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What is Sea Level?

Sea surface height is the height from the
reference ellipsoid to the instantaneous
---------- Orbit sea surface.
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SSH: Sea Surface Height
SLA: Sea Level anomaly
MDT: Mean Dynamic Topography
MSS: Mean Sea Surface
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SSH: Sea Surface Height
SLA: Sea Level anomaly
MDT: Mean Dynamic Topography
MSS: Mean Sea Surface
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Geoid

Sea surface height is the height from the
reference ellipsoid to the instantaneous
sea surface.

Sea Level Anomaly (SLA) can be derived
from mean Sea Surface (MSS) Height i.e.

SLA = SSH — MSS

Absolute Dynamic Topography (ADT) is
the height of the instantaneous Sea
Surface from the Geoid

What co Geocd?



What is Geoid?
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EGM96 geoid heights in m.

Geoid is the shape that the ocean surface
would take under the influence of the
gravity and the rotation of the earth alone.

All points on a geoid surface have the
same effective potential (the sum of the
gravitational potential energy and the
centrifugal potential energy).

The force of gravity acts everywhere
perpendicular to the geoid, meaning that
plumb lines point perpendicular and water
levels parallel to the geoid if only gravity
and rotational acceleration were at work.

The surface of the geoid is higher than the
reference ellipsoid wherever there is a
positive gravity anomaly (mass excess) and
lower than the reference ellipsoid wherever

there is a negative gravity anomaly (mass
deficit).



What is Sea Level?

Sea surface height is the height from the
reference ellipsoid to the instantaneous
---------- Orbit sea surface.
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Sea Level Anomaly (SLA) can be derived
e from mean Sea Surface (MSS) Height i.e.

f the satellite

SLA = SSH — MSS

Absolute Dynamic Topography (ADT) is
the height of the instantaneous Sea

i | il T Surface from the Geoid.

O Geoid T

Mean Dynamic Topography (MDT) is the
height of the MSS from the Geoid.

SSH: Sea Surface Height

SLA: Sea Level anomaly

MDT: Mean Dynamic Topography

MSS: Mean Sea Surface



How Sea Level anomaly looks from a satellite?
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What about tide-gauge?

 Tides: Range ~ 4 m m D16 /\/\/\/\
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- Storm surges: Range ~ 40 cm Ny — A~

» Intraseasonal variability: Lo/5 2615 516 1516

Range ~ 20—40 cm

 Seasonal variability:

Range ~ 20 cm
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Causes of Sea Level Variability and Change

hydrological cycle

glaciers
atmosphere-ocean ice sheets
- interaction and shelves
A
,I
ground water s:;'?;:z l
ocean properties
ocean circulation
geocentric
sea level
Thermostaric effect 5. Addition of mass
Halosteric effect 6. Vertical land movement
Inverted barometer effect 7. Land-Surface process

Ocean currents, winds, etc. 8. Ice-sheet rapid dynamics
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Spatial Sea Level variability: Subtropical gyres




Spatial Sea Level variability: Subtropical gyres




Climate Variability: El-Nino
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(@) Normal conditions
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Normal Conditions



Climate Variability: El-Nino
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Climate Variability: El-Nino

> i
) {
2l / \
/“”**s
B —
Equator ~— o Coastal
-— N ind
/ Cold
:I Warm !I
Thermocline ‘f"
i |
| Cold Upwelling J,.

(c) La Nina conditions
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http://www.pearsoned.ca/highered/mygeoscienceplace/ElNinoLaNina.html

Climate Variability: EI-Nino




Sea Level during 1997 El-Nino and 10D

(a) SLA: 1997 boreal fall and winter

LN B T T T T TR

7P/
A NS T .‘\_"'~'

20°N K

. v
d P g . — 1
- wiels]
o -
) )
- -~ - NG
» - . -

—SWIO.

160°W 80°W

04 -02 -01 -005 0 0.05 01 02 04 R = <.
20°N
10°N
EQU
10°S y
2008 | W / ‘-'?

40°E 60°E



High Frequency Sea Level Variability

Wind waves



Sea level anomaly (mm)

Spatial variation in sea level Trend

Global mean sea level change

Hansen et al., 2016
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GMSL (mm)

Causes of Sea Level Variability and Change
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Sea level change (mm)

Future sea level Trend

Estimates Instrumental record
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Global mean sea level rise (m)

Future sea level Trend
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