How warm will it get? A closer
look Into the future

CO, emissons and future climate
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During the last glacial cycles CO, levels varied between
180 ppm and 280 ppm
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— IPCC: ‘Continued emissions of greenhouse gases will cause further warming and
€ changes in all components of the climate system. Limiting climate change will
= require substantial and sustained reductions of greenhouse gas emissions.’
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Presentation Notes
The atmospheric CO2 concentration in 2014 was 43% above the concentration at the start of the Industrial Revolution (about 277 ppm in 1750). The present CO2 concentration is the highest during at least the last 800,000 years.


GLOBAL CARBON

erosecT  http://www.globalcarbonatlas.org/?g=en/outreach

CARBON STORY

The Global Carbon Project is a scientific program that aims to draw a
complete picture of the carbon cycle on planet Earth.
Take a short tour of our carbon story.
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hnd the human impact on the carbon dioxide is emitted would choose for your future
bon in the atmosphere
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Total global emissions by source

Land-use change was the dominant source of annual CO, emissions until around 1950
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Presenter
Presentation Notes
Emissions of CO2 from deforestation arise mostly from the burning of trees and other vegetation in tropical forests cleared for agricultural use. 
1 Gigatonne (Gt) = 1 billion tonnes = 1×1015g = 1 Petagram (Pg), 1 kg carbon (C) = 3.664 kg carbon dioxide (CO2), 1 GtC = 3.664 billion tonnes CO2 = 3.664 GtCO2

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/
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crosac carson  Anthropogenic perturbation of the global carbon cycle
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Global carbon dioxide budget
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44 % atmosphere, 30 % biosphere (land), 26 % ocean



ctosaL carson TOP four fossil fuel emitters

PROJECT

The top four emitters in 2014 covered 59% of global emissions
China (27%), United States (15%), EU28 (10%), India (7%)

Data: CDIAC/GCP
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

crosaL carson  TOP fossil fuel emitters (per capita)

PROJECT

Countries have a broad range of per capita emissions reflecting their national circumstances
China’s per capita emissions have passed the EU28 and are 43% above the global average
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/
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cLosaL carson Historical cumulative emissions by country

PROJECT

Cumulative emissions from fossil-fuel and cement were distributed (1870-2014):
USA (26%), EU28 (23%), China (12%), and India (3%) covering 64% of the total share
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Cumulative emissions (1990-2014) were distributed : USA (20%), China (19%), EU28 (15%), India (5%)

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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Presentation Notes
The cumulative carbon emissions are the sum of the total CO2 emitted during a given period of time

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/
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Flows from location of generation of emissions to location
of consumption of goods and services
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! exporters flows shown

L
-1000 -500 0 500 1000 in MtCO,

-;1'.-‘.-:@‘ - -
o
importers .

Values for 2011. EU is treated as one region. Units: MtCO,
Source: Peters et al 2012
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Presentation Notes
Consumption-based emissions allocate emissions to where goods and services are consumed, not where they are produced and emissions released.

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html

Allocating emissions to the consumption of goods and services
provides an alternative perspective on emission drivers
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http://dx.doi.org/10.5194/essd-7-349-2015
http://www.pnas.org/content/108/21/8903
http://www.globalcarbonproject.org/

cLosaL carson EmIssions from the countries participating in this course
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What will the future
climate look like?

My HOBBY: EXTRAPOLATING

AS YOU CAN SEE, BY LATE
NEXT MONTH YOU'LL HAVE
OVER FOUR DOZEN HUSBANDS,
BETTER GET A

BULK RATE QN
WEDDING CAKE.
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Observed emissions and future emissions scenarios

High emissions leading
to dangerous warming
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Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
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Presentation Notes
Large and sustained mitigation is required to keep below 2ºC. RCP2.6 is a new scenario and relevant for the 2-degree target. Long-term scenarios of emissions or atmospheric concentrations are designed to represent a range of plausible future trajectories as input for climate change research.
The emission pledges submitted to the Paris climate summit avoid the worst effects of climate change (red), most studies suggest a likely temperature increase of about  3°C (brown) 



Projections of global mean sea level rise over the 21th
century show that sea levels will continue to increase

Mean over
2081-2100
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Figure © IPCC 2013
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Presentation Notes
The global ocean will continue to warm during the 21st century. Heat will penetrate from the surface to the deep ocean and affect ocean circulation. Figure SPM.9 | Projections of global mean sea level rise over the 21st century relative to 1986–2005 from the combination of the CMIP5 ensemble with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The assessed likely ranges for the mean over the period 2081–2100 for all RCP scenarios are given as coloured vertical bars, with the corresponding median value given as a horizontal line. For further technical details see the Technical Summary Supplementary Material {Table 13.5, Figures 13.10 and 13.11; Figures TS.21 and TS.22}


The models predicts that the Arctic can become
ice free in 2050

Mean over
2081-2100 =

== CMIP5 multi-model
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Figure SPM.7, Panel b
RCP8.5: The models show that the Arctic will become Ice Free in September in 2050 
Complete caption of Figure SPM.7:
Figure SPM.7 | CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored vertical bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty (minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20} 
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Ocean Acidification: The Other Carbon Dioxide Problem

The pH of surface ocean waters has fallen by 0.1 pH units; a 30 % increase in acidity

OCEAN ACIDIFICATION

How WILL CHANGES IN OCEAN CO; absorbed from the atmosphere
CHEMISTRY AFFECT MARIMNE LIFE?

%, 1= a
% :
" e =
CO; + HO + CO; = 2HCO;
o » 4 ¢
carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification

Sou rce: NOAA PM EL Ca rbon Progra m OCICERO Senter for klimaforskning ~ www.cicero.uio.no
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Presentation Notes
Since the beginning of the Industrial Revolution, the pH of surface ocean waters has fallen by 0.1 pH units. Since the pH scale is logarithmic, this change represents approximately a 30 % increase in acidity. When carbon dioxide (CO2) is absorbed by seawater, chemical reactions occur that reduce seawater pH, carbonate ion concentration, and saturation states of biologically important calcium carbonate minerals
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By the end of this century the surface waters of the ocean
could be nearly 150 % more acidic (business as usual)
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Presentation Notes
Figure SPM.7, Panel c. resulting in a pH that the oceans haven’t experienced for more than 20 million years.

Complete caption of Figure SPM.7:
Figure SPM.7 | CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored vertical bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty (minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20} 
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There is a large difference between the ‘two worlds’

RCP 2.6 RCP 8.5
(a) Change in average surface temperature (1986-2005 to 2081-2100)
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Figure SPM.8, Panels a and b

Complete caption of Figure SPM.8:
Figure SPM.8 | Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of (a) annual mean surface temperature change, (b) average percent change in annual mean precipitation, (c) Northern Hemisphere September sea ice extent, and (d) change in ocean surface pH. Changes in panels (a), (b) and (d) are shown relative to 1986–2005. The number of CMIP5 models used to calculate the multi-model mean is indicated in the upper right corner of each panel. For panels (a) and (b), hatching indicates regions where the multi-model mean is small compared to natural internal variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi-model mean is large compared to natural internal variability (i.e., greater than two standard deviations of natural internal variability in 20-year means) and where at least 90% of models agree on the sign of change (see Box 12.1). In panel (c), the lines are the modelled means for 1986−2005; the filled areas are for the end of the century. The CMIP5 multi-model mean is given in white colour, the projected mean sea ice extent of a subset of models (number of models given in brackets) that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For further technical details see the Technical Summary Supplementary Material. {Figures 6.28, 12.11, 12.22, and 12.29; Figures TS.15, TS.16, TS.17, and TS.20} 


Global emissions must quickly drop to zero to hold to 2°C

Emissions per capita
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...though emissions are beginning to decline in many countries

After rising 6.7% per year for

10 ; a e 2014
" the previous decade, China's
. emissions growth slowed : _
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Climate and weather are not the same
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he winter of 2014

Norge kommer til a fa uslaelige veerrekorder: lkke en drape nedber i januar flere
steder i landet.

— Det er kjempesjeldent at vi opplever en sa stabil varsituasjon over s nrK

lang tid, sier statsmeteorolog Justyna Wodziczko om det torre varet som

sa langt har bidratt til tre alvorlige branner i Laerdal, pa Flatanger og

Froya. Astrid Rommetveit
sstrid_rommetv sit@nrk. no

= Stor brannfare langs kvsten

Publisert 30.01.2014 11.28.

(@] £]v]=]+ FES

= Les mer om det brannfarlige varet.

Donald J. Trump W Follow
@realDonald Trump

This very expensive GLOBAL WARMING bullshit has got
to stop. Our planet is freezing, record low temps,and our
GW scientists are stuck in ice

1:39 AM - 2 Jan 2014

2,020 reTweeTs 1,157 FAVORITES
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The winter of 2014
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