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ICE -

The ice sheets that cover Greenland and Ant:
hold about 99% of Earth's freshwater, with the
potential to raise sea level dramatically.

WARMING ’ s
The average global temperature has increased by about . IS
1°C over the last 150 years. This is largely because of TN 16%

greenhouse gases being emitted into the atmosphere. y e Sreeniand
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THERMAL EXPANSION THi i ‘
Thermal Expansion

As the ocean warms in response to climate change,
seawater expands and, as a result, sea level rises.


https://www.esa.int/ESA_Multimedia/Images/2020/09/Causes_of_sea-level_rise

Glacial melt:
water from ice on land
melts into the ocean
\ (therefore, more water!)

2 main causes of
sea level rise:

e Glacial melt
o Thermal eXp anSion Thermal expansion:

oceans are warming,
and warm water takes
up more space.

https://vancouver.ca/green-vancouver/sea-level-rise.aspx



https://vancouver.ca/green-vancouver/sea-level-rise.aspx

Introduction to Presentation and Framing



Cryosphere - why is it important
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Current trends
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Ways of mitigation

Actions to reduce Actions to reduce
Hazards Vulnerability

Examples include: Examples include:

* Ecosystem-based measures - + Social protection
Vulnerability

to reduce coastal flooding - Livelihood diversification
*Mangroves to alleviate coastal - Insurance solutions
storm energy
« Water reservoirs to buffer ) Haza_xrd-proof iy
- and infrastructure

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, institutional, : i :

. . * Risk sensitive land use planning
psychological, and/or socio-cultural

« Early warning systems and

evacuations







https.//public.wmo.int/en/our-mandate/focus-areas/cryosphere

The cryosphere

Global Cryosphere by Type

Glacier - Ice Sheets B Ice Shelves -
Sea Ice Permafrost - Snow Cover -



https://en.wikipedia.org/wiki/List_of_highest_mountains_on_Earth
https://www.scientificamerican.com/article/why-are-glaciers-melting-from-the-bottom-its-complicated/
https://www.scientificamerican.com/article/why-are-glaciers-melting-from-the-bottom-its-complicated/

Observations of cryospherl
changes

now you seeit now you don’t

photo: William O. Field y‘ R

https://interestingengineering.com/scary-video- i i, Aasks: Augst 1,941 and Aust 31,2004
shows-greenland-melting-glaciers-turned-into-a
-charging-river



https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO

Further about observations

https://www.backpacker.com/gear/the-esse
ntial-mountaineering-gear-kit


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD

Future projections of
cryospheric changes

https://www.scientificamerican.com/article/why
-are-glaciers-melting-from-the-bottom-its-comp
licated/


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
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Further about changes
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https://www.mvestnik.ru/newslent/razliv-reki-
mozhet-podtopit-doma-v-belokamenke/
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Mountain weather, water and climate: pathways to a dustainable global future

29-31 October 2019, Geneva

»[l

International cooperation

Integrated water
resources management

Effective hazards management and
governance

Enablers and
response
options
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a vast share of the world’s ocean and cryosphere

20% of the “global ocean”
more than 90% of the world’s continuous and discontinuous “permafrost” area
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with the most persistent winter “snow cover”
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(b) Observed permafrost

Permafrost gy (0)
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- Permafrost temperature increase
- Disappearance of Arctic near-surface
permafrost

-  Effects of permafrost on vegetation,

human infrastructure and ecology



The upper ocean (0-10 m) at end of this century (2081-2100), characterised by
year-round for the Representative Concentration
Pathway (RCP)8.5 (a) and RCP2.6 (b) scenarios in the Coupled Model Intercomparison
Project Phase 5 (CMIP5)
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Schematic summary of key drivers that are causing, or are projected to cause, direct effects on

Regional sea ice declines
and loss of multi-year ice
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Schematic summary of key drivers that are causing or are projected to cause direct effects on

Changes in Regional sea ice
Ocean warming* predictability of Acidification™ change
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Potential extent of contribution Current level of application

to resilience building in polar regions
[] targe [ Moderate [ Limited [] High [ Medium [ Low
and and
Areas of potential contributions to resilience: Key conditions facilitating implementation:
DIV = Maintain diversity & redundancy F = Financial support
Type of CON = Manage connectivity | = Institutional support
resilience- Practices, tool, PAR = Broaden participation T&S = Technical and science support
buildi.ng or strategy LEA = Encourage learning & experimentation L& = Local & indigenous capacity and knowledge
activity SYS = Foster complex system understanding C = Interdisciplinary and/or cross-cultural cooperation

GOV = Enhance polycentric governance
SLO = Manage slow variables and feedbacks

Confidence regarding potential contribution
to resilience building:
000 - high @@ =medium ® =low

Community-based monitoring :N.' Ak F 1, T&S, L&, C

Understanding
regime shifts

Knowledge
Co-Production and
Integration
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Indicators of resilience PAR, LEA, SYS, SLO
and adaptive capacity [ 1]
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Participatory scenario analysis PAR, LEA, SYS
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Processes of Sea Level Change




1. Ice Sheets and Ice Shelves
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2. Glaciers

10,000 km’*

100,000 km?

Zemp, M. & Frey, Holger & Girtner-Roer, Isabelle & Nussbaumer, Samuel & Hoelzle, Martin & Paul, Frank & Haeberli, Wilfried & Denzinger, Florian & m, Andreas & Anderson, Brian & Bajracharya, Samjwal & Baroni, Carlo & Braun, Ludwig
& Ciceres, Bolivar & Casassa, Gino & Cobos, Guillermo & Davila, Luzmila & Delgado Granados, Hugo & Demuth, Michael & Vincent, Christian. (2015). Historically unprecedented global glacier decline in the early 21st century. Journal of
Glaciology. 61. 745-762.10.3189/2015J0G15J017.



3. Ocean Processes
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Cool subsurface flow

Ocean currents ferry warm and cool water around the globe. The Atlantic Ocean current boosts temperatures in northwestern Europe. But rising
levels of carbon dioxide in the atmosphere could shut these warming currents down.




4. Terrestrial Reservoirs
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https://www.wonderopolis.org/wonder/what-is-el-nino

5. Geodynamic Processes

Vertical land
motion and sea
level change




6. Extreme Sea Level Events
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Thermal expansion

Glaciers except in Greenland and Antarctica
| GIS including peripheral glaciers
| Antarctica ice sheet including peripheral glaciers
| Land water storage
| Ocean mass
| Total contributions

Observed GMSL rise from tide gauges and altimetry

Thermal expansion
Glaciers

Greenland SMB

OBSERVATIONS

1901-1990

1970-2015

Observed contribution to GMSL rise

0.49 (0.34-0.64)"
0.40 (0.23-0.57)

-0.12!

1.38 (0.81-1.95)

0.89 (0.84-0.94)°
0.46 (0.21-0.72)°

2.06 (1.77-2.34)

Modelled contributions to GMSL rise

0.32 (0.04-0.60)
0.53 (0.38-0.68)
-0.02 (~0.05-0.02)

0.97 (0.45-1.48)
0.73 (0.50-0.95)
0.03 (-0.01-0.07)

1993-2015

1.36 (0.96-1.76)
0.56 (0.34-0.78) ¢
0.46 (0.21-0.71)°
0.29 (0.11-0.47)*

0.09'

2.76 (2.21-3.31)
3.16 (2.79-3.53)

1.48 (0.86-2.11)
0.99 (0.60-1.38)
0.08 (-0.01-0.16)

2006-2015

1.40 (1.08-1.72)*
0.61 (0.53-0.69)"
0.77 (0.72-0.82)°
0.43 (0.34-0.52)"
-0.21 (-0.36-0.06)°
2.23(2.07-2.39)"
3.00 (2.62-3.38)'
3.58 (3.10-4.06)"

1.52 (0.96-2.09)
1.10 (0.64-1.56)
0.12 (-0.02-0.26)

Total including land water storage and ice discharge'

Residual with respect to observed GMSL rise™

0.71 (0.39-1.03)
0.67 (0.02-1.32)

1.88 (1.31-2.45)
0.18 (-0.46-0.82)

3.13(2.38-3.88)
0.03 (-0.81-0.87)

3.54 (2.79-4.29)
0.04 (-0.85-0.93)

Global mean sea level (GMSL) budget over different periods from observations and from climate model base

contributions. All values are in mm yr—1.




Mid-Holocene

18,000 Years Before Present Northern Modern Day
Hemisphere

Ice Coverage

Last Glacial Maximum
(21 ka)

Last Interglaciation

Legend
Contmanial ice -
$ea e m
Land Abovo

Sea Level -

Mid-Pliocene Warm Period \\
(3000 ka)

Multi-model mean summer (JJA) warming in the main Paleoclimate Model
Intercomparison Project (PMIP3) equilibrium time periods, mid-Holocene, Last

4HE ] : ] : | ] . > Glacial Maximum (Braconnot et al. 2012), Last Interglacial (Lunt et al. 2012) and

-4.0 -2.0 0.0 2.0 4.0 6.0°C the mid-Pliocene Warm period (Haywood et al. 2012).



Relative sea level change (mm)

(a) New York (b) Venice
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vertical land movement
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Fig. 20th century simulated regional sea level changes by coupled climate models and comparison with a selection of local tide gauge time series.
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Thermal expansion
Glaciers

Greenland SMB

RCP2.6
0.14(0.10-0.18)
0.1 07(70.04—0.1 6)
0.03 (0.01-0.07)

PROJECTIONS

RCP4.5
0.19(0.14-0.23)
0.12 i0.06—0.1é)
0.04 (0.02-0.09)

RCP8.5
0.27 (0.21-0.33)
0.16 ((7).09—0‘237)7
0.07 (0.03-0.17)

Comments
ARS

AR5

AR5

Greenland DYN
LWS

0.04 (0.01-0.06)
0.04 (-0.01-0.09)

0.04 (0.01-0.06)
0.04 (-0.01-0.09)

0.05 (0.02-0.07)
0.04 (-0.01-0.09)

AR5

AR5

Total ARS — Antarctica ARS*;
2081-2100

0.35(0.23-0.48)

0.43 (0.30-0.57)

0.60 (0.43-0.78)

SROCC implicit in ARS

Total ARS — Antarctica AR5;
2046-2065

| Antarctica 2031-2050
| Antarctica 2046-2065
| Antarctica 2081-2100
| Antarctica 2100

| GMSL 2031-2050

| GMSL 2046-2065

0.22 (0.15-0.29)

0.01 (0.00-0.03)
0.02 (0.00-0.05)
0.04 (0.01-0.10)
0.04 (0.01-0.11)
0.17 (0.12-0.22)
0.24 (0.17-0.32)

0.24 (0.17-0.31)

0.01 (0.00-0.03)
0.02 (0.01-0.05)
0.05 (0.01-0.13)
0.06 (0.01-0.15)
0.18 (0.13-0.23)
0.26 (0.19-0.34)

0.28 (0.20-0.36)

0.02 (0.00-0.05)
0.03 (0.00-0.08)
0.10 (0.02-0.23)
0.12 (0.03-0.28)
0.20 (0.15-0.26)
0.32 (0.23-0.40)

SROCC implicit in ARS

. SROCC
' SROCC
‘ SROCC
' SROCC
. SROCC
‘ SROCC

GMSL 2081-2100
GMSLin 2100

0.39 (0.26-0.53)
0.43 (0.29-0.59)

0.49 (0.34-0.64)
0.55 (0.39-0.72)

0.71 (0.51-0.92)
0.84 (0.61-1.10)

SROCC

SROCC

Rate (mm yr')

4(2-6)

7(4-9)

15(10-20)

SROCC

Fig. Median values and likely ranges for projections of global mean sea level (GMSL) rise in metres in 2081-2100 relative to 1986—2005 for three scenarios.




Sea level height and recurrence frequency

(a) Schematic effect of regional sea level rise on
projected extreme sea level events (not to scale)
Historical Centennial extreme sea level

Events (HCEs) become more common
due to sea level rise
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(c) Difference between RCP8.5 and RCP2.6
The difference map shows locations where the HCE
becomes annual at least 10 years later under RCP2.6
than under RCP8.5.
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RESPONSES

(a) No response (b) Advance . .
23 55 i
T
(c) Protection " (d) Retreat
e R S |
SLR
(e) Accommodation y (f) Ecosystem-based adaptation

[ ] q

Box 4.3, Figure 1| Different types of responses to coastal risk and sea level rise (SLR).
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Observations

Carbon emissions
from human activities

Ocean warming
Acidification
Oxygen loss

Y

Affecting marine
organisms
Impacting fisheries




Consequences of ocean warming

Stratification Atmospheric CO2 uptake

Fossil fuels
and industry

{herm oc/,-ne

Land-use change
Land sink

Intermediate water
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https://blogs.egu.eu/geolog/2013/09/20/momentous-discoveries-in-oceanography/
https://publicwmo.int/en/resources/bulletin/annual-global-carbon-budget
Acidification
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https://public.wmo.int/en/resources/bulletin/annual-global-carbon-budget
https://blogs.egu.eu/geolog/2013/09/20/momentous-discoveries-in-oceanography/
https://ocean.si.edu/conservation/acidification/ocean-acidification-graph
https://www.researchgate.net/figure/B-The-global-map-showing-coastal-and-open-ocean-where-nutrients-inputs-caused-decline-in_fig2_331275314
https://www.researchgate.net/figure/B-The-global-map-showing-coastal-and-open-ocean-where-nutrients-inputs-caused-decline-in_fig2_331275314

Effects on Communities

Fisheries
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Projections: Scenarios and Time Horizons

(a) Simulated net primary production

Value in mol C m2yr' (1986-2005)
10 20 >25

(b) Simulated total animal biomass

Observéd values in tonnes* (1986-2005)

0 0.15 55 >275,000

* See figure caption for details Percent change
Average by 2081-2100, relative to 1986-2005

<50 40 -3 -2 -10 0 10 20 30 40 >50

model disagreement

no data

Fig: comparison of RCP2.6 and RCP8.5 scenarios over 3 occasions



Response Options to Enhance Resilience

Blue Carbon Ecosystems

COASTAL BLUE GARBON

An investment in wetland restoration supports many important benefits,
including carbon capture, improved water quality, critical marine habitat, and
increased resiliency through storm and flood protection.

NP &
BLUE CARBON

is the ability of tidal wetland and sea grass
habitats to capture and store CO, and other
greenhouse gases from the atmosphere.

https://www.earthcorps.org/our-story/key-initiatives/blue-carbon/

Ecosystem Based Adaptation
(EbA)

Other Adaptation
Measures

PEOPLE
Adaptive Capacity/Vulnerability

Ecosystems

https://www.iucn.org/resources/issues-briefs/ecosystem-based-adaptation


https://www.earthcorps.org/our-story/key-initiatives/blue-carbon/
https://www.iucn.org/resources/issues-briefs/ecosystem-based-adaptation
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Ongoing and Emerging Changes in the Ocean and Cryosphere, and their Impacts on

Ecosystems and Human Societies

e
Extreme risk areas

Compound events

AA
L = . ™ P B &
- e & e W P

Extreme Drought Marine Tidal Wave-induced Cold or Seaice Multiple Drought, rainfall, Drought, low
rainfall heatwave flooding flooding snow storm minimum cyclones marine heatwave sea levels




Marine heatwaves
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Strongest El Nifio and La Nina events

(a) Rainfall relationship with temperature gradient (b) Distribution by rainfall
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Infographic on teleconnections and impacts due to Atlantic Meridional Overturning
Circulation (AMOC).
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Projections of Ocean and Cryosphere Change and Hazards to
Ecosystems and Human Society Under Low and High Emission Futures.

Tropical cyclones

Wave heights

Marine heatwaves

Extreme El Nifio and La Nifa
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Shared Socioeconomic Pathways
and Conclusions



Scenario Analysis
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(Mitigation challenges dominate)
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