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• 1960-2016 (historical)

• 2000-2020 (current)

• 2020-2100 (future)

• “Grand challenges”…

Overview



Key changes in emissions (1960-2016)



Emissions growth has been flat for the last three years, perhaps ending a long period of near continuous growth
Emissions from land-use change have no significant trend, but are a declining share of the total emissions. 

Estimates of fossil fuel and industry emissions are preliminary 2017 estimates. Land-use change is from 2016 and is to be updated. 

Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016

Three years with near-zero growth!

2017 data
(preliminary)

2016 data
(to be updated)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


CO2 emissions a record high, so expect record high increase in CO2 concentrations (plus El Niño)
How many years would it take to verify flat CO2 emissions in atmospheric measurements?

Source: Peters (2017), Can we trust emission statistics?

Are the emissions data bogus? (no)

http://www.cicero.uio.no/no/posts/klima/can-we-trust-emission-statistics


Key changes in emissions (2000-2020)



Declines in some countries are currently balanced by increases in others
Positive progress in China, US, EU, offset by increases in India and Rest of the World

Source: Global Carbon Budget (2017, unpublished), Peters (2017) Who is winning the emissions tug-of-war?

What is behind the sudden change?

http://www.cicero.uio.no/no/posts/ciceroblogs/who-is-winning-the-emissions-tug-of-war


The unexpected declines in coal and levelling of cement are offset by continued growth in oil and gas
Coal and cement are on the decline, while oil and gas march ahead

Source: Global Carbon Budget (2017, unpublished), Peters (2017) Who is winning the emissions tug-of-war?

The fossil fuel tug-of-war

http://www.cicero.uio.no/no/posts/ciceroblogs/who-is-winning-the-emissions-tug-of-war


Rapid (relative) growth in solar and wind reaches the headlines, but offset by (relative) small changes in fossil fuels

Source: BP 2017; Jackson et al 2015; Global Carbon Budget 2016

Solar & wind are helping (a little)

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://dx.doi.org/10.1038/nclimate2892
http://www.globalcarbonproject.org/carbonbudget/


What is causing emissions to change in each country?

Tracking Progress (2000-2020)





Focus on too many moving parts makes it difficult to attribute drivers of change
We instead perform a nested analysis, slowly digging deeper where needed

Source: Peters et al 2017

Nested structure of key indicators

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html


Using annual growth rates (% per year)

ΔCO2 = ΔGDP + Δ(Energy Intensity) + Δ(Carbon Intensity)

ΔCO2 = ΔGDP + Δ(E/GDP) + Δ(CO2/E) + Δinteractions

Kaya Identity

Source: Peters et al 2017

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html


CO2 emissions growth (black) slowing due to:
Slower GDP growth (green), renewed improvements in efficiency (purple), & renewable energy (orange)

All data is smoothed with a 11 year window. Source: Peters et al 2017

China: earlier peak?

Earlier peak in emissions if: 
• Faster declines in intensity
• Slower GDP growth  
• Combination of both

China may have peaked already

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html


CO2 emissions growth (black) slowing due to:
Slower GDP growth (green), coal to gas (orange) & renewable energy (orange)

All data is smoothed with a 11 year window. Source: Peters et al 2017

United States of America: Trump?

US needs to lock in gains:
• Risk with stronger GDP
• Economics of gas & 

renewables may win

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html


CO2 emissions growth (black) slowing due to:
Slower GDP growth (green), continued improvements in efficiency (purple) & renewable energy (orange)

All data is smoothed with a 11 year window. Source: Peters et al 2017

European Union: Remains a leader?

EU can accelerate gains:
• Risk with stronger GDP
• Strengthen policies driving 

efficiency, renewables

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html


CO2 emissions growth (black) growing due to:
Strong GDP growth (green), low improvements in efficiency (purple)

All data is smoothed with a 11 year window. Source: Peters et al 2017

India: Can rapid growth be avoided?

Uncertainties:
• Coal expansion
• Renewables growth

2017 may be a one-off decline!

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html


What is needed for (well below) 2°C?



IPCC assessed about 1200 scenarios, and about 120 different 2°C scenarios!
Emission pledges (NDCs) still a long way from a 2°C pathway…

Light lines: The IPCC Fifth Assessment Report assessed about 1200 scenarios using Integrated Assessment Models (IAMs)

Dark lines: Detailed climate modelling was done on four Representative Concentration Pathways (RCPs)

Source: Fuss et al 2014; CDIAC; IIASA AR5 Scenario Database; Global Carbon Budget 2016

Increased ambition to stay below 2°C

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://tntcat.iiasa.ac.at/AR5DB/dsd?Action=htmlpage&page=about
http://www.globalcarbonproject.org/carbonbudget/


We have had great success in solar and wind, and largely consistent with scenarios (IPCC)
Scenarios indicate the path to 2°C requires large scale bioenergy and CCS (with little progress)

Source: Peters et al 2017, Based on IIASA AR5 Scenario Database

Signs of progress?

http://www.nature.com/nclimate/journal/v7/n2/full/nclimate3202.html
https://tntcat.iiasa.ac.at/AR5DB/dsd?Action=htmlpage&page=about


Light lines: The IPCC Fifth Assessment Report assessed about 1200 scenarios using Integrated Assessment Models (IAMs)

Dark lines: Detailed climate modelling was done on four Representative Concentration Pathways (RCPs)

Source: Fuss et al 2014; CDIAC; IIASA AR5 Scenario Database; Global Carbon Budget 2016

Goodbye to the old? 

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://tntcat.iiasa.ac.at/AR5DB/dsd?Action=htmlpage&page=about
http://www.globalcarbonproject.org/carbonbudget/


In the lead up to the IPCC’s Sixth Assessment Report new scenarios have been developed to more systematically
explore key uncertainties in future socioeconomic developments

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Shared Socioeconomic Pathways (SSPs)

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Each SSP represents a different hypothetical “world”
Each world has different baselines and challenges to mitigation and adaptation

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Shared Socioeconomic Pathways (SSPs)

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Viewing the all the scenarios on one figure is easier, but hides many of the important features of SSPs
Several SSP realisations are taken forward as SSP-RCP combinations for CMIP6

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Shared Socioeconomic Pathways (SSPs)

No climate policy 
baselines

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Viewing the all the scenarios on one figure is easier, but hides many of the important features of SSPs
Several SSP realisations are taken forward as SSP-RCP combinations for CMIP6

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Shared Socioeconomic Pathways (SSPs)

Tier 1

Tier 1

Tier 1

Tier 1

Tier 2

Tier 2

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


2°C scenarios have rapid declines in CO2 emissions over the century, leading to net negative emissions (removing 
carbon from the atmosphere)

Fossil fuel & industry CO2

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


According to scenarios, most mitigation occurs by decarbonising the energy system (as opposed to energy efficiency)

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Carbon intensity (CO2/Energy)

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Bioenergy may be as high as 500EJ/yr in 2100, cycling about 50GtCO2/yr biogenic carbon into the atmosphere
Crop areas could use 250-1500 million hectares (India is 330 million hectares)

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Bioenergy (exajoules)

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Carbon Capture & Storage (CCS) could be as high as 50GtCO2/yr in 2100, with more potential for leaks at scale

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Carbon capture and storage

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Bioenergy with CCS could be up to 40GtCO2/yr in 2100, & net negative 20GtCO2/yr putting pressure on CO2 cycle

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation. 

Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016

Bioenergy with CCS

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/


Grand challenges



Should we focus on where the uncertainties are largest?

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013; 

Le Quéré et al 2016; Global Carbon Budget 2016

The Grand Uncertainties

Δ=1.8GtCO2

Δ=±1σ

Δ=1.8GtCO2

Δ=1.8GtCO2

Δ=3.3GtCO2

Δ=0.4GtCO2

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://www.atmos-chem-phys.net/13/2793/2013/acp-13-2793-2013.html
http://www.biogeosciences-discuss.net/9/8931/2012/bgd-9-8931-2012.html
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


The Grand Challenges

“Careful” bookkeeping

Mean +
Variability

Mean +
Variability
Interplay

When can we verify?

Bioenergy: 
1-4 India’s

CCS: leaks?

CO2 Removal
(net negative CO2)
(BECCS, AF, soil, …)

Solar Radiation Mngt
(CO2 implications)
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