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Summary for Policymakers

Introduction

1. This report assesses the scientific, technical, environmental,
economic and social aspects of the mitigation of climate
change. Research in climate change mitigation' has continued
since the publication of the IPCC Second Assessment Report
(SAR), taking into account political changes such as the agree-
ment on the Kyoto Protocol to the United Nations Framework
Convention on Climate Change (UNFCCC) in 1997, and is
reported on here. The Report also draws on a number of [IPCC
Special Reports, notably the Special Report on Aviation and
the Global Atmosphere, the Special Report on Methodological
and Technological Issues in Technology Transfer (SRTT), the
Special Report on Emissions Scenarios (SRES), and the
Special Report on Land Use, Land Use Change and Forestry
(SRLULUCEF).

The Nature of the Mitigation Challenge

2. Climate change? is a problem with unique characteristics. It
is global, long-term (up to several centuries), and involves
complex interactions between climatic, environmental, eco-
nomic, political, institutional, social and technological process-
es. This may have significant international and intergenera-
tional implications in the context of broader societal goals such
as equity and sustainable development. Developing a response
to climate change is characterized by decision-making under
uncertainty and risk, including the possibility of non-linear
and/or irreversible changes (Sections 1.2.5, 1.3, 10.1.2, 10.1.4,
10.4.5).2

3. Alternative development paths* can result in very different
greenhouse gas emissions. The SRES and the mitigation sce-
narios assessed in this report suggest that the type, magnitude,

! Mitigation is defined here as an anthropogenic intervention to
reduce the sources of greenhouse gases or enhance their sinks.

2 Climate change in IPCC usage refers to any change in climate over
time, whether due to natural variability or as a result of human activ-
ity. This usage differs from that in the UNFCCC, where climate
change refers to a change of climate that is attributed directly or indi-
rectly to human activity that alters the composition of the global
atmosphere and that is in addition to natural climate variability
observed over comparable time periods.

3 Section numbers refer to the main body of the Report.

4 In this report “alternative development paths” refer to a variety of
possible scenarios for societal values and consumption and produc-
tion patterns in all countries, including but not limited to a continua-
tion of today’s trends. These paths do not include additional climate
initiatives which means that no scenarios are included that explicitly
assume implementation of the UNFCCC or the emission targets of the
Kyoto Protocol, but do include assumptions about other policies that
influence greenhouse gas emissions indirectly.

timing and costs of mitigation depend on different national cir-
cumstances and socio-economic, and technological develop-
ment paths and the desired level of greenhouse gas concentra-
tion stabilization in the atmosphere (see Figure SPM.I for an
example for total CO, emissions). Development paths leading
to low emissions depend on a wide range of policy choices and
require major policy changes in areas other than climate
change (Sections 2.2.2,2.3.2,2.4.4,2.5).

4. Climate change mitigation will both be affected by, and have
impacts on, broader socio-economic policies and trends, such
as those relating to development, sustainability and equity.
Climate mitigation policies may promote sustainable develop-
ment when they are consistent with such broader societal
objectives. Some mitigation actions may yield extensive bene-
fits in areas outside of climate change: for example, they may
reduce health problems; increase employment; reduce negative
environmental impacts (like air pollution); protect and enhance
forests, soils and watersheds; reduce those subsidies and taxes
which enhance greenhouse gas emissions; and induce techno-
logical change and diffusion, contributing to wider goals of
sustainable development. Similarly, development paths that
meet sustainable development objectives may result in lower
levels of greenhouse gas emissions (Sections 1.3, 1.4, 2.2.3,
24.4,25,72.2,8.2.4).

5. Differences in the distribution of technological, natural and
financial resources among and within nations and regions, and
between generations, as well as differences in mitigation costs,
are often key considerations in the analysis of climate change
mitigation options. Much of the debate about the future differ-
entiation of contributions of countries to mitigation and related
equity issues also considers these circumstances’. The chal-
lenge of addressing climate change raises an important issue of
equity, namely the extent to which the impacts of climate
change or mitigation policies create or exacerbate inequities
both within and across nations and regions. Greenhouse gas
stabilization scenarios assessed in this report (except those
where stabilization occurs without new climate policies, e.g.
B1) assume that developed countries and countries with
economies in transition limit and reduce their greenhouse gas
emissions first.%

5 Approaches to equity have been classified into a variety of cate-
gories, including those based on allocation, outcome, process, rights,
liability, poverty, and opportunity, reflecting the diverse expectations
of fairness used to judge policy processes and the corresponding out-
comes (Sections 1.3, 10.2).

6 Emissions from all regions diverge from baselines at some point.
Global emissions diverge earlier and to a greater extent as stabiliza-
tion levels are lower or underlying scenarios are higher. Such scenar-
ios are uncertain, do not provide information on equity implications
and how such changes may be achieved or who may bear any costs
incurred.
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Figure SPM.1: Comparison of reference and stabilization scenarios. The figure is divided into six parts, one for each of the ref-
erence scenario groups from the Special Report on Emissions Scenarios (SRES, see Box SPM.1). Each part of the figure shows
the range of total global CO, emissions (gigatonnes of carbon (GtC)) from all anthropogenic sources for the SRES reference sce-
nario group (shaded in grey) and the ranges for the various mitigation scenarios assessed in the TAR leading to stabilization of
CO, concentrations at various levels (shaded in colour). Scenarios are presented for the Al family subdivided into three groups
(the balanced AIB group (Figure SPM.1a), non-fossil fuel AIT (Figure SPM.1b) and the fossil intensive AIFI (Figure SPM.Ic))
with stabilization of CO, concentrations at 450, 550, 650 and 750 ppmv; for the A2 group with stabilization at 550 and 750 ppmv
in Figure SPM.1d, the BI group with stabilization at 450 and 550 ppmv in Figure SPM.le, and the B2 group with stabilization
at 450, 550 and 650 ppmv in Figure SPM.1f. The literature is not available to assess 1000 ppmy stabilization scenarios. The fig-
ure illustrates that the lower the stabilization level and the higher the baseline emissions, the wider the gap. The difference
between emissions in different scenario groups can be as large as the gap between reference and stabilization scenarios within
one scenario group. The dotted lines depict the boundaries of the ranges where they overlap.

dant fossil fuel resources that will not limit carbon emissions
during the 21% century. However, different from the relatively

6. Lower emissions scenarios require different patterns of
energy resource development. Figure SPM.2 compares the

cumulative carbon emissions between 1990 and 2100 for vari-
ous SRES scenarios to carbon contained in global fossil fuel
reserves and resources’. This figure shows that there are abun-

7 Reserves are those occurrences that are identified and measured as
economically and technically recoverable with current technologies
and prices. Resources are those occurrences with less certain geolog-
ical and/or economic characteristics, but which are considered poten-
tially recoverable with foreseeable technological and economic devel-
opments. The resource base includes both categories. On top of that,
there are additional quantities with unknown certainty of occurrence
and/or with unknown or no economic significance in the foreseeable
future, referred to as “additional occurrences” (SAR, Working Group
II). Examples of unconventional fossil fuel resources include tar
sands, shale oil, other heavy oil, coal bed methane, deep geopressured
gas, gas in acquifers, efc.

large coal and unconventional oil and gas deposits, the carbon
in proven conventional oil and gas reserves, or in convention-
al oil resources, is much less than the cumulative carbon emis-
sions associated with stabilization of carbon dioxide at levels
of 450 ppmv or higher (the reference to a particular concentra-
tion level does not imply an agreed-upon desirability of stabi-
lization at this level). These resource data may imply a change
in the energy mix and the introduction of new sources of ener-
gy during the 21 century. The choice of energy mix and asso-
ciated investment will determine whether, and if so, at what
level and cost, greenhouse concentrations can be stabilized.
Currently most such investment is directed towards discover-
ing and developing more conventional and unconventional fos-
sil resources (Sections 2.5.1, 2.5.2, 3.8.3, 8.4).
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Box SPM.1. The Emissions Scenarios of the IPCC Special Report on Emissions Scenarios (SRES)

Al.The Al storyline and scenario family describes a future world of very rapid economic growth, global population that peaks in mid-
century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major underlying themes are con-
vergence among regions, capacity building and increased cultural and social interactions, with a substantial reduction in regional dif-
ferences in per capita income. The A1 scenario family develops into three groups that describe alternative directions of technological
change in the energy system. The three Al groups are distinguished by their technological emphasis: fossil intensive (A 1FI), non-fos-
sil energy sources (A1T), or a balance across all sources (A1B) (where balanced is defined as not relying too heavily on one particu-
lar energy source, on the assumption that similar improvement rates apply to all energy supply and end use technologies).

A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is self-reliance and preserva-
tion of local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing population.
Economic development is primarily regionally oriented and per capita economic growth and technological change more fragmented
and slower than other storylines.

B1. The B1 storyline and scenario family describes a convergent world with the same global population, that peaks in mid-century
and declines thereafter, as in the A1 storyline, but with rapid change in economic structures toward a service and information econo-
my, with reductions in material intensity and the introduction of clean and resource-efficient technologies. The emphasis is on global
solutions to economic, social and environmental sustainability, including improved equity, but without additional climate initiatives.

B2. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social and envi-
ronmental sustainability. It is a world with continuously increasing global population, at a rate lower than A2, intermediate levels of
economic development, and less rapid and more diverse technological change than in the B1 and A1 storylines. While the scenario is
also oriented towards environmental protection and social equity, it focuses on local and regional levels.

An illustrative scenario was chosen for each of the six scenario groups A1B, A1FI, AIT, A2, B1 and B2. All should be considered
equally sound.

The SRES scenarios do not include additional climate initiatives, which means that no scenarios are included that explicitly assume
implementation of the United Nations Framework Convention on Climate Change or the emissions targets of the Kyoto Protocol.

Options to Limit or Reduce Greenhouse Gas Emissions and  Some key findings are:

Enhance Sinks * Hundreds of technologies and practices for end-use
energy efficiency in buildings, transport and manufac-
7. Significant technical progress relevant to greenhouse gas turing industries account for more than half of this
emissions reduction has been made since the SAR in 1995 and potential (Sections 3.3, 3.4, 3.5).
has been faster than anticipated. Advances are taking place in ® At least up to 2020, energy supply and conversion will
a wide range of technologies at different stages of develop- remain dominated by relatively cheap and abundant
ment, e.g., the market introduction of wind turbines, the rapid fossil fuels. Natural gas, where transmission is eco-
elimination of industrial by-product gases such as N,O from nomically feasible, will play an important role in emis-
adipic acid production and perfluorocarbons from aluminium sion reduction together with conversion efficiency
production, efficient hybrid engine cars, the advancement of improvement, and greater use of combined cycle and/or
fuel cell technology, and the demonstration of underground co-generation plants (Section 3.8.4).
carbon dioxide storage. Technological options for emissions ® Low-carbon energy supply systems can make an impor-
reduction include improved efficiency of end use devices and tant contribution through biomass from forestry and
energy conversion technologies, shift to low-carbon and agricultural by-products, municipal and industrial waste
renewable biomass fuels, zero-emissions technologies, to energy, dedicated biomass plantations, where suitable
improved energy management, reduction of industrial by-prod- land and water are available, landfill methane, wind
uct and process gas emissions, and carbon removal and storage energy and hydropower, and through the use and lifetime
(Section 3.1, 4.7). extension of nuclear power plants. After 2010, emissions
from fossil and/or biomass-fueled power plants could be
Table SPM.1 summarizes the results from many sectoral stud- reduced substantially through pre- or post-combustion
ies, largely at the project, national and regional level with some carbon removal and storage. Environmental, safety, reli-
at the global levels, providing estimates of potential green- ability and proliferation concerns may constrain the use

house gas emission reductions in the 2010 to 2020 timeframe. of some of these technologies (Section 3.8.4).
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Figure SPM.2: Carbon in oil, gas and coal reserves and resources compared with historic fossil fuel carbon emissions
1860-1998, and with cumulative carbon emissions from a range of SRES scenarios and TAR stabilization scenarios up until 2100.
Data for reserves and resources are shown in the left hand columns (Section 3.8.2). Unconventional oil and gas includes tar
sands, shale oil, other heavy oil, coal bed methane, deep geopressured gas, gas in acquifers, etc. Gas hydrates (clathrates) that
amount to an estimated 12,000GtC are not shown. The scenario columns show both SRES reference scenarios as well as sce-
narios which lead to stabilization of CO, concentrations at a range of levels. Note that if by 2100 cumulative emissions associ-
ated with SRES scenarios are equal to or smaller than those for stabilization scenarios, this does not imply that these scenarios

equally lead to stabilization.

® Inagriculture, methane and nitrous oxide emissions can
be reduced, such as those from livestock enteric fer-
mentation, rice paddies, nitrogen fertilizer use and ani-
mal wastes (Section 3.6).

* Depending on application, emissions of fluorinated
gases can be minimized through process changes,
improved recovery, recycling and containment, or
avoided through the use of alternative compounds and
technologies (Section 3.5 and Chapter 3 Appendix).

The potential emissions reductions found in Table SPM.1 for
sectors were aggregated to provide estimates of global poten-
tial emissions reductions taking account of potential overlaps
between and within sectors and technologies to the extent pos-
sible given the information available in the underlying studies.
Half of these potential emissions reductions may be achieved
by 2020 with direct benefits (energy saved) exceeding direct
costs (net capital, operating, and maintenance costs), and the
other half at a net direct cost of up to US$100/tCeq (at 1998
prices). These cost estimates are derived using discount rates in
the range of 5% to 12%, consistent with public sector discount

rates. Private internal rates of return vary greatly, and are often
significantly higher, affecting the rate of adoption of these
technologies by private entities.

Depending on the emissions scenario this could allow global
emissions to be reduced below 2000 levels in 2010-2020 at
these net direct costs. Realizing these reductions involve addi-
tional implementation costs, which in some cases may be sub-
stantial, the possible need for supporting policies (such as those
described in Paragraph 18), increased research and develop-
ment, effective technology transfer and overcoming other bar-
riers (Paragraph 17). These issues, together with costs and ben-
efits not included in this evaluation are discussed in Paragraphs
11, 12 and 13.

The various global, regional, national, sector and project stud-
ies assessed in this report have different scopes and assump-
tions. Studies do not exist for every sector and region. The
range of emissions reductions reported in Table SPM.1 reflects
the uncertainties (see Box SPM.2) of the underlying studies on
which they are based (Sections 3.3-3.8).
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8. Forests, agricultural lands, and other terrestrial ecosystems
offer significant carbon mitigation potential. Although not nec-
essarily permanent, conservation and sequestration of carbon
may allow time for other options to be further developed and
implemented. Biological mitigation can occur by three strate-
gies: (a) conservation of existing carbon pools, (b) sequestra-
tion by increasing the size of carbon pools, and (c) substitution
of sustainably produced biological products, e.g. wood for
energy intensive construction products and biomass for fossil
fuels (Sections 3.6, 4.3). Conservation of threatened carbon
pools may help to avoid emissions, if leakage can be prevent-
ed, and can only become sustainable if the socio-economic dri-
vers for deforestation and other losses of carbon pools can be
addressed. Sequestration reflects the biological dynamics of
growth, often starting slowly, passing through a maximum, and
then declining over decades to centuries.

Conservation and sequestration result in higher carbon stocks,
but can lead to higher future carbon emissions if these ecosys-
tems are severely disturbed by either natural or direct/indirect
human-induced disturbances. Even though natural distur-
bances are normally followed by re-sequestration, activities to
manage such disturbances can play an important role in limit-
ing carbon emissions. Substitution benefits can, in principle,
continue indefinitely. Appropriate management of land for
crop, timber and sustainable bio-energy production, may
increase benefits for climate change mitigation. Taking into
account competition for land use and the SAR and SRLU-
LUCEF assessments, the estimated global potential of biological
mitigation options is in the order of 100GtC (cumulative),
although there are substantial uncertainties associated with this
estimate, by 2050, equivalent to about 10% to 20% of potential
fossil fuel emissions during that period. Realization of this
potential depends upon land and water availability as well as
the rates of adoption of different land management practices.
The largest biological potential for atmospheric carbon mitiga-
tion is in subtropical and tropical regions. Cost estimates
reported to date of biological mitigation vary significantly
from US$0.1/tC to about US$20/tC in several tropical coun-
tries and from US$20/tC to US$100/tC in non-tropical coun-
tries. Methods of financial analysis and carbon accounting have
not been comparable. Moreover, the cost calculations do not
cover, in many instances, inter alia, costs for infrastructure,
appropriate discounting, monitoring, data collection and imple-
mentation costs, opportunity costs of land and maintenance, or
other recurring costs, which are often excluded or overlooked.
The lower end of the ranges are biased downwards, but under-
standing and treatment of costs is improving over time. These
biological mitigation options may have social, economic and
environmental benefits beyond reductions in atmospheric CO,,
if implemented appropriately (e.g., biodiversity, watershed pro-
tection, enhancement of sustainable land management and rural
employment). However, if implemented inappropriately, they
may pose risks of negative impacts (e.g., loss of biodiversity,
community disruption and ground-water pollution). Biological
mitigation options may reduce or increase non-CO, greenhouse
gas emissions (Sections 4.3, 4.4).
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9. There is no single path to a low emission future and coun-
tries and regions will have to choose their own path. Most
model results indicate that known technological options®
could achieve a broad range of atmospheric CO, stabilization
levels, such as 550ppmv, 450ppmyv or below over the next 100
years or more, but implementation would require associated
socio-economic and institutional changes. To achieve stabi-
lization at these levels, the scenarios suggest that a very signif-
icant reduction in world carbon emissions per unit of GDP
from 1990 levels will be necessary. Technological improve-
ment and technology transfer play a critical role in the stabi-
lization scenarios assessed in this report. For the crucial ener-
gy sector, almost all greenhouse gas mitigation and concentra-
tion stabilization scenarios are characterized by the introduc-
tion of efficient technologies for both energy use and supply,
and of low- or no-carbon energy. However, no single technol-
ogy option will provide all of the emissions reductions needed.
Reduction options in non-energy sources and non-CO, green-
house gases will also provide significant potential for reducing
emissions. Transfer of technologies between countries and
regions will widen the choice of options at the regional level
and economies of scale and learning will lower the costs of
their adoption (Sections 2.3.2, 2.4, 2.5).

10. Social learning and innovation, and changes in institution-
al structure could contribute to climate change mitigation.
Changes in collective rules and individual behaviours may
have significant effects on greenhouse gas emissions, but take
place within a complex institutional, regulatory and legal set-
ting. Several studies suggest that current incentive systems can
encourage resource intensive production and consumption pat-
terns that increase greenhouse gas emissions in all sectors, e.g.
transport and housing. In the shorter term, there are opportuni-
ties to influence through social innovations individual and
organizational behaviours. In the longer term such innovations,
in combination with technological change, may further
enhance socio-economic potential, particularly if preferences
and cultural norms shift towards lower emitting and sustain-
able behaviours. These innovations frequently meet with resis-
tance, which may be addressed by encouraging greater public
participation in the decision-making processes. This can help
contribute to new approaches to sustainability and equity
(Sections 1.4.3,5.3.8, 10.3.2, 10.3.4).

8 “Known technological options” refer to technologies that exist in
operation or pilot plant stage today, as referenced in the mitigation
scenarios discussed in this report. It does not include any new tech-
nologies that will require drastic technological breakthroughs. In this
way it can be considered to be a conservative estimate, considering
the length of the scenario period.
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Box SPM.2. Approaches to Estimating Costs and Benefits, and their Uncertainties

For a variety of factors, significant differences and uncertainties surround specific quantitative estimates of the costs and benefits of
mitigation options. The SAR described two categories of approaches to estimating costs and benefits: bottom-up approaches, which
build up from assessments of specific technologies and sectors, such as those described in Paragraph 7, and top-down modelling stud-
ies, which proceed from macroeconomic relationships, such as those discussed in Paragraph 13. These two approaches lead to differ-
ences in the estimates of costs and benefits, which have been narrowed since the SAR. Even if these differences were resolved, other
uncertainties would remain. The potential impact of these uncertainties can be usefully assessed by examining the effect of a change
in any given assumption on the aggregate cost results, provided any correlation between variables is adequately dealt with.

The Costs and Ancillary® Benefits of Mitigation Actions

11. Estimates of cost and benefits of mitigation actions differ
because of (i) how welfare is measured, (ii) the scope and
methodology of the analysis, and (iii) the underlying assump-
tions built into the analysis. As a result, estimated costs and
benefits may not reflect the actual costs and benefits of imple-
menting mitigation actions. With respect to (i) and (ii), costs
and benefits estimates, inter alia, depend on revenue recycling,
and whether and how the following are considered: implemen-
tation and transaction cost, distributional impacts, multiple
gases, land-use change options, benefits of avoided climate
change, ancillary benefits, no regrets opportunities'? and valu-
ation of externalities and non-market impacts. Assumptions
include, inter alia:

* Demographic change, the rate and structure of eco-
nomic growth; increases in personal mobility, techno-
logical innovation such as improvements in energy effi-
ciency and the availability of low-cost energy sources,
flexibility of capital investments and labour markets,
prices, fiscal distortions in the no-policy (baseline) sce-
nario.

® The level and timing of the mitigation target.

® Assumptions regarding implementation measures, e.g.
the extent of emissions trading, the Clean Development
Mechanism (CDM) and Joint Implementation (JI), reg-
ulation, and voluntary agreements!! and the associated
transaction costs.

9 Ancillary benefits are the ancillary, or side effects, of policies aimed
exclusively at climate change mitigation. Such policies have an
impact not only on greenhouse gas emissions, but also on resource use
efficiency, like reduction in emissions of local and regional air pollu-
tants associated with fossil fuel use, and on issues such as transporta-
tion, agriculture, land-use practices, employment, and fuel security.
Sometimes these benefits are referred to as “ancillary impacts” to
reflect that in some cases the benefits may be negative.

10 n this report, as in the SAR, no regrets opportunities are defined
as those options whose benefits such as reduced energy costs and
reduced emissions of local/regional pollutants equal or exceed their
costs to society, excluding the benefits of avoided climate change.
1A voluntary agreement is an agreement between a government
authority and one or more private parties, as well as a unilateral com-
mitment that is recognized by the public authority, to achieve envi-
ronmental objectives or to improve environmental performance
beyond compliance.

* Discount rates: the long time scales make discounting
assumptions critical and there is still no consensus on
appropriate long-term rates, though the literature shows
increasing attention to rates that decline over time and
hence give more weight to benefits that occur in the
long term. These discount rates should be distinguished
from the higher rates that private agents generally use
in market transactions.

(Sections 7.2, 7.3, 8.2.1, 8.2.2,9.4)

12. Some sources of greenhouse gas emissions can be limited
at no or negative net social cost to the extent that policies can
exploit no regrets opportunities (Sections 7.3.4, 9.2.1):

®  Market imperfections. Reduction of existing market or
institutional failures and other barriers that impede
adoption of cost-effective emission reduction mea-
sures, can lower private costs compared to current prac-
tice. This can also reduce private costs overall.

* Ancillary benefits. Climate change mitigation mea-
sures will have effects on other societal issues. For
example, reducing carbon emissions in many cases
will result in the simultaneous reduction in local and
regional air pollution. It is likely that mitigation strate-
gies will also affect transportation, agriculture, land-
use practices and waste management and will have an
impact on other issues of social concern, such as
employment, and energy security. However, not all of
the effects will be positive; careful policy selection and
design can better ensure positive effects and minimize
negative impacts. In some cases, the magnitude of
ancillary benefits of mitigation may be comparable to
the costs of the mitigating measures, adding to the no
regrets potential, although estimates are difficult to
make and vary widely (Sections 7.3.3, 8.2.4, 9.2.2-
9.2.8,9.2.10).

®* Double dividend. Instruments (such as taxes or auc-
tioned permits) provide revenues to the government. If
used to finance reductions in existing distortionary
taxes (“revenue recycling”), these revenues reduce the
economic cost of achieving greenhouse gas reductions.
The magnitude of this offset depends on the existing
tax structure, type of tax cuts, labour market conditions,
and method of recycling. Under some circumstances, it
is possible that the economic benefits may exceed the
costs of mitigation (Sections 7.3.3, 8.2.2, 9.2.1).
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13. The cost estimates for Annex B countries to implement the
Kyoto Protocol vary between studies and regions as indicated
in Paragraph 11, and depend strongly upon the assumptions
regarding the use of the Kyoto mechanisms, and their interac-
tions with domestic measures. The great majority of global
studies reporting and comparing these costs use international
energy-economic models. Nine of these studies suggest the fol-
lowing GDP impacts'? (Sections 7.3.5, 8.3.1, 9.2.3, 10.4.4):

Annex Il countries'3: In the absence of emissions trading
between Annex B countries', the majority of global studies
show reductions in projected GDP of about 0.2% to 2% in
2010 for different Annex Il regions. With full emissions trading
between Annex B countries, the estimated reductions in 2010
are between 0.1% and 1.1% of projected GDP'". These studies
encompass a wide range of assumptions as listed in Paragraph
11. Models whose results are reported in this paragraph assume
full use of emissions trading without transaction cost. Results for
cases that do not allow Annex B trading assume full domestic
trading within each region. Models do not include sinks or non-
CO, greenhouse gases. They do not include the CDM, negative
cost options, ancillary benefits, or targeted revenue recycling.
For all regions costs are also influenced by the following factors:
¢ Constraints on the use of Annex B trading, high trans-
action costs in implementing the mechanisms, and inef-
ficient domestic implementation could raise costs.
® Inclusion in domestic policy and measures of the no
regrets possibilities!? identified in Paragraph 12, use of
the CDM, sinks, and inclusion of non-CO, greenhouse
gases, could lower costs. Costs for individual countries
can vary more widely.

The models show that the Kyoto mechanisms are important in
controlling risks of high costs in given countries, and thus can
complement domestic policy mechanisms. Similarly, they can
minimize risks of inequitable international impacts and help to

12 Many other studies incorporating more precisely the country
specifics and diversity of targeted policies provide a wider range of
net cost estimates (Section 8.2.2).

13 Annex II countries: Group of countries included in Annex II to the
UNFCCC, including all developed countries in the Organisation of
Economic Co-operation and Development.

14 Annex B countries: Group of countries included in Annex B in the
Kyoto Protocol that have agreed to a target for their greenhouse gas
emissions, including all the Annex I countries (as amended in 1998)
but Turkey and Belarus.

15" Many metrics can be used to present costs. For example, if the
annual costs to developed countries associated with meeting Kyoto
targets with full Annex B trading are in the order of 0.5% of GDP, this
represents US$125 billion (1000 million) per year, or US$125 per per-
son per year by 2010 in Annex II (SRES assumptions). This corre-
sponds to an impact on economic growth rates over ten years of less
than 0.1 percentage point.
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level marginal costs. The global modelling studies reported
above show national marginal costs to meet the Kyoto targets
from about US$20/tC up to US$600/tC without trading, and a
range from about US$15/tC up to US$150/tC with Annex B
trading. The cost reductions from these mechanisms may
depend on the details of implementation, including the com-
patibility of domestic and international mechanisms, con-
straints, and transaction costs.

Economies in transition: For most of these countries, GDP
effects range from negligible to a several per cent increase.
This reflects opportunities for energy efficiency improvements
not available to Annex II countries. Under assumptions of dras-
tic energy efficiency improvement and/or continuing econom-
ic recessions in some countries, the assigned amounts may
exceed projected emissions in the first commitment period. In
this case, models show increased GDP due to revenues from
trading assigned amounts. However, for some economies in
transition, implementing the Kyoto Protocol will have similar
impact on GDP as for Annex II countries.

14. Cost-effectiveness studies with a century timescale esti-
mate that the costs of stabilizing CO, concentrations in the
atmosphere increase as the concentration stabilization level
declines. Different baselines can have a strong influence on
absolute costs. While there is a moderate increase in the costs
when passing from a 750ppmv to a 550ppmv concentration
stabilization level, there is a larger increase in costs passing
from 550ppmv to 450ppmv unless the emissions in the base-
line scenario are very low. These results, however, do not
incorporate carbon sequestration, gases other than CO, and
did not examine the possible effect of more ambitious targets
on induced technological change!®. Costs associated with
each concentration level depend on numerous factors includ-
ing the rate of discount, distribution of emission reductions
over time, policies and measures employed, and particularly
the choice of the baseline scenario: for scenarios character-
ized by a focus on local and regional sustainable development
for example, total costs of stabilizing at a particular level are
significantly lower than for other scenarios!” (Sections 2.5.2,
8.4.1,10.4.6).

16 Induced technological change is an emerging field of inquiry. None
of the literature reviewed in TAR on the relationship between the cen-
tury-scale CO, concentrations and costs, reported results for models
employing induced technological change. Models with induced tech-
nological change under some circumstances show that century-scale
concentrations can differ, with similar GDP growth but under differ-
ent policy regimes (Section 8.4.1.4).

17" See Figure SPM.1 for the influence of reference scenarios on the
magnitude of the required mitigation effort to reach a given stabiliza-
tion level.
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15. Under any greenhouse gas mitigation effort, the economic
costs and benefits are distributed unevenly between sectors; to
a varying degree, the costs of mitigation actions could be
reduced by appropriate policies. In general, it is easier to iden-
tify activities, which stand to suffer economic costs compared
to those which may benefit, and the economic costs are more
immediate, more concentrated and more certain. Under mitiga-
tion policies, coal, possibly oil and gas, and certain energy-
intensive sectors, such as steel production, are most likely to
suffer an economic disadvantage. Other industries including
renewable energy industries and services can be expected to
benefit in the long term from price changes and the availabili-
ty of financial and other resources that would otherwise have
been devoted to carbon-intensive sectors. Policies such as the
removal of subsidies from fossil fuels may increase total soci-
etal benefits through gains in economic efficiency, while use of
the Kyoto mechanisms could be expected to reduce the net
economic cost of meeting Annex B targets. Other types of poli-
cies, for example exempting carbon-intensive industries, redis-
tribute the costs but increase total societal costs at the same
time. Most studies show that the distributional effects of a car-
bon tax can have negative income effects on low-income
groups unless the tax revenues are used directly or indirectly to
compensate such effects (Section 9.2.1).

16. Emission constraints in Annex I countries have well estab-
lished, albeit varied “spillover” effects'® on non-Annex I coun-
tries (Sections 8.3.2, 9.3).
®  Oil-exporting, non-Annex I countries: Analyses report
costs differently, including, inter alia, reductions in
projected GDP and reductions in projected oil rev-
enues'. The study reporting the lowest costs shows
reductions of 0.2% of projected GDP with no emissions
trading, and less than 0.05% of projected GDP with
Annex B emissions trading in 2010%°. The study report-
ing the highest costs shows reductions of 25% of pro-
jected oil revenues with no emissions trading, and 13%
of projected oil revenues with Annex B emissions trad-
ing in 2010. These studies do not consider policies and
measures?! other than Annex B emissions trading, that
could lessen the impact on non-Annex I, oil-exporting
countries, and therefore tend to overstate both the costs
to these countries and overall costs.

18 Spillover effects incorporate only economic effects, not environ-
mental effects.

19" Details of the six studies reviewed are found in Table 9.4 of the
underlying report.

20" These estimated costs can be expressed as differences in GDP
growth rates over the period 2000-2010. With no emissions trading,
GDP growth rate is reduced by 0.02 percentage points/year; with
Annex B emissions trading, growth rate is reduced by less than 0.005
percentage points/year.
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The effects on these countries can be further reduced by
removal of subsidies for fossil fuels, energy tax restruc-
turing according to carbon content, increased use of
natural gas, and diversification of the economies of
non-Annex I, oil-exporting countries.

®  Other non-Annex I countries: They may be adversely
affected by reductions in demand for their exports to
OECD nations and by the price increase of those car-
bon-intensive and other products they continue to
import. These countries may benefit from the reduction
in fuel prices, increased exports of carbon-intensive
products and the transfer of environmentally sound
technologies and know-how. The net balance for a
given country depends on which of these factors domi-
nates. Because of these complexities, the breakdown of
winners and losers remains uncertain.

*  Carbon leakage®*. The possible relocation of some car-
bon-intensive industries to non-Annex I countries and
wider impacts on trade flows in response to changing
prices may lead to leakage in the order of 5%-20%
(Section 8.3.2.2). Exemptions, for example for energy-
intensive industries, make the higher model estimates
for carbon leakage unlikely, but would raise aggregate
costs. The transfer of environmentally sound technolo-
gies and know-how, not included in models, may lead
to lower leakage and especially on the longer term may
more than offset the leakage.

Ways and Means for Mitigation

17. The successful implementation of greenhouse gas mitiga-
tion options needs to overcome many technical, economic,
political, cultural, social, behavioural and/or institutional bar-
riers which prevent the full exploitation of the technological,
economic and social opportunities of these mitigation options.
The potential mitigation opportunities and types of barriers
vary by region and sector, and over time. This is caused by the
wide variation in mitigation capacity. The poor in any country
are faced with limited opportunities to adopt technologies or
change their social behaviour, particularly if they are not part
of a cash economy, and most countries could benefit from

21 These policies and measures include: those for non-CO, gases and
non-energy sources of all gases; offsets from sinks; industry restruc-
turing (e.g., from energy producer to supplier of energy services); use
of OPEC’s market power; and actions (e.g. of Annex B Parties) relat-
ed to funding, insurance, and the transfer of technology. In addition,
the studies typically do not include the following policies and effects
that can reduce the total cost of mitigation: the use of tax revenues to
reduce tax burdens or finance other mitigation measures; environ-
mental ancillary benefits of reductions in fossil fuel use; and induced
technological change from mitigation policies.

22 Carbon leakage is defined here as the increase in emissions in non-
Annex B countries due to implementation of reductions in Annex B,
expressed as a percentage of Annex B reductions.
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innovative financing and institutional reform and removing
barriers to trade. In the industrialized countries, future oppor-
tunities lie primarily in removing social and behavioural barri-
ers; in countries with economies in transition, in price rational-
ization; and in developing countries, in price rationalization,
increased access to data and information, availability of
advanced technologies, financial resources, and training and
capacity building. Opportunities for any given country, howev-
er, might be found in the removal of any combination of barri-
ers (Sections 1.5, 5.3, 5.4).

18. National responses to climate change can be more effective
if deployed as a portfolio of policy instruments to limit or
reduce greenhouse gas emissions. The portfolio of national cli-
mate policy instruments may include - according to national
circumstances - emissions/carbon/energy taxes, tradable or
non-tradable permits, provision and/or removal of subsidies,
deposit/refund systems, technology or performance standards,
energy mix requirements, product bans, voluntary agreements,
government spending and investment, and support for research
and development. Each government may apply different eval-
uation criteria, which may lead to different portfolios of instru-
ments. The literature in general gives no preference for any
particular policy instrument. Market based instruments may be
cost-effective in many cases, especially where capacity to
administer them is developed. Energy efficiency standards and
performance regulations are widely used, and may be effective
in many countries, and sometimes precede market based
instruments. Voluntary agreements have recently been used
more frequently, sometimes preceding the introduction of more
stringent measures. Information campaigns, environmental
labelling, and green marketing, alone or in combination with
incentive subsidies, are increasingly emphasized to inform and
shape consumer or producer behaviour. Government and/or
privately supported research and development is important in
advancing the long-term application and transfer of mitigation
technologies beyond the current market or economic potential
(Section 6.2).

19. The effectiveness of climate change mitigation can be
enhanced when climate policies are integrated with the non-
climate objectives of national and sectorial policy development
and be turned into broad transition strategies to achieve the
long-term social and technological changes required by both
sustainable development and climate change mitigation. Just
as climate policies can yield ancillary benefits that improve
wellbeing, non-climate policies may produce climate benefits.
It may be possible to significantly reduce greenhouse gas emis-
sions by pursuing climate objectives through general socio-
economic policies. In many countries, the carbon intensity of
energy systems may vary depending on broader programmmes
for energy infrastructure development, pricing, and tax poli-
cies. Adopting state-of-the-art environmentally sound tech-
nologies may offer particular opportunity for environmentally
sound development while avoiding greenhouse gas intensive
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activities. Specific attention can foster the transfer of those
technologies to small and medium size enterprises. Moreover,
taking ancillary benefits into account in comprehensive nation-
al development strategies can lower political and institutional
barriers for climate-specific actions (Sections 2.2.3, 2.4.4,
245,25.1,25.2,10.3.2, 10.3.4).

20. Co-ordinated actions among countries and sectors may
help to reduce mitigation cost, address competitiveness con-
cerns, potential conflicts with international trade rules, and
carbon leakage. A group of countries that wants to limit its col-
lective greenhouse gas emissions could agree to implement
well-designed international instruments. Instruments assessed
in this report and being developed in the Kyoto Protocol are
emissions trading; Joint Implementation (JI); the Clean
Development Mechanism (CDM); other international instru-
ments also assessed in this report include co-ordinated or har-
monized emission/carbon/energy taxes; an emission/carbon/
energy tax; technology and product standards; voluntary agree-
ments with industries; direct transfers of financial resources
and technology; and co-ordinated creation of enabling envi-
ronments such as reduction of fossil fuel subsidies. Some of
these have been considered only in some regions to date
(Sections 6.3, 6.4.2, 10.2.7, 10.2.8).

21. Climate change decision-making is essentially a sequential
process under general uncertainty. The literature suggests that
a prudent risk management strategy requires a careful consid-
eration of the consequences (both environmental and econom-
ic), their likelihood and society’s attitude toward risk. The lat-
ter is likely to vary from country to country and perhaps even
from generation to generation. This report therefore confirms
the SAR finding that the value of better information about cli-
mate change processes and impacts and society’s responses to
them is likely to be great. Decisions about near-term climate
policies are in the process of being made while the concentra-
tion stabilization target is still being debated. The literature
suggests a step-by-step resolution aimed at stabilizing green-
house gas concentrations. This will also involve balancing the
risks of either insufficient or excessive action. The relevant
question is not “what is the best course for the next 100 years”,
but rather “what is the best course for the near term given the
expected long-term climate change and accompanying uncer-
tainties” (Section 10.4.3).

22. This report confirms the finding in the SAR that earlier
actions, including a portfolio of emissions mitigation, technol-
ogy development and reduction of scientific uncertainty,
increase flexibility in moving towards stabilization of atmos-
pheric concentrations of greenhouse gases. The desired mix of
options varies with time and place. Economic modelling stud-
ies completed since the SAR indicate that a gradual near-term
transition from the world’s present energy system towards a
less carbon-emitting economy minimizes costs associated with
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premature retirement of existing capital stock. It also provides
time for technology development, and avoids premature lock-
in to early versions of rapidly developing low-emission tech-
nology. On the other hand, more rapid near-term action would
decrease environmental and human risks associated with rapid
climatic changes.

It would also stimulate more rapid deployment of existing low-
emission technologies, provide strong near-term incentives to
future technological changes that may help to avoid lock-in to
carbon-intensive technologies, and allow for later tightening of
targets should that be deemed desirable in light of evolving sci-
entific understanding (Sections 2.3.2, 2.5.2, 8.4.1, 10.4.2,
10.4.3).

23. There is an inter-relationship between the environmental
effectiveness of an international regime, the cost-effectiveness
of climate policies and the equity of the agreement. Any inter-
national regime can be designed in a way that enhances both its
efficiency and its equity. The literature assessed in this report
on coalition formation in international regimes presents differ-
ent strategies that support these objectives, including how to
make it more attractive to join a regime through appropriate
distribution of efforts and provision of incentives. While analy-
sis and negotiation often focus on reducing system costs, the
literature also recognizes that the development of an effective
regime on climate change must give attention to sustainable
development and non-economic issues (Sections 1.3, 10.2).

Gaps in Knowledge

24. Advances have been made since previous IPCC assess-
ments in the understanding of the scientific, technical, envi-
ronmental, and economic and social aspects of mitigation of
climate change. Further research is required, however, to
strengthen future assessments and to reduce uncertainties as
far as possible in order that sufficient information is available
for policy making about responses to climate change, includ-
ing research in developing countries.

The following are high priorities for further narrowing gaps
between current knowledge and policy making needs:

®  Further exploration of the regional, country and sector

specific potentials of technological and social innova-

tion options. This includes research on the short, medi-

um and long-term potential and costs of both CO, and
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non-CO,, non-energy mitigation options; understand-
ing of technology diffusion across different regions;
identifying opportunities in the area of social innova-
tion leading to decreased greenhouse gas emissions;
comprehensive analysis of the impact of mitigation
measures on carbon flows in and out of the terrestrial
system; and some basic inquiry in the area of geo-engi-
neering.

Economic, social and institutional issues related to cli-
mate change mitigation in all countries. Priority areas
include: analysis of regionally specific mitigation
options and barriers; the implications of equity assess-
ments; appropriate methodologies and improved data
sources for climate change mitigation and capacity
building in the area of integrated assessment; strength-
ening future research and assessments, especially in the
developing countries.

Methodologies for analysis of the potential of mitiga-
tion options and their cost, with special attention to
comparability of results. Examples include: character-
izing and measuring barriers that inhibit greenhouse
gas-reducing action; making mitigation modelling
techniques more consistent, reproducible, and accessi-
ble; modelling technology learning; improving analyti-
cal tools for evaluating ancillary benefits, e.g. assigning
the costs of abatement to greenhouse gases and to other
pollutants; systematically analyzing the dependency of
costs on baseline assumptions for various greenhouse
gas stabilization scenarios; developing decision analyt-
ical frameworks for dealing with uncertainty as well as
socio-economic and ecological risk in climate policy
making; improving global models and studies, their
assumptions and their consistency in the treatment and
reporting of non-Annex I countries and regions.
Evaluating climate mitigation options in the context of
development, sustainability and equity. Examples
include: exploration of alternative development paths,
including sustainable consumption patterns in all sec-
tors, including the transportation sector; integrated
analysis of mitigation and adaptation; identifying
opportunities for synergy between explicit climate poli-
cies and general policies promoting sustainable devel-
opment; integration of intra- and inter-generational
equity in climate change mitigation analysis; implica-
tions of equity assessments; analysis of scientific, tech-
nical and economic implications of options under a
wide variety of stabilization regimes.
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Technical Summary

1 Scope of the Report
1.1 Background

In 1998, Working Group (WG) III of the Intergovernmental
Panel on Climate Change (IPCC) was charged by the IPCC
Plenary for the Panel’s Third Assessment Report (TAR) to
assess the scientific, technical, environmental, economic, and
social aspects of the mitigation of climate change. Thus, the
mandate of the Working Group was changed from a predomi-
nantly disciplinary assessment of the economic and social
dimensions on climate change (including adaptation) in the
Second Assessment Report (SAR), to an interdisciplinary
assessment of the options to control the emissions of green-
house gases (GHGs) and/or enhance their sinks.

After the publication of the SAR, continued research in the
area of mitigation of climate change, which was partly influ-
enced by political changes such as the adoption of the Kyoto
Protocol to the United Nations Framework Convention on
Climate Change (UNFCCC) in 1997, has been undertaken and
is reported on here. The report also draws on a number of IPCC
Special Reports! and IPCC co-sponsored meetings and Expert
Meetings that were held in 1999 and 2000, particularly to sup-
port the development of the IPCC TAR. This summary follows
the 10 chapters of the report.

1.2 Broadening the Context of Climate Change
Mitigation

This chapter places climate change mitigation, mitigation pol-
icy, and the contents of the rest of the report in the broader con-
text of development, equity, and sustainability. This context
reflects the explicit conditions and principles laid down by the
UNFCCC on the pursuit of the ultimate objective of stabilizing
greenhouse gas concentrations. The UNFCCC imposes three
conditions on the goal of stabilization: namely that it should
take place within a time-frame sufficient to “allow ecosystems
to adapt naturally to climate change, to ensure that food pro-
duction is not threatened and to enable economic development
to proceed in a sustainable manner” (Art. 2). It also specifies
several principles to guide this process: equity, common but
differentiated responsibilities, precaution, cost-effective mea-
sures, right to sustainable development, and support for an
open international economic system (Art. 3).

Previous IPCC assessment reports sought to facilitate this pur-
suit by comprehensively describing, cataloguing, and compar-
ing technologies and policy instruments that could be used to
achieve mitigation of greenhouse gas emissions in a cost-effec-

I Notably the Special Report on Aviation and the Global Atmosphere,
the Special Report on Methodological and Technological Issues in
Technology Transfer, the Special Report on Emissions Scenarios, and
the Special Report on Land Use, Land-Use Change and Forestry.
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tive and efficient manner. The present assessment advances
this process by including recent analyses of climate change that
place policy evaluations in the context of sustainable develop-
ment. This expansion of scope is consistent both with the evo-
lution of the literature on climate change and the importance
accorded by the UNFCCC to sustainable development - includ-
ing the recognition that ‘“Parties have a right to, and should pro-
mote sustainable development” (Art. 3.4). It therefore goes
some way towards filling the gaps in earlier assessments.

Climate change involves complex interactions between climat-
ic, environmental, economic, political, institutional, social, and
technological processes. It cannot be addressed or compre-
hended in isolation of broader societal goals (such as equity or
sustainable development), or other existing or probable future
sources of stress. In keeping with this complexity, a multiplic-
ity of approaches have emerged to analyze climate change and
related challenges. Many of these incorporate concerns about
development, equity, and sustainability (DES) (albeit partially
and gradually) into their framework and recommendations.
Each approach emphasizes certain elements of the problem,
and focuses on certain classes of responses, including for
example, optimal policy design, building capacity for design-
ing and implementing policies, strengthening synergies
between climate change mitigation and/or adaptation and other
societal goals, and policies to enhance societal learning. These
approaches are therefore complementary rather than mutually
exclusive.

This chapter brings together three broad classes of analysis,
which differ not so much in terms of their ultimate goals as of
their points of departure and preferred analytical tools. The
three approaches start with concerns, respectively, about effi-
ciency and cost-effectiveness, equity and sustainable develop-
ment, and global sustainability and societal learning. The dif-
ference between the three approaches selected lies in their
starting point not in their ultimate goals. Regardless of the
starting point of the analysis, many studies try in their own way
to incorporate other concerns. For example, many analyses that
approach climate change mitigation from a cost-effectiveness
perspective try to bring in considerations of equity and sus-
tainability through their treatment of costs, benefits, and wel-
fare. Similarly, the class of studies that are motivated strongly
by considerations of inter-country equity tend to argue that
equity is needed to ensure that developing countries can pursue
their internal goals of sustainable development—a concept that
includes the implicit components of sustainability and efficien-
cy. Likewise, analysts focused on concerns of global sustain-
ability have been compelled by their own logic to make a case
for global efficiency—often modelled as the decoupling of pro-
duction from material flows—and social equity. In other words,
each of the three perspectives has led writers to search for ways
to incorporate concerns that lie beyond their initial starting
point. All three classes of analyses look at the relationship of
climate change mitigation with all three goals—development,
equity, and sustainability—albeit in different and often highly
complementary ways. Nevertheless, they frame the issues dif-
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ferently, focus on different sets of causal relationships, use dif-
ferent tools of analysis, and often come to somewhat different
conclusions.

There is no presumption that any particular perspective for
analysis is most appropriate at any level. Moreover, the three
perspectives are viewed here as being highly synergistic. The
important changes have been primarily in the types of ques-
tions being asked and the kinds of information being sought.
In practice, the literature has expanded to add new issues and
new tools, subsuming rather than discarding the analyses
included in the other perspectives. The range and scope of cli-
mate policy analyses can be understood as a gradual broaden-
ing of the types and extent of uncertainties that analysts have
been willing and able to address.

The first perspective on climate policy analysis is cost effec-
tiveness. It represents the field of conventional climate policy
analysis that is well represented in the First through Third
Assessments. These analyses have generally been driven
directly or indirectly by the question of what is the most cost-
effective amount of mitigation for the global economy starting
from a particular baseline GHG emissions projection, reflect-
ing a specific set of socio-economic projections. Within this
framework, important issues include measuring the perfor-
mance of various technologies and the removal of barriers
(such as existing subsidies) to the implementation of those can-
didate policies most likely to contribute to emissions reduc-
tions. In a sense, the focus of analysis here has been on identi-
fying an efficient pathway through the interactions of mitiga-
tion policies and economic development, conditioned by con-
siderations of equity and sustainability, but not primarily guid-
ed by them. At this level, policy analysis has almost always
taken the existing institutions and tastes of individuals as
given; assumptions that might be valid for a decade or two, but
may become more questionable over many decades.

The impetus for the expansion in the scope of the climate pol-
icy analysis and discourse to include equity considerations was
to address not simply the impacts of climate change and miti-
gation policies on global welfare as a whole, but also of the
effects of climate change and mitigation policies on existing
inequalities among and within nations. The literature on equity
and climate change has advanced considerably over the last
two decades, but there is no consensus on what constitutes fair-
ness. Once equity issues were introduced into the assessment
agenda, though, they became important components in defin-
ing the search for efficient emissions mitigation pathways. The
considerable literature that indicated how environmental poli-
cies could be hampered or even blocked by those who consid-
ered them unfair became relevant. In light of these results, it
became clear how and why any widespread perception that a
mitigation strategy is unfair would likely engender opposition
to that strategy, perhaps to the extent of rendering it non-opti-
mal (or even infeasible, as could be the case if non-Annex I
countries never participate). Some cost-effectiveness analyses
had, in fact, laid the groundwork for applying this literature by
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demonstrating the sensitivity of some equity measures to poli-
cy design, national perspective, and regional context. Indeed,
cost-effectiveness analyses had even highlighted similar sensi-
tivities for other measures of development and sustainability.
As mentioned, the analyses that start from equity concerns
have by and large focused on the needs of developing coun-
tries, and in particular on the commitment expressed in Article
3.4 of the UNFCCC to the pursuit of sustainable development.
Countries differ in ways that have dramatic implications for
scenario baselines and the range of mitigation options that can
be considered. The climate policies that are feasible, and/or
desirable, in a particular country depend significantly on its
available resources and institutions, and on its overall objec-
tives including climate change as but one component.
Recognizing this heterogeneity may, thus, lead to a different
range of policy options than has been considered likely thus far
and may reveal differences in the capacities of different sectors
that may also enhance appreciation of what can be done by
non-state actors to improve their ability to mitigate.

The third perspective is global sustainability and societal learn-
ing. While sustainability has been incorporated in the analyses
in a number of ways, a class of studies takes the issue of glob-
al sustainability as their point of departure. These studies focus
on alternative pathways to pursue global sustainability and
address issues like decoupling growth from resource flows, for
example through eco-intelligent production systems, resource
light infrastructure and appropriate technologies, and decou-
pling wellbeing from production, for example through inter-
mediate performance levels, regionalization of production sys-
tems, and changing lifestyles. One popular method for identi-
fying constraints and opportunities within this perspective is to
identify future sustainable states and then examine possible
transition paths to those states for feasibility and desirability. In
the case of developing countries this leads to a number of pos-
sible strategies that can depart significantly from those which
the developed countries pursued in the past.

1.3  Integrating the Various Perspectives

Extending discussions of how nations might respond to the mit-
igation challenge so that they include issues of cost-effective-
ness and efficiency, distribution narrowly defined, equity more
broadly defined, and sustainability, adds enormous complexity
to the problem of uncovering how best to respond to the threat
of climate change. Indeed, recognizing that these multiple
domains are relevant complicates the task assigned to policy-
makers and international negotiators by opening their delibera-
tions to issues that lie beyond the boundaries of the climate
change problem, per se. Their recognition thereby underlines
the importance of integrating scientific thought across a wide
range of new policy-relevant contexts, but not simply because of
some abstract academic or narrow parochial interest advanced
by a small set of researchers or nations. Cost-effectiveness, equi-
ty, and sustainability have all been identified as critical issues by
the drafters of the UNFCCC, and they are an integral part of the
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charge given to the drafters of the TAR. Integration across the
domains of cost-effectiveness, equity, and sustainability is there-
fore profoundly relevant to policy deliberations according to the
letter as well as the spirit of the UNFCCC itself.

The literature being brought to bear on climate change mitiga-
tion increasingly shows that policies lying beyond simply
reducing GHG emissions from a specified baseline to mini-
mize costs can be extremely effective in abating the emission
of GHGs. Therefore, a portfolio approach to policy and analy-
sis would be more effective than exclusive reliance on a nar-
row set of policy instruments or analytical tools. Besides the
flexibility that an expanded range of policy instruments and
analytical tools can provide to policymakers for achieving cli-
mate objectives, the explicit inclusion of additional policy
objectives also increases the likelihood of “buy-in” to climate
policies by more participants. In particular, it will expand the
range of no regrets” options. Finally, it could assist in tailoring
policies to short-, medium-, and long-term goals.

In order to be effective, however, a portfolio approach requires
weighing the costs and impacts of the broader set of policies
according to a longer list of objectives. Climate deliberations
need to consider the climate ramifications of policies designed
primarily to address a wide range of issues including DES, as
well as the likely impacts of climate policies on the achievement
of these objectives. As part of this process the opportunity costs
and impacts of each instrument are measured against the multi-
ple criteria defined by these multiple objectives. Furthermore,
the number of decision makers or stakeholders to be considered
is increased beyond national policymakers and international
negotiators to include state, local, community, and household
agents, as well as non-government organizations (NGOs).

The term “ancillary benefits” is often used in the literature for
the ancillary, or secondary, effects of climate change mitigation
policies on problems other than GHG emissions, such as reduc-
tions in local and regional air pollution, associated with the
reduction of fossil fuels, and indirect effects on issues such as
transportation, agriculture, land use practices, biodiversity
preservation, employment, and fuel security. Sometimes these
are referred to as “ancillary impacts”, to reflect the fact that in
some cases the benefits may be negative’. The concept of “mit-

2 In this report, as in the SAR, no regrets options are defined as those
options whose benefits such as reduced energy costs and reduced
emissions of local/regional pollutants equal or exceed their costs to
society, excluding the benefits of avoided climate change. They are
also known as negative cost options.

3 In this report sometimes the term “co-benefits” is also used to indi-
cate the additional benefits of policy options that are implemented for
various reasons at the same time, acknowledging that most policies
designed to address GHG mitigation also have other, often at least
equally important, rationales, e.g., related to objectives of develop-
ment, sustainability and equity. The benefits of avoided climate change
are not covered in ancillary or co-benefits. See also Section 7.2.
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igative capacity” is also introduced as a possible way to inte-
grate results derived from the application of the three perspec-
tives in the future. The determinants of the capacity to mitigate
climate change include the availability of technological and
policy options, and access to resources to underwrite undertak-
ing those options. These determinants are the focus of much of
the TAR. The list of determinants is, however, longer than this.
Mitigative capacity also depends upon nation-specific charac-
teristics that facilitate the pursuit of sustainable development —
e.g., the distribution of resources, the relative empowerment of
various segments of the population, the credibility of empow-
ered decision makers, the degree to which climate objectives
complement other objectives, access to credible information
and analyses, the will to act on that information, the ability to
spread risk intra- and inter-generationally, and so on. Given that
the determinants of mitigative capacity are essentially the same
as those of the analogous concept of adaptive capacity intro-
duced in the WGII Report, this approach may provide an inte-
grated framework for assessing both sets of options.

2 Greenhouse Gas Emissions Scenarios

21 Scenarios

A long-term view of a multiplicity of future possibilities is
required to consider the ultimate risks of climate change, assess
critical interactions with other aspects of human and environ-
mental systems, and guide policy responses. Scenarios offer a
structured means of organizing information and gleaning
insight on the possibilities.

Each mitigation scenario describes a particular future world,
with particular economic, social, and environmental character-
istics, and they therefore implicitly or explicitly contain infor-
mation about DES. Since the difference between reference case
scenarios and stabilization and mitigation scenarios is simply
the addition of deliberate climate policy, it can be the case that
the differences in emissions among different reference case
scenarios are greater than those between any one such scenario
and its stabilization or mitigation version.

This section presents an overview of three scenario literatures:
general mitigation scenarios produced since the SAR, narra-
tive-based scenarios found in the general futures literature, and
mitigation scenarios based on the new reference scenarios
developed in the IPCC SRES.

2.2 Greenhouse Gas Emissions Mitigation Scenarios
This report considers the results of 519 quantitative emissions
scenarios from 188 sources, mainly produced after 1990. The
review focuses on 126 mitigation scenarios that cover global
emissions and have a time horizon encompassing the coming
century. Technological improvement is a critical element in all
the general mitigation scenarios.
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Based on the type of mitigation, the scenarios fall into four cat-
egories: concentration stabilization scenarios, emission stabi-
lization scenarios, safe emission corridor scenarios, and other
mitigation scenarios. All the reviewed scenarios include ener-
gy-related carbon dioxide (CO,) emissions; several also
include CO, emissions from land-use changes and industrial
processes, and other important GHGs.

Policy options used in the reviewed mitigation scenarios take
into account energy systems, industrial processes, and land use,
and depend on the underlying model structure. Most of the sce-
narios introduce simple carbon taxes or constraints on emis-
sions or concentration levels. Regional targets are introduced
in the models with regional disaggregation. Emission permit
trading is introduced in more recent work. Some models
employ policies of supply-side technology introduction, while
others emphasize efficient demand-side technology.

Allocation of emission reduction among regions is a con-
tentious issue. Only some studies, particularly recent ones,
make explicit assumptions about such allocations in their sce-
narios. Some studies offer global emission trading as a mecha-
nism to reduce mitigation costs.

Technological improvement is a critical element in all the gen-
eral mitigation scenarios.

Detailed analysis of the characteristics of 31 scenarios for sta-
bilization of CO, concentrations at 550ppmv* (and their base-
line scenarios) yielded several insights:

e There is a wide range in baselines, reflecting a diversi-
ty of assumptions, mainly with respect to economic
growth and low-carbon energy supply. High economic
growth scenarios tend to assume high levels of progress
in the efficiency of end-use technologies; however, car-
bon intensity reductions were found to be largely inde-
pendent of economic growth assumptions. The range of
future trends shows greater divergence in scenarios that
focus on developing countries than in scenarios that
look at developed nations. There is little consensus with
respect to future directions in developing regions.

e The reviewed 550ppmv stabilization scenarios vary
with respect to reduction time paths and the distribution
of emission reductions among regions. Some scenarios
suggested that emission trading may lower the overall
mitigation cost, and could lead to more mitigation in
the non-OECD countries. The range of assumed miti-
gation policies is very wide. In general, scenarios in

4 The reference to a particular concentration level does not imply an
agreed-upon desirability of stabilization at this level. The selection of
550ppmv is based on the fact that the majority of studies in the litera-
ture analyze this level, and does not imply any endorsement of this
level as a target for climate change mitigation policies.

Technical Summary

which there is an assumed adoption of high-efficiency
measures in the baseline show less scope for further
introduction of efficiency measures in the mitigation
scenarios. In part this results from model input assump-
tions, which do not assume major technological break-
throughs. Conversely, baseline scenarios with high car-
bon intensity reductions show larger carbon intensity
reductions in their mitigation scenarios.

Only a small set of studies has reported on scenarios for miti-
gating non-CO, gases. This literature suggests that small
reductions of GHG emissions can be accomplished at lower
cost by including non-CO, gases; that both CO, and non-CO,
emissions would have to be controlled in order to slow the
increase of atmospheric temperature sufficiently to achieve cli-
mate targets assumed in the studies; and that methane (CH,)
mitigation can be carried out more rapidly, with a more imme-
diate impact on the atmosphere, than CO, mitigation.

Generally, it is clear that mitigation scenarios and mitigation
policies are strongly related to their baseline scenarios, but no
systematic analysis has been published on the relationship
between mitigation and baseline scenarios.

2.3 Global Futures Scenarios

Global futures scenarios do not specifically or uniquely con-
sider GHG emissions. Instead, they are more general “stories”
of possible future worlds. They can complement the more
quantitative emissions scenario assessments, because they con-
sider dimensions that elude quantification, such as governance
and social structures and institutions, but which are nonethe-
less important to the success of mitigation policies. Addressing
these issues reflects the different perspectives presented in
Section 1: cost-effectiveness and/or efficiency, equity, and sus-
tainability.

A survey of this literature has yielded a number of insights that
are relevant to GHG emissions scenarios and sustainable
development. First, a wide range of future conditions has been
identified by futurists, ranging from variants of sustainable
development to collapse of social, economic, and environmen-
tal systems. Since future values of the underlying socio-eco-
nomic drivers of emissions may vary widely, it is important
that climate policies should be designed so that they are
resilient against widely different future conditions.

Second, the global futures scenarios that show falling GHG
emissions tend to show improved governance, increased equi-
ty and political participation, reduced conflict, and improved
environmental quality. They also tend to show increased ener-
gy efficiency, shifts to non-fossil energy sources, and/or shifts
to a post-industrial (service-based) economy; population tends
to stabilize at relatively low levels, in many cases thanks to
increased prosperity, expanded provision of family planning,
and improved rights and opportunities for women. A key impli-



Technical Summary

cation is that sustainable development policies can make a sig-
nificant contribution to emission reduction.

Third, different combinations of driving forces are consistent
with low emissions scenarios, which agrees with the SRES
findings. The implication of this seems to be that it is impor-
tant to consider the linkage between climate policy and other
policies and conditions associated with the choice of future
paths in a general sense.

24 Special Report on Emissions Scenarios

Six new GHG emission reference scenario groups (not includ-
ing specific climate policy initiatives), organized into 4 sce-
nario “families”, were developed by the IPCC and published as
the Special Report on Emissions Scenarios (SRES). Scenario
families A1 and A2 emphasize economic development but dif-
fer with respect to the degree of economic and social conver-
gence; B1 and B2 emphasize sustainable development but also
differ in terms of degree of convergence (see Box TS.1). In all,
six models were used to generate the 40 scenarios that com-
prise the six scenario groups. Six of these scenarios, which
should be considered equally sound, were chosen to illustrate
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the whole set of scenarios. These six scenarios include mark-
er scenarios for each of the worlds as well as two scenarios,
AT1FI and A1T, which illustrate alternative energy technology
developments in the A1 world (see Figure TS.1).

The SRES scenarios lead to the following findings:

*  Alternative combinations of driving-force variables can
lead to similar levels and structure of energy use, land-
use patterns, and emissions.

*  Important possibilities for further bifurcations in future
development trends exist within each scenario family.

* Emissions profiles are dynamic across the range of
SRES scenarios. They portray trend reversals and indi-
cate possible emissions cross-over among different sce-
narios.

* Describing potential future developments involves
inherent ambiguities and uncertainties. One and only
one possible development path (as alluded to, for
instance, in concepts such as “business-as-usual sce-
nario”) simply does not exist. The multi-model
approach increases the value of the SRES scenario set,
since uncertainties in the choice of model input assump-
tions can be more explicitly separated from the specific
model behaviour and related modelling uncertainties.

Box TS.1. The Emissions Scenarios of the IPCC Special Report on Emissions Scenarios (SRES)

Al. The Al storyline and scenario family describe a future world of very rapid economic growth, global population that peaks in mid-
century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major underlying themes are con-
vergence among regions, capacity building, and increased cultural and social interactions, with a substantial reduction in regional dif-
ferences in per capita income. The Al scenario family develops into three groups that describe alternative directions of technological
change in the energy system. The three A1 groups are distinguished by their technological emphasis: fossil intensive (A 1FI), non-fos-
sil energy sources (A1T), or a balance across all sources (A1B) (where balanced is defined as not relying too heavily on one particu-
lar energy source, on the assumption that similar improvement rates apply to all energy supply and end-use technologies).

A2. The A2 storyline and scenario family describe a very heterogeneous world. The underlying theme is self-reliance and preserva-
tion of local identities. Fertility patterns across regions converge very slowly, which results in a continuously increasing population.
Economic development is primarily regionally oriented and per capita economic growth and technological change more fragmented
and slower than in other storylines.

B1. The B1 storyline and scenario family describe a convergent world with the same global population, which peaks in mid-century
and declines thereafter, as in the A1 storyline, but with rapid change in economic structures towards a service and information econo-
my, with reductions in material intensity and the introduction of clean and resource-efficient technologies. The emphasis is on global
solutions to economic, social, and environmental sustainability, including improved equity, but without additional climate initiatives.

B2. The B2 storyline and scenario family describe a world in which the emphasis is on local solutions to economic, social, and envi-
ronmental sustainability. It is a world with continuously increasing global population, at a rate lower than in A2, intermediate levels
of economic development, and less rapid and more diverse technological change than in the B1 and A1 storylines. While the scenario
is also oriented towards environmental protection and social equity, it focuses on local and regional levels.

An illustrative scenario was chosen for each of the six scenario groups A1B, A1FI, A1T, A2, B1, and B2. All should be considered
equally sound.

The SRES scenarios do not include additional climate initiatives, which means that no scenarios are included that explicitly assume
implementation of the United Nations Framework Convention on Climate Change or the emissions targets of the Kyoto Protocol.
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Figure TS.1: Qualitative directions of SRES scenarios for different indicators.

2.5 Review of Post-SRES Mitigation Scenarios
Recognizing the importance of multiple baselines in evaluating
mitigation strategies, recent studies analyze and compare mit-
igation scenarios using as their baselines the new SRES sce-
narios. This allows for the assessment in this report of 76
“post-SRES mitigation scenarios” produced by nine modelling
teams. These mitigation scenarios were quantified on the basis
of storylines for each of the six SRES scenarios that describe
the relationship between the kind of future world and the
capacity for mitigation.

Quantifications differ with respect to the baseline scenario,
including assumed storyline, the stabilization target, and the
model that was used. The post-SRES scenarios cover a very
wide range of emission trajectories, but the range is clearly
below the SRES range. All scenarios show an increase in CO,
reduction over time. Energy reduction shows a much wider
range than CO, reduction, because in many scenarios a decou-
pling between energy use and carbon emissions takes place as
a result of a shift in primary energy sources.

In general, the lower the stabilization target and the higher the
level of baseline emissions, the larger the CO, divergence from
the baseline that is needed, and the earlier that it must occur.
The A1FI, A1B, and A2 worlds require a wider range of and
more strongly implemented technology and/or policy measures
than A1T, B1, and B2. The 450ppmv stabilization case requires
more drastic emission reduction to occur earlier than under the

650ppmv case, with very rapid emission reduction over the
next 20 to 30 years (see Figure TS.2).

A key policy question is what kind of emission reductions in
the medium term (after the Kyoto Protocol commitment peri-
od) would be needed. Analysis of the post-SRES scenarios
(most of which assume developing country emissions to be
below baselines by 2020) suggests that stabilization at 450
ppmv will require emissions reductions in Annex I countries
after 2012 that go significantly beyond their Kyoto Protocol
commitments. It also suggests that it would not be necessary to
go much beyond the Kyoto commitments for Annex I by 2020
to achieve stabilization at 550ppmv or higher. However, it
should be recognized that several scenarios indicate the need
for significant Annex I emission reductions by 2020 and that
none of the scenarios introduces other constraints such as a
limit to the rate of temperature change.

An important policy question already mentioned concerns the
participation of developing countries in emission mitigation. A
preliminary finding of the post-SRES scenario analysis is that,
if it is assumed that the CO, emission reduction needed for
stabilization occurs in Annex I countries only, Annex I per
capita CO, emissions would fall below non-Annex I per capi-
ta emissions during the 21 century in nearly all of the stabi-
lization scenarios, and before 2050 in two-thirds of the scenar-
ios, if developing countries emissions follow the baseline
scenarios. This suggests that the stabilization target and the
baseline emission level are both important determinants of the
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Figure TS.2: Comparison of reference and stabilization scenarios. The figure is divided into six parts, one for each of the ref-
erence scenario groups from the Special Report on Emissions Scenarios (SRES). Each part of the figure shows the range of total
global CO, emissions (gigatonnes of carbon (GtC)) from all anthropogenic sources for the SRES reference scenario group (shad-
ed in grey) and the ranges for the various mitigation scenarios assessed in the TAR leading to stabilization of CO, concentra-
tions at various levels (shaded in colour). Scenarios are presented for the Al family subdivided into three groups (the balanced
AIB group (Figure TS-2a), non-fossil fuel AIT (Figure TS-2b), and the fossil intensive AIFI (Figure TS-2c)) and stabilization of
CO, concentrations at 450, 550, 650 and 750ppmv;, for the A2 group with stabilization at 550 and 750ppmv in Figure TS-2d, the
B1 group and stabilization at 450 and 550ppmv in Figure TS-2e, and the B2 group including stabilization at 450, 550, and
650ppmy in Figure TS-2f. The literature is not available to assess 1000ppmyv stabilization scenarios. The figure illustrates that
the lower the stabilization level and the higher the baseline emissions, the wider the gap. The difference between emissions in
different scenario groups can be as large as the gap between reference and stabilization scenarios within one scenario group.

The dotted lines depict the boundaries of the ranges where they overlap (see Box TS.1).

timing when developing countries emissions might need to
diverge from their baseline.

Climate policy would reduce per capita final energy use in the
economy-emphasized worlds (A1FI, A1B, and A2), but not in
the environment-emphasized worlds (B1 and B2). The reduc-
tion in energy use caused by climate policies would be larger in
Annex I than in non-Annex I countries. However, the impact of
climate policies on equity in per capita final energy use would
be much smaller than that of the future development path.

There is no single path to a low emission future and countries
and regions will have to choose their own path. Most model
results indicate that known technological options® could
achieve a broad range of atmospheric CO, stabilization levels,
such as 550ppmyv, 450ppmv or, below over the next 100 years
or more, but implementation would require associated socio-
economic and institutional changes..

Assumed mitigation options differ among scenarios and are
strongly dependent on the model structure. However, common
features of mitigation scenarios include large and continuous
energy efficiency improvements and afforestation as well as
low-carbon energy, especially biomass over the next 100 years
and natural gas in the first half of the 215 century. Energy con-
servation and reforestation are reasonable first steps, but inno-
vative supply-side technologies will eventually be required.
Possible robust options include using natural gas and com-
bined-cycle technology to bridge the transition to more

5> “Known technological options™ refer to technologies that exist in
operation or pilot plant stage today, as referenced in the mitigation
scenarios discussed in this report. It does not include any new tech-
nologies that will require drastic technological breakthroughs. In this
way it can be considered to be a conservative estimate, considering
the length of the scenario period.
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advanced fossil fuel and zero-carbon technologies, such as
hydrogen fuel cells. Solar energy as well as either nuclear ener-
gy or carbon removal and storage would become increasingly
important for a higher emission world or lower stabilization
target.

Integration between global climate policies and domestic air
pollution abatement policies could effectively reduce GHG
emissions in developing regions for the next two or three
decades. However, control of sulphur emissions could amplify
possible climate change, and partial trade-offs are likely to per-
sist for environmental policies in the medium term.

Policies governing agriculture, land use and energy systems
could be linked for climate change mitigation. Supply of bio-
mass energy as well as biological CO, sequestration would
broaden the available options for carbon emission reductions,
although the post-SRES scenarios show that they cannot pro-
vide the bulk of the emission reductions required. That has to
come from other options.

3 Technological and Economic Potential of
Mitigation Options

31 Key Developments in Knowledge about
Technological Options to Mitigate GHG Emissions
in the Period up to 2010-2020 since the Second
Assessment Report

Technologies and practices to reduce GHG emissions are con-
tinuously being developed. Many of these technologies focus
on improving the efficiency of fossil fuel energy or electricity
use and the development of low carbon energy sources, since
the majority of GHG emissions (in terms of CO, equivalents)
are related to the use of energy. Energy intensity (energy con-
sumed divided by gross domestic product (GDP)) and carbon
intensity (CO, emitted from burning fossil fuels divided by the
amount of energy produced) have been declining for more than
100 years in developed countries without explicit government
policies for decarbonization, and have the potential to decline
further. Much of this change is the result of a shift away from
high carbon fuels such as coal towards oil and natural gas,
through energy conversion efficiency improvements and the
introduction of hydro and nuclear power. Other non-fossil fuel
energy sources are also being developed and rapidly imple-
mented and have a significant potential for reducing GHG
emissions. Biological sequestration of CO, and CO, removal
and storage can also play a role in reducing GHG emissions in
the future (see also Section 4 below). Other technologies and
measures focus on the non-energy sectors for reducing emis-
sions of the remaining major GHGs: CH,, nitrous oxide (N,0),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sul-
phur hexafluoride (SF).

Since the SAR several technologies have advanced more rapid-
ly than was foreseen in the earlier analysis. Examples include
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the market introduction of efficient hybrid engine cars, rapid
advancement of wind turbine design, demonstration of under-
ground carbon dioxide storage, and the near elimination of
N,O emissions from adipic acid production. Greater energy
efficiency opportunities for buildings, industry, transportation,
and energy supply are available, often at a lower cost than was
expected. By the year 2010 most of the opportunities to reduce
emissions will still come from energy efficiency gains in the
end-use sectors, by switching to natural gas in the electric
power sector, and by reducing the release of process GHGs
from industry, e.g., N,O, perfluoromethane (CF,), and HFCs.
By the year 2020, when a proportion of the existing power
plants will have been replaced in developed countries and
countries with economies in transition (EITs), and when many
new plants will become operational in developing countries,
the use of renewable sources of energy can begin contributing
to the reduction of CO, emissions. In the longer term, nuclear
energy technologies — with inherent passive characteristics
meeting stringent safety, proliferation, and waste storage goals
— along with physical carbon removal and storage from fossil
fuels and biomass, followed by sequestration, could potential-
ly become available options.

Running counter to the technological and economic potential
for GHG emissions reduction are rapid economic development
and accelerating change in some socio-economic and behav-
ioural trends that are increasing total energy use, especially in
developed countries and high-income groups in developing
countries. Dwelling units and vehicles in many countries are
growing in size, and the intensity of electrical appliance use is
increasing. Use of electrical office equipment in commercial
buildings is increasing. In developed countries, and especially
the USA, sales of larger, heavier, and less efficient vehicles are
also increasing. Continued reduction or stabilization in retail
energy prices throughout large portions of the world reduces
incentives for the efficient use of energy or the purchase of
energy efficient technologies in all sectors. With a few impor-
tant exceptions, countries have made little effort to revitalize
policies or programmes to increase energy efficiency or pro-
mote renewable energy technologies. Also since the early
1990s, there has been a reduction in both public and private
resources devoted to R&D (research and development) to
develop and implement new technologies that will reduce
GHG emissions.

In addition, and usually related to technological innovation
options, there are important possibilities in the area of social
innovation. In all regions, many options are available for
lifestyle choices that may improve quality of life, while at the
same time decreasing resource consumption and associated
GHG emissions. Such choices are very much dependent on
local and regional cultures and priorities. They are very close-
ly related to technological changes, some of which can be asso-
ciated with profound lifestyle changes, while others do not
require such changes. While these options were hardly noted in
the SAR, this report begins to address them.
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Figure TS.3: World primary energy use by region from 1971 to 1998.

Note: Primary energy calculated using the IEA’s physical energy content method based on the primary energy sources used to produce heat

and electricity.

3.2 Trends in Energy Use and Associated Greenhouse

Gas Emissions

Global consumption of energy and associated emission of CO,
continue an upward trend in the 1990s (Figures TS.3 and TS .4).
Fossil fuels remain the dominant form of energy utilized in the
world, and energy use accounts for more than two thirds of the
GHG emissions addressed by the Kyoto Protocol. In 1998, 143
exajoules (EJ) of oil, 82EJ of natural gas, and 100EJ of coal
were consumed by the world’s economies. Global primary
energy consumption grew an average of 1.3% annually
between 1990 and 1998. Average annual growth rates were
1.6% for developed countries and 2.3% to 5.5% for developing
countries between 1990 and 1998. Primary energy use for the
EITs declined at an annual rate of 4.7% between 1990 and
1998 owing to the loss of heavy industry, the decline in overall
economic activity, and restructuring of the manufacturing sec-
tor.

Average global carbon dioxide emissions grew — approximate-
ly at the same rate as primary energy — at a rate of 1.4% per
year between 1990 and 1998, which is much slower than the
2.1% per year growth seen in the 1970s and 1980s. This was in
large measure because of the reductions from the EITs and
structural changes in the industrial sector of the developed
countries. Over the longer term, global growth in CO, emis-
sions from energy use was 1.9% per year between 1971 and
1998. In 1998, developed countries were responsible for over
50% of energy-related CO, emissions, which grew at a rate of
1.6% annually from 1990. The EITs accounted for 13% of
1998 emissions, and their emissions have been declining at an

annual rate of 4.6% per year since 1990. Developing countries
in the Asia-Pacific region emitted 22% of the global total car-
bon dioxide, and have been the fastest growing with increases
of 4.9% per year since 1990. The rest of the developing coun-
tries accounted for slightly more than 10% of total emissions,
growing at an annual rate of 4.3% since 1990.

During the period of intense industrialization from 1860 to
1997, an estimated 13,000EJ of fossil fuel were burned, releas-
ing 290GtC into the atmosphere, which along with land-use
change has raised atmospheric concentrations of CO, by 30%.
By comparison, estimated natural gas resources® are compara-
ble to those for oil, being approximately 35,000EJ. The coal
resource base is approximately four times as large. Methane
clathrates (not counted in the resource base) are estimated to be
approximately 780,000EJ. Estimated fossil fuel reserves con-
tain 1,500GtC, being more than 5 times the carbon already
released, and if estimated resources are added, there is a total
of 5,000GtC remaining in the ground. The scenarios modelled

6 Reserves are those occurrences that are identified and measured as
economically and technically recoverable with current technologies
and prices. Resources are those occurrences with less certain geolog-
ical and/or economic characteristics, but which are considered poten-
tially recoverable with foreseeable technological and economic devel-
opments. The resource base includes both categories. On top of that
there are additional quantities with unknown certainty of occurrence
and/or with unknown or no economic significance in the foreseeable
future, referred to as “additional occurrences” (SAR). Examples of
unconventional fossil fuel resources are tar sands and shale oils, geo-
pressured gas, and gas in aquifers.
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by the SRES without any specific GHG emission policies fore-
see cumulative release ranging from approximately 1,000 GtC
to 2,100 GtC from fossil fuel consumption between 2,000 and
2,100. Cumulative carbon emissions for stabilization profiles
of 450 to 750 ppmv over that same period are between 630 and
1,300GtC (see Figure TS.5). Fossil-fuel scarcity, at least at the
global level, is therefore not a significant factor in considering
climate change mitigation. On the contrary, different from the
relatively large coal and unconventional oil and gas deposits,
the carbon in conventional oil and gas reserves or in conven-
tional oil resources is much less than the cumulative carbon
emissions associated with stabilisation at 450 ppmv or higher
(Figure TS.5). In addition, there is the potential to contribute
large quantities of other GHGs as well. At the same time it is
clear from Figure TS.5 that the conventional oil and gas
reserves are only a small fraction of the total fossil fuel
resource base. These resource data may imply a change in the
energy mix and the introduction of new sources of energy dur-
ing the 21% century. The choice of energy mix and associated
investment will determine whether, and if so at what level and
cost, greenhouse concentrations can be stabilized. Currently
most such investment is directed towards discovering and
developing more conventional and unconventional fossil
resources.

33 Sectoral Mitigation Technological Options’

The potential® for major GHG emission reductions is estimat-
ed for each sector for a range of costs (Table TS.1). In the
industrial sector, costs for carbon emission abatement are esti-
mated to range from negative (i.e., no regrets, where reductions
can be made at a profit), to around US$300/tC°. In the build-
ings sector, aggressive implementation of energy-efficient
technologies and measures can lead to a reduction in CO,
emissions from residential buildings in 2010 by 325MtC/yr in

developed and EIT countries at costs ranging from -US$250 to
—US$150/tC and by 125MtC in developing countries at costs
of —US$250 to US$50/tC. Similarly, CO, emissions from com-
mercial buildings in 2010 can be reduced by 185MtC in devel-
oped and EIT countries at costs ranging from —US$400 to
—US$250/tC avoided and by 80MtC in developing countries at
costs ranging from -US$400 to US$0/tC. In the transport sec-
tor costs range from —US$200/tC to US$300/tC, and in the
agricultural sector from —US$100/tC to US$300/tC. Materials
management, including recycling and landfill gas recovery, can
also produce savings at negative to modest costs under
US$100/tC. In the energy supply sector a number of fuel
switching and technological substitutions are possible at costs
from —US$100 to more than US$200/tC. The realization of this
potential will be determined by the market conditions as influ-
enced by human and societal preferences and government
interventions.

7 International Energy Statistics (IEA) report sectoral data for the
industrial and transport sectors, but not for buildings and agriculture,
which are reported as “other”. In this section, information on energy
use and CO, emissions for these sectors has been estimated using an
allocation scheme and based on a standard electricity conversion fac-
tor of 33%. In addition, values for the EIT countries are from a dif-
ferent source (British Petroleum statistics). Thus, the sectoral values
can differ from the aggregate values presented in section 3.2, although
general trends are the same. In general, there is uncertainty in the data
for the EITs and for the commercial and residential sub-categories of
the buildings sector in all regions.

8 The potential differs in different studies assessed but the aggregate
potential reported in Sections 3 and 4 refers to the socio-economic

potential as indicated in Figure TS.7.

9 All costs in US$.
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Figure TS.5: Carbon in oil, gas and coal reserves and resources compared with historic fossil fuel carbon emissions 1860-1998,
and with cumulative carbon emissions from a range of SRES scenarios and TAR stabilization scenarios up until 2100. Data for
reserves and resources are shown in the left hand columns. Unconventional oil and gas includes tar sands, shale oil, other heavy
oil, coal bed methane, deep geopressured gas, gas in acquifers, etc. Gas hydrates (clathrates) that amount to an estimated 12,000
GtC are not shown. The scenario columns show both SRES reference scenarios as well as scenarios which lead to stabilization
of CO, concentrations at a range of levels. Note that if by 2100 cumulative emissions associated with SRES scenarios are equal
to or smaller than those for stabilization scenarios, this does not imply that these scenarios equally lead to stabilization.

Table TS.2 provides an overview and links with barriers and
mitigation impacts. Sectoral mitigation options are discussed
in more detail below.

3.3.1  The Main Mitigation Options in the Buildings Sector
The buildings sector contributed 31% of global energy-related
CO, emissions in 1995, and these emissions have grown at an
annual rate of 1.8% since 1971. Building technology has con-
tinued on an evolutionary trajectory with incremental gains
during the past five years in the energy efficiency of windows,
lighting, appliances, insulation, space heating, refrigeration,
and air conditioning. There has also been continued develop-
ment of building controls, passive solar design, integrated
building design, and the application of photovoltaic systems in
buildings. Fluorocarbon emissions from refrigeration and air
conditioning applications have declined as chlorofluorocar-
bons (CFCs) have been phased out, primarily thanks to
improved containment and recovery of the fluorocarbon refrig-
erant and, to a lesser extent, owing to the use of hydrocarbons
and other non-fluorocarbon refrigerants. Fluorocarbon use and
emission from insulating foams have declined as CFCs have

been phased out, and are projected to decline further as HCFCs
are phased out. R&D effort has led to increased efficiency of
refrigerators and cooling and heating systems. In spite of the
continued improvement in technology and the adoption of
improved technology in many countries, energy use in build-
ings has grown more rapidly than total energy demand from
1971 through 1995, with commercial building energy register-
ing the greatest annual percentage growth (3.0% compared to
2.2% in residential buildings). This is largely a result of the
increased amenity that consumers demand — in terms of
increased use of appliances, larger dwellings, and the modern-
ization and expansion of the commercial sector — as economies
grow. There presently exist significant cost-effective techno-
logical opportunities to slow this trend. The overall technical
potential for reducing energy-related CO, emissions in the
buildings sector using existing technologies combined with
future technical advances is 715MtC/yr in 2010 for a base case
with carbon emissions of 2,600MtC/yr (27%), 950MtC/yr in
2020 for a base case with carbon emissions of 3,000MtC/yr
(31%), and 2,025MtC/yr in 2050 for a base case with carbon
emissions of 3,900MtC/yr (52%). Expanded R&D can assure
continued technology improvement in this sector.
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3.3.2  The Main Mitigation Options in the Transport Sector
In 1995, the transport sector contributed 22% of global energy-
related carbon dioxide emissions; globally, emissions from this
sector are growing at a rapid rate of approximately 2.5% annu-
ally. Since 1990, principal growth has been in the developing
countries (7.3% per year in the Asia—Pacific region) and is
actually declining at a rate of 5.0% per year for the EITs.
Hybrid gasoline-electric vehicles have been introduced on a
commercial basis with fuel economies 50%-100% better than
those of comparably sized four-passenger vehicles. Biofuels
produced from wood, energy crops, and waste may also play an
increasingly important role in the transportation sector as enzy-
matic hydrolysis of cellulosic material to ethanol becomes
more cost effective. Meanwhile, biodiesel, supported by tax
exemptions, is gaining market share in Europe. Incremental
improvements in engine design have, however, largely been
used to enhance performance rather than to improve fuel econ-
omy, which has not increased since the SAR. Fuel cell powered
vehicles are developing rapidly, and are scheduled to be intro-
duced to the market in 2003. Significant improvements in the
fuel economy of aircraft appear to be both technically and eco-
nomically possible for the next generation fleet. Nevertheless,
most evaluations of the technological efficiency improvements
(Table TS.3) show that because of growth in demand for trans-
portation, efficiency improvement alone is not enough to avoid
GHG emission growth. Also, there is evidence that, other
things being equal, efforts to improve fuel efficiency have only
partial effects in emission reduction because of resulting
increases in driving distances caused by lower specific opera-
tional costs.

3.3.3  The Main Mitigation Options in the Industry Sector
Industrial emissions account for 43% of carbon released in
1995. Industrial sector carbon emissions grew at a rate of 1.5%
per year between 1971 and 1995, slowing to 0.4% per year
since 1990. Industries continue to find more energy efficient
processes and reductions of process-related GHGs. This is the
only sector that has shown an annual decrease in carbon emis-
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sions in OECD economies (-0.8%/yr between 1990 and 1995).
The CO, from EITs declined most strongly (-6.4% per year
between 1990 and 1995 when total industrial production
dropped).

Differences in the energy efficiency of industrial processes
between different developed countries, and between developed
and developing countries remain large, which means that there
are substantial differences in relative emission reduction poten-
tials between countries.

Improvement of the energy efficiency of industrial processes is
the most significant option for lowering GHG emissions. This
potential is made up of hundreds of sector-specific technologies.
The worldwide potential for energy efficiency improvement —
compared to a baseline development — for the year 2010 is esti-
mated to be 300-500MtC and for the year 2020 700-900MtC. In
the latter case continued technological development is necessary
to realize the potential. The majority of energy efficiency
improvement options can be realized at net negative costs.

Another important option is material efficiency improvement
(including recycling, more efficient product design, and mate-
rial substitution); this may represent a potential of 600MtC in
the year 2020. Additional opportunities for CO, emissions
reduction exist through fuel switching, CO, removal and stor-
age, and the application of blended cements.

A number of specific processes not only emit CO,, but also
non-CO, GHGs. The adipic acid manufacturers have strongly
reduced their N,O emissions, and the aluminium industry has
made major gains in reducing the release of PFCs (CF,, C,F).
Further reduction of non-CO, GHGs from manufacturing
industry to low levels is often possible at relatively low costs
per tonne of C-equivalent (tC, q) mitigated.

Sufficient technological options are known today to reduce
GHG emissions from industry in absolute terms in most devel-
oped countries by 2010, and to limit growth of emissions in
this sector in developing countries significantly.

Table TS.3: Projected energy intensities for transportation from S-Laboratory Study in the USA®

Determinants 1997 2010
BAU Energy HE/LC

efficiency
New passenger car 1/100km 8.6 8.5 6.3 5.5
New light truck 1/100km 11.5 11.4 8.7 7.6
Light-duty fleet 1/100km® 12.0 12.1 10.9 10.1
Aircraft efficiency (seat-1/100km) 4.5 4.0 3.8 3.6
Freight truck fleet 1/100km 42.0 39.2 34.6 33.6
Rail efficiency (tonne-km/MJ) 4.2 4.6 5.5 6.2

2 BAU, Business as usual; HE/LC, high- energy/low-carbon.

b Includes existing passenger cars and light trucks.
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3.34 The Main Mitigation Options in the Agricultural

Sector

Agriculture contributes only about 4% of global carbon emis-
sions from energy use, but over 20% of anthropogenic GHG
emissions (in terms of MtC_ /yr) mainly from CH, and N,O as
well as carbon from land clearing. There have been modest
gains in energy efficiency for the agricultural sector since the
SAR, and biotechnology developments related to plant and
animal production could result in additional gains, provided
concerns about adverse environmental effects can be adequate-
ly addressed. A shift from meat towards plant production for
human food purposes, where feasible, could increase energy
efficiency and decrease GHG emissions (especially N,O and
CH, from the agricultural sector). Significant abatement of
GHG emissions can be achieved by 2010 through changes in
agricultural practices, such as:

e soil carbon uptake enhanced by conservation tillage
and reduction of land use intensity;

* CH, reduction by rice paddy irrigation management,
improved fertilizer use, and lower enteric CH, emis-
sions from ruminant animals;

* avoiding anthropogenic agricultural N,O emissions
(which for agriculture exceeds carbon emission from
fossil fuel use) through the use of slow release fertiliz-
ers, organic manure, nitrification inhibitors, and poten-
tially genetically-engineered leguminous plants. N,O
emissions are greatest in China and the USA, mainly
from fertilizer use on rice paddy soils and other agri-
cultural soils. More significant contributions can be
made by 2020 when more options to control N,O emis-
sions from fertilized soils are expected to become avail-
able.

Uncertainties on the intensity of use of these technologies by
farmers are high, since they may have additional costs involved
in their uptake. Economic and other barriers may have to be
removed through targetted policies.

3.3.5 The Main Mitigation Options in the Waste
Management Sector

There has been increased utilization of CH, from landfills and
from coal beds. The use of landfill gas for heat and electric
power is also growing because of policy mandates in countries
like Germany, Switzerland, the EU, and USA. Recovery costs
are negative for half of landfill CH,. Requiring product life
management in Germany has been extended from packaging to
vehicles and electronics goods. If everyone in the USA
increased per capita recycling rates from the national average
to the per capita recycling rate achieved in Seattle, Washington,
the result would be a reduction of 4% of total US GHG emis-
sions. Debate is taking place over whether the greater reduction
in lifecycle GHG emissions occurs through paper and fibre
recycling or by utilizing waste paper as a biofuel in waste-to-
energy facilities. Both options are better than landfilling in

39

terms of GHG emissions. In several developed countries, and
especially in Europe and Japan, waste-to-energy facilities have
become more efficient with lower air pollution emissions.
3.3.6 The Main Mitigation Options in the Energy Supply
Sector

Fossil fuels continue to dominate heat and electric power pro-
duction. Electricity generation accounts for 2,100MtC/yr or
37.5% of global carbon emissions!’. Baseline scenarios with-
out carbon emission policies anticipate emissions of 3,500 and
4,000MtC, q for 2010 and 2020, respectively. In the power sec-
tor, low-cost combined cycle gas turbines (CCGTs) with con-
version efficiencies approaching 60% for the latest model have
become the dominant option for new electric power plants
wherever adequate natural gas supply and infrastructure are
available. Advanced coal technologies based on integrated
gasification combined cycle or supercritical (IGCCS) designs
potentially have the capability of reducing emissions at modest
cost through higher efficiencies. Deregulation of the electric
power sector is currently a major driver of technological
choice. Utilization of distributed industrial and commercial
combined heat and power (CHP) systems to meet space heat-
ing and manufacturing needs could achieve substantial emis-
sion reductions. The further implications of the restructuring of
the electric utility industry in many developed and developing
countries for CO, emissions are uncertain at this time, although
there is a growing interest in distributed power supply systems
based on renewable energy sources and also using fuel cells,
micro-turbines and Stirling engines.

The nuclear power industry has managed to increase signifi-
cantly the capacity factor at existing facilities, which improved
their economics sufficiently that extension of facility life has
become cost effective. But other than in Asia, relatively few
new plants are being proposed or built. Efforts to develop
intrinsically safe and less expensive nuclear reactors are pro-
ceeding with the goal of lowering socio-economic barriers and
reducing public concern about safety, nuclear waste storage,
and proliferation. Except for a few large projects in India and
China, construction of new hydropower projects has also
slowed because of few available major sites, sometimes-high
costs, and local environmental and social concerns. Another
development is the rapid growth of wind turbines, whose annu-
al growth rate has exceeded 25% per year, and by 2000 exceed-
ed 13GW of installed capacity. Other renewables, including
solar and biomass, continue to grow as costs decline, but total
contributions from non-hydro renewable sources remain below
2% globally. Fuel cells have the potential to provide highly
efficient combined sources of electricity and heat as power
densities increase and costs continue to drop. By 2010, co-fir-
ing of coal with biomass, gasification of fuel wood, more effi-

10 Note that the section percentages do not add up to 100% as these
emissions have been allocated to the four sectors in the paragraphs
above.
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cient photovoltaics, off-shore wind farms, and ethanol-based
biofuels are some of the technologies that are capable of pene-
trating the market. Their market share is expected to increase
by 2020 as the learning curve reduces costs and capital stock
of existing generation plants is replaced.

Physical removal and storage of CO, is potentially a more
viable option than at the time of the SAR. The use of coal or
biomass as a source of hydrogen with storage of the waste CO,
represents a possible step to the hydrogen economy. CO, has
been stored in an aquifer, and the integrity of storage is being
monitored. However, long-term storage is still in the process of
being demonstrated for that particular reservoir. Research is
also needed to determine any adverse and/or beneficial envi-
ronmental impacts and public health risks of uncontrolled
release of the various storage options. Pilot CO, capture and
storage facilities are expected to be operational by 2010, and
may be capable of making major contributions to mitigation by
2020. Along with biological sequestration, physical removal
and storage might complement current efforts at improving
efficiency, fuel switching, and the development of renewables,
but must be able to compete economically with them.

The report considers the potential for mitigation technologies in
this sector to reduce CO, emissions to 2020 from new power
plants. CCGTs are expected to be the largest provider of new
capacity between now and 2020 worldwide, and will be a strong
competitor to displace new coal-fired power stations where addi-
tional gas supplies can be made available. Nuclear power has the
potential to reduce emissions if it becomes politically acceptable,
as it can replace both coal and gas for electricity production.
Biomass, based mainly on wastes and agricultural and forestry
by-products, and wind power are also potentially capable of
making major contributions by 2020. Hydropower is an estab-
lished technology and further opportunities exist beyond those
anticipated to contribute to reducing CO, equivalent emissions.
Finally, while costs of solar power are expected to decline sub-
stantially, it is likely to remain an expensive option by 2020 for
central power generation, but it is likely to make increased con-
tributions in niche markets and off-grid generation. The best mit-
igation option is likely to be dependent on local circumstances,
and a combination of these technologies has the potential to
reduce CO, emissions by 350-700MtC by 2020 compared to pro-
jected emissions of around 4,00MtC from this sector.

3.3.7 The Main Mitigation Options for Hydrofluoro-
carbons and Perfluorocarbons

HFC and, to a lesser extent, PFC use has grown as these chem-
icals replaced about 8% of the projected use of CFCs by weight
in 1997; in the developed countries the production of CFCs and
other ozone depleting substances (ODSs) was halted in 1996 to
comply with the Montreal Protocol to protect the stratospheric
ozone layer. HCFCs have replaced an additional 12% of CFCs.
The remaining 80% have been eliminated through controlling
emissions, specific use reductions, or alternative technologies
and fluids including ammonia, hydrocarbons, carbon dioxide
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and water, and not-in-kind technologies. The alternative cho-
sen to replace CFCs and other ODSs varies widely among the
applications, which include refrigeration, mobile and station-
ary air-conditioning, heat pumps, medical and other aerosol
delivery systems, fire suppression, and solvents.
Simultaneously considering energy efficiency with ozone layer
protection is important, especially in the context of developing
countries, where markets have just begun to develop and are
expected to grow at a fast rate.

Based on current trends and assuming no new uses outside the
ODS substitution area, HFC production is projected to be 370
kt or 170MtC_ q/yr by 2010, while PFC production is expected
to be less than 12MtC q/yr. For the year 2010, annual emissions
are more difficult to estimate. The largest emissions are likely
to be associated with mobile air conditioning followed by com-
mercial refrigeration and stationary air conditioning. HFC use
in foam blowing is currently low, but if HFCs replaces a sub-
stantial part of the HCFCs used here, their use is projected to
reach 30MtC, q/yr by 2010, with emissions in the order of 5-
10MtC, q/yr.

34 The Technological and Economic Potential of

Greenhouse Gas Mitigation: Synthesis

Global emissions of GHGs grew on average by 1.4% per year
during the period 1990 to 1998. In many areas, technical
progress relevant to GHG emission reduction since the SAR has
been significant and faster than anticipated. The total potential
for worldwide GHG emissions reductions resulting from tech-
nological developments and their adoption amount to 1,900 to
2,600MtC/yr by 2010, and 3,600 to 5,050MtC/yr by 2020. The
evidence on which this conclusion is based is extensive, but has
several limitations. No comprehensive worldwide study of
technological potential has yet been done, and the existing
regional and national studies generally have varying scopes and
make different assumptions about key parameters. Therefore,
the estimates as presented in Table TS.1 should be considered to
be indicative only. Nevertheless, the main conclusion in the
paragraph above can be drawn with high confidence.

Costs of options vary by technology and show regional differ-
ences. Half of the potential emissions reductions may be
achieved by 2020 with direct benefits (energy saved) exceeding
direct costs (net capital, operating, and maintenance costs), and
the other half at a net direct cost of up to US$100/tCeq (at 1998
prices). These cost estimates are derived using discount rates in
the range of 5% to 12%, consistent with public sector discount
rates. Private internal rates of return vary greatly, and are often
significantly higher, which affects the rate of adoption of these
technologies by private entities. Depending on the emissions
scenario this could allow global emissions to be reduced below
2000 levels in 2010-2020 at these net direct costs. Realizing
these reductions will involve additional implementation costs,
which in some cases may be substantial, and will possibly need
supporting policies (such as those described in Section 6),
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increased research and development, effective technology trans-
fer, and other barriers to be overcome (Section 5 for details).

Hundreds of technologies and practices exist to reduce GHG
emissions from the buildings, transport, and industry sectors.
These energy efficiency options are responsible for more than
half of the total emission reduction potential of these sectors.
Efficiency improvements in material use (including recycling)
will also become more important in the longer term. The ener-
gy supply and conversion sector will remain dominated by
cheap and abundant fossil fuels. However, there is significant
emission reduction potential thanks to a shift from coal to nat-
ural gas, conversion efficiency improvement of power plants,
the expansion of distributed co-generation plants in industry,
commercial buildings and institutions, and CO, recovery and
sequestration. The continued use of nuclear power plants
(including their lifetime extension), and the application of
renewable energy sources could avoid some additional emis-
sions from fossil fuel use. Biomass from by-products and
wastes such as landfill gas are potentially important energy
sources that can be supplemented by energy crop production
where suitable land and water are available. Wind energy and
hydropower will also contribute, more so than solar energy
because of its relatively high costs. N,O and fluorinated GHG
reductions have already been achieved through major techno-
logical advances. Process changes, improved containment and
recovery, and the use of alternative compounds and technolo-
gies have been implemented. Potential for future reductions
exists, including process-related emissions from insulated foam
and semiconductor production and by-product emissions from
aluminium and HCFC-22. The potential for energy efficiency
improvements connected to the use of fluorinated gases is of a
similar magnitude to reductions of direct emissions. Soil carbon
sequestration, enteric CH, control, and conservation tillage can
all contribute to mitigating GHG emissions from agriculture.

Appropriate policies are required to realize these potentials.
Furthermore, on-going research and development is expected
to significantly widen the portfolio of technologies that provide
emission reduction options. Maintaining these R&D activities
together with technology transfer actions will be necessary if
the longer term potential as outlined in Table TS.1 is to be real-
ized. Balancing mitigation activities in the various sectors with
other goals, such as those related to DES, is key to ensuring
they are effective.

4 Technological and Economic Potential of
Options to Enhance, Maintain and
Manage Biological Carbon Reservoirs
and Geo-engineering

4.1 Mitigation through Terrestrial Ecosystem and

Land Management

Forests, agricultural lands, and other terrestrial ecosystems
offer significant, if often temporary, mitigation potential.
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Conservation and sequestration allow time for other options to
be further developed and implemented. The IPCC SAR esti-
mated that about 60 to 87GtC could be conserved or
sequestered in forests by the year 2050 and another 23 to
44GtC could be sequestered in agricultural soils. The current
assessment of the potential of biological mitigation options is
in the order of 100GtC (cumulative) by 2050, equivalent to
about 10% to 20% of projected fossil fuel emissions during
that period. In this section, biological mitigation measures in
terrestrial ecosystems are assessed, focusing on the mitigation
potential, ecological and environmental constraints, econom-
ics, and social considerations. Also, briefly, the so-called geo-
engineering options are discussed.

Increased carbon pools through the management of terrestrial
ecosystems can only partially offset fossil fuel emissions.
Moreover, larger C stocks may pose a risk for higher CO,
emissions in the future, if the C-conserving practices are dis-
continued. For example, abandoning fire control in forests, or
reverting to intensive tillage in agriculture may result in a rapid
loss of at least part of the C accumulated during previous years.
However, using biomass as a fuel or wood to displace more
energy-intensive materials can provide permanent carbon mit-
igation benefits. It is useful to evaluate terrestrial sequestration
opportunities alongside emission reduction strategies, as both
approaches will likely be required to control atmospheric CO,
levels.

Carbon reservoirs in most ecosystems eventually approach
some maximum level. The total amount of carbon stored and/or
carbon emission avoided by a forest management project at any
given time is dependent on the specific management practices
(see Figure TS.6). Thus, an ecosystem depleted of carbon by
past events may have a high potential rate of carbon accumula-
tion, while one with a large carbon pool tends to have a low rate
of carbon sequestration. As ecosystems eventually approach
their maximum carbon pool, the sink (i.e., the rate of change of
the pool) will diminish. Although both the sequestration rate
and pool of carbon may be relatively high at some stages, they
cannot be maximized simultaneously. Thus, management
strategies for an ecosystem may depend on whether the goal is
to enhance short-term accumulation or to maintain the carbon
reservoirs through time. The ecologically achievable balance
between the two goals is constrained by disturbance history, site
productivity, and target time frame. For example, options to
maximize sequestration by 2010 may not maximize sequestra-
tion by 2020 or 2050; in some cases, maximizing sequestration
by 2010 may lead to lower carbon storage over time.

The effectiveness of C mitigation strategies, and the security of
expanded C pools, will be affected by future global changes,
but the impacts of these changes will vary by geographical
region, ecosystem type, and local abilities to adapt. For exam-
ple, increases in atmospheric CO,, changes in climate, modi-
fied nutrient cycles, and altered (either natural or human
induced disturbance) regimes can each have negative or posi-
tive effects on C pools in terrestrial ecosystems.
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Figure TS.6: Carbon balance from a hypothetical forest management project.

Note: The figure shows cumulative carbon-stock changes for a scenario involving afforestation and harvest for a mix of traditional forest products with some of
the harvest being used as a fuel. Values are illustrative of what might be observed in the southeastern USA or Central Europe. Regrowth restores carbon to the
forest and the (hypothetical) forest stand is harvested every 40 years, with some litter left on the ground to decay, and products accumulate or are disposed of in
landfills. These are net changes in that, for example, the diagram shows savings in fossil fuel emissions with respect to an alternative scenario that uses fossil
fuels and alternative, more energy-intensive products to provide the same services.

In the past, land management has often resulted in reduced C
pools, but in many regions like Western Europe, C pools have
now stabilized and are recovering. In most countries in tem-
perate and boreal regions forests are expanding, although cur-
rent C pools are still smaller than those in pre-industrial or pre-
historic times. While complete recovery of pre-historic C pools
is unlikely, there is potential for substantial increases in carbon
stocks. The Food and Agriculture Organization (FAO) and the
UN Economic Commission for Europe (ECE)’s statistics sug-
gest that the average net annual increment exceeded timber
fellings in managed boreal and temperate forests in the early
1990s. For example, C stocks in live tree biomass have
increased by 0.17GtC/yr in the USA and 0.11GtC/yr in
Western Europe, absorbing about 10% of global fossil CO,
emissions for that time period. Though these estimates do not
include changes in litter and soils, they illustrate that land sur-
faces play a significant and changing role in the atmospheric
carbon budget. Enhancing these carbon pools provides poten-
tially powerful opportunities for climate mitigation.

In some tropical countries, however, the average net loss of
forest carbon stocks continues, though rates of deforestation
may have declined slightly in the past decade. In agricultural
lands, options are now available to recover partially the C lost
during the conversion from forest or grasslands.

4.2 Social and Economic Considerations

Land is a precious and limited resource used for many purpos-
es in every country. The relationship of climate mitigation
strategies with other land uses may be competitive, neutral, or
symbiotic. An analysis of the literature suggests that C mitiga-

tion strategies can be pursued as one element of more compre-
hensive strategies aimed at sustainable development, where
increasing C stocks is but one of many objectives. Often, mea-
sures can be adopted within forestry, agriculture, and other
land uses to provide C mitigation and, at the same time, also
advance other social, economic, and environmental goals.
Carbon mitigation can provide additional value and income to
land management and rural development. Local solutions and
targets can be adapted to priorities of sustainable development
at national, regional, and global levels.

A key to making C mitigation activities effective and sustainable
is to balance it with other ecological and/or environmental, eco-
nomic, and social goals of land use. Many biological mitigation
strategies may be neutral or favourable for all three goals and
become accepted as “no regrets” or “win-win” solutions. In other
cases, compromises may be needed. Important potential environ-
mental impacts include effects on biodiversity, effects on amount
and quality of water resources (particularly where they are
already scarce), and long-term impacts on ecosystem productiv-
ity. Cumulative environmental, economic, and social impacts
could be assessed in individual projects and also from broader,
national and international perspectives. An important issue is
“leakage” — an expanded or conserved C pool in one area lead-
ing to increased emissions elsewhere. Social acceptance at the
local, national, and global levels may also influence how effec-
tively mitigation policies are implemented.

4.3 Mitigation Options

In tropical regions there are large opportunities for C mitiga-
tion, though they cannot be considered in isolation of broader
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policies in forestry, agriculture, and other sectors. Additionally,
options vary by social and economic conditions: in some
regions slowing or halting deforestation is the major mitigation
opportunity; in other regions, where deforestation rates have
declined to marginal levels, improved natural forest manage-
ment practices, afforestation, and reforestation of degraded
forests and wastelands are the most attractive opportunities.
However, the current mitigative capacity!! is often weak and
sufficient land and water is not always available.

Non-tropical countries also have opportunities to preserve
existing C pools, enhance C pools, or use biomass to offset fos-
sil fuel use. Examples of strategies include fire or insect control,
forest conservation, establishing fast-growing stands, changing
silvicultural practices, planting trees in urban areas, ameliorat-
ing waste management practices, managing agricultural lands
to store more C in soils, improving management of grazing
lands, and re-planting grasses or trees on cultivated lands.

Wood and other biological products play several important
roles in carbon mitigation: they act as a carbon reservoir; they
can replace construction materials that require more fossil fuel
input; and they can be burned in place of fossil fuels for renew-
able energy. Wood products already contribute somewhat to
climate mitigation, but if infrastructures and incentives can be
developed, wood and agricultural products may become a vital
element of a sustainable economy: they are among the few
renewable resources available on a large scale.

44 Criteria for Biological Carbon Mitigation Options
To develop strategies that mitigate atmospheric CO, and
advance other, equally important objectives, the following cri-
teria merit consideration:
* potential contributions to C pools over time;
* sustainability, security, resilience, permanence, and
robustness of the C pool maintained or created,;
e compatibility with other land-use objectives;
* leakage and additionality issues;
®* economic costs;
* environmental impacts other than climate mitigation;
e social, cultural, and cross-cutting issues, as well as
issues of equity; and
e the system-wide effects on C flows in the energy and
materials sector.

Activities undertaken for other reasons may enhance mitiga-
tion. An obvious example is reduced rates of tropical defor-
estation. Furthermore, because wealthy countries generally
have a stable forest estate, it could be argued that economic
development is associated with activities that build up forest
carbon reservoirs.

I Mitigative capacity: the social, political, and economic structures
and conditions that are required for effective mitigation.
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4.5 Economic Costs

Most studies suggest that the economic costs of some biologi-
cal carbon mitigation options, particularly forestry options, are
quite modest through a range. Cost estimates of biological mit-
igation reported to date vary significantly from US$0.1/tC to
about US$20/tC in several tropical countries and from US$20
to US$100/tC in non-tropical countries. Moreover the cost cal-
culations do not cover, in many instances, inter alia, costs for
infrastructure, appropriate discounting, monitoring, data col-
lection and interpretation, and opportunity costs of land and
maintenance, or other recurring costs, which are often exclud-
ed or overlooked. The lower end of the ranges are biased
downwards, but understanding and treatment of costs is
improving over time. Furthermore, in many cases biological
mitigation activities may have other positive impacts, such as
protecting tropical forests or creating new forests with positive
external environmental effects. However, costs rise as more
biological mitigation options are exercised and as the opportu-
nity costs of the land increases. Biological mitigation costs
appear to be lowest in developing countries and higher in
developed countries.  If biological mitigation activities are
modest, leakage is likely to be small. However, the amount of
leakage could rise if biological mitigation activities became
large and widespread.

4.6 Marine Ecosystem and Geo-engineering

Marine ecosystems may also offer possibilities for removing
CO, from the atmosphere. The standing stock of C in the
marine biosphere is very small, however, and efforts could
focus, not on increasing biological C stocks, but on using bios-
pheric processes to remove C from the atmosphere and trans-
port it to the deep ocean. Some initial experiments have been
performed, but fundamental questions remain about the per-
manence and stability of C removals, and about unintended
consequences of the large-scale manipulations required to have
a significant impact on the atmosphere. In addition, the eco-
nomics of such approaches have not yet been determined.

Geo-engineering involves efforts to stabilize the climate sys-
tem by directly managing the energy balance of the earth,
thereby overcoming the enhanced greenhouse effect. Although
there appear to be possibilities for engineering the terrestrial
energy balance, human understanding of the system is still
rudimentary. The prospects of unanticipated consequences are
large, and it may not even be possible to engineer the regional
distribution of temperature, precipitation, etc. Geo-engineering
raises scientific and technical questions as well as many ethi-
cal, legal, and equity issues. And yet, some basic inquiry does
seem appropriate.

In practice, by the year 2010 mitigation in land use, land-use
change, and forestry activities can lead to significant mitiga-
tion of CO, emissions. Many of these activities are compatible
with, or complement, other objectives in managing land. The
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overall effects of altering marine ecosystems to act as carbon
sinks or of applying geo-engineering technology in climate
change mitigation remain unresolved and are not, therefore,
ready for near-term application.

5 Barriers, Opportunities, and Market
Potential of Technologies and Practices

5.1 Introduction

The transfer of technologies and practices that have the poten-
tial to reduce GHG emissions is often hampered by barriers'?
that slow their penetration. The opportunity'? to mitigate GHG
concentrations by removing or modifying barriers to or other-
wise accelerating the spread of technology may be viewed
within a framework of different potentials for GHG mitigation
(Figure TS.7). Starting at the bottom, one can imagine address-
ing barriers (often referred to as market failures) that relate to
markets, public policies, and other institutions that inhibit the
diffusion of technologies that are (or are projected to be) cost-
effective for users without reference to any GHG benefits they
may generate. Amelioration of this class of “market and insti-
tutional imperfections” would increase GHG mitigation
towards the level that is labelled as the “economic potential”.
The economic potential represents the level of GHG mitigation
that could be achieved if all technologies that are cost-effective
from the consumers’ point of view were implemented. Because
economic potential is evaluated from the consumer’s point of
view, we would evaluate cost-effectiveness using market prices
and the private rate of time discounting, and also take into
account consumers’ preferences regarding the acceptability of
the technologies’ performance characteristics.

Of course, elimination of all these market and institutional
barriers would not produce technology diffusion at the level of
the “technical potential”. The remaining barriers, which define
the gap between economic potential and technical potential,
are usefully placed in two groups separated by a socio-eco-
nomic potential. The first group consists of barriers derived
from people’s preferences and other social and cultural barri-
ers to the diffusion of new technology. That is, even if market
and institutional barriers are removed, some GHG-mitigating
technologies may not be widely used simply because people
do not like them, are too poor to afford them, or because exist-
ing social and cultural forces operate against their acceptance.
If, in addition to overcoming market and institutional barriers,
this second group of barriers could be overcome, what is
labelled as the “socio-economic potential” would be achieved.

12 A barrier is any obstacle to reaching a potential that can be over-
come by a policy, programme, or measure.

13 An opportunity is a situation or circumstance to decrease the gap
between the market potential of a technology or practice and the eco-
nomic, socio-economic, or technological potential.
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Thus, the socio-economic potential represents the level of
GHG mitigation that would be approached by overcoming
social and cultural obstacles to the use of technologies that are
cost-effective.

Finally, even if all market, institutional, social, and cultural
barriers were removed, some technologies might not be wide-
ly used simply because they are too expensive. Elimination of
this requirement would therefore take us up to the level of
“technological potential”, the maximum technologically feasi-
ble extent of GHG mitigation through technology diffusion.

An issue arises as to how to treat the relative environmental
costs of different technologies within this framework. Because
the purpose of the exercise is ultimately to identify opportuni-
ties for global climate change policies, the technology poten-
tials are defined without regard to GHG impacts. Costs and
benefits associated with other environmental impacts would be
part of the cost-effectiveness calculation underlying economic
potential only insofar as existing environmental regulations or
policies internalize these effects and thereby impose them on
consumers. Broader impacts might be ignored by consumers,
and hence not enter into the determination of economic poten-
tial, but they would be incorporated into a social cost-effec-
tiveness calculation. Thus, to the extent that other environmen-
tal benefits make certain technologies socially cost-effective,
even if they are not cost-effective from a consumer’s point of
view, the GHG benefits of diffusion of such technologies
would be incorporated in the socio-economic potential.

5.2 Sources of Barriers and Opportunities
Technological and social innovation is a complex process of
research, experimentation, learning, and development that can
contribute to GHG mitigation. Several theories and models
have been developed to understand its features, drivers, and
implications. New knowledge and human capital may result
from R&D spending, through learning by doing, and/or in an
evolutionary process. Most innovations require some social or
behavioural change on the part of users. Rapidly changing
economies, as well as social and institutional structures offer
opportunities for locking in to GHG-mitigative technologies
that may lead countries on to sustainable development path-
ways. The pathways will be influenced by the particular socio-
economic context that reflects prices, financing, international
trade, market structure, institutions, the provision of informa-
tion, and social, cultural, and behavioural factors; key elements
of these are described below.

Unstable macroeconomic conditions increase risk to private
investment and finance. Unsound government borrowing and
fiscal policy lead to chronic public deficits and low liquidity in
the private sector. Governments may also create perverse
microeconomic incentives that the encourage rent-seeking and
corruption, rather than the efficient use of resources. Trade bar-
riers that favour inefficient technologies, or prevent access to
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foreign technology, slow technology diffusion. Tied aid still
dominates in official development assistance. It distorts the
efficiency of technology choice, and may crowd-out viable
business models.

Commercial financing institutions face high risks with devel-
oping “green” financial products. Environmentally sound tech-
nologies with relatively small project sizes and long repayment
periods deter banks with their high transaction costs. Small col-
lateral value makes it difficult to use financing instruments,
such as project finance. Innovative approaches in the private
sector to address these issues include leasing, environmental
and ethical banks, micro-credits or small grants facilities tar-
getted at low income households, environmental funds, energy
service companies (ESCOs), and green venture capital. The
insurance industry has already begun to react to risks of cli-
mate change. New green financial institutions, such as forestry
investment funds, have tapped market opportunities by work-
ing towards capturing values of standing forests.

Distorted or incomplete prices are also important barriers. The
absence of a market price for certain impacts(externalities),
such as environmental harm, constitutes a barrier to the diffu-
sion of environmentally beneficial technologies. Distortion of
prices because of taxes, subsidies, or other policy interventions
that make resource consumption more or less expensive to
consumers also impedes the diffusion of resource-conserving
technologies.

Network externalities can generate barriers. Some technologies
operate in such a way that a given user’s equipment interacts
with the equipment of other users so as to create “network
externalities”. For example, the attractiveness of vehicles using
alternative fuels depends on the availability of convenient refu-
elling sites. On the other hand, the development of a fuel dis-
tribution infrastructure depends on there being a demand for
alternative fuel vehicles.

Misplaced incentives result between landlords and tenants
when the tenant is responsible for the monthly cost of fuel
and/or electricity, and the landlord is prone to provide the
cheapest-first-cost equipment without regard to its monthly
energy use. Similar problems are encountered when vehicles
are purchased by companies for the use of their employees.

Vested interests: A major barrier to the diffusion of technical
progress lies in the vested interests who specialize in conven-
tional technologies and who may, therefore, be tempted to col-
lude and exert political pressure on governments to impose
administrative procedures, taxes, trade barriers, and regula-
tions in order to delay or even prevent the arrival of new inno-
vations that might destroy their rents.

Lack of effective regulatory agencies impedes the introduction
of environmentally sound technologies. Many countries have
excellent constitutional and legal provisions for environmental
protection but the latter are not enforced. However, “informal
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regulation” under community pressure from, for example, non-
governmental organizations (NGOs), trade unions, neighbour-
hood organizations, etc. may substitute for formal regulatory
pressure.

Information is often considered as a public good. Generic
information regarding the availability of different kinds of
technologies and their performance characteristics may have
the attributes of a “public good” and hence may be underpro-
vided by the private market. This problem is exacerbated by
the fact that even after a technology is in place and being used,
it is often difficult to quantify the energy savings that resulted
from its installation owing to measurement errors and the dif-
ficulty with baseline problems. Knowing that this uncertainty
will prevail can itself inhibit technology diffusion.

Current lifestyles, behaviours, and consumption patterns have
developed within current and historical socio-cultural contexts.
Changes in behaviour and lifestyles may result from a number
of intertwined processes, such as:

e scientific, technological, and economic developments;

* developments in dominant world views and public dis-
course;

* changes in the relationships among institutions, politi-
cal alliances, or actor networks;

* changes in social structures or relationships within
firms and households; and

* changes in psychological motivation (e.g., conve-
nience, social prestige, career, etc.).

Barriers take various forms in association with each of the
above processes.

In some situations policy development is based on a model of
human psychology that has been widely criticized. People are
assumed to be rational welfare-maximizers and to have a fixed
set of values. Such a model does not explain processes, such as
learning, habituation, value formation, or the bounded ratio-
nality, observed in human choice. Social structures can affect
consumption, for example, through the association of objects
with status and class. Individuals’ adoption of more sustainable
consumption patterns depends not only on the match between
those patterns and their perceived needs, but also on the extent
to which they understand their consumption options, and are
able to make choices.

Uncertainty

Another important barrier is uncertainty. A consumer may be
uncertain about future energy prices and, therefore, future
energy savings. Also, there may be uncertainty about the next
generation of equipment — will next year bring a cheaper or
better model? In practical decision making, a barrier is often
associated with the issue of sunk cost and long lifetimes of
infrastructure, and the associated irreversibilities of invest-
ments of the non-fungible infrastructure capita.
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53 Sector- and Technology-specific Barriers and

Opportunities

The following sections describe barriers and opportunities par-
ticular to each mitigation sector (see also Table TS.2).

Buildings: The poor in every country are affected far more by
barriers in this sector than the rich, because of inadequate
access to financing, low literacy rates, adherence to traditional
customs, and the need to devote a higher fraction of their
income to satisfy basic needs, including fuel purchases. Other
barriers in this sector are lack of skills and social barriers, mis-
placed incentives, market structure, slow stock turnover,
administratively set prices, and imperfect information.
Integrated building design for residential construction could
lead to energy saving by 40%-60%, which in turn could reduce
the cost of living (Section 3.3.4).

Policies, programmes, and measures to remove barriers and
reduce energy costs, energy use, and carbon emissions in resi-
dential and commercial buildings fall into ten general cate-
gories: voluntary programmes, building efficiency standards,
equipment efficiency standards, state market transformation
programmes, financing, government procurement, tax credits,
energy planning (production, distribution, and end-use), and
accelerated R&D. Affordable credit financing is widely recog-
nized in Africa as one of the critical measures to remove the
high first-cost barrier. Poor macroeconomic management cap-
tured by unstable economic conditions often leads to financial
repression and higher barriers. As many of several obstacles
can be observed simultaneously in the innovation chain of an
energy-efficient investment or organizational measure, policy
measures usually have to be applied as a bundle to realize the
economic potential of a particular technology.

Transport: The car has come to be widely perceived in modern
societies as a means of freedom, mobility and safety, a symbol
of personal status and identity, and as one of the most impor-
tant products in the industrial economy. Several studies have
found that people living in denser and more compact cities rely
less on cars, but it is not easy, even taking congestion problems
into account, to motivate the shift away from suburban sprawl
to compact cities as advocated in some literature. An integrat-
ed approach to town and transport planning and the use of
incentives are key to energy efficiency and saving in the trans-
port sector. This is an area, where lock-in effects are very
important: when land-use patterns have been chosen there is
hardly a way back. This represents an opportunity in particular
for the developing world.

Transport fuel taxes are commonly used, but have proved very
unpopular in some countries, especially where they are seen as
revenue-raising measures. Charges on road users have been
accepted where they are earmarked to cover the costs of trans-
port provision. Although trucks and cars may be subject to dif-
ferent barriers and opportunities because of differences in their
purpose of use and travel distance, a tax policy that assesses the
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full cost of GHG emissions would result in a similar impact on
CO, reductions in road transport. Several studies have
explored the potential for adjusting the way existing road taxes,
licence fees, and insurance premiums are levied and have
found potential emissions reductions of around 10% in OECD
countries. Inadequate development and provision of conve-
nient and efficient mass transport systems encourage the use of
more energy consuming private vehicles. It is the combination
of policies protecting road transport interest, however, that
poses the greatest barrier to change, rather than any single type
of instrument.

New and used vehicles and/or their technologies mostly flow
from the developed to developing countries. Hence, a global
approach to reducing emissions that targets technology in
developed countries would have a significant impact on future
emissions from developing countries.

Industry: In industry, barriers may take many forms, and are
determined by the characteristics of the firm (size and struc-
ture) and the business environment. Cost-effective energy effi-
ciency measures are often not undertaken as a result of lack of
information and high transaction costs for obtaining reliable
information. Capital is used for competing investment priori-
ties, and is subject to high hurdle rates for energy efficiency
investments. Lack of skilled personnel, especially for small
and medium-sized enterprises (SMEs), leads to difficulties
installing new energy-efficient equipment compared to the
simplicity of buying energy. Other barriers are the difficulty of
quantifying energy savings and slow diffusion of innovative
technology into markets, while at the same time firms typical-
ly underinvest in R&D, despite the high rates of return on
investment.

A wide array of policies to reduce barriers, or the perception of
barriers, has been used and tested in the industrial sector in
developed countries, with varying success rates. Information
programmes are designed to assist energy consumers in under-
standing and employing technologies and practices to use ener-
gy more efficiently. Forms of environmental legislation have
been a driving force in the adoption of new technologies. New
approaches to industrial energy efficiency improvement in
developed countries include voluntary agreements (VAs).

In the energy supply sector virtually all the generic barriers
cited in Section 5.2 restrict the introduction of environmental-
ly sound technologies and practices. The increasing deregula-
tion of energy supply, while making it more efficient, has
raised particular concerns. Volatile spot and contract prices,
short-term outlook of private investors, and the perceived risks
of nuclear and hydropower plants have shifted fuel and tech-
nology choice towards natural gas and oil plants, and away
from renewable energy, including — to a lesser extent —
hydropower, in many countries.

Co-generation or combined production of power and heat
(CHP) is much more efficient than the production of energy



48

for each of these uses alone. The implementation of CHP is
closely linked to the availability and density of industrial heat
loads, district heating, and cooling networks. Yet, its imple-
mentation is hampered by lack of information, the decentral-
ized character of the technology, the attitude of grid operators,
the terms of grid connection, and a lack of policies that foster
long-term planning. Firm public policy and regulatory author-
ity is necessary to install and safeguard harmonized condi-
tions, transparency, and unbundling of the main power supply
functions.

Agriculture and Forestry: Lack of adequate capacity for
research and provision of extension services will hamper the
spread of technologies that suit local conditions, and the
declining Consultative Group on International Agricultural
Research (CGIAR) system has exacerbated this problem in the
developing world. Adoption of new technology is also limited
by small farm size, credit constraints, risk aversion, lack of
access to information and human capital, inadequate rural
infrastructure and tenurial arrangements, and unreliable supply
of complementary inputs. Subsidies for critical inputs to agri-
culture, such as fertilizers, water supply, and electricity and
fuels, and to outputs in order to maintain stable agricultural
systems and an equitable distribution of wealth distort markets
for these products.

Measures to address the above barriers include:

e The expansion of credit and savings schemes;

e Shifts in international research funding towards water-
use efficiency, irrigation design, irrigation manage-
ment, adaptation to salinity, and the effect of increased
CO, levels on tropical crops;

e The improvement of food security and disaster early
warning systems;

* The development of institutional linkages between
countries; and

*  The rationalization of input and output prices of agri-
cultural commodities, taking DES issues into consider-
ation.

The forestry sector faces land-use regulation and other macro-
economic policies that usually favour conversion to other land
uses such as agriculture, cattle ranching, and urban industry.
Insecure land tenure regimes and tenure rights and subsidies
favouring agriculture or livestock are among the most impor-
tant barriers for ensuring sustainable management of forests as
well as sustainability of carbon abatement. In relation to cli-
mate change mitigation, other issues, such as lack of technical
capability, lack of credibility about the setting of project base-
lines, and monitoring of carbon stocks, poses difficult chal-
lenges.

Waste Management: Solid waste and wastewater disposal and
treatment represent about 20% of human-induced methane
emissions. The principal barriers to technology transfer in this
sector include limited financing and institutional capability,
jurisdictional complexity, and the need for community involve-
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ment. Climate change mitigation projects face further barriers
resulting from unfamiliarity with CH, capture and potential
electricity generation, unwillingness to commit additional
human capacity for climate mitigation, and the additional insti-
tutional complexity required not only by waste treatment but
also byenergy generation and supply. The lack of clear regula-
tory and investment frameworks can pose significant chal-
lenges for project development.

To overcome the barriers and to avail the opportunities in
waste management, it iS necessary to have a multi-project
approach, the components of which include the following :

*  Building databases on availability of wastes, their char-
acteristics, distribution, accessibility, current practices
of utilization and/or disposal technologies, and eco-
nomic viability;

* Institutional mechanism for technology transfer though
a co-ordinated programme involving the R&D institu-
tions, financing agencies, and industry; and

* Defining the role of stakeholders including local
authorities, individual householders, industries, R&D
institutions, and the government.

Regional Considerations: Changing global patterns provide an
opportunity for introducing GHG mitigation technologies and
practices that are consistent with DES goals. A culture of ener-
gy subsidies, institutional inertia, fragmented capital markets,
vested interests, etc., however, presents major barriers to their
implementation, and may be particular issues in developing
and EIT countries. Situations in these two groups of countries
call for a more careful analysis of trade, institutional, financial,
and income barriers and opportunities, distorted prices, and
information gaps. In the developed countries, other barriers
such as the current carbon-intensive lifestyle and consumption
patterns, social structures, network externalities, and misplaced
incentives offer opportunities for intervention to control the
growth of GHG emissions. Lastly, new and used technologies
mostly flow from the developed to developing and transition-
ing countries. A global approach to reducing emissions that tar-
gets technology that is transferred from developed to develop-
ing countries could have a significant impact on future emis-
sions.

6 Policies, Measures, and Instruments
6.1 Policy Instruments and Possible Criteria for their
Assessment

The purpose of this section is to examine the major types of
policies and measures that can be used to implement options to
mitigate net concentrations of GHGs in the atmosphere. In
keeping within the defined scope of this Report, policies and
measures that can be used to implement or reduce the costs of
adaptation to climate change are not examined. Alternative
policy instruments are discussed and assessed in terms of spe-
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cific criteria, all on the basis of the most recent literature. There
is naturally some emphasis on the instruments mentioned in the
Kyoto Protocol (the Kyoto mechanisms), because they are new
and focus on achieving GHG emissions limits, and the extent
of their envisaged international application is unprecedented.
In addition to economic dimensions, political economy, legal,
and institutional elements are discussed insofar as they are rel-
evant to these policies and measures.

Any individual country can choose from a large set of possible
policies, measures, and instruments, including (in arbitrary
order): emissions, carbon, or energy taxes, tradable permits,
subsidies, deposit-refund systems, voluntary agreements, non-
tradable permits, technology and performance standards, prod-
uct bans, and direct government spending, including R&D
investment. Likewise, a group of countries that wants to limit
its collective GHG emissions could agree to implement one, or
a mix, of the following instruments (in arbitrary order): trad-
able quotas, joint implementation, clean development mecha-
nism, harmonized emissions or carbon or energy taxes, an
international emissions, carbon, or energy tax, non-tradable
quotas, international technology and product standards, volun-
tary agreements, and direct international transfers of financial
resources and technology.

Possible criteria for the assessment of policy instruments
include: environmental effectiveness; cost effectiveness; distri-
butional considerations including competitiveness concerns;
administrative and political feasibility; government revenues;
wider economic effects including implications for internation-
al trade rules; wider environmental effects including carbon
leakage; and effects on changes in attitudes, awareness, learn-
ing, innovation, technical progress, and dissemination of tech-
nology. Each government may apply different weights to vari-
ous criteria when evaluating GHG mitigation policy options
depending on national and sector level circumstances.
Moreover, a government may apply different sets of weights to
the criteria when evaluating national (domestic) versus inter-
national policy instruments. Co-ordinated actions could help
address competitiveness concerns, potential conflicts with
international trade rules, and carbon leakage.

The economics literature on the choice of policies adopted has
emphasized the importance of interest group pressures, focus-
ing on the demand for regulation. But it has tended to neglect
the “supply side” of the political equation, emphasized in the
political science literature: the legislators and government and
party officials who design and implement regulatory policy,
and who ultimately decide which instruments or mix of instru-
ments will be used. However, the point of compliance of alter-
native policy instruments, whether they are applied to fossil
fuel users or manufacturers, for example, is likely to be politi-
cally crucial to the choice of policy instrument. And a key
insight is that some forms of regulation actually can benefit the
regulated industry, for example, by limiting entry into the
industry or imposing higher costs on new entrants. A policy
that imposes costs on industry as a whole might still be sup-
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ported by firms who would fare better than their competitors.
Regulated firms, of course, are not the only group with a stake
in regulation: opposing interest groups will fight for their own
interests.

6.2 National Policies, Measures, and Instruments

In the case of countries in the process of structural reform, it is
important to understand the new policy context to develop rea-
sonable assessments of the feasibility of implementing GHG
mitigation policies. Recent measures taken to liberalize energy
markets have been inspired for the most part by desires to
increase competition in energy and power markets, but they
also can have significant emission implications, through their
impact on the production and technology pattern of energy or
power supply. In the long run, the consumption pattern change
might be more important than the sole implementation of cli-
mate change mitigation measures.

Market-based instruments — principally domestic taxes and
domestic tradable permit systems — will be attractive to gov-
ernments in many cases because they are efficient. They will
frequently be introduced in concert with conventional regula-
tory measures. When implementing a domestic emissions tax,
policymakers must consider the collection point, the tax base,
the variation among sectors, the association with trade,
employment, revenue, and the exact form of the mechanism.
Each of these can influence the appropriate design of a domes-
tic emissions tax, and political or other concerns are likely to
play a role as well. For example, a tax levied on the energy
content of fuels could be much more costly than a carbon tax
for equivalent emissions reduction, because an energy tax rais-
es the price of all forms of energy, regardless of their contribu-
tion to CO, emissions. Yet, many nations may choose to use
energy taxes for reasons other than cost effectiveness, and
much of the analysis in this section applies to energy taxes, as
well as carbon taxes.

A country committed to a limit on its GHG emissions also can
meet this limit by implementing a tradable permit system that
directly or indirectly limits emissions of domestic sources.
Like a tax, a tradable permit system poses a number of design
issues, including type of permit, ways to allocate permits,
sources included, point of compliance, and use of banking. To
be able to cover all sources with a single domestic permit
regime is unlikely. The certainty provided by a tradable permit
system of achieving a given emissions level for participating
sources comes at the cost of the uncertainty of permit prices
(and hence compliance costs). To address this concern, a
hybrid policy that caps compliance costs could be adopted, but
the level of emissions would no longer be guaranteed.

For a variety of reasons, in most countries the management of
GHG emissions will not be addressed with a single policy
instrument, but with a portfolio of instruments. In addition to
one or more market-based policies, a portfolio might include



50

standards and other regulations, voluntary agreements, and
information programmes:

* Energy efficiency standards have been effective in
reducing energy use in a growing number of countries.
They may be especially effective in many countries
where the capacity to administer market instruments is
relatively limited, thereby helping to develop this
administrative infrastructure. They need updating to
remain effective. The main disadvantage of standards is
that they can be inefficient, but efficiency can be
improved if the standard focuses on the desired results
and leaves as much flexibility as possible in the choice
of how to achieve the results.

*  Voluntary agreements (VAs) may take a variety of
forms. Proponents of VAs point to low transaction costs
and consensus elements, while sceptics emphasize the
risk of “free riding”, and the risk that the private sector
will not pursue real emissions reduction in the absence
of monitoring and enforcement. Voluntary agreements
sometimes precede the introduction of more stringent
measures.

e Imperfect information is widely recognized as a key
market failure that can have significant effects on
improved energy efficiency, and hence emissions.
Information instruments include environmental
labelling, energy audits, and industrial reporting
requirements, and information campaigns are market-
ing elements in many energy-efficiency programmes.

A growing literature has demonstrated theoretically, and with
numerical simulation models, that the economics of addressing
GHG reduction targets with domestic policy instruments
depend strongly on the choice of those instruments. Price-
based policies tend to lead to positive marginal and positive
total mitigation costs. In each case, the interaction of these
abatement costs with the existing tax structure and, more gen-
erally, with existing factor prices is important. Price-based
policies that generate revenues can be coupled with measures
to improve market efficiency. However, the role of non-price
policies, which affect the sign of the change in the unit price of
energy services, often remains decisive.

6.3 International Policies and Measures

Turning to international policies and measures, the Kyoto
Protocol defines three international policy instruments, the so-
called Kyoto mechanisms: international emissions trading
(IET), joint implementation (JI), and the Clean Development
Mechanism (CDM). Each of these international policy instru-
ments provides opportunities for Annex I Parties to fulfil their
commitments cost-effectively. IET essentially would allow
Annex I Parties to exchange part of their assigned national emis-
sion allowances (targets). IET implies that countries with high
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marginal abatement costs (MACs) may acquire emission reduc-
tions from countries with low MACs. Similarly, JT would allow
Annex I Parties to exchange emission reduction units among
themselves on a project-by-project basis. Under the CDM,
Annex I Parties would receive credit — on a project-by-project
basis — for reductions accomplished in non-Annex I countries.

Economic analyses indicate that the Kyoto mechanisms could
reduce significantly the overall cost of meeting the Kyoto
emissions limitation commitments. However, achievement of
the potential cost savings requires the adoption of domestic
policies that allow individual entities to use the mechanisms to
meet their national emissions limitation obligations. If domes-
tic policies limit the use of the Kyoto mechanisms, or interna-
tional rules governing the mechanisms limit their use, the cost
savings may be reduced.

In the case of JI, host governments have incentives to ensure
that emission reduction units (ERUs) are issued only for real
emission reductions, assuming that they face strong penalties
for non-compliance with national emissions limitation com-
mitments. In the case of CDM, a process for independent cer-
tification of emission reductions is crucial, because host gov-
ernments do not have emissions limitation commitments and
hence may have less incentive to ensure that certified emission
reductions (CERs) are issued only for real emission reductions.
The main difficulty in implementing project-based mecha-
nisms, both JI and CDM, is determining the net additional
emission reduction (or sink enhancement) achieved; baseline
definition may be extremely complex. Various other aspects of
these Kyoto mechanisms are awaiting further decision making,
including: monitoring and verification procedures, financial
additionality (assurance that CDM projects will not displace
traditional development assistance flows), and possible means
of standardizing methodologies for project baselines.

The extent to which developing country (non-Annex I) Parties
will effectively implement their commitments under the
UNFCCC may depend, among other factors, on the transfer of
environmentally sound technologies (ESTs).

6.4 Implementation of National and International

Policy Instruments

Any international or domestic policy instrument can be effec-
tive only if accompanied by adequate systems of monitoring
and enforcement. There is a linkage between compliance
enforcement and the amount of international co-operation that
will actually be sustained. Many multilateral environmental
agreements address the need to co-ordinate restrictions on con-
duct taken in compliance with obligations they impose and the
expanding legal regime under the WTO and/or GATT umbrel-
la. Neither the UNFCCC nor the Kyoto Protocol now provides
for specific trade measures in response to non-compliance. But
several domestic policies and measures that might be devel-
oped and implemented in conjunction with the Kyoto Protocol
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could conflict with WTO provisions. International differences
in environmental regulation may have trade implications.

One of the main concerns in environmental agreements
(including the UNFCCC and the Kyoto Protocol) has been
with reaching wider participation. The literature on interna-
tional environmental agreements predicts that participation
will be incomplete, and incentives may be needed to increase
participation (see also Section 10).

7 Costing Methodologies

7.1 Conceptual Basis

Using resources to mitigate greenhouse gases (GHGs) gener-
ates opportunity costs that should be considered to help guide
reasonable policy decisions. Actions taken to abate GHG emis-
sions or to increase carbon sinks divert resources from other
alternative uses. Assessing the costs of these actions should
ideally consider the total value that society attaches to the
goods and services forgone because of the diversion of
resources to climate protection. In some cases, the sum of ben-
efits and costs will be negative, meaning that society gains
from undertaking the mitigation action.

This section addresses the methodological issues that arise in
the estimation of the monetary costs of climate change. The
focus is on the correct assessment of the costs of mitigation
measures to reduce the emissions of GHGs. The assessment of
costs and benefits should be based on a systematic analytical
framework to ensure comparability and transparency of esti-
mates. One well-developed framework assesses costs as
changes in social welfare based on individual values. These
individual values are reflected by the willingness to pay (WTP)
for environmental improvements or the willingness to accept
(WTA) compensation. From these value measures can be
derived measures such as the social surpluses gained or lost
from a policy, the total resource costs, and opportunity costs.

While the underlying measures of welfare have limits and
using monetary values remains controversial, the view is taken
that the methods to “convert” non-market inputs into monetary
terms provide useful information for policymakers. These
methods should be pursued when and where appropriate. It is
also considered useful to supplement this welfare-based cost
methodology with a broader assessment that includes equity
and sustainability dimensions of climate change mitigation
policies. In practice, the challenge is to develop a consistent
and comprehensive definition of the key impacts to be mea-
sured.

A frequent criticism of this costing method is that it is
inequitable, as it gives greater weight to the “well off”. This is
because, typically, a well-off person has a greater WTP or
WTA than a less well-off person and hence the choices made
reflect more the preferences of the better off. This criticism is

51

valid, but there is no coherent and consistent method of valua-
tion that can replace the existing one in its entirety. Concerns
about, for example, equity can be addressed along with the
basic cost estimation. The estimated costs are one piece of
information in the decision-making process for climate change
that can be supplemented with other information on other
social objectives, for example impacts on key stakeholders and
the meeting of poverty objectives.

In this section the costing methodology is overviewed, and
issues involved in using these methods addressed.

7.2 Analytical Approaches

Cost assessment is an input into one or more rules for decision-
making, including cost-benefit analysis (CBA), cost-effective-
ness analysis (CEA), and multi-attribute analysis. The analyti-
cal approaches differ primarily by how the objectives of the
decision-making framework are selected, specified, and val-
ued. Some objectives in mitigation policies can be specified in
economic units (e.g., costs and benefits measured in monetary
units), and some in physical units (e.g., the amount of pollu-
tants dispersed in tonnes of CO,). In practice, however, the
challenge is in developing a consistent and comprehensive def-
inition of every important impact to be measured.

7.2.1 Co-Benefits and Costs and Ancillary Benefits and
Costs

The literature uses a number of terms to depict the associated
benefits and costs that arise in conjunction with GHG mitiga-
tion policies. These include co-benefits, ancillary benefits, side
benefits, secondary benefits, collateral benefits, and associated
benefits. In the current discussion, the term “co-benefits” refers
to the non-climate benefits of GHG mitigation policies that are
explicitly incorporated into the initial creation of mitigation
policies. Thus, the term co-benefits reflects that most policies
designed to address GHG mitigation also have other, often at
least equally important, rationales involved at the inception of
these policies (e.g., related to objectives of development, sus-
tainability, and equity). In contrast, the term ancillary benefits
connotes those secondary or side effects of climate change mit-
igation policies on problems that arise subsequent to any pro-
posed GHG mitigation policies.

Policies aimed at mitigating GHGs, as stated earlier, can yield
other social benefits and costs (here called ancillary or co- ben-
efits and costs), and a number of empirical studies have made
a preliminary attempt to assess these impacts. It is apparent that
the actual magnitude of the ancillary benefits or co-benefits
assessed critically depends on the scenario structure of the
analysis, in particular on the assumptions about policy man-
agement in the baseline case. This implies that whether a par-
ticular impact is included or not depends on the primary objec-
tive of the programme. Moreover, something that is seen as a
GHG reduction programme from an international perspective
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may be seen, from a national perspective, as one in which local
pollutants and GHGs are equally important.

7.2.2 Implementation Costs

All climate change policies necessitate some costs of imple-
mentation, that is costs of changes to existing rules and regula-
tions, making sure that the necessary infrastructure is available,
training and educating those who are to implement the policy
as well those affected by the measures, etc. Unfortunately, such
costs are not fully covered in conventional cost analyses.
Implementation costs in this context are meant to reflect the
more permanent institutional aspects of putting a programme
into place and are different to those costs conventionally con-
sidered as transaction costs. The latter, by definition, are tem-
porary costs. Considerable work needs to be done to quantify
the institutional and other costs of programmes, so that the
reported figures are a better representation of the true costs that
will be incurred if programmes are actually implemented.
7.2.3 Discounting

There are broadly two approaches to discounting—an ethical or
prescriptive approach based on what rates of discount should
be applied, and a descriptive approach based on what rates of
discount people (savers as well as investors) actually apply in
their day-to-day decisions. For mitigation analysis, the country
must base its decisions at least partly on discount rates that
reflect the opportunity cost of capital. Rates that range from
4% to 6% would probably be justified in developed countries.
The rate could be 10-12% or even higher in developing coun-
tries. It is more of a challenge to argue that climate change mit-
igation projects should face different rates, unless the mitiga-
tion project is of very long duration. The literature shows
increasing attention to rates that decline over time and hence
give more weight to benefits that occur in the long term. Note
that these rates do not reflect private rates of return, which typ-
ically must be greater to justify a project, at around 10-25%.
7.24 Adaptation and Mitigation Costs and the Link
Between Them

While most people appreciate that adaptation choices affect
the costs of mitigation, this obvious point is often not
addressed in climate policymaking. Policy is fragmented -
with mitigation being seen as addressing climate change and
adaptation seen as a means of reacting to natural hazards.
Usually mitigation and adaptation are modelled separately as a
necessary simplification to gain traction on an immense and
complex issue. As a consequence, the costs of risk reduction
action are frequently estimated separately, and therefore each
measure is potentially biased. This realization suggests that
more attention to the interaction of mitigation and adaptation,
and its empirical ramification, is worthwhile, though uncer-
tainty about the nature and timing of impacts, including sur-
prises, will constrain the extent to which the associated costs
can be fully internalized.
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7.3  System Boundaries: Project, Sector, and Macro
Researchers make a distinction between project, sector, and
economywide analyses. Project level analysis considers a
“stand-alone” investment assumed to have insignificant sec-
ondary impacts on markets. Methods used for this level
include CBA, CEA, and life-cycle analysis. Sector level analy-
sis examines sectoral policies in a “partial-equilibrium” con-
text in which all other variables are assumed to be exogenous.
Economy-wide analysis explores how policies affect all sectors
and markets, using various macroeconomic and general equi-
librium models. A trade-off exists between the level of detail in
the assessment and complexity of the system considered. This
section presents some of the key assumptions made in cost
analysis.

A combination of different modelling approaches is required for
an effective assessment of climate change mitigation options.
For example, detailed project assessment has been combined
with a more general analysis of sectoral impacts, and macro-
economic carbon tax studies have been combined with the sec-
toral modelling of larger technology investment programmes.
7.3.1 Baselines

The baseline case, which by definition gives the emissions of
GHG:s in the absence of the climate change interventions being
considered, is critical to the assessment of the costs of climate
change mitigation. This is because the definition of the baseline
scenario determines the potential for future GHG emissions
reduction, as well as the costs of implementing these reduction
policies. The baseline scenario also has a number of important
implicit assumptions about future economic policies at the
macroeconomic and sectoral levels, including sectoral structure,
resource intensity, prices, and thereby technology choice.

7.3.2 Consideration of No Regrets Options

No regrets options are by definition actions to reduce GHG
emissions that have negative net costs. Net costs are negative
because these options generate direct or indirect benefits, such
as those resulting from reductions in market failures, double
dividends through revenue recycling and ancillary benefits,
large enough to offset the costs of implementing the options.
The no regrets issue reflects specific assumptions about the
working and the efficiency of the economy, especially the exis-
tence and stability of a social welfare function, based on a
social cost concept:

* Reduction of existing market or institutional failures
and other barriers that impede adoption of cost-effec-
tive emission reduction measures can lower private
costs compared to current practice. This can also reduce
private costs overall.

* Adouble dividend related to recycling of the revenue of
carbon taxes in such a way that it offsets distortionary
taxes.
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e Ancillary benefits and costs (or ancillary impacts),
which can be synergies or trade-offs in cases in which
the reduction of GHG emissions has joint impacts on
other environmental policies (i.e., relating to local air
pollution, urban congestion, or land and natural
resource degradation).

Market Imperfections

The existence of a no regrets potential implies that market and
institutions do not behave perfectly, because of market imper-
fections such as lack of information, distorted price signals,
lack of competition, and/or institutional failures related to
inadequate regulation, inadequate delineation of property
rights, distortion-inducing fiscal systems, and limited financial
markets. Reduction of market imperfections suggests it is pos-
sible to identify and implement policies that can correct these
market and institutional failures without incurring costs larger
than the benefits gained.

Double Dividend

The potential for a double dividend arising from climate miti-
gation policies was extensively studied during the 1990s. In
addition to the primary aim of improving the environment (the
first dividend), such policies, if conducted through revenue-
raising instruments such as carbon taxes or auctioned emission
permits, yield a second dividend, which can be set against the
gross costs of these policies. All domestic GHG policies have
an indirect economic cost from the interactions of the policy
instruments with the fiscal system, but in the case of revenue-
raising policies this cost is partly offset (or more than offset) if,
for example, the revenue is used to reduce existing distor-
tionary taxes. Whether these revenue-raising policies can
reduce distortions in practice depends on whether revenues can
be “recycled” to tax reduction.

Ancillary Benefits and Costs (Ancillary Impacts)

The definition of ancillary impacts is given above. As noted
there, these can be positive as well as negative. It is important
to recognize that gross and net mitigation costs cannot be
established as a simple summation of positive and negative
impacts, because the latter are interlinked in a very complex
way. Climate change mitigation costs (gross and well as net
costs) are only valid in relation to a comprehensive specific
scenario and policy assumption structure.

The existence of no regrets potentials is a necessary, but not a
sufficient, condition for the potential implementation of these
options. The actual implementation also requires the develop-
ment of a policy strategy that is complex as comprehensive
enough to address these market and institutional failures and
barriers.
7.3.3 Flexibility

For a wide variety of options, the costs of mitigation depend on

what regulatory framework is adopted by national govern-
ments to reduce GHGs. In general, the more flexibility the
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framework allows, the lower the costs of achieving a given
reduction. More flexibility and more trading partners can
reduce costs. The opposite is expected with inflexible rules and
few trading partners. Flexibility can be measured as the ability
to reduce carbon emissions at the lowest cost, either domesti-
cally or internationally.

7.34 Development, Equity, and Sustainability Issues
Climate change mitigation policies implemented at a national
level will, in most cases, have implications for short-term eco-
nomic and social development, local environmental quality, and
intra-generational equity. Mitigation cost assessments that fol-
low this line can address these impacts on the basis of a deci-
sion-making framework that includes a number of side-impacts
to the GHG emissions reduction policy objective. The goal of
such an assessment is to inform decision makers about how dif-
ferent policy objectives can be met efficiently, given priorities
of equity and other policy constraints (natural resources, envi-
ronmental objectives). A number of international studies have
applied such a broad decision-making framework to the assess-
ment of development implications of CDM projects.

There are a number of key linkages between mitigation costing
issues and broader development impacts of the policies,
including macroeconomic impacts, employment creation,
inflation, the marginal costs of public funds, capital availabili-
ty, spillovers, and trade.

7.4 Special Issues Relating to Developing Countries

and EITs

A number of special issues related to technology use should be
considered as the critical determinants of climate change miti-
gation potential and related costs for developing countries.
These include current technological development levels, tech-
nology transfer issues, capacity for innovation and diffusion,
barriers to efficient technology use, institutional structure,
human capacity aspects, and foreign exchange earnings.

Climate change studies in developing countries and EITs need
to be strengthened in terms of methodology, data, and policy
frameworks. Although a complete standardization of the meth-
ods is not possible, to achieve a meaningful comparison of
results it is essential to use consistent methodologies, perspec-
tives, and policy scenarios in different nations.

The following modifications to conventional approaches are
suggested:

e  Alternative development pathways should be analyzed
with different patterns of investment in infrastructure,
irrigation, fuel mix, and land-use policies.

*  Macroeconomic studies should consider market trans-
formation processes in the capital, labour, and power
markets.
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e Informal and traditional sector transactions should be
included in national macroeconomic statistics. The
value of non-commercial energy consumption and the
unpaid work of household labour for non-commercial
energy collection is quite significant and needs to be
considered explicitly in economic analysis.

*  The costs of removing market barriers should be con-
sidered explicitly.

7.5 Modelling Approaches to Cost Assessment

The modelling of climate mitigation strategies is complex and
a number of modelling techniques have been applied including
input-output models, macroeconomic models, computable
general equilibrium (CGE) models, and energy sector based
models. Hybrid models have also been developed to provide
more detail on the structure of the economy and the energy sec-
tor. The appropriate use of these models depends on the sub-
ject of the evaluation and the availability of data.

As discussed in Section 6, the main categories of climate
change mitigation policies include: market-oriented policies,
technology-oriented policies, voluntary policies, and research
and development policies. Climate change mitigation policies
can include all four of the above policy elements. Most analyt-
ical approaches, however, only consider some of the four ele-
ments. Economic models, for example, mainly assess market-
oriented policies and in some cases technology policies pri-
marily those related to energy supply options, while engineer-
ing approaches mainly focus on supply and demand side tech-
nology policies. Both of these approaches are relatively weak
in the representation of research and development and volun-
tary agreement policies.

8 Global, Regional, and National Costs and
Ancillary Benefits

8.1 Introduction

The UNFCCC (Article 2) has as its ultimate goal the “stabili-

sation of greenhouse gas concentrations in the atmosphere at a

level that will prevent dangerous anthropogenic interference
with the climate system”'#, In addition, the Convention

14 “The ultimate objective of this Convention and any related legal
instruments that the Conference of Parties may adopt is to achieve, in
accordance with the relevant provisions of the Convention, stabiliza-
tion of greenhouse gas concentrations in the atmosphere at such a
level that would prevent dangerous interference with the climate sys-
tem. Such a level should be achieved within a timeframe sufficient to
allow ecosystems to adapt naturally to climate change, to ensure that
food production is not threatened, and to enable economic develop-
ment to proceed in a sustainable manner.”
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(Article 3.3) states that “policies and measures to deal with cli-
mate change should be cost-effective so as to ensure global
benefits at the lowest possible costs”!?. This section reports on
literature on the costs of greenhouse gas mitigation policies at
the national, regional, and global levels. Net welfare gains or
losses are reported, including (when available) the ancillary
benefits of mitigation policies. These studies employ the full
range of analytical tools described in the previous chapter.
These range from technologically detailed bottom-up models
to more aggregate top-down models, which link the energy
sector to the rest of the economy.

8.2. Gross Costs of GHG Abatement in Technology-

Detailed Models

In technology-detailed “bottom-up” models and approaches,
the cost of mitigation is derived from the aggregation of tech-
nological and fuel costs such as: investments, operation and
maintenance costs, and fuel procurement, but also (and this is
a recent trend) revenues and costs from import and exports.

Models can be ranked along two classification axes. First, they
range from simple engineering-economics calculations effect-
ed technology-by-technology, to integrated partial equilibrium
models of whole energy systems. Second, they range from the
strict calculation of direct technical costs of reduction to the
consideration of observed technology-adoption behaviour of
markets, and of the welfare losses due to demand reductions
and revenue gains and losses due to changes in trade.

This leads to contrasting two generic approaches, namely the
engineering-economics approach and least-cost equilibrium
modelling. In the first approach, each technology is assessed
independently via an accounting of its costs and savings. Once
these elements have been estimated, a unit cost can be calcu-
lated for each action, and each action can be ranked according
to its costs. This approach is very useful to point out the poten-
tials for negative cost abatements due to the ‘efficiency gap’
between the best available technologies and technologies cur-
rently in use. However, its most important limitation is that
studies neglect or do not treat in a systematic way the interde-
pendence of the various actions under examination.

15 “The Parties should take precautionary measures to anticipate, pre-
vent, or minimise the causes of climate change and mitigate its
adverse effects. Where there are threats of serious irreversible dam-
age, lack of full scientific certainty should not be used as a reason for
postponing such measures, taking into account that polices and mea-
sures to deal with climate change should be cost-effective so as to
ensure global benefits at the lowest possible costs. To achieve this,
such policies and measures should take into account different socio-
economic contexts, be comprehensive, cover all relevant sources,
sinks and reservoirs of greenhouse gases and adaptation, and com-
prise all economic sectors. Efforts to address climate change may be
carried out co-operatively by interested Parties.”
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Partial equilibrium least-costs models have been constructed to
remedy this defect, by considering all actions simultaneously
and selecting the optimal bundle of actions in all sectors and at
all time periods. These more integrated studies conclude high-
er total costs of GHG mitigation than the strict technology by
technology studies. Based on an optimization framework they
give very easily interpretable results that compare an optimal
response to an optimal baseline; however, their limitation is
that they rarely calibrate the base year of the model to the exist-
ing non optimal situation and implicitly assume an optimal
baseline. They consequently provide no information about the
negative cost potentials.

Since the publication of the SAR, the bottom-up approaches
have produced a wealth of new results for both Annex I and
non-Annex I countries, as well as for groups of countries.
Furthermore, they have extended their scope much beyond the
classical computations of direct abatement costs by inclusion
of demand effects and some trade effects.

However, the modelling results show considerable variations
from study to study, which are explained by a number of fac-
tors, some of which reflect the widely differing conditions that
prevail in the countries studied (e.g., energy endowment, eco-
nomic growth, energy intensity, industrial and trade structure),
and others reflect modelling assumptions and assumptions
about negative cost potentials.

However, as in the SAR, there is agreement on a no regrets
potential resulting from the reduction of existing market imper-
fections, consideration of ancillary benefits, and inclusion of
double dividends. This means that some mitigation actions can
be realized at negative costs. The no regrets potential results
from existing market or institutional imperfections that prevent
cost-effective emission reduction measures from being taken.
The key question is whether such imperfections can be
removed cost-effectively by policy measures.

The second important policy message is that short and medium
term marginal abatement costs, which govern most of the
macroeconomic impacts of climate policies, are very sensitive
to uncertainty regarding baseline scenarios (rate of growth and
energy intensity) and technical costs. Even with significant
negative cost options, marginal costs may rise quickly beyond
a certain anticipated mitigation level. This risk is far lower in
models allowing for carbon trading. Over the long term this
risk is reduced as technical change curbs down the slope of
marginal cost curves.

8.3  Costs of Domestic Policy to Mitigate Carbon

Emissions

Particularly important for determining the gross mitigation
costs is the magnitude of emissions reductions required in
order to meet a given target, thus the emissions baseline is a
critical factor. The growth rate of CO, depends on the growth
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rate in GDP, the rate of decline of energy use per unit of out-
put, and the rate of decline of CO, emissions per unit of ener-

gy use.

In a multi-model comparison project that engaged more than a
dozen modelling teams internationally, the gross costs of com-
plying with the Kyoto Protocol were examined, using energy
sector models. Carbon taxes are implemented to lower emis-
sions and the tax revenue is recycled lump sum. The magnitude
of the carbon tax provides a rough indication of the amount of
market intervention that would be needed and equates the mar-
ginal abatement cost to meet a prescribed emissions target. The
size of the tax required to meet a specific target will be deter-
mined by the marginal source of supply (including conserva-
tion) with and without the target. This in turn will depend on
such factors as the size of the necessary emissions reductions,
assumptions about the cost and availability of carbon-based
and carbon-free technologies, the fossil fuel resource base, and
short- and long-term price elasticities.

With no international emission trading, the carbon taxes neces-
sary to meet the Kyoto restrictions in 2010 vary a lot among the
models. Note from Table TS.4'¢ that for the USA they are cal-
culated to be in the range US$76 to US$322, for OECD Europe
between US$20 and US$665, for Japan between US$97 and
US$645, and finally for the rest of OECD (CANZ) between
US$46 and US$425. All numbers are reported in 1990 dollars.
Marginal abatement costs are in the range of US$20-
US$135/tC if international trading is allowed. These models do
not generally include no regrets measures or take account of
the mitigation potential of CO, sinks and of greenhouse gases
other than CO,.

However, there is no strict correlation between the level of the
carbon tax and GDP variation and welfare because of the influ-
ence of the country specifics (countries with a low share of fos-
sil energy in their final consumption suffer less than others for
the same level of carbon tax) and because of the content of the
policies.

The above studies assume, to allow an easy comparison across
countries, that the revenues from carbon taxes (or auctioned
emissions permits) are recycled in a lump-sum fashion to the
economy. The net social cost resulting from a given marginal
cost of emissions constraint can be reduced if the revenues are
targetted to finance cuts in the marginal rates of pre-existing
distortionary taxes, such as income, payroll, and sales taxes.
While recycling revenues in a lump-sum fashion confers no
efficiency benefit, recycling through marginal rate cuts helps
avoid some of the efficiency costs or dead-weight loss of exist-
ing taxes. This raises the possibility that revenue-neutral car-
bon taxes might offer a double dividend by (1) improving the
environment and (2) reducing the costs of the tax system.

16 The highest figures cited in this sentence are all results from one
model: the ABARE-GTEM model.
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Table TS.4: Energy Modelling Forum main results. Marginal abatement costs (in 1990 US$/tC; 2010 Kyoto target)

Model No trading Annex I trading Global trading
Us OECD-E Japan CANZ

ABARE-GTEM 322 665 645 425 106 23
AIM 153 198 234 147 65 38
CETA 168 46 26
Fund 14 10
G-Cubed 76 227 97 157 53 20
GRAPE 204 304 70 44
MERGE3 264 218 500 250 135 86
MIT-EPPA 193 276 501 247 76

MS-MRT 236 179 402 213 77 27
Oxford 410 966 1074 224 123
RICE 132 159 251 145 62 18
SGM 188 407 357 201 84 22
WorldScan 85 20 122 46 20 5
Administration 154 43 18
EIA 251 110 57
POLES 135.8 135.3 194.6 1314 52.9 18.4

Note: The results of the Oxford model are not included in the ranges cited in the TS and SPM because this model has not been subject to substantive academic

review (and hence is inappropriate for IPCC assessment), and relies on data from the early 1980s for a key parametization that determines the model results. This

model is entirely unrelated to the CLIMOX model, from the Oxford Institutes of Energy Studies, referred to in Table TS.6.

EMF-16. GDP losses (as a percentage of total GDP) associated with complying with the prescribed targets under the Kyoto Protocol. Four regions include the
USA, OECD Europe (OECD-E), Japan, and Canada, Australia and New Zealand (CANZ). Scenarios include no trading, Annex B trading only, and full global

trading.

One can distinguish a weak and a strong form of the double
dividend. The weak form asserts that the costs of a given rev-
enue-neutral environmental reform, when revenues are devot-
ed to cuts in marginal rates of prior distortionary taxes, are
reduced relative to the costs when revenues are returned in
lump-sum fashion to households or firms. The strong form of
the double-dividend assertion is that the costs of the revenue-
neutral environmental tax reform are zero or negative. While
the weak form of the double-dividend claim receives virtually
universal support, the strong form of the double dividend asser-
tion is controversial.

Where to recycle revenues from carbon taxes or auctioned per-
mits depends upon the country specifics. Simulation results
show that in economies that are especially inefficient or dis-
torted along non-environmental lines, the revenue-recycling
effect can indeed be strong enough to outweigh the primary
cost and tax-interaction effect so that the strong double divi-
dend may materialize. Thus, in several studies involving
European economies, where tax systems may be highly dis-
torted in terms of the relative taxation of labour, the strong
double dividend can be obtained, in any case more frequently
than in other recycling options. In contrast, most studies of car-
bon taxes or permits policies in the USA demonstrate that recy-
cling through lower labour taxation is less efficient than
through capital taxation; but they generally do not find a strong

double dividend. Another conclusion is that even in cases of no
strong double-dividend effect, one fares considerably better
with a revenue-recycling policy in which revenues are used to
cut marginal rates of prior taxes, than with a non-revenue recy-
cling policy, like for example grandfathered quotas.

In all countries where CO, taxes have been introduced, some
sectors have been exempted by the tax, or the tax is differenti-
ated across sectors. Most studies conclude that tax exemptions
raise economic costs relative to a policy involving uniform
taxes. However, results differ in the magnitude of the costs of
exemptions.

8.4 Distributional Effects of Carbon Taxes

As well as the total costs, the distribution of the costs is impor-
tant for the overall evaluation of climate policies. A policy that
leads to an efficiency gain may not be welfare improving over-
all if some people are in a worse position than before, and vice
versa. Notably, if there is a wish to reduce the income differ-
ences in the society, the effect on the income distribution
should be taken into account in the assessment.

The distributional effects of a carbon tax appear to be regres-
sive unless the tax revenues are used either directly or indi-
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Table TS.5: Energy Modeling Forum main results. GDP loss in 2010 (in % of GDP; 2010 Kyoto target)

No trading Annex I trading Global trading
Model US OECD-E Japan CANZ US OECD-E Japan CANZ US OECD-E Japan CANZ
ABARE-GTEM 1.96 0.94 0.72 1.96 0.47 0.13 0.05 0.23 0.09 0.03 0.01 0.04
AIM 0.45 0.31 0.25 0.59 0.31 0.17 0.13 036 0.20 0.08 0.01 0.35
CETA 1.93 0.67 0.43
G-CUBED 0.42 1.50 0.57 1.83 0.24 0.61 045 0.72 0.06 0.26 0.14  0.32
GRAPE 0.81 0.19 0.81 0.10 0.54 0.05
MERGE3 1.06 0.99 0.80 2.02 0.51 0.47 0.19 1.14 0.20 0.20 0.01 0.67
MS-MRT 1.88 0.63 1.20 1.83 0.91 0.13 022 0.88 0.29 0.03 0.02 032
Oxford 1.78 2.08 1.88 1.03 0.73 0.52 0.66 0.47 0.33
RICE 0.94 0.55 0.78 0.96 0.56 0.28 0.30  0.54 0.19 0.09 0.09  0.19

Note: The results of the Oxford model are not included in the ranges cited in the TS and SPM because this model has not been subject to substantive academic
review (and hence is inappropriate for IPCC assessment), and relies on data from the early 1980s for a key parametization that determines the model results. This
model is entirely unrelated to the CLIMOX model, from the Oxford Institutes of Energy Studies, referred to in Table TS.6.

rectly in favour of the low-income groups. Recycling the tax
revenue by reducing the labour tax may have more attractive
distributional consequences than a lump-sum recycling, in
which the recycled revenue is directed to both wage earners
and capital owners. Reduced taxation of labour results in
increased wages and favours those who earn their income
mainly from labour. However, the poorest groups in the society
may not even earn any income from labour. In this regard,
reducing labour taxes may not always be superior to recycling
schemes that distribute to all groups of a society and might
reduce the regressive character of carbon taxes.

8.5 Aspects of International Emission Trading

It has long been recognized that international trade in emission
quota can reduce mitigation costs. This will occur when coun-
tries with high domestic marginal abatement costs purchase
emission quota from countries with low marginal abatement
costs. This is often referred to as “where flexibility”. That is,
allowing reductions to take place where it is cheapest to do so
regardless of geographical location. It is important to note that
where the reductions take place is independent of who pays for
the reductions.

“Where flexibility” can occur on a number of scales. It can be
global, regional or at the country level. In the theoretical case
of full global trading, all countries agree to emission caps and
participate in the international market as buyers or sellers of
emission allowances. The CDM may allow some of these cost
reductions to be captured. When the market is defined at the
regional level (e.g., Annex B countries), the trading market is
more limited. Finally, trade may take place domestically with
all emission reductions occurring in the country of origin.

Table TS.5 shows the cost reductions from emission trading for
Annex B and full global trading compared to a no-trading case.

The calculation is made by various models with both global
and regional detail. In each instance, the goal is to meet the
emission reduction targets contained in the Kyoto Protocol. All
of the models show significant gains as the size of the trading
market is expanded. The difference among models is due in
part to differences in their baseline, the assumptions about the
cost and availability of low-cost substitutes on both the supply
and demand sides of the energy sector, and the treatment of
short-term macro shocks. In general, all calculated gross costs
for the non-trading case are below 2% of GDP (which is
assumed to have increased significantly in the period consid-
ered) and in most cases below 1%. Annex B trading lowers the
costs for the OECD region as a whole to less than 0.5% and
regional impacts within this vary between 0.1% to 1.1%.
Global trading in general would decrease these costs to well
below 0.5% of GDP with OECD average below 0.2%.

The issue of the so-called “hot air”!” also influences the cost of
implementing the Kyoto Protocol. The recent decline in eco-
nomic activity in Eastern Europe and the former Soviet Union
has led to a decrease in their GHG emissions. Although this
trend is eventually expected to reverse, for some countries
emissions are still projected to lie below the constraint imposed
by the Kyoto Protocol. If this does occur, these countries will
have excess emission quota that may be sold to countries in
search of low-cost options for meeting their own targets. The
cost savings from trading are sensitive to the magnitude of “hot

th)

air .

Numerous assessments of reduction in projected GDP have
been associated with complying with Kyoto-type limits. Most

17 Hot air: a few countries, notably those with economies in transition,
have assigned amount units that appear to be well in excess of their
anticipated emissions (as a result of economic downturn). This excess
is referred to as hot air.



58

economic analyses have focused on gross costs of carbon
emitting activities'®, ignoring the cost-saving potential of mit-
igating non-CO, gases and using carbon sequestration and nei-
ther taking into account environmental benefits (ancillary ben-
efits and avoided climate change), nor using revenues to
remove distortions. Including such possibilities could lower
costs.

A constraint would lead to a reallocation of resources away
from the pattern that is preferred in the absence of a limit and
into potentially costly conservation and fuel substitution.
Relative prices will also change. These forced adjustments lead
to reductions in economic performance, which impact GDP.
Clearly, the broader the permit trading market, the greater the
opportunity for reducing overall mitigation costs. Conversely,
limits on the extent to which a country can satisfy its obliga-
tions through the purchase of emissions quota can increase mit-
igation costs. Several studies have calculated the magnitude of
the increase to be substantial falling in particular on countries
with the highest marginal abatement costs. But another para-
meter likely to limit the savings from carbon trading is the very
functioning of trading systems (transaction costs, management
costs, insurance against uncertainty, and strategic behaviour in
the use of permits).

8.6 Ancillary Benefits of Greenhouse Gas Mitigation
Policies aimed at mitigating greenhouse gases can have posi-
tive and negative side effects on society, not taking into
account benefits of avoided climate change. This section
assesses in particular those studies that evaluate the side effects
of climate change mitigation. Therefore the term “ancillary
benefits or costs” is used. There is little agreement on the def-
inition, reach, and size of these ancillary benefits, and on
methodologies for integrating them into climate policy.
Criteria are established for reviewing the growing literature
linking specific carbon mitigation policies to monetized ancil-
lary benefits. Recent studies that take an economy-wide, rather
than a sectoral, approach to ancillary benefits are described in
the report and their credibility is examined (Chapter 9 presents
sectoral analyses). In spite of recent progress in methods devel-
opment, it remains very challenging to develop quantitative
estimates of the ancillary effects, benefits and costs of GHG
mitigation policies. Despite these difficulties, in the short term,
ancillary benefits of GHG policies under some circumstances
can be a significant fraction of private (direct) mitigation costs
and in some cases they can be comparable to the mitigation
costs. According to the literature, ancillary benefits may be of
particular importance in developing countries, but this litera-
ture is as yet limited.

18 Although some studies include multi-gas analysis, much research is
needed on this potential both intertemporally and regionally.
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The exact magnitude, scale, and scope of these ancillary bene-
fits and costs will vary with local geographical and baseline
conditions. In some circumstances, where baseline conditions
involve relatively low carbon emissions and population densi-
ty, benefits may be low. The models most in use for ancillary
benefit estimation — the computable general equilibrium (CGE)
models — have difficulty in estimating ancillary benefits
because they rarely have, and may not be able to have, the nec-
essary spatial detail.

With respect to baseline considerations most of the literature
on ancillary benefits systematically treats only government
policies and regulations with respect to the environment. In
contrast, other regulatory policy baseline issues, such as those
relating to energy, transportation, and health, have been gener-
ally ignored, as have baseline issues that are not regulatory,
such as those tied with technology, demography, and the natur-
al resource base. For the studies reviewed here, the biggest
share of the ancillary benefits is related to public health. A
major component of uncertainty for modelling ancillary bene-
fits for public health is the link between emissions and atmos-
pheric concentrations, particularly in light of the importance of
secondary pollutants. However, it is recognized that there are
significant ancillary benefits in addition to those for public
health that have not been quantified or monetized. At the same
time, it appears that there are major gaps in the methods and
models for estimating ancillary costs.

8.7  “Spillover” Effects'® from Actions Taken in Annex B

on Non-Annex B Countries

In a world where economies are linked by international trade
and capital flows, abatement of one economy will have welfare
impacts on other abating or non-abating economies. These
impacts are called spillover effects, and include effects on
trade, carbon leakage, transfer and diffusion of environmental-
ly sound technology, and other issues (Figure TS.8).

As to the trade effects, the dominant finding of the effects of
emission constraints in Annex B countries on non-Annex B
countries in simulation studies prior to the Kyoto Protocol was
that Annex B abatement would have a predominantly adverse
impact on non-Annex B regions. In simulations of the Kyoto
Protocol, the results are more mixed with some non-Annex B
regions experiencing welfare gains and other losses. This is
mainly due to a milder target in the Kyoto simulations than in
pre-Kyoto simulations. It was also universally found that most
non-Annex B economies that suffered welfare losses under
uniform independent abatement would suffer smaller welfare
losses under emissions trading.

19 «Spillovers” from domestic mitigation strategies are the effects that
these strategies have on other countries. Spillover effects can be pos-
itive or negative and include effects on trade, carbon leakage, transfer
and diffusion of environmentally sound technology, and other issues.
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Spillovers

Policies and measures

Benefits from technology
improvement

Impacts on energy industries
activity and prices

Impacts on energy intensive
industries

Resource transfers to
sectors

Public R&D policies

"Market access" policies
for new technologies

Standards, subsidies,
Voluntary agreements

Increase in the scientific
knowledge base

Increase in know-how
through experience, learning
by doing

New cleaner industry/
product performance
standards

Carbon taxes

Energy subsidy removal

Harmonized carbon taxes

Price-induced technical
change and technology
diffusion

Reduction of activity in fossil
fuel industries
Lower international prices,
negative impacts for
exporters,

positive for importers,
possibility of a
"rebound effect"

Carbon leakages, positive
impacts for activity, negative
for envir. in receiving country

Reduced distorsions in
industrial competition

Domestic emission trading

Joint Implementation, Clean
Development Mechanism

International emission trading

Distorsion in competition if
differentiated schemes
(grandfathered vs. auctioned)

Technology transfer

Net gain when permit price
is superior (not equal)
to average reduction costs

Figure TS.8: ”Spillovers” from domestic mitigation strategies are the effects that these strategies have on other countries.
Spillover effects can be positive or negative and include effects on trade, carbon leakage, transfer and diffusion of environ-

mentally sound technology, and other issues.

A reduction in Annex B emissions will tend to result in an
increase in non-Annex B emissions reducing the environmen-
tal effectiveness of Annex B abatement. This is called “carbon
leakage”, and can occur in the order of 5%-20% through a pos-
sible relocation of carbon-intensive industries because of
reduced Annex B competitiveness in the international market-
place, lower producer prices of fossil fuels in the international
market, and changes in income due to better terms of trade.

While the SAR reported that there was a high variance in esti-
mates of carbon leakage from the available models, there has
been some reduction in the variance of estimates obtained in
the subsequent years. However, this may largely result from
the development of new models based on reasonably similar
assumptions and data sources. Such developments do not nec-
essarily reflect more widespread agreement about appropriate
behavioural assumptions. One robust result seems to be that
carbon leakage is an increasing function of the stringency of
the abatement strategy. This means that leakage may be a less
serious problem under the Kyoto target than under the more
stringent targets considered previously. Also emission leakage
is lower under emissions trading than under independent
abatement. Exemptions for energy-intensive industries found

in practice, and other factors, make the higher model esti-
mates for carbon leakage unlikely, but would raise aggregate
costs.

Carbon leakage may also be influenced by the assumed degree
of competitiveness in the world oil market. While most studies
assume a competitive oil market, studies considering imperfect
competition find lower leakage if OPEC is able to exercise a
degree of market power over the supply of oil and therefore
reduce the fall in the international oil price. Whether or not
OPEC acts as a cartel can have a reasonably significant effect
on the loss of wealth to OPEC and other oil producers and on
the level of permit prices in Annex B regions (see also Section
9.2).

The third spillover effect mentioned above, the transfer and
diffusion of environmentally sound technology, is related to
induced technical change (see Section 8.10). The transfer of
environmentally sound technologies and know-how, not
included in models, may lead to lower leakage and especially
on the longer term may more than offset the leakage.
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8.8 Summary of the Main Results for Kyoto Targets
The cost estimates for Annex B countries to implement the
Kyoto Protocol vary between studies and regions, and depend
strongly upon the assumptions regarding the use of the Kyoto
mechanisms, and their interactions with domestic measures.
The great majority of global studies reporting and comparing
these costs use international energy-economic models. Nine of
these studies suggest the following GDP impacts?’:

Annex Il countries®': In the absence of emissions trading
between Annex B countries??, the majority of global studies
show reductions in projected GDP of about 0.2% to 2% in 2010
for different Annex II regions. With full emissions trading
between Annex B countries, the estimated reductions in 2010
are between 0.1% and 1.1% of projected GDP?3, These studies
encompass a wide range of assumptions. Models whose results
are reported here assume full use of emissions trading without
transaction cost. Results for cases that do not allow Annex B
trading assume full domestic trading within each region.
Models do not include sinks or non-CO, greenhouse gases.
They do not include the CDM, negative cost options, ancillary
benefits, or targeted revenue recycling.

For all regions costs are also influenced by the following factors:

*  Constraints on the use of Annex B trading, high trans-
action costs in implementing the mechanisms and inef-
ficient domestic implementation could raise costs.

* Inclusion in domestic policy and measures of the no
regrets possibilities?, use of the CDM, sinks, and inclu-
sion of non-CO, greenhouse gases, could lower costs.
Costs for individual countries can vary more widely.

The models show that the Kyoto mechanisms, are important in
controlling risks of high costs in given countries, and thus can
complement domestic policy mechanisms. Similarly, they can
minimize risks of inequitable international impacts and help to
level marginal costs. The global modelling studies reported

20 Many other studies incorporating more precisely the country
specifics and diversity of targetted policies provide a wider range of
net cost estimates.

21 Annex II countries: Group of countries included in Annex II to the
UNFCCC, including all developed countries in the Organisation of
Economic Co-operation and Development.

22 Annex B countries: Group of countries included in Annex B in the
Kyoto Protocol that have agreed to a target for their greenhouse gas
emissions, including all the Annex I countries (as amended in 1998)
but Turkey and Belarus.

23 Many metrics can be used to present costs. For example, if the
annual costs to developed countries associated with meeting Kyoto
targets with full Annex B trading are in the order of 0.5% of GDP, this
represents US$125 billion (1000 million) per year, or US$125 per per-
son per year by 2010 in Annex II (SRES assumptions). This corre-
sponds to an impact on economic growth rates over ten years of less
than 0.1 percentage point.
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above show national marginal costs to meet the Kyoto targets
from about US$20/tC up to US$600/tC without trading, and a
range from about US$15/tC up to US$150/tC with Annex B
trading. The cost reductions from these mechanisms may
depend on the details of implementation, including the com-
patibility of domestic and international mechanisms, con-
straints, and transaction costs.

Economies in transition: For most of these countries, GDP
effects range from negligible to a several percent increase. This
reflects opportunities for energy efficiency improvements not
available to Annex II countries. Under assumptions of drastic
energy efficiency improvement and/or continuing economic
recessions in some countries, the assigned amounts may
exceed projected emissions in the first commitment period. In
this case, models show increased GDP through revenues from
trading assigned amounts. However, for some economies in
transition, implementing the Kyoto Protocol will have similar
impacts on GDP as for Annex II countries.

Non-Annex I countries: Emission constraints in Annex I coun-
tries have well established, albeit varied “spillover” effects?*
on non-Annex I countries.

*  Oil-exporting, non-Annex I countries: Analyses report
costs differently, including, inter alia, reductions in
projected GDP and reductions in projected oil rev-
enues?. The study reporting the lowest costs shows
reductions of 0.2% of projected GDP with no emissions
trading, and less than 0.05% of projected GDP with
Annex B emissions trading in 2010, The study report-
ing the highest costs shows reductions of 25% of pro-
jected oil revenues with no emissions trading, and 13%
of projected oil revenues with Annex B emissions trad-
ing in 2010. These studies do not consider policies and
measures”’ other than Annex B emissions trading, that

24 Spillover effects here incorporate only economic effects, not envi-
ronmental effects.

25 Details of the six studies reviewed are found in Table 9.4 of the
underlying report.

26 These estimated costs can be expressed as differences in GDP
growth rates over the period 2000-2010. With no emissions trading,
GDP growth rate is reduced by 0.02 percentage points/year; with
Annex B emissions trading, growth rate is reduced by less than 0.005
percentage points/year.

27 These policies and measures include: those for non-CO, gases and
non-energy sources of all gases; offsets from sinks; industry restruc-
turing (e.g., from energy producer to supplier of energy services); use
of OPEC’s market power; and actions (e.g. of Annex B Parties) relat-
ed to funding, insurance, and the transfer of technology. In addition,
the studies typically do not include the following policies and effects
that can reduce the total cost of mitigation: the use of tax revenues to
reduce tax burdens or finance other mitigation measures; environ-
mental ancillary benefits of reductions in fossil fuel use; and induced
technological change from mitigation policies.
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could lessen the impact on non-Annex I, oil-exporting
countries, and therefore tend to overstate both the costs
to these countries and overall costs.

The effects on these countries can be further reduced by
removal of subsidies for fossil fuels, energy tax restruc-
turing according to carbon content, increased use of
natural gas, and diversification of the economies of
non-Annex I, oil-exporting countries.

e Other non-Annex I countries: They may be adversely
affected by reductions in demand for their exports to
OECD nations and by the price increase of those car-
bon-intensive and other products they continue to
import. These countries may benefit from the reduction
in fuel prices, increased exports of carbon-intensive
products and the transfer of environmentally sound
technologies and know-how. The net balance for a
given country depends on which of these factors domi-
nates. Because of these complexities, the breakdown of
winners and losers remains uncertain.

*  Carbon leakage:?® The possible relocation of some car-
bon-intensive industries to non-Annex I countries and
wider impacts on trade flows in response to changing
prices may lead to leakage in the order of 5-20%.
Exemptions, for example for energy-intensive indus-
tries, make the higher model estimates for carbon leak-
age unlikely, but would raise aggregate costs. The
transfer of environmentally sound technologies and
know-how, not included in models, may lead to lower
leakage and especially on the longer term may more
than offset the leakage.

8.9 The Costs of Meeting a Range of Stabilization

Targets

Cost-effectiveness studies with a century timescale estimate
that the costs of stabilizing CO, concentrations in the atmos-
phere increase as the concentration stabilization level declines.
Different baselines can have a strong influence on absolute
costs. While there is a moderate increase in the costs when
passing from a 750ppmv to a 550ppmv concentration stabi-
lization level, there is a larger increase in costs passing from
550ppmv to 450ppmv unless the emissions in the baseline sce-
nario are very low. These results, however, do not incorporate
carbon sequestration and gases other than CO,, and did not
examine the possible effect of more ambitious targets on
induced technological change?. In particular, the choice of the
reference scenario has a strong influence. Recent studies using
the IPCC SRES reference scenarios as baselines against which
to analyze stabilization clearly show that the average reduction
in projected GDP in most of the stabilization scenarios

28 Carbon leakage is defined here as the increase in emissions in non-
Annex B countries resulting from implementation of reductions in
Annex B, expressed as a percentage of Annex B reductions.
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reviewed here is under 3% of the baseline value (the maximum
reduction across all the stabilization scenarios reached 6.1% in
a given year). At the same time, some scenarios (especially in
the A1T group) showed an increase in GDP compared to the
baseline because of apparent positive economic feedbacks of
technology development and transfer. The GDP reduction
(averaged across storylines and stabilization levels) is lowest in
2020 (1%), reaches a maximum in 2050 (1.5%), and declines
by 2100 (1.3%). However, in the scenario groups with the
highest baseline emissions (A2 and A1FI), the size of the GDP
reduction increases throughout the modelling period. Due to
their relatively small scale when compared to absolute GDP
levels, GDP reductions in the post-SRES stabilization scenar-
10s do not lead to significant declines in GDP growth rates over
this century. For example, the annual 1990-2100 GDP growth
rate across all the stabilization scenarios was reduced on aver-
age by only 0.003% per year, with a maximum reduction
reaching 0.06% per year.

The concentration of CO, in the atmosphere is determined
more by cumulative rather than by year-by-year emissions.
That is, a particular concentration target can be reached
through a variety of emissions pathways. A number of studies
suggest that the choice of emissions pathway can be as impor-
tant as the target itself in determining overall mitigation costs.
The studies fall into two categories: those that assume that the
target is known and those that characterize the issue as one of
decision making under uncertainty.

For studies that assume that the target is known, the issue is
one of identifying the least-cost mitigation pathway for achiev-
ing the prescribed target. Here the choice of pathway can be
seen as a carbon budget problem. This problem has been so far
addressed in terms of CO, only and very limited treatment has
been given to non-CO, GHGs. A concentration target defines
an allowable amount of carbon to be emitted into the atmos-
phere between now and the date at which the target is to be
achieved. The issue is how best to allocate the carbon budget
over time.

Most studies that have attempted to identify the least-cost path-
way for meeting a particular target conclude that such as path-
way tends to depart gradually from the model’s baseline in the
early years with more rapid reductions later on. There are sev-
eral reasons why this is so. A gradual near-term transition from
the world’s present energy system minimizes premature retire-
ment of existing capital stock, provides time for technology

29 Induced technological change is an emerging field of inquiry. None
of the literature reviewed in TAR on the relationship between the cen-
tury-scale CO, concentrations and costs reported results for models
employing induced technological change. Models with induced tech-
nological change under some circumstances show that century-scale
concentrations can differ, with similar GDP growth but under differ-
ent policy regimes (Section 8.4.1.4).
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development, and avoids premature lock-in to early versions of
rapidly developing low-emission technology. On the other
hand, more aggressive near-term action would decrease envi-
ronmental risks associated with rapid climatic changes, stimu-
late more rapid deployment of existing low-emission technolo-
gies (see also Section 8.10), provide strong near-term incen-
tives to future technological changes that may help to avoid
lock-in to carbon intensive technologies, and allow for later
tightening of targets should that be deemed desirable in light of
evolving scientific understanding.

It should also be noted that the lower the concentration target,
the smaller the carbon budget, and hence the earlier the depar-
ture from the baseline. However, even with higher concentra-
tion targets, the more gradual transition from the baseline does
not negate the need for early action. All stabilization targets
require future capital stock to be less carbon-intensive. This
has immediate implications for near-term investment deci-
sions. New supply options typically take many years to enter
into the marketplace. An immediate and sustained commitment
to R&D is required if low-carbon low-cost substitutes are to be
available when needed.

The above addresses the issue of mitigation costs. It is also
important to examine the environmental impacts of choosing
one emission pathway over another. This is because different
emission pathways imply not only different emission reduction
costs, but also different benefits in terms of avoided environ-
mental impacts (see Section 10).

The assumption that the target is known with certainty is, of
course, an oversimplification. Fortunately, the UNFCCC rec-
ognizes the dynamic nature of the decision problem. It calls for
periodic reviews “in light of the best scientific information on
climate change and its impacts.” Such a sequential decision
making process aims to identify short-term hedging strategies
in the face of long-term uncertainties. The relevant question is
not “what is the best course of action for the next hundred
years” but rather “what is the best course for the near-term
given the long-term uncertainties.”

Several studies have attempted to identify the optimal near-
term hedging strategy based on the uncertainty regarding the
long-term objective. These studies find that the desirable
amount of hedging depends upon one’s assessment of the
stakes, the odds, and the cost of mitigation. The risk premium
— the amount that society is willing to pay to avoid risk — ulti-
mately is a political decision that differs among countries.

8.10 The Issue of Induced Technological Change

Most models used to assess the costs of meeting a particular
mitigation objective tend to oversimplify the process of techni-
cal change. Typically, the rate of technical change is assumed
to be independent of the level of emissions control. Such
change is referred to as autonomous. In recent years, the issue
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of induced technical change has received increased attention.
Some argue that such change might substantially lower and
perhaps even eliminate the costs of CO, abatement policies.
Others are much less sanguine about the impact of induced
technical change.

Recent research suggests that the effect on timing depends on
the source of technological change. When the channel for
technological change is R&D, the induced technological
change makes it preferable to concentrate more abatement
efforts in the future. The reason is that technological change
lowers the costs of future abatement relative to current abate-
ment, making it more cost-effective to place more emphasis on
future abatement. But, when the channel for technological
change is learning-by-doing, the presence of induced techno-
logical change has an ambiguous impact on the optimal timing
of abatement. On the one hand, induced technical change
makes future abatement less costly, which suggests emphasiz-
ing future abatement efforts. On the other hand, there is an
added value to current abatement because such abatement con-
tributes to experience or learning and helps reduce the costs of
future abatement. Which of these two effects dominates
depends on the particular nature of the technologies and cost
functions.

Certain social practices may resist or enhance technological
change. Therefore, public awareness-raising and education
may help encourage social change to an environment
favourable for technological innovation and diffusion. This
represents an area for further research.

9 Sectoral Costs and Ancillary Benefits of
Mitigation
9.1 Differences between Costs of Climate Change

Mitigation Evaluated Nationally and by Sector

Policies adopted to mitigate global warming will have implica-
tions for specific sectors, such as the coal industry, the oil and
gas industry, electricity, manufacturing, transportation, and
households. A sectoral assessment helps to put the costs in per-
spective, to identify the potential losers and the extent and
location of the losses, and to identify the sectors that may ben-
efit. However, it is worth noting that the available literature to
make this assessment is limited: there are few comprehensive
studies of the sectoral effects of mitigation, compared with
those on the macro GDP effects, and they tend to be for Annex
I countries and regions.

There is a fundamental problem for mitigation policies. It is
well established that, compared to the situation for potential
gainers, the potential sectoral losers are easier to identify, and
their losses are likely to be more immediate, more concentrat-
ed, and more certain. The potential sectoral gainers (apart from
the renewables sector and perhaps the natural gas sector) can
only expect a small, diffused, and rather uncertain gain, spread
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over a long period. Indeed many of those who may gain do not
exist, being future generations and industries yet to develop.

It is also well established that the overall effects on GDP of
mitigation policies and measures, whether positive or negative,
conceal large differences between sectors. In general, the ener-
gy intensity and the carbon intensity of the economies will
decline. The coal and perhaps the oil industries are expected to
lose substantial proportions of their traditional output relative
to those in the reference scenarios, though the impact of this on
the industries will depend on diversification, and other sectors
may increase their outputs but by much smaller proportions.
Reductions in fossil fuel output below the baseline will not
impact all fossil fuels equally. Fuels have different costs and
price sensitivities; they respond differently to mitigation poli-
cies. Energy-efficiency technology is fuel and combustion
device-specific, and reductions in demand can affect imports
differently from output. Energy-intensive sectors, such as
heavy chemicals, iron and steel, and mineral products, will face
higher costs, accelerated technical or organizational change, or
loss of output (again relative to the reference scenario) depend-
ing on their energy use and the policies adopted for mitigation.

Industries concerned directly with mitigation are likely to ben-
efit from action. These industries include renewable and
nuclear electricity, producers of mitigation equipment (incorpo-
rating energy- and carbon-saving technologies), agriculture and
forestry producing energy crops, and research services produc-
ing energy and carbon-saving R&D. They may benefit in the
long term from the availability of financial and other resources
that would otherwise have been taken up in fossil fuel produc-
tion. They may also benefit from reductions in tax burdens if
taxes are used for mitigation and the revenues recycled as
reductions in employer, corporate, or other taxes. Those studies
that report reductions in GDP do not always provide a range of
recycling options, suggesting that policy packages increasing
GDP have not been explored. The extent and nature of the ben-
efits will vary with the policies followed. Some mitigation poli-
cies can lead to net overall economic benefits, implying that the
gains from many sectors will outweigh the losses for coal and
other fossil fuels, and energy-intensive industries. In contrast,
other less-well-designed policies can lead to overall losses.

It is worth placing the task faced by mitigation policy in an his-
torical perspective. CO, emissions have tended to grow more
slowly than GDP in a number of countries over the past 40
years. The reasons for such trends vary but include:

e ashift away from coal and oil and towards nuclear and
gas as the source of energy;

* improvements in energy efficiency by industry and
households; and

e  ashift from heavy manufacturing towards more service
and information-based economic activity.

These trends will be encouraged and strengthened by mitiga-
tion policies.
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9.2 Selected Specific Sectoral Findings on Costs of
Climate Change Mitigation
9.2.1 Coal

Within this broad picture, certain sectors will be substantially
affected by mitigation. Relative to the reference case, the coal
industry, producing the most carbon-intensive of products,
faces almost inevitable decline in the long term, relative to the
baseline projection. Technologies still under development,
such as CO, removal and storage from coal-burning plants and
in-situ gasification, could play a future role in maintaining the
output of coal whilst avoiding CO, and other emissions.
Particularly large effects on the coal sector are expected from
policies such as the removal of fossil fuel subsidies or the
restructuring of energy taxes so as to tax the carbon content
rather than the energy content of fuels. It is a well-established
finding that removal of the subsidies would result in substan-
tial reductions in GHG emissions, as well as stimulating eco-
nomic growth. However, the effects in specific countries
depend heavily on the type of subsidy removed and the com-
mercial viability of alternative energy sources, including
imported coal.

922 0il

The oil industry also faces a potential relative decline, although
this may be moderated by lack of substitutes for oil in trans-
portation, substitution away from solid fuels towards liquid
fuels in electricity generation, and the diversification of the
industry into energy supply in general.

Table TS.6 shows a number of model results for the impacts of
implementation of the Kyoto Protocol on oil exporting coun-
tries. Each model uses a different measure of impact, and many
use different groups of countries in their definition of oil
exporters. However, the studies all show that the use of the
flexibility mechanisms will reduce the economic cost to oil
producers.

Thus, studies show a wide range of estimates for the impact of
GHG mitigation policies on oil production and revenue. Much
of these differences are attributable to the assumptions made
about: the availability of conventional oil reserves, the degree
of mitigation required, the use of emission trading, control of
GHGs other than CO,, and the use of carbon sinks. However,
all studies show a net growth in both oil production and rev-
enue to at least 2020, and significantly less impact on the real
price of oil than has resulted from market fluctuations over the
past 30 years. Figure TS.9 shows the projection of real oil
prices to 2010 from the IEA’s 1998 World Energy Outlook, and
the effect of Kyoto implementation from the G-cubed model,
the study which shows the largest fall in Organization of Oil
Exporting Countries (OPEC) revenues in Table TS.6. The 25%
loss in OPEC revenues in the non-trading scenario implies a
17% fall in oil prices shown for 2010 in the figure; this is
reduced to a fall of just over 7% with Annex I trading.
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Table TS.6: Costs of Kyoto Protocol implementation for oil exporting region/countries ¢

Model Without trading ¢ With Annex-I trading With “global trading”
G-Cubed -25% oil revenue -13% oil revenue -7% oil revenue
GREEN -3% real income “Substantially reduced loss” N/a

GTEM 0.2% GDP loss <0.05% GDP loss N/a

MS-MRT 1.39% welfare loss 1.15% welfare loss 0.36% welfare loss
OPEC Model -17% OPEC revenue -10% OPEC revenue -8% OPEC revenue
CLIMOX N/A -10% some oil exporters’ revenues N/A

a The definition of oil exporting country varies: for G-Cubed and the OPEC model it is the OPEC countries, for GREEN it is a group of oil exporting coun-
tries, for GTEM it is Mexico and Indonesia, for MS-MRT it is OPEC + Mexico, and for CLIMOX it is West Asian and North African oil exporters.
b The models all considere the global economy to 2010 with mitigation according to the Kyoto Protocol targets (usually in the models, applied to CO, mitiga-

tion by 2010 rather than GHG emissions for 2008 to 2012) achieved by imposing a carbon tax or auctioned emission permits with revenues recycled through

lump-sum payments to consumers; no co-benefits, such as reductions in local air pollution damages, are taken into account in the results.

¢ “Trading” denotes trading in emission permits between countries.

These studies typically do not consider some or all of the fol-
lowing policies and measures that could lessen the impact on
oil exporters:

policies and measures for non-CO, GHGs or non-ener-
gy sources of all GHGs;

offsets from sinks;

industry restructuring (e.g., from energy producer to
supplier of energy services);

the use of OPEC’s market power; and

actions (e.g., of Annex B Parties) related to funding,
insurance, and the transfer of technology.

In addition, the studies typically do not include the following
policies and effects that can reduce the total cost of mitigation:
e the use of tax revenues to reduce tax burdens or finance
other mitigation measures;
e environmental co- or ancillary benefits of reductions in
fossil fuel use; and
* induced technical change from mitigation policies.

As a result, the studies may tend to overstate both the costs to
oil exporting countries and overall costs.

Real oil price $(1990) per barrel
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Figure TS.9: Real oil prices and the effects of Kyoto implementation.
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9.2.3 Gas

Modelling studies suggest that mitigation policies may have
the least impact on oil, the most impact on coal, with the
impact on gas somewhere between; these findings are estab-
lished but incomplete. The high variation across studies for the
effects of mitigation on gas demand is associated with the
importance of its availability in different locations, its specific
demand patterns, and the potential for gas to replace coal in
power generation.

These results are different from recent trends, which show nat-
ural gas usage growing faster than the use of either coal or oil.
They can be explained as follows. In the transport sector, the
largest user of oil, current technology and infrastructure will
not allow much switching from oil to non-fossil fuel alterna-
tives in Annex I countries before about 2020. Annex B coun-
tries can only meet their Kyoto Protocol commitments by
reducing overall energy use and this will result in a reduction
in natural gas demand, unless this is offset by a switch towards
natural gas for power generation. The modelling of such a
switch remains limited in these models.

9.2.4  Electricity

In general as regards the effects on the electricity sector, miti-
gation policies either mandate or directly provide incentives
for increased use of zero-emitting technologies (such as
nuclear, hydro, and other renewables) and lower-GHG-emit-
ting generation technologies (such as combined cycle natural
gas). Or, second, they drive their increased use indirectly by
more flexible approaches that place a tax on or require a per-
mit for emission of GHGs. Either way, the result will be a shift
in the mix of fuels used to generate electricity towards
increased use of the zero- and lower-emitting generation tech-
nologies, and away from the higher-emitting fossil fuels.

Nuclear power would have substantial advantages as a result of
GHG mitigation policies, because power from nuclear fuel pro-
duces negligible GHGs. In spite of this advantage, nuclear
power is not seen as the solution to the global warming problem
in many countries. The main issues are (1) the high costs com-
pared to alternative CCGTs, (2) public acceptance involving
operating safety and waste, (3) safety of radioactive waste man-
agement and recycling of nuclear fuel, (4) the risks of nuclear
fuel transportation, and (5) nuclear weapons proliferation.
9.2.5 Transport

Unless highly efficient vehicles (such as fuel cell vehicles)
become rapidly available, there are few options available to
reduce transport energy use in the short term, which do not
involve significant economic, social, or political costs. No gov-
ernment has yet demonstrated policies that can reduce the
overall demand for mobility, and all governments find it polit-
ically difficult to contemplate such measures. Substantial addi-
tional improvements in aircraft energy efficiency are most like-
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ly to be accomplished by policies that increase the price of, and
therefore reduce the amount of, air travel. Estimated price elas-
ticities of demand are in the range of -0.8 to -2.7. Raising the
price of air travel by taxes faces a number of political hurdles.
Many of the bilateral treaties that currently govern the opera-
tion of the air transport system contain provisions for exemp-
tions of taxes and charges, other than for the cost of operating
and improving the system.

9.3 Sectoral Ancillary Benefits of Greenhouse Gas

Mitigation

The direct costs for fossil fuel consumption are accompanied
by environmental and public health benefits associated with a
reduction in the extraction and burning of the fuels. These
benefits come from a reduction in the damages caused by
these activities, especially a reduction in the emissions of pol-
lutants that are associated with combustion, such as SO,,
NO,, CO and other chemicals, and particulate matter. This
will improve local and regional air and water quality, and
thereby lessen damage to human, animal, and plant health,
and to ecosystems. If all the pollutants associated with GHG
emissions are removed by new technologies or end-of-pipe
abatement (for example, flue gas desulphurization on a power
station combined with removal of all other non-GHG pollu-
tants), then this ancillary benefit will no longer exist. But such
abatement is limited at present and it is expensive, especially
for small-scale emissions from dwellings and cars (See also
Section 8.6).

94 The Effects

Competitiveness

of Mitigation on Sectoral

Mitigation policies are less effective if they lead to loss of
international competitiveness or the migration of GHG-emit-
ting industries from the region implementing the policy (so-
called carbon leakage). The estimated effects, reported in the
literature, on international price competitiveness are small
while those on carbon leakage appear to beat the stage of com-
peting explanations, with large differences depending on the
models and the assumptions used. There are several reasons for
expecting that such effects will not be substantial. First, miti-
gation policies actually adopted use a range of instruments and
usually include special treatment to minimize adverse industri-
al effects, such as exemptions for energy-intensive industries.
Second, the models assume that any migrating industries will
use the average technology of the area to which they will
move; however, instead they may adopt newer, lower CO,-
emitting technologies. Third, the mitigation policies also
encourage low-emission technologies and these also may
migrate, reducing emissions in industries in other countries
(see also Section 8.7).
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9.5 Why the Results of Studies Differ

The results in the studies assessed come from different
approaches and models. A proper interpretation of the results
requires an understanding of the methods adopted and the
underlying assumptions of the models and studies. Large dif-
ferences in results can arise from the use of different reference
scenarios or baselines. And the characteristics of the baseline
can markedly affect the quantitative results of modelling miti-
gation policy. For example, if air quality is assumed to be sat-
isfactory in the baseline, then the potential for air-quality ancil-
lary benefits in any GHG mitigation scenario is ruled out by
assumption. Even with similar or the same baseline assump-
tions, the studies yield different results.

As regards the costs of mitigation, these differences appear to
be largely caused by different approaches and assumptions,
with the most important being the type of model adopted.
Bottom-up engineering models assuming new technological
opportunities tend to show benefits from mitigation. Top-down
general equilibrium models appear to show lower costs than
top-down time-series econometric models. The main assump-
tions leading to lower costs in the models are that:

* new flexible instruments, such as emission trading and
joint implementation, are adopted;

* revenues from taxes or permit sales are returned to the
economy by reducing burdensome taxes; and

e ancillary benefits, especially from reduced air pollu-
tion, are included in the results.

Finally, long-term technological progress and diffusion are
largely given in the top-down models; different assumptions or
a more integrated, dynamic treatment could have major effects
on the results.

10 Decision Analytical Frameworks
10.1 Scope for and New Developments in Analyses for
Climate Change Decisions

Decision making frameworks (DMFs) related to climate change
involve multiple levels ranging from global negotiations to
individual choices and a diversity of actors with different
resource endowments, and diverging values and aspirations.
This explains why it is difficult to arrive at a management strat-
egy that is acceptable for all. The dynamic interplay among eco-
nomic sectors and related social interest groups makes it diffi-
cult to arrive at a national position to be represented at interna-
tional fora in the first place. The intricacies of international cli-
mate negotiations result from the manifold often-ambiguous
national positions as well as from the linkages of climate
change policy with other socio-economic objectives.

No DMF can reproduce the above diversity in its full richness.
Yet analysts have made significant progress in several direc-
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tions since SAR. First, they integrate an increasing number of
issues into a single analytical framework in order to provide an
internally consistent assessment of closely related components,
processes, and subsystems. The resulting integrated assessment
models (IAMs) cited in Chapter 9, and indeed throughout the
whole report, provide useful insights into a number of climate
policy issues for policymakers. Second, scientists pay increas-
ing attention to the broader context of climate related issues
that have been ignored or paid marginal attention previously.
Among other factors, this has fostered the integration of devel-
opment, sustainability and equity issues into the present report.

Climate change is profoundly different from most other envi-
ronmental problems with which humanity has grappled. A
combination of several features lends the climate problem its
uniqueness. They include public good issues raising from the
concentration of GHGs in the atmosphere that requires collec-
tive global action, the multiplicity of decision makers ranging
from global down to the micro level of firms and individuals,
and the heterogeneity of emissions and their consequences
around the world. Moreover, the long-term nature of climate
change originates from the fact that it is the concentration of
GHGs that matters rather than their annual emissions and this
feature raises the thorny issues of intergenerational transfers of
wealth and environmental goods and bads. Next, human activ-
ities associated with climate change are widespread, which
makes narrowly defined technological solutions impossible,
and the interactions of climate policy with other broad socio-
economic policies are strong. Finally, large uncertainties or in
some areas even ignorance characterize many aspects of the
problem and require a risk management approach to be adopt-
ed in all DMFs that deal with climate change.

Policymakers therefore have to grapple with great uncertainties
in choosing the appropriate responses. A wide variety of tools
have been applied to help them make fundamental choices.
Each of those decision analysis frameworks (DAFs) has its
own merits and shortcoming through its ability to address some
of the above features well, but other facets less adequately.
Recent analyses with well-established tools such as cost—bene-
fit analysis as well as newly developed frameworks like the
tolerable windows or safe landing approach provide fresh
insights into the problem.

Figure TS.10a shows the results of a cost-effectiveness analy-
sis exploring the optimal hedging strategy when uncertainty
with respect to the long-term stabilization target is not resolved
until 2020, suggesting that abatement over the next few years
would be economically valuable if there is a significant proba-
bility of having to stay below ceilings that would be otherwise
reached within the characteristic time scales of the systems
producing greenhouse gases. The degree of near-term hedging
in the above analysis is sensitive to the date of resolution of
uncertainty, the inertia in the energy system, and the fact that
the ultimate concentration target (once it has been revealed)
must be met at all costs. Other experiments, such as those with
cost-benefit models framed as a Bayesian decision analysis
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Figure TS.10a: Optimal carbon dioxide emissions strategy,
using a cost-effectiveness approach.

problem show that optimal near-term (next two decades) emis-
sion paths diverge only modestly under perfect foresight, and
hedging even for low-probability, high-consequence scenarios
(see Figure TS.10b). However, decisions about near-term cli-
mate policies may have to be made while the stabilization tar-
get is still being debated. Decision-making therefore should
consider appropriate hedging against future resolution of that
target and possible revision of the scientific insights in the risks
of climate change. There are significant differences in the two
approaches. With a cost-effectiveness analysis, the target must
be made regardless of costs. With a cost-benefit analysis, costs
and benefits are balanced at the margin. Nevertheless, the basic
message is quite similar and involves the explicit incorporation
of uncertainty and its sequential resolution over time. The
desirable amount of hedging depends upon one’s assessment of
the stakes, the odds, and the costs of policy measures. The risk
premium — the amount that society is willing to pay to reduce
risk — ultimately is a political decision that differs among coun-
tries.

Cost-effectiveness analyses seek the lowest cost of achieving
an environmental target by equalizing the marginal costs of
mitigation across space and time. Long-term cost-effectiveness
studies estimate the costs of stabilizing atmospheric CO, con-
centrations at different levels and find that the costs of the
450ppmv ceiling are substantially greater than those of the
750ppmv limit. Rather than seeking a single optimal path, the
tolerable windows/safe landing approach seeks to delineate the
complete array of possible emission paths that satisfy external-
ly defined climate impact and emission cost constraints.
Results indicate that delaying near-term effective emission
reductions can drastically reduce the future range of options for
relatively tight climate change targets, while less tight targets
offer more near-term flexibility.

Figure TS.10b: Optimal hedging strategy for low probability,
high consequence scenario using a cost-benefits optimization
approach.

10.2 International Regimes and Policy Options

The structure and characteristics of international agreements
on climate change will have a significant influence on the
effectiveness and costs and benefits of mitigation. The effec-
tiveness and the costs and benefits of an international climate
change regime (such as the Kyoto Protocol or other possible
future agreements) depend on the number of signatories to the
agreement and their abatement targets and/or policy commit-
ment. At the same time, the number of signatories depends on
the question of how equitably the commitments of participants
are shared. Economic efficiency (minimizing costs by maxi-
mizing participation) and equity (the allocation of emissions
limitation commitments) are therefore strongly linked.

There is a three-way relationship between the design of the
international regime, the cost-effectiveness/efficiency of cli-
mate policies, and the equity of the consequent economic out-
comes. As a consequence, it is crucial to design the interna-
tional regime in a way that is considered both efficient and
equitable. The literature presents different theoretical strategies
to optimize an international regime. For example, it can be
made attractive for countries to join the group that commits to
specific targets for limitation and reduction of emissions by
increasing the equity of a larger agreement — and therefore its
efficiency — through measures like an appropriate distribution
of targets over time, the linkage of the climate debate with
other issues (“issue linkage”), the use of financial transfers to
affected countries (“side payments®), or technology transfer
agreements.

Two other important concerns shape the design of an interna-
tional regime: “implementation” and “compliance”. The effec-
tiveness of the regime, which is a function of both implemen-
tation and compliance, is related to actual changes of behaviour
that promote the goals of the accord. Implementation refers to
the translation of international accords into domestic law, pol-
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icy, and regulations by national governments. Compliance is
related to whether and to what extent countries do in fact
adhere to provisions of an accord. Monitoring, reporting, and
verification are essential for the effectiveness of international
environmental regimes, as the systematic monitoring, assess-
ment, and handling of implementation failures have been so far
relatively rare. Nonetheless, efforts to provide ‘“systems of
implementation review” are growing, and are already incorpo-
rated into the UNFCCC structure. The challenge for the future
is to make them more effective, especially by improving data
on national emissions, policies, and measures.

10.3 Linkages to National and Local Sustainable
Development Choices

Much of the ambiguity related to sustainable development and
climate change arises from the lack of measurements that could
provide policymakers with essential information on the alter-
native choices at stake, how those choices affect clear and rec-
ognizable social, economic, and environmental critical issues,
and also provide a basis for evaluating their performance in
achieving goals and targets. Therefore, indicators are indis-
pensable to make the concept of sustainable development oper-
ational. At the national level important steps in the direction of
defining and designing different sets of indicators have been
undertaken; however, much work remains to be done to trans-
late sustainability objectives into practical terms.

It is difficult to generalize about sustainable development poli-
cies and choices. Sustainability implies and requires diversity,
flexibility, and innovation. Policy choices are meant to intro-
duce changes in technological patterns of natural resource use,
production and consumption, structural changes in the produc-
tion systems, spatial distribution of population and economic
activities, and behavioural patterns. Climate change literature
has by and large addressed the first three topics, while the rel-
evance of choices and decisions related to behavioural patterns
and lifestyles has been paid scant attention. Consumption pat-
terns in the industrialized countries are an important reason for
climate change. If people changed their preferences this could
alleviate climate change considerably. To change consumption
patterns, however, people must not only change their behaviour
but also change themselves because these patterns are an
essential element of lifestyles and, therefore, of self-esteem.
Yet, apart from climate change there are other reasons to do so
as well as indications that this change can be fostered politi-
cally.

A critical requirement of sustainable development is a capaci-
ty to design policy measures that, without hindering develop-
ment and consistent with national strategies, could exploit
potential synergies between national economic growth objec-
tives and environmentally focused policies. Climate change
mitigation strategies offer a clear example of how co-ordinated
and harmonized policies can take advantage of the synergies
between the implementation of mitigation options and broader
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objectives. Energy efficiency improvements, including energy
conservation, switch to low carbon content fuels, use of renew-
able energy sources and the introduction of more advanced non
conventional energy technologies, are expected to have signif-
icant impacts on curbing actual GHG emission tendencies.
Similarly, the adoption of new technologies and practices in
agriculture and forestry activities as well as the adoption of
clean production processes could make substantial contribu-
tions to the GHG mitigation effort. Depending on the specific
context in which they are applied, these options may entail pos-
itive side effects or double dividends, which in some cases are
worth undertaking whether or not there are climate-related rea-
sons for doing so.

Sustainable development requires radical technological and
related changes in both developed and developing countries.
Technological innovation and the rapid and widespread trans-
fer and implementation of individual technological options and
choices, as well as overall technological systems, constitute
major elements of global strategies to achieve both climate sta-
bilization and sustainable development. However, technology
transfer requires more than technology itself. An enabling
environment for the successful transfer and implementation of
technology plays a crucial role, particularly in developing
countries. If technology transfer is to bring about economic and
social benefits it must take into account the local cultural tra-
ditions and capacities as well as the institutional and organiza-
tional circumstances required to handle, operate, replicate, and
improve the technology on a continuous basis.

The process of integrating and internalizing climate change and
sustainable development policies into national development
agendas requires new problem solving strategies and decision-
making approaches. This task implies a twofold effort. On one
hand, sustainable development discourse needs greater analyti-
cal and intellectual rigor (methods, indicators, etc.) to make this
concept advance from theory to practice. On the other hand, cli-
mate change discourse needs to be aware of both the restrictive
set of assumptions underlying the tools and methods applied in
the analysis, and the social and political implications of scientif-
ic constructions of climate change. Over recent years a good
deal of analytical work has addressed the problem in both direc-
tions. Various approaches have been explored to transcend the
limits of the standard views and decision frameworks in dealing
with issues of uncertainty, complexity, and the contextual influ-
ences of human valuation and decision making. A common
theme emerges: the emphasis on participatory decision making
frameworks for articulating new institutional arrangements.

104 Key Policy-relevant Scientific Questions

Different levels of globally agreed limits for climate change (or
for corresponding atmospheric GHG concentrations), entail
different balances of mitigation costs and net damages for indi-
vidual nations. Considering the uncertainties involved and
future learning, climate stabilization will inevitably be an iter-
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ative process: nation states determine their own national targets
based on their own exposure and their sensitivity to other coun-
tries’ exposure to climate change. The global target emerges
from consolidating national targets, possibly involving side
payments, in global negotiations. Simultaneously, agreement
on burden sharing and the agreed global target determines
national costs. Compared to the expected net damages associ-
ated with the global target, nation states might reconsider their
own national targets, especially as new information becomes
available on global and regional patterns and impacts of cli-
mate change. This is then the starting point for the next round
of negotiations. It follows from the above that establishing the
“magic number” (i.e., the upper limit for global climate change
or GHG concentration in the atmosphere) will be a long
process and its source will primarily be the policy process,
hopefully helped by improving science.

Looking at the key dilemmas in climate change decision mak-
ing, the following conclusions emerge (see also Table TS.7):

e a carefully crafted portfolio of mitigation, adaptation,
and learning activities appears to be appropriate over the
next few decades to hedge against the risk of intolerable
magnitudes and/or rates of climate change (impact side)
and against the need to undertake painfully drastic emis-
sion reductions if the resolution of uncertainties reveals
that climate change and its impacts might imply high
risks;

e emission reduction is an important form of mitigation,
but the mitigation portfolio includes a broad range of
other activities, including investments to develop low-
cost non-carbon, energy efficient and carbon manage-
ment technologies that will make future CO, mitigation
less expensive;

e timing and composition of mitigation measures (invest-
ment into technological development or immediate
emission reductions) is highly controversial because of
the technological features of energy systems, and the
range of uncertainties involved in the impacts of differ-
ent emission paths;

e international flexibility instruments help reduce the
costs of emission reductions, but they raise a series of
implementation and verification issues that need to be
balanced against the cost savings;

e while there is a broad consensus to use the Pareto opti-
mality®® as the efficiency principle, there is no agree-
ment on the best equity principle on wich to build an
equitable international regime. Efficiency and equity
are important concerns in negotiating emission limita-
tion schemes, and they are not mutually exclusive.
Therefore, equity will play an important role in deter-
mining the distribution of emissions allowances and/or
within compensation schemes following emission trad-

30 Pareto optimum is a requirement or status that an individual’s wel-
fare could not be further improved without making others in the soci-
ety worse off.
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ing that could lead to a disproportionately high level of
burden on certain countries. Finally, it could be more
important to build a regime on the combined implica-
tions of the various equity principles rather than to
select any one particular equity principle. Diffusing
non-carbon, energy-efficient, as well as other GHG
reducing technologies worldwide could make a signifi-
cant contribution to reducing emissions over the short
term, but many barriers hamper technology transfer,
including market imperfections, political problems, and
the often-neglected transaction costs;

e some obvious linkages exist between current global and
continental environmental problems and attempts of
the international community to resolve them, but the
potential synergies of jointly tackling several of them
have not yet been thoroughly explored, let alone
exploited.

Mitigation and adaptation decisions related to anthropogeni-
cally induced climate change differ. Mitigation decisions
involve many countries, disperse benefits globally over
decades to centuries (with some near-term ancillary benefits),
are driven by public policy action, based on information avail-
able today, and the relevant regulation will require rigorous
enforcement. In contrast, adaptation decisions involve a short-
er time span between outlays and returns, related costs and
benefits accrue locally, and their implementation involves local
public policies and private adaptation of the affected social
agents, both based on improving information. Local mitigation
and adaptive capacities vary significantly across regions and
over time. A portfolio of mitigation and adaptation policies will
depend on local or national priorities and preferred approaches
in combination with international responsibilities.

Given the large uncertainties characterizing each component of
the climate change problem, it is difficult for decision makers
to establish a globally acceptable level of stabilizing GHG con-
centrations today. Studies appraised in Chapterl0 support the
obvious expectations that lower stabilization targets involve
substantially higher mitigation costs and relatively more ambi-
tious near-term emission reductions on the one hand, but, as
reported by WGII, lower targets induce significantly smaller
bio/geophysical impacts and thus induce smaller damages and
adaptation costs.

11 Gaps in Knowledge

Important gaps in own knowledge on which additional
research could be useful to support future assessments include:

* Further exploration of the regional, country, and sector
specific potentials of technological and social innovation
options, including:

—  The short, medium, and long-term potential and costs
of both CO, and non-CO,, non-energy mitigation
options;
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Table TS.7: Balancing the near-term mitigation portfolio
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Issue

Favouring modest early abatement

Favouring stringent early abatement

Technology development

Capital stock and inertia

Social effects and inertia

Discounting and
intergenerational equity

Carbon cycle and
radiative change

Climate change impacts

Energy technologies are changing and improved
versions of existing technologies are becoming
available, even without policy intervention.
Modest early deployment of rapidly improving
technologies allows learning-curve cost
reductions, without premature lock-in to
existing, low-productivity technology.

The development of radically advanced
technologies will require investment in

basic research.

Beginning with initially modest emissions limits
avoids premature retirement of existing capital
stocks and takes advantage of the natural rate of
capital stock turnover.

It also reduces the switching cost of existing
capital and prevents rising prices of investments
caused by crowding out effects.

Gradual emission reduction reduces the extent of
induced sectoral unemployment by giving more
time to retrain the workforce and for structural
shifts in the labour market and education.
Reduces welfare losses associated with the need
for fast changes in people’s lifestyles and living
arrangements.

Reduces the present value of future abatement
costs (ceteris paribus), but possibly reduces
future relative costs by furnishing cheap
technologies and increasing future income levels.

Small increase in near-term, transient CO,
concentration.

More early emissions absorbed, thus enabling
higher total carbon emissions this century under
a given stabilization constraint (to be
compensated by lower emissions thereafter).

Little evidence on damages from multi-decade
episodes of relatively rapid change in the past.

Availability of low-cost measures may have substantial
impact on emissions trajectories.

Endogenous (market-induced) change could accelerate
development of low-cost solutions (learning-by-doing).
Clustering effects highlight the importance of moving to
lower emission trajectories.

Induces early switch of corporate energy R&D from
fossil frontier developments to low carbon technologies.

Exploit more fully natural stock turnover by influencing
new investments from the present onwards.

By limiting emissions to levels consistent with low CO,
concentrations, preserves an option to limit CO, concen-
trations to low levels using current technology.

Reduces the risks from uncertainties in stabilization
constraints and hence the risk of being forced into very
rapid reductions that would require premature capital
retirement later.

Especially if lower stabilization targets would be
required ultimately , stronger early action reduces the
maximum rate of emissions abatement required
subsequently and reduces associated transitional
problems, disruption, and the welfare losses associated
with the need for faster later changes in people’s
lifestyles and living arrangements.

Reduces impacts and (ceteris paribus) reduces their
present value.

Small decrease in near-term, transient CO,
concentration.
Reduces peak rates in temperature change.

Avoids possibly higher damages caused by faster rates
of climate change.




Technical Summary

Understanding of technology diffusion across different
regions;

Identifying opportunities in the area of social innova-
tion leading to decreased greenhouse gas emissions;
Comprehensive analysis of the impact of mitigation
measures on C flows in and out of the terrestrial sys-
tem; and

Some basic inquiry in the area of geo-engineering.

e Economic, social, and institutional issues related to climate
change mitigation in all countries. Priority areas include:

Much more analysis of regionally specific mitigation
options, barriers, and policies is recommended as these
are conditioned by the regions’ mitigative capacity;
The implications of mitigation on equity;

Appropriate methodologies and improved data sources
for climate change mitigation and capacity building in
the area of integrated assessment;

Strengthening future research and assessments, espe-
cially in developing countries.

* Methodologies for analysis of the potential of mitigation
options and their cost, with special attention to compara-
bility of results. Examples include:

Characterizing and measuring barriers that inhibit
greenhouse gas-reducing action;

Make mitigation modelling techniques more consistent,
reproducible, and accessible;

Modelling technology learning; improving analytical
tools for evaluating ancillary benefits, e.g. assigning
the costs of abatement to greenhouse gases and to other
pollutants;

Systematically analyzing the dependency of costs on
baseline assumptions for various greenhouse gas stabi-
lization scenarios;

Developing decision analytical frameworks for dealing
with uncertainty as well as socio-economic and ecolog-
ical risk in climate policymaking;

Improving global models and studies, their assump-
tions, and their consistency in the treatment and report-
ing of non-Annex I countries and regions.

* Evaluating climate mitigation options in the context of
development, sustainability, and equity. Examples include:

More research is needed on the balance of options in
the areas of mitigation and adaptation and of the mit-
igative and adaptive capacity in the context of DES;
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Exploration of alternative development paths including
sustainable consumption patterns in all sectors, includ-
ing the transportation sector, and integrated analysis of
mitigation and adaptation;

Identifying opportunities for synergy between explicit
climate policies and general policies promoting sus-
tainable development;

Integration of inter- and intragenerational equity in cli-
mate change mitigation studies;

Implications of equity assessments;

Analysis of scientific, technical, and economic aspects
of implications of options under a wide variety of sta-
bilization regimes;

Determining what kinds of policies interact with what
sorts of socio-economic conditions to result in futures
characterized by low CO, emissions;

Investigation on how changes in societal values may be
encouraged to promote sustainable development; and
Evaluating climate mitigation options in the context of
and for synergy with potential or actual adaptive mea-
sures.

Development of engineering-economic, end-use, and sec-
toral studies of GHG emissions mitigation potentials for
specific regions and/or countries of the world, focusing on:

Identification and assessment of mitigation technolo-
gies and measures that are required to deviate from
“business-as-usual” in the short term (2010, 2020);
Development of standardized methodologies for quan-
tifying emissions reductions and costs of mitigation
technologies and measures;

Identification of barriers to the implementation of the
mitigation technologies and measures;

Identification of opportunities to increase adoption of
GHG emissions mitigation technologies and measures
through connections with ancillary benefits as well as
furtherance of the DES goals; and

Linking the results of the assessments to specific poli-
cies and programmes that can overcome the identified
barriers as well as leverage the identified ancillary ben-
efits.
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EXECUTIVE SUMMARY

This chapter places climate change mitigation, mitigation pol-
icy, and the contents of the rest of the report in the broader con-
text of development, equity, and sustainability. This context
reflects the explicit conditions and principles laid down by the
UN Framework Convention on Climate Change (UNFCCC) on
the pursuit of the ultimate objective of stabilizing greenhouse
gas concentrations. The UNFCCC imposes three conditions on
the goal of stabilization, namely, that it should take place with-
in a time-frame sufficient to “allow ecosystems to adapt natu-
rally to climate change, to ensure that food production is not
threatened and to enable economic development to proceed in
a sustainable manner” (Art. 2). It also specifies several princi-
ples to guide this process: equity, common but differentiated
responsibilities, precaution, cost-effective measures, right to
sustainable development, and support for an open internation-
al economic system (Art. 3).

Previous IPCC assessment reports sought to facilitate this pur-
suit by comprehensively describing, cataloguing and compar-
ing technologies and policy instruments that could be used to
achieve mitigation of greenhouse gas emissions in a cost-
effective and efficient manner. The present assessment
advances this process by including recent analyses of climate
change that place policy evaluations in the context of sustain-
able development. This expansion of scope is consistent both
with the evolution of the literature on climate change and
importance accorded by the UNFCCC to sustainable develop-
ment - including the recognition that “Parties have a right to,
and should promote sustainable development” (Art. 3.4). It
therefore goes some way towards filling the gaps in earlier
assessments.

Climate Change involves complex interactions between climat-
ic, environmental, economic, political, institutional, social, and
technological processes. It cannot be addressed or comprehend-
ed in isolation from broader societal goals (such as sustainable
development), or other existing or probable future sources of
stress. In keeping with this complexity, a multiplicity of
approaches have emerged to analyze climate change and relat-
ed challenges. Many of these incorporate concerns about devel-
opment, equity, and sustainability (albeit partially and gradual-
ly) into their framework and recommendations. Each approach
emphasizes certain elements of the problem, and focuses on
certain classes of responses, including for example, optimal
policy design, building capacity for designing and implement-
ing policies, strengthening synergies between climate change
mitigation and/or adaptation and other societal goals, and poli-
cies to enhance societal learning. These approaches are there-
fore complementary rather than mutually exclusive.

This chapter brings together three broad classes of analysis,
which differ not so much in terms of their ultimate goals as in
their points of departure and preferred analytical tools. The
three approaches start with concerns, respectively, about effi-
ciency and cost-effectiveness, equity and sustainable develop-
ment, and global sustainability and societal learning. The dif-
ference between the three approaches we have selected lies in
their starting point, not in their ultimate goals. Regardless of
the starting point of the analysis, many studies try in their own
way to incorporate other concerns. For example, many analy-
ses that approach climate change mitigation from a cost-effec-
tiveness perspective try to bring in considerations of equity and
sustainability through their treatment of costs, benefits, and
welfare. Similarly, the class of studies motivated strongly by
considerations of inter-country equity tend to argue that equity
is needed to ensure that developing countries can pursue their
internal goals of sustainable development—a concept that
includes the implicit components of sustainability and efficien-
cy. Likewise, analysts focused on concerns of global sustain-
ability have been compelled by their own logic to make a case
for global efficiency—often modelled as the decoupling of pro-
duction from material flows—and social equity. In other words,
each of the three perspectives has led writers to search for ways
to incorporate concerns that lie beyond their initial starting
point. All three classes of analyses look at the relationship of
climate change mitigation with all three goals—development,
equity, and sustainability—albeit in different and often highly
complementary ways. Nevertheless, they frame the issues dif-
ferently, focus on different sets of causal relationships, use dif-
ferent tools of analysis, and often come to somewhat different
conclusions.

There is no presumption that any particular perspective for
analysis is most appropriate at any level. Moreover, the three
perspectives are viewed here as being highly synergistic. The
important changes have been primarily in the types of ques-
tions being asked and the kinds of information being sought.
In practice, the literature has expanded to add new issues and
new tools, subsuming rather than discarding the analyses
included in the other ones. The range and scope of climate pol-
icy analyses can be understood as a gradual broadening of the
types and extent of uncertainties that analysts have been will-
ing and able to address.

The first perspective on climate policy considered is Cost-
effectiveness. It represents a perspective that is well represent-
ed in conventional climate policy analysis and in the First
through Third Assessments. These analyses have generally
been driven directly or indirectly by the question of what the
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most cost-effective amount of mitigation for the global econo-
my is, starting from a particular baseline greenhouse gas
(GHG) emissions scenario, reflecting a specific set of socioe-
conomic scenarios. Within this framework, important issues
include measuring the performance of various technologies
and the removal of barriers (such as existing subsidies) to the
implementation of those candidate policies most likely to con-
tribute to emissions reductions. In a sense, the focus of analy-
sis here has been on identifying an efficient pathway through
the interactions of mitigation policies and economic develop-
ment, conditioned by considerations of equity and sustainabil-
ity, but not primarily guided by them. At this level, policy
analysis has almost always taken the existing institutions and
tastes of individuals as given; assumptions that might be valid
for a decade or two, but may become more questionable over
many decades.

The impetus for the expansion in the scope of the climate pol-
icy analysis and discourse to include Equity considerations was
to include considerations not simply of the impacts of climate
change and mitigation policies on global welfare as a whole,
but also of the effects of climate change and mitigation policies
on existing inequalities among and within nations. The litera-
ture on equity and climate change has advanced considerably
over the last two decades, but there is no consensus on what
constitutes fairness. Once equity issues were introduced into
the assessment agenda, though, they became important compo-
nents in defining the search for efficient emissions mitigation
pathways. The considerable literature that indicated how envi-
ronmental policies could be hampered or even blocked by
those who considered them unfair became relevant. In the light
of these results, it became clear how and why any widespread
perception that a mitigation strategy is unfair would likely
engender opposition to that strategy, perhaps to the extent of
rendering it non-optimal. Some cost-effectiveness analyses
had, in fact, laid the groundwork for applying this literature by
demonstrating the sensitivity of some equity measures to poli-
cy design, national perspective, and regional context. Indeed,
cost-effectiveness analyses had even highlighted similar sensi-
tivities for other measures of development and sustainability.

As mentioned, the analyses that start from equity concerns
have by and large focused on the needs of developing coun-
tries, and, in particular, on the commitment expressed in
Article 3.4 of the UNFCCC to the pursuit of sustainable devel-
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opment. Assessing the climate challenge from a sustainable
development perspective immediately reveals that countries
differ in ways that have dramatic implications for scenario
baselines and the range of mitigation options that can be con-
sidered. The climate policies that are feasible, and or desirable,
in a particular country depend importantly on its available
resources and institutions, and on its overall objectives includ-
ing climate change as but one component. Moreover, although
OECD centered models may give helpful first order insights
into the efficacy of global scale policy interventions, their
underlying assumptions may make them less useful when the
heterogeneity of nations is fully incorporated. Recognizing this
heterogeneity may lead to a different range of policy options
than has been considered likely thus far and may ultimately
feed back into policy design for Annex I. Recognizing hetero-
geneity among countries reveals, in short, differences in the
capacities of different sectors that may also enhance apprecia-
tion of what can be done by non-state actors as well as gov-
ernments to build their ability to mitigate.

While sustainability has been incorporated in the analyses in a
number of ways, a class of studies takes the issue of Global
Sustainability as the point of departure. One popular method
for identifying constraints and opportunities within this per-
spective is to identify future sustainable states and then exam-
ine possible transition paths to those states for feasibility and
desirability. In the case of developing countries this leads to a
number of possible strategies that can depart significantly from
what the developed countries pursued in the past.

The chapter closes with a discussion of preliminary attempts to
integrate the information and insights that result from studies
done from the three perspectives. Within this report the con-
cept of “co-benefits” is used to capture dimensions of the
response to mitigation policies from the equity and sustainabil-
ity perspectives in a way that could be used to modify the cost
projections produced by those working form the cost-effec-
tiveness perspective although ancillary benefit has been more
widely used in the literature. The concept of “mitigative capac-
ity” is also introduced as a possible way to integrate results
derived from the application of the three perspectives in the
future.
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1.1 Introduction

This chapter puts climate change mitigation and climate
change mitigation policy in the broader context of develop-
ment, equity, and sustainability. The ultimate objective of the
United Nations Framework Convention on Climate Change
(UNFCCC) “is to achieve ... stabilization of greenhouse gas
(GHG) concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate
system. Such a level should be achieved within a timeframe
sufficient to allow ecosystems to adapt naturally to climate
change, to ensure that food production is not threatened and to
enable economic development to proceed in a sustainable man-
ner” (Article 2). The UNFCCC goes on to specify principles that
should guide this process: equity, common but differentiated
responsibilities, precaution, cost-effectiveness, the right to sus-
tainable development, and the avoidance of arbitrary restriction
on international trade (Article 3). Previous Intergovernmental
Panel on Climate Change (IPCC) assessment reports sought to
lay the groundwork for policymakers pursuing the UNFCCC
goals by comprehensively describing, cataloguing, and compar-
ing technologies and policy instruments that could be used to
achieve the mitigation of GHG emissions.

The attention accorded in the UNFCCC to sustainable devel-
opment—including the recognition that ‘“Parties have a right to,
and should promote sustainable development” (Article
3.4)-has not, however, been matched by its treatment in previ-
ous IPCC assessment reports. As a result, the present assess-
ment seeks to address this mismatch by placing policy evalua-
tions in the broader context of development, equity, and sus-
tainability as outlined in the Convention. The rising stature of
development, equity, and sustainability in the discussion of
mitigation is, indeed, entirely consistent with the overall evo-
lution of the scope of the literature on climate change.

In fact, the analysis of climate change policies has evolved sig-
nificantly between the preparation of the First Assessment
Report (FAR; IPCC, 1991), the Second Assessment Report
(SAR; IPCC, 1996), and Third Assessment Report (TAR) of
the IPCC. In the late 1980s, for example, the focus of policy
analysis was almost exclusively on climate change mitigation
through emissions reduction. GHG emissions were modelled
almost exclusively in terms of carbon dioxide (CO,) from ener-
gy use (Nordhaus and Yohe, 1983; Edmonds and Reilly, 1985);
and emissions reductions were to be achieved primarily by
increasing the prices of fossil fuels. Hence, it is hardly surpris-
ing that, with a few exceptions (e.g., Bradley and Williams,
1989; Parikh et al., 1991), carbon taxes were overwhelmingly
the most commonly analyzed policy instrument. FAR (IPCC,
1991) documents the possible ramifications of a wide range of
policy instruments, but it reports that carbon taxes are again the
most fully analyzed in the literature. This report, by way of
contrast, demonstrates a significant enhancement in the capac-
ity of policy analysts to consider the sources and sinks of mul-
tiple gases as well as a broader array of policy instruments to
curtailing the emission of these gases into the atmosphere.
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Also, little consideration was given in FAR to policies
designed to enhance adaptation to climate change impacts. In
TAR, though, adaptation has become a major focus of the
Working Group II (WGII) report (IPCC, 2001). At the begin-
ning of the 1990s, assessments of the capabilities of countries
to achieve emissions reductions were almost exclusively based
on estimates of their fossil fuel consumption. With a few
exceptions (e.g., Grubb, 1991; Rayner, 1993) no explicit con-
sideration was given to social, cultural, political, institutional,
or decision-making constraints on the capacity of governments
to implement climate change policies.

Consistent with the state of the policy literature on climate
change, FAR (IPCC, 1991) also made no attempt to address
issues of equity. Prior to the publication of Global Warming in
an Unequal World (Agarwal and Narain, 1991a), consideration
of the fairness of climate change policies (both among and
within countries) received little attention from analysts and
policymakers (for exceptions see Grubb, 1989; Kasperson and
Dow, 1991; Parikh et al., 1991). The IPCC Second Assessment
Report WGIII (IPCC WG 111, 1996) did, however, mention the
need to extend the focus of analysis and assessment into areas
that included issues not only of equity and fairness, but also of
development and sustainability. Some of the studies available
then did note the distributional effects of alternative policy
designs and targets; and some did trace other effects into the
domains of development and sustainability. The point here is
not that earlier work ignored these broader issues, but that this
report begins the process of making them more central in the
assessment of the existing policy analyses. This report begins
the task of integrating technology and policy characterizations
into alternative development scenarios and policy decision-
frameworks that are broadly conceived. In the same spirit, this
chapter seeks to locate the work of WGIII in a broader context
of development, equity, and sustainability. In the process, we
draw on several themes (elaborated in subsequent chapters) to
identify opportunities to enhance the capacity of regions, coun-
tries, and communities to mitigate GHG emissions while
simultaneously pursuing their sustainable development goals.
Neither the greenhouse gas mitigation nor the sustainable
development initiative, however, eliminates the need to con-
duct efficiency-based assessments of the opportunity costs of
mitigation and/or the enhancement of the capacity to mitigate.
Instead, climate change and sustainable development both sim-
ply expand the number of objectives against which these costs
need to be measured.

The expansion of IPCC’s scope in this WGIII report comple-
ments that of WGII (IPCC, 2001), which addresses the impacts
of continued atmospheric accumulation of GHGs and the adap-
tive capacity of countries to adjust to the consequences of that
accumulation. The analogous concept of mitigative capacity
(Yohe, in press) is offered in Section 1.5 as one tool with which
policymakers and researchers alike might integrate insights
drawn from the domains of cost-effectiveness, equity, and sus-
tainability into their understanding of mitigation. Drawing
attention to concepts like mitigative capacity also allows the



78

reader to approach the complexity of mitigation within a
framework that mirrors the emphasis placed on adaptive capac-
ity by the TAR WGII Report.

The expansion of the range and scope of IPCC policy analysis,
just described, can be understood as a gradual broadening of
the types and extent of uncertainties that analysts have been
willing and able to address. A graphic representation of this
expansion of interest and capability (Figure 1.1) shows that the
policy sciences have made significant advances since IPCC
FAR. This figure simply depicts different perspectives that
have been employed to examine climate policy issues and the
stage at which they were incorporated into the IPCC process.
Progression through the IPCC assessments displayed in Figure
1.1 represents expansions in the scope of climate policy analy-
ses since 1980. There is no presumption that any particular
framework for analysis is most appropriate at any level. The
important changes are primarily in the types of questions being
asked and the kinds of information being sought. In practice,
the literature has expanded to add new issues and has sub-
sumed rather than discarded the analyses of the initial issues.
With each assessment, IPCC has added to the necessary tool
set without obviating the need for the tools developed in the
earlier assessments.

The first concern of policy analysis to be included in IPCC
assessments is labelled “Cost-effectiveness” in Figure 1.1. It
represents the field of conventional climate policy analysis that
is well represented in the First through to the Third
Assessments. These analyses are generally driven directly or
indirectly by the question of what is the most cost-effective
amount of mitigation for the global economy starting from a
particular baseline GHG emissions scenario, and reflecting a
specific set of socioeconomic scenarios. Within this frame-
work, important issues include measuring the performance of
various technologies and the removal of barriers (such as exist-
ing subsidies) to the implementation of the candidate policies
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Figure 1.1: Evolution of the IPCC assessment process.
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most likely to contribute to emissions reductions. In a sense,
the focus of such analysis is to identify an efficient pathway
through the interactions of mitigation policies and economic
development, in some cases conditioned by considerations of
equity and sustainability, but not primarily guided by them. At
this level, IPCC policy analysis has almost always taken the
existing institutions and tastes of individuals as given; such
assumptions might be valid for a decade or two, but may
become more questionable over many decades.

By introducing the issue of equity, SAR (IPCC, 1996) broad-
ened the IPCC policy discourse; a process reflected by
“Equity” in Figure 1.1. The impetus for this expansion in the
scope of the discourse was to include considerations not sim-
ply of the impacts of climate change and mitigation policies on
global welfare as a whole, but also of the effects of climate
change and mitigation policies on existing inequalities among
and within nations. The literature on equity and climate change
has advanced considerably since SAR, but there is no consen-
sus on what constitutes fairness. Once equity issues were intro-
duced into the IPCC assessment agenda, though, they became
important components in defining the search for efficient emis-
sions mitigation pathways. The considerable literature that
indicates how environmental policies could be hampered or
even blocked by those who considered them unfair became rel-
evant (National Academy of Engineering, 1986; Rayner and
Cantor, 1987; Grubb, 1989; Weiss, 1989; Kasperson and Dow,
1991). In light of these results, it became clear how and why
any widespread perception that a mitigation strategy is unfair
would likely engender opposition to that strategy, perhaps to
the extent of rendering it non-optimal (or even infeasible).
Some cost-effectiveness analyses had, in fact, laid the ground-
work for applying this literature by demonstrating the sensitiv-
ity of some equity measures to policy design, national per-
spective, and regional context. Indeed, cost-effectiveness
analyses had even highlighted similar sensitivities for other
measures of development and sustainability.

Throughout this evolution, though, the historical model of
societies that industrialized in the nineteenth and twentieth
centuries served as the central notion of what constitutes devel-
opment in both the cost-effectiveness and equity perspectives.
According to some analysts (e.g., Simon and Kahn, 1984;
Beckerman, 1996) this path represents the best model for glob-
al prosperity. However, a growing parallel literature recognizes
the importance of diverse development pathways in achieving
an environmentally and socioeconomically sustainable world
(see Section 1.4). This insight can serve as the basis of a third
analytical perspective—a perspective represented in Figure 1.1
by “Global Sustainability”. As yet, however, analyses of such
alternative development pathways remain largely unrealized
within the framework of IPCC. Still, the first steps in this
direction can be detected throughout this volume.

! Recent work in the theory of public choice (e.g., Michaelowa and
Dutschke, 1998) suggests that a more dynamic view of institutions
can be incorporated into this style of analysis.
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The above description of three complementary perspectives on
climate change mitigation and the broad societal goals of
development, equity, and sustainability bears elaboration. The
rest of this chapter can be seen as a triptych, in which each sec-
tion presents a particular perspective on climate change miti-
gation—motivated respectively by considerations of cost-effec-
tiveness, equity, and sustainability. However, we also describe
how each of the perspectives has attempted to address and
incorporate concerns that lie beyond their initial starting
points. For example, Section 1.2 details the Cost-effectiveness
perspective; however, its two concluding sections, (1.2.5 and
1.2.6) describe how this approach has addressed concerns of
equity and sustainability. Similarly, Section 1.3 is entitled
“Equity and Sustainable Development” in recognition of the
fact that writers examining the issue of climate change from a
vantage point of global equity have generally sought to explore
how developing countries could pursue their sustainable devel-
opment goals. In the penultimate sub-section (1.3.4) of this
section, we examine the concept of sustainable development
and describe its relationship to cost-effectiveness, efficiency,
and sustainability. Finally, the theme of Section 1.4 is Global
sustainability; and its two main sub-sections (1.4.2 and 1.4.3)
discuss issues of resource efficiency (de-coupling growth from
resource flows), and values and norms that include issues of
equity.

In other words, instead of forcing the literature that describes
the relationship between climate change mitigation and devel-
opment, equity, and sustainability into a single framework, we
have tried to bring out both the commonalities and differences
between alternative approaches and analytical frameworks. All
three classes of analyses look at the relationship of climate
change mitigation with all three goals—development, equity,
and sustainability—albeit in different and often highly comple-
mentary ways. Nevertheless, they frame the issues differently,
focus on different sets of causal relationships, use different
tools of analysis, and often come to somewhat different con-
clusions. Accordingly, they are likely to be useful to decision
makers in different ways.

Assessing the climate challenge with a sustainable develop-
ment perspective immediately reveals that countries differ in
ways that have dramatic implications for baselines and the
range of mitigation options that can be considered. Moreover,
although models centred on Organization of Economic Co-
operation and Development (OECD) countries may give help-
ful first-order insights into the efficacy of global policy inter-
ventions, the underlying assumptions may make such models
less useful when the heterogeneity of nations is incorporated
fully. Recognition of this heterogeneity may lead to a different
range of policy options than considered likely thus far, and
may ultimately feed back into policy design for Annex I coun-
tries. Recognizing heterogeneity among countries reveals, in
short, differences in the capacities of different sectors, which
may also enhance appreciation of what can be done by non-
state actors as well as governments to build their mitigative
capacity.
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The expansion of analytic perspectives also represents the
increasing complexity of issues selected for analytic focus. On
the left-hand side of Figure 1.1, complexity refers primarily to
the analytical challenges presented by individual technologies
(such as fuel cells or photovoltaics) or specific policy instru-
ments (such as carbon taxes or tradable emissions permits).
Moving from left to right across the figure, such complexities
become compounded, first by interactions among technologies
and policy instruments, then among mitigation and adaptation
issues, and, finally among climate change issues narrowly
defined and a wide range of environmental and socioeconom-
ic issues. Finally, linkages and interactions with policy objec-
tives for the development of the global economy come into the
picture.

A major part of the complexity that must be dealt with in for-
mulating climate policies is the uncertainties about how the
world and the climate system will evolve without new policies,
about what policies will be implemented now and in the future,
and about the efficacy of those policies. The economist Frank
Knight (1921) introduced a fundamental distinction between
“risk” and “uncertainty”,> whereby risk refers to cases for
which the probable outcomes are predicted through well-estab-
lished theories and methods, and with reliable data (e.g., the
radiative forcing of a tonne of CO, or the efficiency of a gas
turbine); and uncertainty to situations in which theories and
methods are widely accepted, but the appropriate data are not
available or are fragmentary, and probabilities and outcomes
can be assessed subjectively by relevant experts. In this situa-
tion, formal decision-analytic tools can be quite useful, but
only if carefully and systematically applied (Savage, 1954;
Raiffa, 1968; Howard, 1980, 1988: Howard and Matheson,
1984). There is, however, a third state in the climate context,
which may be called decision making under deep uncertainty
(sometimes also referred to as “secondary” uncertainties; see
Fischbeck, 1991). For deep uncertainty, it is not possible to
specify the behaviour of major components of a system
because of the absence of or contradictions in data, methods,
and/or theory. Decision-analytic methods can still be applied,
but the process of eliciting subjective probabilities is much
more complicated. The experts must factor in assessments
about the likelihood of each of the alternative theories being
correct, on top of assessments of the probabilities for alterna-
tive parameter values within the methods suggested by that
theory. In addition, the experts need to provide some estimate
of the uncertainty in outcomes caused by factors not incorpo-
rated into any existing theory. For example, there may be dis-
continuities in the response of the climate or ecological sys-
tems that occur at as yet unrecognized thresholds.

2 Knight defined uncertainties as either risks accessible using objec-
tive historical data or uncertainty where there is little or no data and
the underlying processes are not well understood. The exposition
here updates his original taxonomy to include more recent thinking
on a fuller range of degrees of uncertainties.
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Since they have different starting points and objectives, the
three approaches to climate policy analysis have exhibited
somewhat different approaches to handling uncertainty.
Applications of the cost-effectiveness approach have generally
ignored uncertainty completely or stayed fairly close to the tra-
ditional decision analysis approach, focusing on incorporating
a limited number of subjectively accessed probabilities on key
uncertainties. Applications of the equity approach have been
focused on the risks climate change and climate change poli-
cies might pose to the “most vulnerable” elements of the glob-
al population and have generally employed sensitivity analyses
to accomplish this objective. Studies done from the sustain-
ability perspective have more often than not focused on the
robustness of policies (and especially those designed to build
climate mitigation and adaptation possibilities) across wide
ranges of values for uncertain inputs and parameters.

The rest of this chapter elaborates each of the three analytic per-
spectives shown in Figure 1.1. The motivation for this elabora-
tion is threefold. First, it is to help the reader situate each per-
spective in the evolution of policy science as reflected in IPCC
assessments. Second, it is designed to situate the issue of GHG
emissions mitigation in the context of climate policy more broad-
ly. Third, it seeks to locate climate policy in a broader context of
concerns about development, equity, and sustainability. However,
it must be emphasized that Figure 1.1 does not represent any sort
of linear evolution in which one kind of analytic tool or policy
focus replaces a predecessor. Rather than a hierarchy of
approaches, the evolution of perspectives suggests a portfolio
approach both to assessment and policy choice. Just like a per-
sonal investment portfolio, a rational global climate policy port-
folio contains a flexible mix of diverse commitments consistent
with different development goals, and to protect against different
contingencies at various levels of uncertainty about the future.
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1.2 Cost-effective Mitigation

1.2.1  Introduction

This section describes the key themes that have been pursued
by the research community working from the “cost-effective
mitigation” perspective (as conceptualized in Figure 1.2). The
focus here is on the kinds of issues that the research communi-
ty working from this perspective address and not on specific
results.

Researchers working from a cost-effective perspective gener-
ally focus on achieving some policy objective at minimum
cost. Cost minimization, in some cases, is used to compare
alternative ways to meet some climate policy objective (like a
specific GHG emissions or concentration target); in other
cases, alternative ways to minimize the total cost of climate
change and policies designed to ameliorate its impacts are con-
sidered. In the former, the policy objective is included as a con-
straint; but in the latter, the objective is to minimize the cost of
the climate change. In either case, the policies considered are
generally restricted to those that directly affect energy use or
other activities with a direct impact on GHG emissions.
Although equity and sustainability metrics are frequently
examined in these analyses, their inclusion usually occurs after
the cost-effectiveness calculations have been completed.
Exceptions to this general observation include input assump-
tions related to discounting and utility function parameters that
do represent trade-offs between the utilities of various groups
and generations. Judicious use of sensitivity analysis can, how-
ever, illuminate the trade-offs implied along these dimensions,
but these trade-offs are not usually the main focus of such stud-
ies. It is therefore difficult, ex post, to graft other policy objec-
tives related to development or sustainability (e.g., poverty

Adaptation,
Vulnerability

Emissions

Environmental and
Socio-economic
Impacts

f

Costs
Ancillary Benefits

Climate
Policy

Figure 1.2: The cost-effectiveness perspective.
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reduction, human capital development) onto a cost-effective-
ness style of assessment.

1.2.2  The Costs of Climate Change Mitigation

The United Nations Framework Convention on Climate
Change makes clear that cost-effectiveness is an important cri-
terion to be used (among others) in formulating and imple-
menting climate policies. As stated in Article 3.3 of the con-
vention “...taking into account that policies and measures to
deal with climate change should be cost-effective so as to
ensure that global benefits at the lowest possible cost (UNFCC,
1992)”. The impacts of climate policy can be defined as the
changes that policies cause relative to some “business-as-
usual” or “baseline” situation. As discussed in Chapter 2, a
baseline is a scenario of how the global or regional environ-
ments, depending on the study, will evolve over time (often
over 100 years or more for baselines used in climate policy
studies) in the absence of climate policy intervention. Thus, a
baseline is typically built upon assumptions about future pop-
ulation growth, economic output, and resource and technology
availability, as well as upon assumptions about future non-cli-
mate environmental policies, like controls on sulphur dioxide
emissions. Changes from these baselines are frequently put
into categories of “benefits” and “costs”. The benefits includ-
ed in the calculus are estimated from avoided climate damages
and other ancillary benefits that would have otherwise
occurred if mitigation policies had not been introduced. The
costs for mitigation and other side effects that result are esti-
mated from economic sacrifices that might be required to mit-
igate climate change.

Climate change would be a relatively simple problem to over-
come if it could be avoided without sacrifice and if the means
to effect this avoidance were recognized widely. At present,
however, there are concerns about the sacrifices that avoiding
climate change might involve. A fundamental challenge in mit-
igation policy analysis is thus to discern how climate change
can be avoided at a minimal cost or sacrifice. Chapters 3-9
describe a number of advances since WGIII SAR that identify
methods to reduce the costs of climate change mitigation.
Indeed, these chapters report that some degree of mitigation
might be achieved at zero cost.

Chapter 7 distinguishes several cost concepts. Opportunity cost
(the value of a sacrificed opportunity) constitutes a basis upon
which estimates of economic cost are constructed. The extent
of the costs of mitigating climate change is, from an economic
perspective, measured in terms of the value of other opportu-
nities that must be forgone (for example, the opportunity to
enjoy low prices for domestic heating or other energy ser-
vices). It follows that economic costs can be different when
they are viewed from different perspectives. Costs of mitiga-
tion incurred by a regulated sector are, for example, generally
different from economy-wide costs. Costs are sometimes mea-
sured in currency units, but they are sometimes also measured
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against other metrics. In all cases, though, the underlying ele-
ment of cost is the sacrifice of opportunities, goods, or ser-
vices; and this element is often quite different from the overt
financial outlay involved.

Chapter 7 also indicates that some notions of cost incorporate
behavioural, institutional, or cultural responses that can be
missed by economic analyses. In measuring opportunity costs,
more specifically, economic analyses generally take personal
preferences, social and legal institutions, and cultural values as
given. Yet climate policies can affect (positively or negatively)
the functioning of institutions. They can alter the ways in
which people relate to each other; and they can influence indi-
viduals’ attitudes, values, or preferences. Taking these impacts
into account can alter the cost assessment. Moreover, while
economic analyses (including standard benefit—cost analyses)
tend to measure costs by adding up individuals’ valuations of
their forgone opportunities, other approaches to cost can be
defined in terms that are not simple aggregations of individual
measures.

As discussed below, equitable policy making brings attention
to the distribution of costs as well as to their aggregate levels.
There has been considerable progress since SAR in identifying
ways that climate change can be avoided at lower costs. Both
theoretical and modelling studies have helped to reveal the
types of policies that might achieve given targets at the lowest
cost. Moreover, as indicated below, models have identified cer-
tain circumstances in which at least some reductions in GHGs
might be achieved at no cost.

Chapter 8 reports that the cost of mitigation can depend signif-
icantly on the selection of a designated concentration target
that, typically, is assumed to be achievable within 100 or 200
years. Most model-based studies indicate that the first units of
abatement are fairly inexpensive; “low-hanging fruit” is easily
picked. However, most studies show that additional units of
abatement require more extensive changes and involve signif-
icantly higher costs.? Thus, to lower the original concentration
target is projected to result in a more than proportional increase
in costs. Rising marginal abatement costs provide a rationale to
employ broad-based, economically efficient mechanisms for
GHG abatement.

The cost of mitigation depends not only upon the cumulative
emissions reductions required over the next century, but on the
timing of these emissions reductions as well. Chapter 8 reviews
some studies that argue the most cost-effective approach to
achieving a given long-term concentration target involves
gradually rising abatement through time. The attraction of this
approach is that it helps avoid the premature turnover of stocks
of capital. In addition, deferring the bulk of abatement effort to

3 Tt is possible for the cost curves to be very flat in certain regions,
however, and technological change can shift them down significantly
over time.
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the future allows more discounting of abatement costs.
However, other studies show potential cost advantages in
concentrating more abatement towards the near term. These
studies argue, in particular, that near-term abatement helps
generate cost-effective “learning-by-doing”, by accelerating
the development of new technologies that can reduce future
abatement costs. These findings are not necessarily contradic-
tory. By introducing mitigation efforts in the near term, the
process of learning-by-doing is initiated. At the same time, by
increasing over time the stringency of policies (that is, the
extent of abatement), nations can avoid premature capital-
stock turnover and exploit the cost savings from future techno-
logical advances. Chapter 10 elaborates on these issues.

It is worth emphasizing that abatement policies (such as the
introduction of national targets on carbon emissions or policies
to stimulate the development of energy technologies not based
on carbon, as discussed in Chapter 3) can proceed in the near
term even when abatement efforts are significantly deferred to
the future. The near-term introduction of policies helps to stim-
ulate efforts to bring about new technologies, which is crucial
to enable future abatement to be achieved at lower cost.

As Chapter 6 discusses, individual countries can choose from a
large set of possible policy instruments to limit domestic GHG
emissions. These include traditional regulatory mechanisms
such as technology mandates and performance standards. They
also include “market-based” instruments such as carbon taxes,
energy taxes, tradable emissions permits, and subsidies to clean
technologies. They also include various voluntary agreements
between industries and regulators. A group of countries that
wishes to limit its collective GHG emissions can agree to
implement some of these policies in a co-ordinated fashion.

Chapters 6-9 reveal that the costs of achieving specified miti-
gation targets depend critically upon the policy instrument
employed. Any given target is achieved at the lowest cost when
the incremental cost of emissions reduction (abatement) is the
same across all emitters. If this condition is not met, then the
overall costs of emissions reduction could be reduced if firms
with lower incremental costs reduced emissions a bit more, and
firms with higher incremental costs pursued a bit less abate-
ment. It follows that cost-effective emissions reductions hold
the promise of allowing larger emissions reductions from any
allocation of resources

While market-based instruments such as carbon taxes and trad-
able carbon permits have potential cost advantages, the extent
to which these potential advantages are actually realized
depends on whether the policy generates revenues and whether
these revenues are “recycled” in the form of cuts in existing
taxes. Revenue recycling is important to the costs of a carbon
tax, for example. When the revenues from the carbon tax
finance reductions in the rates of pre-existing taxes, some of
the distortionary cost of these prior taxes can be avoided; and
so the cost of mitigation is reduced. These issues are further
elaborated in Chapters 6-9.
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The issue of revenue recycling applies also to policies that
would reduce CO, through carbon permits or “caps”. As dis-
cussed in Chapter 6, revenues could be recycled through cuts
in existing taxes if CO, permits are auctioned. In contrast, if
the permits are distributed freely, then no revenue is collected
and there is no possibility of revenue recycling. Thus, auction-
ing the permits has a significant potential cost advantage over
free allocation.

It is also important to keep in mind that aggregate costs are not
the only useful consideration in evaluating alternative policy
instruments from the cost-effectiveness perspective. The distri-
bution of these costs across businesses, regions, and individu-
als is important as well. Moreover, other important evaluation
criteria, including administrative and political feasibility, can
play a role in determining exactly how and why mitigation ini-
tiatives might emerge.

The theoretical and modelling literature also reveals that interna-
tional policy co-ordination through “flexibility mechanisms”
offers enormous opportunities to achieve given reductions in
GHG emissions at relatively lower cost. In principle, co-ordinat-
ed policies can be designed so that cost-effectiveness is
improved on a global scale. The Kyoto Protocol defines several
flexibility mechanisms, including international emissions trading
(IET), joint implementation (JI), and the clean development
mechanism (CDM). Each of these international policy instru-
ments provides opportunities, in theory, for Annex I Parties to
fulfil their commitments cost-effectively. IET allows Annex I
parties to exchange parts of their assigned amount. Similarly, JI
allows Annex I parties to exchange “emission reduction units”
among themselves on a project-by-project basis. Under the
CDM, Annex I parties receive credit, on a project-by-project
basis, for reductions accomplished in non-Annex I countries.
Participation in these programmes can also increase the level of
investment in clean energy technologies. International policy co-
ordination in implementing climate policy also requires account-
ing for the “ spillover” effects of mitigation in one country that
can effect economic activity in other countries through interna-
tional trade linkages. In general, countries that mitigate less may
gain an advantage in their share of international trade over their
trading partners, but can also lose market share if those trading
partners control more and thus reduce their overall level of eco-
nomic activity. See Chapter 8 for more on these issues.

Most studies of national or global mitigation costs focus on
CO, from fossil energy alone (e.g., see Chapter 8), but some
recent studies consider other GHGs as well. For example,
Chapters 3 and 4 discuss options to reduce emissions of non-
CO, gases and CO, net emissions from land-use change,
respectively. Chapter 8 indicates that defining national targets
in terms of a “basket” of gases (as under the Kyoto Protocol)
rather than in terms of individual gases enhances flexibility and
can reduce the costs of mitigating climate change. Emissions of
several of the GHGs (such as methane and nitrous oxide) from
some sources can, in addition, be very difficult to monitor. This
practical complication raises the potential cost of mitigation
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over the short- to medium-term, because it highlights the need
to improve the methods used to monitor these emissions.

1.2.3  The Role of Technology

The time horizon for climate change is long. The climate
impacts of decisions made in the next decade or two will be felt
over the next century and beyond. As a result, technology and,
more specifically, improvements in the rate and direction of
technological change, will play a very important role. As dis-
cussed in Chapter 2, the development and diffusion of new
technologies is perhaps the most robust and effective way to
reduce GHG emissions. Three aspects of technology can be
distinguished: invention (the development, perhaps in a labo-
ratory, of a new production method, product, or service), inno-
vation (the bringing of new inventions to the market), and dif-
fusion (the gradual adoption of new processes or products by
firms and individuals). Chapter 3 indicates that hundreds of
recently invented technologies can improve energy efficiency
and thus reduce energy and associated GHG emissions. These
technologies can yield more energy-efficient buildings and
appliances and equipment used in them. There are, however,
significant barriers to their innovation and diffusion. Chapter 5
(see also IPCC, 2000a) classifies these barriers and provides a
framework for understanding their connections with one anoth-
er. Some new low-carbon emission technologies are not adopt-
ed because their cost and performance characteristics make
them unattractive relative to existing technologies. To be
adopted, these technologies require tax advantages, cost subsi-
dies, or additional cost-reducing or performance-enhancing
research and development (R&D; see Chapter 6 for a discus-
sion of the possible efficacy of such policies). Other technolo-
gies could be adopted more rapidly if market failures and other
socioeconomic constraints are reduced. Market failures refers
to situations in which the price system does not allocate
resources efficiently (see, e.g., Opschoor, 1997). They can
emerge when information is not fully disseminated or when
market prices do not reflect the full social cost. So, a new tech-
nology may not be employed if potential purchasers lack
information about it or if its price lies between its private value
and its, potentially higher, social value.

While Chapter 3 summarizes advances in our understanding of
technological options to limit or reduce GHG emissions,
Chapter 4 indicates that terrestrial systems offer significant
potential to capture and hold substantially increased volumes
of carbon within organic material. However, the challenges
associated with defining and measuring contributions to
sequestration and with monitoring the performance of individ-
ual sink projects are significant. The nature of sequestration
opportunities differs by region. In some regions, the least-cost
method of accomplishing sequestration is to slow or halt defor-
estation. In others, afforestation and reforestation of abandoned
agricultural lands, degraded forests, and wastelands offer the
lowest-cost opportunities. The results of the IPCC (2000c)
Special Report on Land Use, Land-Use Change and Forestry
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may shed light on some of these controversies. In all cases,
though, the opportunity costs associated with using terrestrial
systems involve welfare implications on multiple scales.

1.2.4  The Role of Uncertainty

The uncertainties that surround climate change are vast. The
connections between emissions of GHGs and climate change
are not fully understood. In addition, uncertainty distorts our
understanding of the impacts of climate change and the value
of those impacts to humans. These uncertainties depend on
scale, and become larger across the spectrum from ‘“average”
impacts across broadly defined geographical areas to specific
impacts felt at a more local level.

The uncertainties that surround climate change bear on the
issue of whether mitigation policies are justified. Some ana-
lysts might conclude that these uncertainties justify the post-
ponement of significant mitigation efforts—particularly those
that involve economic sacrifices—on the grounds that not
enough is yet known about the problem. Proponents of this
point of view argue that there is some chance that scientific
inquiry will eventually reveal that the continued accumulation
of GHGs will not produce significant changes in climate and/or
significant associated damages. So long as the possibility
exists that a “type one” error (an action that will ultimately turn
out to be unnecessary) could occur, the argument goes, it is
premature to undertake costly mitigation measures now.

However, uncertainty also introduces the risk that the opposite
will occur. There is a significant possibility that scientific
investigations will ultimately reveal that the continued accu-
mulation of GHGs will have severe consequences for climate
and substantial associated impacts. If this scenario should
materialize, the cost of making this “type two” error (of taking
little or no action in the near term to stem the accumulation of
GHGs) could be enormous. As discussed in Chapters 8-10, it
may be less costly to spread the costs of averting climate
change by beginning mitigation efforts early, rather than to
wait several decades and take actions after the problem has
already advanced much further. Indeed, if postponing mitiga-
tion efforts allows irreversible climate impacts to occur, then
no future efforts, at any cost, can undo the resultant damage.

The risks of premature (or unnecessary) action should there-
fore be compared with the risks of failing to take action that
later proves warranted. As stated in Article 3.3 of the
Framework Convention “...The parties should take precau-
tionary measures to anticipate, prevent or minimise the causes
of climate change and mitigate its adverse effects”(UNFCCC,
1992). Which risk is larger? Analyses of this issue (see Chapter
10) tend to indicate that the latter risk is sufficient to justify
some mitigation efforts in the short run, despite the possibility
that these efforts might ultimately prove unnecessary. These
analyses depict mitigation efforts as a type of insurance against
potentially serious future consequences. It is generally sensible
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for a person to purchase fire insurance on his or her house
(despite the likelihood a fire will never occur). Likewise, it is
rational for nations to insure against potentially serious dam-
ages from climate change, despite the significant chance that
the most serious scenarios will not materialize.

The term precautionary principle has been employed to express
the idea that it may be appropriate to take actions to prevent
potentially harmful climate-change outcomes. As discussed in
Chapter 10, this term has more than one meaning. A weak ver-
sion of the principle is the idea that, in the presence of uncer-
tainty, it may be prudent to engage in policies that provide
insurance against some of the potential damages from climate
change. Insuring against potentially serious damages can be
rational simply because the costs of the insurance are less than
the expected value of avoided damages. This weaker form of
the precautionary principle applies even if individuals or soci-
eties are not particularly averse to risk. In its stronger form, the
precautionary principle stipulates that nations should pursue
whatever policies are necessary to minimize the damages
under the worst possible scenario. This stronger form assumes
extreme risk-aversion, since it focuses exclusively on the worst
possible outcomes. It is clear, though, that there are costs asso-
ciated with climate policies that could, under some circum-
stances, impose large costs on particular peoples and/or
nations; but neither form of the precautionary principle has yet
been applied to this side of the climate calculus.

Uncertainty also bears on the design of mitigation policies. As
indicated in Chapters 8 and 10, the problem of climate change
might be addressed most effectively through a process of
sequential decision making, in which policies are adjusted over
time as new scientific information becomes available and
uncertainties are reduced. Moss and Schneider (2000) offer
guidance on how subjective probabilities can be utilized effec-
tively when empirical data are not available or are inconclu-
sive. New information is valuable, and flexible policies that
can make use of this information have an advantage over rigid
ones that cannot. In any case, policies that help build or
strengthen mitigation capacity are consistent with the insur-
ance approach. To the extent that mitigation capacity is higher,
the costs of future action can be expected to be lower.

1.2.5  Distributional Impacts and Equity Considerations

It is important to consider more than the aggregate (worldwide)
benefits and costs of such policies in examining and evaluating
mitigation options. Considerations of the national, intranation-
al, industrial, and intergenerational distributions of the benefits
and burdens of mitigation policies—as well as considerations of
the historical contributions to the accumulation of GHGs—are
crucial to develop equitable climate policies. The WGII report
(IPCC, 2001) indicates that the impacts of climate change vary
substantially across regions of the globe. Indeed, climate
impacts can differ even on the scale of a few miles depending
on geography, terrain, and other natural conditions. The costs
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of the economic impacts of climate policies are distributed
unevenly as well, although the distribution of these impacts
depends on the types of mitigation policies introduced. It is
important to consider the distribution of cost impacts of differ-
ent potential policies across nations, socioeconomic groups,
industrial sectors, and generations.

The distribution of the economic impacts of mitigation policies
across economic sectors is examined in Chapter 9. Policies
such as carbon taxes or carbon caps are designed to limit car-
bon use and are likely to cause production, output, and employ-
ment to fall in the coal and oil extraction industries. The impact
on the natural gas industry is less clear. On the one hand, a car-
bon tax raises the cost of supplying natural gas, which tends to
imply reduced demands, output, and employment in this indus-
try. On the other hand, this tax raises the price of coal by a larg-
er percentage, inducing shifts in demand from coal to natural
gas. The impact of mitigation policies on renewable energy
sources is likely to vary by resource and region but are likely
to lead to larger markets for renewables. Mitigation policies are
expected to lead to structural changes in manufacturing, espe-
cially in the developed countries. Sectors that supply energy-
saving equipment and low-carbon technologies are likely to
benefit from these policies. Sectors that rely intensively on car-
bon-based fuels are expected to suffer price increases and a
loss of output.

Chapter 8 indicates results that concern the distribution of
impacts across household income groups. According to most
studies, mitigation policies that imply higher energy prices
impose higher cost-burdens (relative to income) on less affluent
households than on richer households. This reflects that the
poor tend to spend a larger share of their income on energy.
Equity considerations suggest that mitigation policies can over-
come these distributional consequences by including provisions
that reduce the costs they impose on the lowest-income groups.

For the most part, existing studies of the impacts across house-
hold groups (or socioeconomic groups, more broadly) apply to
developed nations. There is a severe need for studies that con-
sider the distributional impacts within developing countries. In
addition, nearly all the studies lack the detail necessary to con-
sider impacts in socioeconomic dimensions other than income.
As a result, important costs to various groups within the gen-
eral population may be overlooked. Important costs may also
be hidden by aggregation. This is especially relevant in studies
of the impacts of climate change and mitigation activity in
developing countries, since existing studies may overlook
major impacts to the most vulnerable individuals. Section 1.3
discusses the issue of equity in more detail and from a broader
perspective.

1.2.6  Sustainability Considerations

Sustainability considerations are typically not the primary
motivation for studies carried out from the “cost-effectiveness
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perspective”. Besides the distributional effects of climate poli-
cies, their implications for other environmental concerns can
also be calculated. For example, the implied impact of climate
policies on sulphur, particulate emissions, or land uses can be
calculated. Sulphur emissions in some scenarios may be so
high that they have major health impacts, and the land-use
requirements for a global energy industry based on a very large
biomass could potentially crowd out agriculture, forestry, and
the recreational use of land.

As indicated in Chapter 2, the benefits and costs from a given
mitigation policy depend on the baseline circumstances to
which the policy is applied. The uncertainties as to what the
baseline circumstances might be are vast, in the light of which
it is important to evaluate the impacts of given policies relative
to a range of baseline scenarios rather than to a single baseline
scenario.

Human welfare and the state of the environment (which may
be a determinant of human welfare, but one that is the focus of
this assessment report) depend both on the baseline path and on
the policy-induced departures from the baseline. A striking
conclusion from Chapter 2 is that the differences in human
welfare across plausible baselines can be greater than the wel-
fare impacts of mitigation policies. That is, the nature of the
baseline—which reflects a wide range of human decisions and
policies outside of the climate-policy arena—can be more
important than the departures from that baseline caused by cli-
mate policy. The lower the level of baseline GHG emissions,
the smaller is the effort required to achieve any specific emis-
sions or concentration target. This does not eliminate the
importance of policy actions to mitigate climate change, but it
reveals the importance of developments that occur outside
what is typically regarded as “climate policy”.

It is not surprising that changes in the economy resulting from
climate policy may be small compared to changes that may
occur in response to other trends in the economy and to other
policies. This is so because most the GHG emissions occur in
energy production, which forms a relatively low percentage of
the economy (no more than 5%-10%). In principle, rearrang-
ing energy use as one element of a mitigation strategy need not
be a major shock to the economy if it is done efficiently.
Important also is that the costs of mitigation are likely to vary
substantially among nations because of both differences in
baseline emissions trends and differences in flexibility to
accomplish the emissions reductions required (see also
Schneider (1998) on this subject).

Deciding what counts as ‘“climate policy” is not always
straightforward, as discussed in Chapter 2. In many policy dis-
cussions, climate-change mitigation policy is assumed to
involve actions for which the primary target is a reduction in
GHG concentrations. These include efforts directly aimed at
reducing carbon emissions, at expanding carbon sinks, at
reducing emissions of other GHGs (like methane and nitrous
oxide from agriculture), and at promoting the development of
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new technologies and production processes that rely less on
carbon-based fuels (see Chapters 3 and 4). If this is the domain
of mitigation policy, then other (anticipated) actions that do not
fall in this category need to be regarded, by default, as part of
the baseline. However, other activities have important conse-
quences for climate change. For example, policies oriented
towards local air pollution—such as controls on hydrocarbon
emissions from automobiles—affect levels of emissions of CO,
as well as the formation of tropospheric ozone, and thus have
consequences for climate. Moreover, as discussed below, some
policies, such as poverty alleviation, may ultimately have sig-
nificant implications for the emissions of GHGs and are there-
fore extremely important to climate change.

The implications of different baseline assumptions about the
future of the world reflect, in part, different assumptions about
the sustainability of economic, biological, and social systems.
Bringing them to bear on the analyses of mitigation opens the
possibility that climate policies can be assessed within alterna-
tive worlds and that how climate policies might effect various
measures of sustainability can be examined explicitly. This
kind of analysis can support, though, only a limited treatment
of sustainable development. A more in-depth treatment has
been attempted by researchers working from the perspective of
“envisioning transitions to sustainability”; their perspective is
described in Section 1.4.

In addition to the direct benefits of GHG mitigation represent-
ed in terms of reductions in impacts resulting from climate
change, the cost-effectiveness perspective also considers bene-
fits from reductions in other pollutants* that may accompany
the GHG emission reductions. Given the focus on climate
change mitigation as the primary objective the term used most
often is “ancillary benefits” (see also Chapter 8). The term “co-
benefits” is used for situations where climate change and other
environmental or socioeconomic objectives are equally impor-
tant. That notion comes more naturally from the sustainability
perspective and reflects that most policies designed to address
GHG mitigation also have other, often at least equally impor-
tant, rationales, e.g. related to development, equity and sus-
tainability.

1.3  Equity and Sustainable Development

The above review of the literature on cost-effective GHG mit-
igation (including the chapters in this report) shows that ele-
ments of development, equity, and sustainability are addressed
in some of the analyses. However, they generally take the form
of boundary conditions, barriers, or constraints rather than the
primary motivation of the analysis. There is also a large and
growing volume of research that approaches mitigation direct-
ly from a concern with equity and development (Figure 1.3).

4 In principle these ancillary benefits should be credited only to the
extent of the cost of direct control of those pollutants they obviate.
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Figure 1.3: Equity and climate change mitigation.

While in principle, equity concerns pertain to at least three
domains>—international, intra-country, and inter-genera-
tional-much of this literature focuses on the international
dimensions of equity, and takes as its primary challenge the
goal of sustainable development and poverty eradication in
developing countries, (Parikh, 1992; Parikh and Parikh, 1998;
Murthy, 2000).

As mentioned earlier, although this literature starts with con-
cerns about global equity, one of its central concerns is the pro-
motion of the prospects of sustainable development, especially
in developing countries. Accordingly, we have entitled this
approach, “equity and sustainable development”.

An important motivation for this literature is climate change
agreements in which equity—at all relevant levels (intergenera-
tional, intragenerational, international, and intranational)—is a
prominent and consistent theme. The first principle of the
UNFCCC (1992, Article 3.1) states: “The Parties should pro-
tect the climate system for the benefit of present and future

5 This is an extensive and diverse literature, of which a few examples
are Ramakrishna (1992), Shue (1993, 1995), Mintzer and Leonard
(1994), Munasinghe (1994, 1995, 2000), Lipietz (1995), Parikh
(1995), Rowlands (1995), Runnalls (1995), Jamieson (1996, 2000),
Murthy et al. (1997), Parikh et al. (1997), Rajan (1997), Sagar and
Kandlikar (1997), Schelling (1997), Byrne et al. (1998), Najam and
Sagar (1998), Parikh and Parikh (1998), Tolba (1998), Agarwal et al.
(2000).

generations of humankind, on the basis of equity and in accor-
dance with their common but differentiated responsibilities and
respective capabilities. Accordingly, the developed country
Parties should take the lead in combating climate change and
the adverse effects thereof.”

The UNFCCC goes on to require developed countries to assist
developing countries in coping and adapting with the impacts
of climate change (Articles 4.3, 4.4, 4.5, 4.8, 4.9, 4.10), recog-
nizes that “economic and social development and poverty erad-
ication are the first and overriding priorities of the developing
countries” (Article 4.7), and, indeed, that “Parties have a right
to and should promote sustainable development” (Article 3.4).
The Kyoto Protocol retained this emphasis by referring to var-
ious paragraphs of Article 4 of the UNFCCC (1992), and
refrained from imposing additional commitments on develop-
ing countries (UNFCC, 1997b Article 10, preamble). It reiter-
ated the goal of sustainable development and established the
CDM to assist developing countries in achieving sustainable
development while contributing to the ultimate objectives of
the UNFCCC (1997b, Article 12.2; see also Jacoby et al.,
1998; Najam and Page, 1998; Jamieson, 2000; Agarwal et al.,
2000).

Finally, the issue of equity has been discussed not only with
regard to the distribution of resources and burdens within and
between generations, but also in terms of the role that it plays
in the generation of social capital. Along with reproducible,
natural, and human and intellectual capital, social capital is
necessary for sustainability (Rayner et al., 1999; for related



Setting the Stage: Climate Change and Sustainable Development

arguments, see also Hahn and Richards, 1989; Toman and
Burtraw, 1991; Rose and Stevens, 1993). Fairness is integral to
the establishment and maintenance of social relations at every
level, from the micro to the macro, from the local to the
global.

What is fair may be the subject of disagreement, but the
demand for fairness only arises because of the existence of
community. It is very hard to imagine what fairness would
mean if we did not live and work together in families, commu-
nities, firms, nations, and other social arrangements that persist
over time (Rayner, 1995).

1.3.1  What Is the Challenge?

The challenge of climate change mitigation from an equity per-
spective is to ensure that neither the impact of climate change
nor that of mitigation policies exacerbates existing inequities
both within and across nations. The starting point for describ-
ing this challenge is the vast range of differences in incomes,
opportunities, capacities, and human welfare, both between
and within countries. This is combined with the fact that car-
bon emissions are closely correlated to income levels—both
across time and across nations—which suggests that restrictions
on such emissions may have strong distributional effects
(Parikh et al., 1991; Parikh et al., 1997b; Munasinghe, 2000).

Income and consumption, as well as vulnerability to climate
change, are distributed unevenly both within and between
countries.% Concerns about the disproportionate impacts of cli-
mate change on developing countries are mirrored in similar
fears with regard to poor and vulnerable communities within
developing countries (Jamieson, 1992; Ribot et al., 1996;
Reiner and Jacoby, 1997). Similarly, issues of intergenerational
equity have been raised to caution against shifting the burden
of adjustment to future generations, which cannot influence
political choices today (see Weiss, 1989),” a theme picked up
in Section 1.4 below.

Academic and policy interest has focused on income distribu-
tion as well as the poverty that underlies it. Global poverty sta-
tistics are compelling. Over 1.3 billion people, or more than
one-fifth of the global population, are estimated to be living at

© The average per capita energy consumption of low income house-
holds in developing countries is frequently only about 10% of that of
the upper-middle income groups in these countries, a pattern that par-
allels the 1:10 ratio of per capita energy consumption between devel-
oping and developed countries (see Siddiqui, 1995).

7 Although this issue received attention in the IPCC SAR (IPCC,
1996), the discussion was framed in technical terms, namely the deter-
mination of the appropriate discount rate, which made little accom-
modation for philosophical, legal, and sociological perspectives on
intergenerational rights and responsibilities.
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less than US$1 per day. Other measures of poverty and vulner-
ability—lack of access to health, education, clean water, or san-
itation—yield higher estimates of poverty. Since poverty is con-
centrated in non-Annex I countries—especially South Asia and
Africa—whose average per capita income is less than one-quar-
ter (in dollars of constant Purchasing Power Parity) of the aver-
age for developed countries (UNDP, 1999; World Bank, 1999),
equity concerns have focused on differences between rather
than within countries.

The distributional dimension of global poverty was illustrated
vividly by the Human Development Report 1989 (UNDP,
1989), in the form that has come to be known as the cham-
pagne glass (Figure 1.4). This representation of global income
distribution shows that in 1988 the richest fifth of the world’s
population received 82.7% of the global income, which is near-
ly 60 times the share of the income received by the poorest fifth
(1.4%). More recent statistics indicate that inequality has
widened further since then and that in 1999 the richest quintile
received 80 times the income earned by the poorest quintile
(UNDP, 1999).

Besides average income levels, Annex I and non-Annex I
countries differ in other ways, most importantly in terms of the
capacity for collective action and access to technology and
finance. Many non-Annex I countries face problems of gover-
nance because of weak administrative infrastructures, failure to
invest in human and institutional capacity, lack of transparen-
cy and accountability, and a high incidence of civic, political,
and regional conflicts (World Bank, 1992; UNDP, 1997
Kaufmann et al., 1999; Knack, 2000; Thomas et al., 2000).
They also house a less than proportionate fraction of R&D
infrastructure, and consequently lack access to technology and
innovation. This is especially important in issues of global
environmental change, which are strongly science-driven areas
(Jamieson, 1992; Ramakrishna, 1992; Najam, 1995; Agarwal
and Narain, 1999). Finally, many (though not all) of these
countries are over-exposed to international debt—and their gov-
ernments to domestic debt—and thus have less flexibility in the
choice of policy options (World Bank, 1998).

Notwithstanding the diversity of initial conditions in various
countries, they share a common commitment to the goal of

Population Income
20% 82.7%
20% 11.7%
20% 2.3%
20% 1.9%
20% 1.4%

Figure 1.4: Global distribution of income and population.
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Figure 1.5: Per capita carbon emission and income.

economic growth, partly for its own sake and partly because it
is perceived as one of the means of poverty eradication and
capacity development. However, most analysts recognize that
growth alone is not a solution and it needs to be combined with
ancillary policies and safeguards to protect environmental and
social resources. In fact, while national economic growth
appears to be correlated with a reduction in poverty levels (and
neutral with regard to national income distribution), over the
past 50 years global income growth has been accompanied by
a worsening of global income distribution (World Bank, 2000)
and a persistence of poverty.® The concept of sustainable devel-
opment has incorporated distributional aspects mainly in
response to these concerns (see LEI€, 1991; Murcott, 1997). Be
that as it may, economic growth continues to be the centre of
government policies and plans.

This is relevant to climate change mitigation, since a fairly
robust stylized fact of historical development, consistent with
both cross-country and time-series data, is the close correlation
between economic growth and carbon emissions. Figure 1.5,
for example, presents cross-country data on per capita carbon
emissions and income (in USS$(PPP); see also Box .1 on a con-
troversy over the representation of data). The bold trend line
highlights the proportionate increases (or, as in some
economies in transition recently, decreases) in per capita emis-
sions and income over time. Broadly speaking, developed

8 The reason for this paradox is that at the global level intercountry
distributional impacts dominate over the within-country impacts (see
World Bank, 2000, p. 51).

countries have per capita incomes over US$(PPP)20,000 and
carbon emissions between 2 and 6 tonnes per capita. Non-
Annex I countries have much lower incomes and much lower
emissions, while the economies in transition fall in the middle
of the range. In particular, the bulk of the world’s poor live in
a smaller number of non-Annex I countries, which are bunched
at the bottom left corner of the graph, with incomes below
US$(PPP)5,000 per capita, and emissions below 0.5tC/capita.

Useful analytical tools in this regard are various decomposition
approaches® that represent carbon emissions as the product of
three factors, carbon intensity (emissions per unit of income),
affluence (income per capita), and population. The decomposi-
tion suggests that reconciliation of the goals of emissions
abatement and economic growth must involve a combination
of population decline and technological and managerial
improvements that lead to lower carbon intensity. Some poten-
tial for improvement is evident from Figure 1.5, namely the
large differences in per capita emissions of countries and
regions at the same level of affluence (e.g., Hong Kong,
Switzerland, Singapore, Japan, and the USA). This suggests
the possibility of technological “leap-frogging” (see
Goldemberg, 1998a, Schneider, 1998), that is the lowering of
emissions by a factor of two or three without impacting income
levels through investment in technological development and

9 See, e.g., de Bruyn et al. (1998) and Opschoor (1997), who develop
this idea from a development perspective, and Hoffert e al. (1998)
who uses the “Kaya Identity” to formulate decompositions from an
energy economics perspective.
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capacity building.!® However, the operational and other obsta-
cles against the realization of these possibilities have not been
analyzed systematically in the literature.

In the absence of such investment, economic growth and con-
ventional economic development are likely to remain strongly
linked to the ability to emit unlimited amounts of carbon.
Therefore, restrictions on emissions will continue to be viewed
by many people in developing countries as yet another con-
straint on the development process. The mitigation challenge,
therefore, is to decouple growth and economic development
from emission increases.

However, mitigation policies in general, and its decoupling
from economic growth in particular, have to be designed with
specific contexts in mind. Policies designed for one context are
generally not appropriate for another (Shue, 1993; Rahman,
1996; Jepma and Munasinghe, 1998), and identical ultimate
goals—stabilization of GHG accumulation and maintenance or
achievement of the quality of life—yield different priorities and
strategies in Annex I and non-Annex I countries. In the former,
these goals are translated as reducing emissions while improv-
ing the quality of life, and in the latter it is the other way
around—improving the quality of life, inter alia, by maintaining
the rate of economic growth, while maintaining or lowering per
capita emissions.

The current global response to this situation is to exempt non-
Annex I countries from climate obligations to allow them to pur-
sue their developmental goals freely. Furthermore, UNFCCC as
well as subsequent agreements stipulate the provision of finan-
cial and technological resources for voluntary mitigation actions
by this group of countries. Finally, the Kyoto Protocol created
the CDM to enable developing countries to contribute to emis-
sions abatement while pursuing sustainable development.

As non-Annex I emissions continue to grow, however, this
strategy may become inadequate, and more innovative mitiga-
tion efforts might be called for in non-Annex I countries. This
will mean divergences of the development path of the current-
ly developing countries from that which developed countries
have displayed (Munasinghe, 1994; Jacoby et al., 1998; Najam
and Sagar, 1998; Barrett, 1999). As the UNDP Human
Development Report (1998, p.7) points out, “Poor countries
need to accelerate their consumption growth — but they need
not follow the path taken by the rich and high-growth
economies over the past half century.”

Some simple calculations can help illustrate the nature of the
global mitigation challenge. Current per capita carbon emis-

10 This possibility is also corroborated by time-series data on carbon
intensity, which reveal evidence of “de-coupling” of the strong rela-
tion in some countries, including developing countries. However, the
change has not been significant enough to reverse the overall trends
towards increasing emissions.
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sions are slightly more than 3 tonnes per year in Annex I coun-
tries and slightly less than 0.5 tonnes per year in non-Annex I
countries. With about 1.3 billion people living in Annex I coun-
tries and about 4.7 billion in non-Annex I countries, total car-
bon emissions are in the range of (3.1)(1.3) + (0.48)(4.7) = 6.29
billion tonnes. Thus carbon emissions at a global scale average
about 1 tonne per capita per year. The stabilization of CO, con-
centrations in the atmosphere at 450, 550, 650, and 750ppmv
will require steep declines in the aggregate emissions as well
emissions per capita and per dollar of gross domestic product
(GDP) as illustrated in the IPCC SAR Synthesis Report (IPCC,
1996). For example, based on the SAR Synthesis Report and a
recent set of calculations by Bolin and Kheshgi (2000), stabi-
lization of CO, concentrations in the atmosphere at 450, 550,
650, and 750ppmv would require limiting fossil-fuel carbon
emissions at about 3, 6, 9 and 12 billion tonnes, respectively,
by 2100 and further reductions thereafter to less than half cur-
rent global emissions. If, for example, the world population
stabilized at about 10 billion people by then, an average carbon
emissions per capita of 0.3, 0.6, 0.9, and 1.2 tonnes of carbon
would be required to achieve the 450, 550, 650, and 750ppmv
limits, respectively. We make no assumption here about how
these emissions would or should be allocated globally, but sim-
ply report that the average by 2100 must work out to these lev-
els to achieve the stabilization objectives. Thus, to achieve a
450ppmv concentration target, average carbon emissions per
capita globally need to drop from about 1 tonne today to about
0.3 tons in 2100; to achieve a 650ppmv target they need to drop
to 0.9 tonnes (about one-quarter of current emissions per capi-
ta in the Annex I countries) by 2100 and further thereafter.
Finally, with a global economy currently producing about 25
trillion dollars of output, carbon emissions per million dollars
of output are currently about 240 tonnes. If, for example, the
global economy grows to 200 trillion dollars of output by 2100,
the emissions per million dollars (in year 2000 dollars) would
need to be limited to about 10, 25, 40, and 55 tonnes of carbon
in order to achieve the 450, 550, 650, and 750ppmv CO, lim-
its, respectively. If further population and economic growth
continues beyond 2100 additional reductions in average emis-
sions per capita and per unit of economic output would be
required.

This framing of the mitigation challenge is central to the liter-
ature on global equity and climate change. Virtually all stabi-
lization trajectories in the literature show an initially rising
trend of aggregate global emissions, followed by a declining
trend; and they also show a gradual narrowing of the gap
between per capita emissions of various countries and regions.
In many of these scenarios, over a finite period of time, aggre-
gate net global emissions contract to levels consistent with the
absorptive capacity of global sinks, while per capita emissions
of Annex I and non-Annex I countries move towards conver-
gence in the interest of global equity. One possible internation-
al regime to achieve stabilization would initially have only
Annex I emissions decline over a period of time (to make room
for the growth prospects and therefore rising emissions of non-
Annex I countries). At the same time, as per capita emissions
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Box 1.1. A Numbers Game

A persistent theme in the literature is the explicit or implicit assignment of responsibility for global warming trends. Without going
into the merits of the issue, it is useful to point out that many of the arguments revolve around the appropriate way to represent the
data. For example, Agarwal and Narain (1991a) criticize the uncritical use of aggregate national emissions figures, which could imply
parity between developed countries and large developing countries (China, India, and Brazil) mainly because of the large populations
of the latter. Instead, they recommend the use of per capita “net emissions”—that is, emissions that exceed the per capita absorptive
capacity of global carbon sinks. Other analysts distinguish between “necessary”” and “luxury” emissions (Agarwal et al., 1999; Shue,

1993).

Another theme is the relative impact of CO, emissions and that of other GHGs and land-use changes, given that the latter are less
strongly correlated with per capita income. Most analyses have focused on CO, emissions, given that it constitutes the bulk of the con-
tribution to global warming. Others suggests that CO, emissions are accompanied by forced cloud changes and tropospheric aerosols,
which offset their warming impact (Hansen et al., 2000). There are also debates over the precision of the estimates of these associat-
ed offsets, as well as those of methane emissions in developing countries (Agarwal et al., 1999). For example, Parikh ef al. (1991)
identify potentially serious problems with World Resources Institute’s deforestation estimates (WRI, 1991); and Parikh (1992) shows
how the IS92 IPCC scenarios may have been formulated with developed country interests hard-wired into them such that they could
be very unfair to the developing countries. In response to this criticism some of the new SRES scenarios (IPCC, 2000a) explicitly
explore scenarios with a narrowing income gap between the developed and developing countries.

Finally, “per capita” is not the only relevant normalization (Najam and Sagar, 1998), since emissions per unit of income can also indi-
cate potential for efficiency improvements. Besides annual emissions, data can also be presented in terms of atmospheric concentra-
tions, or the contribution to the global average temperature, each of which has slightly different implications for the responsibility for
climate change. Given the uncertainties involved in constructing such estimates, the picture is not entirely clear. However, most esti-
mates suggest that the developing countries may overtake Annex I countries, in terms of total annual emissions, in another 15-20 years,
and in terms of the contribution to the global average temperature increase in 60-90 years (Hasselmann et al., 1993; Enting, 1998;
Meira, 1999; Pinguelli Rosa and Ribeiro, 2000).

of both groups decline and converge, aggregate emissions also
decline—in some scenarios to close to a carbon-free situation.
There are in principle many other approaches to an equitable
international regime, that are discussed in Section 1.3.2.

For the purposes of this chapter, it is convenient to divide the
required emissions trajectory into three segments. Phase 1, an
upward sloping segment of the non-Annex I trajectory, may
require only marginal deviations in baseline emissions, for
which the assessment of policy options entails a central atten-
tion to the costs and benefits of mitigation. However, for
options relevant for Phase 2, a downward sloping segment of
non-Annex I emissions, in which deeper cuts may be called for,
global equity issues will need greater attention. Finally, the
policy options that can help realize Phase 3, the asymptotic
segment of the trajectory, revolve to a greater extent around
sustainability concerns.

1.3.2  What Are the Options?

These considerations have given rise to a variety of solutions,
both in the evolving climate agreements and in the scholarly
literature. This literature classifies options in terms of the
underlying theoretical and philosophical approaches to equity.
Toth (1999) constructs a useful taxonomy of perspectives on
equity. We have modified this taxonomy slightly into four
alternative views, based on: rights, liability, poverty, and

opportunity. A number of perspectives on equity are discussed
more fully in Chapter 10.

Rights-based, that is based on equal (or otherwise defensible)
rights to the global commons.!'! The earliest formulation of this
approach was as a proposal for tradable permits (see, e.g.,
Agarwal and Narain, 1991a; Parikh et al., 1991; Grubb, 1989;
Ghosh, 1993). A formulation that carries this insight to its log-
ical conclusion is that of “contraction and convergence”
(Meyer, 1999), whereby net aggregate emissions decline to
zero, and per capita emissions of Annex I and non-Annex I
countries reach precise equality. Initial analysis assumed an
equal per capita allocation of emission permits—or rights to the
“atmospheric commons”—but subsequent questioning led other
writers to explore equity and efficiency implications of alter-
native allocation formulas, including geographical area, his-
toric use, economic activity, or some combination of these. In
all this literature, the idea is that “surplus” countries or regions,
namely those (mainly among non-Annex I countries) with per
capita emissions below their total allocation, could sell excess

I Much of the discussion on equity invokes global commons as an
organizing concept, especially with regard to the conflict between
individual (or corporate) use and global community interests. This is
a well-worn theme in the literature on collective action, dating back to
Hardin (1968), who saw unchecked population growth as the main
problem. For a recent and more nuanced view, see Ostrom (2000).
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emissions rights to “deficit” countries, namely those (mainly
among the Annex I countries) that exceed their quota. Besides
a transfer from rich to poor countries, this scheme provided
incentives to both groups to reduce their emissions—at least as
long as emissions rights are a scarce commodity—to reap the
financial benefits of conservation. In other words, it sought
simultaneously to reward restraint, punish profligacy, provide
incentives for conservation, induce a transfer from rich coun-
tries to poor ones, and thus lead to distributional equity, effi-
ciency, and sustainability.

Liability-based, that is based on the right of people not to be
harmed by others’ actions without suitable compenzation (see
Rayner et al., 1999).!? This literature focuses on the damage
caused by overuse of the commons, and seeks to establish
mechanisms through which those who cause such damage are
penalized and the victims of the damage compensated. This
perspective opens up possibilities of financial instruments,
such as insurance, which distribute risk across society.
Countries or groups that believe that the risk of harm is over-
stated could offer insurance to others against the liability
(Sagar and Banuri, 1999). In other words, this solution is
expected to lead to sustainability (incentive for restraint) and
procedural (though not necessarily distributional) equity.
However, broadly speaking, the climate negotiations have not
taken this route in any significant manner.

Poverty-based, that is based on the need to protect the poor and
vulnerable against the impact of climate change as well as cli-
mate policy. Roughly 2 billion people in the world exist at lev-
els of consumption that, from the CO, emissions perspective,
do not pose a threat to the climate (although their lifestyles are
a threat to their own survival).'® Unlike the high-technology
sectors of the developed as well as developing countries, the
poor and vulnerable communities lack the flexibility to adapt
to global changes or global agreements. Options based on this
approach include investment in capacity building and protec-
tion for the poor and vulnerable groups to enable them to
enhance their livelihoods in an emerging climate regime, while
setting aggregate emission targets for the rest of the world.
This could also involve a transition to renewable energy in the
developing countries, which is generally consistent with the
sustainable livelihoods perspective, especially since the current
menu of renewable energy technologies includes many that are
small scale and appropriate for scattered and low-income pop-

12 In the literature cited by Rayner e al. (1999) see, in particular,
Grubb (1995), Burtraw and Toman (1992), and Chichilnisky and Heal
(1994). For a theoretical framework on accident liability, see
Calabrese (1970).

13 This group has been referred to in the literature as the “ecological
refugees” (Gadgil and Guha, 1995), the “vagabonds” (Bauman,
1998), the “castaways” (Latouche, 1993), and the “excluded” (Korten,
1995). However, some writers have raised concerns that these groups
impact climate change (as well as biodiversity) adversely through
non-sustainable land-use practices and deforestation.
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ulations. Elements of this solution are contained in Agenda 21,
but it has not otherwise played a prominent role in discussions
of global climate regimes or global governance—except for the
occasional reference to intranational equity (see, e.g., Rayner
and Malone, 2000).

Opportunity-based, that is based on the right of people, not to
the global commons per se, but to the opportunity to achieve a
standard of living enjoyed by those with greater access to the
commons (see e.g., Najam, 2000). It has strong overlaps with
the compromise solution that is emerging from the negotia-
tions. Its exclusive focus is on the relationship between states,
and it has led to agreements that place the burden of adjustment
primarily on Annex I countries. It also implies a tacit consen-
sus on such matters as:
* no large financial transfers or windfall gains;
* o sudden shocks, but a gradual approach consistent
with the coping capacity of different countries;
* no financial burden on non-Annex I countries; and
* no restrictions on the space for sustainable develop-
ment, particularly in the developing countries.

1.3.3  How Has Global Climate Policy Treated Equity?
Indeed, some elements of the equity agenda—primarily at the
international level-have been incorporated into the emerging
global climate policy regime. In particular:

* initial mitigation efforts have been concentrated in
Annex I countries, resulting in a search for the most
cost-effective solutions as detailed in Section 1.2;

e currently, non-Annex I countries are exempt from spe-
cific mitigation obligations;'*

* there are agreements to provide financial resources to
non-Annex I countries to cover the full cost of prelim-
inary climate obligations (e.g., monitoring, reporting,
and planning), and the incremental cost of voluntary
mitigation actions;

* there are agreements and some programs to provide
technical assistance and training to identify potential
win—win opportunities;

* various voluntary mechanisms are being designed to
induce early mitigation action in non-Annex I coun-
tries, most notably including the CDM of the Kyoto
Protocol.

While the details of the CDM are still to be worked out, in
broad terms it allows entities in Annex I countries to fulfil their

14 However, current trends suggest that mitigation has already begun
in some non-Annex I countries, even in the absence of deliberate cli-
mate policy. Reductions on fossil fuel subsidies (as a percentage of
existing subsidies) have been larger in developing countries (espe-
cially China) than in OECD countries, and are leading to considerable
savings in carbon emissions (International Energy Agency, 1996;
Johnson et al., 1996; Reid and Goldemberg, 1997).
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mitigation obligations through co-operative investment in non-
Annex I countries, presumably at a lower cost. It has been
hailed by some analysts as an ingenious device to reconcile the
goals of GHG abatement and sustainable development (see
Goldemberg, 1998b; Haites and Aslam, 2000). On the other
hand, it has also generated a degree of criticism. Critics fear
that:

* CDM will channel investment into projects of margin-
al social utility (Agarwal and Narain, 1999);

e gains will not be shared fairly (Parikh er al., 1991,
1997a; Parikh, 1994, 1995);

e technology transfer will not be satisfactory (Parikh,
2000);

e poorer countries (especially African countries) and vul-
nerable groups will be excluded (Sokona et al., 1998,
1999; Goldemberg, 1998b);

* only resources for cheap mitigation options will be
attracted (the so-called “low-hanging fruit”), leaving
developing countries to undertake the more expensive
options themselves (Agarwal et al., 1999);!3

* CDM will lead to an effective relaxation of the emis-
sion caps (Begg et al., 2000; Parkinson et al., 1999),
and

e paradoxically, it may compromise the capacity of
developing countries to pursue sustainable develop-
ment (Banuri and Gupta, 2000).

Going beyond the current options, such as CDM, and to a
longer time horizon raises the need to integrate mitigation
goals within the broader (sustainable) development agendas of
developing countries (Najam, 2000). An emerging literature
has begun to explore this redefined problem (see Munasinghe,
2000). Some issues that are relevant to this discussion include:

*  Scale. The scale of the mitigation challenge in non-
Annex I countries is projected to be much broader in
the long term than the short term. Instead of an exclu-
sive reliance on financial and technological assistance,
which ordinarily indicates increases in assistance levels
significantly above historical trends, there is a need to
invest in indigenous capacity to undertake mitigation
without compromising the development agenda.

e Timing. To sustain the interest of both developed and
developing countries in co-operative solutions, the goal
must be to lower the cost of mitigation over time rather
than to concentrate simply on exhausting the cheap mit-
igation options (the so-called “low-hanging fruit”).

*  Relevance to economic growth and sustainable devel-
opment. Recent studies of the impact of foreign
resource inflows demonstrate that these flows alone do

15 However, defenders of the CDM argue that the current options will
disappear if not exploited immediately (for the “low-hanging fruit”
will rot if not picked early), and that the early exploitation will trans-
fer technology, capacity, and resources to developing countries and
enable them to access the more expensive options later (see Haites and
Aslam, 2000).
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not suffice to promote economic growth or sustainable
development without appropriate policy and institu-
tional environments (World Bank, 1998). It is not clear
whether financial resources alone will lead to climate
mitigation and economic growth.

*  Equity and trust. Despite consistent and repeated refer-
ences to equity in climate agreements, sceptics remain
wary that equity will eventually be subverted in some
way and involuntary obligations imposed on non-
Annex I countries (without financial compenzation) to
force them to bear a disproportionate burden of mitiga-
tion (Agarwal and Narain, 1991a; Hyder, 1992; Parikh,
1992; Dasgupta, 1994; Parikh, 1995; Parikh and
Parikh, 1998; Agarwal et al., 1999).'

Some scholars propose remedies to reconcile these longer-term
concerns with the more immediate goals of the existing agen-
da. The simplest is a proposal to restrict all co-operative mea-
sures—and thus all early and voluntary action in non-Annex I
countries—to ‘“non-carbon” projects (Agarwal and Narain,
1999). While this would exclude some legitimate mitigation
options from the purview, it could channel research and entre-
preneurial resources into a new market, bring down unit costs,
create and strengthen technical and managerial capacities, and
thus enable both developed and developing countries to engi-
neer a transition to a carbon-free future. Renewable energy
projects have been implemented at smaller scales, which make
them appropriate for poor rural communities. Other proposals
similarly address the potential co-benefits of the protection of
primary forests (see Kremen et al., 2000).

1.3.4  Assessment of Alternatives: Sustainable Development
While the motivating concern of the perspective described in
this section is that of global equity, the literature included here
has also sought to incorporate concerns of efficiency and sus-
tainability. The main mechanism through which this has been
accomplished is by using equity considerations to argue for the
protection of the prospects of sustainable development in
developing countries. Such an agenda is equivalent to a non-
co-ordinated pursuit of sustainability in each country, as well
as the formulation of policies that promote economic growth
and resource efficiency.

This is analogous to the discussed in Section 1.2, in which it
was shown that the cost—benefit perspective enables the assess-
ment and comparison of alternative policy options from an
efficiency standpoint. Analogously, the progression from glob-

16 For example, several authors have commented on the initiation of
attempts at Kyoto to incorporate developing countries within an emis-
sions control mandate as a retreat from the foundational principles of
the UNFCCC (Cooper, 1998; Jacoby et al., 1998; Schmalensee, 1998).
These attempts include the call for the adoption of voluntary emissions
control targets by non-Annex 1 countries (UNFCCC, 1997a).
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Box 1.2. Sustainable Development

The term ‘“‘sustainable development” was popularized in academic and policy circles by the Brundtland Report (WCED, 1987),
although its distinctive antecedents predate the report (especially IUCN, WWE, and UNEP, 1980). The Brundtland Commission
defines it as “development that meets the needs of the present without compromising the ability of future generations to meet their
own needs” (WCED, 1987, p. 8). However, although the ubiquity of references to this definition suggests a degree of scholarly con-
sensus, this is not the case. There is considerable disagreement on conceptual grounds and, perhaps most significantly, on its opera-
tionalization (see Lél¢€, 1991). Nevertheless, most scholars and practitioners accept a concern for economic prosperity (development),
ecological integrity (sustainability), and social justice (equity) as the three pillars of sustainable development (Buitenkamp et al., 1992;
Opschoor, 1992; Munasinghe, 1993, 2000; Banuri et al., 1994; Munasinghe and Shearer, 1995; Elkington, 1997; Carley and Spapens,
1998; Sachs et al., 1998; Sachs, 1999).

Sustainable development is an integrating concept (Lé&l€, 1991; Perrings, 1991; Dietz et al., 1992; Munasinghe, 2000) that has emerged
gradually (Rayner and Malone, 1998a , 2000; Costanza, 1999; Munasinghe, 2000; Pichs-Madruga, 1999). Initially, the environmen-
tal, economic, and social domains were treated independently, and sustainability viewed as their sum or union. More recently, with the
shift in emphasis towards practical and operational aspects, the literature has begun to look at synergies and trade-offs between the

three goals.

al equity to sustainable development enables the comparison of
policy options that emanate from concerns about global equity.
This framework has evolved precisely to enable the assessment
of the synergies and trade-offs involved in the pursuit of mul-
tiple goals—environmental conservation, social equity, eco-
nomic growth, and poverty eradication (Box [.2). These analy-
ses touch upon many of the themes relevant to an assessment
of the broad range of policy options described above—time
horizon, uncertainty, and welfare.

Sustainable development is one of a series of innovative con-
cepts—following such antecedents as human development,
equitable development, or appropriate development—that seek
to broaden the scope of development theory from its narrow
focus on economic growth.!” However, this evolution has not
led to a radical transformation in the operational dimensions of
development planning. The focus still continues to be the stock
of capital-which in many ways serves as the proxy for welfare
or as the index of the “real” or “permanent” income of a soci-
ety (see Johnson, 1964). As such, much development policy
concentrates on measures that stimulate investment and expand
the stock of capital. Each innovation has served mainly to
expand the definition of the capital stock.

Sustainable development, being the most recent in the series of
conceptual advances, subsumes the earlier ones, and rather
than meaning simply “development plus natural resource con-
servation”, includes human development, poverty eradication,
and social equity as well. Accordingly, it expands the definition
of the capital stock to include human capital (skills), natural
capital (natural resources and biodiversity), and, most recently,
social capital.'® In principle therefore, sustainable development

17 These innovations have also yielded alternative indices of welfare,
including the human development index (HDI; see UNDP, 1989),
basic human needs (BHN; see Streeten et al., 1981), the physical qual-
ity of life index (PQLI; see Morris, 1979), and others.

is equivalent to investment in this composite stock of capital.
However, there are differences of approach rooted in the per-
sistent controversies in development thinking. Some authors
focus on investments in all relevant forms of capital, while oth-
ers focus on the capacity to make such investments. Similarly,
the degree of substitution that is possible between kinds of cap-
ital -- for example, between natural and human capital -- is a
subject of disagreement among researchers. (see Box 1.3)."

It might appear from the above that sustainable development
entails a trade-off between investment in physical capital,
social capital, and natural capital, and therefore between eco-
nomic growth, income distribution, and environmental conser-
vation. However, some branches of development theory have
ceased to view these as trade-offs. In particular, the goal of the
research on sustainable development—especially conservation
strategies and action plans—is to show that under appropriate
institutional and social conditions there is a synergy rather than
conflict between different goals (IUCN, WWE, and UNEP,
1980). Even earlier, development analysts had begun to ques-
tion the supposed trade-off between economic growth and
income distribution (World Bank, 2000; see also Kuznets,
1955; Hicks, 1979; Chenery, 1980; Fields, 1980).

These debates stem from the earliest days of development
thinking, in which a distinction was made between the “bal-

18 “Social capital” is generally taken to mean the network of social
relationships, collective social capacities, and institutions (Banuri et
al., 1994; Clague, 1997).

19 In the absence of detailed data that would (or, indeed, could) allow
the aggregation of the different components of the capital stock into
a single index, the only option is to pay attention to each component
separately. The “four capitals” approach has remained largely a con-
ceptual device rather than an operational one, even though it has often
been applied at a project level to ensure that all the necessary com-
ponents are accounted for.
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Box 1.3. Approaches to Understanding Sustainability

Economists distinguish between four main components of the resource base: natural capital (natural resource assets), reproducible cap-
ital (durable structures or equipment produced by human beings), human capital (the productive potential of human beings), and social
capital (norms and institutions that influence the interactions among humans). These are called capital because they are durable assets
capable of generating flows of goods and services. In this construction, development is sustainable if some aggregate index across all
forms of capital is non-decreasing.

Strong Sustainability. The strong sustainability approach of the so-called London school (Pearce, 1993) holds that different types of
capital are not necessarily substitutable, so that sustainability requires the maintenance of a fixed (or minimum) stock of each compo-
nent of natural capital. Under this notion, any development path that leads to an overall diminishment in the stocks of natural capital
(or to a decline below the minimum) fails to be sustainable even if other forms of capital increase.

Weak Sustainability: The weak sustainability approach asserts that the different forms of capital can substitute for one another to some
degree. The substitutability of different types of capital implies that the preservation of an aggregate level of capital, rather than the
preservation of natural capital in particular, is crucial. The weak sustainability approach is consistent with the idea that some loss of

“climate capital” could be consistent with sustainability if increases in other forms of capital could compensate for the loss.

anced growth” advocated by some writers (Rosenstein-Rodan,
1943; Nurkse, 1958), and the strategy of “unbalanced growth”
advanced initially by Albert Hirschman (1958). Hirschman
argued that growth is a disequilibrium process, which occurs
through the efforts of economic agents to overcome bottle-
necks that emerge during normal economic activity. Therefore,
policy should not be restricted merely to the mobilization of
financial transfers and transfer of technology, but should focus
on the larger goal of creating the capacity for mobilizing and
allocating such resources,?’ in effect to create conditions in
which economic agents can most effectively respond to bottle-
necks.

It is fair to say that the development profession has increasing-
ly invoked themes from the latter approach. The emphasis has
shifted from promoting growth towards promoting the capaci-
ty for growth. Development policy is concerned increasingly
with conditions that stimulate investment—trade liberalization,
structural adjustment, skill development, governance, institu-
tional development, and market access—rather than the invest-
ment itself. This is partly because the fashion has changed from
public to private investment, and partly because a large body of
research shows that, while the scarcity of financial resources
can inhibit the growth process, inflows do not necessarily pro-
mote it (Bauer and Yamey, 1982). For example, a recent review
of cross-country experience (World Bank, 1998) discovered
that the net impact of foreign resource inflows depends criti-
cally on ancillary factors—the nature of domestic policies, the
fiscal stance, the institutions of governance, and the openness
to international trade flows. “Successful” foreign aid led to
USS$2 of additional private sector investment for every dollar

20 “Capacity” is different from “capital”, although the two are related.
The latter implies the availability of income-generating capacity
alone, while the former suggests the freedom to make policy choices
or to achieve social goals.

of aid, while in “failed” cases foreign aid was associated with
a net decline in private investment.

Similar shifts have occurred in other areas of development the-
ory and practice. The operationalization of sustainable human
development, for example, is increasingly argued to consist not
of the simultaneous pursuit of several independent goals, but of
investments in social capital to enable the other goals to be pur-
sued through normal market or regulatory mechanisms (Banuri
et al., 1994). Poverty eradication programmes focus increas-
ingly on institutional development rather than the creation of
physical or social infrastructures. They concentrate on the fact
that poor and vulnerable groups generally lack formal organi-
zational structures and recognition as well as the capacity to
respond to market opportunities.?!

1.3.5  Why Worry about Equity and Sustainable

Development?

While many consider equity to be a good thing in and of itself,
this alone may not be reason enough to include it within the
context of climate change mitigation. The literature on equity
and climate change tends to argue rather that the pursuit of
equity will help generate support for mitigation efforts; and
that by enabling the pursuit of sustainable development within
individual countries, it will lead to more effective mitigation
(Lipietz, 1995; Rowlands, 1995; Runnals, 1997; Shue, 1995;
Jamieson, 1996, 2000; Byrne, et al., 1998; Parikh and Parikh,
1998; Tolba, 1998; Agarwal et al., 1999). Given that develop-

2! Indeed, some analysts argue that the poor constitute a distinct
“livelihood” economy, which is not well integrated into the global
trading and financial system, and therefore lacks the flexibility to
respond to emerging market opportunities or standard economic poli-
cies (Korten, 1990, 1995).
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ing countries have a large suite of pressing social and econom-
ic concerns besides emissions control (Najam, 1995; Runnals,
1995; Tolba, 1998), they tend to be wary of mitigation policies
lest they undermine other policy goals. Support for sustainable
development, besides its own merits, can generate support for
climate policy as well. While global climate policy seeks to
push the Annex I countries towards emissions contraction,
global sustainable development policy offers the opportunity to
nudge the developing countries towards a potentially “conver-
gent” trajectory.

Of course, the question is not simply of nudging and pushing
countries towards an ultimately equitable path, but to arrive at
a global stabilization that is both equitable and sustainable in
the long run. Reaction to the Kyoto targets (Malakoff, 1997)
suggests that this would require much more than just slight
pushing and nudging. A growing literature suggests that this
process would be helped by a the longer term focus on sus-
tainability and the alternative development pathways that could
lead to it. This is the subject of the next section.

1.4  Global Sustainability and Climate Change
Mitigation

In Sections 1.2 and 1.3, we examined literature that was moti-
vated primarily by concerns of global cost-effectiveness and
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global equity respectively. We now turn to a third category of
literature, which is motivated largely by considerations of
global sustainability. This literature views the climate problem
as a component of a larger problem, namely the unsustainable
lifestyles and patterns of production and consumption, and
explores a broad range of options for moving the world
towards a sustainable future (Figure 1.6).

1.4.1  Alternative Development Pathways

The modes of analysis in the studies reviewed in Sections 1.2
and 1.3 start, by and large, with existing institutions and behav-
iour, and examine their implications for future outcomes. The
literature discussed in this section adopts a different approach.
It starts with desirable outcomes and examines actions and
institutions from the point of view of their compatibility with
desirable outcomes. It seeks to fulfil a different objective. It
aims to create shared visions of sustainable and desirable soci-
eties among the general public, and so it does not, in the first
place, suggest implementation alternatives for fixed goals to
decision makers (Costanza, 2000). To enlarge the range of
accessible options in future decisions, authors who contribute
to this line of inquiry intend to foster a process of societal
learning among citizens. After all, value formation through
public discussion is, as Sen (1995) suggests, the essence of
democracy. In doing so, the work of these authors comple-
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Figure 1.6: The global-sustainability perspective.
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ments the studies discussed above by providing alternative
frameworks, normative contexts, and sets of methodological
tools to assess (a broader range of) policy options.
Conceptually speaking, this literature takes two forms. The
first offers visions of the future based on the inter-relation of
various factors across a long time-scale. The second explores
possible elements of future scenarios, often relying upon the
extrapolation of the existing experience with sustainable prac-
tices.

The bulk of this literature starts with the recognition that long-
term sustainability can imply an appropriate scale of resource
flows, in society (Daly, 1997). Taking a society of appropriate
physical scale as a desirable future, this literature goes on to
works backwards (backcasts) through possible development
paths that may lead from present-day society to a more sus-
tainable, and in the case of concerns about climate change,
low-carbon society. Authors who write from this perspective
usually assume that resource availability, technology, and soci-
ety move forwards in a co-evolutionary fashion (Norgaard,
1994). They work on the hypothesis that the transition to bal-
anced and sustainable resource flows implies concomitant
changes in technologies, institutions, lifestyles, and world-
views. Though this research takes a certain state of sustainabil-
ity as its point of departure, it is also sensitive to the principles
of equity and cost-effectiveness. It tends to view these as sec-
ond-order principles that provide structure to the pursuit of sus-
tainability, the first-order principle. In a sense, this literature
can be viewed as the mirror image of the studies reviewed ear-
lier—studies that justify the pursuit of sustainability on the
grounds of efficiency and equity.

This perspective becomes relevant when it is placed in the con-
text of concerns about unsustainability (loss of biological
diversity, extinction of species, air and water pollution, defor-
estation, desertification, persistent poverty, and rising inequal-
ity both within and between nations, and so on). These con-
cerns are derived from underlying pressures imposed by the
growth of consumption and population and the inability of
many people and communities to protect their health and liveli-
hoods against these damages. Climate change is thus a poten-
tially critical factor in the larger process of society’s adaptive
response to changing historical conditions through its choice of
developmental paths (Cohen et al., 1998, p. 360). Chapter 2 of
this report (based on the IPCC (2000a) Special Report on
Emissions Scenarios (SRES)) notes, for example, that future
emissions will be determined not just by climate policy, but
also and more importantly by the “world” in which we will
live. Decisions about technology, investment, trade, poverty,
biodiversity, community rights, social policies, or governance,
which may seem unrelated to climate policy, may have pro-
found impacts upon emissions, the extent of mitigation
required, and the cost and benefits that result. Conversely, cli-
mate policies that implicitly address social, environmental,
economic, and security issues may turn out to be important
levers for creating a sustainable world (Reddy et al., 1997, p.
6).

Setting the Stage: Climate Change and Sustainable Development

Backcasting from desirable future conditions can, according to
Thompson et al. (1986), be a useful response to situations char-
acterized by a high degree of ignorance, for which it is difficult
to assess the probabilities of possible outcomes or even to
know what those possible outcomes might be. Although there
is a scientific consensus that anthropogenic climate change is
occurring, there is considerable uncertainty about the rate of
expected change and its manifestations and impacts at the
regional and global levels (see IPCC, 2001, Chapter 19).
Science cannot predict the climate and its impacts in
Milwaukee, Mumbai, or Moscow half a century ahead very
accurately, and it may never be able to do so. Moreover, these
types of predictions also require scenarios of the social, eco-
nomic, and technological paths that the world will follow over
the same period (see Chapter 2)-knowledge that may be fur-
ther beyond our reach than climate prediction. Moreover, this
uncertainty increases with the time scale.

The high degree of uncertainty under which climate policy
must be developed has important implications for the type of
policy regimes likely to be most effective. There is a high
degree of uncertainty about how ecosystems would respond to
climate change in the studies reviewed here. This recognition
suggests that a portfolio approach that includes a broad range
of policies diversified across all the major uncertainties might
be better than betting on any one particular set of outcomes.
Some studies have even drawn a direct parallel between the
value of biological diversity and the diversity of institutions
and worldviews that contribute to the social capital necessary
to maintain the sustainability of human societies (Rayner and
Malone, 1998b). Stressing the relationship between risk,
resilience, and governance, these authors argue that rather than
seeking to anticipate and fix particular problems, the purpose
of policy should be to develop coping capacity. This would
both switch development and environmental management
strategies more nimbly as scientific information improves and
strengthen the resilience of vulnerable communities to climate
impacts. Conditions of deep uncertainty make it rational for
societies to focus on increasing their resilience and flexibility.
Resilience in the face of unknown challenges, this research
argues, may be achieved by relying on the formation of values
and worldviews that embrace the goal of long-term sustain-
ability, at least until some of the key uncertainties are resolved
to the point that pursuit of a more narrowly focused policy
regime can be justified.

Backcasting from a sustainable future state also supports the
search for options with which certain normative goals might be
achieved. For climate mitigation scenarios, such a goal might
be expressed as a hypothetically acceptable stabilization
threshold for GHG concentrations that may, in turn, imply cer-
tain trajectories for emission reductions. At this point, there-
fore, it is useful to review the historical data of global and
regional carbon emissions in aggregate as well as in per capita
terms (Table 1.1; see also Box 1.1 on the controversy over pre-
sentation of data). In 1996, aggregate global emissions were
about 6GtC, that is about 1 tonne of carbon per capita world-
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Table 1.1: Per capita income and carbon emissions in various regions

Reference case, 1990 to 2020 (MtC)

Region/Country History Projections Average annual
change (%)

1990 1996 2000 2010 2020 1996 to 2020

North America 1550 1687 1833 2079 2314 1.3
USA 1346 1463 1585 1790 1975 1.3
Canada 126 140 151 162 182 1.1
Western Europe 936 904 947 1021 1114 0.9
Industrialized Asia 364 389 377 435 479 0.9
Japan 274 291 273 322 358 0.9
Australasia 90 99 103 113 122 0.9
Total Developed 2850 2980 3157 3535 3907 1.1
Former Soviet Union (FSU) 991 613 583 666 746 0.8
Eastern Europe (EE) 299 228 243 270 277 0.8
Total EE/FSU 1290 842 827 935 1024 0.8
Developing Asia 1065 1474 1659 2426 3377 35
China 620 805 930 1391 2031 3.9
India 153 230 273 386 494 32
Middle East 229 283 323 434 555 2.8
Africa 178 198 214 270 325 2.1
Central and South America 174 206 251 418 629 4.8
Total Developing 1646 2161 2447 3547 4886 3.5
Total World 5786 5983 6430 8018 9817 2.1

wide. Of this, the 1.2 billion people living in Annex I countries
emitted roughly 64% (3.8GtC), or an average of about 3 tonnes
of carbon per capita (3tC/capita). In contrast, 4.4 billion people
living in non-Annex I countries were responsible for the
remaining 2.1GtC, averaging only 0.5tC/capita, or about one-
sixth the average for richer countries. Global emissions
increased from 5.8GtC to 6GtC from 1990 to 1996, and are
projected to increase to 6.4GtC in 2000 and 9.8GtC in 2020.%2
Non-Annex I emissions are growing much faster than those of
Annex I countries, averaging 3.5% annual growth compared
with 1% in Annex I. As a result, the Annex I share of emissions
is declining—from approximately 72% in 1990 and 64% in
1995 to a projected 50% in 2020.

Table 1.2 provides long-term information by displaying aggre-
gate emissions budgets for IPCC SRES scenarios (IPCC,
2000a) and for various stabilization goals identified in the SAR
(IPCC, 1996). These goals translate into a 100-year emissions

22EIA, Energy Outlook. These scenarios do not account for the impact
of the recent agreements in Kyoto to curb emissions. The differences
in trends in Annex I and non-Annex I are similar in other baseline sce-
narios. Chapter 2 discusses the range of possible scenarios and crite-
ria for selection.

“budget” of 630GtC-13,00GtC. As discussed in section 1.3.1,
the target of 450ppmv translates into a reduction (by 2100) of
annual emissions to about 3GtC; that is reductions in annual
emissions to half of the current level of about 6GtC. Simply
stated, per capita emissions of all countries have to fall below
current levels in developing countries if GHG stabilization at
low levels is to be the targetted future. If these reductions were
shared equally, per capita emissions of developed countries
would decline by a factor of 10, while emissions from devel-
oping countries would halve?.

These issues, as well as others with purviews beyond the con-
fines of climate change, can provide a starting point for a vari-
ety of approaches and analyses. The studies reviewed here
investigate kinds of behaviour, institutions, values, technolo-
gies, and lifestyles that would be compatible or incompatible
with a “desirable” or targetted future. They argue, implicitly or
explicitly, that sustainability is built on societal goals made

23 While in the previous section on the equity perspective the empha-
sis is on an equitable distribution of greenhouse gas emissions while
taking into account sustainability criteria, in this section on global
sustainability the focus is on the implications of an eventual decrease
of global per capita emissions taking into account equity criteria.
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Table 1.2. Comparison of cumulative carbon emissions in SRES scenarios and SAR

SRES baseline scenarios

Total emissions 1990 to 2100 (GtC)

B1
AIT
B2
AlB
A2
AlFI

989
1038
1166
1437
1773
2128

IPCC SAR stabilization scenarios
(Stabilization level in ppmv CO,)

Total emissions 1990 to 2100 (GtC)

450 630-650
550 870-990
650 1030-1190
750 1200-1300

mutually supportive early in the process, when the goals and
policies of society are being set, rather than downstream after
the costs of unsustainable development have already been
incurred (Schmidt-Bleek, 1994; Factor 10 Club, 1995). For
this reason, they often adopt the industrial metabolism
approach, focussing on the flow of materials and energy in
modern society through the chain of extraction, production,
consumption, and disposal (Ayres and Simonis, 1994; Fischer-
Kowalski et al., 1997; Opschoor, 1997). It is argued that the
pressure the human economy exerts on the environment
depends on levels and patterns of these flows between the
economy and the biosphere. Within this conceptual frame-
work, sustainability requires reductions in the overall level of
resource flows, particularly the primary flow of (fossil) mate-
rials and energy at the input side. Trajectories of emissions
reduction of the sort described above can, therefore, be taken
as rough indicators for the order of magnitude of the changes
involved in the transition to long-term sustainability. In light of
this perspective, a number of studies of developed countries
(Buitenkamp et al., 1992; McLaren et al., 1997; Carley and
Spapens, 1998; Sachs et al., 1998; Bologna et al., 2000) have
attempted to backcast a transition to a society capable of cre-
ating human welfare with a constantly diminishing amount of
natural resources. Certainly, scenarios that explore such out-
comes are not restricted to decarbonization or a trend toward
carbon sequestration. They may, however, view policies that
facilitate these trends as vehicles for nudging the world
towards a sustainable future.

All of these scenarios proceed on the premise that economic
growth (at least as currently measured) is not the sole goal of
societies across the globe. Moreover, they assume that the rela-
tionships between economic growth and resource consump-
tion, on the one hand, and wellbeing, on the other, are not
fixed. Both should, instead, be shapable by political and social
design. A given level of gross domestic product (GDP) can be

achieved with different resource flows (Adriaanse et al.,
1997),* and economic growth that takes societies beyond cer-
tain subsistence levels may not increase satisfaction, or human
welfare (UNDP, 1998), or societal welfare (Cobb and Cobb,
1994; Linton, 1998). Consequently, the purpose of these
visions is to explore how societies might be able to decouple
economic output from resource flows (see Weizsicker et al.,
1997; OECD, 1998) and wellbeing from economic output (see
Robinson and Herbert, 2000). Climate change mitigation is one
of the co-benefits of these decoupling processes.

1.4.2  Decoupling Growth from Resource Flows

A considerable literature has emerged recently on experiences
with technologies, practices, and products that increase
resource productivity and ecological efficiency, and thereby
reduce the volume of resource input per unit of economic out-
put. The ultimate hope is to shed light on ways in which eco-
nomic growth and social security can be sustained while
resource flows decline in developed countries and/or grow
more slowly in developing countries. This literature cites
macroeconomic trends with relative reductions in the intensity
of resource use coupled with slight increases in absolute levels
in the developed economies (Adriaanse et al., 1997). It deals
with issues that are central to alternative development paths
that are also discussed in the SRES (IPCC, 2000a) and chapter
2. It also notes leapfrogging phases of technological develop-
ment for developing economies (UNDP, 1998, p. 83). On the
micro level, it identifies experiences with cleaner, more eco-
nomical energy systems, and the potential for information tech-
nology to increase resource efficiency. In either case, authors

24 In post-industrial economies, in particular, the resource intensity of
GDP is declining.
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uncover policy options that pertain mainly to support the pro-
liferation of these trends. These options emerge from a broad-
er conception of climate mitigation than has typically been
captured in the energy supply and demand technologies repre-
sented in existing energy—economic models. Each option has
the potential to reduce GHG emissions, but each needs to be
carefully evaluated in terms of its impacts on economic, social,
and biological systems. Moreover, each of these options needs
to be evaluated alongside conventional energy supply and
demand alternatives in terms of their impacts. Expanding the
analysis of the set of available options in this way should make
us better off, as some of the new options will be attractive upon
further analysis, although others will not.

14.2.1  Eco-intelligent Production Systems

Many authors argue that progress in developed countries has
been driven largely by the technologically based substitution of
natural resources for labour. As a result, labour productivity
has generally grown faster than resource productivity. Against
the background of environmental scarcities, though, this pat-
tern has and will continue to change so that innovation may
increasingly be shifted away from labour-saving advances
towards resource-saving technologies.

Possibilities include:

*  Eco-efficient innovation, that is making products in
ways that minimize resource content, utilize biodegrad-
able materials, extend durability, and save inputs during
use (Stahel, 1994; Fussler, 1996; Weaver et al., 2000).

* Industrial ecology, that is moving from the nineteenth
century concept of a linear throughput growth—in which
materials flow through the economy as if through a
straight pipe—to a closed loop economy in which indus-
trial materials are fed back into the production cycle
(Graedel et al., 1995; LTI-Research Group, 1998;
Pauli, 1998).

*  Products to services, that is shifting the entrepreneurial
focus from the sale of hardware to the direct sale of the
services through leasing or renting to facilitate the full
utilization of hardware, including maintenance and
recycling (Deutscher Bundestag, 1995; Hennicke and
Seifried, 1996; Hawken et al., 1999).2

e Eco-efficient consumption, that is changing patterns of
consumption (using new technologies) to achieve
greater efficiency and to reduce waste and pollution
(OECD, 1998) in sectors such as transport, food, and
housing. Dematerializing consumption may go hand-
in-hand with a shift from resource-intensive goods to
service-intensive and knowledge-intensive goods
(UNDP, 1998, p. 91).

25 Most of this literature contains assessments of the economic poten-
tial of single technologies as well. For some more detail, see Chapter
3 of this report.
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14.2.2  Resource-light Infrastructures

In a complementary strand of literature attention has focused
on the greater scope for a transition in developing countries by
decoupling investment from resource depletion and the
destruction of ecological processes. More specifically, since
the physical infrastructure in developing countries is still being
designed and installed, they have a better opportunity to avoid
the resource-intensive trajectories of infrastructural evolution
adopted by developed countries (Shukla et al., 1998, p. 53;
Goldemberg, 1998a). Specific examples cited in this context
are efficient rail systems, decentralized energy production,
public transport, grey-water sewage systems, surface irrigation
systems, regionalized food systems, and dense urban settle-
ment clusters. These can set a country on the road towards
cleaner, less costly, more equitable, and less emission-intensive
development patterns. The costs of such a transition are proba-
bly higher in places where considerable capital investments in
infrastructures have already been made and where turnover is
rather slow. For this reason, the timing of such choices is vital,
as decisions about systemic technological solutions tend to
lock economies onto a path with a specific resource and emis-
sion intensity.

In the context of climate policies, innovations in energy sys-
tems are of particular importance. Possible strategies advanced
in the literature include a shift from expanding conventional
energy supply towards emphasizing energy services through a
combination of end-use efficiency, increased use of renew-
ables, and new-generation fossil-fuel technologies (Reddy et
al., 1997, p. 131). Developing countries that take advantage of
these sorts of innovations could follow a path that leads direct-
ly to less energy-intensive development patterns in the long run
and thereby avoid large increases in energy and/or GDP inten-
sities in the short and medium term.

In many places, renewable energy technologies seem to offer
some of the best prospects for providing needed energy ser-
vices while addressing the multiple challenges of sustainable
development, including air pollution, mining, transport, and
energy security. For instance, 76% of Africa’s population relies
on wood for its basic fuel needs; but research and policy design
targetted to improve sustainability has been largely absent.
Solar energy has a significant potential in sahelian Africa, but
slow technological progress, high unit costs, and the absence of
technology transfer have retarded its installation. The Brazilian
ethanol programme to provide automotive fuel from renewable
resources (see Box [.4) is another example. Throughout the
developing world the exploitation of hydro potential also
remains constrained because of high capital requirements and
environmental and social concerns generated by inappropriate
dam building.

1423  “Appropriate” Technologies

Development of so-called appropriate technologies could lead
to environmental protection and economic security in develop-
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Box 1.4. The Brazilian Ethanol Programme

In 1974, Brazil launched a programme to shift to sugarcane alcohol (ethanol) as an automotive fuel, initially as an additive to gaso-
line in a proportion of about 20%. After 1979, pure alcohol-fuelled cars were produced, with the necessary technological adaptation
of engines, through an agreement between the government and multinational car companies in Brazil. The conversion was driven pri-
marily by tax policy and the regulation of fuel and vehicles. The relative prices of alcohol and gasoline were adjusted through
Petrobras, the state owned oil company. In 1981 the price of alcohol was set 26% below that of gasoline, although gasoline’s produc-
tion cost was lower than that of alcohol (Pinguelli Rosa et al., 1998).

The alcohol programme created more than 500,000 jobs in rural areas and allowed Brazil to reduce oil imports. The sales of new alco-
hol-powered cars grew to 30% in 1980 and to more than 90% of the total car sales after 1983 until 1987. Alcohol accounted for about
50% of car fuel consumption at that time. However, the sharp decline in world oil prices along with deregulation in the energy sector
meant the abandonment of alcohol-fuelled cars. Even in 1995, though, avoided emissions through alcohol fuel use in Brazil were
24.3MtCO,. The cumulative avoided emissions from 1975 to 1998 can be calculated as 385MtCO, (Pinguelli Rosa and Ribiero, 1998).

ing countries. The label “appropriate technologies” is used
because they build upon the indigenous knowledge and capa-
bilities of local communities; produce locally needed materi-
als, use natural resources in a sustainable fashion, and help to
regenerate the natural resource base. They may enable devel-
oping countries to keep an acceptable environmental quality
within a controlled cost (Hou, 1988). Low-cost, but resource-
efficient technologies are of particular importance for the rural
and urban poor (see Box 1.5). There is a latent demand for low-
cost housing, small hydropower units, low-input organic agri-
culture, local non-grid power stations, and biomass-based
small industries. Sustainable agriculture can benefit both the
environment and food production. Biomass-based energy
plants could produce electricity from local waste materials in
an efficient, low-cost, and carbon-free manner. Each of these
options needs to be evaluated alongside conventional energy
supply and demand alternatives (see Chapter 3) in terms of the
impacts and contribution to sustainable development.
Expanding the analysis of the set of available options in this
way should make us better off, as some of the new options will
be attractive upon further analysis, although others will not.

It is important, in light of these examples, to realize that the
results of greater resource efficiency differ according to the
performance level of the technology under consideration.
Technologies devised for high eco-efficiency and intermediate
performance levels consume, for example, lower absolute

Box 1.5. Resource-efficient Construction in India

amounts of resources than comparable technologies designed
for high eco-efficiency and high performance levels. By
design, performance levels can vary in such dimensions as
level of power, speed, availability of service, yield, and labour
intensity. Indeed, intermediate performance levels are often
desirable because of their higher employment impact, lower
investment costs, local adaptability, and potential for decen-
tralization. For this reason, technologies that combine high
eco-efficiency with appropriate performance levels hold an
enormous potential for improving people’s living conditions
while containing the use of natural resources and GHG emis-
sions.

1424  Full Cost Pricing

Changing macroeconomic frameworks is often considered
indispensable, in both developed and developing countries
(Stavins and Whitehead, 1997), to bringing economic rational-
ity progressively in line with ecological rationality. Economic
restructuring and energy-pricing reforms both compliment and
are a prerequisite for the success of many environmental poli-
cies (Bates et al., 1994; TERI, 1995). As long as natural
resources, including energy, are undervalued relative to labour,
the tendency should be to substitute the cheaper factor for the
more expensive one. Giving a boost to efficiency markets
requires, first of all, the elimination of environmentally coun-
terproductive subsidies (at least over the medium-to-long

Recent analysis shows construction-sector activities to be major drivers of Indian GHG emissions. In addition, conventional building
costs place traditional construction beyond the means of an increasing fraction of rural families. A new building technology developed
by an Indian non-profit organization, Development Alternatives, reverses this trend. This technology uses hand-powered rams to shape
compressed earth into strong, durable, weather-resistant but unbaked bricks. The ingredients for the bricks include only locally avail-
able materials, mostly soil and water.

Building new residential and commercial structures with these rammed-earth bricks creates rural jobs and delivers structurally sound
buildings with high thermal integrity and few embodied emissions of GHGs. As a result of their inherently high thermal mass, these
new buildings easily incorporate passive solar design for heating and cooling. Since they use little purchased input besides human
labour, their cost is well within the range of poor families.
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term), as on fossil fuels, motorized transport, or pesticides, as
much as concessions for logging and water extraction
(Roodman, 1996; Larrain et al., 1999). Reform of environ-
mentally destructive incentives would remove a major source
of price distortions. Finally, shifting the tax base gradually
from labour to natural resources in a revenue-neutral manner
could begin to rectify the imbalance in market prices
(European Environment Agency, 1996; Hammond et al.,
1997). A more extensive discussion of eco-taxation, reporting
a wide-ranging debate, is given in Chapter 6 of this report.

1.4.3  Decoupling Wellbeing from Production

Creating an improved, or at least a different, way of life sup-
ported by a given set of natural inputs could also enhance the
overall resource productivity in society. For developed coun-
tries (and the corresponding social sections in developing
countries) pursuing such an objective might start from the
insight offered by some research that there is no clear link
between level of GNP and quality of life (or satisfaction)
beyond certain thresholds. Linton (1998) and UNDP (1998)
draw this distinction clearly. Both sources argue that the qual-
ity of life is determined by subjective and non-subjective vari-
ables. On the subjective side, quality of life depends upon per-
sonal satisfaction, which in part depends on shared preferences
and institutional values. On the non-subjective side, it depends
upon opportunity structures, which may include access to
nature, participation in community, availability of non-market
goods, or public wealth, in addition to purchasing power. This
literature describes situations in which GNP growth continues
without a corresponding increase in human welfare as “overde-
velopment” or “uneconomic growth” (Daly, 1997). For devel-
oping countries, however, the research suggests that this
decoupling perspective may start from the insight that non-
monetary assets (in terms of natural resources, just as in terms
of community networks) need to be protected and enhanced to
improve the livelihoods of the poorer and less powerful sec-
tions of society. Structures, patterns, and rates of economic
growth may have to be shaped in such a way that these non-
monetary assets are not diminished, but increased.

On both monetary and non-monetary accounts, a decoupling
transition to sustainability implies a twin-track strategy. It may
be achieved through both an intelligent reinvention of means
(“efficiency”) and a prudent moderation of ends (“sufficien-
cy”’; Meadows et al., 1992; Sachs et al., 1998) for the sake of
both environmental and social sustainability. With regard to the
environment, efficiency-centred strategies can have a limit;
they can fail to account for the effects of continuing growth
(Ayres, 1998). For instance, higher per-unit fuel efficiency of
cars may not reduce total gasoline consumption in the long run
if growth effects in terms of number, power, and size of cars
cancel efficiency gains (see Chapter 3; Pinguelli Rosa and
Tolmasquin, 1993).2° With regard to social justice, resource
consumption on the part of the rich has been shown, at times,
to undermine the environmental sources of livelihood for the
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poor. Frequently discussed examples are the construction of
large dams for urban electricity supply, which displace large
numbers of subsistence peasants, or deforestation for industri-
al purposes, which marginalizes indigenous people living in
and from the forest. In contrast to literature that postulates a
“trickling-down effect” in the long term, this school of thought
is concerned about the social cost in the present. For its propo-
nents, to secure the rights of the most vulnerable would, in
many cases, imply moderation of resource extraction in terms
of absolute volumes (Gadgil and Guha, 1995). In the light of
these reasons, social and technological systems that combine
both high eco-efficiency and intermediate performance levels
may be the most likely to foster human welfare at a lower cost
to the environment and to social justice.

Four dimensions—intermediate performance levels, regionaliza-
tion, “appropriate” lifestyles, and community resource
rights—can be distinguished in the relevant literature. Policy
options identified along these four dimensions emerge from a
broader concept of climate mitigation than is typically captured
in the energy supply and demand technologies represented in
existing energy—economic models. Each option has great poten-
tial to reduce GHG emissions, but each needs to be evaluated
carefully in terms of its impacts on economic, social, and bio-
logical systems. This sort of evaluation of opportunity cost has
not, however, been reported in the literature under review.
Moreover, most authors are ready to admit that the conditions
of public acceptance of such options are not often present at the
requisite large scale; they emphasize, however, the necessity to
explore these options in order to foster long-term social learn-
ing processes. Regional views on the need for or feasibility of
decoupling wellbeing from production vary widely. This sub-
section closes with a brief review of each dimension noted here.
14.3.1  Intermediate Performance Levels

Most of the literature on resource-efficient technologies takes
for granted that performance levels will (and should) increase.
For the sake of a broader portfolio of options, however, some
analysts question this assumption. It is suggested that to create
resource-light economies could imply deliberately designing
technologies (e.g., in construction, ventilation, refrigeration,
vehicles, crop cultivation, energy delivery systems) with levels
of performance that lie below the maximum feasible. These
technologies are often more labour intensive. For instance, the
higher speed in transportation are (efficiency gains notwith-
standing) unlikely to be environmentally sustainable in the long
run; moreover, it is doubtful that this trend really enhances the
quality of life (Hirsch, 1976; Wachtel, 1994). Designing cars
and trains with lower top speeds could give rise to a new gen-
eration of moderately motorized vehicles with much lower
resource requirements. In general, renewable energy sources
and locally adapted materials, it is argued, become more com-

26 For a more detailed discussion of the so-called rebound effect, see
the special issue of Energy Policy, 28 (2000), 355-495.
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petitive when the performance expectations on the demand side
are reduced (Meyer-Abich, 1997). Sails still drive much of ship
traffic in parts of the world, as on the Niger and Nile, or the
great rivers of China. And bicycles carry a substantial portion of
traffic in many regions of the world. Indeed, biomass of all
kinds (wood for construction and fuel, plant and animal food
and fibre, medicines, dyes, etc.) has been the renewable
resource base for humankind since time immemorial. However,
to successfully upgrade non-carbon-based technologies, the
performance level desired seems to be a critical factor for them
to be technically and economically viable.

14.3.2 Regionalization

Production and lifestyles based on high volumes of long-dis-
tance transportation carry a relatively high load of energy and
raw materials. Some researchers argue (Shuman, 1998;
Magnaghi, 2000) that a low-input society may require that the
economy evolves in a plurality of spaces, in which markets that
work with “regional sourcing” and “regional marketing” can co-
exist with markets that focus on “global sourcing” and “global
marketing”. Avoiding demand for transport rather than just opti-
mizing the modal split between private and public means of
transport is often considered the objective of sustainable policies
(Whitelegg, 1993), and regionalized economies may be best
suited to this objective. Moreover, solar power, which relies on
the widespread but diffuse resource of sunlight, may be best
developed when many operators harvest small amounts of ener-
gy, transforming and consuming the resource at close distance.
A similar logic holds for biomass-centred technologies. Plant
matter is widespread, available, and heavy in weight; it may be
best obtained and processed in a decentralized fashion. For this
reason, some analysts argue that a resource-light economy has to
be, in part, a regionalized economy. On the other hand, Chapter
2 points out that regionalization may impede technology trans-
fer, leading to higher emissions, other things being equal.
1433  “Appropriate” Lifestyles

Many authors question whether the accumulation of individu-
ally owned goods beyond a certain threshold continues to
increase wellbeing at the same rate. They suggest that individ-
uals and families could be capable of enhancing their personal
resource productivity—a goal which, in turn, could be defined
as the ability to maintain and/or increase satisfaction with
lower and/or intermediate input of resources. Some authors
consider intervention in the prevailing narrative of consump-
tion—“more (consumption) is better’—a possible strategy to
interrupt the satisfaction—consumption cycle (Common, 1995;
Lichtenberg, 1996; Schor, 1998). These approaches draw their
motivation from the hypothesis that, ecologically, it is not only
the pattern, but also the overall scale of consumption that mat-
ters. If this is correct, then social capital in its broadest sense
might have to substitute for increased absolute volumes of con-
sumption (Robinson and Herbert, 2000). Chapters 5 and 10
elaborate on the role of lifestyles as a barrier to climate change
mitigation, but also as a potential opportunity.
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On one level, most resource-intensive consumer goods, in
effect, used for only a fraction of time because they are indi-
vidually owned. Intensity of use could be increased?’ through
schemes that involve co-ownership, renting, or leasing
(Zukunftskommission, 1998). On another level, the marginal
utility of more free time increases faster than the marginal util-
ity of more purchasing power for the more affluent parts of
society (Schor, 1998). Choosing more wealth in time rather
than more wealth in goods and services can be seen as a viable
option, which promises to increase freedom while containing
consumption levels. Finally, under conditions of “reflexive
modernization” (Beck, 1991), consumption styles might
emerge that put more emphasis on quality and non-material
satisfaction rather than on rising volumes of consumption
(Durning, 1992). As consumption activities become reinserted
into the broader contexts of human wellbeing, diverse balances
may be found between satisfaction derived from the market-
place and satisfaction derived from non-monetary assets
(Reisch and Scherhorn, 1999).

1.4.34  Community Resource Rights

One-third of mankind derives its sustenance directly from
nature (UNDP, 1998, p. 80); and these people live, for the most
part, in ecologically fragile areas. Environmental resources are
valued as a source of livelihood by groups as diverse as the
fisherfolk of Kerala, the forest dwellers of the Amazon, the
herders of Tanzania, and the peasants of Mexico (Ghai and
Vivian, 1992). In such cases, households rely on non-market
goods and natural habitats for important inputs into the pro-
duction system (Cavendish, 1996). Many of these communi-
ties, over the centuries, developed complex and ingenious sys-
tems of institutions and rules to regulate ownership and use of
natural resources in such a way that an equilibrium between
resource extraction and resource preservation could be
achieved. However, particularly under the pressure of the
resource needs brought forth by individuals with relatively
high energy consumption, the basis of their livelihood has been
undermined, degrading their dignity and sending many of them
into misery (Kates, 2000). Under these circumstances, sustain-
able development may mean, in the first place, ensuring the
rights of communities over their own resources. Properly
arranged, and in concert with competitive markets and astute
institutional arrangements, resource rights could make invest-
ment consistent with community values and associated positive
effects on climate change mitigation. Use of ecologically sus-
tainable resources can be made a matter of self-interest. Well-
designed resource-right mechanisms permit resource users to
use new information and new technology and pursue new mar-
ket opportunities. Resource use by outsiders becomes a matter
of negotiation or trading on more equal terms, which protects
the economic security of the communities involved. Better

27 This would lower the demand for capital equipment and allow larg-
er scale more efficient equipment to be used, which in turn would
lower resource use and GHG emissions.
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access to resources could offer new opportunities to increase
the productivity of all components of the village
ecosystem—from grazing and forestlands to croplands, water
systems, and animals. This may, in turn, enhance people’s well-
being, which in these circumstances depends on increasing and
regenerating biomass in an equitable and sustainable manner. It
is well known from the economics literature that the manage-
ment of common property resources seems to work best when
group members can draw on trust and reciprocity, have some
autonomy to make their own rules, and perceive to gain bene-
fits from their efforts (Ostrom et al., 2000).

To summarize, we have examined three different perspectives
that approach climate change mitigation from different vantage
points—cost-effectiveness, equity, and sustainability—but con-
verge in terms of the comprehensive set of goals to be pursued.
However, the three perspectives use different analytical tools
and causal relationships, and often provide different policy
guidance. The main message of this chapter is that these three
perspectives are complementary in nature, and can be helpful
for the policymaker if used in conjunction. However, this does
raise the issue of how to choose between various policy options
and how to prioritize actions in the face of possibly divergent
advice.

1.5  Integrating Across the Essential Domains—Cost-

effectiveness, Equity, and Sustainability

To include issues of cost-effectiveness, distribution (narrowly
defined), equity (more broadly defined), and sustainability
adds enormous complexity to discussions on the problem of
how nations can respond best to the threat of climate change.
Indeed, recognition that these multiple domains are relevant
complicates the task assigned to policymakers and internation-
al negotiators by opening their deliberations to issues that lie
beyond the boundaries of the climate change problem, per se.
Their recognition thereby underscores the need to integrate sci-
entific thought across a wide range of new policy-relevant con-
texts, but not simply because of some abstract academic or nar-
row parochial interest advanced by a small set of researchers or
nations. Cost-effectiveness, equity, and sustainability have all
been identified as critical issues by the crafters of the UNFC-
CC, and they are an integral part of the charge given to the
drafters of TAR. Integration across the domains of cost-effec-
tiveness, equity, and sustainability is therefore profoundly rel-
evant to policy deliberations according to the letter as well as
the spirit of the Framework Convention itself.

One important preliminary step towards integration of the three
perspectives that is developed in the body of this report is the
use of ancillary and co-benefits, developed and assessed most
fully in Chapters 7 and 8 and referred to in many of the other
chapters, that could be used to augment mitigation cost esti-
mates produced by the cost-effectiveness approach. Thus, one
could add or subtract an estimate of the equivalent cost or ben-
efits on various equity or sustainability metrics (e.g., changes

103

in the extent of poverty, human capital development, etc.) that
would result from specific mitigation policies. Although this
would be a start on a more integrated quantitative assessment
of costs, it would initiate a debate on how these other metrics
ought to be evaluated and aggregated. This may make it desir-
able to move to a broader integrating framework where multi-
ple policies could be evaluated according to multiple metrics
simultaneously. The development of the concept of “mitigative
capacity” is one new, but promising, step towards the develop-
ment of the systematic evaluation of mitigation options from
an integrated cost-effectiveness, equity, sustainability perspec-
tive.

Yohe (2001, in press) has recently introduced mitigative capac-
ity as an organizing tool to aid policymakers and analysts alike
as they try to accomplish this integration. Briefly defined, a
nation’s mitigative capacity reflects its ability to diminish the
intensity of the natural (and other) stresses to which it might be
exposed. The list of stresses for any particular nation might
include climate change and climate variability, of course. It fol-
lows that to review the diversity of the determinants of mitiga-
tive capacity from a climate perspective can help assessors
who contribute to IPCC Assessments and researchers who will
look to their report for guidance in setting their research agen-
das. These determinants can, in short, provide a framework
upon which to build and through which to assess systematic
and comparable representations of nations’ relative capacities
to cope. Mitigative capacity is therefore offered here as one
means with which to integrate and to evaluate the complex
issues that have emerged since the publication of SAR. There
may be other means to the same end, of course, but a focus on
mitigative capacity has the virtue of concentrating attention
directly on the problem at hand—climate change mitigation.

1.5.1 Mitigative Capacity-A Tool for Integration

There are eight distinct but related determinants of mitigative
capacity (Yohe, 2001, in press). Cast here in the context of a
single country trying to confront its climate change mitigation
challenge, they are:

* range of viable technological options for reducing
emissions;

* range of viable policy instruments with which the coun-
try might effect the adoption of these options;

e structure of critical institutions and the derivative allo-
cation of decision-making authority;

* availability and distribution of resources required to
underwrite their adoption and the associated, broadly
defined opportunity cost of devoting those resources to
mitigation;

e stock of human capital, including education and per-
sonal security;

e stock of social capital, including the definition of prop-
erty rights;

* country’s access to risk-spreading processes (e.g.,
insurance, options and futures markets, etc.); and
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* ability of decision makers to manage information, the
processes by which these decision makers determine
which information is credible, and the credibility of the
decision makers themselves.

This section will use these determinants as organizing tools in
its assessment of the degree to which current thinking, as evi-
denced by subsequent chapters, includes the first very prelimi-
nary steps toward a thorough integration of cost-effectiveness,
equity, and sustainability on the mitigation side of the climate
problem.

Mitigative capacity is the mitigation analogue of the concept of
adaptive capacity introduced in Chapter 18 of the WGII report
(IPCC, 2001). Indeed, adaptive capacity is offered there as a
framework upon which to build systematic and comparable
representations of communities’ and/or countries’ ability to
ameliorate or exploit the impacts of the natural or social stress-
es that they might face. As such, adaptive capacity plays a sim-
ilar organizational role for WGII in their assessment of impacts
as mitigative capacity does herein. WGII authors built their
assessments around the notion that a system’s vulnerability to
climate change is determined both by its exposure to the
impacts of climate change and by its adaptive capacity. Their
analysis uncovered a list of determinants for adaptive capacity
that is nearly identical to the list of determinants for mitigative
capacity given above. Organization of their thoughts around
those determinants enabled them to integrate cost-effective-
ness, equity, and sustainability into their assessments of the rel-
ative vulnerabilities of different nations, regions, and sectors.

Many of the subsequent chapters presented here offer insight
into the role of the first two determinants listed above in deter-
mining the ability of various nations to mitigate climate
change. Section 1.5.1.1 offers a brief introduction to these
insights. An equally brief assessment of some of the related lit-
erature from which the roles of the other determinants has been
gleaned is given in Section 1.5.1.2. Its coverage is more sug-
gestive of where climate researchers and policymakers should
look for aid in formulating the next round of questions; it is less
indicative of where past efforts and discussion have been con-
centrated.
1.5.1.1 Integrating Environmental, Social, and Economic
Objectives in the Third Assessment Report

Chapters 3 and 4 herein discuss in detail the standard techno-
logical options to mitigate climate change. Some or all of these
options might be available to any country as it decides to
reduce or to slow its emissions of greenhouse cases. However,
each technological option must be evaluated in terms of five
factors:
e its technological potential in an uncertain environment;
* its economic potential given economic uncertainty and
risk;
e existence of technical and economic constraints to its
adoption;
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e existence of social, cultural, and political constraints to
its adoption; and

* ability of key decision makers to understand and to
access its potential.

Chapter 5 underlines the significance of each of these charac-
teristics. It points out that cost and performance specifications
are critical; however, a technology could be expensive in one
place and relatively inexpensive in another; or it may be inex-
pensive when denominated in one numeraire, but expensive
when denominated in another (see Schneider, 1999). Chapter 5
also highlights social and economic constraints derived from
high private discount rates, market failures, closed economies,
uneven allocations of resources, uneven access to decision-
making processes, and other characteristics of social and cul-
tural structures. Finally, Chapter 5 focuses considerable atten-
tion on information. Decision makers must be able to under-
stand a technology’s economic and technical potential in the
context of their own countries, for which data and information
may be scarce or, in cases where prices do not reflect social
cost, misleading. Clearly, these observations extend the discus-
sion beyond simply listing gadgets towards developing an
understanding of how country-specific characteristics might
enhance or impede decision makers’ abilities to adopt mitiga-
tive technologies.

This chapter also underlines the sensitivity of acceptable poli-
cy instruments to a similar list of critical parameters that
extend efficiency discussions to include equity and sustainabil-
ity. These include:

* opportunity cost of their implementation, measured
broadly to include their development, equity, and sus-
tainability implications;

* sensitivity of these costs to alternative designs;

* availability of credible information and the ability to
monitor critical factors in the face of uncertainty;

* definition of a wide range of policy objectives and the
degree to which they complement the objective of cli-
mate mitigation;

e credibility of the policies and legitimacy of the policy-
makers;

e social, cultural, political, and economic constraints to
their implementation, and

e the structure of the decision-making process itself.

These characteristics clearly have enormous significance when
they are cast in the context of development, equity, and sustain-
ability. Later chapters in this report show how alternative poli-
cy designs can, on average, have widely different costs and
implications even if they achieve comparable results. Chapters
6 to 8 show, for example, that the cost of a policy does not
depend on the specification of its targeted outcome only. It also
depends on the specification of its timing, on the flexibility that
it allows, and on the degree to which it is supported by the inter-
national co-ordination of similar efforts across the globe.
Different policy designs for the same objective can also have
different distributional impacts—different sets of winners and
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losers across space and time who all come to the table with dif-
ferent access to decision making. Moreover, the opportunity
cost of any policy can be measured not only in terms of eco-
nomic cost, but also in terms of non-economic metrics that
measure progress or regression across a wide range of critical
variables and against an equally large range of social, cultural,
or political objectives (see Schneider, 1999). As a result, miti-
gation policies that have been successfully adopted in one coun-
try might be totally beyond the range of possibility in another.

Finally, differences in the flexibility of alternative policy
designs can also mean differences in long-term sustainability
from one country to another. Flexibility in response to one mit-
igation policy that adds efficiency and reduces costs in one
place may threaten the very existence of critical systems in
another. Ultimately, the goal of international agreements is to
induce decision makers at various levels—national and munici-
pal governments, corporate executives, rural communities, and
individuals engaging in both production and consumption deci-
sions—to undertake actions that lead to the mitigation of GHGs.
There is, in short, a multitude of policy options and instruments
available to decision makers at various levels.

Figure 1.7 illustrates this complexity in a diagrammatic form by
taking the example of the Kyoto Protocol. The parties have
agreed to a 5.2% reduction of Annex I emissions below 1990
levels by the first commitment period, 2008 to 2012. To realize
these reductions, however, national governments in these coun-
tries have to undertake policy measures that induce corporate
and other actors to modify their behaviour. As is shown present-
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ly, these policy decisions cover both regulatory and market
instruments. Individual economic actors will respond to these
incentives through internal changes as well as domestic and
international decisions. International decisions cover the innov-
ative Kyoto mechanisms (JI, IET, and the CDM) and are rele-
vant to non-Annex I countries, which will need to take support-
ive policy decisions as well. These are specifically in the area of
institutional development, capacity building, project approval,
project monitoring and certification, and national reporting.

Uncertainty, vulnerability to shocks, and attitudes towards risk
influence the perceived legitimacy of various decision options.
At a global or national level, public opinion and therefore pub-
lic policy is affected by the scientific uncertainty over the range
and impact of climate change. At subnational levels, such
uncertainty and vulnerability lies not only in the future, but
also in the present circumstances of specific groups—the poor,
the communities living in fragile or threatened areas, and the
ecological refugees (Gadgil and Guha, 1995). It shapes the col-
lective experience of such groups, determines their decision
objectives, and affects their choices as well as susceptibility to
policy-induced changes.

Finally, the incentive situation, the nature and strength of insti-
tutions for collective action, and the quality and type of infor-
mation available to decision makers affect individual decisions.
All three of these factors vary from one context to another and
from one level of decision making to another. Next the nature
of governmental policy intervention is discussed, and then the
context within which such policies are used is analyzed.
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-

Reduction Committments
by Countries (QELRC)

National Policies Market Instru
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Figure 1.7: Levels of decision making for
Kyoto mechanisms.




106

1.5.1.2  Expanding the Scope of Integration

Decisions that lead to the emissions of GHGs that result in
global warming are made under, and generally because of, the
system of incentives and institutions in place, and are based on
the information available to decision makers. Influencing such
decisions requires policy intervention at global, national, or
local levels. Conversely, the existence of institutions and legit-
imacy determines the effectiveness of the menu of potential
governmental policies outlined above. There is significant het-
erogeneity within most countries in the types of climate change
impacts that might be expected and in the likely impact of
GHG mitigation policies. The ability to adapt to climate
change depends on the level of income and technology, as well
as the capacity of the system of governance and existing insti-
tutions to cope with change. The ability to mitigate GHG emis-
sions depends on industrial structure (the mix of industrial
activities), social structure (including, e.g., the distance people
must travel to work or to engage in recreational activities), the
nature of governance (especially the effectiveness of govern-
ment policy), and the availability and cost of alternatives. In
short, what is feasible at the national level depends significant-
ly on what can be done at the subnational, local, and various
sectoral levels. However, most studies assume that the nation-
al level is the most appropriate for assessing and reacting to the
externalities that result from emissions of GHGs and for nego-
tiating international climate change agreements.

The prospect of climate change is just one of many issues of
concern to governments, and in most countries climate policy
is debated within a broader framework. National policymakers,
therefore, have to make trade-offs in implementing climate
policies within a comprehensive national and international
political economy framework. Many political parties and
stakeholder groups oppose climate policy because of perceived
conflicts with private sector interests. They also perceive con-
flicts with traditional macroeconomic goals, like full employ-
ment, price stability, and international competitiveness. They
also sometimes fear competition with other traditional objec-
tives for public attention and public expenditure (e.g., health
care, national security, infrastructure, and education).
Likewise, some people may resist mitigation policies (regard-
less of who pays for them) because of the perceived adverse
impacts on economic growth and poverty eradication, even
though others might suggest that the implementation of such
policies could provide potential opportunities for sustainable
development.

Also, many countries have more than one national policy-mak-
ing authority. In some cases, this diversity may reflect a sepa-
ration of the executive and legislative branches of government.
In others, it may simply be that separate agencies are responsi-
ble for economic policy, environment, and international affairs.
These agencies will have different views regarding both the
needs for climate policy and its likely impact on other goals.
The decision-making process invariably reflects the relative
political influence of these groups, and involves political nego-
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tiations and compromises between them. As a result,
O’Riordan et al., 1998) argue that issues considered by gov-
ernments to be on the policy periphery, like climate change, are
not easily factored into consideration of issues at the policy
core (such as health care, education, national economic policy,
or corporate manufacturing strategy). The issue networks and
policy communities around environmental ministries in most
countries are weak relative to those around economic and
defence ministries. Climate change is sometimes invoked to
boost support for existing policy agendas, such as industrial
restructuring. Nonetheless, climate change has seldom, if ever,
been perceived within the powerful ministries and their policy
communities as sufficiently threatening to their departmental
interests to fundamentally change those agendas (O’Riordan
and Jager, 1996; Beuerman and Jéger, 1996).

There is, as well, enormous variety in the range of institution-
al and other conditions in various countries at the subnational
level. The political decision-making process in developed
countries is affected to a certain degree by powerful non-gov-
ernmental institutions—including corporations and issue-based
non-governmental organizations (NGOs; March and Rhodes,
1992; Sabatier and Jenkins-Smith, 1993; Smith, 1993;
Michaelowa, 1998; O’Riordan et al., 1998). These can be a
source of resources and new ideas to address climate change as
it occurs, but they can also impede the identification and
response to changes because of vested interests in the current
or some desired allocation of resources. In developing coun-
tries, a growing number of institutions have emerged to cham-
pion environmental agendas. These range from groups con-
cerned with narrowly defined problems and opportunities (e.g.,
grassroots groups, wetlands protection groups) to broad-based
rights groups (e.g. women’s groups) that address a range of
common problems (see, e.g., Banuri et al., 1994). However,
significant differences continue between the legitimacy and
reach of such groups in the developed and developing regions.

The role of the informal sector can also differ between devel-
oped and developing countries (see, e.g., Cantor et al., 1992).
Although the term is defined somewhat loosely in the litera-
ture—often referring to urban, small-scale, non-organized eco-
nomic activities, and elsewhere to activities not covered in
national tax nets—estimates suggest that the informal economy
may cover as much as one-third of the economic activity of
some developing countries. Given its relative imperviousness
to analysis as well as policy influence (indeed, its very exis-
tence is credited by some writers to its ability to escape policy
influence), it is difficult to project how this sector will react to
impacts from climate change or mitigation policies.

The role of information depends critically on the legitimacy of
institutions that provide it. The capacity for research, analysis,
and policy development is generally weak in developing coun-
tries, and especially so in terms of climate change. More
importantly, this limited capacity is focused exclusively at the
national level. The result is often a credibility gap between the
national and local levels. In general, it is difficult to convince
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local actors of the significance of climate change and the need
for corrective action.

More importantly, the bulk of the research and analytical capac-
ity at the global level is concentrated in the developed coun-
tries. This is true especially of climate modelling, but also in
analyses of the relationship between climate change and sus-
tainable development. Since the late 1980s, massive investment
in climate change research has taken place in the developed
countries. In contrast, there is a paucity of research institutions
in developing countries, with a relatively small level of research
effort and investment. This is adequate neither for policy devel-
opment nor for reassuring policymakers and NGOs of the
developing region that the research results are unbiased (Sagar,
1999).28

Taken together, these insights suggest a need for investment in
the research and analytical capacity of the developing coun-
tries, and for orienting the research effort in both developing
and developed countries towards the local impacts of climate
change and the capacity for climate change adaptation and mit-
igation. Section 1.5.2 indicates how approaching this complex-
ity within the organizing concept of mitigative capacity can
help to generate insights into interpreting and extending ana-
Iytical exercises, integrating these exercises across multiple
stresses, and using this integration to inform discussions and
debates in the policy arena.

1.5.2  Lessons from Integrated Analyses

Integrating, organizational tools are most useful when they also
provide an effective means to assess the existing literature so
that new hypotheses can be articulated and new directions can
be identified.

One such lesson is that to aggregate representations of mitiga-
tion across nations and/or groups may be misleading. Quite
simply, the capacity to reduce emissions of GHGs can vary
dramatically from nation to nation, sector to sector, region to
region, group to group, and timeframe to timeframe.

Secondly, one country can easily display high adaptive capac-
ity and low mitigative capacity simultaneously (or visa versa),
even though both capacities share the same list of determi-
nants. In a wealthy nation the damages associated with climate
change may focus on a small but well-connected group of peo-
ple, while the cost of a wide range of adaptation options can,
through a well established tax system, be distributed across the
entire population. The same country might, however, include
another small group of people who would be seriously hurt by
most if not all of the wide range of available mitigation options

28 Participants in international research programme are mostly scien-
tific experts and do not have expertise in development, equity, or sus-
tainability issues.
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and/or policies. The benefits of mitigation would meanwhile be
marginal for most people because they would be distributed
widely across the population and spread far into the future.
Mitigative capacity could then be small.

Countries most vulnerable to climate change may have the
smallest mitigative capacity. Vulnerability to climate change
results from high exposure to climate impacts, low adaptive
capacity, or both. In the high-exposure case, the opportunity
cost, broadly defined, of expending resources to mitigate GHG
emissions may be too high. In the case of low adaptive capac-
ity, the factors responsible may also work to diminish mitiga-
tive capacity. And in the third case, both deleterious correla-
tions could work to complement each other.

Enhancing any one component of mitigative capacity may (or
may not) reduce the (marginal) cost of mitigation, because it
either expands the set of possible mitigative options or because
it reduces the constraints that stand in the way of their efficient
application. Adding to the list of available technological
options can, of course, lower the cost of implementing a spe-
cific policy designed to accomplish a specific objective, but the
additions must be more socially acceptable than the existing
alternatives, as well as structurally, socially, politically, and
culturally feasible. If not, they will not be adopted.
Furthermore, their informational requirements must not exceed
the informational capacity of the host country.

A nation, region, or community’s international position can
play a significant role in determining its ability to exercise its
mitigative capacity, because outside entities can influence the
effectiveness of technological options and/or domestic policy
alternatives. External forces can have a secondary but nonethe-
less significant effect on the likelihood that mitigation will
occur. Section 1.2 highlights the value of international co-ordi-
nation. Trade policies, be they global or the domestic policies
of significant trading partners, directly influence national
incomes and their distribution. Trade also influences the degree
to which a country’s development plans put pressure on its
stocks of social, human, and natural capital. Each of these fac-
tors subsequently affects the constraints that determine the set
of feasible mitigation technologies and policies.

Developing indicators of mitigative capacity could help deter-
mine who should be expected to do what in terms of mitiga-
tion. Examining the determinants of mitigative capacity can
identify weak points in the links required for countries to rec-
ognize and to act upon the need for climate mitigation This
approach can organize existing information effectively as well
as suggest new research directions. Specifically, attention to
mitigative capacity underlines the role of instruments and tar-
gets in framing policy discussions. There are, typically, multi-
ple targets (environmental improvement being one of them)
and multiple instruments to achieve them. Contemplating the
determinants of mitigative capacity suggests that there is a ben-
efit from broadening the range of instruments used in climate
policy. This may be especially so if “climate policy” is under-
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stood to include mechanisms to achieve environmental goals,
sustainability goals, equity goals, and development goals. In
this light, mitigative capacity highlights the necessity to
observe market failures, political failures, and other failures
that might otherwise be overlooked. The fundamental ques-
tions are, then, ones of a broad perspective to see exactly how
much public policy should be devoted to enhancing mitigative
capacity in ways that can help answer questions like “Where
are the payoffs clearly greater than the costs?” or “Where is the
low-hanging fruit that deserves picking?”

Contemplating the complexity of mitigative capacity reveals
that the sources of uncertainty in understanding mitigation
extend far beyond the boundaries of the uncertainties that
cloud how various technologies might be applied and how var-
ious policy designs might function. The same determinants of
mitigative capacity that bring development, equity, and sus-
tainability factors into play add to the list of these sources, just
as they do on the impact side of the climate change calculus. In
short, therefore, anticipating how mitigation might evolve,
how much it might cost, how effective it might be, and how the
costs and benefits might be distributed is just as uncertain as
anticipating how systems might adapt to the impacts of climate
change and climate variability.

Understanding the determinants of mitigative capacity offers a
way of organizing not only the analysis of mitigation, but also
the negotiations over how to meet the mitigation challenge.
Indeed, enhancing mitigative capacity can be a policy objec-
tive in and of itself. The means by which this enhancement
might be accomplished can be drawn directly from an under-
standing of how the determinants work within and across
countries, how they might complement one another, and how
they might conflict. Of course, the opportunity cost of enhanc-
ing mitigative capacity, measured in terms of cost of regress-
ing against other objectives, is critical in evaluating its desir-
ability. It is also clear, given the way in which its determinants
can be expected to interact, that enhancing mitigative capaci-
ty means more than simply transferring resources from one
nation to another. Weakness beyond access to adequate
resources can surely impede the capacity to mitigate any
stress; and so it follows that these weaknesses can undermine
significantly the efficacy of offering or requesting simple
financial support.

1.5.3  Mitigation Research: Current Lessons and Future

Directions

Broadening the domain of analysis to include concerns of
development, equity, and sustainability over multiple time
scales adds enormous complexity to policy deliberations. A
portfolio of strategies (not just policy instruments) that draw on
efficiency and cost-effectiveness, equity, and sustainability
considerations may nonetheless offer the promise of identify-
ing new options and synergies that may make the job of imple-
menting climate policy less disruptive to societies and
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economies. In particular, it may help to broaden the range of
win—win options.

Concepts like mitigative capacity can help to clarify the trade-
offs within and between this expanded range of options. It can
show how the assessment of climate change mitigation oppor-
tunities contained in this volume can be used and integrated to
confront the problem of climate change most effectively. This
is especially true when the broad lessons from WGIII herein
are taken in concert with lessons drawn from the assessment
provided by WGII (IPCC, 2001) on impacts and adaptation.
Many of the determinants of adaptive capacity are essentially
the same as those of mitigative capacity. Therefore, a portfolio
of policy strategies that enhances the capacity to mitigate most
effectively should also be effective in enhancing the capacity to
adapt. A number of lessons and directions for future research
can be enumerated.

* Improved deliberations on appropriate climate policies in
the short, medium, and long terms.

The literature being brought to bear on the climate issue
increasingly shows that policies beyond simply reducing GHG
emissions from a specified baseline at minimum costs can be
extremely effective in abating the emission of GHGs.
Consideration of policies not directly focused on climate, such
as those focused on the broader objectives of sustainable devel-
opment, gives policymakers more flexibility to achieve climate
policy objectives.

*  Expanded lists of tools for decision makers and analysts.
Consideration of the objectives of development, equity, and
sustainability can help buy in more participants to climate poli-
cies—beyond national and international delegations to include
state, local, community, and household agents, as well as
NGOs. It also expands the list of tools that can be applied to
illuminate the decision-makers’ deliberations, from efficiency-
and/or distribution-based analytical tools to include alternative
decision-analytic frameworks and the development of alterna-
tive scenarios.

*  Weighing the costs and impacts of a broader set of policies
according to a longer list of objectives.

Climate deliberations would then consider the climate ramifi-
cations of policies designed primarily to address a wide range
of issues, including development, equity, sustainability, and
sustainable development, as well as the likely impacts of cli-
mate policies on the achievement of these other objectives. As
part of this process the opportunity costs and impacts of each
instrument are measured against the multiple criteria defined
by these multiple objectives.

* A portfolio approach to policy that effectively enhances the
capacity to meet the mitigation challenge as well as the
capacity to adapt to climate change.

Focusing research and policy on the determinants of mitigative

and adaptive capacity simultaneously can show when, where,
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and how synergies and conflicts between mitigation and adap-
tation might arise. Focusing research on these determinants
also makes it clear that policy making in either sphere can be
matched by complementary action in the other. Coping with
the climate problem is not a question of mitigating and then
adapting. Nor is it a question of adapting and then mitigating.
It is a more holistic question of doing both at the same time;
focusing attention on the common determinants of mitigative
and adaptive capacities can lead productively to an under-
standing of exactly how to meet these coincident challenges.
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*  Much additional research is needed before concepts like
mitigative capacity can be used to assess the relative mer-
its of specific options.

Integrating concepts like mitigative capacity should prove use-
ful as a heuristic device to integrate diverse policy instruments
into a comprehensive policy portfolio, to discover the metrics
with which costs and benefits should be measured, and (per-
haps most immediately) to broaden the range of no regrets
options.
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EXECUTIVE SUMMARY

Introduction: Summary of the Second Assessment Report and
progress since this report.

This chapter reviews three scenario literatures: general mitiga-
tion scenarios produced since the Second Assessment Report
(SAR), narrative-based scenarios found in the general futures
literature, and mitigation scenarios based on the new reference
scenarios developed in the Intergovernmental Panel on Climate
Change (IPCC) Special Report on Emissions Scenarios
(SRES).

Scenarios

A long-term view of a multiplicity of future possibilities is
required to consider the ultimate risks of climate change, assess
critical interactions with other aspects of human and environ-
mental systems and guide policy responses. Scenarios offer a
structured means of organizing information and gleaning
insight into the possibilities.

Each mitigation scenario describes a future world with partic-
ular economic, social, and environmental characteristics, and
therefore implicitly or explicitly contains information about
development, equity, and sustainability (DES). Since the dif-
ference between reference case scenarios and their correspond-
ing mitigation scenarios is simply the addition of deliberate cli-
mate policy, it can be the case that the differences in emissions
among reference case scenarios are greater than between any
one such scenario and its mitigation version.

General Greenhouse Gas Emissions Mitigation Scenarios

This chapter considers the results of 519 quantitative emission
scenarios from 188 sources, mainly produced after 1990. The
review focuses on 126 mitigation scenarios that cover global
emissions and have a time horizon encompassing the coming
century.

These mitigation scenarios include concentration stabilization
scenarios, emission stabilization scenarios, tolerable win-
dows/safe emission corridor scenarios, and other mitigation
scenarios. They all include energy-related carbon dioxide
(CO,) emissions; several also include CO, emissions from
land-use changes and industrial processes and other important
greenhouse gases (GHGs).

Mitigation options used in the reviewed mitigation scenarios
take into account energy systems, industrial processes, and
land use, and depend on the underlying model structure. Most

of the scenarios introduce simple carbon taxes or constraints on
emissions or concentration levels to reflect measures that are
taken to implement such options. Regional targets are intro-
duced in the models with regional disaggregation. Emission
trading is introduced in more recent work. Some models
employ supply-side technology introduction, while others
emphasize efficient demand-side technology options.

Allocation of emission reduction among regions is a con-
tentious issue. Only some studies, particularly recent ones,
make explicit assumptions about such allocations in their sce-
narios. Some studies offer global emission trading as a mecha-
nism to reduce mitigation costs.

Technological improvement is a critical element in all the gen-
eral mitigation scenarios.

Detailed analysis of the characteristics of 31 scenarios for sta-
bilization at 550ppmv (and their respective baseline scenarios)
yielded several insights!.

There was a wide range in baselines, reflecting a diversity of
assumptions, mainly with respect to economic growth and low-
carbon energy supply. High economic growth scenarios tend to
assume high levels of progress in the efficiency of end-use
technologies; carbon intensity reductions were found to be
largely independent of economic growth assumptions. The
range of future trends shows greater divergence in scenarios
that focus on developing countries than in scenarios that look
at developed nations. There is little consensus with respect to
future directions in developing regions.

The reviewed 550ppmv stabilization scenarios vary with
respect to reduction time paths and the distribution of emission
reductions among regions. Some scenarios show that emission
trading lowers overall mitigation cost by shifting mitigation to
non-OECD countries, where abatement costs are assumed to
be lower. The range of assumed mitigation policies is very
wide. In general, scenarios in which there is an assumed adop-
tion of high-efficiency measures in the baseline show less
scope for further introduction of efficiency measures in the
mitigation scenarios. In part this is due to the structure of the
models, which do not assume major technological break-

! The selection of 550ppmv scenarios is based on the relatively large
number of available studies that use this level and does not imply any
endorsement of this particular level of CO, concentration stabiliza-
tion.
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throughs. Conversely, baseline scenarios with high carbon
intensity reductions show larger carbon intensity reductions in
their corresponding mitigation scenarios. Global macroeco-
nomic costs of mitigation in the reviewed scenarios range from
0% to 3.5% of gross domestic product (GDP), while a few sim-
ple models estimate more increase in the second half of the 215
century. No clear relationship was discovered between the
GDP loss and the GDP growth assumptions in the baselines.

Only a small set of studies has reported on scenarios for miti-
gating non-CO, gases. This literature suggests that small reduc-
tions of GHG emissions can be accomplished at lower cost by
including non-CO, gases; that both CO, and non-CO, emissions
would have to be controlled in order to reduce emissions suffi-
ciently to meet assumed mitigation targets; and that methane
(CH,) mitigation can be carried out more rapidly, with a more
immediate impact on the atmosphere, than CO, mitigation.

In most cases it is clear that mitigation scenarios and mitigation
policies are strongly related to their baseline scenarios, but no
systematic analysis in this class of literature has been published
on the relationship between mitigation and baseline scenarios.

Global Futures Scenarios

Global futures scenarios do not specifically or uniquely con-
sider GHG emissions. Instead, they are more general “stories”
of possible future worlds. They can complement the more
quantitative emission scenario assessment because they con-
sider dimensions that elude quantification, such as governance
and social structures and institutions, but which are nonethe-
less important to the success of mitigation policies. Addressing
these issues reflects the different perspectives presented in
Chapter 1 on cost-effectiveness, equity, and sustainability.

A survey of this literature has yielded a number of insights. First,
a wide range of future conditions has been identified by futurists,
ranging from variants of sustainable development to collapse of
social, economic, and environmental systems. Since the underly-
ing socio-economic drivers of emissions may vary widely in the
future, it is important that climate policies should be designed so
that they are resilient against widely different future conditions.

Second, the global futures scenarios that show falling GHG
emissions tend to show improved governance, increased equi-
ty and political participation, reduced conflict, and improved
environmental quality. They also tend to show increased ener-
gy efficiency, shifts to non-fossil energy sources, and/or shifts
to a post-industrial economy. Furthermore, population tends to
stabilize at relatively low levels, in many cases as a result of
increased prosperity, expanded provision of family planning,
and improved rights and opportunities for women. A key impli-
cation is that sustainable development policies can make a sig-
nificant contribution to emission reduction.

Third, different combinations of driving forces are consistent
with low emission scenarios. The implication of this would
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seem to be that it is important to consider the linkage between
climate policy and other policies and conditions associated
with the choice of future paths in a general sense.

Special Report on Emission Scenarios

Six new GHG emission reference scenario groups (not includ-
ing specific climate policy initiatives), organised into 4 sce-
nario “families”, were developed by the IPCC and published as
the Special Report on Emission Scenarios (SRES). Scenario
families A1 and A2 emphasize economic development but dif-
fer with respect to the degree of economic and social conver-
gence; B1 and B2 emphasize sustainable development but also
differ in terms of degree of convergence. In all, six models
were used to generate 40 scenarios that comprise the six sce-
nario groups. In each group of scenarios, which should be con-
sidered equally sound, one illustrative case was chosen to illus-
trate the whole set of scenarios. These six scenarios include
marker scenarios for each of the scenario families as well as
two scenarios, A1FI and A1T, which illustrate alternative ener-
gy technology developments in the A1 world.

The SRES scenarios lead to the following findings:

*  Alternative combinations of driving-force variables can
lead to similar levels and structure of energy use, land-
use patterns and emissions.

* Important possibilities for further bifurcations in future
development trends exist within each scenario family.

* Emissions profiles are dynamic across the range of
SRES scenarios. They portray trend reversals and indi-
cate possible emissions cross-over among different sce-
narios.

* Describing potential future developments involves
inherent ambiguities and uncertainties. One and only
one possible development path (as alluded to for
instance in concepts such as “business-as-usual sce-
nario”) simply does not exist. The multi-model
approach increases the value of any scenario set, since
uncertainties in the choice of model input assumptions
can be more explicitly separated from the specific
model behaviour and related modelling uncertainties.

Review of Post-SRES Mitigation Scenarios

Recognizing the importance of multiple baselines in evaluating
mitigation strategies, recent studies analyze and compare miti-
gation scenarios using as their baselines the new SRES scenar-
i0s. This allows for the assessment in this report of 76 “Post-
SRES Mitigation Scenarios” produced by nine modelling teams.

These mitigation scenarios were quantified on the basis of sto-
rylines for each of the six SRES scenarios which describe the
relationship between the kind of future world and its capacity
for mitigation.

Quantifications differ with respect to the baseline scenario
including assumed storyline, the stabilization target, and the
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model that was used. The post-SRES scenarios cover a very
wide range of emission trajectories but the range is clearly
below the SRES range. All scenarios show an increase in CO,
reduction over time. Energy reduction shows a much wider
range than CO, reduction, because in many scenarios a decou-
pling between energy use and carbon emissions takes place as
aresult of a shift in primary energy sources.

In general, the lower the stabilization target and the higher the
level of baseline emissions, the larger the CO, divergence from
the baseline that is needed, and the earlier that it must occur.
The A1FI, A1B, and A2 worlds require a wider range and more
strongly implemented technology and/or policy measures than
AIT, Bl, and B2. The 450 ppmv stabilization case requires
very rapid emission reduction over the next 20 to 30 years.

A key policy question is what kind of emission reductions in
the medium term (after the Kyoto protocol commitment peri-
od) would be needed. Analysis of the post-SRES scenarios
(most of which assume developing country emissions to be
below baselines by 2020) suggests that stabilization at
450ppmv will require emissions reductions in Annex I coun-
tries after 2012 that go significantly beyond their Kyoto
Protocol commitments. It also suggests that it would not be
necessary to go much beyond the Kyoto commitments for
Annex I countries by 2020 to achieve stabilization at 550ppmv
or higher. However, it should be recognized that several sce-
narios indicate the need for significant Annex I emission reduc-
tions by 2020 and that none of the scenarios introduces other
constraints such as a limit to the rate of temperature change.

An important policy question already mentioned concerns the
participation of developing countries in emission mitigation. A
preliminary finding of the post-SRES scenario analysis is that,
if it is assumed that the CO, emission reduction needed for sta-
bilization would occur in Annex I countries only, Annex I per
capita CO, emissions would fall below non-Annex I per capi-
ta emissions during the 21 century in nearly all of the stabi-
lization scenarios, and before 2050 in two-thirds of the scenar-
10s. This suggests that the stabilization target and the baseline
emission level are both important determinants of the timing
when developing countries’ emissions might need to diverge
from their baseline.

Climate policy would reduce per capita final energy consump-
tion in the economy-emphasized worlds (A1F1, A1B, and A2),
but not in the environment-emphasized worlds (B1 and B2).
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The reduction in energy use caused by climate policies would
be larger in Annex I than in non-Annex I. However, the impact
of climate policies on equity in per capita final energy use
would be much smaller than that of the future development
path.

No single measure will be sufficient for the timely develop-
ment, adoption, and diffusion of mitigation options to stabilize
atmospheric GHGs. Instead, a portfolio based on technological
change, economic incentives, and institutional frameworks
could be adopted. Combined use of a broad array of known
technological options has a long-term potential which, in com-
bination with associated socio-economic and institutional
changes, is sufficient to achieve stabilization of atmospheric
CO, concentrations in the range of 450-550ppmv or below.

Assumed mitigation options differ among scenarios and are
strongly dependent on the model structure. However, common
features of mitigation scenarios include large and continuous
energy efficiency improvements and afforestation as well as
low-carbon energy, especially biomass, over the next one hun-
dred years and natural gas in the first half of the 21%' century.
Energy conservation and reforestation are reasonable first
steps, but innovative supply-side technologies will eventually
be required. Possible robust options include using natural gas
and combined-cycle technology to bridge the transition to
more advanced fossil fuel and zero-carbon technologies, such
as hydrogen fuel cells. Solar energy along with either nuclear
energy or carbon removal and storage would become increas-
ingly important for a higher emission world or lower stabiliza-
tion target.

Integration between global climate policies and domestic air
pollution abatement policies could effectively reduce GHG
emissions in developing regions for the next two or three
decades; however, control of sulphur emissions could amplify
possible climate change, and partial trade-offs are likely to per-
sist for environmental policies in the medium term.

Policies governing agriculture and land use and energy systems
need to be linked for climate change mitigation. Supply of bio-
mass energy as well as biological CO, sequestration would
broaden the available options for carbon emission reductions,
although the post-SRES scenarios show that they cannot pro-
vide the bulk of the emission reductions required. That has to
come from other options.
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2.1 Introduction: Summary of the Second Assessment

Report and Progress since this Report

Various options for mitigating climate change, which consti-
tute the basis of this Working Group III report, depend on soci-
etal visions of the future. These visions largely define the deci-
sion analytical frameworks used (see Chapter 10) and form the
basis for evaluating options. As this chapter will make clear,
existing visions of the future are very different in scope and
scale, in time horizons, in constituents and uncertainties, and
cover different areas of human activities, natural conditions,
etc. Whereas some authors explore the future by extrapolating
trends, others aim at a more desirable future state.

Many visions of the future can be modified into scenarios
through the systematization of data and other available informa-
tion, using various modelling techniques, and thereby leading to
quantitative interpretations of the future. The spectrum of sce-
narios can be as broad as that of visions, however, articulating a
scenario can provide a more detailed picture of the framework
for decisions and the associated limitations for decision-making
processes and policy interventions in any particular area.

Climate change and its impacts have a long history in the exist-
ing scenario literature, while mitigation scenarios that explore
policy options to be implemented are of more recent origin. In
the Second Assessment Report (SAR) of the Intergovernmental
Panel on Climate Change (IPCC), greenhouse gas (GHG) mit-
igation scenarios were reviewed. Since that time, there has
been considerable development of such scenarios, focussing on
issues of the timing, location, and extent of responses required
to stabilize atmospheric concentrations at various levels. These
new mitigation scenarios are reviewed in this chapter.

Another literature, consisting of more narrative-based scenar-
ios of alternative global futures, is also reviewed in this chap-
ter. These more general scenarios provide a basis for contextu-
alizing the more traditional emissions scenarios, and providing
a link to development, equity, and sustainability (DES).

In addition, in 1996, the IPCC commissioned a new report on
emissions scenarios (the Special Report on Emissions
Scenarios, or SRES), in which new scenarios were developed
(Nakicenovic et al., 2000). During 1999 and 2000 various
modellers used these new reference scenarios as the basis of
new mitigation and stabilization analyses. This post-SRES
work is also reviewed in this chapter.

Section 2.2 provides a background of scenarios in general, and
emission and mitigation scenarios in particular, and discusses
the link between scenarios and DES. Section 2.3 reviews gen-
eral mitigation scenarios produced since the SAR. Section 2.4
discusses global futures scenarios, which are narrative-based
scenarios found in the general futures literature. Section 2.5
provides a review of the SRES and discusses post-SRES miti-
gation scenarios. Finally, Section 2.6 provides recommenda-
tions for future research.
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2.2 Scenarios

2.2.1  Introduction to Scenarios

Climate change assessment addresses a highly complex set of
interactions between human and natural systems, a scientific
challenge that is compounded by the cumulative and long-term
character of the phenomenon. While the world of many
decades from now is indeterminate, scenarios offer a structured
means of organizing information and gleaning insight into the
possibilities. Scenarios can draw on both science and imagina-
tion to articulate a spectrum of plausible visions of the future
and pathways of development. Some scenarios are assumed to
evolve gradually and continuously from current social, eco-
nomic, and environmental patterns and trends; others deviate
in fundamental ways. A long view of a multiplicity of future
possibilities is required to consider the ultimate risks of climate
change, assess critical interactions with other aspects of human
and environmental systems, and guide policy responses.

The term “‘scenarios” appears in two distinct streams of
inquiry, one based on qualitative narrative and the other on
mathematical models. Qualitative scenarios are primarily liter-
ary exercises, aimed at holistic and integrated sketches of
future visions and compelling accounts of a progression of
events that might lead to those futures. Quantitative, formal
models seek mathematical representation of key features of
human and/or environmental systems in order to represent the
evolution of the system under alternative assumptions, such as
population, economic growth, technological change, and envi-
ronmental sensitivity. Qualitative scenarios have a greater
power to posit system shifts, to explore the implications of sur-
prise, and to include critical factors that defy quantification,
such as values, cultural shifts, and institutional features. On the
other hand, qualitative scenarios may appear arbitrary, idiosyn-
cratic, and weakly supported. Model-based scenarios are use-
ful for examining futures that result from variations of quanti-
tative-driving variables, and they offer a systematic and replic-
able basis for analysis.

A first wave of global assessments began in the 1970s.
Ambitious global modelling exercises aimed to forecast the
behaviour over many decades of development, resource, and
environmental systems, and to assess resource constraints
(Meadows et al., 1972; Mesarovic and Pestel, 1974). The Latin
American world model stressed social and political concerns,
rather than physical limits, by positing a normative egalitarian
future to examine the actions required to achieve it (Herrera et
al., 1976). A second wave of integrated global scenario analy-
ses responded to new concerns about sustainable development
and the future (WCED, 1987). Many of these were in the qual-
itative tradition (Svedin and Aniansson, 1987; Toth et al.,
1989; Milbrath, 1989; Burrows et al., 1991; Kaplan, 1994,
Gallopin et al., 1997; WBCSD, 1997; Bossel, 1998). In addi-
tion, stimulated largely by the climate issue, there have been a
number of new models that quantitatively link energy and
other human activities to atmospheric, oceanic, and terrestrial
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systems (e.g., Rotmans and de Vries, 1997). Finally, scenario
studies have begun recently to synthesize the modelling and
qualitative approaches, in order to blend structured quantitative
analysis with textured and pluralistic scenario narratives
(Raskin et al., 1998; Nakicenovic et al., 2000).

IPCC GHG emission scenarios were prepared for the first
assessment report of 1990. These initial scenarios were updat-
ed and extended, and led to the publication in 1992 of alterna-
tive emissions scenarios for the period 1990 through 2100
(Leggett et al., 1992; Pepper et al., 1992). These so-called 1S92
emission scenarios were used by the IPCC to assess changes in
atmospheric composition and climate over this time horizon.
Analysts have used the IS92 scenarios, and particularly IS92a,
as the preferred reference scenarios for mitigation and stabi-
lization studies. A subsequent IPCC evaluation of the IS92 sce-
narios (Alcamo et al., 1995) found that for the purposes of dri-
ving atmospheric and climate models, the carbon dioxide
(CO,) emissions trajectories of the IS92 scenarios provided a
reasonable reflection of variations found in the open literature.
However, the review found that these scenarios should not be
used for evaluating the consequences of interventions to reduce
GHG emissions since the scenarios have insufficient sectoral
and regional detail for careful analyses. This review also took
into account criticism by Parikh (1992) who suggested the
need for a more coherent approach and scenarios that show
improved equity between the developed and the developing
countries.

The 1995 review also emphasized the need for analysts to con-
sider the full range of IS92 emissions scenarios, rather than a
single “business-as-usual” reference scenario. The uncertain-
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ties in long-range future assumptions make the assignation of a
most-probable trajectory problematic.

In 1996, the IPCC initiated a process for establishing a new set
of reference emissions scenarios. The new scenarios are
described in the IPCC Special Report on Emissions Scenarios
(Nakicenovic et al., 2000). These are designed to be non-miti-
gation or reference scenarios, that is, scenarios in which addi-
tional policy initiatives aimed specifically at lowering GHG
emissions are assumed to be absent.

Owing to fundamental uncertainties, it is impossible to predict
or forecast the long-range global future, even with the most
sophisticated methods. Long-range indeterminism implies that
probabilities cannot be rigorously assigned for either a given
set of driving assumptions or the likelihood of structural shifts
in societies and natural systems. Consequently, instead of a sin-
gle “business as usual” scenario, multiple baseline scenarios
are needed to scan a spectrum of plausible possibilities in order
to guide the formulation of robust policies that are not geared
to an overly rigid sense of where the world is heading.

To account for the wide variety of possible futures and the large
uncertainties involved in such forward projections, the SRES
team opted for a multiple baseline approach.? It also decided to
fuse a qualitative, narrative approach with a more formal
approach with different models, to guarantee structural variance
and methodological diversity in the scenarios. As such, the
SRES-scenarios combine elements from both the more story-like
scenarios discussed in Section 2.4 below, and the more model-
based scenarios discussed in Section 2.3. The relationship
between these three kinds of scenarios is shown in Figure 2.1.

SRES & Post-
SRES Scenarios
(Section 2.5)

Qualitative

arrative
' scenarios

quantitative ~ (Storyline)

scenarios

Quantitative General Mitigation

Scenarios
(Section 2.3)

.

- /,\

General Futures
Scenarios
(Section 2.4)

TARGETS: climate
scenarios for

each Utopia

Polestar: quantitative
descriptions

Beyond the Limits:
COo emission
scenarios

EPA: rapid changing &
slow changing world

Climate

General

Figure 2.1: Relationship among the three groups of literature reviewed in Chapter 2.
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2.2.2  Mitigation and Stabilization Scenarios

Mitigation scenarios are usually defined as a description and a
quantified projection of how GHG emissions can be reduced
with respect to some baseline scenario. They contain new
emission profiles as well as costs associated with the emission
reduction. Stabilization scenarios are mitigation scenarios that
aim at a pre-specified GHG reduction target. Usually the target
is the concentration of CO, or the CO,-equivalent concentra-
tion of a “basket” of gases by 2100 or at some later date when
atmospheric stabilization is actually reached.
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There are two common difficulties associated with the formu-
lation and quantification of mitigation scenarios. First, in cer-
tain cases there is not a clear-cut distinction between interven-
tion and non-intervention scenarios, that is, scenarios with or
without explicit climate policy. This is discussed in detail in
Box 2.1. The second important problem regarding mitigation
scenarios has to do with the difference between top-down and
bottom-up models. Whereas the latter focus on engineering
trends and technology costs, the former view resource devel-
opment from a macroeconomic price-mediated perspective.
Although, as discussed in the SAR (IPCC, 1995), the differ-

Box 2.1. Differentiating Between Climate Policy and No-climate-policy Scenarios

Recent discussions among IPCC experts and reactions from reviewers of this report and the SRES report revealed the need to clarify
differences between various types of GHG emission scenarios, in particular, between climate policy scenarios (CP scenarios) and sce-
narios without climate policies (NCP scenarios) but with low emissions.

CP scenarios (also known as climate intervention or climate mitigation scenarios) are defined in this report as those that: (1) include
explicit policies and/or measures, the primary? goal of which is to reduce GHG emissions (e.g., carbon tax) and/or (2) mention no cli-
mate policies and/or measures, but assume temporal changes in GHG emission sources or drivers required to achieve particular cli-
mate targets (e.g., GHG emission levels, GHG concentration levels, temperature increase or sea level rise limits).*

CP scenarios are often, but not always, constructed with reference to a corresponding reference or baseline scenario that is similar to
the CP scenario in every respect except the inclusion of climate mitigation measures and/or policies. In fact, climate policy analysis
often starts with the construction of such a reference scenario, to which is added climate policy to create the CP scenario.

Another type of CP scenario is not originally built around such “no-policy” baselines. Developers of such scenarios envision future
“worlds” that are internally consistent with desirable climate targets (e.g., a global temperature increase of no more than 1°C by 2100),
and then work “backwards” to develop feasible emission trajectories and emission driver combinations leading to these targets. Such
scenarios, also referred to as “safe landing” or “tolerable windows” scenarios, imply the necessary development and implementation
of climate policies, intended to achieve these targets in the most efficient way.

The general definition of CP scenarios provided here enables one to effectively discriminate between CP scenarios and other scenar-
ios with low emissions (e.g., IS92c, SRES-B1). Unlike the former, NCP scenarios have low emissions but do not assume any explicit
emission abatement measures or policies, nor are they designed specifically to achieve certain climate targets. NCP scenarios by them-
selves may explore a wide variety of alternative development paths, including “green” or “dematerialization” futures.

Confusion can arise when the inclusion of “non-climate-related” policies in a NCP scenario has the effect of significantly reducing
GHG emissions. For example, energy efficiency or land use policies that reduce GHG emissions may be adopted for reasons that are
not related to climate policies and may therefore be included in a NCP scenario. Such a NCP scenario may have GHG emissions that
are lower than some CP scenarios.

The root cause of this potential confusion is that, in practice, many policies can both reduce GHG emissions and achieve other goals.
Whether such policies are assumed to be adopted for climate or non-climate policy related reasons in any given scenario is determined
by the scenario developer based on the underlying scenario narrative. While this is a problem in terms of making a clear distinction
between CP and NCP scenarios, it is at the same time an opportunity. Because many decisions are not made for reasons of climate
change alone, measures implemented for reasons other than climate change can have a large impact on GHG emissions, opening up
many new possibilities for mitigation. Chapters 7, 8, and 9 discuss ancillary benefits of climate mitigation and the co-benefits of poli-
cies integrating climate mitigation objectives with other goals.

2 Tt is perhaps worth noting in this connection that, in a similar way,
the IPCC had originally recommended that climate and other mod-

3 Some climate polices have multiple benefits. For example, a partic-
ular policy designed to reduce methane leaks from natural gas systems

ellers use the full set of IS92 scenarios but, in practice, this advice has
not been followed by most researchers who have focussed primarily
on the “central” IS92 case, thereby potentially contributing to an
unjustified sense of probability or accuracy.

may also increase the operating company’s profitability and improve
safety. However, if this policy was originally developed to reduce
emissions it should be classified as a climate policy, not as a policy to
increase profitability or improve safety.

4 Such targets may be reached without specific additional climate poli-
cies, e.g., by pursuing particular development pathways.
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ences between these approaches are continiously narrowing as
each incorporates elements of the other, there is still quite a dif-
ference in their formulation of emission reduction strategies.
This suggests the importance of including multiple method-
ological approaches in scenario analysis.

2.2.3  Scenarios and ‘“Development, Equity, and

Sustainability (DES)”

The climate issue is embedded in the larger question of how
combined social, economic, and environmental subsystems
interact and shape one another over many decades. There are
multiple links. Economic development depends on mainte-
nance of ecosystem resilience; poverty can be both a result and
a cause of environmental degradation; material-intensive
lifestyles conflict with environmental and equity values; and
extreme socio-economic inequality within societies and
between nations undermines the social cohesion required for
effective policy responses.

It is clear that climate policy, and the impacts of climate
change, will have significant implications for sustainable
development at both the global and sub-global levels. In addi-
tion, policy and behavioural responses to sustainable develop-
ment issues may affect both our ability to develop and suc-
cessfully implement climate policies, and our ability to
respond effectively to climate change. In this way, climate pol-
icy response will affect the ability of countries to achieve sus-
tainable development goals, while the pursuit of those goals
will in turn affect the opportunities for, and success of, climate
policy responses.

In this report and its Working Group II companion report, cli-
mate change impacts, mitigation, and adaptation strategies are
discussed in the broader context of DES (see Munasinghe,
1999).

The issues raised by a consideration of DES are of particular
relevance to the scenarios discussed in this chapter. Because
they are necessarily based upon assumptions about the socio-
economic conditions that give rise to emissions profiles, miti-
gation and stabilization scenarios implicitly or explicitly con-
tain information about DES. In principle, each stabilization or
mitigation scenario describes a particular future world, with
particular economic, social, and environmental characteristics.
Given the strong interactions between development, environ-
ment, and equity as aspects of a unified socio-ecological sys-
tem and the interplay between climate policies and DES poli-
cies, emissions scenarios are viewed in this report as an aspect
of broad sustainable development scenarios.

The allocation of emissions in a scenario is coupled closely to
an important policy question in climate negotiations: the fair
distribution of future emission rights among nations, or “bur-
den sharing”. For example, an egalitarian formulation of the
rights of developing countries to future “climate space” is often
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expressed in terms of equal per capita emissions allocations.
Alternative assumptions on burden sharing have important
implications for equity, sustainable development, and the eco-
nomics of emissions abatement. However, it is noteworthy that
this critical conditioning variable is usually not explicitly treat-
ed in mitigation scenarios in the literature (see section 2.3
below). Indeed, documentation of scenarios generally does not
address the implications of the scenarios for equity and burden
sharing. In rare cases, mitigation scenarios have been devel-
oped which explicitly impose the simultaneous co-constraints
of climate and equity goals (e.g., Raskin et al., 1998).

In this and other ways scenario analysis could become an
important way of linking DES issues to climate policy consid-
erations. However, as discussed in more detail in section 2.4,
many quantitative mitigation and stabilization scenarios have
not been designed with this purpose in mind. As a result, it is
not always easy to draw out the DES implications of particular
stabilization and mitigation scenarios.

Although this chapter focuses on mitigation and stabilization
scenarios, it is important to note that DES issues are also
implicit in the base case or reference scenarios that underlie
mitigation and stabilization scenarios. Since the difference
between reference case scenarios and stabilization and mitiga-
tion scenarios is simply the addition of deliberate climate pol-
icy, it can be the case that the DES differences among different
reference case scenarios are greater than between any one such
scenario and its stabilization or mitigation version. This is of
particular relevance in the discussion below in section 2.5.2 of
scenarios based on the baselines produced in the IPCC’s SRES
(Nakicenovic et al., 2000).

2.3 Greenhouse Gas Emissions: General Mitigation

Scenarios

This chapter reviews three scenario literatures, which span a
range from more quantitative scenario analysis to analysis that
is based more on narrative descriptions (see Figure 2.1). At the
quantitative end of the spectrum are the “general mitigation
scenarios” reviewed in this section, which consist mainly of
quantitative descriptions of driving forces and emission pro-
files.

2.3.1 Overview of General Mitigation Scenarios

More than 500 emission scenarios have already been quanti-
fied, including non-mitigation (non-intervention) scenarios and
mitigation (intervention) scenarios that assume policies to mit-
igate climate change. These scenarios have been published in
the literature or reported in conference proceedings, and many
of them were collected in the IPCC SRES database (Morita &
Lee, 1998a) and made available through the Internet (Morita &
Lee, 1998b). Using this database, a systematic review of non-
mitigation scenarios has already been reported in the SRES
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(Nakicenovic et al., 2000). However, several mitigation and
other scenarios were missing from this database and new emis-
sion scenarios have been quantified since the SRES review.
Accordingly, the missing scenarios and new scenarios were
collected and the database revised for this new review of miti-
gation scenarios (Rana and Morita, 2000).

The current database collection, covered in this report, contains
the results of a total of 519 scenarios from 188 sources. These
scenarios were mainly produced after 1990. Two question-
naires were sent to representative modellers in the world, and
sets of scenarios from the International Energy Workshop
(IEW) and Energy Modelling Forum (EMF) comparison pro-
grammes were collected. The database is intended to include
only scenarios that are based on quantitative models.
Therefore, it does not include scenarios produced using other
methods; for example, heuristic estimations such as Delphi.

Of the 519 scenarios, a total of 380 were global GHG emission
scenarios, most of which were disaggregated into several
regional emission profiles. Of these 380 global emission sce-
narios, a total of 150 were mitigation (climate policy) scenar-
i0s. This review focuses on mitigation scenarios that cover
global emissions and also have a time horizon encompassing
the coming century. Of the 150 mitigation scenarios, a total of
126 long-term scenarios that cover the next 50 to 100 years
were selected for this review. 24 scenarios were excluded on
the basis of their short time coverage.

Table 2.1 presents an outline of several representative scenar-
ios in this review; these scenarios exemplify the modelling lit-
erature. Columns 1 and 2 of the table show the main identifiers
of the scenarios, namely, the model name and source and the
policy scenario name, as given by the modellers. The third and
fourth columns show the policy scenario type and specific sce-
nario assumptions. The remaining columns contain additional
important features of the policy scenarios, including reduction
time-paths and burden sharing, GHGs analyzed, policy options
and approaches, and feedback. Only five studies among the
selected sources of Table 2.1 have detailed policies. Most of
the other scenarios assume very simple policy options such as
carbon taxes and simple constraints.

Based on the type of mitigation, the scenarios can be classified
into four categories: concentration stabilization scenarios,
emission stabilization scenarios, safe emission corridor (toler-
able windows/safe landing) scenarios, and other mitigation
scenarios.

Scenarios for concentration stabilization account for a large
proportion of the mitigation scenarios, with 47 of the 126 mit-
igation scenarios being classified into this type. Many scenar-
ios of this type were quantified in the process of the EMF com-
parison (Weyant and Hill, 1999) where a systematic guideline
was prepared for stabilization quantification. Of the 47 scenar-
ios, two-thirds are intended to stabilize atmospheric concentra-
tions of CO, at 550ppmv. The concentration of 550ppmv was

Greenhouse Gas Emission Mitigation Scenarios and Implications

used as a benchmark for stabilization in the previous studies on
mitigation scenarios. This number may be related to the fre-
quent references made to it in political discussions. The adop-
tion by the European Union of a maximum increase in global
average temperature of 2°C above pre-industrial levels is
roughly equivalent to a stabilization level of 550ppmv CO,
equivalent or 450ppmv CO,. It does not imply an agreed-upon
desirability of stabilization at this level. In fact, environmental
groups have argued for desirable levels well below 550ppmv,
while other interest groups and some countries have questioned
the necessity and/or feasibility of achieving 550ppmv.
Scenarios with levels of concentration stabilization other than
550ppmv are contained in IPCC (1990), Manne et al. (1995),
Alcamo and Kreileman (1996), Ha-Duong et al. (1997),
Manne and Richels (1997), and Fujii and Yamaji (1998).

The emission stabilization scenarios account for 20 of the 126
mitigation scenarios. Most scenarios of this type are intended
to stabilize at 1990 emission levels in Annex I or the
Organization for Economic Co-operation and Development
(OECD) countries. Some scenarios have emissions stabilizing
at other levels, for example, the emissions stabilization sce-
nario of DICE (Nordhaus, 1994) aims at a level of 8GtC/yr of
CO, and chlorinated fluorocarbons (CFCs) by 2100. Other sta-
bilization scenarios, namely the “Safe Emissions Corridor” or
“Tolerable Windows” (WBGU, 1995; Alcamo and Kreileman,
1996; Matsuoka et al., 1996) and “Climate Stabilization”
(Nordhaus, 1994) scenarios, determine the upper limit of emis-
sions based on a constraint of some natural threshold, such as
global mean temperature increase rate. Only a few studies are
based on such scenarios.

Other scenarios based on DICE (Nordhaus, 1994), MERGE
(Manne and Richels, 1997) and MARIA (Mori and Takahashi,
1998) determine the level of emission reduction based on net
benefit maximization, which is estimated as the benefit pro-
duced by climatic policy minus the policy implementation
cost. In addition to the above, the low CO,-emitting energy
supply system (LESS) constructions should be noted. These
scenarios were developed on the basis of detailed assessments
of technological potentials, and can therefore be distinguished
from many other mitigation scenarios (see Box 2.2).

Of the remaining mitigation scenarios, a total of 50 adopt other
criteria to reduce GHGs. Some of these scenarios assume the
introduction of specific policies such as a constant carbon tax,
while others assume the Kyoto Protocol targets for Annex I
countries up to 2010 and a stabilization of their emissions
thereafter at 2010 levels.

While all the scenarios deal necessarily with energy-related
CO, emissions that have the most significant influence on cli-
mate change, several models include CO, emissions from land
use changes and industrial processes (e.g., IPCC, 1992;
Nakicenovic et al., 1993; Matsuoka et al., 1995; Alcamo and
Kreileman, 1996). Some of them include other important
GHGs in their calculations, such as methane (CH,) and nitrous
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Box 2.2. Review of Low Carbon Dioxide Emitting Energy Supply System (LESS) Constructions from the Second Assessment
Report

The LESS constructions described in the IPCC’s SAR, Working Group II (IPCC, 1996, Ch19), were probably the only constructions
akin to mitigation “scenarios” taken up in SAR. They are similar to the mitigation scenarios reviewed in this chapter in that they also
explore alternative paths to energy futures in order to achieve mitigation of carbon dioxide.

A number of technologies with potential for reducing CO, emissions exist or are in a state of possible commercialization. The LESS
constructions illustrate the potential for reducing emissions by using energy more efficiently and by using various combinations of
low CO,-emitting energy supply technologies, including shifts to low-carbon fossil fuels, shifts to renewable and nuclear energy
sources, and decarbonization of fuels. The assumed technological feasibility and costs of each of the technologies included in these
variants is based on an extensive literature review.

Both bottom-up and top-down approaches were used in the LESS constructions. For the reference cases in the bottom-up analyses,
the energy demand projections for the high economic growth variant of the “Accelerated Policies” scenarios developed by the
Response Strategies Working Group (RSWG, 1990) were adopted.

The five variants constructed in the bottom-up analyses were (1) BI: biomass intensive, (2) NI: nuclear intensive, (3) NGI: natural gas
intensive, (4) CI: coal intensive, and (5) HD: high demand. The BI variant explores the potential for using renewable electricity
sources in power generation. Both intermittent renewables (wind, photovoltaics, and solar thermal-electricity technologies) and
advanced biomass electricity-generating technologies (biomass-integrated gasifier and/or gas turbine technologies through 2025 and
biomass-integrated gasifier and/or fuel-cell technologies through 2050 and beyond) were applied. The NI variant involves a revital-
ization of the nuclear energy option and deployment of nuclear electric power technology worldwide. In the NGI variant, the empha-
sis is on natural gas. Any natural gas in excess of that for the reference cases is used to make methanol (CH,O) and hydrogen (H,).
These displace CH,O and H, produced from plantation biomass. In the CI variant, the strategy for achieving deep reductions involves
using coal and biomass for CH,O and H, production, along with sequestration of the CO, separated out at synthetic fuel production
facilities. Finally, in the HD variant the excess demand is met by providing an extra supply of fuels with low emissions. To illustrate
the possibilities, the HD variant is constructed with all of the incremental electricity provided by intermittent renewables.

A top-down exercise was carried out to test the robustness of the bottom-up energy supply analyses by incorporating performance and
cost parameters for some of the key technologies in the BI variant. Six technology cases were modelled using the Edmonds—Reilly—Barns
(ERB) model. The results for CO, emissions in two cases (cases 5 and 6) were comparable to the bottom-up LESS variants, but the ener-
gy end-uses were different owing to different assumptions.

The central finding of the LESS construction exercise is that deep reductions of CO, emissions from the energy sector are technical-
ly possible within 50 to 100 years, using alternative strategies. Global CO, emissions could be reduced from about 6GtC in 1990 to
about 2GtC in 2100, in many combinations of the options analyzed. Cumulative CO, emissions, from 1990 to 2100, would range from
about 450 to about 470GtC in the alternative LESS constructions. Higher energy efficiency is underscored in order to achieve deep
reductions in CO, emissions, increase the flexibility of supply-side combinations, and reduce overall energy system costs.

oxide (N,O) (e.g., EPA, 1990; IPCC, 1990; Manne et al.,
1995; Tol, 1997), and a few go even further to include sul-
phates, volatile organic compounds (VOCs), and halocarbons
(e.g. IPCC, 1992; WEC, 1995; Edmonds et al., 1996, 1997).
With respect to the policy options used in the scenario quan-
tifications, three fields are taken into account in the reviewed

chiefly pertain to increased energy efficiency in industry, trans-
port, and residential and/or commercial applications.

The policy instruments analyzed depend on the underlying
model structure. Most of the scenarios introduce policies such
as simple carbon taxes or a constraint on emissions or concen-

studies: energy systems (including both supply and demand),
industrial processes (including cement and metal production),
and land use (including agriculture and forest management).

Since most of the modelling exercises have been carried out to
study the CO, emissions from human activities linked to the
use of energy, energy supply and end-use are naturally the
areas where policy is applied. Energy supply options include
natural gas, renewable energy, and commercial biomass; intro-
duction of new technologies; and so on. End-use options

tration levels for achieving the desired reduction or stabiliza-
tion. How the constraint is imposed varies from scenario to
scenario. Among the models with regional disaggregation, a
few regional targets have been introduced (e.g., Nordhaus,
1994; Tol, 1999). Regional disaggregation also allows mod-
ellers to let the regions trade in emission permits. Permit trad-
ing is introduced in more recent work, especially just before
and after the Third Conference of the Parties to the United
Nations Framework Convention on Climate Change in Kyoto
(December 1997). Some studies offer permit trading as a
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Figure 2.2: Global CO, emissions from baseline scenarios used for 550ppmv stabilization quantification (fossil fuel CO, emissions
over the period 1990 to 2100 with the maximum and minimum numbers of the database of scenarios). This figure excludes the SRES
scenarios (for legend details see Appendix 2.1).
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mechanism to reduce the overall costs of abatement. Much of
the work done in the early 1990s led to the development of
detailed scenarios for introducing such policies (EPA, 1990;
IPCC, 1990, 1992). Some models employ policies of supply-
side technology introduction (Nakicenovic et al., 1993;
Edmonds et al., 1996; Fujii and Yamaji, 1998), while other
models emphasize the introduction of efficient demand-side
technology (EPA, 1990; Kainuma et al., 1999a).

The issue of burden sharing among regions is a contentious one
and it was sparsely treated in the first half of the 1990s. Most
discussions about burden sharing are of a qualitative and par-
tial nature and are not related to model-based mitigation sce-
narios. A few studies (most notably Rose and Stevens, 1993;
Enquete Commission, 1995; and Manne and Richels, 1997)
present a set of burden-sharing rules in their scenarios. Of late,
the EMF exercises looking at the Kyoto scenarios have treated
this issue better than in the past (Weyant, 1999).

The time-paths of emission reduction are determined in three
ways in the reviewed studies. First, the emission trajectories
are determined by policy scenarios that have been designed in
detail for regions over the time frame (EPA, 1990; IPCC, 1990;
WEC, 1995; Edmonds et al., 1996; Yohe and Wallace, 1996;
Kainuma et al., 1998). Second, dynamic optimization models
automatically determine these reduction time-paths by global
cost minimization over time (e.g., Peck and Tiesberg, 1995;
Fujii and Yamaji, 1998) or economic welfare maximization
(Nordhaus, 1994; Manne et al., 1995). Third, mitigation sce-
narios of tolerable windows/safe landing, or safe emission cor-
ridors, can fix the time series of emission reduction by intro-
ducing a specific constraint of the rate of change in natural sys-
tems including the global temperature change rate (e.g.,
Alcamo and Kreileman, 1996).

Finally, there are differences in the treatment of feedback to the
macro-economy in the models. While most bottom-up models
have no feedback from cost to the macro-economy, top-down
models allow for the feedback of energy prices to the macro-
economy. The MERGE (Manne et al., 1995) and CETA (Peck
and Tiesberg, 1995) models also have feedback from impacts
to the macro-economy.

Technological improvement is a critical element in all the gen-
eral mitigation scenarios. This is apparent when the detailed pol-
icy options are studied, where such literature is available. For
instance, Nakicenovic ef al. (1993) (using MESSAGE) incorpo-
rated policies of dematerialization and recycling, efficiency
improvements and industrial process changes, and fuel-mix
changes in the industrial sector; fuel efficiency improvements,
modal split changes, behavioural change, and technological
change in the transport sector; and efficiency improvements of
end-use conversion technologies, fuel-mix changes, and
demand-side measures in the household and services sector. It
should be noted that efficiency improvement through techno-
logical advancement is emphasized in all sectors. Similar poli-
cies leading to efficiency improvement were also underlined in
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earlier modelling studies such as EPA (1990), IPCC (1990), and
IPCC (1992).

2.3.2  Quantitative Characteristics of Mitigation Scenarios
From the large number of mitigation scenarios, a selection must
be made in order to clarify in a manageable way the quantitative
characteristics of mitigation scenarios. One of the efficient ways
to analyze them is to focus on a typical mitigation target. As the
most frequently studied mitigation target is the 550ppmv stabi-
lization scenario, a total of 31 stabilization scenarios adopting
that target were selected along with their baseline (reference or
non-intervention) scenarios in order to analyze the characteris-
tics of the stabilization scenarios as well as their baselines?.
Figure 2.2 shows these baseline scenarios, and Figure 2.3 shows
the mitigation scenarios for 550ppmv stabilization. (The sources
and scenario names are noted in Appendix 2.1).

2.3.2.1  Characteristics of Baseline Scenarios

In order to analyze the characteristics of stabilization scenarios,
it is very important to identify the features of the baseline sce-
narios that have been used for mitigation quantification.
Although the general characteristics of non-intervention scenar-
ios have already been analyzed in the SRES (Nakicenovic et al.,
2000), more specific analyses are conducted here, focusing on
the baseline scenarios that have been used for 550ppmv stabi-
lization quantification.

First, it is clear that the range of CO, emissions in baseline sce-
narios used for 550ppmv stabilization quantification is very wide
at the global level, as shown in Figure 2.2. The maximum levels
of CO, emissions represent more than ten times the current lev-
els, while the minimum level represents four times current levels.
The range of baseline scenarios covers the upper half of the total
range of the database, and most of them were estimated to be
larger than 1S92a (IPCC 1992 scenario “a”). This means that the
baseline scenarios used for the 550ppmv stabilization analyses
have a very wide range and are high relative to other studies.

This divergence can be explained by the Kaya identity (Kaya,
1990), which separates CO, emissions into three factors: gross
domestic product (GDP), energy intensity, and carbon intensity®:

3 This closer look at 550ppmv CO, stabilization scenarios is solely
based on the frequency of their occurrence in the literature, which in
turn has been influenced by frequent reference to this level in the pol-
icy area (e.g., it has been selected as a long-term target by the
European Union). The discussion in this chapter does not imply any
endorsement of this particular level as a policy target. There is a need
for analysis of the feasibility and implications of stabilization levels
other than 550 ppmv.

¢ The usual form of the Kaya identity separates the GDP term into pop-
ulation x GDP/capita. However, population assumptions were not pro-
vided for most scenarios and thus the GDP term was not disaggregated.
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Figure 2.4: Range of baseline assumptions in GDP, energy intensity, and carbon intensity over the period 1990 to 2100 used for 550
ppmvy stabilization analyses (indexed to 1990 levels), with historical trend data for comparison (for legend details see Appendix 2.1).

CO, emissions = GDP * Energy intensity * Carbon intensity
= GDP * (energy/GDP) * (emissions/energy)

Figure 2.4 shows these factors. For comparability of the factors,
which were not harmonized to be the same number among mod-
els in the base year of 1990, all the values are indexed to 1990
levels. CO, emissions are mostly determined by energy con-
sumption. This, in turn, is determined by the levels of GDP,
energy intensity, and carbon intensity. However, the ranges of
GDP and of carbon intensities in the scenarios are larger than the
range of energy intensities. This suggests that the large range of
CO, emissions in the scenarios is primarily a reflection of the
large ranges of GDP and carbon intensity in the scenarios. Thus,
the assumptions made about economic growth and energy sup-
ply result in huge variations in CO, emission projections.

These characteristics are also observed in regional scenarios.
For example, in both the OECD and non-OECD scenarios,
CO,, GDP, energy intensity, and carbon intensity have wide
ranges, and in particular, the range among scenarios for the
non-OECD nations is wider than the range among scenarios for
OECD nations. In addition, the growth of CO, emissions in
non-OECD nations is generally larger than the growth of emis-
sions in OECD nations. This is mainly caused by higher GDP
growth in the non-OECD countries.

With regard to regional comparisons, it is very difficult to
come to any general conclusions, as the ranges involved in the
regional scenarios are extraordinarily large. Moreover, with the
exception of the USA, Europe, the Former Soviet Union (FSU)
and China, the number of available scenarios is limited.
However, some general trends can be identified that are asso-
ciated with the medium ranges of the scenarios: for Asian

countries, GDP growth is the most significant factor, resulting
in high levels of energy use and CO, emissions; energy effi-
ciency improvements are the most significant factor in the sce-
narios for China; and carbon intensity reductions are very high
in Africa, Latin America, and Southeast Asia, because of dras-
tic energy mix changes.

Other interesting characteristics at the global level can be iden-
tified in the relationships among GDP, energy intensity, and
carbon intensity. Figure 2.5 shows a scatter plot of GDP
growth rate versus energy intensity reduction from the baseline
scenarios. As might be expected, the energy intensity reduction
is higher with a higher GDP growth rate, while a lower energy
intensity reduction is associated with a lower GDP growth rate.
This relationship suggests that high economic growth scenar-
10s assume high levels of progress in end-use technologies.

Unlike energy intensity reductions, carbon intensity reductions
in the models are apparently seen as largely independent of
economic growth and consequently are a function of societal
choices, including energy and environmental policies. The sce-
narios do not show any clear relationship between energy
intensity reduction and carbon intensity reduction. The values
depend on regional characteristics in energy systems and tech-
nology combinations. Energy intensity reduction can include
many measures other than fuel shifting. Most of the efficiency
measures will result in lower carbon emissions, and fuel shifts
from high-carbon to low- or non-carbon fuels can increase the
efficiency of energy systems in many cases. However, carbon
intensity reductions can also lead to reduced efficiency in ener-
gy systems, as in the case of shifts to biomass gasification or
liquefaction, or result in increased energy consumption, as in
the case of industrial carbon sequestration.
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Figure 2.5: Scatter plot of GDP growth versus energy intensi-
ty reduction in baseline scenarios (including world and region-
al data).

2.3.2.2  Characteristics of Stabilization Scenarios

The stabilization scenarios that were estimated based on the
above baselines also have a very wide range, as shown in
Figure 2.3. This wide range is caused by several factors,
including differences in emission time-paths for the stabiliza-
tion, differences in timing of the stabilization at 550 ppmv, and
different carbon cycle models used to assess the stabilization.

The divergence in reduction time-path has been discussed
based on two sets of popular scenarios. One is a set of IPCC
Working Group (WG) I scenarios (Houghton et al., 1996)
which is sometimes referred to as “early action scenarios” and
denoted as “WGI”; the other is a set of scenarios published by
Wigley et al. (1996), sometimes referred to as “delayed action
scenarios” and denoted “WRE”. Chapter 8 explains that these
terms are misleading, since WRE scenarios may not assume
early emissions reductions, but do assume early actions to
facilitate such reductions later. Figure 2.3 compares the 550
ppmv stabilization scenarios of these two scenario sets with the
reviewed scenarios, and it shows that scenarios reviewed here
cover a wider range than that of the WGI and WRE scenarios.
While the RICE and MERGE scenarios show late reduction
(WRE type) trajectories, the CETA, MARIA and MIT scenar-
ios show more severe reduction (WGI type) trajectories.” A
few scenarios, for example ICAM2, show no drastic reduction
even in the latter half of the 21st century. Most of the scenar-
1i0s have emissions trajectories that lie in between.

The reduction time-path of emissions is a controversial point,
which is closely related to the intergenerational equity issue.
However, no conclusion can be drawn from such global trajec-

7 For a more detailed discussion of the WRE and WGI trajectories, see
Chapters 8 and 10 of this report.
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tories, since behind them lies a distribution between countries
and the political, technical, economic, and social acceptability
of this distribution would depend on how the equity concerns
are sorted out.

Figures 2.6 and 2.7 show energy-related CO, reduction at the
global and the non-OECD levels, respectively, which were
estimated for each scenario source by subtracting stabilization
scenario emissions (Figure 2.3) from baseline scenario emis-
sions (Figure 2.2). These figures show that the range of
reduced CO, emissions for 550ppmv stabilization is also very
wide both at the global and the non-OECD levels. This wide
range is apparently caused by the divergent baseline scenarios
shown in Figure 2.2, while other factors such as differences in
emission time-path, in timing of stabilization and in the carbon
cycle model used also tend to increase the range.

Figures 2.6 and 2.7 show the simulation results of models,
assuming that non-OECD countries would participate in miti-
gation. The distribution of mitigation among the countries is
based on different approaches, such as the introduction of emis-
sion caps, or the assumption of the same rate of emission reduc-
tion for all countries, or global emission trading. The results
show that emission trading may lower the mitigation cost, and
could lead to more mitigation in the non-OECD countries.

The regional allocation of reductions is a controversial and
highly political issue from the equity viewpoint. Mostly, mod-
ellers do not explicitly state the burden-sharing rule.
Nevertheless, the emission reduction from baseline by the non-
Annex I countries is a good indicator of when it is assumed that
these countries start sharing the reductions. The data set used
in this analysis is limited in the sense that models have differ-
ent regional specifications; it was therefore difficult to obtain a
large number of data points to analyze non-Annex I emissions.
As a proxy, emission reduction from the baseline by the non-
OECD region is used, which includes Russia and Eastern
Europe. This is shown in Figure 2.7. In part of the AIM,
MiniCAM, FUND, and PEF scenarios, introduction of climate
policy in the non-OECD region is assumed not to begin by
2010. Although Russia and Eastern European countries are
included in the Kyoto Protocol, the models do assume that
because of the decreased emissions in these countries since
1990, actual climate policies would not be needed until 2010.
Some scenarios show that non-OECD regions may not have to
significantly reduce emissions before 2030. However, there are
still other scenarios that show an opposite picture. The RICE,
MERGE, MIT, and MARIA scenarios show a very steep
increase in emission reduction from baseline levels in the non-
OECD region starting very early in the 21 century.

One of the ways to explain this divergence in reduction time
series is to differentiate the assumptions about trade in these
scenarios. Some scenarios assume trade in emission credits,
which are allotted initially to each country or region. This
allows some countries to purchase emission rights from other
countries to minimize the cost of meeting their emission tar-
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Figure 2.6: Global CO, emission reduction from baseline for 550ppmv stabilization scenarios, estimated for each scenario
source as baseline emissions minus emissions in the 550ppmv stabilization scenario (for legend details see Appendix 2.1).
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Figure 2.7: Non-OECD CO, emission reduction for 550ppmv stabilization, estimated for each scenario source as baseline emis-
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assume carbon credit trading between the OECD and developing regions (for legend details see Appendix 2.1).
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Figure 2.8: Scatter plots to analyze the relationships between baseline scenario assumptions and mitigation scenario outputs in

Energy Intensity (a), Carbon Intensity (b), and GDP growth (c).

gets. The dotted lines in Figure 2.7 show the scenarios that
assume trade in emission credits between the Annex I and non-
Annex I countries. The scenarios that show an early reduction
of emissions in the non-OECD region are included in the trade
scenarios, and they assume the OECD region would transfer
funds to the non-OECD region via emission credit trading.
Most of the other scenarios assume that the non-OECD region
would start to introduce reduction policies after 2010.

With regard to overall mitigation, the range of assumed poli-
cies is very wide, resulting in a wide range of emission reduc-
tions. The additional increase in energy efficiency improve-
ment from the baseline ranges between minus 0.04 and 1.56%
per year within the sampled data, while the additional reduc-
tion in carbon intensity from the baseline is between zero and
3.76% per year. Although it is difficult to identify detailed pol-
icy assumptions from the database, the range of these factors
suggests divergent policy options among scenarios. These pol-
icy options are dependent not only on the level of CO, reduc-
tion, but also on the baseline scenarios that have been used for
550 ppmv stabilization quantification.

Figure 2.8 (a) shows the relationship between the effects of
efficiency improvement policy in mitigation scenarios and the
energy intensity reduction assumption in baseline scenarios.
This figure suggests an inverse relationship between them. The
implication of this is that scenarios in which there is an
assumed adoption of high-efficiency measures in the baseline
usually would have less scope for further introduction of effi-
ciency measures in the mitigation scenarios, as compared to
scenarios that have a lower level of efficiency improvement in
their baseline.® As a result, the additional reduction of energy

8 In part this is an artefact of the structure of the models, which can-
not easily account for changes in social and technological structure
such as significant changes in consumption patterns, land use, or
urban form.

intensity in mitigation scenarios over the base cases would be
lower when the assumed energy intensity reduction is high in
the base case, and vice versa. In the case of unanticipated tech-
nological breakthroughs, of course, this relationship may not
hold and one could expect further energy efficiency improve-
ments, even when the baseline has a fair amount of energy effi-
ciency built into it.

Figure 2.8 (b) shows the relationship between the effects of
decarbonization policies and the carbon intensity reductions
assumed in the baseline scenarios. This figure suggests that
baseline scenarios with high carbon intensity reductions show
larger carbon intensity reductions in their mitigation scenarios,
while those with low carbon intensity reductions in the base
case show smaller reductions in carbon intensity in their corre-
sponding stabilization cases. This is somewhat counterintuitive
and difficult to explain simply on the basis of the results avail-
able. One might expect that high carbon intensity reductions in
the base case might “use up” decarbonization potential, giving
rise to lower additional reduction of carbon intensity in mitiga-
tion scenarios. On the other hand, increased investment in low-
carbon energy technology in the base case could increase the
resource base of low-carbon energy, thereby providing more
opportunity to reduce CO, emissions in the stabilization case.
The mitigation potential in this direction depends not only on
the technology but also, and perhaps more, on the economics
and social acceptance of the technology. A closer and more
careful analysis of which particular mitigation policies were
assumed in constructing the scenario than was possible on the
basis of the available information, would reveal the underlying
reasons for such a pattern.

Finally, Figure 2.8 (c) shows the relationship between macro-
economic costs’ in the mitigation scenarios and GDP growth
assumptions in the baseline scenarios. No clear relationship is
visible, but it can be observed that macroeconomic costs for the
world as a whole are estimated to range between 0% and 3.5%
of GDP in 2100, while a few simple models estimate more
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Box 2.3. Non-CO, Mitigation Scenarios

Since the publication of IPCC’s SAR, the literature on mitigation scenarios has continued to focus on the reduction of CO, emissions
rather than on other GHGs. This is unfortunate because non-CO, emissions make up a significant fraction of the total “basket of gases”
that must be reduced under the Kyoto Protocol. However, a small set of papers has reported on scenarios for mitigating non-CO, gases,
especially CH, and N,O. In one such paper, Reilly e al. (1999) compared scenarios for achieving emission reductions with and with-
out non-CO, emissions in Annex B countries (those countries that are included in emission controls under the Kyoto Protocol).
Scenarios that omitted measures for reducing non-CO, gases had 21% higher annual costs in 2010 than those that included them.
Tuhkanen et al. (1999) and Lehtild et al. (1999) came to similar conclusions — in a scenario analysis for 2010, they found that includ-
ing CH, and N,O in mitigation strategies for Finland reduced annual costs by 20% in the year 2010 relative to a baseline scenario. The
general conclusion of these papers is that small reductions of GHG emissions, for example of the magnitude required by the Kyoto
Protocol, can be accomplished at a lower cost by taking into account measures to reduce non-CO, gases, and that a small reduction of
non-CO, gases can produce large impacts at low cost because of the high global warming potential (GWP) of these gases.

In another type of scenario analysis, Alcamo and Kreileman (1996) used the IMAGE 2 model to evaluate the environmental conse-
quences of a large set of non-CO, and CO, mitigation scenarios. They concluded that non-CO, emissions would have to be controlled
along with CO, emissions in order to slow the increase of atmospheric temperature to below prescribed levels. Hayhoe er al. (1999)
pointed out two additional benefits of mitigating CH,, an important non-CO, gas. First, most CH, reduction measures do not require
the turnover of capital stock (as do CO, measures), and can therefore be carried out more rapidly than CO, reduction measures. Second,
CH, reductions will have a more immediate impact on mitigating climate change than CO, reductions because the atmosphere

responds more rapidly to changes in CH, than to CO, concentrations.

increase in the second half of the 21%' century. The GDP loss
may or may not be related to the GDP growth assumptions in
baselines. For instance, high baseline economic growth would
lead to higher emissions of GHGs, which would lead to
increased GHG reduction costs compared to the corresponding
mitigation scenario for a low-growth baseline. On the other
hand, high economic growth could provide increased funds for
research and development (R&D) of advanced technologies,
which would decrease the cost of GHG reduction. The net cost
would depend on the relative strengths of these effects.
Another aspect is that the costs are also dependent upon the
structure of economies, i.e., economies with high fossil fuel
dependence, via either exports or domestic consumption, are
likely to experience higher costs compared with economies
with relatively lower fossil fuel dependence.

2.3.3  Summary of General Mitigation Scenario Review

Many mitigation as well as stabilization scenarios have already
been quantified and published. Most assume very simple poli-
cy options for their mitigation scenarios, and only some of
them have detailed policy packages. These policy options have
a very wide range in their level, which is apparently caused by
the divergent baseline scenarios and GHG reduction targets,

 The macroeconomic cost is defined here as the reduction of GDP
caused by GHG emission reduction in comparison to baseline GDP. It
should be noted that these costs do not take into account the benefits
that would occur from avoiding climate change-related damages or
any co-benefits. See also Chapters 7 and 8 for a discussion of these
issues.

with other factors such as differences in models and reduction
time-paths also acting to increase the range. Allocations of
emission reductions between OECD and non-OECD countries
also vary widely, and are affected by policy assumptions and
model structures.

The mitigation scenarios under review were quantified based
on a wide range of baselines that reflect a diversity of assump-
tions, mainly with respect to economic growth and low-carbon
energy supply. The range of future trends shows greater diver-
gence in scenarios that focus on developing countries than in
scenarios that consider developed nations. There is little con-
sensus with respect to future directions among the existing dis-
aggregated scenarios in developing regions.

Some general conclusions about the relationships between
baseline scenarios and mitigation policies are suggested by this
review: an assumption of high economic growth in the baseline
tends to be associated with more technological progress; the
additional improvement of energy efficiency in mitigation sce-
narios tends to be lower when the energy efficiency improve-
ment is high in the base case; and baseline scenarios with high
carbon intensity reductions lead to mitigation scenarios with
relatively more carbon intensity reduction. The counterintu-
itive nature of some of these conclusions suggests that the rela-
tionship between economic growth and the macroeconomic
cost of emission reduction is very complicated.

Most generally, it is clear that mitigation scenarios and mitiga-
tion policies are strongly related to their baseline scenarios, but
no systematic analysis has been published on the relationship
between mitigation and baseline scenarios.
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24 Global Futures Scenarios

2.4.1 The Role of Global Futures Scenarios

In contrast to the GHG emission scenarios discussed in sec-
tions 2.3 and 2.5 of this chapter, “global futures” scenarios do
not specifically or uniquely consider GHG emissions. Instead,
they are more general “stories” of possible future worlds.
Global futures scenarios can complement the more quantitative
emission scenario assessments, because they consider several
dimensions that elude quantification, such as governance,
social structures, and institutions, but which are nonetheless
important to the success of mitigation (and adaptation) policies
and, more generally, describe the nature of the future world.

In this assessment, the global futures scenario literature was
reviewed to achieve three objectives. First, it was consulted in
order to determine the range of possible future worlds that have
been identified by futurists. This aids climate change policy
analysis by providing a range of potential futures against which
the robustness of policy instruments may be assessed.

Second, global futures scenarios were analyzed to determine
whether they displayed any relationships between the various
scenario dimensions and GHG emissions. Although these rela-
tionships are often based entirely on qualitative analysis, they
might nonetheless yield insights about the relationships
between some dimensions, especially those that are difficult to
quantify, and emissions.

Third, global futures scenarios may provide a link between the
more quantitative emission scenarios and sustainable develop-
ment issues. Global futures scenarios generally provide good
coverage of sustainable development issues, while the quanti-
tative emission scenarios generally provide only limited cover-
age of these issues. Linking the global futures scenarios with
the quantitative emission scenarios therefore might also pro-
vide a link between the latter and sustainable development
issues.

2.4.2 Global Futures Scenario Database
An extensive review of the futures literature was conducted

and, from this review, a database of scenarios was constructed.
This database contains 124 scenarios from 48 sources.!”

10 See Barney, 1993; Bossel, 1998; Coates and Jarratt, 1990; Coates,
1991, 1997; Cornish, 1996; Costanza, 1999; CPB, 1992; Duchin et
al., 1994; Gallopin et al., 1997; GBN, 1996; Glenn and Gordon, 1997,
1998; Henderson, 1997; Hughes, 1997; IDEA Team, 1996; Kahane,
1992; Kinsman, 1990; Linden, 1998; Makridakis, 1995; McRae,
1994; Meadows et al., 1992; Mercer, 1998; Millennium Project, 1998;
Nakicenovic et al., 1998; OECD, 1997; Olson, 1994; Price, 1995;
Ramphal, 1992; Repetto, 1985; Rotmans and de Vries, 1997;
Schindler and Lapid, 1989; Schwartz, 1991, 1995; Schwartz and
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Scenarios were selected which were global'!, long-term, and
multidimensional in scope. The scenarios consider timelines
that run from the base year to anywhere between 2010 and
2100. Most scenarios are detailed and comprehensive depic-
tions of possible future worlds, with descriptions of the social,
economic, and environmental characteristics of these worlds.
Others are less detailed but still describe more than one char-
acteristic of the future world. Some scenarios are derived from
the authors’ judgement about most likely future conditions.
Others are part of sets of possible futures, usually posited as
alternatives to a reference case. Still others are normative sce-
narios, in that they describe the authors’ visions of desirable
future worlds.

In general, the global futures scenarios provide few quantified
projections, although there are some notable exceptions such
as CPB (1992), Meadows et al. (1992), Duchin et al. (1996),
Gallopin et al. (1997), OECD (1997), Rotmans and de Vries
(1997), Glenn and Gordon (1998), Nakicenovic et al. (1998),
and Raskin et al. (1998). Several scenarios explicitly consider
energy use, GHG emissions, and/or future climate change, but
not all of these provide numerical estimates of the relevant
variables. These quantified scenarios are different from the
scenarios in the previous section since they present quantifica-
tions of primarily narrative scenarios. The basis of the scenar-
ios in the previous section is a purely quantitative analysis of
emissions profiles without narrative description.

2.4.3  Global Futures Scenarios: Range of Possible

Futures

The global futures scenarios vary widely along different demo-
graphic, socio-economic, and technological dimensions, as
shown in Table 2.2. Scenarios range from economic collapse to
virtually unlimited economic prosperity; from population col-
lapse (caused by famine, disease, and/or war), to stabilization
near current levels, to explosive population growth.
Governance systems range from decentralized, semi-
autonomous communities with a form of direct democracy to
global oligarchies. Some scenarios posit large improvements in
income and social equality, within and among nations, while
others foresee a widening of the income gap. Many scenarios
envisage a future world that is high-tech, with varying rates of
diffusion, but some envisage a world in which a crisis of some
kind leads to a decline in technological development and even
a loss of technological capability. Most scenarios are pes-
simis