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Raw GRACE TWSa grid is 
3x3 degree resolution



NASA distributes down-scaled TWSa grid at 0.5-degree resolution. Derived GWSa is at 1-degree resolution. 
However, results are still biased by native 3-degree resolution





Down-scaled TWSa or GWSa
GRACE cells inside the region 
are biased by water storage 
changes occurring outside the 
region due to coarse 3-degree 
resolution of native GRACE 
data.

If storage changes are similar in both red and yellow areas, 
impact of leakage is minimal. But if storage changes are 
significantly different, leakage impact is more severe.



CASE 
STUDY -
Central 
Valley 
California



TWSa – 0.5-degree resolution



GWSa – 1-degree resolution



Groundwater pumping in the 
Central Valley is highly 
concentrated relative to 
surrounding areas, thus 
amplifying the leakage effect 
with GRACE data.



STRATEGY #1

Most researchers deal with the 
Central Valley leakage problem by 
performing a GRACE analysis on the 
larger hydrographic basin containing 
the central valley aquifer, and then 
using the GWSa from that analysis 
and assuming that the GW pumping 
is almost all confined to the aquifer.

GW_Volaquifer = LWEbasin*Areabasin

I.e., entire GWSa from basin is 
assumed to apply to aquifer
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STRATEGY #2

Analyze in situ well data and look at 
long-term groundwater level 
changes to estimate groundwater 
storage change (GWSa) over the 
entire region over the same time 
period as GRACE data. Compare 
GWSa from both GRACE and in situ 
method and calculate a scaling ratio 
to apply to GRACE GWSa to account 
for leakage.

Our BYU research team recently 
completed a study to do this.



Groundwater 
Level Mapping 

and Storage 
Analysis





https://gwdm.readthedocs.io/



Groundwater Data Mapper 
(GWDM) serves as an online 
database of well and historical 
water levels for aquifers in a 
region.



It can also be used to generate 
time-varying water level raster 
maps.

These maps can be used to 
analyze groundwater storage 
change vs time.
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Step 1
Impute gaps in water level time series using machine 
learning and Earth observations



The Challenge - Temporally Sporadic Data

• Well Time series often 
include large gaps in 
collected data

• Some wells may only have 
data for one or two years

We need a more complete water level time 
series dataset to adequately characterize 
groundwater storage changes



Correlation with Earth Observations

GLDAS



Extreme Learning Machine

ଶ ଵ



At the end of this step, we have a complete time series for each well 
over the mapping/interpolation range (one value per month)



Step 2
Generate rasters by spatially interpolating values 
from time series at selected points in time



In this step we 
interpolate from the well 
locations using water 
levels at selected time 
intervals to create one 
raster for each time 
internal (2000, 2001, 
2002, etc.)

The output is a time-
varying array of rasters



Kriging Algorithm



Step 3
Evaluate changes in rasters over time to calculate 
groundwater storage time series



Raster at t=1

Raster at t=2
D Volume

D GW Storage = Sy * D Volume

Storage Time Series Calculations



Storage Change Time Series



Mapping Algorithm Python Script – Colab Notebook

Process is executed step-by-
step for better control over 
results

Resulting rasters can be 
uploaded to GWDM app via 
admin control panel



Application to the Central Valley

CVHM Specific
Yield Values

0.06 -  0.1

0.1 -  0.15

0.15 -  0.2

0.2 - 0.25

0.25 -  0 .3





Conclusion
• Good agreement between GRACE 

GWSa and in situ GWSa after 
applying scaling factor

• Going forward, GRACE GWSa can 
be used reliably after applying 
scaling factor = 5

Journal article manuscript under development
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Questions?


