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The Role of the Oceans - Tempero’rure

water has RiIgh heair capaciy,— OCETNS AS CliMAe MOEEaIoNS

'fl[,‘ in last 50 years, 85% of Earth's heat has gone info oceans

Penetration of Ocean Warming Signal o~
Red=Observed Green=Parallel Climate Model (PCM)
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El' Ninos Increasing in sirengin and frequencye
hurricanes getfing stronger/live longeree
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The Oceans and Sea Level Rise

rise in last 100 years: 15 cm
about 24 cm since 1880
rate accelerated since 2013

. Recent Sea Level Rise
23 Annual Tide Gauge Records

causes of sea level rise [ = Three Year Average 125§
= Satellite Altimetry | v K20 @

- heating and thermal

expansion of upper oceans (30%)
- melting of glaciers (20%)
- melting of G.L. ice sheet  (20%)
- melfing of A.A. ice sheet (22
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if all ice sheets melted, this is not going to happen any time soon
sea level would rise 20-70 m SUSEin. .

o - m is to be expected
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The Oceans and Sea Level Rise

Recent Satellite Data |- ' »"7*

t : : e g ks SATELLITE DATA: 1993-PRESENT RATE OF CHANGE
- Recent Sea Level Rise 130
23 Annual Tide Gauge Records l?ala sou'c? .Sa!-(:IIne sca}cvcl obscr\-‘a}lonsl /l\ 3 .4
= Three Year Average Credit: NASA's Goddard Space Flight Center
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Tide gauge: 24 cm last 125 years
Satellite: 10 cm last 30 years

source: wikipedia — figure no longer exists

- thermal expansion (42%)
- melting of glaciers VAN

- melting of G.L. ice sheet  (15%)
- melfing of A.A. ice sheet  (8%)
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The Oceans and Sea Level Rise
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Predicfions Global sea level history and projections

- 80-100 cm best case? Possible increase from Antarctic
- 250 cm for “business ice melt (up to 2.4 meters total)

as usual”
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Currently projected range
(0.3 meters to 1.2 meters)
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RCP 8.5

| | | | |
1800 1850 1900 1950 2000 2050 2100

——

source: IPCC, US Global Change Research Program

RCP2.6: emission peak before 2020
RCP4.5: peak by 2040
RCP8.5: business as usual
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The Oceans and Sea Level Rise

—
Predictions - 40—-100-em-{16—-39-n} 80 — 240 cm
(class website needs to be updared!)
- Antarctica still big unknown
-100 cm would have serious consequences
- even a small increase causes significant
landward migration of coastal estuaries

source: World Watch Institute; wikipedia

Global sea level history and projections

For Comparison

Possible increase from Antarctic
_ ice melt (up to 2.4 meters total)

- tidal range: up to 12 m/39 ft
but typically ~ 100 cm (few: ft)

- low pressure in an ‘epic’
hurricane can pull up sea
surface by 100 cm

Currently projected range
(0.3 meters to 1.2 meters)

Satellite
data
Geological and /_l_\
__ tide gauge data

Sea level rise from 2000 (m)

| | | | |
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The Warming ©ceans and Sea Level NNE

if sea levelrise (1 m by 2100)
-> costal erosion
-> |oss of habitable space

T — L —

: LOUiSiQnO 2 - ER gy B 7 SR Cit ¢ "?» i
i .‘ Ve Al.(bgmo 7> ' 5 - & Tallahassee X 2 |
Georglo 2 : ‘-. | / - ’ : ¢ ; Daytona

L “A Beach

o F|O”dq St Gulf of Mexico :'*v‘ i‘x_«.i ?“Orl\a:1do

7 Yo '; S O b AW e '.' "' “i ‘-\ C;::e:)veeral
.."’.'.'A Nefheﬂlcﬂds o ' ) ] Saint &'ﬁ’f’ri‘: 5
' ‘/’BgnglgdeSh % . FLORIDA, ; 3

~ Maldives .- j

C Myers Fort

cx’roll no’rg\orfsk o iy Loucersaed

2013 KIRIBATI:

Fiji island _purchose - USA' Flonda

Key West

2023 Tuvalu, Fiji, Niue, Solomon, Tonga, Vanuatu:
Port Vila Call for a Just Transition to a Fossil Fuel Free Pacific
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EQrin’s ©ceans

« 70.8% of Earth’s surface
« hold 95% of Earth’s water
« 60% of population live along coasts

« food source
(200 Mio people depend on fishing)
» cheap shipping routes
» + oll fields/resources

-~

! « take up heat - slows global warming but sea level rise
 fake up CO, - slows global warming but acidification

sea level risel
= melting land ice & thermal expansion
| -> affecting 4.6 B people

-
-
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Globdl Worming and the Oceqns

- -

« high tides/high winds -> 61 in
' (topping flood mark: 1.0 m/40 in)
« 66% flooded
* 4th highest since 1872
8« highest since 1986
« 1966: 76 in

Y long-term sea level rise through:

* thermal expansion of ocean water
L« melfing of ice sheets and glaciers
* local sediment compaction
B on top of local short-term threats:
S - extreme high tide from ‘King tides’
' « occasional heavy rain and Alpine run-off

S— i —
— e —— - —
- e —
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top 12 B e

13 of highest |

20 occurred [=
since 2000 |

1966 — 194 cm
2019 - 187 cm
1979 —= 166 cm
1986 — 158 cm
2018 - 156 cm
2008 — 156 cm
2019 -154 cm
1951 =151 cm

bocca di porto di Lido
@ porto rifugio e conca di navigazione

- - Il
20] 9 - ]50 cm \ . . g zf:)ﬁieara di paratoie

@ nuova isola e spalle

20] 2 - ]49 cm - S @ schiera di paratoie
1937 — 147 cm L e

project MOSE (78 gates)

protect Venice for 3 m high tide/flood waters
construction: 2003 — 20212 (7 years late, then 2 years late)
| first real test: 7/2020 (baby MOSE deployed 10/2012)

first deployed: 10/3/2020 acqua alta

expected fully functional by end 2025 (formerly end 2021)
cost-overrun: €4.2 B + €1.3B -> €5.5B

E— source:
SIO15 2025: Topic 22 - Anthropogenic Changes: The Atmosphere — Part 2 | wikipedia
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Ine'Warming ©ceans — Food

B,

Pe
kg R -

El Nino:
warm/freshwater on top -> stable layering -> no upwelling -> no food
(e.g. Peru during El Nino as example of things to come)
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Coastal' California = Food, Hurricanes

Weakening California Current:

* no upwelling -> no food
* hurricanes advance north

hurricanes weaken
when encountering
cold water

_ West Wind Drift__
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2018 remnants of TS Fous{o -> anreceden’red lightning storms S.F.
2023 TS Hilary direct hit S.D. county - first since 1858; Death Valley flood
2025 TS Mario -> CA, AZ flooding; Death Valley flood
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+ Garibaldi —— o
| Cali state fish , giant brown algae

(kingdom protista)

* grows up to SOcm/ddy to 60m
* needs water < 20°C (68°F)
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« important habitat O?:, \
- resource (iodine, alkali) = .

» used for things from soap to glass —
« alginate thickens ice cream, jelly, chaml s @ @ %,
toothpaste 1

Mexico
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The Warming ©ceans — Coral Reets

! > coral bleaching if T rises _1 SR
corals face multiple threats

- 2003: 25% gone compared to 1980s
2014: Caribbean -
42+% completely bleached
95% show some bleaching
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affected b

= global warming

= gcidification

= pollution/pathogens
= physical damage

= freshwater runoff

= sUN screen lotion

= predators

= exploitation

= sedimentation
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. coral reefs:

“the rain forest of the ocean’
(high biodiversity!)
iyl A




The Role of The Oceans — CO,

> aimosphere has less €O, Than NUManSs preducedinilasi 1150 Vs
> OCeans fake up CO, > slow wWarming
> 469 atmosphere; 299 0cean; /7 ferest re-growih;

18% other biosphere

-

PAd NEWS: OCEQN GCIdICEToN
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Ocean Acidificaiion

Sea change Fraoile link

Since the Industrial Revolution began, the ocean’s chemistry has been changing at a pace 100 l ‘]bl L ] 1‘1 AN

times faster than in the previous 650,000 years. Food chains could collapse if rising levels of carbon dioxide
deplete the oceans of calcifying plankton, including small

Historic levels s Predicted levels snails called pteropods.

Ocean pH Dissolved carbon dioxide Pteropod facts Mazximum shell diameter:
1000 Micrograms/kg 2100 ® Critical part of food chain in
926.7 polar and near-polar seas -
. = Favorite food of herring, REEEEE 0.1387=3.5 mm
” pollock, cod, salmon and

baleen whales Swimming
wings

®

€ JIPIOR BIOW i

» Large masses of pteropods
reflect a healthy
environment

= Research has shown that
1850 their calcium carbonate
398.1 shells dissolve when placed
in water acidified by
carbon dioxide

400 l— Calcium carbonate shell

' ' ! ' ' . ' ' ' ! '
1850 1900 1950 2000 2050 2100 1850 1900 1950 2000 2050 2100

~

Graphic by Julie Sheer and Leslie Carlson Los Angeles Times
Note: 100 micrograms represents a 10,000th of one gram for each thousand grams of seawater.

Source: NOAA’s Pacific Marine Environmental Laboratory. Graphic by Leslie Carlson 1 COnnOT prOdUCe prOTeCTing
— —T 100 fi — carbonate shell -> dies 22
- ocean chemistry changes IMEs 1Aster | interruption of base of food chain

than in last 650,000 YIS - > mass extinction2?2
« acidity increased by 30% in 150 years
(pH from 8.16 to 8.05)
- projected decrease to pH 7.85 by 2100
(150%)
‘Cleanraif w-a@bkhd . 6
‘normal rain’ - pH 5.5-5.0

alkaline € -2 acidic 7
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»not released from Earth's interior nor plants
»on ground when NO, react with sunlight
»>in stratosphere when O, reacts with sunlight
»pollutant on ground
(corrosive and unhealthy)
»UV protector in stratosphere

\/
L Vis

L3 L] L ¥ T T T L]
01 01502 03 s 1 152 3
100

Absorptivity (%)
o & o 8§ 0o 8 o 8 o 8
T T T T

™ T T
01 01502 03 05

- 10ppm at 20-25km altitude
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The Ozone Hole
& =
OZONE, O, ' .
- not released from Earth’s interior nor plants . . N

- on ground when NO, react with sunlight _

- pollutant on ground Ozone hole:
(corrosive and unhealthy) -needs light

- in stratosphere when O, reacts with sunlight -needs very low
(10 ppm at 20-25 km altitude) -> springtime

phenomenon

»>Ozone greenhouse gas
»>Ozone hole NOT related o
global warming!

—

— ——
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The Ozone Hole

decline first noticed in 1980s
- most severe in early spring

- CFCs (chlorofluorocarbons) not natural
(refrigerators, air conditioning, spray. cans)
(also greenhouse gas)

- light in stratosphere reacts with CFC
(Cl then combines with O)

Antarctic ozone minimum (60° - 90° S) "4

19791992 Nimbus 7 TOMS
1963-1904 Meteor 3 TOMS
1995 (no TOMS i odi)
1906-2004 Eath Probe TOMS
20052012 OMI |

150 |-

Minimum ozone (DU)
g




The Ozone Hole — The Montreal Protocol

dire predictions -> Montreal Protocol -
-

-CFC phased out by 1996 by 140 countries
(1987 Monftreal Protocol)

- CFC have very long lifetime!

-ozone hole will continue until > 2030

- 2006 ozone hole largest ever

- 2011 deepest ozone hole ever (40%)
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= 2030 projected ozone level,
without treaty

= 2030 projected ozone level,
with treaty

careful optimism:
2007 Ozone hole was
smallest in decades




Global Ozone Loss reached
Plotfeaue

TOMS Global Ozone (65°N - 65°S)
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... bUt careful optimism:
2007 Ozone hole was
smallest in decades

SIO15 2025: Topic 22 - Anthropogenic Changes: The Atmosphere — Part 2




Deferred to Topic 24
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