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Background and Introduction:  
  The Ogallala Aquifer has been a source of freshwater for many people along the Great 
Plains of the United States. It underlies 8 states reaching as far north as South Dakota and as 
far south as the Texas panhandle. This underground sea of water varies in depth depending on 
the geology of the landscape. The Texas panhandle is one of the areas where the depth of the 
aquifer is shallowest as well as most prone to drought, receiving an average of 22.2 inches of 
precipitation per year, so keeping water data on the area is important. Growing up near the 
panhandle, and working as a ranch hand, it was always interesting to see the heavily irrigated 
lands which depend on the center-pivot system to keep crops irrigated. The aquifer is a vital 
source of water that surrounding communities heavily depend on and without it, wouldn’t 
exist. The six-county area of interest is located in a dense agriculture area in the Texas 
panhandle. The counties of study include: Bailey, Cochran, Hale, Hockley, Lamb, and Lubbock.  

 

 

Problem:  
  I am interested in understanding the water table change over the last 20 years. To do 
this, I would need to find Ogallala aquifer water elevation data ranging over the specified time 
of interest. I would then have to compare the two separate years (1998 & 2018) by using a 
spatial analysis tool like the spline tool and a raster calculator like map algebra to determine 
areas of depletion over twenty years. 

  Being able to quantify the aquifer depletion would be essential in determining future 
predictions of water availability and for the area of study. Other studies based off water loss 
could include effect on agricultural, and urban land-use practices as well as ground water 
quality, and recharge.   
 

Data Collection:  
  Texas Political Boundaries were downloaded from the Texas Department of Transportation system 
(TxDoT), http://gis-txdot.opendata.arcgis.com/ 

 Water table measurements by county were downloaded from the Texas Water Development Board 
in the groundwater Database (GWDB), https://www.twdb.texas.gov/groundwater/data/gwdbrpt.asp 

 Ogallala Aquifer shapefile was downloaded from the Texas aquifers in the Texas Water Development 
Board in the GIS Data section https://www.twdb.texas.gov/mapping/gisdata.asp 

 General information about the Ogallala Aquifer was attained from the websites listed below to gain a 
better understanding of the area. 

 https://www.scientificamerican.com/article/the-ogallala-aquifer/ 

https://pubs.usgs.gov/fs/2000/0091/report.pdf 

http://gis-txdot.opendata.arcgis.com/
https://www.twdb.texas.gov/groundwater/data/gwdbrpt.asp
https://www.twdb.texas.gov/mapping/gisdata.asp
https://www.scientificamerican.com/article/the-ogallala-aquifer/
https://pubs.usgs.gov/fs/2000/0091/report.pdf
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Data Pre-Processing:  
 The Texas shapefile (figure 1) was loaded into ArcMap from the TXDoT website with the North 
American Datum 1983 coordinate system which is what I’ll be working in for the project. From here I 
selected the counties that are either fully or partially inside the Ogallala Aquifer. I then used the Extract 
by Mask tool to define a concentrated working area. I then loaded the Texas aquifer shapefile from 
TWDB and used the attribute table to select the polygons within the Ogallala as seen in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: shapefile of Texas with selected 
counties inside the aquifer. 

Figure 2: Ogallala boundary selected 
from Texas aquifer shapefile. 
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 For Aquifer specific data I used the Texas Water Development Boards groundwater 
database to get well water data specific to the counties of interest. After Selecting “Water 
Levels by County”, Figure 3 shows the data that is found with the specific selections from the 
drop-down menus. The data shows the things like the state well number, date of measurement, 
and water elevation. To extract the data, I clicked on the “Export Drop Down Menu” and then 
clicked “CSV (comma Delimited)” to export into Excel for manipulation. I did this for each of the 
counties of interest.  

 

 

 

 

Figure 3: Ogallala well water data of Bailey county 
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I then browsed over to the Excel file to manipulate the data because I’m only interested 
in two years (1998 & 2018). Data from the counties of interest were cut and pasted into two 
different spreadsheets with one being the 2018 wells and the other being 1998 wells. I then 
saved these as Comma Separated Values (CSV) files and loaded them into ArcMap. Figure 4 
Below shows what the spreadsheets from the groundwater database looked like prior to 
manipulation. 

 

 

 
Data Processing:  
 To display the well data, I loaded in the 1998 and 2018 wells tables I right clicked on 
“2018_wells.csv” in the table of contents and selected “Display XY Data” from the window and 
clicked through the warning messages (Figure 5). Figure 6 shows all the points plotted in the 
counties for 2018 (606 points). 1998 had 473 data points for the same county, this difference is 
due to more wells being measured today than in the past. 

 

Figure 4: Ogallala well water data exported into a Excel file. 
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Figure 5: converting 2018 data into XY points 

Figure 6: 2018 well water 
data converting into point 
data in ArcMap. 
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At this point I began the Splining process using the Spline (Spatial Analysis) tool to 
convert points to raster data. I based the Z value off of the water elevation which is the 
measurement of the water table in feet above sea level. Once the raster was created, I 
symbolized the data by breaking it up into 10 manual variables 200 feet apart. The values range 
from 2200 - 4200 ft. above sea level. I then created a splined raster of both the 2018 and 1998 
wells. The Maps on Page 8 and 9 are the result of the spline calculator. Notice the decreased 
water table in 2018. 

 

 

 

 

 

 

 

 

Figure 7: Spline dialogue box that converts my points to a raster 
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Map 1: Water Table calculation in 1998 
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Map 2: Water Table calculation in 2018 
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Now that I have calculated the water tables from 1998 and 2018 we can use the raster 
calculator tool (spatial analysis) to visualize the difference. The calculation I used is seen in 
Figure 8. After formatting the symbology, I created Map 3 which shows where water has 
increased (blue) and where it has decreased (red). Just from the eye test it appears to have 
dropped some degree. 

 

 

 

 

 

 

 

 

 

Figure 8: Raster Calculator dialogue box with equation 
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Map 3: Water Table Difference from 1998-2018 
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Results: 

By looking at the statistics of the Map algebra raster, the average water table loss across 
the 6-county area is 18.85 feet. This is roughly 0.94 feet of water table drop per year. Much of 
this can be attributed to agriculture, human consumption, and lack of rainfall to recharge the 
aquifer loss. According to the Texas Water Development Board the aquifer has a maximum 
thickness 800 feet in Texas but the average for the entire panhandle is 95 feet. This would 
mean that in 101 years, with the current rate of depletion per year, the aquifer would run dry 
for a majority of the area.  


