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Outline

e Climate change, IPCC and sea level.

Data behind the IPCC sea level estimates
— Satellite altimetry and tide gauges.

Global sea level change (shorter — longer times — sea level
reconstruction)

Explaining current sea level changes / Global sea level budget.

Regional sea level change.

Arctic ocean.

Future of sea level research.

2 DTU Space, Technical University of Denmark NKG Summer School
Bastad, Sweden, 2016



DTU Space
National Space Institute

=
—
=

i

Future climate change
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Climate Change

IPCC Assessment Report 5 provides a new assessment of sea level rise:
e Climate scenarios:
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Climate Change

IPCC Assessment Report 5 provides a new assessment of sea level rise:

= Projections for 2013 - 2100

5

1_{) lrllllIIIIIIIIIllllllllllllllllI'III'II'IlII'IIIIIIII
B Mean aver
- 2081-2100
— 08F
E s
QD .
o
S 06} —
o :
1]
m -3
w
c ) 0
3 04} = ©
E t G
E L o) o c
] i o ©
o © a &
0.2 Q g &
" ]
A [on
n_ﬂ-IlllIllll|lllllllll|lllllllll|lIlIIlIlIlIlIIIIIIIl
2000 2020 2040 2060 2080 2100
DTU upauc, 1Cculirinval UIIIVCIQILy Ul wTliiiiianr Year

HE

NKG Summer School
Bastad, Sweden, 2016



DTU Space
National Space Institute

a) RCP2. 6 + other compnnents RCP4, 5 + other components
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SEA LEVEL PROJECTIONS CURRENTLY HAVE LARGE UNCERTAINTIES........
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Tide gauges measures relative SL
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General Timeline for Satellite Radar Altimeters with Short Repeat Periods
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Global Is
only
“global up to 65”

produced by AVISO/DUACS - Copyright CNES/CLS 2014
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Regional sea level change (1993-2011)

2003-2011
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Longer time series.

Beyond the altimeter era

PEMEL Station= with at least 40 Year= of HLH Data
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—— Tide Gauge analyses

HE

Global reconstructed sea level
Church & White

y = +1.41x, r’=0.944
y = +1.65x, °=0.958
y = +1.89x, r’=0.910
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Evolution of a Marsh as Sea Level Rises
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Coastal marshes have kept pace with the slow rate of sea level rise that has characterized the last several
thousand wears. Thus, the area of marsh has expanded over time as new lands have been Inundated. If In
the future, sea level rises faster than the ability of the marsh to keep pace, the marsh area will contract.
Construction of bulkheads to protect economic development may prevent new marsh from forming

and result In a total loss of marsh in some areas.
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— Understanding Sea level change
The Sea Level Budget

What changes sea level

1) Heatig water
(Steric expansion-=height)

1) Adding water (ocean Mass)

ASSH = ASH + AOM

21 DTU Space, Technical University of Denma
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Little more sophisticated version.
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ASSH = ASH + AOM + ACirculation + AShape
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Large Ice bodies on the Earth.
Arctic Circle
o0® — Equator
B -~~~ e Antarctic Circle
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Climate Change

IPCC Assessment Report 5 provides a new assessment of sea level rise:
e Global sea level budget:

Source 1993-2010
Observed contributions to GMSLR

Thermal expansion 1.1[0.8to 1.4]
Glaciers except m Greenland and Antarctica  0.76 [0.39 to 1.13]
Glaciers in Greenland® 0.10[0.07 to 0.13]
Greenland ice sheet 0.33[0.25 to 0.41]
Antarctic ice sheet 0.270.16 to 0.38]
Land water storage 0.380.26 to 0.49]
Total of contributions 2.8[2.3to 3.4]
Observed GMSLR 3.2[2.8 to 3.6]

Table 13.1: Global mean sea level budget (mm yr ) over different time intervals from observations and from model-
based contributions. Uncertainties are 5-95%. The AOGCM historical mtegrations end in 2005; projections for RCP4.5
are uged for 2006-2010. The modelled thermal expansion and glacier contributions are computed from the CMIP5
results, usmg the model of Marzeion et al. (2012a) for glaciers. The land water contribution 1s due to anthropogenic
mtervention only, not mcluding clinate-related fluctuations.
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aft (7 June 2013) Technical Bummary IPCC WGl Fifth Assessment Reportz
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High spatial
correlation.
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Closing the budget. =
What can altimetry, GRACE, and Argo tell us?

The sea level budget 2005-2015 may be
expressed as height changes from the main
components of sea level change:

ASSH = ASH + AOM

SSH = sea surface height, SH = steric height, OM = ocean mass

Argo measures temperature and salinity short of
the abyssal ocean (roughly 44 to 75% of Argo
profiles are from 2000m).

ASH = ASH 4 2000my + ASH 2000m-o)

We can estimate a residual from observations: N
ASLresidual = ASSH — ASH(O—ZOOOm)_ AOM [ Lum/s ,
ASLresidual — ASH(ZOOOm—OO) -+ EI’I’OF "'%HO‘;
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Satellites (MERIS on ENVISAT etc etc
WILL ONLY GIVE YOU SEA SURFACE temperature

You need to DIVE INTO THE ocean to get "correct steric contribution”

LK Floats I -HMALRITIUS Fioats i'-'-"1"'|:'_,l'!-
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DTU Space GRACE measure how gravity is changing

i

because shape of our planet is changing.

GRACE Mass Rate (cm/fyr), C5R RLD4, 2002.09 - 2009.08 >
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Global and regional sea level budgets

Global sea level

budgets can be >
closed within the
estimated errors .

Bounds size of
deep (= 2000 m)
ocean warming

(e.g. Llovel et al.
2014)

AMSL (mm)
=
o

20
What do regional
sea level budgets
tell us? 0

30 DTU Space, Technical University of Denmark

— Global mean sea level

— Global mean ocean mass
— Global mean steric sea level (0-2000m)
— (Ocean mass + steric sea level

e

fW BAMS, State of the Climate 2014, [2015]
1995 2000 2005 2010 2015
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Pacific Ocean sea level budget
Pacific mean sea level
- Pacific mean ocean mass
50] [ Pacific mean steric sea level (0-2000m)
— Pacific mass + steric sea level
€
> 0 \ ~
£
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Arctic Ocean
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———— dataset (ESA-CCI2) ==
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Western Arctic/Beaufort: average data increases of 3839%0.
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23 Years Linear Sea Level trend (1993-2015)

T T T T
—13-month MA
100 || — Monthly average
Linear Trend
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Average linear trend 2.2 mm/year but large inter-annual variations
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Sea level change over
past 60 years.

Arctic sea level
reconstruction

106 PSMSL
Tide Gauges

Currently
40%0 Norwegian/Swedish Coast
509%b6 Russian Coast

10 9% Canada/Greenland etc
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Rav and Doualas annroach
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Reconstructed mean sea level of Arctic Ocean above 68N
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Regional Arctic sealevel budget.

The sea level budget may be expressed as

height changes using the main components
of sea level change: =

ASSH = ASH + AOM

-

SSH = sea surface height, SH = steric height,
OM = ocean mass from GRACE (JPL-MASCONS)

- .."'n_
o1 um/s ,
% $ 10‘*

—_

Halosteric component is the main contributor
No ARGO data are available
Steric signal from NOAA model
-=> 2005-2015 period.

39 DTU Space, Technical University of Denmark
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Closing the Arctic Sea Level budget
(2005-2015 -= early attempt)

Linear trend (2005 —2015)

Components [mm/y]
Sea level (Altimetry) 434 +244 (l—
Mass ( GRACE) 3.85+£0.87 h
Total steric (NOAA) 0.09 +0.36

Thermosteric 0.33 +0.32
Halosteric -0.24 = 0.14

————
GRACE + steric 394+0.94 <

NKG Summer School
Bastad, Sweden, 2016
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d) RCP8.5 + other components

e

60°N
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Summary — Future

i

Essential: GGOS, Longer time series,
=>|lowers uncertainty = improves prediction.

General Timeline for Satellite Radar Altimeters with Short Repeat Periods

|1985| 86 | 7 |88 |89 | 90| 91|92 |93 |94 | 95|96 |97 | 98| 99| 2000|0102 |03|04|05| 06|07 08|08 |10]11]12]13]14] 2015
TOPEX/Poseidon (NASA/CNES)

Jason-1 (NASACNES)

O5TM/Jason-2 (NASAICHES)

Jason-3 (NASAICNES)

TOPEX/Poseidon (Different Orbit) Jason-1 {Different Orbit)

GeoSat (US Navy)

GeoSat Follow-On (GFO/US Navy)

ERS-2 (ESA)

ENVISAT (ESA)

SARAL (ISROICNES)

Sentinel-3 (ESA)

Bastad, Sweden, 2016
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Gain new knowledge about

Sea level (sub-mesoscale)

Improved spatio
temporal mapping of
sea level.

GEROS

Wickert, Andersen et al. 2016

43 DTU Space, Technical University of Denmark

Atmosphere,
Ionosphere,
Water, Ice
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SWOT 2020

e Full SAR interferometry
e altimetry
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Thank you.

Questions ??7?7777?
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