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Maturity of the sea level record

Quasi global coverage

Very low ratio of missing or corrupted data: <4% in open ocean

High stability: <=#0.3 mm/yr of drift over 20yr and longer time scales
Robust validation against tide gauges and through the sea level budget

Advance estimate of the associated wuncertainty including time
correlation in errors



Global Mean Sea Level (cm)
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Accuracy of the sea level record
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— TPA drift corrected (Ablain): trend 3.047 mm.yr—', acceleration 0.126 mm.yr—2
— TPA drift corrected (Watson/Dieng): trend 3.083 mm.yr~, acceleration 0.120 mm.yr—?
— TPA drift corrected (Beckley): trend 3.066 mm.yr~!, acceleration 0.112 mm.yr—2

Uncertainty envelope
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Uncertainties at 90% CL:
trend: 0.382 rm.yr!
acceleration: 0.073 mm.yr—? i
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From Ablain et al. 2019

GMSL trend uncertainties (mm/yr)



Accuracy of the sea level record

mean: 0.97, std= 0.08
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90% confidence interval [mm/yr]

Uncertainty in regional sea level trend from satellite altimetry
over 1993-2018 (90%CL)

From Prandi et al. in prep.



Is the sea level record accurate enough to
address the current scientific questions?

* Closing the sea level budget and identifying the uncertain contributions to
sea level rise (globally, regionnaly and at the coast)

* Constraining projections of future sea level rise and its contributions

* Estimating the Earth energy imbalance and constraint the energy budget of
the Earth



Closing the sea level budget
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<=%0.3 mm/yr to close the sea level budget and estimate the uncertain
contributions to sea level from land water changes

<=40.1 mm/yr to estimate the deep ocean warming and smaller contributions

like the permafrost thawing...



Closing the sea level budget
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From Rietbroek et al. 2016

<%1 mm/yr to close the regional sea level budget and explain the regional
sea level rise for impact studies



Is the sea level record accurate enough to
address the current scientific questions?

* Closing the sea level budget and identifying the missing contributions
<=*0.3 to £0.1 mm/yr globally, <®1mm/yr at the coast (> decadal time
scales)

* Constraining projections of future sea level rise and its contributions

* Estimating the Earth energy imbalance and constraint the energy budget of
the Earth



Constraining projections of future sea level rise
and its contributions
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From de Conto et al. in revision

<=40.2 mm/yr to constraint futur Antarctica contribution to sea level rise



Constraining projections of future sea level rise
and its contributions

Observation average + 20

Rates (mm yr™, 20-yr window)

1900 1950 2000
From Slangen et al. 2016

<1.5 mm/yr to detect and attribute present day global sea level rise



Constraining projections of future sea level rise

and its contributions
1993-2018
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From Fasullo and Nerem 2018

<%0.5mm/yr to detect and attribute present day local sea level rise



Is the sea level record accurate enough to
address the current scientific questions?

* Closing the sea level budget and identifying the missing contributions
<=*0.3 to £0.1 mm/yr globally, <®1mm/yr at the coast (> decadal time
scales)

* Constraining projections of future sea level rise and its contributions
<=*0.2mm /yr globally, <=%0.5mm/yr locally (> decadal time scales)

* Estimating the Earth energy imbalance and constraint the energy budget of
the Earth



Estimating The Earth energy imbalance (2006-2015)

Sea level sea level rise Resulting Earth energy Heating rate
rate from Altimetry= 3.30 + 0.46mmiyr  impalance = 0.56 == 0.38 W/m2 (1.45 )
(from Meyssignac et al. in press)
3.3 mm/yr _ 0.75 W/ﬂ'\2
3 mm/yr_|
Thermal atmosphere
expansion + continent +|sea ice
2
Ocean heat uptake — 0.5 W/m
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" From Meyssignac et al. 2019

<0.1mm/yr to estimate the Earth energy imbalance on decadal time scales



Constraining regional energy budget
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From Trenberth and Fasullo 2017

<=%0.5 mm/yr to derive regional energy budgets



Is the sea level record accurate enough to
address the current scientific questions?

* Closing the sea level budget and identifying the missing contributions
<=*0.3 to £0.1 mm/yr globally, <®1mm/yr at the coast (> decadal time
scales)

* Constraining projections of future sea level rise and its contributions
<=*0.2mm /yr globally, <=%0.5mm/yr locally (> decadal time scales)

* Estimating the Earth energy imbalance and constraint the energy budget of
the Earth

<=®0.1mm/yr globally , <=£0.5mm/yr regionnally (> decadal time scales)



Conclusion

* Is the sea level record accurate enough?

No. Improving the accuracy of the record will enable to tackle
major climate science questions (priorities of the WCRP)

* Then, how accurate is accurate enough?

Fach scientific question requires a specific level of accuracy
on specific time scales and specific spatial scales

 Robust and comprehensive estimate of the uncertainty to
derive uncertainty consistently for any metrics based on sea
level



Perspective: where can we make progress?

* Wet tropospheric correction? Consistent with FCDR on long time
scales? Spatial structure of the uncertainty?

* Orbit correction?” Can we get an idea of the spatial structure of
the uncertainty? The temporal structure (when GRACE is
available and when it is not)?

* Improve the estimate of sea level in the leads and along the coast:
retracking? Tides? DAC? Wet tropospheric correction?

* Correcting Sentinel-3 drift: SAR mode drift and PTR drift?

* Improving the accuracy has a cost that should be evaluated and
should be compared with the benefit of the corresponding
scientific achievements. This is particularly important for
operational missions



Extra Slides



Constraining projections of future sea level rise
and its contributions

a) global b) Atlantic c) Pacific d) Indian Ocean
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<lmm/yr to detect and attribute present day zonal sea level rise



Estimating The Earth energy imbalance
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From Meyssignac et al. 2019

<1 mm/yr to estimate the Earth energy imbalance at monthly time scales



