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Problem Statement Study Area: Gediz River Basin (GRB) Groundwater Flow
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The GRACE & GRACE-FO Missions

The Gravity Recovery and Climate Experiment (GRACE) is a joined mission
of NASA and German Aerospace Center (DLR) to accurately map variations
in Earth’s gravity field.

JGRACE: March 17, 2002 to October 12, 2017

GRACE Follow-On: May 18, 2018 to present
dTwin-satellite
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Fig. 2: Proposed groundwater flow modeling process that assimilates gw storage data from GRACE. -40
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M ea Su re m e nts fro m nite-difterence groun water OV\./ mode O © OOS Fig. 10: Simulated groundwater storage change in the GRB alluvial
The model was constructed with Modelmuse 5.0 (Winston, 2022), an aquifer relative to Oct 2013 and monthly storage differentials.

GRACE & GRACE-FO interface of MODFLOW-2005, and various other models developed and

maintained by the U.S. Geological Survey.

TWS (CNES RLOS monthly solutions - regularized by truncated SVD)

Missions The governing equation that represents the three-dimensional movement of "
constant-density groundwater in saturated porous media is: 5 i

1 GRACE satellites detect small changes in
the Earth’'s gravity field caused primarily
by water movements on or beneath
the land surface.
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Spatial Discretization Temporal Discretization 5 <15 'ﬂ." } = % \1

Number of layers = 5 « Simulation period: 2d J
Number of rows = 188 Oct 2013 - Dec 2021
Number of columns=242 « 99 fixed monthly time steps ek

d Fundamental of physics are used to
translate GRACE measurements to
gravity or mass concentration.

 Variations in gravity observed by GRACE
are interoperated as terrestrial water
storage (TWS) changes, provided in cm
of equivalent water thickness. https://gracefo.jpl.nasa. gov/resources/ S0/ how.grace-fo-

measures-gravity/

Eguivalent Water Heights [cm)

« Total # of active cells = 73810 * In blocks of time called stress
Spatial resolution = 150 x 150 m periods hydrologic stresses are
Model domain area = 319 km?2 assumed constant. 35
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Fig. 11: GRACE equivalent water height of TWS for a point
location in the study area expressed as anomaly with respect to

reference period. Data obtained from GRACE solutions from
CNES/GRGS.

From Terrestrial Water to Groundwater

P —ET —Q = ATWS

ATWS = AGW+ ASM+ ASWE+ ASW
AGW = ATWS-ASM- ASYE- ASWV
AGW = ATWS-ASM

P: Precipitation
ET: Evapotranspiration
Q: Surface water flow

Conclusions

d Comparison of MODFLOW groundwater storalge
solution and GRACE-derived TWS have similar
tendencies, but further investigation needed to:
a) obtain downscaled GRACE data; b)
d.ecorlnpose groundwater storage from TWS
signa
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ATWS: Change in terrestrial water storage = GRACE-derived o . . W SRt VLT AL : In the calibration of groundwater flow models.

AGW: Change in groundwater storage Soraeiol valer ' Fig. 3: Plan view and cross-sections of the flow model fig. 4: Mean annual groundwater recharge rate However, the use of EO data is conditional and
. : storage change grid for the GRB alluvial aquifer. Contours represent obtained with ERA5-data based water balance method product accuracy must be questioned
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One Example of GRACE Data

N7 / Observation data: 476
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Assimilation of in Hydrological Models
d GLDAS Version 2.2 assimilates GRACE TWS data and can provide all

e Well pumping rate
* i "EE.-J& -."_-‘.'I.-.- o ; :"i estimates

Irrigation wells: f O tl k &
74.708 Mm3/yr u 00
Public water supply:

i ) = | ' ‘ | 6,95m3/yr __ Recommendatlons
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hydrogeological modeling studies. Therefore,
research on developing downscaling methods

the water budget components, including groundwater, at a higher ooserenvrs L Wi 7 e o LA R must be encouraged.

resolution. IR » . = o s O Data-driven analyses and machine learning on
2 Validation of groundwater storage from GLDAS version 22 (> GRACE | |- g 1 — gy T fonden e e e o

data amended) with well measurements suggests that GRACE data ’;}””"‘fm(r el “H‘f“"j‘@?:ﬁﬁ@& piezometers at the regional scale can further

assimilation improves groundwater storage estimation by 36% at the Fig. 5: Groundwater monitoring well locations and  Fig. 6: Location of pumping wells defined in the GRB advance the usefulness of hydrological EO data.

regional scale and by 10% at the point scale (Li et al., 2019). calibration data availability. flow model.
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