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MEASURING GROUNDWATER FLUCTUATIONS IN THE CONTINENTAL 
UNITED STATES VIA REMOTE SENSING   

• Why is Groundwater important
• Declining water resources 

• Percentage of Water by type 
• Oceans and seas – 97.5% 
• Fresh Water – 2.5% 

• Surface water 
• Glaciers
• Groundwater

• Agricultural irrigation practices are the largest user of groundwater 
in the U.S.



WATER 
CONFLICTS 

• Global

• 4 billion people live in water scarce regions

• Nationally 

• Georgia

• Colorado River Compact 

• Upper basin 

• Lower Basin

• Grain Belt

• Ogallala Aquifer

• 1,000,000 Americans don’t have access to water

• Droughts are becoming the new normal

• over 50% of America is in a drought.



SCOPE

• Continental United States 2019-2021 groundwater fluctuations 

• Comparison of three regulatory agencies divisions 

• EPA 

• Regulatory agency responsible for enforcing water quality Standards 

• USGS 

• Works to assess and monitor water resources and conditions 

• Incorporates a watershed/regional approach to their research, findings, and applications.

• USDA 

• Responsible for Agriculture in America and USFS 

• Deduce whether there is a statistically significant difference of Groundwater Height 
Equivalent means between Agency delineated regions. 



ENVIRONMENTAL 
PROTECTION 

AGENCY 

• Responsible for:

• Ambient Water Quality 
Standards 

• Enforcement of the Clean Water 
Act

• Set standards for drinking water 
and ground water 

• Responsible for enforcing the 
Endangered Species Act.





UNITED STATES 
DEPARTMENT OF 

AGRICULTURE

• Regulatory body for Agriculture

• 2.3 Billion Acres are classified as 
agricultural. 

• Decides and defines use for
United States Forest Service.

• 193 million acres

• Provides incentives for
agriculture producers and non-
industrial timber producers. 





UNITED STATES 
GEOLOGICAL 

SOCIETY 

• Although state boundaries are 
delineated, watersheds are 
taken into consideration. 

• Takes into consideration 
underlying geology and type of 
environment. 

• Degrading vs. Aggrading. 





GRAVITY RECOVERY AND CLIMATE 
EXPERIMENT (GRACE-FO)

• What is the purpose of GRACE?

• How does it work?

• What does it measure?

• Special considerations?

• Mass changes

• Limitations?



DATA

• Sources 
• Imagery

• NASA 
• ESA 

• Boundaries 

• EPA 

• USGS

• USDA 

• NOAA





DATA 
PROCESSING 

• Data was “Clipped” 

• Every month 

• 2019-2021

• Raster to Point

• Point Clipped for each Agency and 
region 

• EPA -288 data tables 

• USDA – 288 data tables 

• USGS  - 360 data tables 
• Over 900 sets of data





DATA 
PROCESSING

• Each point was converted to Excel 

• Regions compiled into one sheet 
for all 3 years of data 

• Data was imported into R studio 
for statistical analysis

• Shapiro wilks for normality and plots

• Welch’s ANOVA 
• Unequal variances between many of the sets of data 

• Games Howell

• Decrease the chance of a type I error 



EPA RESULTS 



EPA 
REGIONAL 

COMPARISON 



USDA RESULTS



USDA REGIONAL 
COMPARISON



USGS RESULTS



USGS 
REGIONAL 

COMPARISON



CONCLUSIONS 

• There are similar Ground Water 
trends in regions that would not be 
expected.

• Groundwater is highly variable 
between regions, and further 
investigation is required to accurately
assess the complexity of impacts to 
these systems. 

•

FUTURE RESEARCH 

• Groundwater policies by state.

• Landcover classification.

• Percentage of surface are as 
agriculture 

• What types of agriculture

• Population 

• Industry 
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