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Over the past few years, an international team of climate
scientists, economists and energy systems modellers have
built a range of new “pathways” that examine how global
society, demographics and economics might change over
the next century. They are collectively known as the
“Shared Socioeconomic Pathways
(https://www.sciencedirect.com/science/article
/pii/S0959378016300681)” (SSPs).

These SSPs are now being used as important inputs for the latest climate models,
feeding into the Intergovernmental Panel on Climate Change (IPCC) sixth
assessment report due to be published in 2020-21 (https://www.ipcc.ch
/pdf/ar6_material/AC6_brochure_en.pdf). They are also being used to explore
how societal choices will affect greenhouse gas emissions and, therefore, how
the climate goals of the Paris Agreement (https://www.carbonbrief.org

/interactive-the-paris-agreement-on-climate-change) could be met.

The new SSPs offer five pathways that the world could take. Compared to
previous scenarios, these offer a broader view of a “business as usual” world
without future climate policy, with global warming in 2100 ranging from a low of

3.1C to a high of 5.1C above pre-industrial levels.

They show that it would be much easier to mitigate and adapt to climate change
in some versions of the future than in others. They suggest, for example, that a
future with “resurgent nationalism” and a fragmentation of the international

order could make the “well below 2C” Paris target impossible.
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(https://www.carbonbrief.org/author/rospearce)

Graph by Zeke Hausfather and animation by Rosamund Pearce (https://www.carbonbrief.org/author
/rospearce) for Carbon Brief.

What are the SSPs?

In the late 2000s, researchers from different modelling groups around the world
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began the process (http://cmaps.cmappers.net/rid=1KJHRBBS9-X1Y02G-
R]T/nature08823.pdf) of developing new scenarios to explore how the world

might change over the rest of the 21st century.

Earlier efforts during the 1990s had developed the “SRES” scenarios
(http://sedac.ciesin.columbia.edu/ddc/sres/), which looked at four different
possible future trajectories of population, economic growth and greenhouse gas
emissions. However, these were fast becoming dated and lacked some large

changes to society and the global economy that have occurred over the past 20

years.
One group of researchers then developed

@ the “Representative Concentration

Glossary Pathways
RADIATIVE FORCINGS: Radiative (https://www.skepticalscience.com
forcing is the difference between /rep.php)” (RCPs), describing different
incoming and outgoing energy in
the Earth’s climate. When increased levels of greenhouse gases and

greenhouse gases result in other radiative forcings

incoming energy being greater than

outgoing energy, the planet will (https://www.carbonbrief.org/qa-how-do-

warm due... Read More climate-models-work#inout) that might
occur in the future. They developed four

pathways, spanning a broad range of forcing in 2100 (2.6, 4.5, 6.0, and 8.5 watts

per meter squared), but purposefully did not include any socioeconomic

“narratives” to go alongside them.

A second group worked on modelling how socioeconomic factors may change
over the next century. These include things such as population, economic
growth, education, urbanisation and the rate of technological development.

These “Shared Socioeconomic Pathways (https://www.sciencedirect.com/science
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/article/pii/S0959378016300681)” (SSPs) look at five different ways in which the
world might evolve in the absence of climate policy and how different levels of
climate change mitigation could be achieved when the mitigation targets of

RCPs are combined with the SSPs.

The two efforts were designed to be complementary. The RCPs set pathways for
greenhouse gas concentrations and, effectively, the amount of warming that
could occur by the end of the century. Whereas the SSPs set the stage on which

reductions in emissions will — or will not — be achieved.

The SSPs also define different baseline worlds that might occur in the absence of
any concerted international effort to address climate change, beyond those
already adopted by countries. These exclude any commitments to enact new
policies, such as those within the Paris Agreement (https://www.carbonbrief.org

/paris-2015-tracking-country-climate-pledges) up to 2025 and 2030.

The SSPs feature multiple baseline worlds because underlying factors, such as
population, technological, and economic growth, could lead to very different

future emissions and warming outcomes, even without climate policy.

While the RCPs were finished in time to be used in the IPCC Fifth Assessment
Report (https://www.ipcc.ch/report/ar5/), developing the more complex SSPs has
been a much longer and more involved process. The SSPs were initially published
(https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage &page=about) in 2016,
but are only now just starting to be used in the next round of climate modelling
— known as the Coupled Model Intercomparison Project version 6, or CMIP6
(https://www.carbonbrief.org/qa-how-do-climate-models-work#cmip) — in

preparation for the IPCC’s sixth assessment report.

Narratives of the future
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The SSPs are based on five narratives (https://link.springer.com/article/10.1007
/$10584-013-0905-2) describing broad socioeconomic trends that could shape

future society. These are intended to span the range of plausible futures.

They include: a world of sustainability-focused growth and equality (SSP1); a
“middle of the road” world where trends broadly follow their historical patterns
(SSP2); a fragmented world of “resurgent nationalism” (SSP3); a world of ever-
increasing inequality (SSP4); and a world of rapid and unconstrained growth in

economic output and energy use (SSP5).

The narrative for each is described in detail below:

SSP narratives

SSP1 Sustainability - Taking the Green Road (Low challenges to mitigation and adaptation)
The world shifts gradually, but pervasively, toward a more sustainable path, emphasizing more
inclusive development that respects perceived environmental boundaries. Management of the
global commons slowly improves, educational and health investments accelerate the demographic
transition, and the emphasis on economic growth shifts toward a broader emphasis on human
well-being. Driven by an increasing commitment to achieving development goals, inequality is
reduced both across and within countries. Consumption is oriented toward low material growth
and lower resource and energy intensity.

SSP2  Middle of the Road (Medium challenges to mitigation and adaptation)
The world follows a path in which social, economic, and technological trends do not shift markedly
from historical patterns. Development and income growth proceeds unevenly, with some countries
making relatively good progress while others fall short of expectations. Global and national
institutions work toward but make slow progress in achieving sustainable development goals.
Environmental systems experience degradation, although there are some improvements and
overall the intensity of resource and energy use declines. Global population growth is moderate
and levels off in the second half of the century. Income inequality persists or improves only slowly
and challenges to reducing vulnerability to societal and environmental changes remain.

8/2/2022, 2:11 PM


https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2
https://link.springer.com/article/10.1007/s10584-013-0905-2

Explainer: How ‘Shared Socioeconomic Pathways’ explore futur... https://www.carbonbrief.org/explainer-how-shared-socioecono...

6 of 30

SSP3  Regional Rivalry - A Rocky Road (High challenges to mitigation and adaptation)
A resurgent nationalism, concerns about competitiveness and security, and regional conflicts push
countries to increasingly focus on domestic or, at most, regional issues. Policies shift over time to
become increasingly oriented toward national and regional security issues. Countries focus on
achieving energy and food security goals within their own regions at the expense of broader-based
development. Investments in education and technological development decline. Economic
development is slow, consumption is material-intensive, and inequalities persist or worsen over
time. Population growth is low in industrialized and high in developing countries. A low
international priority for addressing environmental concerns leads to strong environmental
degradation in some regions.

SSP4  Inequality - A Road Divided (Low challenges to mitigation, high challenges to adaptation)
Highly unequal investments in human capital, combined with increasing disparities in economic
opportunity and political power, lead to increasing inequalities and stratification both across and
within countries. Over time, a gap widens between an internationally-connected society that
contributes to knowledge- and capital-intensive sectors of the global economy, and a fragmented
collection of lower-income, poorly educated societies that work in a labor intensive, low-tech
economy. Social cohesion degrades and conflict and unrest become increasingly common.
Technology development is high in the high-tech economy and sectors. The globally connected
energy sector diversifies, with investments in both carbon-intensive fuels like coal and
unconventional oil, but also low-carbon energy sources. Environmental policies focus on local
issues around middle and high income areas.

SSP5  Fossil-fueled Development - Taking the Highway (High challenges to mitigation, low challenges to
adaptation)
This world places increasing faith in competitive markets, innovation and participatory societies to
produce rapid technological progress and development of human capital as the path to
sustainable development. Global markets are increasingly integrated. There are also strong
investments in health, education, and institutions to enhance human and social capital. At the
same time, the push for economic and social development is coupled with the exploitation of
abundant fossil fuel resources and the adoption of resource and energy intensive lifestyles around
the world. All these factors lead to rapid growth of the global economy, while global population
peaks and declines in the 21st century. Local environmental problems like air pollution are
successfully managed. There is faith in the ability to effectively manage social and ecological
systems, including by geo-engineering if necessary.

Narratives for each Shared Socioeconomic Pathway, from Riahi et al 2017 (https://www.sciencedirect.com
/science/article/pii/S0959378016300681).

These narratives describe alternative pathways for future society. They present
baselines of how things would look in the absence of climate policy, and allow
researchers to examine barriers and opportunities for climate mitigation and

adaptation in each possible future world when combined with mitigation targets.
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SSP1 and SSP5 envision (https://www.geosci-model-dev.net/9/3461/2016/gmd-
9-3461-2016.html) relatively optimistic trends for human development, with
“substantial investments in education and health, rapid economic growth, and
well-functioning institutions”. They differ in that SSP5 assumes this will be
driven by an energy-intensive, fossil fuel-based economy, while in SSP1 there is

an increasing shift toward sustainable practices.

SSP3 and SSP4 are more pessimistic in their future economic and social
development, with little investment in education or health in poorer countries

coupled with a fast-growing population and increasing inequalities.

SSP2 represents a “middle of the road” scenario historical patterns of

development are continued throughout the 21st century.

The SSPs were designed to reflect worlds in which mitigation and adaptation
challenges vary from low to very high. While the baseline SSP scenarios assume
an absence of climate policy, researchers also wanted to look at how the
underlying socioeconomic conditions would affect the implementation of

climate policy.

For example, SSP1 features low challenges to mitigation and adaptation due to
its rapid technological development, relative global equality of income and focus
on environmental sustainability. SSP4, on the other hand, features similarly low
challenges to mitigation due to its rapid technological development, but high
challenges to climate adaptation due to persistent inequality and poverty in

many parts of the world.

Many of the SSPs end up being broadly similar in the narratives to the old SRES
scenarios (http://sedac.ciesin.columbia.edu/ddc/sres/), used in the IPCC’s third

(https://www.ipcc.ch/ipccreports/tar/) and fourth (https://www.ipcc.ch
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/publications_and_data/ar4/syr/en/contents.html) assessment reports. For
example, the sustainability-focused SSP1 is rather similar to SRES B1, while the
more middle-of-the-road SSP2 is similar to SRES B2. The globally fragmented
SSP3 is quite similar to SRES A2 and the high fossil-fuel reliant, high-growth
SSP5 shares many elements with SRES A1F1.

Unlike the SRES scenarios, however, mitigation is considered separately from the
underlying pathways. Each SSP has a baseline scenario that describes future
developments in the absence of new climate policies, beyond those already in
place today. SSPs can then be combined with various emission mitigation

targets.

Specifically, each SSP looks at how each different RCPs
(https://www.skepticalscience.com/rcp.php) could be achieved within the
context of the underlying socioeconomic characteristics and shared policy
assumptions (https://link.springer.com/article/10.1007%2Fs10584-013-0971-5)
of that world, though, as discussed below, not all SSPs are compatible with the

RCPs limiting warming to 1.5C or 2C above pre-industrial levels.

Future scenarios for population and GDP

The main differences between SSPs come from their assumptions on global
population growth, access to education, urbanisation, economic growth,
resources availability, technology developments and drivers of demand, such as

lifestyle changes.

The figure below shows different global population (left) and GDP projections
(right) for each of the five SSPs over the 21st century. While multiple groups of
researchers created population and GDP estimates, a single projection was

chosen (https://www.sciencedirect.com/science/article/pii/S0959378016300681)
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as representative for each SSP to ensure consistency across modelling efforts.

Global population (left) in billions and global gross domestic product (right) in trillion US dollars on

a purchasing power parity (https://en.wikipedia.org/wiki/Purchasing_power_parity) (PPP) basis. Data from
the SSP database (https://tntcat.iiasa.ac.at/SspDby/); chart by Carbon Brief using Highcharts
(https://www.highcharts.com/).

To create different global population scenarios (https://www.sciencedirect.com
/science/article/pii/S0959378014001095), researchers used a demographic model
based on assumptions of future fertility, mortality, migration and education.
Assumptions for future female access to education strongly influence fertility
and population growth. These assumptions were varied to be consistent with

each SSP narrative.

Population levels are lowest in SSP1 and SSP5, peaking at 8.5 billion between
2050 and 2060, and declining to today’s level of around 7 billion by 2100. This is
broadly consistent with the United Nation’s low fertility scenario

(https://www.un.org/development/desa/publications/world-population-
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prospects-the-2017-revision.html).

SSP2 and SSP4 are more middle of the road, with population peaking between
2070 and 2080 around 9.5 billion, though this is still lower than the UN medium
fertility scenario of around 11.5 billion. Finally, SSP3 shows continued global
population growth through to the end of the century, reaching 12.6 billion by
2100. SSP3 is higher than the UN medium fertility scenario, but still below the

UN’s high fertility scenario.

The population projections in the SSPs are generally a bit lower than in prior
modelling efforts (for example, SRES (http://sedac.ciesin.columbia.edu
/ddc/sres/)), due to the decline of fertility rates in developing countries over the
past two decades and the faster-than-expected expansion of education among

young women in the least developed countries.

All SSPs project dramatic growth in the global economy
(https://www.sciencedirect.com/science/article/pii/S0959378015000837), with
global GDP in 2100 between four and 10 times larger than it was in 2010. This
translates into an average annual global GDP growth rate of between 1.8% at the
low end and 3.4% at the high end, though in all models the growth rate slows
over the century. This growth is one of the primary drivers of future CO2
emissions, though different scenarios foresee different levels of future
“decoupling (https://www.carbonbrief.org/the-35-countries-cutting-the-link-
between-economic-growth-and-emissions)” of growth and emissions associated

with a decarbonising of the economy.

The GDP numbers incorporate population projections from each SSP, as well as
assumptions of international trade flows, technological development and other

factors consistent with the SSP narratives.
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The highest GDP growth is found in SSP5, with rapid development and
convergence (https://en.wikipedia.org/wiki/Convergence (economics)) among
countries and global average per-capita GDP of around $140,000 per year in
2100. The lowest GDP growth occurs in SSP3, where development is slow and
fragmented. In SSP3 global average income is around $20,000 in 2100, only
modestly above today’s levels (https://data.worldbank.org/indicator
/NY.GDP.PCAP.PP.CD).

SSPs also differ markedly in the level of future inequality within and between
countries. SSP4 has the highest inequality, followed by SSP3. Both SSP1 and
SSP5 feature relatively equitable development and a rapid catch-up of the

world’s poorest countries over the coming century.

Finally, SSPs provide estimates of how the world will become more urban
(https://www.sciencedirect.com/science/article/pii/S0959378015000394) in the
future. This ranges from a low of 60% of the population living in cities in 2100 in
SSP3 — similar to today’s rate (https://www.statista.com/statistics/270860
/urbanization-by-continent/) of 54% — to up to 92% in SSP1, SSP4, and SSP5.
SSP2 is in the middle, reaching 80% urbanisation by 2100.

Baseline CO2 emissions and warming

Researchers employed six different integrated assessment models (IAMs) to
translate the socioeconomic conditions of the SSPs into estimates of future

energy use characteristics and greenhouse gas emissions.

IAMs add aspects of society to an energy
'—:‘” systems model, simulating how population,
G[ossary economic growth and energy use affect -

INTEGRATED ASSESSMENT MODELS: and interact with - the physical climate.
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IAMs are computer models that They produce scenarios of how greenhouse

analyse a broad range of data — e.g.

physical, economic and social - to gas emissions may vary in future based on

produce information that can be underlying socioeconomic factors — and
used to help decision-making. For
climate research, specifically,... how energy use, production and economic
Read More activity may change to meet climate

mitigation targets.

Six IAMs were used to create energy use and emissions characteristics for the
SSPs — AIM-CGE (http://themasites.pbl.nl/models/advance/index.php

/Model Documentation - AIM-CGE), GCAM (http://www.globalchange.umd.edu
/gcam/), IMAGE (http://themasites.pbl.nl/models/image/index.php
/Welcome_to IMAGE 3.0 Documentation), MESSAGE-GLOBIOM
(http://data.ene.iiasa.ac.at/message-globiom/), REMIND-Magpie
(https://www.pik-potsdam.de/research/sustainable-solutions/models/remind
/remind), and WITCH-GLOBIOM (http://doc.witchmodel.org/index.html). A total
of 24 baseline scenarios were created by the different models simulating

different SSPs, though not all models ran all SSPs.

To make these results easier for the climate modelling community to work with,
a single model was chosen as the “marker” scenario for each SSP, so that, for
example, climate researchers looking at SSP1 would look at the IMAGE
(http://themasites.pbl.nl/models/image/index.php
/Welcome_to IMAGE 3.0 Documentation) model outputs, while SSP2 would use

the MESSAGE (http://data.ene.iiasa.ac.at/message-globiom/) model.

The simple climate model MAGICC (http://www.magicc.org/) was used to convert
greenhouse gas emissions from the IAMs into atmospheric concentrations and

future warming.
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(More detailed earth system and general circulation climate models are currently
being run as part of the ongoing Coupled Model Intercomparison Project 6
(https://www.carbonbrief.org/qa-how-do-climate-models-work#cmip) (CMIP6),
in preparation for the IPCC’s sixth assessment report, though the resulting

global temperature increases should be broadly similar.)

The figure below shows the CO2 emissions (left) and global average temperature
increases relative to pre-industrial levels (right) for each SSP’s baseline scenario.
Each line represents an individual model run, with the colours indicating the SSP

and the “marker” scenarios for each SSP shown by thick lines.

CO2 emissions (left) in gigatonnes (GtCO2) and global mean surface temperature change relative to pre-
industrial levels (right) in degrees C across all models and SSPs for baseline no-climate-policy scenarios. The
“marker” model for each SSP is shown by a thicker line, while all other model runs for that SSP have thin
lines. Data from the SSP database (https://tntcat.iiasa.ac.at/SspDb/); chart by Carbon Brief using Highcharts
(https://www.highcharts.comy/).

Global CO2 emissions vary considerably across the different SSP baselines. In
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general, one of the strengths of the SSP framework is to highlight the

importance of baseline assumptions on resulting emissions and temperatures.

In the relatively sustainability-focused SSP1, emissions peak between 2040 and
2060 — even in the absence of specific climate policies, declining to around 22 to
48 gigatonnes of CO2 (GtCO2) per year by 2100. This results in 3-3.5C of

warming by 2100.

In the “middle of the road” SSP2, emissions continue to increase through the
end of the century, reaching between 65GtCO2 and 85GtCO2, with resulting

warming of 3.8-4.2C.

Models show a wide range of possible baseline emissions for the “regional
rivalry” SSP3, with most runs showing increases up to around 76-86GtCO2 by
2100, but one model (MESSAGE (http://data.ene.iiasa.ac.at/message-globiom/))
having emissions of 129GtCO2, the highest of any SSP. These differences relate
to access to economically recoverable oil, as discussed in the next section.

Warming in 2100 in SSP3 is estimated at 3.9-4.6C.

Despite its high inequality, emissions are relatively low in SSP4 due to rapid
technological progress on low-carbon energy sources. SSP4 emissions range

from 34GtCO2 to 45GtCO2 by 2100, with warming of 3.5-3.8C.

Finally, the high-growth energy-intensive SSP5 shows the most overall
emissions of any SSP, ranging from 104GtCO2 to 126GtCO2 in 2100, resulting in
warming of 4.7-5.1C.

Energy use in the SSP baselines

While the SSP baseline scenarios all represent worlds without new policies to
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address climate change, they differ significantly in how they see global energy

use changing.

Some scenarios, such as SSP3, foresee little development of cost-effective low-
carbon alternatives, or technologies that can cheaply address non-climate
negative impacts of fossil fuels, such as air pollution in SSP5. In these worlds,
coal continues to be one of the primary global energy sources through to the end

of the century, leading to high CO2 emissions and warming.

Others, such as SSP1 and SSP4, have a much larger share of energy coming from
renewable sources, with some electrification of current fossil fuel end-uses, such
as transportation or heating, but driven by falling costs rather than climate

concerns.

The figure below shows how energy is used in 2100 in each SSP and IAM. While
they differ a bit in their mix of fuel sources, with a few exceptions — such as the
MESSAGE model in SSP3 - the total primary energy use is similar for all models

in a given SSP.
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Global primary energy use by fuel type in 2100 in exajoules (EJ) for baseline scenarios in each IAM and SSP.
Current energy use (as of 2010) is shown for reference in the far left bar. Data from the SSP database
(https://tntcat.iiasa.ac.at/SspDb/) and Riahi et al 2017 (https://www.sciencedirect.com/science/article
/pii/S0959378016300681); chart by Carbon Brief using Highcharts (https://www.highcharts.com/).

The SSP baselines span a wide range of future energy demand. At the upper end
of the range, the SSP5 scenario has energy demand of over 1,500 exajoules (E])
per year, more than three times higher than today’s 500E]. SSP2 and SSP3 have
more than twice current energy demand, while in SSP1 energy demand stays

only around 50% above today’s levels, despite rapid economic growth.

Energy access is also quite different across SSPs. In the SSP3 and SSP4 baseline
scenarios there is continued use of traditional biomass, such as wood or animal
dung, in the households of developing countries, while the use of coal and

biomass in households decreases dramatically in the other three scenarios.
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In SSP3, the MESSAGE model has unusually high coal use due, in part, to the
exhaustion of economically viable oil reserves and the conversion of coal into
hydrocarbons (https://en.wikipedia.org/wiki/Coal_liquefaction) to meet
transportation fuel needs. Other SSP3 models assume larger economically viable

oil reserves and, thus, less dramatic coal use.

Overall, coal use is quite high in SSP3 and SSP5. In the SSP5 baseline marker
scenario (REMIND (https://www.pik-potsdam.de/research/sustainable-solutions
/models/remind/remind)), coal use between 2005 and 2100 is around 44,500
exajoules (EJ), considerably larger than current technologically and economically
recoverable reserves (http://energyeducation.ca/encyclopedia

/Reserve vs_resource) of around 21,000E].

However, it is still well within the range of all known coal resources, which are
estimated (https://www.bgr.bund.de/EN/Themen/Energie/Downloads
/energiestudie 2016 _en.pdf? blob=publicationFile &v=2) at around 490,000E], a
portion of which could become economically recoverable with additional
technological developments. That said, high coal-use scenarios, such as those
found in the SSP5 baseline (which corresponds to RCP8.5
(https://link.springer.com/article/10.1007/s10584-011-0149-y)), have been
criticised in the past (https://cedmcenter.org/wp-content/uploads/2017/08/Why-

do-climate-change-scenarios-return-to-coal.pdf) as potentially unrealistic.

Even in the relatively sustainability-focused SSP1 coal use is close to today’s
levels in 2100, reflecting the challenge of switching away from fossil fuels in the

absence of climate policy.

The figure below shows how global energy use changes over time in each of the

SSP no-policy baseline marker scenarios.
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Global primary energy use by fuel type between 2005 and 2100 in exajoules (EJ) for each SSP baseline
marker scenario (IMAGE for SSP1, MESSAGE for SSP2, AIM for SSP3, GCAM for SSP4, and REMIND for SSP5).
Data from the SSP database (https://tntcat.iiasa.ac.at/SspDb/) and Riahi et al 2017
(https://www.sciencedirect.com/science/article/pii/S0959378016300681); chart by Carbon Brief using
Highcharts (https://www.highcharts.com/).
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While renewable energy and biomass make up a larger portion of the energy mix
in the more sustainability-focused SSP1, around 60% of energy demand in 2100
still comes from fossil fuel sources. In the absence of additional climate policy,
these scenarios do not foresee technological progress by itself leading to an

energy system dominated by low-carbon sources during this century.

(It is worth noting that energy scenarios have been repeatedly criticised
(https://www.carbonbrief.org/guest-post-why-solar-keeps-being-
underestimated) for overestimating the costs and underestimating the potential

of low-carbon technologies.)

Combining SSPs and mitigation targets

While the baseline SSP scenarios portray a range of outcomes in the absence of
additional climate policy, researchers also wanted to examine how different
levels of climate mitigation and adaptation would fit into the future described by

each SSP.

To model this, they used shared policy assumptions (https://link.springer.com
/article/10.1007%2Fs10584-013-0971-5) around how quickly international
collaboration on climate policy could occur within each SSP, as well as respecting
limitations imposed by the underlying assumptions around population growth,

economic activity and technological development in each pathway.

The mitigation targets examined are defined by radiative forcing levels (in watts
per meter squared) analogous to the RCPs (https://www.skepticalscience.com
/rcp.php), which set a target level of atmospheric greenhouse gas concentrations
(and associated radiative forcing (https://en.wikipedia.org

/wiki/Radiative_forcing)) in 2100.
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The figure below shows the emissions over time under all the SSP baselines (grey
lines) and under different mitigation targets, where radiative forcings in 2100 are
limited to 6.0, 4.5, 3.4, 2.6 and 1.9 watts per meter squared (coloured lines). The
average amount of warming associated with the range of baselines and each of

the targets is also shown, on the right.

140 Data: SSP database (IIASA)/GCP/Riahi et al 2017/Rogelj et al 2018

Scenario group
Forcing target and temperature range in 2100

|

I>5‘C

100 - ' J

2.6 W/m2 (1.7-1.8°C) |
1.9 W/m2 (1.3-1.4°C)

Wf

o

Net CO, emissions (GtCO»)
3

\g‘:})“_@

net-negative global emissions

-40 - : ; ; , :
1980 2000 2020 2040 2060 2080 2100

(https://www.carbonbrief.org/wp-content/uploads/2018/04/SSPs_w1.9-01-2.jpg)

Global CO2 emissions (gigatonnes, GtCO2) for all IAM runs in the SSP database (https://tntcat.iiasa.ac.at
/SspDb/). SSP no-climate-policy baseline scenarios are shown grey, while various mitigation targets are
shown in colour. Bold lines indicate the subset of scenarios chosen as a focus for running CMIP6 climate
model simulations. Chart produced for Carbon Brief by Glen Peters (https://www.cicero.oslo.no/en/employee
/30/glen-peters) and Robbie Andrews (http://folk.uio.no/roberan/RobbieAndrew.shtml) from the Global
Carbon Project (http://www.globalcarbonproject.org/).

With the release of the SSPs, modellers have expanded the range of mitigation
targets that they are considering. The IPCC fifth assessment report

(https://www.ipcc.ch/report/ar5/) focused on RCP2.6 (https://link.springer.com
/article/10.1007/s10584-011-0152-3), RCP4.5 (https://link.springer.com/article
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/10.1007/s10584-011-0151-4), RCP6.0 (https://link.springer.com/article/10.1007
/$10584-011-0150-5) and a high-end no-mitigation RCP8.5
(https://link.springer.com/article/10.1007/s10584-011-0149-y) pathway. The
SSPs have added RCP1.9, RCP3.4 and are planning to add (https://www.geosci-
model-dev.net/9/3461/2016/gmd-9-3461-2016.html) RCP7.0.

RCP1.9 is a new pathway that focuses on limiting warming to below 1.5C, the
aspirational goal of the Paris Agreement (https://www.carbonbrief.org/analysis-
the-final-paris-climate-deal). Pre-Paris, the research community was focussed
on limiting warming to 2C as the most ambitious climate outcome. However,
after the adoption of the Paris Agreement and the inclusion of 1.5C in its long-
term temperature goal, there was a need to clearly understand the implications

of this more ambitious target.

RCP3.4, on the other hand, represents an intermediate pathway between the
“very stringent (https://www.geosci-model-dev.net/9/3461/2016/gmd-
9-3461-2016.html)” RCP2.6 and less stringent mitigation efforts associated with
RCP4.5. It provides an alternative to explore given “recent discussions about...
the attainability of the 2C objective (https://www.geosci-model-dev.net/9/3461
/2016/gmd-9-3461-2016.html)”. A variant of RCP3.4 is also being explored where
where forcings “substantially overshoot (https://www.geosci-model-dev.net
/9/3461/2016/gmd-9-3461-2016.pdf)” the target mid-century and are brought
back down by 2100 through the use of large amounts of negative emissions
(https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-

slow-climate-change) later in the century.

Finally, RCP7.0 will represent the medium-to-high end of the range of future
emissions and warming, and is a baseline outcome rather than a mitigation

target. It will fill an important gap by providing a pathway similar to the SSP2
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“middle of the road” baseline, and may provide a compelling alternative or
complement to the commonly used RCP8.5 for studies comparing mitigation and

“business-as-usual” scenarios.

The combination of five SSPs and six RCPs is shown in the figure below. (RCP7.0

is not shown as the runs are not yet complete.)

Socioeconomic dimension

Mitigation challenges
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SSP = Shared Socioeconomic Pathway. Source: Rogelj et al (2018).

(https://www.carbonbrief.org/wp-content/uploads/2018/04/SSP-figure-2.jpg)

Combination of SSP and RCP model runs in the SSP database (https://tntcat.iiasa.ac.at/SspDb/), with RCPs
listed in order of increasing mitigation and SSPs in the (rough) order of increasing mitigation difficulty.
Ratios in cells indicate the number of models that succeeded in making the scenario “work” out of the total
number of models available for the SSP. Chart by Carbon Brief, adapted from Figure S1 in Rogelj et al (2018)
(https://www.nature.com/articles/s41558-018-0091-3).

Each box in the figure shows the number of models that were able to successfully
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reach the RCP target, out of the total number of models available for a given SSP.
For example, the “3/4” in the SSP5 / RCP2.6 cell means that four IAMs tried to
achieve RCP2.6 in an SSP5 world, but only three of the models could find a
solution. The other model could not either reduce emissions fast enough or
generate sufficient negative emissions. Similarly, only SSP5 could generate
scenarios that reached RCP8.5-levels of radiative forcings, while emissions were

too low in other SSP baselines.

To ascertain whether the underlying socioeconomic factors in an SSP allow for
the level of mitigation necessary to meet RCP targets, models used shared policy
assumptions (https://link.springer.com/article/10.1007%2Fs10584-013-0971-5)
about limits to international cooperation in the short-to-medium term and the

possible speed of emissions reductions.

For example, SSP1 and SSP4 see it as possible for there to be “global
collaboration” on climate policies by the year 2020. The more fossil fuel-driven
SSP2 and SSP5 worlds have delays in establishing global action, with regions
moving to global cooperation between 2020-2040. The regionally fragmented
SSP3 has some higher-income regions joining a global effort to mitigate
emissions between 2020-2040, while lower income regions follow between 2030

and 2050.

For land use, which is an important and difficult-to-regulate source of emissions,
SSP1 and SSP5 allow effective international cooperation to reduce emissions.
SSP2 and SSP4 allow some more limited efforts to reduce emissions from
deforestation and agriculture, while SSP3 generally assumes it will not be

possible to encourage individual countries to avoid deforestation.

The differences between SSPs affect the ability of scenarios to have large near-
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term mitigation of greenhouse gas emissions. While SSP1 and SSP4 allow for
quick global action in reducing emissions beyond those already agreed to in the
nationally determined contributions (https://www.carbonbrief.org/paris-2015-
tracking-country-climate-pledges) (NDCs) under the Paris Agreement, other
scenarios, such as SSP3 and SSP5, find that even these existing commitments are

challenging to achieve in full.

In SSP5, emissions rise too far and fall too slowly to meet the Paris targets
without large amounts of negative emissions (https://www.carbonbrief.org/new-
scenarios-world-limit-warming-one-point-five-celsius-2100) in the latter part of
the century, to offset slower near-term emissions reductions. Three out of four
SSP5 models were able to develop possible scenarios to achieve RCP2.6 targets of
limiting warming below 2C, while only two out of four were able to find a way to

reach RCP1.9 and limit warming to below 1.5C.

In SSP3, models were simply not able to achieve either RCP2.6 or RCP1.9 targets
due to regional rivalry and resurgent nationalism limiting the ability of the world

to cooperate on reducing emissions over the next few decades.

While the rapid technological development in SSP4 makes it easier to attain
more modest mitigation targets, the high inequality makes it more difficult to
attain very strong emission reductions, particularly for land-use emissions in
poorer countries. This means that, while all three SSP4 models can reach a
RCP2.6 target, only one of three can reach of RCP1.9 and limit warming to below

1.5C.

The figure below shows the different emissions trajectories broken out by SSP, as
well as indicating the level of adaptation and mitigation challenges associated

with each. In general, SSP1 (bottom left box) has faster emission reductions and
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less negative emissions required later in the century under deeper mitigation

scenarios, compared to other SSPs.
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Global CO2 emissions (GtCO2) for all IAM runs (https://www.sciencedirect.com/science/article

/pii/S0959378016300681) in the SSP database (https://tntcat.iiasa.ac.at/SspDb/) separated out by SSP. Chart
via Glen Peters and Robbie Andrews (https://www.cicero.oslo.no/no/posts/klima/oil-gas-in-a-low-carbon-
world) and the Global Carbon Project.

The fact that IAMs could not find a viable solution for some below-2C and
below-1.5C scenarios does not necessarily mean that these scenarios are

impossible. Models are necessarily imperfect and cannot foresee all of the

technological or societal changes that will happen over the coming century. For

example, models used to struggle (https://www.ipcc.ch/pdf/supporting-material

/expert-meeting-report-scenarios.pdf) to reach 2C targets before they started

including large-scale negative emissions technologies — though these still

largely exist only in the models (https://www.carbonbrief.org/beccs-the-story-
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of-climate-changes-saviour-technology), rather than in real-world deployments
(https://www.carbonbrief.org/analysis-negative-emissions-tested-worlds-first-

major-beccs-facility) at scale.

Similarly, what modellers consider as plausible rates of emission reduction or
negative emissions may turn out to be overly conservative (or optimistic).
Pathways such as SSP3, where strong mitigation scenarios cannot be modelled,
should be seen as an indication that such a world of resurgent nationalism and
regional divisions greatly increases the risk that the transformations required

might not be achievable.

Negative emissions in the SSPs

All scenarios in the SSP database that keep warming below 2C incorporate some
bioenergy with carbon capture and storage (https://www.carbonbrief.org/beccs-
the-story-of-climate-changes-saviour-technology) (BECCS). However, the degree
to which they rely on BECCS - or on negative emissions more broadly — to meet

the goal varies both by model and SSP.

In general, SSPs that allow more rapid near-term emissions reductions, such as
SSP1, rely less on BECCS later in the century. The figure below shows the total
amount of energy generated from BECCS over the century for each SSP/RCP
scenario, as well as IAM. It shows the difference in the amount of BECCS used by
each model and each SSP, with some models showing considerably larger

amounts than others for the same RCP mitigation target.
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Cumulative 2005-2100 bioenergy with carbon capture and storage (BECCS) use in exajoules by SSP, RCP
target and integrated assessment model. RCP1.9 data not included as it is not yet available from the SSP
database (https://tntcat.iiasa.ac.at/SspDb/). Chart by Carbon Brief using Highcharts
(https://www.highcharts.com/).

In the below-2C RCP2.6, cumulative BECCS use ranges from a low of 1,660E] to a
high of 19,000E], or between 4% and 26% of all energy generated between
present and 2100. SSP1 generally has the lowest BECCS use, followed by SSP2
and SSP4. SSP5, which limits near-term emission reductions, requires between

two and eight times more BECCS than in SSP1.

A similar pattern holds in RCP3.4, but here one model (AIM) meets the target in
SSP1 with next-to-no negative emissions. Across all the models, RCP3.4 requires

30-60% less BECCS than RCP2.6.

In RCP4.5, most models require little-to-no negative emissions in an SSP1 world,
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though many still employ significant amounts of BECCS in SSP3 and SSP5.

While BECCS is the primary negative emissions technology included in IAMs, it
is largely a stand-in for any sort of future negative emissions. Its role could be
replaced, at least in part, by other approaches and technologies
(https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-
slow-climate-change), such as direct air capture (https://www.carbonbrief.org
/swiss-company-hoping-capture-1-global-co2-emissions-2025) or large-scale
reforestation (https://www.carbonbrief.org/in-depth-experts-assess-the-
feasibility-of-negative-emissions), as they become cost-effective over the coming

century.
No single ‘business as usual’

A key questions for scientists and policymakers is what will happen if the world

takes no action to address climate change.

One of the big changes brought by the release of the SSPs is a broadening of the
baseline no-new-policy scenarios available to researchers. Over much of the past
decade researchers have tended to use the high-emission high-warming RCP8.5
(https://link.springer.com/article/10.1007/s10584-011-0149-y) as their “business
as usual” baseline — a worst-case scenario of unchecked warming to compare

against futures where emissions are mitigated.

One important takeaway is a shift in the definition of “business as usual”.
Instead of a single worst-case scenario, the SSPs present a wide range of future
emissions possible in the absence of climate policy, though all the new baseline

scenarios result in at least 3.1C warming (and up to 5.1C) by 2100.

While RCP8.5 lives on in the form of the SSP5 baseline, it is now just one of
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many possible no-new-policy futures. The fact that only one of the SSPs, SSP5,
can reach the level of emissions found in RCP8.5 suggests that it may not now be

best suited for use as the sole baseline scenario in future research.

If any SSP can be said to be characteristic of current conditions it is SSP2, where
social, economic and technological trends do not shift markedly from historical
patterns. Greenhouse gas concentrations in the SSP2 baseline roughly
correspond to the new RCP7.0, which shows lower emissions and nearly 1C less
warming than RCP8.5 - though still 3.8-4.2C of warming above pre-industrial

levels.

It is also possible that the world will follow more of a SSP1 or SSP4 pathway of
rapid technological development and falling costs of things such as solar energy,
battery storage, transmission technologies and other changes. These would
reduce barriers to mitigation and result in more modest emissions and warming,

even in the absence of climate policies.

However, the developers of the SSPs make no claim as to the relative likelihood
of any scenario coming to pass. It is certainly possible to imagine a SSP3 or SSP5
world of high emissions. With the multiple scenarios, researchers will now be
able to compare mitigation outcomes to a more realistic range of baseline

worlds.
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