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GRACE: The Big Picture, Comparison with Global Models
Total Water Storage Trends (2002 — 2015
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Most global models
underestimate TWS trends
relative to GRACE data

Scanlon et al., 2018, PNAS
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Fraction of groundwater pumpage

Konikow and Bredehoeft, 2020
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Basic Questions

How reliable are GRACE satellite data?

What is causing changes in water storage? Climate? Human
intervention?

How can we use the results of these analyses to move towards
more sustainable water resources management?
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GRACE Trends in Total Water Storage (2002 — 2017)
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GRACE Trends in Groundwater Storage (2002 — 2017)

Columbia WA ke R
Plateau © nNake Jyer \D ME
Basin
Ok 16 MN M VTNH
" > e v |
WY
Pennsylvanian
Sacramento -7 N'EH;O . . y jan |,
Central Valley CA Y uT . i OH T MEDE
- €O
San Joaquin S UCI:{E | KS MO = 8 / va
Tulare CHP Fj.jgj Mississippi o
" ok Embayment™
~ 7 M AR sC
i SHP -0.6
AZ Alluvium e | AL GA
TX :
GWS change (km°)ETP -6.5 LA3.8 ygfre 13.5Floridan
in 15 years 11 o -
-40 to -20 20 to 25 TX Gulf owlands
20to-10  10to 20 Coast
-10 to -5 5to0 10
S GRACE JPL and CSR Mascons

Rateb et al., 2020, WRR



GW Storage Change GW Storage Change
GRACE (2002 — 2015) Regional Models and Monitoring

2000-2008

§ . /, 1 o
3 ™ Y
GWS change (km”) 6.5 LAZ8 1 Lo
in 15 years N

[ -40to-20° 20to 25
-20 to -10 10to 20
-10to -5 5 to 11

GW Storage Change (km3)

SOATDES Net Depletion Volume (Km#3) [ 10-40
Bl -3.3;0 B 40-70
B 0-1.5 mm090 |
15410 0 400 800 1,600 Kilometers

Rateb et al., 2020 Konikow et al., 2011



Comparison of GRACE-derived GW Storage Change and GW Level Monitoring Data
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Comparison of GRACE-derived GW Storage Change and Regional GW Models

Northern High Plains
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What is a TWS Trend?
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Causes of GRACE TWS Variations
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Human Intervention
Irrigation
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Approaches toward more Sustainable Management
GRACE Trends in Total Water Storage (2002 — 2017)
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Summary
1. How is total water storage changing in U.S. aquifers? (1T, {,, =)

Stable or increasing in most aquifers but declining in southwest and southcentral
U.S.

2. How reliable are GRACE satellite data?

Good comparison with GW level monitoring data in most aquifers and
qgualitatively agree with regional models, except Mississippi Embayment

3. What is causing changes in water storage? Climate? Human intervention?

Drought amplified by GW irrigation in southwest and southcentral U.S,,
conjunctive use of SW and GW in NW dampens climate impacts, less drought in N
and E U.S.

4. How can we use the results of these analyses to move towards more
sustainable water resources management?

Conjunctively use SW and GW, inefficient SW irrigation to recharge GW and
efficient GW irrigation to minimize storage depletion.



USGS Powell Research Study
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