
Emission Scenarios  

1) Karolina Kamińska 2) Md Ahasanul Islam Hasan
3) Alicja Jankowska 4) Barbara Madej 5) Andrea Romero

climate change 3/12/2020



1. Introduction
2. Special Report on Emissions Scenarios (SRES)
3. Representative Concentration Pathway (RCP)
4. Shared Socioeconomic Pathways (SSPs) 
5. Emissions Gap Report 2019
6. Global Carbon Budget 2019
7. Comparison of scenarios
8. Summary and discussion



Introduction



What are 
emission 

scenarios?

Possible pathways that society might 
take in the emission of greenhouse 
gases in the future.

IPCC released first emission scenarios 
in 1992, which were considered 
pathbreaking.



Consecutive versions of scenarios have been released and the following were 
introduced: SRES (Special Report on Emissions Scenarios), RCPs (Representative 
Concentration Pathways), SSPs (Shared Socioeconomic Pathways).

Driving forces of scenarios:
-   Population growth
-   Energy use changes
-   Economic development
-   Technological development and
-   Land use change



Why do we need scenarios?
Different assumptions in various places of the world make it hard to compare and 
validate models.

State of the world depends mainly on the amount of emissions that we are about to 
produce between 2000 and 2100, not on the previous data used in regular climate 
models.

Great amount of computer power needed for conventional models.

Scenarios help to define and interpret the infinite number of possibilities to describe 
future emissions.



Special Report on 
Emissions Scenarios 
(SRES)



The main characteristics of the four SRES storylines and scenario families



Overview of main primary driving forces

Technological change is not quantified in the table.



Global CO2 emissions related to energy and industry



Global CO2 emissions related to land-use changes



Total global annual CO2 emissions from all sources



Total global cumulative CO2 emissions (GtC)



Representative 
Concentration Pathway 
(RCP)



Introduction and information regarding 
RCP

● What is RCP
● RCP calculation



Emission Categories



RCPs & Resulations



RCP Emission Trajectories



RCP vs Population & GDP



● Pathways of RCP
● Purpose for RCP model use
● Improvements over SRES 



Overview of RCP development process with Products : 



● Four Representative concentration pathways (RCPs)
● RCP-based climate model ensembles and pattern scaling
● New IAM scenarios
● Global narrative storylines
● Integrated scenarios



Shared Socioeconomic 
Pathways (SSPs)



Introduction
Shared Socioeconomic Pathways are:

● 5 scenarios of socioeconomic 
global changes in XXI century

● complementary with RCP 
scenarios

● going to be published in IPCC 
Sixth Assessment Report on 
Climate Change in 2021



Methodology
Key scenarios drivers:

● population
● urbanization
● economic growth (GDP per capita)

Also:

● education
● rate of technological development
● resources availability

Models used:

● Multi-model approach - using IAMs 
(Integrated Assessment Models) and 
MAGICC-6



Pathways





Future scenarios for population and economic growth



Baseline CO2 emissions and warming



Global energy use changes

SSP2

SSP1
SSP4



Emissions Gap Report 
2019

United Nations, 2019



Emission Gap 
Emissions gap: The difference between 

the greenhouse gas emission levels 

consistent with a specific probability of 

limiting the mean global temperature 

rise to below 2°C or 1.5°C in 2100 

above pre-industrial levels and the GHG 

emission levels consistent with the 

global effect of the NDCs, assuming full 

implementation from 2020.



Summary of the report
Countries collectively failed to stop the growth in global 

GHG emissions, meaning that deeper and faster cuts 

are now required. However, a number of encouraging 

developments have taken place and the political focus on 

the climate crisis is growing in several countries, with 

voters and protestors, particularly youth, making it 

clear that it is their number one issue. In addition, the 

technologies for rapid and cost-effective emission 

reductions have improved significantly.



Average annual growth rates of key drivers of global 
CO2 emissions

OECD: Organisation for 
Economic Co-operation and 
Development

Member of OECD 37 
countries, such as: Canada, 
Mexico, Poland, Spain, 
Turkey, United States, 
Germany, and United 
Kingdom.



GHG emissions continue 
to rise, despite scientific 
warnings and political
commitments.



Facts and figures
● GHG emissions have risen at a rate of 1.5% per year in the last decade, 

stabilizing only briefly between 2014 and 2016. Total GHG emissions, 

including from land-use change, reached a record high of 55.3 GtCO2e in 2018.

● Fossil CO2 emissions from energy use and industry, which dominate total GHG 

emissions, grew 2.0% in 2018, reaching a record 37.5 GtCO2 per year.

● By 2030, emissions would need to be 25% and 55% lower than in 2018 to put 

the world on the least-cost pathway to limiting global warming to below 2°C 

and 1.5°C respectively.



How much is 55.3 GtCO2e?

Source: EPA

GHG emissions from: CO2 emissions from:

GHG emissions avoided by:



Top greenhouse gas emitters



Global GHG 
emissions 
under 
different 
scenarios and 
the emissions 
gap by 2030



Current opportunities with ambitious climate
actions and targets - European Union
➔ Adjust the framework and policies to enable 100% carbon-free electricity 

supply by between 2040 and 2050.
➔ Step up efforts to phase out coal-fired plants.
➔ Define a strategy for zero-emission industrial processes.
➔ Ban the sale of internal combustion engine cars and buses and/or set targets to 

move towards 100% of new car and bus sales being zero-carbon vehicles in the 
coming decades.

➔ Shift towards increased use of public transport in line with the most ambitious 
Member States.



Changes in global levelized cost of energy for key 
renewable energy technologies, 2010-2018



Global Carbon Budget 
2019

Friedlingstein et al, 2019
Copernicus Publications



Introduction
The atmospheric CO2 increase above 

pre-industrial levels was, initially, primarily 

caused by the release of carbon to the atmosphere 

from deforestation and other land use change 

activities.

While emissions from fossil fuels started before 

the Industrial Era, they only became the dominant 

source of anthropogenic emissions to the 

atmosphere from around 1950 and their relative 

share has continued to increase until present.

Surface average atmospheric CO2 
concentration (ppm)



Importance
Accurate assessment of anthropogenic 

carbon dioxide (CO2) emissions and 

their redistribution among the 

atmosphere, ocean, and terrestrial 

biosphere – the “global carbon budget” 

– is important to better understand the 

global carbon cycle, support the 

development of climate policies, and 

project future climate change. Source: Our World in Data



Method
The global carbon budget presented refers to the mean, variations, and trends in the 
perturbation of CO2 in the environment, referenced to the beginning of the 
Industrial Era (defined here as 1750). 

Variables

● CO2 emissions from human activities 

● the growth rate of atmospheric CO2 concentration, 

● resulting changes in the storage of carbon in the land 
and ocean reservoirs 



Budget imbalance components
fossil fuel combustion and 
oxidation from all energy and 
industrial processes and cement 
production.

the emissions resulting from 
deliberate human activities on 
land, including those leading to 
land use change.

the growth rate of atmospheric 
CO2 concentration.

the uptake of CO2 in the ocean.

the uptake of CO2 in the land.

budget imbalance which is a measure of the 
mismatch between the estimated emissions 
and the estimated changes in the atmosphere, 
land, and ocean, with the full global carbon 
budget as follows:



Components of the global carbon budget



Cumulative CO2 in gigatonnes of carbon (GtC)



Conclusions of the Carbon Budget
Over the last decade we have seen unprecedented 

changes in the human and biophysical environments 

(e.g. changes in the growth of fossil fuel emissions, 

Earth’s temperatures, and strength of the carbon 

sinks), which call for frequent assessments of the state 

of the planet, a better quantification of the causes of 

changes in the contemporary global carbon cycle, and 

an improved capacity to anticipate its evolution in the 

future.



Comparison



Comparison
SRES RCPs SSPs

Year of release
Released in 2000, used in 
Third and Fourth IPCC 
report.

Released in 2014, used in 
Fifth IPCC report.

Published in 2017, but about 
to be used in Sixth IPCC 
report.

General 
definition

Future storylines based 
on possible 
socio-economic change in 
the future.

Greenhouse gas 
concentration trajectories.

Scenarios of projected 
socioeconomic global 
changes up to 2100.

Number of 
scenario 
groups

Four families of storylines 
(A1, A2, B1, B2)

Originally four pathways 
(RCP2.6, RCP4.5, RCP6, 
and RCP8.5)

Five scenarios (SSP1, 
SSP2,
SSP3, SSP4, SSP5)

Probability of 
scenarios

No scenario stated to be 
more possible than the 
other.

RCP7 is a baseline outcome.
SSP2 is the reference 
scenario (Current Trends 
Continue Scenario).

Consideration 
of climate 
policies

Policies not taken into 
consideration; unrealistic 
predictions of fossil fuel 
use.

GHG mitigation policies Different climate policies 
considered in the scenarios.



Criticism
➔ Using MER (market exchange rates) instead of international dollar which 

accounts for purchasing power.

➔ Exaggerated resource availability

“Climate projections are based on emission scenarios. The emission 
scenarios used by the IPCC and by mainstream climate scientists are 
largely derived from the predicted demand for fossil fuels, and in our view 
take insufficient consideration of the constrained emissions that are likely 
due to the depletion of these fuels.”

~Wang et al, 2016



Comparison
SRES RCPs SSPs

Year of release
Released in 2000, used in 
Third and Fourth IPCC 
report.

Released in 2014, used in 
Fifth IPCC report.

Published in 2017, but about 
to be used in Sixth IPCC 
report.

General 
definition

Future storylines based 
on possible 
socio-economic change in 
the future.

Greenhouse gas 
concentration trajectories.

Scenarios of projected 
socioeconomic global 
changes up to 2100.

Number of 
scenario 
groups

Four families of storylines 
(A1, A2, B1, B2)

Originally four pathways 
(RCP2.6, RCP4.5, RCP6, 
and RCP8.5)

Five scenarios (SSP1, 
SSP2,
SSP3, SSP4, SSP5)

Probability of 
scenarios

No scenario stated to be 
more possible than the 
other.

RCP7 is a baseline outcome.
SSP2 is the reference 
scenario (Current Trends 
Continue Scenario).

Consideration 
of climate 
policies

Policies not taken into 
consideration; unrealistic 
predictions of fossil fuel 
use.

GHG mitigation policies Different climate policies 
considered in the scenarios.



Similarities

SSP1 SRES B1

- Fast technological 
development
- Low population growth
- Shifting to a more 
sustainable path and 
inclusive development
 

- Rapid economic growth
- Population rising to 9 
million and then declining
- More integrated and 
ecologically friendly world

SSP5 SRES A1F1

 - Exploitation of abundant 
fossil fuel resources
- Rapid technological 
progress and development of 
human capital
- Rapid growth of the global 
economy
- Global population peaks 
and declines in the 21st 
century

- Fossil intensive
- Rapid economic growth
- Extensive social and 
cultural interactions 
worldwide
- A global population that 
reaches 9 billion in 2050 
and then gradually declines

 



The IPPC reports (along with reports such as Emissions Gap Report and Global 
Carbon Budget) are the most state-of-art assessments available of greenhouse gas 
emissions. 

How the governments, organisations and policymakers will use the information 
provided by this powerful tool, may decide on the future state of our world.



Summary and 
discussion
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