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climate change vs. global warming
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712 vs. 7| & (climate vs. weather)
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Aboutfhalfithe Sofy energy
absorbed atthe surface
evaporates water, adding the
most important greenhouse
gas to the atm osphere.

When this water condenses _
in the atmosphere, it rel _"_
es the energ

storms and

About 30% of incoming
solar energy is reflected
by the surface and the

atmosphere.
SPACE

The Earth’s Greenhouse Effect

Only a small amount of the heat
energy emitted from the surface
passes through the atmosphere
directly to space. Mostis absorbed
by greenhouse gas molecules and
contributes to the energy radiated
back down to warm the surface and
lower atmosphere. Increasing the
concentrations of greenhouse gases
increases the warming of the surface

and slows loss of energy to space.
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(greenhouse effect)
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T 27t A (freon): Ol= FSAH7} €

CH4: Uﬂ Et7FA
F-gases (fluorinated gases): 215X
oz g =2A4E 7IA.

Ol) HFCs, PFCs, CFCs (Z2f|=7t2)

biomass, etc)
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« 2010E & 260 km2 HAO| HIStVt OS2t ENAM EOAM Lz

« 2012 72 120 km2 A 7|29 &ISI7F A2IZtENA HEON Ltz

- 201218 738 JBIRE X 97% UHC| Lohot s5(1lhA 30 7 HE &F)

« 20123 98 16 S3| WSIHAY S AL XA 7= (3418 km?)

« SX B2 HSHH 2 20N FHEELCE 2002 km2 Z A (Kinnard et al., 2011, Nature)



the IceDream Project

s |
Speed : 0.59 knot |
Mass : 4.08 MT

Elapsed time : 141 day
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The Carbon Cycle



Carbon cycle
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e A% 5.5 £ 0.5GtC 7] ¥3 3.2 £ 0.2GtC
A sy 2 2ok A 1.6 = 0.0GtC  HEF FF 2.0 = 0.8GtC
T A M=% 7.1 £ 0.1GtC A F54 0.5 £ 0.5GtC
GtC = Gigatons of carbon = 10° tons = ¥k4& 109 & IPCC, 1996

Average annual budget of CO, perturbations for 1980 to 19809.
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Table 5.1. Characteristics of post-TAR stabilisation scenarios and resulting long-term equilibrium global average temperature and the sea level rise
component from thermal expansion only.2 {WGI 10.7; WGIII Table TS.2, Table 3.10, Table SPM.5}

Category | CO, CO,-equivalent Peaking year | Change in global || Global average Global average sea | Number of
concentration | concentration at | for CO, CO, emissions temperature increase level rise above assessed
at stabilisation] stabilisation emissions®° in 2050 above pre-industrial at || pre-industrial at scenarios
(2005 = 379 including GHGs (percent of 2000 | equilibrium, using equilibrium from
ppm)® and aerosols emissions)a° ‘best estimate’ climate || thermal expansion

(2005=375 ppm)® sensitivity9e onlyf
ppom  pom  fyer  fpercent

I 350 — 400 445 — 490 2000 — 2015 -85 to0 -50 20-24

Il 400 — 440 490 — 535 2000 — 2020  -60 to -30 24-28

1l 440 — 485 535 — 590 2010 -2030 -30to +5 2.8 -3.2

v 485 — 570 590 — 710 2020 — 2060  +10 to +60 32-4.0 06-24 118

V 570 — 660 710 — 855 2050 — 2080  +25 to +85 9

\| 660 — 790 855 — 1130 2060 — 2090  +90 to +140 5

7|23} AlLE| 22 O|2f sli+HYs o 7|25 oS

« 1992-20114 7|7t "iSt&Algk J2IstE- 27009 E, Y2 &- 13504
« O|E Sl HESECE SHAMSIH OfEH 0.6 mm & =O0FF Al
M 21004 Hoj= & HEEros 12 m &S

- O g5 O 2 X[ RE|
(Shepherd et al., 2012, Science
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A sea—surface pH []

=.12 e 1 | =0.08 =0.06 =(). =0.02 ]

Fig. 7. Estimated change in sea surface pH from the pre-industrial period (1700s) to the present day (1990s). ApH here is in standard pH units. This change is caused by the
invasion of anthropogenic CO, and was calculated using Richard Zeebe's csys package with data from the Global Ocean Data Analysis Project and World Ocean Atlas
climatologies. ApH is plotted here using a Mollweide projection (using MATLAB and the M_Map package). Note that the GLODAP climatology is missing data in certain
oceanic provinces including the Arctic Ocean, the Caribbean Sea, the Mediterranean Sea and the Malay Archipelago. Legend and image courtesy of Andrew Yool.
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http://upload.wikimedia.org/wikipedia/commons/e/e4/Hurricane_Floyd_1999-09-14.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e4/Hurricane_Floyd_1999-09-14.jpg
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Z{2|(carbon sequestration): Et27F CH7|QF 2t S| A2
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- SHYMERA= CHY| 2 £ H OiE 96.1 7| 7HE(giga ton)2 S8t A =(Nellmann et al., 2009)

- 0| & 2RI MARXI= silY THBHO| 0.5%0|L ErAZ+22 i TH 2| 50~71%

« EtA ESbe S 2EELO Z|O) 508 S

[~ Salt marshes Blue carbon sink burial rates Total annual blue carbon sink burial rates
tons of carbon per hectare per year

Estuaries
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Mangroves

At SR7H=2| BAZE| £&=(C ton/year)
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5 HE E = Zl = QS (Chambers et al.,, 2001)
a 2 : = c) Age (cal kyr EP)
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Ocean Iron fertilization

Hicke] A &S 58t #E2F B3R = S7HAIA d7] F ol AsgaE
S5 A F233LE &3)A) 7] 8] = A 75 (geoengineering) 3 Al &

CO; Cyanobacteria

™ = o ‘_,’-/ e ?' > 1 J
,"'_. Ak s oy I ‘-'. JUIy 29, 2002
Hittol &S T3 F 1990 A= w AFHA A3
(Subarctic Ecosystem Response to Iron Enrichment Study)

Deep ocean




7|2 #Hzt BF7]- S| ¥ E H[ =S 2H(Ocean Iron Fertilization)

. 1990 O|= S| L3SHA John Martin EHAFZ} &| €t
» 2= 0| M[2tR 2 (limiting facon2 XE3t= S A0 EE5 FOotEH 4&
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fet="S 22|22 Z(2007~2008, Green Peace vs. Climos)

193] 2 200749 7| EHX.ILA]
A scientific critique of oceanic iron fertilization as a

climate change mitigation strate
ge mitig 9 AR F& Y
Michelle Allsopp, David Santillo and Paul Johnston ° 1‘3 EH 7;“ %31] °5ﬂ )‘o]'

Greenpeace Research Laboratories Technical Note 07/2007
September 2007

Climos 20084 Hluli= B

A Response to Concerns about Ocean Iron
Fertilization Raised by Greenpeace = et -

y P A3} E 5T

Z\Iargaret Leinen PhD, Kevin Whilden, and Dan \Thalt"}'

Climos, Inc.

May 15, 2008
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Ocean Iron Fertilization—Moving
Forward in a Sea of Uncertainty

Ken 0. Buesseler,"* Scott C. Doney,' David M. Karl,2 Philip W. Boyd,} Ken Caldeira,* Fei Chai,®
Kenneth H. Coale,® Hein J. W. de Baar,” Paul G. Falkowski ? Kenneth S. Johnson,? Richard S.

Lampitt,' Anthony F. Michaels,'" S. W. A. Naqvi,'? Victor Smetacek, Shigenobu Takeda,'
Andrew J. Watson'®

<2008 Science ==9°| ZZ: OIFQ| O|54t I

22 O
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@t(Ocean Iron Fertilization)

It is premature to sell carbon offsets from
ocean iron fertilization unless research
provides the scientific foundation to
evaluate risks and benefits.
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doi:10.1038/nature11229

Deep carbon export from a Southern
Ocean iron-fertilized diatom bloom

\1L[0r81m[au}\u* Christine Klaas'*, Volker H. Strass', Philipp Assmy™ L3 Marina Montresor?, Boris Cisewski'*® T\lu‘rlasSMO\L
Adrian Webb®, Francesco d'Ovidio®, Jesis M. —\rrlc_[dm 1 Ulrich I?,dLhmdnn1 ", Richard Bellerby ™ 1314 Gry Mine Berg®,
PcLCrCmoL”“‘“.SamiagoC}onzalcz“’. Joachimlkmul 18 C;Lrhdrdj HLI’I’]LHm 19 Lan Iloffmann Harr\ Leach?, Mar[m LO‘)Lh
Matthew M. Mills"®, Craig Neill"**, Tlka Peeken"” , Riidiger Rottgers™, Oliver Sachs"*, Eberhard Sauter', Maike M. Schmidt?®
Jill Schwarz"*®, Anja Terbriiggen' & Dieter Wolf-Gladrow?
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