during the
1980s and, in 1988 (a year when North America famedntense heat
wave and drought), these spilled over into politezancerns. As a result,
the WMO and UNEP established the Intergovernmemahel on

Climate Change (IPCC) to investigate and reporsaentific evidence
on and possible international responses to clirtiadmge.

The IPCC has been central to the subsequent debategprocesses
around the development of climate change polidissfirst assessment
report (in 1990) fed into the drafting of the UwitBlations Framework
Convention on Climate Change (UNFCCC) in 1991. Tas signed by
166 nations at the Earth Summit in Rio de Jan@irb992 and came into
force in 1994. The UNFCCC did not contain any sfpeciational or

international targets to reduce GHG emissions, ibutontained key
points or principles that have been foundational snbsequent
international climate change debates and procedseset out the
following:

. an objective of stabilising the climate to prevedangerous
anthropogenic interference with the climate systeém'a time
frame that would allow natural systems to adaptheit major
damage to food systems and economic development

o the need for countries to monitor and limit theilG emissions
and for different national limits, taking account oountries’
different responsibilities and capacities

. particular concerns for developing countries — @sgpecially
those most vulnerable to damaging climate changmaats, such
as small island states

o the importance of precautionary measures to responthe
severity of climate change threats, despite redknséic
uncertainties regarding climate change processg&gracts.

In the absence of specific targets, the UNFCCC &hlbrt of the
aspirations of many environmentalists. Howeverw#@s an important
step in establishing foundational principles to dgui subsequent
negotiations over national reductions in GHG ermissi These
culminated in a Conference of Parties (COP) meatnigyoto, Japan,
in 1997.

This was the third Conference of Parties meetin@RC3) where
delegates agreed what is known as the Kyoto Prbtdbds established
developed country emissions targets for 2008— 28i@ three main
mechanisms for meeting them:
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e an emissions trading scheme, which allowed inteynat trade in
emission allowances

e the Clean Development Mechanism (CDM), which alldwe
developed country signatories emission creditsifioesting in
emissions savings in developing countries; the oKlyoto
mechanism that allowed for investment in develomaogntries

¢ joint implementation, which allowed emission savingestments
in other industrial (Annex 1) countries, includirgmerging
economy countries, to be credited to signatory ldpesl
countries, promoting more cost-effective emissiawirsg than
could otherwise be achieved.

However, a number of countries (notably the Unit8thtes and
Australia) subsequently refused to ratify the Kyagreement, arguing
that developing countries also needed to limitrtlenissions. These
arguments were supported by major public debatesstiguning the
scientific basis for climate change predictions -thwsubstantial
investments by the oil industry, in particular, labbying groups
guestioning or denying climate change.

By 2009 the existence and dangers of climate chamge increasingly
being recognized with:

e growing scientific evidence and understanding ohate change
and its impacts, and increasing representatiohisfil the press;
the publication of the IPCC’s Fourth Assessmentdreip 2007
played a critical role in this (the Fifth AssessmedReport
published in 2013/2014 further contributed to anprioved
understanding of the impacts and drivers of clinctange and
reiterated the extremely high confidence level thiatate change
was anthropogenic)

e public awareness and concern about unusual wepditterns (for
example, the extreme heat of the 2003 European summ
Hurricane Katrina and other storms around the wodillabds,
droughts and fires in Europe, the United States/arstralia)

e political change (notably the US Administration and
Australia).

National governments face major difficulties agneei national

contributions to international reductions in gloleshissions of GHGs.
On the one hand, there is widespread recognitiahdrastic emissions
reductions are needed, but on the other:

e governments (and most importantly their electojatiesnot want
to bear the costs of such reductions in terms afeesed energy

117



DES?219 CLIMATE CHANGE AND DEVELOPMENT

costs, investments in new technologies and infrasire, and
lifestyle changes

e there are fears that countries with higher emissibowances
will benefit from competitive advantages in interoaal trade,
while countries with lower emission allowances walffer
disadvantages and hence suffer economically

e rich (developed) countries with high emissions papita face
very large economic and social adjustment costheal are to
make substantial reductions in their emissions

e poor (developing) countries have lower currentssions per
capita, but do not want either to be denied opmaiigs for
economic growth and increased standards of liviagoeiated
with increasing emissions, or to be forced down @ermcostly
and slower development path constrained by keepiwgn GHG
emissions

e poor (developing) countries need large financiad amther
resources to enable them to adapt to and cope dlithate
change impacts; in this, they are looking to ricleeveloped)
countries to provide a substantial part of theseueces, as richer
countries are better able to provide the necedsayce, and are
primarily responsible for the GHGs causing climeltange.

Differences in countries’ perceptions were shargene the awareness
in developing countries that developed countriestinoe to be the

major greenhouse emitters, currently benefit frond @are trying to

defend high levels of emissions per person andeast vulnerable to
climate change impacts. Developed countries, orother hand, see per
capita and total emissions rising fastest in rapidgrowing, large

developing countries — most notably China — andi@tat this growth

must be limited if global emissions are to be civretd.

2.5.2 Policy Options

There are several main types of policies for resiyigreenhouse gas
emissions. Here is some information on them. Tlaeee at least five
main ways a government can help move us towardciegureenhouse
gas (GHG) emissions:

a. Regulations, sometimes called "command and contngdsures
by which government tells businesses what they cannot, or
must do, and how. Example: EPA regulations on aarbo
emissions of power plants or mileage targets feoraobiles.

b. Subsidies for low-GHG energy sources or for redundiin GHG
emissions by fossil-fuel companies.
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C. Cap-and-trade systems. Stipulate the total GHG ®ams for an
economic sector, assign "pollution permits,” anddempanies
sell and buy permits.

d. Carbon taxes, also call carbon fee and dividentAis placed
on carbon emissions at the source (e.g. a mineimpart port-
of-entry). Oil companies have voiced their supptot this
approach. And over 150 corporations have signec "CThrbon
Price Communique” that calls for carbon pricing.

e. Supporting scientific research and new technolotiias promise
to mitigate our contribution to global warming.

|V<f/|
2.6 Summary

The anticipated global temperature increases &elyliimpacts on

various systems. The expected temperature increleses to very

significant impacts on water supply and availapijlibn the integrity of

ecosystems, on food production, on coastal areddharse living there,

and on human health. There will also be ‘sing@eents’: structural

and, in the medium term, irreversible changes & tibkhaviour of the
ocean and climate system with major impacts ondimate. These

impacts will affect the basic needs of life — foedyter, shelter, health —
for billions of people and, often, it will be pooneeople living in poorer

countries who will be the most affected. This raipeofound ethical and
justice issues, since these people have generadlgenthe lowest
contribution to the causes of global climate chafipe emission of

GHGSs), and their lack of resources means that #éneythe least able to
combat the impacts of climate change.

This unit has provided an introduction to the iat#ions between
climate change and development and the potentialvésy serious
impacts of climate change on development and people. It has also
flagged the likelihood that we will not avoid therts of climate change
that are of greatest import to people living in ditions of poverty,
precarity and marginalisation. Unfortunately, thare also very serious
challenges to policies promoting mitigation and sorforms of
adaptation. Many of these are linked to the ovelmimg prioritisation
of economic growth over other considerations, evaen this growth is
implicated in generating inequality and environnaérgroblems. The
idea of maintaining and increasing growth is emsdi in every
mainstream development paradigm, and even in thee necent
notion(s) of the green economy, much debate iss&eth on making
growth greener, rather than exploring alternativedarstandings of
terms like development, well-being and prosperfitye level and type of
global commitment to tackling climate change denrated in the Paris
Agreement of 2015 reflects this continued growthonisation.
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Ultimately, until it is clear that the generatiohexzonomic growth can
and will be pursued in ways which bring global gieeuse gas
emissions down quickly enough to avoid ‘dangeratishate change,
the question of whether our development model canoime the
solution, rather than the problem, will remain open
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u:; 2.8Possible Answersto SAEs

Answersto SAEs1

First, climate change impacts most heavily on pand vulnerable
people, and is therefore likely to set back devalept gains made in the
past. Second, climate change poses a threat tairslsde development.
Climate change clearly has the potential to impaicgctly or indirectly,
all 17 SDGs. The achievement of some of the gaalsh as those
related to sustainable consumption and producti@atems, and
sustainably using marine and terrestrial ecosysternsld result in
reduced emissions in comparison with businessaa us
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UNIT 3 CLIMATE CHANGE FINANCING
CONTENTS

3.1 Introduction
3.2 Learning Outcomes (LoS)
3.3  Main Content
3.3.1 Financing Gap
3.4  Mitigation finance
3.5 Inefficiencies in Existing Climate Financetiuments
3.6  Summary
3.7 Reference/Further Readings
3.8 Possible Answersto SAEs

N 3.1INTRODUCTION

Climate finance refers to local, national or traatsmmal financing—

drawn from public, private and alternative souroédinancing—that

seeks to support mitigation and adaptation actibras will address

climate change. The Convention, the Kyoto Protoaotl the Paris
Agreement call for financial assistance from Partigth more financial

resources to those that are less endowed and munerable. This

recognizes that the contribution of countries imate change and their
capacity to prevent it and cope with its conseqgasn@ry enormously.
Climate finance is needed for mitigation, becausagd-scale

investments are required to significantly reduceissions. Climate

finance is important for adaptation, as significknéncial resources are
needed to adapt to the adverse effects and redhecentpacts of a
changing climate. This unit discusses differentrses of financing

climate change adaptation, financing gap, inefficiein climate change
financing instruments and mitigation financing

@

At the end of this unit, students will be able to:

o Different sources of climate change financing
Mitigation financing

Climate change adaptation financing

Solution to climate change financing inefficiency.

3.2 Learning Outcomes (L 0s)
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3.3 MAIN CONTENT
3.3.1 The Financing Gap

Solving climate change problem will cost trilliondow many depends
on how ambitious the global response is, how #tisctured, how the
measures are timed, how effectively they are implaied, where
mitigation takes place, and how the money is raideternational
community, national governments, local governmerfisns, and
households will bear the cost. The cost of cutgtabal greenhouse gas
emissions by 50 percent by 2050 could be in thgeai 1-3 percent of
GDP. This is the minimum cost most scientists velis needed to have
a reasonable chance of limiting global warming elas 2°C above
preindustrial temperatures. But mitigation costs sensitive to policy
choices. They increase steeply with the stringeatythe emission
reduction target and with the certainty of reachin@slobal mitigation
costs will also be higher if the world deviates nfrahe least cost
emission reduction path and also increase subalignii developing
countries are not included in the initial mitigatieffort (this led to the
establishment of the Clean Development Mechanisdeuthe Kyoto
Protocol). Similarly, not considering all mitigaticpportunities would
increase overall costs.

It is also important to distinguish between mitigat costs (the
incremental costs of a lowcarbon project over iifgtime) and
incremental investment needs (the additional finranciequirement
created as a result of the project). Because migay égnvestments have
high upfront capital costs, followed later by sagnn operating costs,
the incremental financing requirements tend to bghdri than the
lifetime costs. For fiscally constrained developoauntries these high
up-front capital costs can be a significant disitigento invest in
lowcarbon technologies. Focusing on the 450 pprgetarmitigation
costs in developing countries is between $1400ilknd $175 billion a
year by 2030 with associated financing needs of $868565 billion a
year. For adaptation the most comparable estimmteshe medium-
term figures produced by the United Nations Framkv@onvention on
Climate Change (UNFCCC) and the World Bank, whiige from $30
billion to $100 billion. Many, but not all, of thiglentified adaptation
needs would require public expenditures. Accordmghe UNFCCC
secretariat, private funding would cover aboutuarter of identified
investment, although this estimate is unlikely &pture the full private
investment in adaptation. These numbers give alrangjcation of the
adaptation cost, but they are neither particularbcurate nor fully
comprehensive. Most were derived from rules of thudominated by
the cost of climate proofing future infrastructuféhey underestimate
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the diversity of the likely adaptation responsed &mnore changes in
behaviour, innovation, operational practices, aratmns of economic
activity. They also ignore the need for adaptatmmonmarket impacts
such as those on human health and natural ecos/steome of the
omitted options could reduce the adaptation bibr (Example, by
obviating the need for costly structural investmsgntothers would

increase it. The estimates also do not considadualsdamages beyond
effective adaptation. Adaptation cost estimate® adgore the close
links between adaptation and development. Althotegh studies are
clear on this point, they measure the extra spgntbnaccommodate
climate change over and above what would have bpent on climate-
sensitive investments, such as those accommodttengonsequences
of income and population growth or correcting amstxg adaptation
deficit. But, in practice, the distinction betweataptation funding and
development funding is not easy. Investments incation, health

sanitation, and livelihood security, for examplepnstitute good

development. They also help reduce socioeconomievability to both

climatic and non-climatic stress factors. Certaiimlythe short term,
development assistance is likely to be a key comeig to close

adaptation deficits, to reduce climate risks, andntvease economic
productivity.

SELF ASSESMENT EXERCISE 1

Discuss mitigation costs.

3.4 Mitigation Finance

Trillions of dollars will be spent to upgrade anepand the world’s
energy and transport infrastructure in the comirerades. These
massive investments present an opportunity to metysshift the global
economy to a low- carbon path—but they also ralse tisk of a
highcarbon lock-in if the opportunity is missed. viNenfrastructure
investments need to be steered to low-carbon owsoBoth public and
private flows will be needed to fund these investisien

Many instruments as shown in Table 4.3 alreadyteBist we have a
role in catalyzing climate action: mobilizing addital resources;
reorienting public and private flows toward low aamband climate-
resilient investments; and supporting the reseadgvelopment, and
deployment of climate- friendly technologies.

The public sector will provide capital for big iaBtructure projects, but

a large part of the investment to create a low aarbconomy—ifrom
energy-efficient energy—will come from the privaector. Currently,
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governments account for less than 15 percent dfafjleconomy wide
investment, although they largely control the uhdeg infrastructure
investments that affect the opportunities for epesfficient products.
There are various ways to encourage private invastrm mitigation,
but the most prominent market instrument involviggveloping
countries has been the Clean Development Mecha(@&nvl).

Table 4.3: Exigting I nstruments of Climate Finance

Type of | Mitigation Adaptation Resear ch,
I nstrument Development, and
Diffusion
Market-  based Emissions Insurance
mechanisms totrading (pools,
lower the costs(CDM, JI, | indexes,
of climate action voluntary), weather
and create tradable derivatives,
incentives renewable catastrophe
energy bonds),
certificates, | payment for
debt ecosystem
instruments | services, deb
(bonds) instruments
(bonds)
Grant resourcesGEF, CTF,| Adaptation GEF, GEF/IFC
and concessionalUN-REDD, Fund, GEF, Earth Fund
finance  (levies FIP, FCPF LDCF, SCCF, GEEREF
and contributions PPCR and
including official other bilatera
development and
assistance  and multilateral
philanthropy) to funds
pilot new tools,
scale up and
catalyze action,
and act as seed
money to
leverage the
private sector.
Other Fiscal incentives (tax benefits on investmepts,
instruments subsidized loans, targeted tax or subsidies, export
credits), norms and standards (including labels),
inducement prizes and advanced market
commitments, and trade and technology agreements

Source: World Bank (2009)
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It has triggered more than 4,000 recognized ermmsisgduction projects
to date. Other similar mechanisms, such as Joipleimentation (the
equivalent mechanism for industrial countries) amduntary carbon
markets are important for some regions (transitioumntries) and sectors
(forestry) but are much smaller. Under the CDM, ssian reduction
activities in developing countries can generaterbbon credits™—
measured against an agreed baseline and verifieahbydependent
entity under the aegis of the UNFCCC—and trade tloenhe carbon
market. For example, a European power utility maguae emission
reductions (through direct purchase or financiapsug) from a Chinese
steel plant embarking on an energy- efficiency gubj The financial
revenues the CDM generates are modest relativehgoamount of
mitigation money that will have to be raised. Bhey constitute the
largest source of sanitation energy, energy eficye and fuel
switching. This could raise $18 billion ($15 bilicco $24 billion) in
direct carbon revenues for developing countriepedding on the price
of carbon. In addition, each dollar of carbon rawerleverages on
average $4.60 in investment and possibly up to %@ some
renewable energy projects. It is estimated thates$&b billion in clean
energy investment benefited from the CDM over 2082-Mn
comparison, official development assistance forigaiton was about
$19 billion over 2002-07, and sustainable energyestment in
developing countries totaled approximately $80dnillover 2002—-08.

Donors and international financial institutions asstablishing new
financing vehicles to scale up their support for lcavbon investment.
Total finance under these initiatives amounts to §ill®n up to 2012,

although this figure combines mitigation and adamatfinance.

Combining the donor funds (and counting them asrhmitted solely

to mitigation) with the projected CDM finance prodacmitigation

finance of roughly $37 billion up to 2012, or ledbsn $8 billion a year.
This falls far short of the estimated mitigationsto in developing
countries of $140 to $175 billion a year in 2030d &ven farther short
of the associated financing requirements ($265 65 $#llion).

The main existing source of adaptation fundingnternational donors,
channeled either through bilateral agencies or utno multilateral
institutions like the Global Environment Facilit@EF)

and the World Bank. The establishment of the AdaptaFund in
December 2007, a funding mechanism with its owre@hdent source
of finance, was an important development. Its magoine source is the
2 percent levy on the CDM, an innovative financiogrse that could
raise between $300 million and $600 million mitigat finance to
developing countries. Between 2001, the first yeaMQorojects could
be registered, and 2012, the end of the Kyoto camerit period, the
CDM is expected to produce some 1.5 billion tonscafbon dioxide

127



DES?219 CLIMATE CHANGE AND DEVELOPMENT

equivalent (CO2e) in emission reductions, muchughorenewable over
the medium term, depending on the carbon pricelugkgy private

finance, $2.2 billion to $2.5 billion is projected te raised for
adaptation from now to 2012, depending on whatAtaptation Fund

raises. The potential adaptation finance availabless than $1 billion a
year, against funding requirements of $30 to $lididm a year over the
medium term.

3.5 Inefficienciesin Existing Climate Finance Instruments

Inefficiency could take what is already projectedbe a very large and
costly endeavour and make it even more expensiveth8re is an

obvious case for ensuring that climate finance isegded and spent
efficiently. Three aspects of the efficiency of nadite finance are
considered below: the fragmentation of climate fagamnto multiple

funding sources, the limitations of carbon offsetrkets for mitigation,

and the potential costs of taxing certified emissentuctions (CERS) to
finance the Adaptation Fund.

1. Fragmentation of Climate Finance There is a risgroliferation
of special-purpose climate funds. Fragmentationtto$ sort
threatens to reduce the overall effectiveness iofiate finance
because as transaction costs increase, recipiantrgawnership
lags, and alignment with country development obyjest
becomes more difficult. Each new source of finamdesther for
development or climate change, carries with it & cfecosts.
These include transaction costs (which rise in egape as the
number of funding sources increases), inefficietibcation
(particularly if funds are narrowly defined), andiiations on
scaling up. The current fragmentation and the lawvel of
resources highlight the importance of the on-gaiegotiations
about a climate-financing architecture adequate ntobilize
resources at scale and to deliver efficiently exesvide range of
channels and instruments. While there is not arctegarallel
between climate finance and development aid, somehef
lessons from the aid effectiveness literature &bl relevant to
climate finance. Concern about the negative effaftsaid
fragmentation was one of the key drivers of thasPaeclaration
on Aid Effectiveness. In that declaration, reafnin the Accra
Agenda for Action, both aid donors and recipierammitted to
incorporate the key tenets of ownership, alignment,
harmonization, results orientation, and mutual aotability into
their development activities. The Paris Declaratioaises
important issues for financing climate investmentsléveloping
countries, many of which are widely accepted arftected in
negotiation documents, such as the Bali Action Plan
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Owner ship. Building a shared consensus that climate chamge i
development issue, a central tenet of this Repalt,be key in
building country ownership. This consensus view tthen be
built into country development strategies.[] Alignment.
Ensuring alignment between climate actions and tpun
priorities is the second critical step in incregsihe effectiveness
of climate finance. Moving from the project to thec®r and
program level can facilitate this process. Predilitg and
sustainability of finance is another key aspectlighenent. Stop
start climate- action programs, driven by the vbbatof finance,
will reduce overall effectiveness.

Harmonization. To the extent that the various climate funds
have divergent purposes, this fragmentation of alenfinance
presents a great challenge to harmonizing diffesmirces of
finance and exploiting synergies among adaptatiatigation,
and development finance.

Results. The results agenda for climate action is not suiglly
different from those of other development domaidssigning
and implementing meaningful outcome indicators wél key to
maintaining public support for climate finance andilding
country ownership for climate action.

Mutual accountability. Weak progress toward Kyoto targets by
many developed countries puts their accountabibty climate
action in the spotlight. An essential part of ahybgl agreement
on climate change must be a framework that holdh-licome
countries accountable for moving toward their ownission
targets and for providing climate finance and thiab éholds
developing countries accountable for climate astiand uses of
climate finance, as established in the Bali ActidanP Beyond
provision of resources, monitoring and reporting aimate
finance flows and verification of results are a céntnaic of the
ongoing climate negotiations.

In addition to the sources of finance, an importgméstion is what
investments climate funds should finance and thec&sg®ed financing
modalities. While some climate investments will i@ individual
projects — low-carbon power plants, for example fieiencies can, in
many instances, be gained by moving to the sectpragram level. For
adaptation, finance at the country level should insimcases be
commingled with overall development finance, notduser specific
adaptation projects. More generally, the climatarfoce could emulate
the poverty reduction strategy approach implementednany low-
income countries. This entails linking aid resosrtargeted at reducing
poverty to a poverty reduction strategy prepared thg recipient
country. Based on an analysis of poverty and a itiefinof country
priorities, as validated participatory processeshwiivil society, the
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strategy becomes the basis for broad budget suppatonors to finance
a program of action aimed at reducing poverty. Jigdial projects
become the exception rather than the rule. If aeesintegrate climate
action into their development strategies, a simélpproach to climate
finance should be feasible.

2. The Efficiency Cost of Adaptation Funding An imf@ott source
of adaptation finance, and the key revenue sourcethef
Adaptation Fund, is a 2 percent levy on the CDNaxathat could
be extended to include other trading schemes, sschloint
Implementation. This is a promising route to ragsifinancial
resources for the Adaptation Fund, which offersacladdition.
But it also raises some basic economic issues.

Perhaps the most important objection is that théVidBvy is taxing a
good (mitigation finance) rather than a bad (emisgioMore generally,
the levy raises two basic questions:

o What is the scope for raising additional adaptatiorance
through the levy, and what is the loss in econosfiiciency (or
deadweight loss, in economic jargon) associated thi tax?

. How is the tax burden distributed between the selldeveloping
countries) and buyers (developed countries)?

Analysis based on the U.K. government’s GLOCAF nat®ws that
the ability of an extended carbon trading schemeaise additional
adaptation revenues will depend on the type ofalebmate deal that
is agreed. Revenues will vary depending on the arpedemand,
particularly whether demand will be constrained $&ypplementary
restrictions to promote domestic abatement, arallesser extent on the
expected supply, including whether a future regicoeld encompass
credits from avoided deforestation and from othest@rs and regions
that currently produce little carbon trade. Revenwél also depend on
the tax rate. At the current rate of 2 percentléwy could be expected
to raise around $2 billion a year in 2020 if dema&ndnconstrained but
less than half that amount if restrictions are @thon the purchase of
credits. In the scenarios where demand is constlaibuyers do not
respond strongly to the tax, and much of the taxiéw is thus passed on
to them. But this response changes if constraintslemand are eased.
At that point the tax incidence shifts decidedlyaiagt developing
countries, which have to shoulder more than twodthof the tax burden
to keep the price of their credits competitive. Ths, developing
countries would make the main contribution to thdaptation Fund
(through forgone carbon market revenues).
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3. Ensuring the Transparent, Efficient, and Equitalde of Funds
However successful the attempts at raising additiumds may
be will be scarce, so funds have to be used effgtiand
allocated transparently and equitably. On the miion side,
fund allocation will be dominated by efficiency ciaerations.
Mitigation is a global public good, and its beneéte the same
wherever abatement takes place (although the &lboceof
mitigation costs raises equity issues). With tigatrframework in
place—essentially a carbon market that allows #poeation of
abatement opportunities on a global scale whild¢egtong host-
country interests—a combination of carbon marketsher
performance- based systems, and public funds ambedches
overlooked by the market can allocate capital yagffectively.
The allocation of adaptation finance, by contrasseas important
qguestions of fairness as well as efficiency. Unliteat for
mitigation the allocation of adaptation resourcess rstrong
distributional implications. Money spent protectiamall island
states is no longer available for African farmérse question of
how to classify adaptation finance is still debatedd the
controversy spills over to how to allocate this fioa
Developing countries are inclined to view adaptatimance as
compensation for damages, invoking a global paliutsays
principle. From the developing- country viewpoittiterefore, the
question of how adaptation finance is used is beyoagurview
of high income countries. But the latter countries! strongly
that scarce financial resources should be used iesfig,
whatever the justification for or provenance of theds. It can
certainly be argued that the efficient and equéadlocation and
use of adaptation finance are in everybody’'s inteM&steful
use of resources can undermine public support Her whole
climate agenda. That makes the transparent, efficiand
equitable allocation of adaptation funding parantouks an
example of how development institutions have hamhdike
allocation of finance, consider the approach taken thoe
International Development Association (IDA), whicbnstructs
an index combining the need for finance, the abs@mapacity
of the government, and the performance of the akntr
government. The IDA approach is not without itslfeuBecause
the formula is uniform across countries, it essdigtimposes the
same development model on all countries.36 Thislisady
problematic for standard development issues and beagven
more so for climate change, where much less is knalout the
right adaptation model. Even so, an empirical apgho to
allocating adaptation finance that aims to addresset concerns
could serve at least three purposes: it could redremsaction
costs if lobbying and negotiation are not part led @allocation
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process; it could support the results agenda withaléocation

process based on empirical measures; and it caplgost mutual
accountability through transparency in allocatiohke measure
of need for finance should be closely related todbecept of
climate vulnerability. As conceived by the IPCC|nearability is

a function of the capacity to adapt, the sensititid climate

factors, and the exposure to climate change. Ttesane of need
for finance could be some population weighted ind&x
sensitivity and exposure, perhaps with a povertiglateas well.

For large countries in particular, the distributiohimpacts and
differences in vulnerability between localities Meb@also have to
be taken into account.

Matching Financing Needs and Sources of Funds @tnt
climate change is a massive socioeconomic, techigalb
institutional, and policy challenge. Particularlgr fdeveloping
countries it is also a financing challenge. By ab2080 the
incremental investment needs for mitigation in dep@g
countries could be $140 to $175 billion (with asated financing
requirements of $265 to $565 billion) a year. Timaricing needs
for adaptation by that time could be $30 to $1000bi a year.
This is additional funding beyond baseline develeptfinance
needs, which also remain essential and will helpart to close
existing adaptation gaps. Though growing, currehmate-
related financial flows to developing countries cowely a tiny
fraction of the estimated needs. No single souritigovovide that
much additional revenue, and so a combination ofdifwg
sources will be required. For adaptation fundingghlmicome
from the current adaptation levy on the CDM, whaoduld raise
around $2 billion a year by 2020 if extended to idew set of
carbon transactions. Proposals like the saleAi#\ a levy on
international transport emissions, and a globabaartax could
each raise around $15 billion a year. For mitigatiat the
national level the majority of funding will have tmme from the
private sector. But public policy will need to cteaa business
environment conducive to low-carbon investmentjuding but
not limited to an expanded, efficient, and wellgukated carbon
market. Complementary public funding— most likelgrh fiscal
transfers—may be required to overcome investmemtigos
(such as those related to risk) and to reach d@heagrivate sector
is likely to neglect. Stringent emission targetsll valso be
required—initially in high-income countries, evealiy for many
others—to create enough demand for offsets andippast the
carbon price. Once the majority of countries hanession caps
under an international climate agreement, marketn c
autonomously generate much of the needed natiorigjation
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finance as consumption and production decisionsoresgo
carbon prices, whether through taxes or cap- aratet But
national carbon markets will not automatically gate
international flows of finance. Flows of mitigatiomdnce to
developing countries can come from fiscal flows, frionking
national emission trading schemes, or potentialgmf trading
AAUSs. Flows from developed to developing countrgss thus
be achieved in several ways. But these flows ardraieio
ensuring that an effective and efficient solutionthie climate
problem is also an equitable solution

|L'/'<f/|
3.6 Summary

Climate finance refers to local, national or traatgmnal financing drawn
from different sources of financing to support getiion and adaptation
actions that will address climate change. Combatlimgate change is a
massive socioeconomic, technological, institutipnand policy
challenge and also financing challenge for develgpcountries. In
addition to the sources of finance, an importantstjole is what
investments climate funds should finance and thecased financing
modalities. However successful the attempts atnguiadditional funds
may be scarce, hence funds have to be used eébcewnd allocated
transparently and equitably. This is because iciefiicy could take what
is already projected to be a very large and castlyeavour and make it
even more expensive

This unit discusses different sources of financavgilable for climate
change, mitigation and adaptation actions. It asaosidered unequal
capacities of developed and developing countriesaising fund for

climate change action. The unit stress the needffioiently utilizes

available fund and ensure equity in financing disbment. This is
because inefficiency in utilization may make finguwgc efforts more
costly and expensive.

N
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u:; 3.8 Possible Answersto SAEs

Answersto SAEs1

But mitigation costs are sensitive to policy chsicdhey increase
steeply with the stringency of the emission reductarget and with the
certainty of reaching it. Global mitigation costdlwlso be higher if the
world deviates from the least cost emission reduacfpath and also
increase substantially if developing countries ao¢ included in the
initial mitigation effort (this led to the estabiiiment of the Clean
Development Mechanism under the Kyoto Protocol).
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UNIT 4 CLIMATE CHANGE ACTION PLANS

Unit Structure
4.1 Introduction
4.2  Learning Outcomes (LoS)
4.3  Main Content
4.3.1 Ways to mitigate the risk of climate change
4.3.2 Expected Action Plan of a Central government
4.3.3 Expected Action plan for a State Government
4.3.4 Expected Action Plan for Local Communitiesd an
Households
4.4  Expected Action Plan for International orgatians and donors
4.5 What is expected of Schools to reduce theafishimate change
4.6 Summary
4.7 References/Further Readings/Web Resources
4.8 Possible Answers to SAEs

N 41INTRODUCTION

Climate change is the latest challenge to sustinabuman

development. The scientific evidence is clear: atienchange is likely to
have negative impacts on efforts to achieve Niger@development
objectives, including the targets set out in Nigevision 20:2020 and
the Sustainable Development Goals. In particulamate change will

impede efforts to reduce the poverty experiencedhgy majority of

Nigerians. Climate change is already having an ohpa Nigeria.

Weather-related disasters have become more freguehe past four
decades and the trend continues. The nation’s alatund agricultural
ecosystems, including freshwater and coastal reseurare highly
susceptible to the effects of climate change. Thveeerability factors

make clear the urgent need to respond to the cig@lef climate change
in a comprehensive and systematic manner thathetsame time,
addresses development priorities, taking accountthd gender-
differentiated needs and roles of the society.sltin line with this

challenges that the Government of Nigeria acknog#edhe importance
of developing a national response to climate chaagd is taking steps
to build a governance structure to manage the.issue

@

At the end of this unit, students will be able to:
. Understand the major ways of reducing the riskliofiate change
o Know the supposed action plan by a country

4.2 Learning Outcomes (L 0s)
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o Know how a state should mitigate climate change
o Also know how local communities and householdsrealuce the
risk of climate change

4.3 MAIN CONTENT
4.3.1 Waysto mitigate therisk of climate change

Cities, towns, villages and counties are best ablassess their own
vulnerability to a changing climate, and to inéesdaptation measures
when changes cannot be avoided. Local governments diirect control
or a strong influence on most of the state's greesd gas (GHG)
emission sources (including buildings, transpaotatiland use and
community services), so local action is criticakédlucing heat-trapping
emissions. They can take action in two main waysitamize the risks
of climate change and reduce its long-term costs:

Reducing GHG Emissions: Starting now to reduce Gidissions and
create permanent carbon sinks that remove GHG mmssg$rom the
atmosphere - these actions will help stabilize afheric levels of
carbon dioxide at manageable levels and avoid seslgnatic changes.
Adapting to a Changing Climate: Altering the budind natural
environment in anticipation of predicted climatltanges, or in response
to actual changes, will alleviate the risks asdediavith unavoidable
changes in climate. Typical adaptation actions udel planning,
communication and preparedness for extreme weatheents;
incorporating expected changes into land-use detisiaking
processes; guiding development out of flood-pramas improving the
resiliency of shorelines, natural systems, andicalitinfrastructure;
applying costeffective green technologies and usiamral systems to
reduce vulnerabilities; and conserving healthy $grevetland and river
ecosystems and agricultural resources, which aa t0 successful
climate change adaptation. The above action planshowever only be
successful if there is the right political will d&d of sentiments
especially when governments realise the urgencydastructive effect
of climate change.

4.3.2 Expected Action Plan of a Central gover nment

1. Enact a comprehensive law or body of laws to preval
mechanism for achieving Nigeria’s adaptation pobtyectives.
2. Mainstream climate change adaptation into all exgsand new

National Development Plans and official Vision staents (such
as Vision 20:2020).
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3. Respond actively and effectively to global and oegi initiatives
on climate change adaptation.

4. Mandate the Authority responsible for Climate Cleang carry
out the following functions: planning and settingiopties
(including support for information and data collen),
implementation, mobilization of resources, evalmati

SELF ASSESMENT EXERCISE 1

What roles can the federal government play to mitigate

against the risk of climate change in Nigeria?

4.3.3 Expected Action plan for a State Government

1. Have a focal Ministry, Department or Agency mandaie lead
and provide strong coordination for all the climatbange
adaptation activities.

2. Mainstream climate change adaptation into all exgsand new
Development Plans and official Vision statementy] @to all
existing and new policies and programmes.

3. Ensure that climate change adaptation is takenaotount when
drawing up the State’s Annual Budget.

4. Actively and consistently strengthen inter-minigieand inter-
agency coordination and cooperation in climate gkan
adaptation in the State.

5. Create an enabling environment for the organizédhfm sector
to invest in climate change adaptation, includingsibess
opportunities presented by climate change adaptagdions.

4.3.4 Expected Action Plan for Local Communities and Households

Strengthen the adaptive capacity of communitiesptiyiding
information and technical know-how, facilitatingcass to micro-
credit and other measures.

Put in place a climate change adaptation commuarcand
outreach strategy with the objective of enablinglesel of
understanding that will allow all stakeholders tartipate
actively in climate change adaptation.

Learn how they can adapt to climate change.

Be willing to share information with other stakethels on their
experiences in climate change impacts and adaptatio
Prepare to make attitudinal changes in order ttmaipacity for
adaptation.
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Recognize that adaptation to climate change canfobemed by,
and build on, what they are already doing.

4.4 Expected Action Plan for International organizations and
donors

1. Provide technical and financial support for capaduilding,
reducing barriers to adaptation, and implementatbrclimate
change adaptation policies, programmes, and otkasures.

2. Provide technical support for research, monitoand evaluation
of the mainstreaming process in order to develogerstanding
of what contributes to its success.

3. Provide technical support in identifying disasteskrreduction
initiatives, as well as poverty reduction and nalturesource
management programmes, which cost-effectively asddcémate
change vulnerability.

45 What is expected of Schools to reduce the risk of climate
change

Schools are expected to create a Climate Changptatitan Resources
page which should be organized by federal and sfatets. This page is
expected to provide information about what the Nagefederal and any
local governments are doing to adapt to climatexgha

Click on: https://www.youtube.com/watch?v=WSJTKybBul

|l'/<f/|
4.6 Summary

In this unit we can conclude that for the risk ¢ifnate change to be
reduced, all levels of governments including comitiesy households
and individuals have roles to play. The succes®tberwise of the
involvement by these actors will depend upon thelective
commitment to the goal of reducing climate chaniges unit proffered
expected action plans for the federal, state andllgovernments, as
well as communities, households and non-governmeanizations.

In this unit, we have recommended action plan emate change by
thefederal, state and local governments, as wellc@asmunities,
households and non-government organizations whdeskpectations of
schools in Nigeria on ways to reduce climate charmgiewas suggested
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u:; 4.8 Possible Answersto SAEs

Answersto SAEs1

The federal government in other to mitigate agathstrisk of climate
change in Nigeria should be able to Enact a congmgiie law or body
of laws to provide a mechanism for achieving Nig&riadaptation
policy objectives, and Respond actively and efietyi to global and
regional initiatives on climate change adaptation.
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