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Introduction

Hydrological models

Input: meteorological forcing
Output: water storage and
hydrological fluxes

Benefits: integral
high-resolution representation
Limitations: errors,
unrepresented processes...



Introduction

Total Water Storage

Gravity Recovery and
Climate Experiment

GRACE GRACE-FO

2002 2017 2019  present Monthly
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Introduction

DA combines benefits

=

Gravity Recovery and Climate
Experiment (GRACE) + FO

e [ntegral representation

Zaitchik et al. (2008), ® High resolution
Girotto et al (2016), e Increased realism

Schumacher et al. (2018)...
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Limitations in ensemble-based TWS disaggregation

Inaccurate vertical
disaggregation degrades
some individual state
variables

Girotto et al. (2016),

Girotto et al. (2019),
Tangdamrongsub et al. (2020),
Schulze et al. (2024) ...
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Limitations in ensemble-based TWS disaggregation
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Introduction

Limitations in ensemble-based TWS disaggregation

Previous solutions:
e Multi sensor DA — conflicts
e Localization

Girotto et al. (2019),
Retegui-Schiettekatte et al. (2025)...
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2 objectives:

Analyze model
update-response to
understand impact on
individual storages

Propose and test novel
rescaling disaggregation
approach (EnKF-R)




Method

Novel approach
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Method
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Method

Novel h
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Proof of concept

2 objectives:

Analyze model
update-response to
understand impact on
individual storages

Propose and test novel
rescaling disaggregation
approach (EnKF-R)
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Conclusion

Experimental setting

e Model: W3RA, daily 10km resolution
e Ensemble perturbation
o Precipitation
o Nine model parameters
e Forcing data: ERAS + ERA5-Land
e GRACE TWS product: ITSG-18
(sub-basin averaged)
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Proof of concept

TWS dynamics (EnKF)
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Groundwater dynamics (EnKF).

Monthly time series
T

=30 :
£

§20— |
s

'§10— i
2

= ‘LHHM[L]]“"[U‘J"{LEF

2004 2006 2014
Not publishied yei
30 ‘ Daily time series

T T T

N
o

=y
o

[frospbnse

Groundwater (mm)

2004 2006 2008 2010 2012 2014




Introduction | | Method ] [F%oofofconcept} | Evaluation + validation | | Conclusion

Measuring of model update-response (EnKF).

Monthly time series
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Measuring of model update-response
Groundwater
update-response
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Proof of concept

2 objectives:

Analyze model
update-response to
understand impact on
individual storages

Propose and test novel
rescaling disaggregation
approach (EnKF-R)
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Conclusion

TWS and groundwater dynamics
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*  GRACE EnKF-R DA
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Proof of concept

Groundwater update-response

Groundwater
update-response
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Proof of concept

General evaluation & validation (Murray-Darling)

Groundwater Deep soil Groundwater validation
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General evaluation & validation (Brahmaputra)
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Conclusion

General evaluation & validation (Brahmaputra)
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Evaluation + validation

General evaluation & validation (Brahmaputra)

Topsoil Shallow soil validation Shallow soil validation
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Conclusions

Update-response dynamics
reveal additional insights on

impact of TWS DA on indN@iuau
storage components

blisl

EnKF-R can achieve similar
results as ensemble-based
nefls¢igregation while avoiding
drawbacks of the latter
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Conclusions
Update-response dynamics EnKF-R can achieve similar
reveal additional insights on results as ensemble-based
impact of TWS DA on individual disaggregation while avoiding
storage components drawbacks of the latter

Not published yet

Addtional strengths: EnKF-R is computationally less expensive
Limitations:

e Discontinuities between sub-basins

e Ensemble spread of individual estimates

e Transferability to other basins?
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