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= O'Deep ocean largest reservoir:

- —40,000 Gt C cf. 2,000 Gt Con land, 1,000 Gt C in
upper ocean and 750Gt C in atmosphere
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Global Carbon Cycle
(in GtC)

60 Atmosphere
4 750
2 S .
) Fossil fuels and
: cement production

Vegetation 610
Soils and detritus 1580
2190 92

Surface ocean
102D

Marine biota
3
Dissolved 6 |[Intermediate and
organic carbonj deep ocean
<700 38,100
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"Climate change may strongly modify biogenic
habitats such as those formed by foundation
species and assemblages including mangroves,
coral reefs and kelp forests”(Hobday et al.,
2006:12)
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e \Wind patterns
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e Mangroves
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Broad Summary of Effects now being measured (IUCN, 2020)



——

,ma ng ceans“P_zsgaJﬂha
jemi aI Changes

e in 50 yrs

by the end of
ry (IPCC 2015)

r ated into warmer
- 'ij:_} =
qanges not uniform

-Seme cooling may be
experienced

— loss of 0.5—-3.3% DO
between 1970-2010 from
the ocean surface to

1000 m (IPCC, 2019)
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The ~system of circulating water currents that
moderates northern Europe's weather is 30 percent
slower than it was nearly 50 years ago (Bryden, 2005)

jand Sea deep water is warming
2n times as fast as the rest of the
obal ocean (Alfred-Wegener Institut,

= 2013)




Thermohaline Circulation
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The entire circulation pattern takes 2,000 years to complete (Gaworeki, 2016)




‘tfop‘ es rather than being carried northward

= —= “The consequences included an unusually harsh European winter, a strong
Atlantic Basin hurricane season, and an extreme sea level rise of nearly 13 cm
along the North American coast north of New York City,” (Hand, 2017: p.1)



years, (Rahmstorf,
2015) - Potsdam
Institute for Climate
Impact Research in

Germany.
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(Simms et al., 2004) |
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Average number of cyclones: low moderate high
‘ (1980-2000)
f e W
North
Atlantic

",
. N
0 Caribbean

L}

North East Pacific

South Indian Ocean

‘Low’ refers to less than one cyclone every three years per 0.002 dd?, ‘moderate’
between one every three years (o one every year per 0.002 dd® and ‘high' to one
to three cyclones per year per 0.002 dd?. The unit ‘0.002 square decimal degree
(dd?)' is equivalent to 25 km? on the equator, diminishing as latitude gets
higher.

* average based on eight years only. Sources: PREVIEW Global Cyclone Asymmetric Windspeed Profile, UNEP/GRID-Edropé;
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o 2020 Atlantlc hurricane season
has spawned 30 tropical
storms

> 2005 of 28 named storms. PR AT g 1 .

> A typical season only produces L&

12 named storms, so 2020 has ‘r
already seen two and a half 5 o
times more than average.




Coastal Vulnerability in UK

Coastal Damage during flooding in Feb 2014
at Dawlish, England
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A
satellite sea surface temperature imagery for the month of October
2015, where orange-red colors are above normal temperatures and
are indicative of El Nino. (NOAA, 2015)
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e Stunted grwth (5f

children affected
by 1997 El Nino
Affected crops —
cut of roads —
malnutrition,
diarrhoea from
polluted water —
lack of access to
healthcare

16 times more
rainfall in coastal
areas

bring ma:e#must floods” |
Scientist, 2014:1) |
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5‘Iﬂereased 2.18-2.42%
“since 1970s (IPCC,
2019)




Changing oceans: chemical
composition

e Naturally alkaline — pH 8.2

¢ \Warmer water — reduced concentration
dissolved gases

e Exacerbate temperature rise

® However, less saline water can hold more
CO, — glacial melt

® Aragonite reduction
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= == :‘2190 75% cold water corals
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o Changes could develop in decades not centuries (Orr et al.,
2005)
® (0.5 change in average pH by 2100

® The open ocean surface water pH is observed to be
declining - range of 0.017-0.027 pH units per decade since

the late 1980s (IPCC, 2019)



Ozone Depletion: uv radiation

90% ozone found in stratosphere

10% troposphere

Filter mechanism

Secondary pollutant — low level ozone

Stratospheric O; — lowest levels since measurements began
CFC's

Ozone hole may have peaked
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:‘DISSO|VeC| oxygen —
-~ "degree of shielding

® 1987 Montreal Protocol
on Substances that
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The ozone hole has shrunk by 1.5 million ‘ _ A
square miles (four million square > ’ '

kilometres) -- an area nearly about the size /
of India -- since 2000.




Sentinel 5P

TROPOMI
DAILY OZONE

01-10-2020
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-~ ® fstorminess
e Slowing of ocean currents
(MarLIN, 2005)
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1958-1981 1982-1999 2000-2002

Mean number of species per CPR sample

B {
4 ;.\‘f, i A

0.1

~ ® Poleward movement of warm water species of plankton,
fish-and intertidal organisms in last 60 yrs

® (Continuous Plankton Recorder (CPR) survey

e Copepods (crustacean) moved northwards by 10°

Latitude (~ 1000km) in 40 yrs (up to 1999) — trend
continues



OLBV radlatlon — affects photosynthesis, growth,
- reproduction and enzyme functioning

e HABs — harmful algal blooms
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CHEas "-' In carbon dioxide (CO.) affect the growth of certain
= :—3;5[, ‘but not all species are impacted the same.Some algae,

b uchie s Cyanobacterla are favoured under hlghertemperatures




oxicity of
ISSE ls has increased —
vehnoflagellate

Irium spp.
Stratif catlon nutrient availability
= »1’-:'— e- Id cover

g e
e ry
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-;:_“Sea temp extend geographical
~  range species not currently here
~ ~ — PSP associated dinoflagellate
- Gymnodium catenatum

(MCCIP, 2011)
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cause a massive toxic algae bloom that closed lucrative fisheries from

California to British Columbia and disrupted marine life from seabirds to
sea lions, Sept. 29, 2016. Scientists linked the patch of warm ocean
water, nicknamed the "blob," to the vast ribbon of toxic algae thatl

A new study finds that unusually warm Pacific Ocean temperatures helped ‘

flourished in 2015 (Harvey, 2017)
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,_.zeepepods bloom later
~ inthe summer -

- _young cod require

large food by then




-

eGlobally — between 1 and 9
million species

eEconomic, and habitat relevance

eBleaching — 1°C large scale &
- regular mortality

eAcidification

eDistributional change
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“For the second year in a row, the Great Barrier Reef is experiencing a mass
bleaching event” (Raphael, 2017:1)



_ - January 2019 — massive pollution in North Queensland
-~ caused by unusually high rainfall and flooding (The Guardian,
—— 2019)



In some places
coral transplants
are having to be
introduced to
save this valuable
ecosystem.
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_Cold water corals -
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eSeamounts and
continental rise

~ *Hotspots of biodiversity

e
L —

————

~— Slow growing

- eDepth of aragonite
saturation horizon

*70% affected by 2100



¢ Exotic species in northern North Sea - Red Mullet Mullus
£ surmuletus; anchovy Engraulidgae spp. (Beare et al.,
7 2003)

Atlantic bluefin tuna 7hunnus thynnus returning to
south-west England (Carrell, 2012)

Southern species - snakelocks anemone Anemonia viridis
moving north; Topshell Gibbula umbilicalis

Seabed species — not such dramatic changes:
— Northern stone crab Lithodes maia moving north

— Common Tortoiseshell limpet 7ectura testudinalis p
reduced recruitment rate




Species distributional changes

Abundance:

— Pacific oyster Crassostrea gigas — a non
native. Population increasing

— |Mussel productitn by 50%"’(‘[’3C Tin temp NI
and Scotland (Carrell, 2012)
Structural changes:

—Horse mussel Modiolus modiolus. Large bed
forming — complex habitat with diverse fauna




2001 — North Sea

North Sea

1963 -
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e L

f:i?'~}-0-"lféor cod: 7risopterus minutus ,
= Butterfly blenny Blenius
ocellaris responded positively

to:warming

® Southern species such as skate
and rays have declined steadily

Mean annual 88T (°C)
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Year
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_ African fisheries j«b’
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2.6 billion people — 40%
world’s population — fish
make up a fifth of their
protein intake

oIn Pacific El Nino conditions
~ could became near
. permanent

= eBadly managed — Nigeria,
Senegal, Vietham, Angola

Atlantic Cod Gadus morhua
(Pearce, 2009)
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Marine Turtles ...
e Slow growth rate

Changes to critical habitats
eLife history characteristics
*Skewing of sex ratio

- Wave energy and
- storminess

eFood chain benefits -
jellyfish

eAlteration to timing of egg
laying — Florida; Loggerheads



e Bio-indicators -
distributional changes

eAltered reproductive success
eNesting timing
eLoss habitat

—_ eCurrent alteration —
— migration and foraging

*9% |number breeding birds
in UK 2000-2008 (MCCIP,
2011)
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~ (Cassin’s auklets
® Jncreased storm activity
e Mobility
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) %dmun Igclol Ll flee o
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prey.

ENEroy expenditure — seals
gliUsSealiiions

2 J,)vT water species thriving

~*-Po aT'speaes suffering
,,.»jrconsequence of diminishing
__icesheets

& (Cetaceans — changes in
distribution

® (Collisions and noise pollution!



I se in coverage
1d thickness Arctic
:f,-_f:s’ea -ice

- —
a—— —

® Bloom of
coccolithophores —
Bering Sea




While Arctic sea ice reaches a record
low, Antarctic sea ice reaches a new
maximum!



I "
Nasawarns“iceberg twice the size of
MANHATTAN" torbreak away fiompAnte
Keach, 2019)

South Atlantic Ocean

150km iceberg from Larsen C

Ice shelf Heading for South
Georgia (Nov 2020)



RIS

pa Loy

K Coral reefs mangroves and saIt marshes
vulnerable i

g | L

~ ® In England, 40-100 hectares saltmarsh (%

= lost annually (Eccleston, 2008)

. o Vertical accretion rates and space for
horizontal migration

® Ecosystem resilience reduced where there
are also human influences




Research in 2018 paints a grim outlook
for saltmarshes




oVital role in carbon -

and nutrient cycling N
eBuffer

eBiodiversity —
crustaceans fish




. ® 929, seagrasses have d|ed Ip the UK over the last
century (Kings College, London)

-~ o Jf we want to provide our fisheries and our coastlines
with the potential to adapt to a rapidly changing climate
we need to restore the habitats and biodiversity that
support their productivity. (Dr Richard Unsworth,

Swansea University, 2020)




eSediment

*Filtering

eHabitat —fish,

crabs, prawns, birds

eNutrient and
» carbon cycling
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oShifts in distribution
and decline

eStorminess

e
-

;-, eChanges in rainfall

eSpecies compositional

change — herbivores



* Species dlstrlbutlonal
movements ‘




Actions to reduce
Hazards

Actions to reduce
Vulnerability

Examples include: Examples include:

*Ecosystem-based measures * Social protection

: Vulnerabilit

to reduce coastalflooding 4 +Livelihood diversification
| gsprgrgnggt; AR * Insurance solutions
*Water reservoirs to buffer . :r? ; ?r:?rgtorﬁiﬂjorzsmg

low-flows and water scarcity

‘ Actions to reduce
‘ Exposure

Limits to Adaptation Examples include:

* E.g. physical, ecological, technological, * Coastal retreat and resettlement
economic, political, |nst|tu't|ona|, + Risk sensitive land use planning
psychological, and/or socio-cultural

* Early warning systems and

evacuations

Figure TS.4 | There are options for risk reduction through adaptation. Adaptation can reduce risk by addressing one or more of the three risk factors: vulnerability
exposure, and/or hazard. The reduction of vulnerability, exposure, and/or hazard potential can be achieved through different policy and action choices over time until limit
to adaptation might be reached. The figure builds on the conceptual framework of risk used in AR5 (for more details see Cross-Chapter Box 2 in Chapter 1).

IPCC, 2019)




