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History

1990s:
ASRES Special Report on Emissions Scenarios (IPCC TAR 2001, IPCC AF

A four different possible future trajectories of population, economic growth and GHG emissic

Later:
ARCPg Represented Contraction Pathways (IPCC AR5 2014)

A different levels ofGHG anather radiative forcing thatnight occur in thduture

A four pathways, spanning a broad range of forcing in 2100 (2.6, 4.5, 6.0, add182),
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A set pathways for GHG concentrations and, effectively, the amount of warming

ASSPsg Shared Socioeconomic Pathways (IPCC AR6 2021)
A five different ways in which the world might evolve in the absence of climate policy

A how socioeconomic factors (population, economic growth, educatidmanisationand the
rate of technological development) may change over the next century.

A how different levels of climate change mitigation could be achieved when the mitigation
targets of RCPs are included.



The development of the SSPs
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STEP 3 Elaboration of the basic elements of the
SSPs in terms demographic and economic \
driversusing quantitative models. \—

Jiang & O'Neill

STEP 4 Elaboration of developments in the energy
system, land use and greenhouse gas and air
pollutant emissions of th&SP baseline scenarios

IAM outputs for five regions:
energy supply & demand (Bauver et al.)

using a set of Integrated Assessment Models counliy prajections - lons0 8land<ovorchango (Pogp 1l
( I A M S) Urbanization - air pollution and aerosol emissions (Rao et al.)
- mitigation costs

- pnces, elc...

STEP 5 Elaboration of these elements by IAMs for
the SSP mitigation scenarios K.Riahiet al. / GlobaEnvironmentalChange 42 (2017) 16368



STEP ﬂlesign of thenarratives providing the fundamental
underlying logic for each SSP, focusing also on those elements
socioeconomic change that often cannot be covered by formal
models.

STEP 2 Extensions of the narratives in terms of miodely LJdzi Gl 60f S&4¢é3X RSAONAOGAY I A
characteristicsand scenario assumptions.

STEP 3 Elaboration of the basic elements of the SSPs in tede®adraphic and economic driverssing
guantitative models.

STEP 4 Elaboration of developments in the energy system, land use and greenhouse gas and air pollutant emissi
of the SSP baseline scenariasing a set of Integrated Assessment Models (IAMS)

STEP 5 Elaboration of these elements by IAMs fogE8 mitigation scenarios



SSP Narratives
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P1: Sustainabllity (Taking the Green Road)
P2: Middle of the Road

P3:
P4

Ph:

Regional Rivalry (A Rocky Road)
nequality (A Road divided)

~ossueled Development (Taking the Highway)



Summanof SSRarratives

SSP1 Sustainabilityg Taking the Green Road.ow challenges to mitigation and adaptation)

The world shifts gradually, but pervasively, towanthare sustainable pathemphasizing more inclusive
development thatrespects perceived environmental boundarieManagement of the global commons slowly
Improves, educational and health investments accelerate the demographic transition, and the emphasis on
economic growth shifts toward a broademphasis on human welbeing. Driven by an increasing commitment t
achieving development goalsiequality is reduceddoth across and within countries. Consumption is oriented
toward low material growthandlower resource and energy intensity

SSP2 Middle of the RoadMedium challenges to mitigation and adaptation)

The world follows a path in which social, economic, and technolagerals do not shift markedly from historical
patterns. Development and income growth proceeds unevenlyith some countries making relatively good
progress while others fall short of expectations. Global and national institutions work toward butsioake
progress in achieving sustainable development go&avironmental systems experience degradaticathough
there are some improvements and overall the intensity of resource and energy use deGlinesl population
growth is moderateand levels off in the second half of the century. Income inequality persists or improves or
slowly andchallenges to reducingulnerability to societal and environmental changes remain



SSP3 Regional Rivalrg A Rocky Roa(High challenges to mitigation and adaptation)

A resurgent nationalismconcerns about competitiveness and security, and regional conflicts countries to increasingly focus on domesiti
or, at most, regional issuedolicies shift over time to become increasingly oriented toward national and regional security issues. Countr
focus on achievingnergy and food security goals within their own regions at the expense of brodoesed developmentinvestments in
education and technological development decline. Economic development is slow, consumption is mat@eakive, andinequalities

persist or worsen over timePopulation growthis low in industrialized and high in developing countries. A low international priority for
addressing environmental concerns leadstamng environmental degradation in some regions

SSP4 Inequality ¢ A Road DividedLow challenges to mitigation, high challenges to adaptation)

Highly unequal investments in human capitalombined withncreasing disparities in economic opportunity and political powéead to
increasing inequalities and stratification both across and within countries. Overdigeg) widendetween an internationalhconnected
society that contributes to knowledgand capitalintensive sectors of the global economy, and a fragmented collection of {meseme,
poorly educated societies that work in a labor intensive,-tesh economySocial cohesion degrades and conflict and unreetome
increasingly commonlechnology development is high in the higbéch economy and sectorsThe globally connected energy sector
diversifies, withnvestments in both carborintensive fuels like coal and unconventional oil, but also las&rbon energy sources
Environmental policies focus on local issues around middle and high income areas.

SSP5 Fossifueled Development; Taking the HighwayHigh challenges to mitigation, low challenges to adaptation)

This world places increasing faithdompetitive markets, innovation and participatory societide produce rapidechnological progress and
development of human capitaas the path to sustainable development. Global markets are increasingly integrated. There atebalso
iInvestments in health, education, and institutions to enhance human and social capitithe same time, the push for economic and socia
development is coupled with thexploitation of abundant fossil fuel resourceand the adoption ofesource and energy intensive lifestyles
around the world. All these factors lead tapid growth of the global economywhile global population peaks and declines in the 21st centl
Local environmental problems like air pollution are successfully managHuere is faith in the ability to effectively manage social and
ecological systems, including by geegineering if necessary.



Mitigation and adaptation challenges

SSP1: Sustainability (Taking the &
Green Road) =
SSP2: Middle of the Road S
SSP3: Regional Rivalry (A Rocky I@
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%* SSP 5 % SSP3

(High challenges)
Fossil-fueled Regional rivalry

development A Rocky Road
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(Intermediate challenges)

Middle of the road
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(Low challenges) (Adaptation challenges dominate)
Sustainability Inequality

Taking the Great Road A Road Divided

Socio-economic challenges
for adaptation



STEP 1 Design of tharratives providing the fundamental underlying logic for each SSP, focusing also on those
elements of socioeconomic change that often cannot be covered by formal models.
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guantitative models.

STEP 4 Elaboration of developments in the energy system, land use and greenhouse gas and air pollutant emissit
of the SSP baseline scenariasing a set of Integrated Assessment Models (IAMs)

STEP 5 Elaboration of these elements by IAMs fogE8 mitigation scenarios



1: Qualitative assumptions for energy demand

T — -
55P 1 55Pp 2 55P3 55P 4 S55P5
Country Iincome Groupings
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K. Riahi et al. / Global Environmental Change 42 (2017) 153-168




2. Qualitative assumptions for fossil energy supply

S5P1 S5P2 SSP3 55P4 SSP5
Fossil fueled
Sustainability | Middle of the Road Regional Rivalry Inequality
development
Country grouping Country grouping by income
Exporter Importer Low Medium High
Macro-gconon cost driver neutral cost reducing cost driver  cost driver rewutral cost reducing
Technological progress slow medium sl fast miedium very fast
National & environmental . . _ ) o
policy Very restrictive Supportive VEMY SUPOrtive supportive supportive restrictive very supportive
Macro-economy neutral neutral neutral cost driver neutral cost reducing cost reducing
Technological progress méedium médium medium fast very fast
MNational & environmental : not . -
restrictive SUpPOrtive ) supportive | supportive  supportive restrictive VEry Supportive
palicy supportive
Macro-economy netral mEutral meutral cost driver neutral cost reducing CO5t reducing
Technological progress slow medium slonw miedium medium wiery fast
National & environmental . not VETY
very restrictive SUppOrtive supportive  supportive restrictive wEry supportive
policy supportive supportive
Trade barriers frise trade some barriers high barriers barriers free

K. Riahi et al. / Global Environmental Change 42 (2017) 153—-168




3: Qualitativeassumption$or energyconversion technologies

S5P 1 SSP 2 55P 3 S5P 4 S5P 5
Country Income Groupings |
SSP Element low Med High | Low Med High | Low Med High | Low Med High | Low Med High
Conventional and Unconventional Fossil Fuel Conversion [synfuel and syngas in parenthesis if different)
Technology Development Med | M ed Low Low Med Med Med (High)
Social Acceptance Low M ed High High Lo Low High
Commercial Biomass Conversion
Technology Development High M ed Low High * High ! High i Med
50 Low | Med High 1 High High High Med
on-bio Renewables Conversio
Technology Development High M ed Low High High High Med
clal Acceptance High M ed Med 1 High High High Low
Nuclear Power
Technology Development Med | M ed Low = Low Med High b High b High i Med
Soclal Acceptance Lo M ed High b High h High 1 High Med Med Med
CCS |under climate policy only)
Technology Development Med | M ed Med Iigh " ligh ! |igh ) High
social Acceptance Lo M ed M ed High Med M ed Med

K. Riahi et al. / Global Environmental Change 42 (2017) 153-168




4: Qualitative assumptions for Lanske change dynamics

S5P1

SSP2

S5P3

S5P4a

S5P5

Land use is strongly
regulated, e.g. tropical
deforestation rates are
strongly reduced. Crop
yields are rapidly
increasing in low- and
medium-income
regions, leading to a
faster catching-up with
high income countries.
Healthy diets with low
animal-calorie shares
and low waste prevail.
In an open, globalized
economy, food is
traded internationally.

Land use change is
incompletely
regulated, i.e. tropical
deforestation
continues, although at
slowly declining rates
over time. Rates of
crop yield increase
decline slowly over
time, but low-income
regions catch up to a
certain extent. Caloric
consumption and
animal calorie shares
converge towards
medium levels.
International trade
remains to large
extent regionalised.

and use changei
hardly regulated,
i.e. tropical
deforestation
continues at current

Fates. Rates of crop
ield increase
decline strongly

over time, due to
little investment.
e rich counthe
are characterized by
unhealthy diets

shares wasteful
treatment of food,
risk of hunger
remains high in
many poor
countries. A

i world
gads to reduced
trade flows.

Land use change is
strongly regulated in
high income countries,
but tropical
deforestation still
ocCcurs in poor
countries. High income <
countries achieve high
crop yield increases,
while low income <
countries remain
relatively unproductive
in agriculture. Caloric
consumption and

animal calorie shares
converge towards
medium levels. Food
trade is globalized, but
access to markets is
limited in poor

countries, increasing
vulnerability for non-
connected population

Eroups. K. Riahi et a

incompletely
regulated, i.e. tropical
deforestation
continues, although at
slowly declining rates
re rapidly increasin
ith
high animal shares
d high wast
prevail. Barriers to
international trade are
strongly reduced, and
strong globalization
als to high levelso
ioternational trade.
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Demographic drivers
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Economialrivers
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STEP 1 Design of tharratives providing the fundamental underlying logic for each SSP, focusing also on those
elements of socioeconomic change that often cannot be covered by formal models
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STEP 3 Elaboration of the basic elements of the SSPs in teder®adraphic and economic driverssing
guantitative models.

STEP daboration of developments in the energy system,

land use and greenhouse gas and air pollutant emissions of the
SSP baseline scenariasing a set of Integrated Assessment
Models (IAMs)

STEP 5 Elaboration of these elements by IAMs fogE8 mitigation scenarios



How do Integrated Assessment Models work?

Economy Economic
GDP Outcomes
[r—
b - |
Population Energy system Emissions
. . :
: " |
33 Policies [ Land system | . Energy
Othef Climate ' Land use
assumptlons

CarbonBrief



|IAM models as used for the development of the SSP scenal

Model name (hosting
institution)

AIM/CGE
(NIES)

GCAM
(PNNL)

IMAGE
(PBL)

MESSAGELOBIOM
(IIASA)

REMINEMAgPIE
(PIK)

WITCHGLOBIOM
(FEEM)

SSP Marker

SSP3
(Fujimori et al.,201p6

SSP4
(Calvin et al., 2016

SSP1
(van Vuuren et al.,2006

SSP2
(Fricko et al.,201%

SSP5
(Kriegler et al.,201%6

SSP coverage (# of scenarios Model category

SSP1, SSP2, SSP3, SSP4, S!

(22 scenarios)

SSP1, SSP2, SSP3, SSP4, S!

(20 scenarios)

SSP1, SSP2, SSP3,
(13 scenarios)

SSP1, SSP2, SSP3,
(13 scenarios)

SSP1, SSP2, SSP5,
(14 scenarios)

SSP1, SSP2, SSP3, SSP4, S!

(23 scenarios)

Solution Algorithm

General equilibrium (GE) Recursive dynamic

Partial equilibrium (PE) Recursive dynamic

Hybrid
(systems dynamic model Recursive dynamic
and GE for agriculture)

Hybrid

(systems engineering Intertemporal
partial equilibrium modelsoptimization
linked to aggregated GE)

Intertemporal

General equilibrium (GE) optimization

Intertemporal

General equilibrium (GE) optimization

K. Riahi et al. / Global Environmental Change 42 (2017) 153-168


https://www.sciencedirect.com/science/article/pii/S0959378016300681#bib0070
https://www.sciencedirect.com/science/article/pii/S0959378016300681#bib0020
https://www.sciencedirect.com/science/article/pii/S0959378016300681#bib0270
https://www.sciencedirect.com/science/article/pii/S0959378016300681#bib0065
https://www.sciencedirect.com/science/article/pii/S0959378016300681#bib0115
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