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Paris Agreement- where are we headed ? 
Post Paris  UN Climate Secretariat  

Aggregate effect of the INDCs (national emissions targets)

56.2 Gt CO2 eq. 

Post Paris  UN Climate Secretariat
Aggregate effect of the INDCs (national emissions 

targets)
: update  2 May 2016   

Figure 2  Comparison of global emission levels in 2025 and 2030 resulting from the implementation 
of the intended nationally determined contributions and other scenarios 

Emissions are still more at 2030.

Projected to +3°C by 2100 
which is +5°C equilibrium long after 2100
due to ocean thermal ine3tia
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2 May 2016   

Over the past 12 months of July 2015 to July 2016 atmospheric CO2 has increased by 3.5 ppm

Still accelerating unprecedented current 
rate of atmospheric CO2 increase

NOAA 16 Sept 2016 

12 month 
increase 
August 2015 to 
August 2016
3.24 ppm

From IPCC AR5  WG1 Fig SPM.5

From IPCC WG1 Figure 8.15

From IPCC WG1 Figure 8.15

Accelerating radiative (heat) forcing

Atmospheric CO2 and ocean acidification
1985- 2015 NOAA

Ocean CO2

Increasing ocean acidity correlates 
directly with increasing atmospheric 
CO2 concentration. 

‘Increasing ocean CO2 forms carbonic 
acid which lowers the pH. A one unit 
change in pH represents a 10 fold 
increase in acidity’ (Woods Hole 
Institute).

Ocean acidification has negative 
effects on all ocean species ‘from 
phytoplankton to animals’.
(IPCC AR5 WG2 SPM B.2)
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> Amplifying terrestrial carbon feedback emissions puts the RCP 1.5°C scenario at 2°C and 2C at 3C at 3C by 2100. 
(AR5 WG1 Fig.12.37, AR5 ref: High sensitivity of future global warming to land carbon cycle. 2012  B. Booth .

> UK Met Of Advance 2010. ‘For the strong mitigation case, RCP2.6, the Met Office model projects a 2100 global 
temperature rise of about 2.1°C by 2050’  (UK Met Office).

PERMAFROST FEEDBACK
‘none of these models accounts for
decomposition of carbon
in permafrost’ (AR5 WG1 T.5.5.5).

Amplifying feedback emissions at 1.5°C 

UK Met Office 2010,  Advance

1.5°C with amplifying land feedback is 2°C (by 2100)
2°C with amplifying land feedback is 3°C (2100)
More with permafrost feedback 0.2°C-0.5°C (2100) 
(21002100 2100)(MacDougall

A1B

There is high confidence that release of 
carbon from thawing permafrost provides 
a positive feedback’ (AR5 TS 3.7).
This up to  1.69°C by 2300 for ‘all 
pathways ‘.  ‘permafrost carbon release 
could lead to significant warming, even 
under less intensive emissions 
trajectories.’ A. MacDougall 2012).

> Climate change will affect carbon cycle processes in a way that 
will exacerbate the increase of CO2 in the atmosphere 
(high confidence)  (AR5 WG1 SPM E7). 

> ‘…E-driven (Earth) runs, where the temperature change for the AR5 models (by 2100) ‘ranges between 2.6°C and 
o4.7°C’ (AR5 WG1 12.4.8.1).  i.e. 1.6°C for RCP2.6 by 2100
> ‘There is high agreement that tropical ecosystems will store less carbon in a warmer climate’ (AR5 TS 5.5.5) .

TERRESTRIAL FEEDBACK: 
Amplifying carbon feedback emissions increases 
RCP projections at 1.5°C. 
For the RCPs, ‘the carbon cycle climate feedback uncertainty
is not included ‘(AR5 WG1 12.4.1.2). After 2100 feedback emissions from multiple 

enormous carbon pools will increase much more
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High sensitivity of future global warming to 
land carbon cycle. 2012  B. Booth .

2.2°C

AR5 WG1 Fig 12.7
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‘Future (A1B) global mean temperatures associated with atmospheric  
carbon cycle uncertainties’ (AR5)

Significant contribution to climate warming  
from the permafrost carbon feedback  2012  
A. Macdougall

This applies even at low emissions scenarios

Permafrost 

Land

Land

EXPLOSIVE

ACCELERATING

The record 2015 atmospheric CO2 is a 
record annual increase, at 3 X the annual 
rate of increase for the 1960S 
‘The rate of growth in carbon
dioxide concentrations in
the atmosphere has 
accelerated. The rate has gone 
from 0.75 parts per million 
(ppm)/yr in 1959 to about 
2.25ppm/yr today.
(Scripps  march 2016 

‘Carbon dioxide levels are 
increasing faster than they have in 
hundreds of thousands of years. 
It’s explosive compared to natural 
processes.’ (Pieter Tans, leader of 
NOAA’s Global Greenhouse Gas 
Reference Network). 

2015 is the fourth consecutive >2ppm year.

Atmospheric CO2 
Scripps

16th Sept 2016

Accelerating ocean heating 
means trouble for the ocean carbon sink

Ocean heating is presently accelerating, particularly the heat that is going deeper.

Warmer water absorbs less CO2 from the air. 

Annual global mean upper ocean heat content 

IPCC AR5 WG1 Fig 3.1.3.2 
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Methane CH4 
250% increase

in the atmospheric methane (CH4) burden since
pre-industrial times 

‘The increase of 9.2 ± 0.9 ppb from 2013 to 
2014 is larger than the CH4 growth rate in 
other recent years.’

Nitrous oxide N2O
‘The average N2O growth rate since 2010 of 0.95 ppb 

yr−1 is higher than the 0.75 ppb yr−1 average 
over the previous decade’.

Carbon dioxide CO2
‘The global growth rate of CO2 has risen 
from 0.6 ± 0.1 ppm yr−1 in the early 1960s to an average 
of 2.0 ± 0.1 ppm yr−1 during the past 10 years.

Methane CH4

Nitrous oxide N2O

Fig. 2.40. 

Carbon dioxide CO2

Nitrous oxide N2O

Methane CH4

Atmospheric GHG concentrations 
BAMS August  2016 

Recent decades: atmospheric GHGs are 
increasing faster than ever

Atmospheric CO2 problem 
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NOAA   14 Sept 2016 Mauna Loa
401.74 ppm

Fossil fuel CO2 emissions have 
not increased from 2014 (IEA)

Gt
35
30

Atmospheric CO2 is accelerating faster than 
ever since 2014.
This is attributed to an increase  in Far East 
fires with CO2 accumulation.
The C13/12 ratio indicates a matching 
increasing fossil fuel CO2. 
Could this be a warning of carbon sink 
failure?

The policy relevance of atmospheric greenhouse gas concentrations and trends 

IPPCC AR5 WG3 Fig SPM 4 (RCP 2.6 highlighted)

CO2 equivalent emissions and concentrations includes methane and nitrous oxide.
The only scenario not going above 2.0°C is the best case RCP 2.6
CO2 eq. emissions reach zero for RCP 2.6.
At 2100 RCP 2.6 is +1.6°C mean

Zero emissions

IPCC AR5 GHG emissions and concentrations 

430-480 CO2 eq. ppm

RCP 2.6

800,000 years 800,000 years800,000 years1950-2015 1950-20151950-2015

Accelerating since 1950 

800,000 yr. maximum

350 ppm for climate 
& ocean stability 

800,000 yr. maximum

Accelerating since 1950 
800,000 yr. maximum

Renewed sustained 
post 2007 increase

* You would have to go back at least 15 million years to find carbon dioxide levels on Earth as high as they are today. (A. Tripati, 2009)

A 40-million-year history of atmospheric CO2. (Yi Ge Zhang, 2013)

Long past record of atmospheric GHGs

US EPA April 2016

Increased 254%

*

IPCC AR4 WG1 -TS.2. (2016 update)

Past 10,000 years
800,000 years

CO2 
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Heat 
forcing
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Extreme abrupt unprecedented 
radiative (heat) forcing 

Radiative (heat) forcing correlates 
directly with atmospheric GHG 
concentrations. 

• All three atmospheric GHGs are far higher than their 800,000 year maximum. 
• CO2 and nitrous oxide are still accelerating higher.
• Methane has increased 254% since industrialization WMO, 2015). 
• CO2 is at a 15-20* million year high, increasing at an unprecedented rate. 
• This accelerating increase continues to this day despite no fossil CO2 

emissions increase from 2014.

Carbon dioxide CO2                                               Methane CH4                                    Nitrous oxide N2O

+3.24 

ppm 

‘Extensive tree mortality and widespread forest dieback (high mortality rates at a regional scale) linked to drought and 
temperature stress have been documented recently on all vegetated continents. Long-term increasing tree mortality 
rates associated with temperature increases and drought have been documented in boreal and temperate forests in 
western North America. Episodes of widespread die-back have been observed in multiple vegetation types, particularly 
in western North America, Australia, and southern Europe.’ (AR5 WG2 Box 4.2, Fig 4.7)

IPCC AR5 WG2 
Figure 4-7 | 
substantial 
drought- and 
heat-induced 
tree mortality 
around the globe 
since 1970 

Extensive tree mortality and widespread forest dieback 

Terrestrial carbon sink in trouble

MODIS 6 Sept 2016
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Atmospheric CH4 problem 
Methane ppb  is 255% higher (AR5 WG1). The post 2007 renewed methane 
increase (see a, b) is attributed to subarctic wetland (feedback) in 2007 (see Boreal 
CH4 flux c below), tropical wetlands (feedback), and N. Hemisphere fossil fuels 
(natural gas fracking). C13/12 indicates fossil fuels. All sources of methane 
emissions are increasing since 2000 (NASA d below), particularly natural gas. The 
highest ever methane level was over Oklahoma at 2115 ppb (fracking). Off west 
Ireland it is high at 1915 ppb, with a big 2016 jump to 1965 ppb (?hydrate). Arctic 
methane is normally highest, being 1930 ppb over Svalbard. Satellite methane 
shows very large methane emissions over Asian rice 
paddies and Africa biomass burning.

Off west coast Ireland
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Post 2007 increase

CH4 Flux 2010 
NOAA

Boreal CH4 flux

NOAA Carbon Tracker

2115 ppb

Accelerating* Ocean acidity
* WMO 2015

Acidity, the inverse of pH
times a factor of 10 (Woods Hole Institute 
OA page), is clearly accelerating

G Cripps 2014 … 
underestimating the 
effects of ocean 
acidification in 
zooplankton
S. Minor 2016 Ocean 
warming &
acidification impacts 
calcareous 
phytoplankton & 
reduces its ability to 
sequester atmospheric 
CO2
Ocean acidification 
may cause dramatic 
changes to 
phytoplankton

Big trouble at sea 

CO2 emissions have a lifetime of 100,000 years, taking 1000 yrs. to drop 80% 

(AR5 WG1). 

Atmospheric GHG commitment due to CO2 atmospheric persistence is 2.0°C 

(WG1 12.5.4.2.) 

Carbon feedback emissions increase, (CO2, CH4),  global surface  warming, 

ocean heating, future commitment and ocean acidification 

Conclusion 

The unprecedented current concentration of GHGs, rate of 

increase of the GHGs (accelerating), ocean heat, and ocean 

acidification (also accelerating) make the climate and 

oceans planetary emergency definite. This obviously re-

quires the best-case IPCC AR5 scenario (RCP2.6), which is 

immediate peaking to a rapid decline of GHG emissions 

aimed for near zero at an emergency rate.  

 

Atmospheric scientists are in the best position to recom-

mend this mitigation.  
 

Pressing unprecedented atmospheric GHG policy problems 

The UN Paris Agreement and 2 May 2016 Update lead to higher GHG emissions by 2030,  

the opposite of IPCC AR5 mitigation emissions. Under Paris, global GHG emissions will be higher by 2030. 

There is no science position on what constitutes a dangerous concentration of GHGs (or CO2 eq.), despite the 1992 UN climate change convention requiring a safe limit of atmospheric GHG concentrations as the CO2 equivalent (not, in fact, a global warming lim-
it).  Only the combined atmospheric GHG concentration gives us the radiative (heat) forcing, from which we can determine the total climate system heat and rate of heating. This accounts for ocean heat and future committed (locked-in) global warming. The 
combined atmospheric GHG concentrations and the atmospheric CO2 (ocean acidification) is the most policy-relevant, science-established parameter for climate and oceans. 

The 1996 EU 2.0°C equilibrium warming policy limit is not a limit determined by science. The 2010-2014 UN SED (Structured Expert Dialogue) showed that 2.0°C is far too dangerous, and this is recognized in the Paris Agreement (‘pursuing efforts to limit the tem-
perature increase to 1.5°C above pre-industrial levels, recognizing that this would significantly reduce the risks and impacts of climate change,’ Paris Agreement Article 2). To stabilize global temperature and ocean acidification, atmospheric concentrations of all 
three main GHGs must be stabilized, which can only happen if they are ‘about zero.’ (‘… require substantial emissions reductions over the next few decades and near zero emissions of carbon dioxide and other long-lived greenhouse gases,’ ( AR5 SYN HeadLine). 
 

Pressing unprecedented atmospheric GHG Earth science problems   
Atmospheric CO2 is at a 20 million year high (Yi Ge Zhang, 2013). CO2eq, is at 485 ppm.  

Its ‘dramatic unprecedented’ high rate (IPCC 2007 AR4) of increase is surging, with no increase in fossil fuel CO2 emissions from 2014 — why ? 

Atmospheric methane at 255% higher since 1850 is increasing rapidly again since 2007 — why/ 

Triggering runaway amplifying carbon feedback emissions is the worst risk, high even with best-case emissions, but not included in IPCC AR5 temperature increase or mitigation projections. 

CO2-caused OCEAN ACIDIFICATION, at a 20 million year high and 300 million year high increase rate, is accelerating (WMO 2016), has synergy with ocean heat, and has adverse impacts.  

Under the best-scenario, ocean warming is increasing at 2100 and acidification until 2040-2050. 

Declining efficiency of CO2 sinks 
The declining uptake rate of atmospheric CO2  by land and ocean sinks 

M.Raupach, M. Gloor, J. Sarmiento, J. Canadell, T. Frölicher,   T. 

Gasser, R. Houghton, C. Le Quéré, and C.. Trudinger  

2014, Biogeosciences 
 

Through 1959-2012, an airborne fraction (AF) of 0.44 of total an-

thropogenic CO2 emissions remained in the atmosphere, with the 

rest being taken up by land and ocean CO2 sinks.’ 

The CO2 sink rate (kS) here is ‘the combined land - ocean CO2 sink 

flux per unit excess atmospheric CO2 above preindustrial levels.’ 

‘Here we show from observations that kS declined over 1959-2012  

‘Carbon Dioxide from Fossil Fuel Combustion
From the NOAA Carbon Tracker video that ‘shows the accumulation of carbon dioxide (CO2) in the atmosphere from 
the burning of coal, oil, and natural gas (fossil fuels) over a two-year time period (2011-2012). Large emitters such as 
Eastern Asia, Western Europe, and the North East of North America stand out. By the end of 2012, the entire 
Northern Hemisphere is red, illustrating a total accumulation of about 9 to 10 ppm of CO2.’

CO2 emissions are highly persistent and cumulative in the atmosphere. The full atmospheric lifetime of CO2 is 
100,000 years and it takes 1000 years for 80% of the CO2 to be removed.

26 Dec 2011 26 Dec 2012

Rapid atmospheric accumulation of CO2

IPCC AR5 WG1 Box 6.1 Fig 1

‘The removal of all human-emitted CO2 from the atmosphere by 
natural processes will take a few hundred thousand years (high 
confidence)’.

Atmospheric GHGs—radiative forcing 

Atmospheric CO2 

Atmospheric CH4 

Ocean Acidification 


