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Outline

1) Update on the hydrological extreme study using GRACE/FO
(Rodell & Li, 2023; Li & Rodell, 2023)

Total intensity indicates intensification of hydrological extremes

2) GRACE/FO data assimilation for global groundwater estimates (GLDAS2.2)
(Li etal., 2019)

Validation results; Tools for accessing data

3) Future gravity measuring missions



The Gravity Recovery and Climate Experiment (GRACE, 2002-2017) and GRACE-
Follow-on (FO, 2018-present) missions

1 * The satellite systems measure gravity

* GRACE/FOTWS represents integrated

*-' / gravitational pull on spacecraft

observations: soil moisture, groundwater,
snow and surface water
» Coarse spatial resolution: 150,000 km?

* Monthly mass changes

Image source: NASA



1. GRACE/FO for examining changes in
hydrological extremes



Motivation

Erftstadt-Blessem, Germany, 2021

Limitations of gauge data:
* Limited in number and spatial distribution (more in developed
countries); various density across watersheds
* Inadequate to reflect depth and extent of severe extremes
» Difficult to draw global conclusions
* IPCCAR5&ARG :regional changes; low confidence on global
scale changes
Benefits of GRACE/FO observations:
* Global coverage and nearly continuous record since 2002
* Reflect changes in all water compartments affected by hydrological
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Identifying extreme events

Define wet and dry anomalies at grid cells

16%dry 16% wet 3-D dry or wet anomalies ST-DBSCAN

anomalies 4 o anomalies

Spatial and temporal clustering

Month 3

Event 1

Event 2

Shaded areas represent TWS anomalies
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Intensification of hydrological extremes

®FEurasia N America ®S America  Africa @ Australia

Total intensity: sum of
monthly intensities of all
wet and dry extremes
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Colored dots
represent top 30
wet and top 30
dry events
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* Consistent with increases in extreme precipitation and prolonged dry spells
 reflect changes in all aspects of hydrological extremes (severity, frequency of occurrence,
duration and extent)

Rodell & Li, 2023; Li & Rodell, 2023 8



2. Global GRACE/FO data assimilation for groundwater
CISELGEES

Purposes:
» Separate TWS into components

 (Constrain model simulation

» Spatial and temporal downscaling




The Catchment land surface model (CLSM)

surface excess (2 cm)
root zone excess (1 m)

catchment deficit (profile)

Image source: Zaitchik et al. 2008

Advantages:

» More realistic representation of
near surface processes

» Global application

« Computational efficiency

Limitations:
* No surface water and groundwater
withdrawals

CLSMTWS = SMC+GWS+SWE

10



The ensemble Kalman filter for assimilating GRACE/FO data

X: soil moisture,
groundwater, SWE
simulated by the model
at finer spatial and
temporal resolutions

Ensemble update equation

GRACE obs Predicted obs

X4 =X+ K — H(X))

Kalman gain matrix

Model mean TWS is added
to GRACE TWS anomalies
before assimilation

The Kalman gain matrix
depends on relative errors
between the model and
observations

Model errors are
represented by ensemble
spreads
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Global evaluation results using nearly 4,000 wells

Average statistics over 22 regions

GRACE | OL
DY
RMSE(cm) | 4.3 6.7 down 36%
correlation | 0.65 0.56 up 16%
180  150W 120W  9OW Well selection criteria:

« Unconfined aquifers

« Not impacted by pumping or
injection

« >5years of data

See Li et al. 2019 for details 12



TWS and groundwater storage anomalies in central Africa

precipitation
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RMSE(cm) |5.34

correlation | 0.56
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Evaluation results using USGS wells in the Northeast US and Mississippi basin

Well locations
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TWS and groundwater storage anomalies in the North China Plain

North China Plain

S ’.- j 5o wells in
- .
; 4 No.rth China
5 __ - Plain
Q ;
R ™~
2004 2006 2008 2010 2012 2014 2016
North China Plain
GRACE DA GWS is unable to DA OL

stimulate the large dynamics
in well data because CLSM
does not simulate
groundwater withdrawals.

RMSE (cm) 11.32 12.09

gw anomaly {cm)

Correlation | 0.83 0.61

2010 2012 2014
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GLDAS2.2 at GES DISC
(https://disc.gsfc.nasa.gov/datasets/GLDAS _CLSM025 DA1 D 2.2/summary?keywords=GLDAS)

CLSMO025_DA1_D_2.2/summ

¥ | EARTHDATA Find a DAAC - ©

G E S D I SC A2 Feedback Cloud Migration Help » %) Login

€ Data Collections-  GLD ==y} '© My Dashboard

Atmospheric Composition, Water & Energy Cycles and Climate Variability

Back to search results

Global Land Data Assimilation System I nte ra Ct ive d ata
GLDAS Catchment Land Surface Model L4 daily 0.25 x 0.25 degree GRACE-DA1 V2.2 (GLDAS_CLSM025 DA1 D)
NASA Global Land Data Assimilation System Version 2 (GLDAS-2) has three components: GLDAS-2.0, VI SU a | I Zat IO n a n d
GLDAS-2.1, and GLDAS-2.2. GLDAS-2.0 is forced entirely with the Princeton meteorological forcing input data Data Access a n al S I S to O | S
and provides a temporally consistent series from 1948 through 2014. GLDAS-2.1 is forced with a combination of y
model and observation data from 2000 to present. GLDAS-2.2 product suites use data assimilation (DA), whereas

the GLDAS-2.0 and GLDAS-2.1 products are "open-loop" (i.e., no data assimilation). The choice of forcing data,
as well as DA observation source, variable, and scheme, vary for different GLDAS-2.2 products.

Online Archive
Earthdata Search
GLDAS-2.2 is new to the GES DISC archive and currently includes a main product from CLSM-F2.5 with Data Giovanni

Assimilation for the Gravity Recovery and Climate Experiment (GRACE-DA) from February 2003 to present. The
GLDAS-2.2 data are available in two production streams: one with GRACE data assimilation outputs (the main

@ Cloud Enabled’
SRR =i production stream), and one without GRACE-DA (t ...more S U bsettl N gl ext ractl ng

F. Subset/Get Data

and downloading data

Product Summary  Variables  Data Citation = Documentation = References
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Analyzing groundwater storage changes using GES DISC tools

Texas Panhandle

ound water storage daily 0.25 0
2025-04-01 00:00:00Z, Regl

- The user-selected region was defined by 103.0664W, 33.8145N, 99.9902W, 36.8027N. The data grid also limits the analyzable region to the following
bounding points: 102.875W, 33.875N, 100.125W, 36.625N. This analyzable region indicates the spatial limits of the subsetted granules that went into making this
visualization result

Selected date range was 2003-02-01 - 2025-03-31. Title reflects the date range of the granules that went into making this result.

- The user-selected region was defined by 109.3652W, 32.3042N, 103.3887W, 503N. The data also limits the analyzable region to the following
bounding points: 109.125W, 32.375N, 103.625W, 36.875N. This analyzable region indicates the spatial limits of the subsetted granules that went into making this
visualization result.

- Selected date range was 2003-02-01 - 2025-03-31. Title reflects the date range of the granules that went into making this result.

e Climate analysis
* Model evaluation

net GWS changes between Dec 31 2003 and Dec 31, 2024

-40 -36 -32 -28 J24 -20 -4 0 4 8 12 16 20 24 28 32 36 40

,U%SW e —— * Full quantities of GWS have no
— physical meaning.
* Use anomalies and changes
over a time period.

The user-selected region was defined by 106.8457W, 23 4434N, 101.0449W, 27.1348N. The data grid also limits the analyzable region 1o the following
bounding points: 106.625W, 23.625N, 101.125W, 27.125N. This analyzable region indicates the spatial limits of the subsetted granules that went into making this 17

visualization resu
Selected date range was 2003-02-01 - 2025-03-31. Title reflects the date range of the granules that went into making this result



GRACE-based wetness percentile maps
(https:/Inasagrace.unl.edu/)

GRACE-Based Shallow Groundwater Drought Indicator GRACE-Based Root Zone Soil Moisture Drought Indicator GRACE-Based Surface Soil Moisture Drought Indicator
025 July 07, 2025 July 07, 2025

July 07, 20

Driven by ECMWF
forcing data at o.25
resolution

Driven by NLDAS-2
forcing data at
0.125 resolution

GES DISC product IDs: GRACEDADM_CLSMo25GL_7D_3.0, GRACEDADM_CLSMo125US_7D_4.0

18



3. Future gravity measuring missions

. GRACE-Cis in the administration’s FY26 budget and will launch in 2028
* Similar design as GRACE/FO

. Next generation gravity missions: a second pair of satellites is actively under
study and is planned for launch in 2032 to improve spatial and temporal

resolutions of measurements. See additional info at:

https://www.esa.int/Applications/Observing_the_ Earth/FutureEO/The_future of gravity is_M
AGIC

19


https://www.esa.int/Applications/Observing_the_Earth/FutureEO/The_future_of_gravity_is_MAGIC
https://www.esa.int/Applications/Observing_the_Earth/FutureEO/The_future_of_gravity_is_MAGIC

Conclusions

. GRACE/FO data are valuable for studying and monitoring changes in hydrological
extremes

» groundwater losses & thawing of permafrost
. GRACE/FO data assimilation is an effective tool for constraining large-scale
groundwater simulation

* There are limitations with the model and the ensemble Kalman filter

* Evaluation s key to gain better understanding

* Convert water levels to groundwater storage using the specific yield

20
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