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COMMENTARY:

The challenge to keep global
warming below 2°C

Glen P. Peters, Robbie M. Andrew, Tom Boden, Josep G. Canadell,
Philippe Ciais, Corinne Le Quéré, Gregg Marland, Michael R. Raupach and Chatrlie Wilson

The latest carbon dioxide emissions continue to track the high end of emission scenarios, makingit even
less likely global warming will stay below 2 °C. A shift toa 2°C pathway requires immediate significant
and sustained global mitigation, with a probable reliance on net negative emissions in the longer term.

O n-going climate negotiations have
recognized a “significant gap”
between the current trajectory of
global greenhouse-gas emissions and the
“likely chance of holding the increase in
global average temperature below 2 °C
or 1.5 °C above pre-industrial levels.
Here we compare recent trends in carbon
dioxide (CO,) emissions from fossil-fucl
combustion, cement production and gas
flaring with the primary emission scenarios
used by the Intergovernmental Panel on
Climate Change (IPCC). Carbon dioxide
emissions are the largest contributor tolong-
term climate change and thus provide a good.
basdline to assess progress and examine
consequences. We find that current emission
trends continue to track scenarios that
lead to the highest temperature increases.
Further delay in global mitigation makes it
increasingly difficult to stay below 2 °C.
Long-term emissions scenarios are
designed to represent a range of plausible
emission frajectorics as input for dimate
change rescarch®. The IPCC process has
resulted in four generations of emissions
scenarios’: Scientific Assessment 1990
(SA90)%, IPCC Scenarios 1992 (I592)%, Special
Report on Emissions Scenarios (SRES), and.
the evolving Representative Concentration
Pathways (RCPs)' to be used in the upcoming
IPCC Fifth Assessment Report. The RCPs
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as anew, parallel process of scenario
whereby li are

run using the RCPs while simultancously
sociocconomic and emission scenarios are
developed that span the range of the RCPs
and beyond?.

Itis important to regularly re-assess the
relevance of emissions scenarios in light
of changing global circumstances. In
the past, decadal trends in CO, emissions

have responded slowly to changes in the
underlyingemission drivers because of
inertiaand path dependence in technical,
social and political systems®. Inertia and
path dependence are unlikely to be affected
by short-term fluctuations®® — such as
financial crises'® — and itis probable that
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emissions will continue to rise for a period
even after global mitigation has started!l.
Thermal inertia and vertical mixing in the
ocean, also delay the temperature response
to CO, emissions™. Because of inertia,
path dependence and changing global
circumstances, there s value in comparing
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Global fossil and cement emissions: 9.5+0.5PgC in 2011, 54% over 1990

CO, emissions (PgClyr)

Source:

Estimate for 2012: 9.7+0.5PgC, 58% over 1990
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Uncertainty is 5% for one standard deviation (IPCC “likely” range)
Peters et al. 2012; Le Quéré et al. 2012; Global Carbon Project 2012; CDIAC Data




Emissions are heading to a 4.0-6.1°C “likely” increase in temperature

Considerable effect required to keep below 2°C
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Average Annual Growth Rates of Emissions (%/yr)
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Source: Peters et al. 2012; Le Queré et al 2012; Global Carbon Project 2012; CDIAC Data
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Observed emissions (X) continue to track the top-end of all scenarios (@)




Top emitters 2011

: China (

28%), United

CO, emissions (PgClyr)

-~

Q.

1960

1970

1980

1990 2000 2010
Year

Growth rates
2010-2011

China 9.9%

USA -1.8%

1 EU27 -2.8%

India 7.5%

Growing gap between EU27 and USA due to emission decreases in Germany, Poland, and Romania.
Source: Le Quéré et al. 2012; Global Carbon Project 2012; CDIAC Data
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Top emitters 2011: China (28%), United States (16%), EU27 (11%), India (7%)

CO, emissions (tC/person/yr)

7
6 L
5 s 4
USA
4 -
3:F 1
! {1 EU27
, //V"\_—\'\‘\ uz7
World
1 L J
India
O AAL,' ““'“"" 1 1
1960 1970 1980 1990 2000 2010
Year

Source: Le Quéreé et al_2012; Global Carbon Project 2012; CDIAC Data




Land Use Change Emissions




Land-Use Change Emis’gibns
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Global land-use change emissions: 0.9+0.5PgC in 2011
The data suggests a general decrease in emissions since 1990
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Black line: Includes management-climate interactions; Thin line: Previous estimate

Source: Le Quéré et al. 2012; Global Carbon Project 2012
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Persistent effects of logging on forest degradation (Cazzolla et al. 2012 submitted)

(500
mq)

m Central Africa
O West Africa

Species richness (S)

PF SL20 SL30 SF20 SLD
Forest tvpe

W Central Africa
O West Africa

350,00

300,00 -

250,00

200,00

150,00

100,00

C-stock aboveground

50,00 -

0,00
PF SL20 SL30 SF20 SLD
Forest type



aJinised pallaAu09 sIA Q0g

aJinised palloAu09d SIA Qg

aJinised palloAu0d SIA QT

aJinised pallaAuo0d sIA g

DISTURBANCE

aJinised palloAu0d SIA Z

ainised pajiaAuo9 1snl

S1S940) 19M Arewllid

c
o
=
©
-
(7))
()
| -
o
[T
@
©
'
=
o
@)
| -
-
=
o
| -
(-
(7))
-
2
(7))
R
S
()]
@,
9\
Z

JA_ey N B - xny O°N




Otbd ‘“_.‘r:_r]-';zﬂ‘ -I‘ 3 T‘ ¥ :
@ﬂe“‘of'Anthropo ger

8.3+0.4 PgClyr 90% 4.340.1 PgClyr
46%

2.6-0.8 PoClyr [ 5"
o/, [E3 ki
1005 PgClyr 0% +—> 28%if

Calculated as the residual [
of all other flux components &8

26%
2.5+0.5 PgClyr

Source: Le Quéré et al. 2012; Global Carbon Project 2012



http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/

, Emissions (2011)
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y Emissions to the atmosphere are balanced by the sinks
Averaged sinks since 1959: 44% atmosphere, 28% land, 28% ocean
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The dashed land-use change line does not include management-climate interactions

The land sink was a source in 1987 and 1998 (1997 visible as an emission)
Source: Le Quéré et al. 2012; Global Carbon Project 2012
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The sinks have continued to grow with increasing emissions
It is uncertain how efficient the sinks will be in the future
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The Global Carbon Cycle il @
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GEOCARBON
CCDAS

5 global data assimilation systems
(simultaneously integrating models
and observations of the land, ocean
and atmosphere carbon cycle) + 2
ocean-only process models.



CONCLUSIONS 1/2

Progresses have been made on estimating the global carbon balance
and its components but still uncertainties are rather high, particularly
on land use emissions.

. Uncertainty reduction is possible through the development of a
carbon data assimilation system (CCDAS — GEOCARBON)

It is important to estimate the terrestrial carbon sink by direct
observations and models (not as residual of LUC emissions)

. Terrestrial carbon show an high spatial and temporal dynamics. It is
important to continue to monitor and predict carbon budget
components for their vulnerabilities and implications for climate
policies.



CONCLUSIONS 2/2

5. Land use emissions show a decreasing trend, although with inter-
annual and decadal variability.

6. We need to keep continuing the emission reductions from
deforestation and degradation since negative emissions are required for
keeping global warming within 2°C

7. There are still significant processes, related to LUC GHG emissions to
be investigated : impacts of logging on forest degradation and N20O
emissions associated with LUC,



