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AFEFRDT—A (L billion tonnes CO, (GtCO,) THRR

1 Gigatonne (Gt) = 1 billion tonnes = 1 X 101°>g = 1 Petagram (Pg)
1 kg carbon (C) = 3.664 kg carbon dioxide (CO,)

1 GtC = 3.664 billion tonnes CO, = 3.664 GtCO, = 36.64 {&tCO,

Disclaimer

The Global Carbon Budget and the information presented here are intended for those interested in
learning about the carbon cycle, and how human activities are changing it. The information contained
herein is provided as a public service, with the understanding that the Global Carbon Project team make
no warranties, either expressed or implied, concerning the accuracy, completeness, reliability, or suitability
of the information.
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Source: Le Quéré et al 2015; Peters et al 2011; Global Carbon Project 2015
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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://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL CAR;\ON }_3=EJ'IY§O)H%FEﬁ 'ﬂ:

PROJECT

WRFRE CTIEBFLEDBINE EEBICIRINEBEMU TS,

U USEOKURZEEN

REARBIR(CEE TS IARK[PCO2DIENINZE B =B 2 u]ged N d D

Data: GCP

Fossil fuels and industry

w
o

N
o

—_
o

1960 1970 1980 1990 2000 2010

w
o

Land-use change

CO; emissions (Gt CO./yr)
)]
o

—_
o

O .

e |

1960 1970 1980 1990 2000 2010

CO:; partitioning (Gt CO,/yr)

30

20 1

10 1

0.

- N w
o o o

\

o

1

N
o

-y
o

0.

-10

1

Atmospheric growth

1960 1970 1980 1990 2000 2010

Ocean sink

960 1970 1980 1990 2000 2010

1Land sink

960 1970 1980 1990 2000 2010

,;/ 3”";

j
1, ;x( ’)1 .“‘

Source: CDIAC: NOAA-ESRL: Houghton et al 2012: Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budge%72015



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://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

FEIgR SR IEER (C P 1T B ERER DS
— 4 (CHEIRIDERER(C DT —

Science...

Home News Journals Topics Careers

Science Scie ranslational Medicine  Science Signaling  Sc

SHARE REPORT ] ) ]
o The dominant role of semi-arid

ecosystems in the trend and variability of
© theland CO, sink

@ Anders Ahlstrém“%", Michael R. Raupach®, Guy Schurgers®, Benjamin Smith!, Aimut
Arneth®, Martin Jung®, Markus Reichstein®, Josep G. Canadell’, Pierre Friedlingstein®, Atul
K. Jain®, Etsushi Kato'®, Benjamin Poulter', Stephen Sitch', Benjamin D. Stocker34,
Nicolas Viovy™, Ying Ping Wang'®, Andy Wiltshire'’, Sonke Zaehle®, Ning Zeng'®
+ Author Affiliations

g author. E-mail: anders.ahlstrom@nateko.lu.se

ay 2015:
sue 6237. pp. 895-899
fscience.aaal6bd

VAE _svmor T E—RaT MR

Ahlstrom et al. 2015

TinE XD

& 1 BVEAK, IRER 1 TN,
AL > FEelEM

JRE : JeAigyY > RS - ER, B
it - BHER, B BRIGHEE

18



PEIE R RTEIR (CH T D ERRRDIE]

o INTEPEIAERER (I ANBRICO2BFH D453 D 17 RN

* RFCO2DIBMEE DL IR RN A <
=1
> 20t AR, TOD/NS > R FIEBK CIRINA &
B> THD, CO2DATHREDENENZ S E
NSEERERRY —EA%EB> TS

c 22U, EDSVVDEERRRNCNSDEFHICES LT
WBMNMNIARBETH DI
> C DR TIE. BRI —T(ICXKDETIVIATK=
(CKDT. B FDEARMIR EDFHEZIRERER D,
fEtEk (C K DCO2IRINEZ 1> FO—JL I DIEEICE
BMEEZIH> TLWBCEZBASMNCUTE

19

VLAE _svmi TxL4—0a THmRH



PEIEERERDCO20RUIR

SURZLIC KR BDERER. FF(CHEIEMMDEERDIGED.

AHCO2DENRE(CA S <57 &

SEFEERES (NBP)

= 4
g z
(ON® W
(nc)2~ ’-EU
W
2= e
S o | 3
S& T m
2 I ’ LZ
< c — O
o & =
mao ot
Zz O
()

B tropical forest

2EH

NBP (Pg C yr)
o

C semi-arid

S HTA

NBP (Pg C yr")
o

1985 1990 1995 2000 2005 2010

Time (yr)
GCP land flux TRENDY mean NBP
m— /- 0.8 PgC === st and 3rd quartiles
(including fLUC) (excluding fLUC)

s | PJ-GUESS NBP (including fLUC)

VLAE _svmo T 2— e TSmEm

Contribution (%) TV Contribution (%) ™ Contribution (%) ©

ZHKET ZEERE

EERNEFEE

50 | Bl LPJ-GUESS MEAN
40 t éTRENDY
30
sl é. 315
10 t
=
.

50 1AV
40 ?

20



S JE(CH T DPEBRRBERDAHEEME (IPCC AR5
WG1&L Dikkr, m3EIFES)

« RRHFDCO2DIENNIC K> TE U DHEHFDFEEG N UNEED
)1_ %”ﬁﬂyd)ﬁbﬂﬁ SURZAL D BB (CHEFR T D & & DhE

o RKUFPDCO2MDIENNNFADBES R ZRIRUINZ 1 I ZNR (.
RKERORMEICK D UHIHI NS EIEEMENIERE(CEL

o JBERLICKBKKAETEBEORIDNREEIRD T, IRTER
FHEETE SN TUVBRROIFENE DD EOEEEITEU.
LU, TDRZRRBDDKES(ICDOVTOMEERE (TR

« SVCO2ZEE ELDRIERSIZOE ETIE, BiHhs5D
CH473&Hj$73\iEE‘7JI]§“5_J“"'IED\ WCEICDULWTHEED
WEEHNHDD

- BRL BEREEDIER EREDERIERANDIKF(CKLD,
TIENSON20HHEENMENN I SRIEEIE(EFE LY

21

VLAE _svmi TxL4—0a THmRH



FHTATIT=v2a>onEEERR

nawre REVIEW ARTICLE
Cllma'te Cha'r]ge PUBLISHED ONLINE: 7 DECEMBER 2015 | DOI: 10.1038/NCLIMATE2870

Biophysical and economic limits to negative
CO, emissions

Pete Smith'™, Steven J. Davis?, Felix Creutzig®#, Sabine Fuss?, Jan Minx*>%, Benoit Gabrielle?®,
Etsushi Kato®, Robert B. Jackson™, Annette Cowie", ElImar Kriegler®, Detlef P. van Vuuren'?®2,
Joeri Rogelj*, Philippe Ciais', Jennifer Milne", Josep G. Canadell®, David McCollum’,

Glen Peters™, Robbie Andrew™, Volker Krey™, Gyami Shrestha?, Pierre Friedlingstein?,

Thomas Gasser®?, Arnulf Griibler’®, Wolfgang K. Heidug?, Matthias Jonas®™, Chris D. Jones?*,
Florian Kraxner™, Emma Littleton®, Jason Lowe?*, José Roberto Moreira?, Nebojsa Nakicenovic®™,
Michael Obersteiner™, Anand Patwardhan®, Mathis Rogner™, Ed Rubin?®, Ayyoob Sharifi®,
Asbjern Torvanger™, Yoshiki Yamagata®®, Jae Edmonds?® and Cho Yongsung*

VLAE _svmo T 2— e TSmEm

22



T4 T IT=wvSa>onEN

- SHRZENCEI T BEBSSEN 204 (CHDR D
TN TR, 200088 DCO2BH DN

K(F1990FERLDEBELEN DTS

« IRTEDIENN Uil T TLVDHERDE &
—ILTHD2EBEZIZEMT DI,
E& U WDBELR(C BT TZBERDRWVBR DX

E|PRAY 7R
ST
FHIAR

o CDOXDIPAIT TE50%DIERT2ERm(CmE

FR=ZIZDIZHDEFEEALEDS T

ACIE,

AR LRZHT A T TS g FiiEEA L

JeBEDICIEDTULSD

IAE —pEEA TRIVF—BS TSR

23



COP21Tm/NURE(CH T Dk (5 (FER)

» Article 4

« 1. In order to achieve the long-term temperature goal
set out in Article 2, Parties aim to reach global peaking
of greenhouse gas emissions as soon as possible,
recognizing that peaking will take longer for developing
country Parties, and to undertake rapid reductions
thereafter in accordance with best available science, so
as to achieve a balance between anthropogenic
emissions by sources and removals by sinks of
greenhouse gases in the second half of this century, on
the basis of equity, and in the context of sustainable
development and efforts to eradicate poverty.
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Is the 2 °C world a fantasy?

Countries have pledged to limit global warming to 2 °C, and climate models say that is still
possible. But only with heroic — and unlikely — efforts.

Jeff Tollefson

24 November 2015
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BECCS capability of dedicated bioenergy crops under a future
land-use scenario targeting net negative carbon emissions

Etsushi Kato' and Yoshiki Yamagata'

1Center for Global Environmental Research, National Institute for Environmental Studies, Tsukuba, Japan

Abstract Bioenergy with Carbon Capture and Storage (BECCS) is a key component of mitigation strate-
gies in future socioeconomic scenarios that aim to keep mean global temperature rise below 2°C above
preindustrial, which would require net negative carbon emissions in the end of the 21st century. Because
of the additional need for land, developing sustainable low-carbon scenarios requires careful consid-
eration of the land-use implications of deploying large scale BECCS. We evaluated the feasibility of the
large-scale BECCS in RCP2.6, which is a scenario with net negative emissions aiming to keep the 2°C tem-
perature target, with a top-down analysis of required yields and a bottom-up evaluation of BECCS poten-
tial using a process-based global crop model. Land-use change carbon emissions related to the land
expansion were examined using a global terrestrial biogeochemical cycle model. Our analysis reveals
that first-generation bioenergy crops would not meet the required BECCS of the RCP2.6 scenario even
with a high-fertilizer and irrigation application. Using second-generation bioenergy crops can marginally
fulfill the required BECCS only if a technology of full postprocess combustion CO, capture is deployed
with a high-fertilizer application in the crop production. If such an assumed technological improvement
does not occur in the future, more than doubling the area for bioenergy production for BECCS around
2050 assumed in RCP2.6 would be required; however, such scenarios implicitly induce large-scale land-use
changes that would cancel half of the assumed CO, sequestration by BECCS. Otherwise, a conflict of land
use with food production is inevitable.
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Figure 1| Beyond the boundary. The inner green shading represents the proposed safe operating
space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human
interference with the nitrogen cycle), have already been exceeded.

(Rockstrom et al., Nature, 2009)

37



THRILF—1EMFIRICKDRNT T IV 3> &ERNRT
D—BICHITDERGFED

e 4. 58hadD IR LF+—ETTDE/D

« IHIRD2BOEES B DZFEFEART RILF—E
WD ODFRIE

o EXRAERIOARFRIRILIEN (2050F CTIRIRD37%.
21005ET77 %DI1EN)

« UNUANDYS, BIBRHENNIC KDN20# b Z 1R D
2R D E

: J%Z*ﬁbjr—ﬁfﬁ¢%(lﬁa:ﬂ5}7ﬁ§=€e@5'5\ 72% L1k

¥ - BTEE

o« TRI)LAF—1EVIFIE (CAIPE T D THEFIARZEL(C K
?_Fﬁ?%ﬁhﬂa‘: FHlEN BB LN73 GICO2ES

38

IAE —pEEA TRIVF—BS TSR



nature International weekly journal of science

Home ‘ News & Comment ‘ Research ‘ Careers & Jobs 55 ‘ Archive ‘ Audio & Video ‘ For Authg

Emissions reduction: Scrutinize CO, removal
methods

Phil Williamson

10 February 2016

The viability and environmental risks of removing carbon dioxide from the air must be
assessed if we are to achieve the Paris goals, writes Phil Williamson.
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