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Oulr imam questions:

What iistthreccontioution Of iglobat terrestrial hiydrologysto: sea: level rise,: what us dts tuncertaintyrfromi modelling,
to what extentiis the trenditimevartablenand how dofeifferenttmethods:diffen i thendrentdand«acceleratio

estimates?

Our main result:

1. Contribution of global terrestrial hydrology to sea level rise between model and observations agrees wi
1 for Dec. 200& Aug. 2016

2. For Jan. 2008 Aug. 2016 contribution of global terrestrial hydrology to sea level rise from observations |

negative and agrees within , while model shows positive trend
3. Analysis of generated ensemble shows large uncertainties in modelling (mostly in groundwater compar
4. Changes In the derived timarying trends represent accelerations, which are not constant over the time

period Jan. 2008 Aug. 2016

EGU2020: Sharing Geosclience Online © Authors. All rights reserved. 2



UNIVERSITAT

A Individual contributors to global and regional mean sea level along with corresponding uncertainties is ¢
for future projections
U Contribution of terrestrial hydrology seems to be the least known / the most uncertain

\Wi-¥12 alyse T e

—time-varying rate

—acceleration 01/03-08/16

——acceleration 01/03-12/08
acceleration 12/08-08/16|

A 3 different (model and observatiorhased)
datasets

A using 2 different approaches for time series E‘
analysis T

A to estimate rates, accelerations and I AN A N N A R R
corresponding uncertainties of the land water : : : : : : :
storage anomalies .
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WaterGAPGIlobal Hydrological Model 2.2d (WGHM)

A 10 Storagescanopy, global lake, global wetland, groundwater,
local lake, local wetland, reservolr, river, snow, soll

201

—
=

global TWSA

WGHM (30 ensembles)
—WGHM (ensemble mean)
—GRACE (3 ensembles)
—GRACE (ensemble mean)|

A Mdller Schmiecket al. (2016) E |

A 30 ensembles (to account for model uncertainties) w :

- N

; 48

A Ensemble of I TSG2018. GFZ RL0O6 and CSR RL—%MH&IID oA\ N ___________________________________________ ___________________________________________________________________________________________________
to d/o 96

A Postprocessing corrected for degl, C20, GIA, filtered using 2010 2012 2014
DDK3, earthquake correction -

Joint inversion using GRACE and altimetry data (INV)

A Updatedversion fromUebbinget al. (2019)

A Joint processing of GRABEO6 and Jasell-2 alongtrack altimetry data

A Fitting of time variable scaling factors to time invariant,-gdefined patterns (fingerprints)

Introduction:

’Data processing:
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https://en.wikipedia.org/wiki/WaterGAP
https://www.apmg.uni-bonn.de/daten-und-modelle/grace-monthly-solutions
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global TWSA - WGHM ensemble mean

20 _ .................................. e ..... N
= hservations

== LSA fit

-—= | SA trend
-=SSM fit

We perform:

A Deterministic approach: Usually used Least
Squares Adjustment_GA

A Stochastic approach: State Space Mo&&l |\
Durbin and Koopman, 2012)

SLE [mm]

A Based on global Total terrestrial Water Storag
Anomalies xjlobal TWSAJan. 2008 Aug.
2016)

A Note: All terrestrial cells are used, except
Greenland and Antarctica, I.e. signal over
glaciated areas Isot separated

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2004 2006 20038 2010 2012 2014 2016
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" e STATE SPACE MODEL = SSM
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State equation

\ Y Y—  —x 0 )
A\

Observation noise State vector Process noise

~y

| OOAEA@AOI O 0 AEAC , g

0 O

Following Harvey (1989) for defining the trend and harmonic terms recursively:
w w ANOi OEFl ‘ o, ., T
& 0BT i ARO " xO M, i P x0T,

Kalman Filter

Estimation of noise parameters follows Durbin and Koopman (2012patavaet al. (2016)
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: : —WGHM : : _ : : —WGHM
| | —GRACE| SN T N DU — IHE | | —GRACE
—INV. —INV

SLE [mm]

SLE [mm]

Estimatingonly annual, semannual and ca. 0.6 yeargeriodic
signal

[bLongterm signal of all data sets strongly related with ENSC
events

IENSO = El Niffdouthern Oscillation
’based on Multivariate ENSO Index Version (MEI.v2), thresheldl:Ot/
Sbased on spectral analysis
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https://www.psl.noaa.gov/enso/mei/

@
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global TWSA - WGHM ensemble mean

UNIVERSITAT -0 gg e lanisel L

|——observations
|=—LSA trend: rate 0.34 + 0.08 mm/yr
|—SSM trend: mean rate 0.71 £ 0.16 mm/yr

SSM trend (all ensembles): mean rate stdev. 1.91 mm/yr

A LSAand SSMrates agree within 2
A WGHMCc stdev: LSA < SSM < Spread
A GRACE stdev: LSA = Spread < SSM

A WGHM:Stdev of LSA and SSM too optimistic compared to spread
of ensembles

A But: Standard deviation from spread of only 3 (for GRACE) orB0
(for WGHM) ensembles realistic?

20 Z | | | | | |
stdev = standard deviation; mean rate = temporal mean 2004 2006 2008 2O 2012 2014 2016
global TWSA - INV global TWSA - GRACE ensemble mean
1 0 e, R | PR T T S T 1 5 e, 00
|~ observations |—observations

L -|=—LSA trend: rate -0.35 + 0.03 mm/yr -- 5 5 |=—LSA trend: rate -0.15 + 0.03 mm/yr
| SSM trend: mean rate -0.44 + 0.06 mm/yr 10k i |mSSM trend: mean rate -0.23 + 0.08 mm/yr |
U 5. RURSS .................................................. ................ _SSM trend (a” ensembleS) mean rate Stdev 003 mm/yr

______________ _______ 3 /\ _____________ ______ _______________________ |

_______________________________________________________

SLE [mm]

-10

| | | | | | | _ | | | | | | |
2004 2006 2008 2010 2012 2014 2016 15 2004 2006 2008 2010 2012 2014 2016
Year Year
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global TWSA - Rate

—WGHM (ensemble mean): mean rate 0.71 £ 0.16 mm/yr

—GRACE (ensemble mean): mean rate -0.23 £ 0.08 mm/yr
—=|NV: mean rate -0.44 + 0.06 mm/yr

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

A SSM allows more insights than LSA whe
validating different time series

A GRACE & INV: Negative rate
A Ocean mass Increase

A WGHM: Positive rate
A WGHM-= INV & GRACE

A Possible explanation: Glaciers are treatdc
as nonglaciated areas in WGHM

A Considering different time periods provide
different resultshA Next slide

SLE [mm/yr]
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. ® . global TWSA - WGHM
UNIVERSITAT L |g g N ] R R B
: —time-varying rate
—acceleration 01/03-08/16
' — ' ' ' | ' ' —acceleration 01/03-12/08
A Change In rate = acceleration e S S S S S zcceleration 12/08-03/16|

A No constant acceleration over the considered time perioc

A Jan. 2003 Dec. 2008: Significandifference between SSM
mean rate of WGHM and GRACE & INV explainable by
Individual compartments?

A Jan. 2003 Dec. 2008: Significant negative acceleration o

N :

Rate [mm/yr]
O

WG H M ra_te i | WRSARRINS. SSIIGG—————— M————————————..; STSNS——, T——————-. S GGG, A GG————G———————— NO———— . -
A Dec. 2008 Aug. 2016: No significant accelerationof WGigm .~ - e
rate A Rates of WGHM, GRACE and dagke within 1 |

A GRACE & INV: No significant acceleration over different fine

’6 | | | | | | | |
. 2004 2006 2008 2010 2012 2014 2016
perl 0ds Year

___ Timeperiod _________ _____WGHM ____ GRACE

SSM mean rate [mngr] 0.7150.16 -0.2350.08 -0.4450.06
Jan. 2004 Aug. 2016 Acceleration [mm/y4] -0.3550.15 -0.1010.06 -0.1550.08
SSM mean rate [mngr] 2.7/5(0.35 0.17/50.18 -0.1250.17
Jan. 2008 Dec. 2008, . cleration [mmiv# 0.73F 0.27 10.00F, 0.10 0.14F, 0.14
SSM mean rate [mngr] -0.59(0.28 -0.5750.13 -0.650.10
Dec. 2008 Aug. 2016\ - eleration [mmAA 0.05F 0.22 0.17F, 0.08 0.155 0.11
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Isignificant = greater than 95% confidence interval
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