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Annex 1: Emissions scenarios used
in UKCP09

Each of the SRES emissions scenarios used in UKCP09 suggests a
different pathway of economic and social change over the course
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of the 21st Century. Changes in population, economic growth,
technologies, energy intensity, and land use are considered in the
emissions scenarios. They do not assume any planned mitigation
measures and cannot currently be assigned probabilities.
A1.1 Background
We need to make some assumptions about future emissions of greenhouse gases
(and other pollutants) from human activities in order to make projections of UK
climate change over the next century. Because we cannot know how emissions
will change, we use instead a number of possible scenarios of these, selected
from the IPCC Special Report on Emissions Scenarios (SRES) (Nakićenović and
Swart, 2000). These correspond to a set of comprehensive global narratives, or
storylines, that define local, regional and global socio-economic driving forces
of change such as economy, population, technology, energy and agriculture —
key determinants of the future emissions pathway. The scenarios are alternative
conceptual futures to which no probabilities can be attached.
SRES emissions scenarios are structured in four major families labelled A1, A2, B1
and B2, each of which represents a different storyline. They are commonly shown
as in Figure A1.1, in which the vertical axis represents the degree to which society
is economically or environmentally oriented in the future, whilst the horizontal
axis refers to the degree of globalisation. All scenarios are non-interventionist,
that is, they assume that emissions will not be changed in response to concerns
over climate change.
The A1 storyline describes a future world of very rapid economic growth, and a
population that increases from 5.3 billion in 1990 to peak in 2050 at 8.7 billion
and then declines to 7.1 billion in 2100. Rapid introduction of new and efficient
technologies is assumed, as is convergence among regions, including large
reductions in regional differences in Gross Domestic Product (GDP). Within the
A1 family are three subgroups, referring to high use of fossil fuels (A1F1), high
use of non-fossil energy sources (A1T) or an intermediate case (A1B).
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The B1 storyline also describes a convergent, more equitable world, and has
the same population scenario as the A1 storyline: however, rapid changes in
economic structures towards a service and information economy are assumed,
with reductions in material intensity, and the introduction of clean and resourceefficient technologies. Global solutions are found to economic, social and
environmental sustainability.
The High, Medium, and Low emission scenarios in the UKCP09 report correspond
to the A1F1, A1B and B1 SRES scenarios. The High and Low emission scenarios are
the same as those of the same name used in UKCIP02. They span almost the full
range of SRES scenarios, with cumulative (2000–2100) CO2 emissions of 2189 GtC
and 983 GtC respectively. SRES A2 and B2 storylines, with higher, continuously
increasing population scenarios (to 15.1 and 10.4 billion in 2100 respectively), are

• Very rapid economic growth

Market-oriented

• Global population that peaks in
mid-century then declines
• Rapid introduction of new and more
efficient technologies

A1

• Continuously increasing population
• Regionally oriented economic
development
• Per capita economic growth and
technological change more fragmented
and slower than A1

A1T • non-fossil
A1F1 • fossil intensive
A1B • balanced

• Emphasis on global
solutions to economic,
social and environmental
sustainability

B1

• Global population that peaks in
mid-century then declines
• Improved equity
• Rapid change in economic structures
towards a service and information economy
• Reductions in material intensity
• Introduction of clean and resource
efficient technologies
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• Very heterogeneous based on the
continued separation and preservation
of local identities

A2
Regional

B2
Environmental

Global

Figure A1.1: The SRES storylines/emissions
families.

• Emphasis on local solutions to economic,
social and environmental sustainability
• Continuously increasing global
population (albeit slower than the others)
• Intermediate economic development
• Slow but diverse technological change
• Oriented to environmental protection
and social equity
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not used in UKCP09, as the population assumed in the A2 storyline is significantly
higher than the high end of current projections.
Extreme high or low emissions scenarios, for example very high rates of fossil
fuel combustion or strong mitigation in response to concerns over climate
change, are also not considered in the projections available from UKCP09. The
UKCP09 Low emissions scenario (SRES B1) does, according to some models, result
in approximate stabilisation of CO2 concentrations between about 500 and 600
ppm. However, when the full (ocean and land) climate–carbon cycle feedback is
included, as is done in UKCP09, then the CO2 concentrations will vary over a wide
range.

A1.2 Relevant work since the publication of SRES
The IPCC AR4 (2007) assessment, Working Group 1 Chapter 10 and Working
Group 3 Chapter 3, reviewed the new data on demographics, economic trends
and energy use and concluded that the emission ranges from scenarios that do
not include climate policy that were reported before and after the SRES study
in 2000 have not changed appreciably: hence they are still used as the basis for
the 2007 IPCC assessment and for the UKCP09 projections. However, population
scenarios produced by some major institutions (van Vurren and O’Neill, 2006) are
now lower than they were in 2000, specifically for Asia, Africa, Latin America and
the Middle East, which more than compensates for the slightly higher population
projections for OECD countries. As a result, the population projections that are
considered within the emission scenarios assumed as the basis of the UKCP09
projections, with a population of 7.1 billion in 2100, are some 1.3–1.9 billion
below the current central estimates of 8.4–9.0 billion (Lutz et al. 2004; UN, 2004;
Fisher et al. 2006). However, van Vurren and O’Neill (2006) also note that the
projection of global GDP growth for the A1 family is higher (3.1% per yr) than
the ranges (1.2–2.5%/yr) of current projections (USDoE, 2003; IEA, 2004).
The full SRES range of emission projections is actually still considered to be
representative of the range of likely outcomes, because in studies which have
incorporated the revised lower population estimates, emissions have not
decreased because the reduction has been partly compensated for by changes
in other drivers such as energy intensity (which has declined slower than
anticipated) and the rate of technological change (which has also been slower
than expected). These is turn are due to less rapid turn-over of capital stock in the
energy sector, and slow penetration of new and advanced technologies due to
lack of investments (Grubler et al. 2004). Other studies have not yet been revised
to take account of these lower projections.
In the SRES scenarios used here, as well as in subsequent studies of future emission
pathways, baseline land-related greenhouse gas emissions remain important
throughout the 21st century. They include continued, although slowing, land use
change (e.g. deforestation) and also increased use of high-emitting agricultural
intensification practices due to the anticipated rising global food demand
and shifts in dietary preferences towards meat consumption. More recent
scenarios (e.g. Soares-Filho et al. 2006) suggest significantly more rapid rates of
deforestation than those in the SRES scenarios, which would act to enhance the
climate forcing and potentially make climate change more rapid.
There has been a debate on the form of exchange rates, market exchange rates or
purchasing power parities, used in the SRES (2000) simulations. However, evidence
from the limited number of new studies indicates that the choice of metric for
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GDP does not appreciably affect the projected emissions, when metrics are used
consistently, with the differences being small compared to other uncertainties
such as rates of technological change. This is because when the exchange rate
type is changed, the emission intensities change in a compensating manner when
the GDP numbers change (van Vurren and O’Neill, 2006; Fisher et al. 2007).
Raupach et al. (2007) have compared recent global carbon dioxide emissions,
estimated by two US government groups, EIA (Energy Information Administration)
and CDIAC (Carbon Dioxide Information Analysis Center), with those assumed in
the SRES scenarios. They find that CO2 emissions increased by more than 3%/
yr between 2000 and 2004, compared to 1.1%/yr for 1990–1999. This rate of
3%/yr is faster than that in any of the SRES scenarios, and it might be inferred from
this that the latter underestimate future emissions, and this would mean that
the UKCP09 projections are also an underestimate. However, there are obvious
dangers in using comparisons over such a short period to draw conclusions about
emissions over the next decades and century.
Some guidance on using the uncertainty associated with the three UKCP09
emissions scenarios is provided in the UKCP09 User Guidance.
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