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Understand the Role of Ocean in
Global Warming
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Atmosphere + Ocean = Habitable Earth

A naked Rock

Real Estimated
¢ Mars —53°C —56°C
» Earth  +15°C —18°C
» Venus +430°C +41°C
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Atmosphere + Ocean = Habitable Earth

A Rock with still Air
Real Estimated

o Earth  +15°C +67°C
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Atmosphere + Ocean = Habitable Earth

A Rock with moving Air

Real Estimated

o Earth  +15°C <<67°C
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Atmosphere + Ocean = Habitable Earth

A Rock with Air + Ocean
Real Estimated

» Earth  +15°C ~15°C
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Atmosphere + Ocean = Habitable Earth

A Rock with Air + Ocean +Land
Real Estimated

o Earth  +15°C +15°C
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Ocean: Wonderful Earth
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Tracks and Intensity of All Tropical Storms
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¥k FRIRBZAIK?

o Biggest: all water in

everything. d=1384 km,
v=1.386E9 km3

A < Small: liquid fresh
Y  water. d=272.8 km,
v=1.06E7 km?3

¥ o Tiny: water in lakes
and rivers. d=56.2 km,
v=9.3E4 km3

N  ALISHAAINN SNIM3Id

http://ga.water.usgs.gov/edu/2010/gallery/global-water-volume.html
WA B — P ARSI IE, 2019.08.12, N 24



BAL T N EiRH B R AR

o JERBEAGEREMNIKE

o HHBEE. RKS5E

o M KAENRHRE
B (10AX10AKM L)

-
m
)
Z
@
Cc
Z
<
m
A
Q

LA B — P AR, 2019.08.12, AN o5



A Warming Climate

1892-1896

NASA/GSFC/Scientific Visualization Studio
https://www.giss.nasa.gov/research/news/20170118/2016gistempupdateblack.gif
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A Rapid Rising CO2

RECENT MONTHLY MEAN CO, AT MAUNA LOA
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An Awful Future Projection ?

Concentration - CO,-eq. (incl. all forcing agents)
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A Hope from the Ocean

Agua-Planet: 71% covered by ocean
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Ocean: Buffering the Global Warming

/ Resulted from \

Heating Hosing

1. Solar Radiation
passes through
the atmosphere
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Water Role — A Fundamental

Lapse Rate

Dry Air: I,=g/c,=9.8°C/Km
Wet Air: I, = ....... = 6-7 °C/Kkm

30%

334J/g 2260J/g

Latent Heat: Solid Liquid Gas
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Ocean Heat Content Change

351 [_]o-300m g
JA 7
304 [Jlj300-700m 005
,/, I‘//
o | [l 700-2000m S e |
g/
Il 2000m-bottom 1R 0-
201

-0.05+

Energy (1 6% Joules)

Ocean 0-2000m averaged temperature change ( °C)

-0.15
—15 * T .‘ l‘ T T —0.2 ! T T T T T T T
1960 1970 1980 1990 2000 2010 1940 1950 1960 1970 1980 1990 2000 2010
Year Year
Ocean energy budget based on IAP ocean temperature 0-2000m averaged temperature change since 1940/01
analysis. The 93% of the energy imbalance observed to 2016/12 along with uncertainty estimates (95%
from the top of atmosphere is shown in yellow. OHC confidence interval). (contributed by L Cheng)

change below 2000m is from Purkey and Johnson 2010.
(contributed by L Cheng)

-
m
)
Z
@
Cc
Z
<
m
A
Q

WAz E— P FAERIE, 2019.08.12, A 32



Ocean Buffering the Surface Warming
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Where is Global Warming Going?

Continents
2.1%

Arctic sea ice
0.8%

@ Greenland Ice Sheet
0.2%

& Antarctic Ice Sheet
0.2%
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Where is Global Warming Going?

Pacific ?
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Where is Global Warming Going?

Equatorial Indian and Pacific Oceans (°C)
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Where is Global Warming Going?

Atlantic?
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Where is Global Warming Going?

Atlantic?
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Where is Global Warming Going?

Southern Ocean?
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Where is Global Warming Going?

Melting Polar Ice

Local temperature trends for 1900-2015

A Warming Hole

WA B — P RAE R, 2019.08.12, ANE
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Global Temperature Evolution
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Earlier stages in Global Warming

Most relevant to that We are
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Surface Changes
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Freshwater results in cooling and freshening,
asymmetric change
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Freshwater Change in N. Atlantic

More Freshwater due to sea-ice melting
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Later stages in Global Warming ...
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https://www.giss.nasa.gov/research/news/20170118/
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Global Temperature Evolution

Global Mean Temperature
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ER IS ?

-
m
)
Z
@
Cc
Z
<
m
P
@

AN F — PSR, 2019.08.12,



-
m
)
Z
@
Cc
Z
<
m
A
Q

WA H— P EAE R E, 20190812, M



-
m
)
Z
@
Cc
Z
<
m
A
Q

PAEIE, 2019.08.12, A




A Rapid Rising CO2

Atmospheric CO, at Mauna Loa Observatory

I X I y I . I S I v I 1

Scripps Institution of Oceanography !
400 T NOAA Earth System Research Laboratory A
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Increase = 11% in areas studied

Donohue et al, GRL (June 2013) DOI: 10.1002/grl.50563
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Where is Global Warming Going?

Continents
2.1%

Arctic sea ice
0.8%

@ Greenland Ice Sheet
0.2%

& Antarctic Ice Sheet
0.2%
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1-Box Energy Balance Model (EBM)

F>0 E=-B*T<0
J W — =F — BT

Atmosphere

N l e 1 W Py Py IfF:Const_, T determine d by

Ocean

climate feedback B
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Our Future: Possibilities

Forcing Response
e 2 Most likely

- 3 Most Wanted

e -
~

* 4 Best, but unlikely
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Summary and Discussion

Earlier stage:

& Ocean: 30% cooling

¢ Downward heat transport

¢ Sea-Land ice melting
Later stage:
» Accelerate surface heating

o No ice buffering effect ThankS

o Deeper ocean heat release
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BENXTE “mik” REDK!
HEED, BIEXRFARK!
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