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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.
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UNITED STATES
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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.

United States Geoclogical Survey Geogrpahic Boundaries
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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?




* Sources

* Imagery

* NASA
* ESA

* Boundaries
- EPA
« USGS
» USDA
* NOAA

GRACE Continental United States
June 2021
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[ continental United States Boundaries I 123.3379566 - -88.57015061 [l 17.38029361 - 66 62487045 Source- NASA ESA NOAA
urce: 3
Change in Mean Groundwater [ ] -s85701596 - -65.74044172  |JJ 6662487046 - 145 7146454 Projection WGS 1984

Height Equivalent (mm) [ ] -55.74044171 - 22.91072382

UTM Zones 10-19N
Author: Sean M. Jones
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DATA GRACE Raster to Point Conversion

PROCESSING

Data was “Clipped”
* Every month

* 2019-2021

Raster to Point

Point Clipped for each Agency and
region

EPA -288 data tables 0125 250
USDA — 288 data tables
USGS - 360 data tables

Over 900 sets of data

Legend
¢  GRACE Raster Converted to Point

Source: United States Geological Society
Projection: NAD 1983, UTM Zones 10 - 19N
Author: Sean M. Jones




GRACE Raster to Point Conversion
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FID pointid grid_code Reg_Month_Year Order_of_Entry

12 173 127.4048767 06_12_2021 1623
AA 13 174 -33.18943024 06_12_2021 1624

14 175 27.50722122 06_12_2021 1625

15 176 2241449738 06_12_2021 1626

P RO C E S S I N G 16 177 2.834982157 06_12_2021 1627

17 178 -20.94555664 06_12_2021 1628

18 229 86.7086792 06_12_2021 1629

19 230 111.9589386 06_12_2021 1630

20 231 32.86519241 06_12_2021 1631

2 232 76.28253174 06_12_2021 1632

2 233 11.17042923 06_12_2021 1633

: 3 23 234 -28.20651245 06_12_2021 1634

Each point was converted to Excel % 236 -64.39857483 06_12 2021 1635
2 286 60.35980988 06_12_2021 1636

. . . 38 2% 287 14.81422901 06_12_2021 1637
Reglons C0mP||eC| into one sheet 39 27 288 -16.24002647 06_12_2021 1638
0 28 289 -3433936265 06_12_2021 1639

for all 3 years of data : 2 200 -51.04116058 06_12 2021 1640
30 291 -28.88999558 06_12_2021 1641

Data was imported into R studio 31 292 -16.50518227 06_12_2021 1642
7] 43 -8.109808922 06_12_2021 1643

for statistical analysis 5 13 M4 7414726734 06_12_2021 1644
; M 45 -104.8372345 06_12_2021 1645

: . : 3 U6 -33.12137604 06_12_2021 1646

*  Shapiro wilks for normality and plots 3 3% WP 2392863492 0612 2021 1647
37 M8 -5.187316418 06_12_2021 1648

Welch’s ANOVA 3 9 -15.92987156 06_12_2021 1649
5 39 399 6567369843 06_12_2021 1650

. ) 40 400 -11.70921803 06_12_2021 1651
Unequal variances between many of the sets of data 41 a0 2132728386 06_12_2021 1662

5 42 402 8364203453 06_12_2021 1653

Games Howell 55 4 403 -10.70177078 06_12_2021 1654
44 404  -29.88592911 06_12_2021 1655

45 405  -38.63136292 06 12 2021 1656

* Decrease the chance of a type | error




EPA RESULTS

~ Growl | Growpz | lowerBoundG | UpperBoundCl | P-Value(adjusted) | _ Significance |
“EPARegon1 | EPARegin10 | l0ssaae0ds | 1a3ssisr | 1 | WotSignifcant |
“EPARegion2 | tPARegions | 12saowe3t | 9soazsias | 1 | Wotsigniicant |
“EPARegion2 | tPARegion7 | 1050111081 | 10s1737 | 1 | WotSignificant |
“EpARegion2 | tPARegions | izoszessiz | oessrisr | 1 | Wotsignicant |
EPARegion© | EPARegions | 4s9po9ases | 435020734 | 1 | NotSignificant |
“EPARegion1 | EPARegions | Gosesssier | sesmeor; | oooom | v |
EPARegion1 | FPARegion3 | 3659601903 | eosdooasse | o | e |
EPARegin1 | tPARegiond |  3ssamssora | erazessz | 0 | e |
“EoARegion 1 | tPARegions | seravsaoes | 3iosrreror | owoooooi | |
EPARegion1 | tPARegions |  o72dssedos | 31soazrer | ooooooort | e |
EPARegion1 | tPARegions | 9es0as19 | 311620278 | Gooooooms | e |
EPARegion1 | tPARegiono |  Tasioassor |  2saomw1s | oom |+ |
EPARegion 10| tPARegion2 | 7aaio3i5 | massieesiv | oo | we |
EPARegion 10| EPARegion3 | 372675277 | sessesor | 0 | v |
EPA Region 10| PARegiond | dosseiizes | sessosase | ioseos | e |
EPARegion10| FPARegions |  oswsaoliss | seseoaser | aeos | v |
£PA Region 10| EPARegions | 1081219376 | 2674410303 | 4deeos | |
cPARegion10| fPARegion7 |  1216ss1722 |  2o1assaos | 37sos | e |
EPARegion 10| FPARegions | 1071447735 |  zesos0338 | 3eseos | v |
€A Region 10| tPARegions | 2402569504 | sowsosas | ooz |+ |
EPARegion2 | tPARegiond | I7sisor3es | 3oseeisass | o0 | e |
“EPARegion3 | tPARegions | 36538905 |  sosamwsr | eeenr | v |
“EPARegion3 | EPARegion6 |  3saoisaess | atomssmass | o | e |
EPARogion3 | FPARegion7 | 3aise3zass | isseaasss | saen | |
“EPARegion3 | tPARegions |  3ssse7ioss | aideesssy | 0 | e |
EPARegin3 | FPARegiono | 43odsos0er | sssuzion | imen | v |
[ErARegiond | EPARegions | 3622551967 | 2dezsassr | Loz | e
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EPA

REGIONAL
COMPARISON

Group 1 Group 2 Significance
EPA Region 1 EPA Region 10 Not Significant
EPA Region 2 EPA Region 5 Not Significant
EPA Region 2 EPA Region 6 Not Significant
EPA Region 2 EPA Region 7 Not Significant
EPA Region 2 EPA Region 8 Not Significant
EPA Region 2 EPA Region 9 Not Significant
EPA Region 3 EPA Region 4 Not Significant
EPA Region 5 EPA Region 6 Not Significant
EPA Region 5 EPA Region 7 Not Significant
EPA Region 5 EPA Region 8 Not Significant
EPA Region 6 EPA Region 7 Not Significant
EPA Region 6 EPA Region 8 Not Significant
EPA Region 7 EPA Region 8 Not Significant




USDA RESULTS

Group 1

Group 2

Lower Bound Cl

Upper Bound CI

P-Value {adjusted)

Significance

USDA Region 1 USDA Regicn 2 -3.153235242 9.663205098 0.786 Not Significant
USDA Region 1 USDA Region 9 -5.709223557 5.591780115 1 Not Significant
USDA Region 2 USDA Region 9 -8.450937674 1.823524376 0.512 Not Significant
USDA Region 4 USDA Regicn 5 -12.0339676 6.125262488 0.976 Not Significant
USDA Region 1 USDA Region 3 -29.57373553 -17.7551967 0.000000031 G
USDA Region 1 USDA Region 4 -20.99025888 -8.295563458 8.75E-11 bt
USDA Region 1 USDA Region 5 -27.01729444 -8.177233011 0.000000453 Ers
USDA Region 1 USDA Region 6 -44.44863068 -24.21170213 0 Lot
USDA Region 1 USDA Region 8 8.750838521 19.64041485 4.22E-08 HEE
USDA Region 2 USDA Region 3 -32.34016467 -21.49873743 0 *hek
USDA Region 2 USDA Region 4 -23.793219 -12.0025732 0 s
USDA Region 2 USDA Region 5 -29.97448632 -11.73001098 2.11E-10 A
USDA Region 2 USDA Region 6 -47.42696727 -27.7433354 0 EhER
USDA Region 2 USDA Region 8 6.03064581 15.8506377 4.34E-10 Tk
USDA Region 3 USDA Region 4 3.672916149 14.37019374 0.00000902 ki
USDA Region 3 USDA Region 6 -20.19064591 -1.14075466 0.016 *

USDA Region 3 USDA Region 8 33.6223186 42.097867 0.000000012 i
USDA Region 3 USDA Region 9 19.10664381 28.10484498 2.75E-12 ke
USDA Region 4 USDA Region 6 -29.48956872 -9.884941742 0.000000036 saxdt
USDA Region 4 USDA Region 8 24.00821458 33.66886113 0] thes
USDA Region 4 USDA Region 9 9.52306871 19.64531019 0 W
USDA Region 5 USDA Region 6 -28.75116722 -4.714638139 0.000654 b
USDA Region 5 USDA Region 8 23.31837207 40.26740874 2.13E-12 Frxx
USDA Region 5 USDA Region 9 8.930640171 26.14644384 2.18E-08 Ak
USDA Region 6 USDA Region 8 39.28124895 57.77033723 3.24E-11 A
USDA Region 6 USDA Region 9 24.90444162 43.63844774 5.21E-11 ot
USDA Region 8 USDA Region 9 -18.12217761 -10.3865192 3.61E-09 Fhrsk
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USGS RESULTS

Group 1 Group 2 Lower Bound Cl Upper Boun C1 P-Value {adjusted) Significance
UUSGS Region 1 USGS Region 10 -10.88246048 14.3553237 1 Not Significant
UUSGS Region 2 USGS Region 5 128401631 9.804257245 1 Mot Significant
USGS Region 2 USGS Region 6 -11.99288636 9,825589447 1 Mot Significant
USGS Region 2 USGS Region 7 -10.50111081 12.09217437 1 Mot Significant
UUSGS Region 2 USGS Region 8 -12.09765512 9.683571182 1 Mot Significant
USGS Region 2 USGS Region 9 -20.32416733 1.923051557 0.208 Mot Significant
USGS Region 3 USGS Region 4 -5.76908169 9.244555243 0.999 Mot Significant
UUSGS Region 5 USGS Region & -5.012561445 5.881170384 1 Mot Significant
UUSGS Region 5 USGS Region 7 -3.877497083 8.504466499 0.975 Mot Significant
UUSGS Region 5 USGS Region 8 -5.098264454 5720086368 1 Not Significant
UUSGS Region & USGS Region 7 -3.514162438 7.272522974 0.985 Mot Significant
UUSGS Region 6 USGS Region 8 -1.596994365 4.35020734 1 Mot Significant
USGS Region 7 USGS Region 8 -7.357850435 3.352702934 0.975 Mot Significant
UUSGS Region 1 USGS Region 2 6956855162 36.23960177 0.00014 e
UUSGS Region 1 USGS Region 3 36.59601903 60.94002286 [i] i
UUSGS Region 1 USGS Region 4 39.53455074 51.4769647 1 hidid
UUSGS Region 1 USGS Region 5 8872784066 31.28776701 0.000000791 hxe
USGS Region 1 USGS Region 6 9724886404 3130427361 0.00000011 aE
USGS Region 1 USGS Region 7 11.21212306 33.57539743 1.49E-08 e
UUSGS Region 1 USGS Region 8 9,62034519 31.1620278 0.000000128 e
UUSGS Region 1 USGS Region 9 1.391049801 23.40429135 0.014 *

USGS Region 10 USGS Region 2 7.141931517 32 58166219 0.0000373 hxe
USGS Region 10 USGS Region 3 37.2675277 56.79565097 0 eaE
USGS Region 10 USGS Region 4 40.55811763 56.98053459 1.99E-08 e
USGS Region 10 USGS Region 5 9.818201153 26.8694867 4.17E-08 e
USGS Region 10 USGS Region 6 10.81219376 26.74410303 A.46E-09 ee
USGS Region 10 USGS Region 7 1216581722 29.14884005 3.73E-08 i
USGS Region 10 USGS Region 8 10.71447739 26.59503238 3.65E-09 e
USGS Region 10 USGS Region 9 2.4D2569504 18.91990843 0.002 L

UUSGS Region 2 USGS Region 3 14 89285859 39 44672597 1 85E-10 i
UUSGS Region 2 USGS Region 4 17.81892338 3999613453 [i] xE
UUSGS Region 3 USGS Region 5 -36.53689505 -20.83859577 5.16E-11 i
UUSGS Region 3 USGS Region 6 -35.49154696 -21.01533492 0 e
USGS Region 3 USGS Region 7 -34.18637295 -18.56214845 5.32E-11 e
UUSGS Region 3 USGS Region 8 -35,58671053 -21.16695837 1] bihiia
UUSGS Region 3 USGS Region 9 -43.92899062 -28.81171012 1.82E-11 Eii
USGS Region 4 USGS Region 5 -36,22551967 -24.6254447 1.61E-12 i
USGS Region 4 USGS Region 6 -34.93054953 -25,0518059 1.72E-11 i
USGS Region 4 USGS Region 7 -33.8617847 -22.36221026 [i] aE
USGS Region 4 USGS Region 8 -35.01232325 -25.21681921 3.41E-11 e
UUSGS Region 4 USGS Region 9 -43,50747342 -32.70869487 9.35E-12 e
UUSGS Region 5 USGS Region 9 -13.54971199 -1.515497931 0.001 e
USGS Region & USGS Region 9 -13.13490724 -3.098911626 0.0000139 e
UUSGS Region 7 USGS Region 9 -15.81352318 -4.178656162 0.00000249 aE
UUSGS Region 8 USGS Region 9 -12 97055565 -3.01647619 0.0000168 e
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USGS
REGIONAL
COMPARISON

Group 1 Group 2 Significance
USGS Region 1 USGS Region 10 Not Significant
USGS Region 2 USGS Region 5 Not Significant
USGS Region 2 USGS Region 6 Not Significant
USGS Region 2 USGS Region 7 Not Significant
USGS Region 2 USGS Region 8 Not Significant
USGS Region 2 USGS Region 9 Not Significant
USGS Region 3 USGS Region 4 Not Significant
USGS Region 5 USGS Region 6 Not Significant
USGS Region 5 USGS Region 7 Not Significant
USGS Region 5 USGS Region 8 Not Significant
USGS Region 6 USGS Region 7 Not Significant
USGS Region 6 USGS Region 8 Not Significant
USGS Region 7 USGS Region 8 Not Significant




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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