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Groundwater: an introduction

Groundwater
accounts for
approximately

99%

of all liquid freshwater
on Earth

* Groundwater accounts for 33% of the global water withdrawals

* More than two billion people depend on groundwater as primary water
resource

* It ensures ecosystem stability, energy and food security.

Main pressures: Overexploitation & climate change

Consequences of groundwater depletion:

* Decrease of agricultural productivity, land subsidence,
sea-level rise, seawater intrusion, loss of springs and
wetlands, ecosystem degradation, ...

Groundwater monitoring and assessment are crucial to achieve informed groundwater management.

Source: WWDR 2022, https://www.unesco.org/reports/wwdr/2022/en -
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Groundwater monitoring and its limitations

Current state: poor in-situ monitoring capabilities in
many regions, with sparse and un-representative i
groundwater monitoring networks, largely unknown

storage capacities and inaccessibility of data. &
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The Global Groundwater Monitoring Network:
https://ggis.un-igrac.org/view/ggmn

Climatically similar regions v Water Storage v

Spatially quantification of groundwater storage
changes may contribute to fill the monitoring
gap, especially at large scales. This can be

Terrestrial Water Storage Anomalies, GravlS: achieved thl"OUgh satellite teChnOIOgieS
http://gravis.gfz-potsdam.de/tws
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A new product: The Global Gravity-based Groundwater Product (G3P)

Development of a product of groundwater
storage variations

> by a cross-cutting combination of GRACE / GRACE-
FO satellite gravity data with water storage data
based on existing Copernicus services

> global coverage
> 0.5° spatial resolution

> from 2002 until 2020

Groundwater Soil moisture Lakes Rivers lce and snow Reservoirs
1 1 L J

. !
> monthly temporal resolution TOTAL WATER STORAGE
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G3P Objectives

Compare to global hydrological models

Detect hotspots of groundwater depletion even in the absence of
- in-situ data
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ECV Groundwater

GCOS (the Global Climate Observing System) defined
groundwater as one of the Essential Climate
Variables (ECVs)

| MARINE MONITORING

ATMOSPHERE MONITORING *

LAND MONITORING

“SECURITY

Emmmmmm  Essential Climate Variables
o006 86e

ECV Groundwater

® Copernicus Services provide many ECV
data sets

® But:
no product yet for
the ECV Groundwater
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How does G3P work?

The data from the German-American Gravity Recovery
and Climate Experiment (GRACE) and GRACE-Follow
On (FO) satellites are used to estimate the variation of

A frsiatwater _ A Surface and root-
stoitgga@g®Ws) A Glacier mass zone soil moisture

1 1 [
I I

NGTota avasesr A Snow water storage A Surface
storageddaVs) equivalent (SWE) water bodies
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Overview of the gridded water storage compartment datasets

Besides TWS, the other storage compartments are quantified based on in-situ data and, when
no available, on models.

Short term Name Data source Temporal resolution
@ TWS Terrestrial Water Storage S monthly
z RZSM Root Zone Soil Moisture S-R daily
SWE Snow Water Equivalent S-R daily
e Glacier Glacier mass change G monthly
o SWS Surface water storage M daily
in-situ observation (G); satellite (S); reanalysis (R); hydrological models (M)
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Final Product

Global groundwater storage trend April 2002 to December 2020
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Evaluation: Comparing G3P with GWSA using in-situ values

From the G3P product = Extracted the area -
average time series of GWSA from 2002 to 2016
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From the in-situ measurements - Calculate
the Groundwater Storage Anomaly using
groundwater heads and specific yield.

- In the absence of geological data, the signal
of the groundwater level anomalies (GWLA)
was used instead.

Conceptualization:

1. GWSA = 5(h * area * SY/ Total Area)[mm]

h

anomaly

anomaly = Head values relative to mean head value on each site
area = Thiessen polygon area per available borehole

E 2. GWLA = average(h

SY = Specific yield corresponding to the thiessen polygon area

anomaly)[mm]
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Global research and assessment

Comparing G3P with GWSA using in-situ values
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Nubian Sandstone Aquifer System (NSAS)

Nubian Sandstone Aquifer System (NSAS)
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- Terrestrial Water Storage Anomalies E

Terrestrial Water Storage [TWS] variability as observed by GRACE/GRACE-FO is an integrated signal fram a
number of different processec: The following Indiddual components dre provided ac gridded Level-2 TWS
product (avallable at 1S0C for GFZ and COST-G | and zre displayed in the map on the left:

‘GRACE: Water Storage
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GRACE: Spatial Leakage

Terrestrial water starmge variations likely caused by spatial leakage; intended a5 aptional cormection for the water
storage component,

Model: Atmospheric Mass

AMtmospharic mass variability as representad in the non-tidal de-aliasing model AOD1B expressed in terms of
equivalent water hejght

Terrestrial Water Storage Anomalies and other
water compartments are available in GravlS:
http://gravis.gfz-potsdam.de/gws
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G3P — User survey

Types of organisations

132 individuals were
contacted, and 80
answered forms were
collected

A

= Geological survey & national institutes (32%) » European commission (5%)

= Research institute/university/project (27%) = UN Agency and affiliated centers (11%)
= |Intergovernmental entity (4%) = Charity/NGO/development agency (9%)
= Private company (4%) » |Individuals (5%)

= Empty (3%)

16 questions in total, including questions about preferred:
* Spatial and temporal resolution
* Ways of presenting uncertainty
* Alternative ways of sharing data

Percentage of respondents that think that they
will be able to use G3P in their current position

= Yes (82%)
\ = No (5%)
: = | don't know (8%)

= Empty (5%)

For advocacy/awareness raising; science-policy
interface; management (17 a.)

In combination with models (13 a.)

For monitoring/forecasting (10 a.)

Groundwater assessment (6 a.)

General answer (e.g. “l will use it for research”) (6 a.)
To compare with/complete other datasets (5 a.)

In Managed Aquifer Recharge (MAR) projects (2 a.)
Not applicable/other (4 a.)

https://www.g3p.eu/fileadmin/user upload/G3P survey report.pdf




Conclusions and recommendations

G3P is a tool that contributes to a better understanding of groundwater
storage changes on a regional and global scale

G3P supports water resources management activities, as well as raising
awareness on the pressures that the resource is increasingly facing

G3P is a satellite tool that can be used when no in-situ data is available

G3P should complement rather than replace in-situ groundwater monitoring

> B
® G3P
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The Global Gravity-based
Groundwater Product (G3P)

G3P is funded in response to the Earth observation call

LC-SPACE-04-E0-2019-2020
“Copernicus evolution — Research activities in support of cross-cutting applications between
Copernicus services”

As part of the H2020-SPACE-2018-2020 activity
“Leadership in Industrial Technologies - Space Part”

https://www.g3p.eu/

69 ernicus ]
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Thank you for your attention!
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International Groundwater Resources Assessment Centre
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How to estimate each water compartment?

Overview on compartmental water storage data used and processed in G3P

Source: Earth

observation Existing Copernicus service

Temporal resolution

Development in G3P

Spatial coverage, resolution

Ny

data (EO) or product
model (M)
Snow EO Snow water Equivalent in Extension to global Northern hemisphere, 5 km Daily
Global Land coverage
Glacier mass changes EO C35 glacier extents, elevation Combl'natlon 9f €35 Global, 1 degree. Annual, seasonal
changes and mass changes. glacier services.
Soil Moisture EO+M Surface soil moisture in C3S Soil Water Index for the Global, 0.25 degree Daily, 10-daily and
unsaturated zone monthly aggregates
Lake and reservoir Lake levels in Global land Combination of lake Global coverage for large .
EO L. . Daily to monthly
storage monitoring Service surface and water level lakes
River network storage EO +M None A55|m|I.at|on of altimetry Danube, Niger, Condo Daily
into model
River network storage M GloFAS None Global Daily
Snow soil moisture . .
Lake/reservoir storage M GloFAS None Mostly 0.5 degree, global Daily or higher

HAorizon2020



Procedure

Terrestrial water storage
Root zone soil moisture > Spatial ——a Groundwater
" torage
resampling to Sy : ubtrz <
Snow water equivalent > P g " B Filtering with anomalies
common 0. 200 km Gauss Hproac L
Surface water storage - degres e filter uncertainties

Glacier mass . 4

Spatial correlation analysis

[ Uncertainty propagation

Figure 2: Flowchart of G3P procedure to produce the groundwater storage data set.
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Resolution

Short term Name Data source Spatial Resolution Temporal resolution
TWS Terrestrial Water Storage S 0.5° monthly

RZSM Root Zone Soil Moisture S-R (.25 daily

SWE Snow Water Equivalent S-R 0.05° daily

Glacier Glacier mass change G 0.5° monthly

SWS Surface water storage M 0.1° daily

® G3P

-
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User Survey Questions

Is the groundwater product (data of groundwater storage variations with global coverage and monthly
resolution from 2002 until present) something that might be useful for your organisation?

G3P will be provided as global grids with 0.5 degree and 1.0 degree resolution, and as area-average time
series for large aquifer systemes. Is this spatial resolution appropriate for your requirements? If not, please
indicate what you prefer in the field "Other" (multiple choice, best answer).

G3P data will be provided monthly. Is this temporal resolution appropriate for your requirements? If not,
please indicate what you prefer in the field "Other" (multiple choice, best answer).

What way of showing uncertainties would be useful for you? (multiple choice, multiple answer). o Min-max
— 37 answers o Percentiles — 29 answers o Confidence interval — 44 answers o Other — 3 answers

The groundwater product (G3P) on long-term monthly groundwater storage variations will be made
available for visualization, analysis and download through two service portals: Global Groundwater
Monitoring Network (GGMN, https://ggmn.un-igrac.org) and the Gravity Information Service (GravlS,
http://gravis.gfz-potsdam.de/home). Is there another way of accessing to the data that we should consider?
(multiple choice, multiple answer). ( Answers: FTP, Cloud catalogues)

Do you think that you would be able to use the groundwater product in your current position? (multiple

choice, best answer).
.
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