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ABSTRACT 

Groundwater supplied by the High Plains Aquifer (HPA) (also known as the 

Ogallala Aquifer) is a vital resource for irrigated cropland on the Southern High Plains 

(SHP) of West Texas. Large-scale irrigation on the SHP of West Texas has been 

steadily depleting the High Plains Aquifer since development (Haacker et al., 2015). 

The objective of this study is to gain a better understanding of the relationship 

between the saturated thickness of the HPA and center pivot irrigation fields in four 

counties of West Texas. The counties investigated were Castro, Hale, Lamb, and 

Swisher County. Saturated thickness data and existing center pivot irrigation field data 

were utilized from the Center for Geospatial Technology (CGST) at Texas Tech 

University. National Agriculture Imagery Program (NAIP) imagery from 2004, 2008, 

and 2016 were examined to create and update center pivot irrigation fields within the 

counties. National Agricultural Statistics Service (NASS) irrigated agriculture 

statistics from 1997 to 2017 were examined alongside the center pivot field data. 

Findings showed that essentially depleted saturated thickness areas expanded during 

the time span. The NASS irrigated agriculture statistics show that there has been a 

steady decrease in irrigated agricultural acreage, but the number of center pivots fields 

identified on imagery and the acreage associated with these center pivot fields is 

mostly unchanged. Center pivot acreage is also not decreasing where the saturated 

thickness is less than 30 feet. This discrepancy showing little change in center pivot 

field acreage and a significant decline in the NASS irrigated acreage strongly suggests 

that farmers are adopting strategies to reduce irrigation on center pivot fields. 
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CHAPTER I 

INTRODUCTION 

1.1 Background 

 

 Groundwater supplied by the High Plains Aquifer (HPA) (also known as the 

Ogallala Aquifer) is a vital resource for irrigated cropland on the Southern High Plains 

(SHP) of West Texas. There are approximately 20 million acres of irrigated cropland 

in the region and it produces about one-third of the total U.S. cotton production 

(National Agricultural Statistics Service, 2017). The region is also a large producer of 

other crops such as corn, sorghum, and soybeans. Large-scale irrigation practices since 

the early and mid-twentieth century have significantly decreased the available amount 

of groundwater in the SHP (Haacker et al., 2016). Groundwater depletion occurs when 

demand (mostly through irrigation) exceeds water supply through recharge (Scanlon et 

al., 2012). Large portions of the aquifer in the region are experiencing more than 10% 

declines in saturated thickness per decade (Haacker et al., 2016). The groundwater 

from the aquifers in the SHP region is effectively a nonrenewable resource due to 

notably slow recharge rates, on the order of 0-10 mm/year (Scanlon et al., 2012). 

Haacker et al. (2016) project that the HPA will become almost entirely depleted in 

some regions of the SHP by 2100. 

Although the inevitable depletion of the aquifer in the SHP is widely 

understood, there are no signs of large-scale irrigation slowing down (Brown and 

Pervez, 2014). Large-scale irrigation on the SHP is accomplished mostly through 

center pivot irrigation systems. Today, center pivot irrigation systems are efficient, 
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low pressure systems that apply water below a crop’s canopy (Texas Water Resources 

Institute, 2012).  

Slowing the use of groundwater to extend an aquifer’s usable lifetime requires 

groundwater managers to know where the aquifer is critically low and where most of 

the irrigation is taking place. Previous studies have been carried out to provide reliable 

geospatial and remote sensing data and methodologies to assist groundwater managers 

in making responsible decisions that affect groundwater management (Brown and 

Pervez, 2014).  

1.2 Objective  

Groundwater is declining at rapid rates within the SHP and agricultural 

statistics show that the acreage of irrigated agriculture is declining (National 

Agricultural Statistics Service, 2017). Presumably, these declines should correspond to 

a decline in the number of center pivot irrigation fields. The objective of this study is 

to gain a better understanding of the relationship between the saturated thickness of 

the HPA and center pivot irrigation fields. This study also examines whether the areas 

of the HPA within the study area that have a saturated thickness less than or equal to 

30 feet have a spatial and quantitative relationship with center pivot irrigation fields. 

These areas are known as the “essentially depleted” areas and are assumed to no 

longer sustain large-scale irrigation (Scholle and Allison, 2003). These essentially 

depleted saturated thickness areas are where the number and acreage of center pivots 

should be declining. 

This study focused on four research questions within the study area. 1) To 

what extent have essentially depleted saturated thickness areas increased? 2) How do 
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National Agricultural Statistics Service (NASS) irrigated agriculture acreage statistics 

compare to center pivot field acreage found from interpreting National Agriculture 

Imagery Program (NAIP) imagery? 3) Do the center pivot fields follow a spatial or 

quantitative pattern with the essentially depleted saturated thickness areas? 4) Given 

the expansion of essentially depleted saturated thickness areas, what occurs to the ratio 

between the acreage of center pivot fields within those areas and the acreage of 

essentially depleted saturated thickness areas?  

1.3 Study Area 

 The study area chosen for this research includes Castro, Hale, Lamb, and 

Swisher counties in Texas. The largest cities in these counties are Dimmitt, Plainview, 

Littlefield, and Tulia, respectively. These counties lie in the heart of the “hazard area” 

found by Brito Neto et al. (2015) where groundwater extraction in the SHP far exceeds 

natural recharge and where conservation efforts are most needed. Figure 1 shows the 

study area selected for this research. These counties are large producers of agricultural 

goods and most of the land cover in the counties is croplands. In 2017, the four 

counties had a total of approximately 1.7 million acres of cropland (National 

Agricultural Statistics Service, 2017). This is about 60% of the total land area in the 

four counties (National Agricultural Statistics Service, 2017). 
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Figure 1: Study area showing Castro, Hale, Lamb, and Swisher County in West Texas. 
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CHAPTER II 

LITERATURE REVIEW 

 

There is a range in the geospatial data that is incorporated into studies that 

analyze trends in groundwater. Most of these studies used observational well data to 

monitor changes in groundwater levels and create GIS-based models to project aquifer 

groundwater change and availability (Triana et al., 2012; Scanlon et al., 2012; Texas 

Tech University, Center for Geospatial Technology, 2013; Steward et al., 2013; 

Haacker et al., 2015; Brito Neto et al., 2015; and Singh et al. 2016). 

Many previous studies that have used geospatial and remote sensing data to 

analyze irrigated agriculture have often merged such data with ancillary information 

like agricultural statistics. Chance et al. (2018) examined the trends in irrigated 

agriculture along Idaho’s Snake River Plain using water rights statistics and Landsat 

imagery. Folhes et al. (2009) used Landsat imagery to “measure the level of water use 

in an irrigated area of the state of Ceará”. The study incorporated ancillary water 

pumping information from district water managers from the state of Ceará, Brazil 

(Folhes et al., 2009). This study follows these previously utilized methodologies. 

Geospatial saturated thickness and center pivot data, NAIP imagery, and NASS 

statistics were jointly analyzed in this study to better understand the relationship of 

groundwater and center pivot irrigation.   

Remote sensing data is commonly used to assist in mapping trends in irrigated 

agriculture. The remote sensing data used varies in spatial resolution depending on the 

scale of the study (Ozdogan et al., 2010). Coarse low-resolution data is used for 

mapping irrigated areas at global and regional scales (Ozdogan et al., 2010). Data used 
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at these scales often utilize data from sensors like MODIS and AVHRR (Ozdogan et 

al., 2010). At the local scale, higher resolution data from sensors such as Landsat and 

aerial imagery such as NAIP imagery are usually used (Ozdogan et al., 2010). Shapero 

et al. (2017) utilized NAIP imagery to develop a highly accurate map of irrigated 

pasture in California’s Sierra foothills and concluded that “the finer 1 m resolution of 

NAIP allowed for significantly more detailed and accurate classification”.  

To assess spatial changes in irrigated agriculture, aerial imagery is often 

examined by researchers through visual interpretation. Ozdogan et al. (2010) explains 

that visual interpretation of imagery by analysts is by far the most accurate method of 

mapping irrigation. “This is because the human brain and expertise are the best image 

processors” (Ozdogan et al., 2010). While true, distinguishing irrigated agriculture still 

poses a challenge and is subject to error. Knowledge of what season the imagery was 

captured, what crops were being grown, and climate information can help provide 

better insight as to what is happening on the ground.  

Center pivots have a distinct circular shape and are easily recognizable. 

Ozdogan et al. 2010 points out that shape-based interpretation of irrigation, like 

circular center pivot systems, provides an excellent example of the practical use of 

remote sensing to map where irrigation is occurring. Figure 2 illustrates the unique 

signature of center pivot irrigation fields on NAIP imagery. 
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Figure 2: 2016 NAIP imagery of center pivot irrigation in Castro County, Texas. 
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CHAPTER III 

DATA AND METHODS 

3.1 Saturated Thickness 

The CGST at Texas Tech University created a GIS-based model of the HPA 

groundwater in the SHP of Texas. The CGST created hydrologic surfaces that include 

saturated thickness, saturated thickness change, available water, available water 

change, available water in acre feet, available water change in acre feet, and aquifer 

volume in acre feet. The data is from 1990 to 2016. The main objective of the HPA 

data created by the CGST was to be used to project and map future water availability 

under different water conservation and/or climate change scenarios (The Center for 

Geospatial Technology, Texas Tech University, 2013). The CGST explains how the 

GIS model was created:  

“To develop this model, well data from the TWDB [Texas Water Development 

Board] observation network for the Ogallala Aquifer in Texas was processed and 

analyzed to develop the GIS data layers necessary to quantify the spatial variability in 

the hydrologic characteristics of the aquifer and changes over time” (The Center for 

Geospatial Technology, Texas Tech University, 2013). 

The saturated thickness data used in this study from the CGST were saturated 

thickness rasters from 2004, 2008, and 2016. The saturated thickness surfaces were 

created through a high tension spline interpolation of TWDB groundwater well 

measurements. Figures 3, 4, and 5 are maps showing the saturated thickness for each 

year of the study. The saturated thickness data for each year was then clipped to the 

extent of each county. All of the raster datasets were then classified manually to 

examine the areas with an essentially depleted saturated thickness. These are areas 
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with a saturated thickness less than or equal to 30 feet. The rasters were converted to 

polygons in order to extract the areas that have a saturated thickness less than or equal 

to 30 feet. With these essentially depleted saturated thickness polygons, center pivot 

points located within these areas could be selected and extracted for each year and 

county. The acreage and number of center pivots within the essentially depleted 

saturated thickness areas could then be analyzed. 

A potential error with the saturated thickness data is are have been deemed as 

“bull’s-eyes”. These are circular areas seen on the raster surfaces that are created when 

there is inconsistent well data measurements. The CGST reduced these areas by 

adding estimated well values using the mean water level change from surrounding 

wells (Texas Tech University, The Center for Geospatial Technology, 2013). 

3.2 NASS Statistics  

The NASS county agriculture statistics used in this study were from the 

Census of Agriculture for the years 1997, 2002, 2007, 2012, and 2017. The Census of 

Agriculture gathers agricultural data from farmers primarily through mail-out and 

mail-back methods along with electronic data reporting, telephone interviews, and 

personal enumeration (Brown and Pervez, 2014). In 2007, there was an 85.2 % 

response rate from farmers and ranchers (Brown and Pervez, 2014). NASS figures 

assist in gaining a better understanding of irrigated cropland in each county of the 

study area. While NASS statistics aid in gaining a better understanding of irrigation 

within each county, these statistics do not provide spatial information about where 

within each county irrigation is occurring (Brown and Pervez, 2014).  
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Figure 3: 2004 saturated thickness of the study area. 
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Figure 4: 2008 saturated thickness of the study area. 
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Figure 5: 2016 saturated thickness of the study area. 
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 3.3 NAIP Imagery and Center Pivots 

The NAIP aerial imagery examined in this study were from 2004, 2008, and 

2016 for Castro, Hale, Lamb, and Swisher County. A total of 12 images were 

examined. The imagery were compressed county mosaics (CCMs) taken during the 

growing season during leaf-on conditions (Texas Natural Resources Information 

System). The flight dates of the images were from August 03 to October 05. These 

images were downloaded from the Texas Natural Resources Information System 

(TNRIS) data hub at https://data.tnris.org/. NAIP imagery datasets are at 1-meter 

resolutions. This allows the user to identify features on the ground like cropland 

(Texas Natural Resources Information System). The 2004 imagery used in the study 

was color infrared and the 2008 and 2016 images were natural color images. These 

images were projected to UTM Zone 14N. These images were analyzed using the 

software program Esri ArcMap Version 10.6.1.  

Existing center pivot point and polygon vector data for the year 2004 served as 

a guide to digitize new center pivot fields and check the status of previously existing 

center pivot fields in each county for 2008 and 2016. The existing center pivot data 

was sourced from the CGST at Texas Tech University and covers the entire SHP of 

Texas. The center pivot points and polygons were clipped so that the data was only in 

the four counties of the study area. The point data portrays the center of the center 

pivot field and the polygons represent the area and shape of the center pivot field. 

Figure 6 is an example of what the point and polygon data looks like with NAIP 

imagery.   

https://data.tnris.org/
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Figure 6: Center pivot points and polygons in Lamb County for 2016 with NAIP 2016 

Imagery. 

 

The polygons were created by applying a buffer to the point data. The size of 

the buffers depended on the radius of the center pivot because of the formula for the 

area of a circle (πr²). Most of the center pivots had a diameter of 0.25, 0.50, 0.75, or 

1.00 mile.   

In order to update the center pivot data for 2008, every 2004 center pivot point 

was analyzed overlaid the 2008 NAIP county imagery. With the 2008 imagery, it was 

determined if a center pivot field had remained or disappeared, changed in size, or 

whether only a certain fraction of the field was being irrigated. This information was 

updated in the attribute table for each center pivot point. Figure 7 is an example of 

where a center pivot field has disappeared in 2008 from 2004 and has been converted 

to a rain-fed field. If new center pivots were located, new points were created and the 

attribute table was updated accordingly. Every NAIP image in this study was 
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interpreted at a scale of 1:10,000. There were three criteria used when visually 

interpreting the center pivot fields. 1) Is center pivot irrigation equipment visible? 2) Is 

the center pivot field green enough to be considered irrigated? 3) Is there evidence of 

row agriculture? Are there rows where there has obviously been agricultural 

machinery?    

After all the center pivot points were examined and the imagery was 

thoroughly inspected for new center pivot fields, a buffer layer was created using the 

updated data for 2008. With the newly created buffer layer, the total acreage of center 

pivot irrigation fields within a county could then be calculated. After the 2008 center 

pivot points and buffers were updated and created for each, they were overlaid on the 

2016 NAIP imagery to undergo the same process. Repeating this process created and 

updated center pivot data for 2016 for each county. Figure 8 shows the total center 

pivot acreage calculated. Figure 9 is a map of the center pivot data in the study 

obtained from the CGST from 2004. 
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Figure 7: Example of a center pivot field disappearing from 2004 to 2008 in Castro 

County, Texas. The field has been converted to a dryland or rain-fed field. 

 

 

 

 
 

Figure 8: Total acreage of center pivot fields in 2004, 2008, and 2016 in Castro, Hale, 

Lamb, and Swisher County.  

 

 
 

Castro County Hale County Lamb County Swisher County

2004 227258 232591 226508 71357

2008 220905 241601 211064 84797

2016 229381 242378 203977 87421

0

50000

100000

150000

200000

250000

300000

A
cr

es



  

 Texas Tech University, Cole Edwards, August 2019 

17 

 

 
 

Figure 9: 2004 center pivot data obtained from the Center for Geospatial Technology 

at Texas Tech University.   
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CHAPTER IV 

 

RESULTS 
 

4.1 Expansion of Essentially Depleted Saturated Thickness Areas 

Essentially depleted saturated thickness areas were analyzed to determine the 

extent in which they expanded during the 12 year time span. Figure 10 is a bar graph 

showing the acreage of essentially depleted saturated thickness areas for each county 

and year. The county that saw the largest increase in essentially depleted saturated 

thickness acreage was Lamb County with a gain of 28,759 acres from 2004 to 2016. 

Swisher County underwent the largest decrease in essentially depleted areas with a net 

decrease of 41,496 acres.  Figures 11 is a bar graph showing the acreage of the entire 

study area of essentially depleted saturated thickness areas for each year. Figures 12, 

13, and 14 are maps of the essentially depleted areas of the study area for each year. 

The acreage of essentially depleted HPA areas for the entire study area experienced a 

2.45 percent increase from 2004 to 2016. This was a net gain of 11,587 acres. From 

2008 to 2016, the acreage of essentially depleted saturated thickness areas decreased 

by 4,825 acres. This is a very unusual finding. The data from 2008 to 2016 suggest a 

rise in the water table in areas where the aquifer is very thin and the saturated 

thickness was below 30 feet in 2008. Speculating, it may be that reduced pumping in 

these areas has led to a rebound and actual rise in the water table. This may be the case 

especially in southeast Swisher County.   
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Figure 10: Total acreage by county and year where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 

 

 

 

Figure 11: Total acreage by year where the saturated thickness of the High Plains 

Aquifer is less than or equal to 30 feet for the entire study area. 
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Figure 12: 2004 areas where the saturated thickness of the High Plains Aquifer is less 

than or equal to 30 feet. 
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Figure 13: 2008 areas where the saturated thickness of the High Plains Aquifer is less 

than or equal to 30 feet. 
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Figure 14: 2016 areas where the saturated thickness of the High Plains Aquifer is less 

than or equal to 30 feet. 
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4.2 NASS and Center Pivot Fields Statistics 

Analyzing NASS county statistics assists in gaining a better understanding of 

irrigation at the county level. Figure 15 is a graph of the acreage of irrigated 

agricultural land in each county from 1997 to 2017 using data from the NASS. This 

data displays a downward trend of irrigated agricultural land in each county. 

Comparing this decline in irrigated acreage in all four counties to the data shown in 

early in Figure 8, there is an obvious discrepancy. Figure 8 shows the acreage of 

center pivot irrigation fields for each county and the graph shows different trends 

among different counties. Castro County is somewhat steady in acreage of center 

pivots from 2004 to 2016. Swisher and Hale County saw slight increases while Lamb 

experienced a loss from 2004 to 2016. Overall, the changes in center pivot acreage for 

each county of the study area was marginal. Each county’s total center pivot acreage 

was somewhat steady.  

The 2007 NASS acreage and the 2008 center pivot acreage values are similar. 

The center pivot acreage differed by an average of 8,564 acres per county compared to 

the NASS acreage. For 2017 NASS acreage and 2016 center pivot acreage told a 

different story. The 2016 center pivot acreage overestimated an average of 51,662 

acres per county compared to the NASS data.  
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Figure 15: NASS statistics showing the total acreage of irrigated agricultural land by 

county and year. 
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12,709 acres. From 2004 to 2008, Castro, Hale, and Swisher County slightly decreased 

in center pivot acreage within the essentially depleted areas.  

Figure 17 is a graph showing the acreage of center pivots in essentially 

depleted saturated thickness areas for the entire study area and each year of the time 

span. The total study area center pivot acreage in essentially depleted areas increases 

slightly from 2004 to 2008 by only 2,396 acres. From 2008 to 2016, the acreage 

increases dramatically from 52,769 acres to 141,067 acres. From 2004 to 2016, the 

study area underwent a net increase of 90,694 acres of center pivots in essentially 

depleted saturated thickness areas.     

The number of center pivot fields within essentially depleted areas of the HPA 

showed an overall increase from 2004 to 2016 as well. Figure 18 is a graph showing 

the number of center pivots within the essentially depleted areas for each year and 

county. Lamb had the largest increase in center pivots from 2004 to 2016 with a gain 

of 243 center pivot fields. Swisher gained the least with a net gain of 53 center pivot 

fields. The entire study area experienced a gain of 608 center pivots from 2004 to 

2016.  
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Figure 16: Total acreage of center pivot fields by county and year that are located 

where the saturated thickness of the High Plains Aquifer is less than or equal to 30 

feet. 

 

 

Figure 17: Total acreage of center pivot fields in the entire study area by year that are 

located where the saturated thickness of the High Plains Aquifer is less than or equal 

to 30 feet. 

 

 

Castro County Hale County Lamb County Swisher County

2004 2228 19538 8306 20301

2008 1010 19165 15820 16774

2016 16089 54458 37510 33010

0

10000

20000

30000

40000

50000

60000

A
cr

es

50373 52769

141067

2004 2008 2016



  

 Texas Tech University, Cole Edwards, August 2019 

27 

 

 

Figure 18: Number of center pivot fields by county and year located where the 

saturated thickness of the High Plains Aquifer is less than or equal to 30 feet. 
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in the southeast section of the county. Inside of the essentially depleted areas there 

were many center pivot fields. In 2016, the essentially depleted area broadened 

immensely in the northwest corner of the county. Within the large new essentially 

depleted area in the northwest corner, there was no distinguishable relationship with 

the center pivot fields. The center pivot fields across the county did not disappear in 

relationship to the essentially depleted saturated thickness areas.  

Lamb County experienced the largest gain in essentially depleted saturated 

thickness areas from 2004 to 2016. The essentially depleted saturated thickness areas 

were mostly prevalent in the southwest corner of the county in 2004. In 2016, the 

essentially depleted areas evolved into large areas mostly in the center and southwest 

parts of the county. From visually interpreting the data, the essentially depleted 

saturated thickness growth in area had no effect on the prevalence of center pivots in 

the county.  

Swisher County had a consistently large essentially depleted saturated 

thickness area. In 2004, the essentially depleted area was scattered throughout the 

county with a large area in the southeast quarter. In 2008, the essentially depleted area 

in the southwest corner increased its area immensely. In 2016, the essentially depleted 

areas were scattered throughout the county with a large area in the southeast quarter 

again. As with the other counties, there is no evidence that there is a spatial 

relationship between the essentially depleted areas and center pivot irrigation. Figures 

19, 20, and 21 are maps of the study area showing essentially depleted saturated 

thickness areas with center pivots for each year. 
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Figure 19: 2004 center pivots with areas where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 
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Figure 20: 2008 center pivots with areas where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 
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Figure 21: 2016 center pivots with areas where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 
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 The ratio between the acreage of center pivot fields located within essentially 

depleted saturated thickness areas and the acreage of essentially depleted saturated 

thickness areas was examined to further analyze the relationship between the saturated 

thickness and center pivot fields. Figure 22 is a bar graph that shows the percentage of 

acreage of center pivot fields located in essentially depleted saturated thickness areas 

compared to the entire essentially depleted saturated thickness areas for each county 

and year. Lamb County underwent the largest percentage increase with 20.24 % from 

2004 to 2016. Swisher County experienced the smallest increase with a 15.76 % 

increase from 2004 to 2016. In 2004, center pivot fields were on average 10.02 % of 

essentially depleted saturated thickness areas for the entire study area. In 2016, that 

percentage increased to 28.73 %.  

 

 

Figure 22: Acreage of center pivot fields located in essentially depleted saturated 

thickness areas compared to the essentially depleted saturated thickness areas for 

expressed as a percentage. 
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CHAPTER V 

CONCLUSION 

5.1 Summary 

 This analysis aimed to answer research questions addressing the relationship 

between groundwater and center pivot field irrigation fields in four counties of West 

Texas. These questions were: 1) To what extent have essentially depleted saturated 

thickness areas increased? 2) How do NASS irrigated agriculture acreage statistics 

compare to center pivot field acreage found from interpreting NAIP imagery? 3) Do 

the center pivot fields follow a spatial or quantitative pattern with the essentially 

depleted saturated thickness areas? 4) Given the expansion of essentially depleted 

saturated thickness areas, what occurs to the ratio between the acreage of center pivot 

fields within those areas and the acreage of essentially depleted saturated thickness 

areas? 

 The essentially depleted saturated thickness areas in the study area increased 

by 2.45 % from 2004 to 2016. The county that saw the largest increase in essentially 

depleted saturated thickness acreage was Lamb County with a gain of 28,759 acres 

from 2004 to 2016. The county that experienced the largest decrease in essentially 

depleted acreage was Swisher County with a net loss of 41,496 acres. The entire study 

area gained a total of 11,587 acres of essentially depleted saturated thickness areas.  

 The next research question this study posed to answer was: How do NASS 

irrigated agriculture acreage statistics compare to center pivot field acreage found 

from interpreting NAIP imagery? This question was asked to get a better overall 

picture of irrigated agriculture in the counties of the study area. From the NASS 1997 
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to 2017 data, the total acreage of irrigated agricultural land of the study area decreased 

by 364,153 acres. From the center pivot 2004 to 2016 data, the total acreage increased 

by 5,442 acres. NASS data is showing large decreases in irrigated agricultural land, 

but there doesn’t seem to be any sign of irrigation slowing down from the NAIP 

imagery. This might be because farmers are not abandoning fields, but instead 

adopting strategies to reduce the total volume of irrigation on center pivot fields. 

 The next research question this study aimed to assess was: Do the center pivot 

fields follow a spatial and quantitative pattern with the essentially depleted saturated 

thickness areas? To answer this, the maps with the essentially depleted saturated 

thickness areas and center pivots were analyzed and interpreted. During the twelve-

year time span, most center pivot fields did not disappear from the essentially depleted 

saturated thickness areas. The center pivots did not follow a pattern to the boundaries 

of the essentially depleted saturated thickness areas either. In northeast Castro County, 

southwest Lamb County, and northern Swisher County center pivot fields were sparse 

in numbers throughout the time span compared to the rest of the study area.  

The analyzed center pivot and saturated thickness data showed that there was 

an increase in center pivot acreage where the HPA is essentially depleted from 2004 to 

2016. The study area underwent a net increase of 90,694 acres of center pivot 

irrigation in essentially depleted saturated thickness areas. Every county saw an 

increase in center pivot acreage located where the HPA is essentially depleted from 

2004 to 2016. Hale County experienced the largest increase in center pivot acreage 

located in essentially depleted saturated thickness areas with a net gain of 34,920 

acres. Swisher underwent the smallest increase with a net gain of 12,709 acres. The 
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areal percentage of center pivot fields to essentially depleted saturated thickness areas 

increased throughout the time span. In 2004, center pivot fields were on average 10.02 

% of areas where the saturated thickness was less than or equal to 30 feet for the entire 

study area. In 2016, that percentage increased to 28.73 %. The unapparent relationship 

between essentially depleted saturated thickness areas and center pivot fields 

reinforces the idea that farmers are adapting their irrigation practices without 

abandoning their fields.    

Essentially depleted saturated thickness areas expanded during the time span. 

The NASS irrigated agriculture acreage statistics show that there has been a decrease 

in irrigated agriculture acreage, but the acreage of center pivot irrigation fields is 

mostly unchanged. Center pivot field acreage is also not decreasing where the 

saturated thickness is less than 30 feet. The discrepancy between the saturated 

thickness data and the center pivot data could be because farmers are adopting 

different water conservation techniques. For example, farmers might be adapting their 

irrigation practices to only irrigate part of the acreage in the center pivot circle. 

Farmers could also be pre-watering their fields using center pivot irrigation and then 

only relying on rain-fed irrigation. Also, farmers might be scheduling irrigation 

through enhanced deficit irrigation. In the four counties of the study area, farmers 

must be applying different water conservation techniques to sustain their center pivot 

fields.   

5.2 Future Research 

 Interviews with farmers and groundwater managers would provide insight as to 

what irrigation and agricultural practices are being conducted in a specific region. 
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Researching changes in crop selection would also be beneficial because different crops 

require different amounts of irrigation. Understanding the dynamics of aquifer 

groundwater and irrigated agriculture can help groundwater managers make informed 

decisions to extend an aquifer’s usable lifetime and sustain farmer’s livelihoods.  
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APPENDIX   

 

 

Figure 1: Study area showing Castro, Hale, Lamb, and Swisher County in West Texas. 
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Figure 2: 2016 NAIP imagery of center pivot irrigation in Castro County, Texas. 
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Figure 3: 2004 saturated thickness of the study area. 
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Figure 4: 2008 saturated thickness of the study area. 
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Figure 5: 2016 saturated thickness of the study area. 
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Figure 6: Center pivot points and polygons in Lamb County for 2016 with NAIP 2016 

Imagery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Example of a center pivot field disappearing from 2004 to 2008 in Castro 

County, Texas. The field has been converted to a dryland or rain-fed field. 
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Figure 8: Total acreage of center pivot fields in 2004, 2008, and 2016 in Castro, Hale, 

Lamb, and Swisher County.  
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Figure 9: 2004 center pivot data obtained from the Center for Geospatial Technology 

at Texas Tech University. 
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Figure 10: Total acreage by county and year where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 

 

 

 

Figure 11: Total acreage by year where the saturated thickness of the High Plains 

Aquifer is less than or equal to 30 feet for the entire study area. 
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Figure 12: 2004 areas where the saturated thickness of the High Plains Aquifer is less 

than or equal to 30 feet. 
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Figure 13: 2008 areas where the saturated thickness of the High Plains Aquifer is less 

than or equal to 30 feet. 
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Figure 14: 2016 areas where the saturated thickness of the High Plains Aquifer is less 

than or equal to 30 feet. 
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Figure 15: NASS statistics showing the total acreage of irrigated agricultural land by 

county and year. 

 

 

 

Figure 16: Total acreage of center pivot fields by county and year that are located 

where the saturated thickness of the High Plains Aquifer is less than or equal to 30 

feet. 

 

 

1997 2002 2007 2012 2017

Castro County 232807 206785 213277 154877 121837

Hale County 328371 291306 243491 202238 189342

Lamb County 239185 238826 234848 179531 173865

Swisher County 120296 99748 83842 65328 71462

0

50000

100000

150000

200000

250000

300000

350000

A
cr

es

Castro County Hale County Lamb County Swisher County

2004 2228 19538 8306 20301

2008 1010 19165 15820 16774

2016 16089 54458 37510 33010

0

10000

20000

30000

40000

50000

60000

A
cr

es



Texas Tech University, Cole Edwards, August 2019 

52 

 

Figure 17: Total acreage of center pivot fields in the entire study area by year that are 

located where the saturated thickness of the High Plains Aquifer is less than or equal 

to 30 feet. 

 

 

 

Figure 18: Number of center pivot fields by county and year located where the 

saturated thickness of the High Plains Aquifer is less than or equal to 30 feet. 
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Figure 19: 2004 center pivots with areas where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 
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Figure 20: 2008 center pivots with areas where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 
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Figure 21: 2016 center pivots with areas where the saturated thickness of the High 

Plains Aquifer is less than or equal to 30 feet. 
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Figure 22: Acreage of center pivot fields located in essentially depleted saturated 

thickness areas compared to the essentially depleted saturated thickness areas for 

expressed as a percentage. 
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Number of operations of irrigated agricultural land (any on operation) (NASS). 

 

 

 

 

  
 

Acres of total cropland in each county (NASS). 
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Average size of farm operations in each county (NASS). 

 

 

 

 

 
 

Number of farm operations with areas operated greater than 1,000 acres (NASS).  
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