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<7~ Climate change and sea level
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« Warming raises averages sea levels from the oceans
expanding as they warm and melting of land-ice

* These effects are modulated by other atmospheric
processes leading to storm surges and extreme wave
heights interacting with natural tidal processes

« Surges and waves may be affected by climate change
(e.g. If typhoons become more extreme, wind patterns
change)

* Local sea levels are affected by local land height which
may change for other reasons (e.g. water abstraction)



(m)

Global mean sea level rise

1.0

08

06

04

02

0.0

2000

2020

2040

2060
Year

2080

2100

RCP2.6

Mean over
2081-2100

RCP4.5

RCP6.0

RCP8.5

..-
pase qlobha
Qree ouse Qa
C -'
eVe 0
0 e exponentia
s QloD8a
s 0 DE3
Ao an de A
ag leve
0 e {0 e (TO
~rojectio 0
ple globa z
0dels assessed
~ 1D A D
--.- a - a
qare ouse Qa3
ONCE zli[e



BCCCSM 1.1 {anESM2

Met Office

Ranges in sea level rise
estimates from global
climate models are from Je=ss e e e
different magnitudes Of | ——— T
projected change I Tl

Also, spatial patterns of
change vary so regional
sea level rise will have
different ranges
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Other contributing factors
— Glacial melting (b)

lce-sheet metling (c)
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95 100 105 110 115 120 125 130
Longitude

Also:
Land water storage (reservoirs,

groundwater)
* Rapid ice-sheet dynamics



<= Regional sea level rise: Island
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o £Xamples St. Helena, Pitcairn

RCP85 St_helena

These different processes and the
different levels of confidence in
their magnitudes lead to different
ranges of local sea level rise

2000 2020 2040 2060 2080 2100

RCP85 Pitcaim = Sum
—— Thermal expansion
Glaciers
Greenland ice sheet

— Antarctic ice sheet

Greenland ice-sheet rapid dynamics
— = Antarctic ice-sheet rapid dynamics
— = Land water storage
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Tropical Cyclone (TC) Metrics:

| AIITC frequency
"""""""""""" Il Category 4-5TC frequency

: Il Lifetime Maximum Intensity
IV Precipitation rate
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Typhoon Haiyan (Yolanda)
November 2013

Most severe land-falling typhoon
on record

Winds reaching 197mph

9-6m storm surge

Over 6300 people killed and four
million people displaced

Even if climate change was not a
factor in the intensity then sea-level
rise was in the surge height and
storms of this size clearly need to
be planned for in the future



7= Providing information on storm surges
== and waves requires detailed local models

Surge model Wave model
* 1/12th degree resolution, e 1/12th degree resolution
constant density, 9 vertical levels « Forced by 50km global wave
* Forced by tides at lateral model at lateral boundaries
boundaries * Forced by winds at sea surface

* Forced by atmospheric pressure
and winds at sea surface



‘ Vertical land movement - An
meroie  €Xample for Jakarta

Jakarta is subsiding due to Sea levels relative to
groundwater extraction coastal land are increasing
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Figure 3.9 Projected land subsidence in the vicinity of Jakarta
(Priyambodo, 2005)

Further subsidence
will contribute an

additional component
Figure 3.8 Groundwater extraction in Jakarta and to Iocal sea Ievel FISG

the resulting land subsidence
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The Sea Level Rise
“Jigsaw Puzzle”

Global Mean Sea Level

Thermal Expansion

Glaciers

Ice Sheets

* Surface Mass Balance
* Ice Dynamics (v. uncertain)

+ other
* Reservoirs
* Ground water storage
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» TOTAL

Large-Scale Sea Level (> 100km)

Ocean
* Local density changes
* Ocean circulation

Land Ice

Mass Loss
* Geoid response
* Lithosphere response

Regional + Extreme SL

Extreme Sea Level:

: * Waves + Swell
Basin
i resonance?

e

Glacial Isostatic
Adjustment

Inverse Barometer

~» Time-Mean Sea Level

Vertical Land Movement

* Tectonic movements
* Ground water extraction .
* Sediment compaction ..+
* Channel dredging™""
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Temperature increases raise sea levels by expanding the
oceans and melting land ice

The magnitude of sea level rise from these processes differs
regionally and in the accuracy of the estimated changes

This gives rise to different estimates of the range of future
sea-level rise at different island and coastal locations

Storm surges, waves and other non-climate factors such as
local subsidence also affect local sea-levels — and extremes
of the climate-related factors can cause very large (and
damaging) local sea-level rise

Providing comprehensive local information on future
sea-levels is a complex process



