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GRACE: The Big Picture, Comparison with Global Models
Total Water Storage Trends (2002 – 2015) 
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Water Storage 

Input – Output = Change in Storage
↓            ↑                    ↓

Change in GW Storage = change in GW levels x Storage coefficient
Change in Storage = Recharge – Discharge

Konikow and Bredehoeft, 2020



Background

Groundwater storage
trends from regional 
groundwater models 
and groundwater level
monitoring 
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Basic Questions
1. How reliable are GRACE satellite data? 

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

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



GRACE Trends in Total Water Storage (2002 – 2017)
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GRACE Trends in Groundwater Storage (2002 – 2017)
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Rateb et al., 2020, WRR
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Comparison of GRACE-derived GW Storage Change and GW Level Monitoring Data





Comparison of GRACE-derived GW Storage Change and Regional GW Models 



TWS trend 15.25 yrs

SD TWS. Rec 114 yrs (Interannual) =

What is a TWS Trend? 

Trends > 2 – 3 SD of interannual variability 

Vishwakarma et al., 2021, ERL



Causes of GRACE TWS Variations



Climate Impact



Land Use 

NLCD, 2016; 
USGS, MODIS, 
2002, 2007, 
2012, 2017
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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? (↑, ↓, →)

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 
qualitatively 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. 
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