Causes of Global and Regional Sea-Level Changes
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Geological observations
of sea level change
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. { Bristol Channel

* Raised or submerged il K
shorelines

e Coral reefs

* Submerged tree stumps

* Sediment cores
* Fossil shells or corals

Bonaparte Gulf
Northwest Australia

* Micro-atolls
* Salt marshes and peat
* Roman fish tanks
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From ~1800: Tide gauge

measurements
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From 1993: Satellite altimetry

* Improved spatial coverage
(up to 66 N/S)
* 10-day repeat cycle

Time span: Jan 1993 -> Nov 2018
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Since 1900, sea-level has risen faster than in any century in v
the past 2500 years
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1901- 1971- 1993-
Observed 2018 2018 2018
sea-level  Total 20.2 11.0 8.1
rise difference
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Rate of 1.7
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The ocean is warming

* Majority of excess
energy is stored in
the ocean (>90%)

* Warming leads to
expansion

Where is global warming going”

Continents
2.1%

Arctic sea ice
0.8%

o Greenland Ice Sheet
0.2%

o Antarctic lce Sheet
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Glaciers & ice sheets are losing mass

~58 m in Antarctica

~7 m in Greenland
~0.3 m in glaciers

Cumulative mass change since
1961 [Gt] (362.5 Gt & 1 mm SLE)

X Glaciological sample
¢ Geodetic sample
B Glacier area

#x pY

”
emp et al, 2019]



Terrestrial water storage change contribution

Natural:

Snow, wetlands, lakes, etc..
Man-made:

Water stored behind dams

Groundwater extraction \
— GWD historical and uncertainty !
~0.8 | — Reservoir impoundment
— Deforestation
Wetland loss
Endorheic basin storage loss

75 — Annual net contribution
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Combining the global mean contributions

1971-2018

Ocean (0-700m)
Ocean (700-2000m)
Ocean (>2000m)
Glaciers

Greenland
Antarctica

Land Water Storage
Observed GMSL 1901-2018 1971-2018 1993-2018 2006-2018

Observed Total 20.2 11.0 8.1 4.4
sea-level rise (jfference
(cm)
Rate of
change
(mm yr)
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Spatial variability in sea-level change

* Regional/local change # global mean
e Impact of sea-level change = regional/local

SL_cci ECV v2.0, 1993-2015 (ESA/CLS/LEGOS)




Vertical land movement

- Glacial Isostatic Adjustment

- Tectonics
* Earthquakes
* Volcanoes

- Subsidence
* Sediment compaction
* Removal of water, gas or oil
* Drainage of peatlands

Measured with GPS

Necessary to benchmark tide gauge
and satellite observations
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Greenland
Ice Sheet
(7m SLE)

N . gravitational

meltwater
runoff

relative
sea level

mountain glaciers
(0.3m SLE)

river
runoff
land water
storage

steric expansion

Sea-level change as a thermometer of climate change

Antarctic
Ice Sheet
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Models: if only we had 1 model to compute sea-level

change...

SSP
population
forcing

CMIP5 GCMs

RCP climate
forcing

SSP climate
forcing

I Extreme value |
Tide gauges FL model

non-GRD VLM

GIA model

Terrestrial
Water Storage

water storage

' Ice sheet }_\_'

} Terrestrial

Ice sheet >
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GlacierMIP ’ Glacier }___, Glaciers

emulator

Simple climate
model Thermal
N Expansion

CMIP6 GCMs
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(Figure by Bob Kopp)



Climate model scenarios:

Shared Socio-Economic Pathways (SSPs)

SSP5-8.5

100

SSP3-7.0
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a) Global surface temperature change relative to 1850-1900
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To 2050, projections show limited sensitivity to v
emissions scenario

Projected global mean sea level rise under different SSP scenarios

2.5 Relative to 1995-2014, the likely

Median (medium confidence)

5 Likely range (medium confidence) global mean sea level rise (medium
Satellite extrapolation (see caption)
— - — - Likely range of extrapolation cO nfl d én Ce) :
(m) 1.5 — — SSP5-8.5 Low confidence 83 percentile
SSP5-8.5 Low confidence 95 percentile

by 2050
SSP1-1.9: 0.18 (0.15-0.23) m

SSP3-7.0: 0.22 (0.18-0.27) m

Historical
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Beyond 2050, projections are increasingly sensitive to L
emissions scenario, and it is virtually certain that sea level will
continue to rise through 2100

Projected global mean sea level rise under different SSP scenarios Relative to 1995-2014, the likely
2.5 global mean sea level rise (medium

Median (medium confidence)

2 Likely range (medium confidence) Confldence) :

Satellite extrapolation (see caption)

— - — - Likely range of extrapolation

‘ SSP1-1.9: 0.38 (0.28-0.55) m
SSP3-7.0: 0.68 (0.55-0.90) m

by 2150
SSP1-1.9: 0.57 (0.37-0.86) m
SSP3-7.0: 1.19 (0.89-1.65) m



Projections: regional distribution of total change

SSP1-1.9 median change
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Approximately two-thir jected regional relative sea
level rise withi edium confidence).




Projected changes at the Dutch coast

SSP3-7.0 NL
2100 SRR (Maassluis) Sea-leve(l change ;oy 2100
Th | SSP3-7.0
SIS 0.25(0.21-0.30)  0.39 (0.24-0.54)
expansion
Greenland 0.11 (0.07-0.16)  0.02 (0.01-0.03)
Antarctica 0.11(0.03-0.31)  0.12 (0.03-0.34)
Glaciers 0.16 (0.13-0.18)  0.10 (0.08-0.12)
Land Wat
SRS 0.03 (0.02-0.04)  0.02 (0.01-0.03
Storage
Vertical Land
0.03 (0.00-0.05
Motion e ( )
Total (2030) 0.09 (0.08-0.12)  0.12 (0.07-0.18)
Total (2050) 0.22 (0.18-0.27)  0.25 (0.15-0.36) H = e
-1.00 —-0.75 -0.50 —-0.25 0.00 0.25 0.50 0.75 1.00
(m)
Total (2100) 0.68 (0.55-0.90)  0.69 (0.48-0.97)

(Figure: Tim Hermans)



There’s no going back from some
changes in the climate system.
However, some changes could be
slowed and others could be
stopped by limiting warming.



The question is not
if
we will reach 0.5 m sea-level rise,
the question is
when

A faster rise demands earlier adaptation
and reduces the lifetime of coastal
protection structures

(c) Projected timing of sea level rise milestones

Year by which a rise of 2.0 m
above 1995-2014 is expected

Low-confidence
processes included

l

SSP5-8.5
SSP3-7.0
SSP2-4.5
SSP1-2.6
SSP1-1.9




Projections: long term

e After 2100, sea level will
continue to rise

* The rate of sea level rise
depends on the
emissions:

SSP1-1.9: ~ 4 mm/yr in
2100

SSP3-7.0: ~ 10 mm/yr in
2100 2

d) Global mean sea level change relative to 1900
m
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Sea level is rising, observed by tide gauges and satellites

== 2. The main contributors to sea-level rise are ocean warming
- and land ice mass loss

= Y. ’ __ 3. Sea level change is not uniform: large spatial and temporal
7 e, . variations

4. Model projections indicate that sea level will rise further in
the 215t century and beyond
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