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climate trends (centuries) h e
- climate model evaluation
present-day trends (decades) ™

- sea level, ice mass, ...

Recap of some highlights

+ ©

seasonal changes (months) Hydrological applications
of GRACE/-FO

inter-annual variations
- ENSO, droughts, .... -

weeks to month
- floods, ...

short-term changes (days) -
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GRACE monthly gravity field models NCU G

Hamburg
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Thank you, Eva (and ChatGPT)!
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Which signals are (not) included
in these gravity field solutions?
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GRACE/-FO data analysis NCU i

ﬂ‘ De-aliasing:
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GRACE/-FO data analysis NCU b
aw‘ Background models:

« Atmosphere and ocean (AOD1B)

AOD1B Components

Atmospheric Surface Pressure:
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Level-3 — ¢ 7 |9 GFZimii HELMHOLTZ
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GRACE/-FO data analysis NCU b

aw‘ Background models:
« Atmosphere and ocean (AOD1B)
* Ocean tides

(+ Solid Earth tides, etc.)
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Level-3  —
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GRACE/-FO data analysis NCU G
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GRACE/-FO data analysis NCU b

Level-1 B’- - r”’@ﬂ‘ Background models:

L
« Atmosphere and ocean (AOD1B)

« QOcean tides N
(+ Solid Earth tides, etc.)

Two consequences of subtracting
background models:

1) de-aliasing
2) signal separation!
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GRACE/-FO data analysis NCU s
/aw‘ Background models:

-
 Atmosphere and ocean (AOD1B)
« Ocean tides
: : Lecture
(+ Solid Earth tides, etc.)

Included in gravity field models: Hydrology

Ice mass

precipitation
on land

Sea level

Barystatic sea level rise

fe

+ others (e.g. Earthquakes)
NEROGRAV Spring School 2025
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GRACE/-FO data analysis NCU G

Hamburg

XEW‘ Background models:

L
 Atmosphere and ocean (AOD1B)
« Ocean tides

: : Lecture
(+ Solid Earth tides, etc.)

Included in gravity field models: Hydrology

Ice mass

precipitation
on land

¥

evapotranspiration

Challenge: Signal separation
(e.g. using geophysical models)
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Mass variations from GRACE/-FO NCU e

ITSG-Grace2018 daily (2006-01-01)

| | | |
25 =20 -15 -10 -5 0 5 10 15 20 25
equivalent water height [cm]
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Mass variations from GRACE/-FO NCU G

Hamburg
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Linear trend
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Long-term trend NCU s

Hamburg

Linear trend

Glacial isostatic ——
adjustment (GIA) =7 % F "@p\

Glacial isostatic adjustment
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Long-term trend NCU b
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Linear trend

Glacial isostatic —
adjustment (GIA) e .:3, S 4@\

GIA model
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Long-term trend NCU s

Hamburg

Linear trend

Glacial isostatic —
adiusiment(GIA) - _==2 .rL S 45%\

GIA model

.
Signal separation!
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Ice mass loss NCU G
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Linear trend .
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mass loss equivalent water height [cm/year] mass gain

Annette Eicker 22 NEROGRAV Spring School 2025




' HafenCity
Ice mass loss NCU e

Hamburg

-1000 - N L )
-2000 |

-3000

Total mass change (Gt)
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Is this a lot?
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NOAA, Moon et al. 2022, doi:10.25923/¢c430-hb50
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Ice mass loss

150.000

of these ice blocks are
melting in Greenland

every second.
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What happens to sea level?
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Sea level hCU tatenCity

Hamburg

Ocean mass increase < Imbalance of fluxes

What does GRACE/-FO tell us? ‘ﬁ

60 . .
1 Barvstatic sea level rise ’

40

20

e

-20 - 0.7 £ 0.4 mm/y 2.3+ 0.2 mm/y 2.0 £ 0.2 mm/y 0.9 + 0.4 mm/y 1.3 £ 0.5 mm/y

| | | | | | | 1 |

2004.0 2006.0 2008.0 2010.0 2012.0 2014.0 2016.0 2018.0 2020.0 2022.0

Water-level equivalent (WLE) mass change [mm)]

Ludwigsen et al. (2024, Nat. Commun.)

What happens to sea level?
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Sea level hCU tatenCity

Hamburg

What does GRACE/-FO tell us?

Ocean mass increase < Imbalance of fluxes

60 . .

1 Barystatic sea level rise ’
40
20

Y

-20 0.7 £ 0.4 mm/y 2.3+ 0.2 mm/y 2.0+ 0.2 mm/y 0.9 + 0.4 mm/y 1.3 = 0.5 mm/sy
1 | | | | | | | | |

2004.0 2006.0 2008.0 2010.0 2012.0 2014.0 2016.0 2018.0 2020.0 2022.0

evaporation
from the
ocean

Water-level equivalent (WLE) mass change [mm]

Ludwigsen et al. (2024, Nat. Commun.)

ndwater flow

www.visionlearning.com/en/library/Earth-Science/6/The-Hydrologic-Cycle/99
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H HafenCi'tY.
Terrestrial water storage NCU e
i leservoirs: volume in 10° km?
Terrestrial water balance Juxes: volume in 103 km3/year Atmosphere
12.7
d S water vapor
transport
— P _ E _ R o 40 condensation
precipitation
d t I on land
nspiration

Storage change

surface water

SNOwW

soil moisture

groundwater

Annette Eicker
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78 Snow and ice

evaporation p

from the
ocean

413

groundwater flow

www.visionlearning.com/en/library/Earth-Science/6/The-Hydrologic-Cycle/99
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Long-term trend NCU s

Hamburg

Linear trend

Caspian Sea Level Change from AI’umeter and GRACE/ FO ) ’q%
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Long-term trend NCU b

Hamburg

Linear trend

R R |
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Groundwater NCU &

Anthropogenic
groundwater withdrawal

surface water

Groundwater change for the first
time seen from space!

SNOW

soil moisture

I o
2003 2005 2007 2009 2011 2013 2015 2017

groundwater Fig.: A. Kvas (TU Graz)
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Groundwater: G3P Project NCU G

R R R R R

TWS Glaciers Snow Soil Surface

Ground- moisture water
water
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Groundwater: G3P Project NCU

-0 @ O @ &
Ground- TWS Glaciers Snow Soil Surface
water moisture water

Trend of groundwat o
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—15

New Copernicus Service
—20
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Guntner et al. (2022)

Annette Eicker 32 NEROGRAV Spring School 2025




Gravity for monitoring of
droughts and floods?

Annette Eicker 33 NEROGRAV Spring School 2025




derico Gambarini/dpa‘



Drought in central Europe

Long-term water deficit

- T

B April 2022
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Drought in central Europe NCU G

Hamburg

Elbe river basin
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Drought in central Europe NC U s,
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Danube river basin

April 2006

oo Sanasy ™
n -

Gravity as early-warning
system?

COST-G RLO1 time selics

_20 -
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Service
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Gravity as early-warning system? NCU G

Hamburg

saturated soils =

Gravity as early-warning

system?
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danger of flooding
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Gravity as early-warning system? NCU G

Hamburg

Wetter than normal | &~y
in March before ‘ |

wetness index

drier than normal wetter than normal

Jaggi et al. (2019)
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Gravity as early-warning system? NCU G

\
GLOFAS

Global Flood Awareness System

|deally: Daily GRACE solutions
in (near) real time

European Commission

EOROLOGICAL HYDROLOGICAL sTATIC EXTERNAL WHMS + agc

GRACE derlved
wetness index

Goal: include in operational
flood (or drought) early
warning systems

Wetness index (prototype) included
in GIoFAS Forecast Viewer

Jaggi et al. (2019)
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Short time scale (days)? NCU G

|deally: Daily GRACE solutions
in (near) real time

1 month

Additional information needed, daily
solutions not independent
(e.g. Kalman filter)

ITSG-Grace2018 daily ﬂTU
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Flooding

|deally: Daily GRACE solutions

in (near) real time

Ea -

20000

I .
| GRACE daily '.D'?m“.be flooding 2006

M Bazias, RO J 50°
10 - 15000
_ SM Wﬁ\ GRACE monthly
= 10000 -
E L | p Woag / 318k
-10 \\\/[ \\ JAV‘;\V 5000
—15} r i ! 40°
discharge Mar AolBI . . e ~ad more

Kvas et al. (TU Graz)
Annette Eicker
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Danube, April 2006
discharge station
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climate trends (centuries)
- climate model evaluation

v

present-day trends (decades) ™
- sea level, ice mass, ...

1.3+ 0.5mmAy

RN T
020.0 2022.0

hit. Commun.)

inter-annual variations
- ENSO, droughts, ....

seasonal changes (months)

weeks to month
- floods, ... —

short-term changes (days) Pushing the limits!

v - hydro-meteorological fluxes

Annette Eicker
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Outline NCU G

Hamburg

-~ climate trends (centuries)
- climate model evaluation

long

- - present-day trends (decades)
- sea level, ice mass, ...

- - - inter-annual variations
- ENSO, droughts, ...

seasonal changes (months)

Can GRACE data evaluate atmosphere

temporal scales
|
|
|

- - - weeks to month

- floods. . models (on daily time scales?)

short - - - short-term changes (days) Pushing the limits!

v - hydro-meteorological fluxes
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Hamburg

How can GRACE evaluate reanalyses? NCU G

( Terrestrial water balance

Daily data! precipitation runoff
GRACE > ﬁ_\JP_E_R
(first derivative) dt — N
transp evapo-
40

transpiration

precipitation
on land

113

anspiration

Snow and ice

Can GRACE data evaluate atmosphere
models (on daily time scales?)

]
s ssssssEEEEEEEEEssEEEEEEEEEEEsssEEEEEEEEEEsEssssEEEEEEEEEEY

Update of:
Eicker, A., Jensen, L., Wohnke, V., Dobslaw, H., Kvas, A., Mayer-Gurr,. T., Dill, R. (2020): Evaluating short-term hydro-meteorological
fluxes with daily satellite data from the GRACE mission, Scientific reports, 10, 4505, https://doi.org/10.1038/s41598-020-61166-0
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Hamburg

How can GRACE evaluate reanalyses? NCU G

( Terrestrial water balance
Daily data! precipitation runoff

GRACE >§4‘P—E—R
dt

(first derivative)

transp 4 N\ \ evapo-

40 . .
I precipitation \ trans o] ration
on land

anspiration

13
1 Snow and ice

Reanalyses

ERA-Interim
ERA5

Update of:
Eicker, A., Jensen, L., Wohnke, V., Dobslaw, H., Kvas, A., Mayer-Gurr,. T., Dill, R. (2020): Evaluating short-term hydro-meteorological

fluxes with daily satellite data from the GRACE mission, Scientific reports, 10, 4505, https://doi.org/10.1038/s41598-020-61166-0
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Daily fluxes NCU

- =
Water flux dS/dt = P-E-R
24 ] | |
214 ERAS
Aruana, Brazil %1 8
(S 15°, W 51°) Q15 i
£12
E g T | :
§ 6 | A
23 |
I
O |
-3
-6 | i
-9 1 |
2004 2005 2006 2007 2008 2009 2010
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Daily fluxes NCU s

Hamburg

Water flux dS/dt = P-E-R

24 4 ' % f ’ |
214 ERA5S  — daily GRACE data WyilTU

Grazm

Aruana, Brazil
(S 15°, W 51°)

ég I | 01 |

Nominal temporal 5 &, il

resolution of 9 | |
GRACE: 1 month 2004 2005 2006 2007 2008 2009 2010
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Daily fluxes NCU e
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Water flux dS/dt = P-E-R

24 l | |
214 ERAS

Aruana, Brazil
(S 15°, W 51°)

ég I | 01 |

—6 | I

-9
2004 2005 2006 2007 2008 2009 | 2010 |
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Daily fluxes NCU b

- -
Water flux dS/dt = P-E-R
24 + !
214 ERAS
Aruan3, Brazil %‘1 84 GRACE
(S 15°, W 51°) o 15
£12
E 9
_5 6
= 3
I o A
=
-3 V
30-days ' v
high-pass filter

11 12101 02 03 04 05 06

2010

0/ 08 09 10
2009
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Daily fluxes NCU b

- ( -
Water flux dS/dt = P-E-R
24 4 !
214 ERAS
Aruana, Brazil %‘1 84 GRACE
(S 15°, W 51°) o115
£12
£ 9
_5 6
T 3 )
0
59 ,
sub-monthly -6 v
signal
o0/ 08 09 10 11 12101 02 03 04 05 06

2009 2010
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Comparison GRACE vs. ERA5 NCU G

Hamburg

Fluxes in Aruana, Brazil (high-pass filtered)

|
12 E
9 GRACE
ERAS

_ ﬂaﬂ\;equend\es“ ' Corie Igti6o ;1 ;
a0 ays 09 10 11 12101 02 03 04 (P~
5-30 %

2009 2010
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Comparison GRACE vs. ERA5 NCU s

Fluxes in Aruana, Brazil (high-pass filtered)

| ; E
12 dry season GRACE
— 9 ERA5
o 6
0
c 3
S
g‘ 0
= -3 _ q
63p=0.17 ’ Correlation:
-93 _
07 08 09 10 11 12101 02 03 o4 (P=06l
2009 2010
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Comparison GRACE vs. ERA5 NCU s

Fluxes in Aruana, Brazil (high-pass filtered)

| | |
! | E
‘12 rain season GRACE
9 ERA5
6 I

flux [mm/day]
w

\_3 _ A

-6 p=075 Correlation:
-9 | ; ; —
07 08 09 10 11 12101 02 03 o4 (~P=Y6l

2009 2010
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Comparison GRACE vs. ERA5 NCU e

Fluxes in Aruana, Brazil (high-pass filtered)

]

12 E

9 GRACE
_ : A ERA5
o 6
o GRACE does see short-term fluxes similar to ERAS
2 v e
= 0 ;:r‘ ““| Can this data be used to evaluate quality differences f“‘lwl‘r"
= -3 - between different reanalyses? l‘.

_6 ! ‘ f u !

94

o/ 08 09 10 11 12101 02 03 04 05 O6

2009 2010
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Correlation (2003-2015) NCU s

GRACE vs. ERAS

- Bt -
L
>

NEW!

08 -06 -04 -02 ([)f(]) 02 04 06 08
correlation
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Correlation (2003-2015) NCU G

GRACE vs. ERA-Interim

T . -
g

OLD!

| — T

08 -06 -04 -02 ([)f(]) 0.2 0.4 0.6 0.8
correlation
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Correlation hCU tatencity

Hamburg

Clear improvement of
ERAS5 vs. ERA-Interim

large is better

ERA-Int.

am , , — T
4 0.06 0.08 0.10

1 I
-0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.0

ERA-Int. better ERADS better

-08 -0.6 —6.4 -0.2 0.0 0.2 0.4 0.6 0.8
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Root means squared deviation (RMSD) NCU i,

Hamburg

Clear improvement of
ERAS5 vs. ERA-Interim

ERA-INt. A
) -0.7 -06 -05 -04 -03 -0.2 -01 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7
5 [mm / day]
ERADS5 better ERA-Int. better
ql 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0
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Root means squared deviation (RMSD) NCU Gz

Hamburg

small is better

Quality improvement of ERAS vs. ERA-Interim
clearly detectable by GRACE

ERA-INt. :
H/ w ”U) | I I 1 | I I 1
: 5 -0.7 -06 -0.5 -04 -03 -0.2 —0.1[mm0}0day]0.1 0.2 0.3 04 05 06 0.7
ERAS better ERA-Int. better
q : ‘ ] I
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
mm/da
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GRACE vs. GPCC NCU
Improvement (RMSD) ERAS5 vs. ERA-Interim

Are identified improvements reliable?

=> Compare to GPCC rain gauge
evaluation of precipitation

| I I 1 | I I 1
-07 -06 -05 -04 -03 -02 -01 00 01 02 03 04 05 06 07
[mm / day]

ERADS better ERA-Int. better
dS/dt vs. P-E-R
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' HafenCity
GRACE vs. GPCC NCU i
Improvement (RMSD) ERAS5 vs. ERA-Interim

I I I I I | I I _
15 _12 _69 —66 _63 0'0 013 016 m -07 -06 -05 -04 -03 -02 -0.1 o}od 01 02 03 04 05 06 07
' ' ' ' ' [mm)day] fmm / day]
ERADS better ERA-Int. better
precipitation only dS/dt vs. P-E-R
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Improvement (RMSD) ERAS5 vs. ERA-Interim

I I I I I | I I “
15 _12 _'q =ﬂ|ﬁ =n|'2 nln nl’-z nlﬂ 0o 15 15 -07 -06 -05 -04 -03 -02 -01 00 01 02 03 04 05 06 07
A-Int. better

GRACE largely confirms regions of improvement identified by GPCC...
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GRACE vs. GPCC NCU G
Improvement (RMSD) ERAS5 vs. ERA-Interim

I I I I I | I I
15 _12 _'q =ﬂ|ﬁ =ﬂ|'* nln nlq nlﬂ 0o 15 15 -07 -06 -05 -04 -03 -02 -01 00 01 02 03 04 05 06 07

GRACE largely confirms regions of improvement identified by GPCC...

... but also identifies a few differences => info about other fluxes?
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long -~ climate trends (centuries)

- climate model evaluation

v

- - present-day trends (decades) ™
- sea level, ice mass, ...

1.3+ 0.5mmAy

L
020.0 2022.0

- - - inter-annual variations
- ENSO, droughts, .... -

seasonal changes (months)

- - - weeks to month
- floods, ... —

temporal scales
|
|
|

short - - - short-term changes (days)

v - hydro-meteorological fluxes
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Introduction

4 :
Global couple climate models

CMIP_#7 ipCC ..

The World Climate Research P g amme ‘
Coupled Model Intercomparison Projec t "~ climate chanee

~

kCoupled Model Intercomparison Project)

HfCty
nnnnnnn
Hbq

=> Use satellite gravimetry to evaluate climate models*

* regarding land water-storage related variables

Annette Eicker 66

NEROGRAV Spring School 2025




Introduction hCU Hafencity

Hamburg

~

Satellite gravimetry

4 :
Global couple climate models

=> Use satellite gravimetry to evaluate climate models*

* regarding land water-storage related variables
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Coupled climate models

A )
S .
i
e £} \
.C_-B sun’s energy
- % greenhouse gas (GHG)
|E| : concentrations
Land aerosols
\_ ), \_ _J land use change
Q Icons from freepik.com
Climate variables (e.g. soil moisture) for ~250 yrs \, il m
‘ ‘ I'A h"' ' '
A l‘ h “ - Il ' " T ' ’ m‘ '”
w ru’v”‘!“ T [V " ""' ' ”' ‘ " ’" ” W I ’ ! Focus on trends!
SSP '
1850 eremrrerereeemmeee b.'?.tet's?.' ................................. b orrrrereen SSPsCRRATOS
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Assessment of trends NCU b

Challenges:

« Large uncertainty among models

Initialization

Three different trend
maps (CMIP5)

Climate variables (e.g. soil moisture) for ~250 yrs

’ Ay ' i T
“‘ ‘vv‘vl‘ - [ " W "'”" ‘ " ’” i ” ”y / '“ Focus on trends!

m‘ rHl ALK '
historical SSP scenarios
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' HafenCity
Assessment of trends NCU b
CMIP6 (17 models)

Challenges:
g « Large uncertainty among models o
5
§  Where do models agree on
= the (sign of) the trend?
:_EI => ,model consensus” Focus on high consensus regions gy
when comparing to GRACE
- (44% of land area) =
-1.0 -0.8 0.8 1.0
fraction of models agreeing on sign of trend
Climate variables (e.g. soil moisture) for ~250 yrs
ll J\ .h | ) [P nﬂ.V‘!"""!“""“'H“ll!m"
|V s - e V1 V' [ '
L . , V| [V
w rv'v"v”"‘l"‘l""‘ W W '“" T "'” [ I Focus on trends!
historical SSP scenarios
18504. ......................... |_s"(?|_’|_c_? .................................. .’4 ............................................. > 2100
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' HafenCity
Assessment of trends NCU b
CMIP6 trend ( model median)

L

Challenges:

« Large uncertainty among models

* |nter-annual variations are stochastic

Initialization

bl o M el sl
* w %I.L/Mm}MnQu\a\d-‘%\."”’”’“,.",",,,‘-‘.’/"“"r-v"‘v\" Ly g W
N bt ”,w\,,‘”,,m i ,H,W.WWWW [ty M;.,‘u W

va g

Jensen et al. (2020)
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Long model time series needed to get a reliable trend estimate!




' HafenCity
Assessment of trends NCU b
CMIP6 trend ( model median)

Challenges:
« Large uncertainty among models

* |nter-annual variations are stochastic

Initialization

) > \
‘ ‘ l ‘\Hn I‘ (2 1‘ “‘l’u.“‘ "‘ "‘ ih . “ .'q‘! ‘;‘
A A ‘AM“& «H"\-‘ Mn — .ﬂ" WYY '&"V’\w WYY VAN

N - A‘W”“"!‘v u'"‘/l;" vl"“"A’“! == "H’IDHW’WHWW ik " " 1” N '2/ "J'v'«'“ 1/ ’ " ” / f
JN GRACE/-FO period

Jensen et al. (2020)
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Assessment of trends: CMIP vs. GRACE NCU s

Hmbg

GRACE trend B CMIP6 trend ( model median)

’ )| . \I "
Wi H\,m J g A ‘ ﬂ;’\!“‘.‘A AA'..‘. A\ 4 l“.“ y
TIPYATY, '«mm “"“‘ M1 b *“‘“‘“ G AR ALY W
g dlh i nMn "“‘“’*‘v‘f'm'v“'w'/"WW Wi ,';’” N,,W .luuu\\”/w TRV VYA WY

MWN Y’H oA " " ”’ dill V

GRACE/-FO period
Jensen et al. (2020)
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Assessment of trends: CMIP vs. GRACE NCU s
y CMIP6 trend ( model median)

<=

(Only regions of
high model
consensus!)

agreement:
[l same direction, drying
B same direction, wetting

> | (Dis-)Agreement
#| CMIP6/GravIS

NEROGRAV Spring School 2025

disagreement:
opposite direction, models drying

=
[ (grey: low model consensus)

opposite direction, models wetting
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Assessment of trends NCU e

Hamburg

agreement:
. same direction, drying

,2Hotspot” regions, in WhICh GRACE can already
confirm long-term climate-related trends?

—
% J

. same direction, wetting

disagreement:
opposite direction, models drying

S

opposite direction, models wetting (colored cells: high model consensus)

(Eicker et al. in preparation)
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Long-term trend NCU s

Hamburg

Linear trend

Glacial isostatic
adjustment (GIA)

—_—

GIA model

2 N S
] X
g => 5
A, -

4 -2 a2 A
| | |

mass loss equival _4 _2 0 2 4

. ivalent water height [cm/ [ :
Annette Eicker : e ...5.45




Long-term trend NCU b

Hamburg

Linear trend

GIA ,removed®

-4 -2 0 2 4
mass loss equivalent water height [cm/year] mass gain
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Long-term trend NCU &

with GIA

S .
i -
Y ..

‘
/ v“

mass gain?
ot

GIA correction influences GRACE trend g
? ' (even in regions not covered by ice) 2 4

equivalent water| [cm/year]

mass loss?

|
N
|
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Long-term trend NCU b

Hamburg

1. Simulate GIA uncertainty using an ensemble
of 52 GIA models (Bagge et al. 2021)

« different ice histories
« different mantle viscosity profiles

2. Investigate influence on GRACE trend

=> |mportance for, e.g. using GRACE for climate
model evaluation.

- 0
equivalent water height [cm/year]

GIA correction influences GRACE trend

(even in regions not covered by ice)

(Eicker et al. 2024)
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Influence of GIA ensemble on TWS trend NCU G

Large part of GIA models
reverse the sign of the TWS
trend compared to subtracting
Peltier et al. (2018)

0 10 20 30 40 50

Number of models in the ensemble
that change the sign of the TWS trend (Eicker et al. 2024)
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Assessment of trends NCU e

Hamburg

agreement:
. same direction, drying

. same direction, wetting

disagreement:
opposite direction, models drying

opposite direction, models wetting

(colored cells: high model consensus)

(Eicker et al. in preparation)
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Assessment of trends NCU e

Hamburg

, A4 4
With the alternative GIA

model the sign in GRACE &
climate models agree

(I % TN .
" g => Importance of background models and
corrections for the interpretation of GRACE/-FO

agreement:
. same direction, drying

. same direction, wetting

disagreement: =
opposite direction, models drying

opposite direction, models wetting & .’ reSUItS!!

* GIAmodel 3D_ICE-6G_1.0_s16 showed very good agreement with observed uplift rates (Eicker et al. 2024)
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Climate change NCU s

Hamburg

Y T
2 S

Satellite gravimetry: an excellent tool for water cycle and climate monitoring.

« sensitive to water storage change under the Earth’s surface
e groundwater monitoring
« potential for flood and drought early warning

 directly measures mass change
* no ice density required, seperation of sea level components,... K

Challenges:
* signal separation Looking forward to
« spatial resolution, leakage GRACE-C
« time series still rather short for climate studies

& “
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Climate change

| Pz

Ensemble of
model states

Data assimilation

HafenCity
Universitat

Hamburg

. o
.. A%

GRACE-TWSA
(month:i)
Observation
Day 1| Day 2 | Day 3 Day 30| gperator GRACE-DA
- +
- :
Filter Monthly Q
—— Updated ensemble of model states algorithm inCroment ‘*‘
Challenges: |
. . Day 30 Day3| Day2| Day1|< Smoother algorithm ‘
« signal separation
« spatial resolution, leakage e
. .

Annette Eicker

time series still rather short for climate studies

Inc3 Inc2 Inc 1
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Climate change NCU s

Hamburg

Y o
[ ¥ %

Interested in more climate applications from GRACE/-FO (and other data)?

Geodesy for Cllmate Researc

ey

March 24-25, 2025 online
https://iccc.i lag-aig. org/lccc—workshops/ws25
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