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CHAPTER1 1 

INTRODUCTION 

The Texas High Plains is located in the northwestem portion of the state; the 

northem and westem boundaries are Oklahoma and New Mexico, respectively while the 

eastem and southem edges are marked by the Caprock escarpment. The Canadian river 

crosses the northem part of the Texas Panhandle from west to east separating the 

Northem High Plains from the Southem High Plains. The climate of the Texas High 

Plains is considered to be a semi-arid environment. 

The Texas High Plains landscape is relatively flat and grassy, although some 

areas have been infested with mesquite trees (Prosopsis glandulosa). There are some 

canyon areas within the Texas High Plains where streams and rivers have cut into the 

plains. Some streams start in the Rocky Mountains of New Mexico and end in rivers 

such as the Brazos and Canadian. Many of these streams are dry throughout most the 

year and only flow during and after intense rainfall events. Larger bodies of water, such 

as Lake Meredith, are created by damming these streams and rivers, and are used as a 

primary source of drinking water for cities like Amarillo and Lubbock. 

Another important source of water for the Texas High Plains is the High Plains 

(Ogallala) aquifer. This large aquifer lies beneath much of the Great Plains of the United 

States with the southem end of the High Plains aquifer under the Texas High Plains. This 

water is used for irrigation and hmnan consumption. The major irrigated crop is cotton 

{Gossypium hirsutum). Other crops such as com {Zea mays), wheat {Triticum volgaré), 

and sorghum {Sorghum bicolor) also have significant irrigated acreages. It has been 



reported that a main source of recharge for the Ogallala in the High Plains are 2 

the thousands of playas. There are approximately 20,500 playas on the Texas 

High Plains. These small, ephemeral lakes are collection areas for mnoff water. The 

bottoms of the playas are clay soils that shrink and crack when dry and swell when wet. 

Playas also serve as a habitat vital to many animal species such as migratory waterfowl 

and local animals. It is important to understand the spatial characteristics of these playas 

because they play such a vital role in the fate of water on the High Plains and its 

inhabitants. 



CHAPTER 2 2 

LITERATURE REVIEW 

The Texas High Plains is located in the southem portion of the Great Plains. The 

Texas High Plains covers an area of approximately 89,355 km^ (Texas Parks and 

Wildlife, 2004). The Texas High Plains is bounded on the east by the "Caprock" 

escarpment, on the west by New Mexico, on the north by Oklahoma, and on the south by 

the Edwards Plateau (Walker, 1978). The area is a relatively flat plain and slopes to the 

southeast at approximately 1.7 m/km (Woodmff et al., 1979). It is a remnant of an 

alluvial plain that was formed during the Miocene or Pliocene time (Osterkamp and 

Wood, 1987). The largest post-Ogallala formation is the Blackwater Draw Formation, 

which is composed of eolian sand and silt (Osterkamp and Wood, 1987). Ground water 

flows to the southeast and is discharged along the eastem edge of the escarpment (White 

etal., 1946). 

The climate of the Texas High Plains is a Continental Steppe climate (Larkin and 

Bomar, 1983). Precipitation averages between 350mm to 450n m per year, occurring 

mainly in the fall and spring (Forest Service, 2004). Elevations range from 800 to 

2,000m. It is a semi-arid enviroimient with large fluctuations in temperatures. Average 

temperatures range from 13 to 17 °C (Larkin and Bomar,1983; Forest Service, 2004). 

One of the main features of the Texas High Plains is the thousands of playas that 

dot the smrface. Playas are defmed as a "topographic depression with an appropriate clay 

soil mapping unit at its lowest elevation" (Fish et al.,1998). A Randall clay or Arch loam 



are typical soil types located in playa lakes (Gustavson et al., 1995). The 4 

Randall clay (Fine, smectitic, thermic Ustic Epiaquerts) is a Vertisol. It swells 

with added moisture and shrink as it dries (NRCS, 2004). Arch soils (Fine-Ioamy, 

carbonatic, thermic Aridic Calciustepts) are typically light gray and contain 20 to 50 

%CaC03 (Gustavson et al., 1995). Randall and Arch soils can occur together m a playa 

with the Arch soil forming a bench around the edge of the basin and the Randall clay 

occurring in the lower part of the basin (NRCS, 2004; Gustavson et al., 1995). 

In recent years, many Randall soils have been remapped. There are eight 

competing soil series with the Randall series (NRCS, 2004). These soils are the Ranco 

(Fine, smectitic, thermic Ustic Epiaquerts), Rosston (Fine, smectitic, thermic Ustic 

Epiaquerts), Ustibuck (Fine, smectitic, thermic Ustic Epiaquerts), Chapel (Fine, 

smectitic, thermic Udic Calciusterts), McLean (Fine, smectitic, thermic Udic 

Haplusterts), Lazbuddie (Fine, smectitic, thermic Calcic Haplusterts), Lockney (Fine, 

smectitic, thermic Typic Haplusterts), and Sparenberg (Fine, smectitic, thermic Udic 

Haplusterts) series. Fish et al. (1998) described the playas in the Texas portion of their 

distribution area. The soils studied in their work were the Randall, Ness (Fine, smectitic, 

mesic Udic Haplusterts), Lipan (Fine, smectitic, thermic Chromic Haplusterts) and 

Roscoe clays (Fine, smectitic, thermic Typic Haplusterts). 

There are approximately 20,500 playas on the Texas High Plains (Texas Parks 

and Wildlife, 2004). This cotmt varies with sources depending if the playas in New 

Mexico are included with those playas in Texas. Playa estimates are as high as 37,000 

(Walker, 1978), but Sabin and HoHday (1995) estimate the number to be closer to 20,000 



in Texas. Fish et al. (1998) determined the number of Texas playas to be 5 

20,557. Howard et al. (2003) determined the number of playa basins on the 

Texas High Plains to be 19,226. 

There are several different theories on the origin of the playas. Their formation 

has been attributed to animals, wind erosion, or dissolution (Walker, 1978; Sabin and 

Hohday, 1995). Some of these processes have been argued to have not caused the 

formation of the playas but, contribute to their formation (Gustavson et al., 1995). The 

development of dunes by some playas suggest deflation as the cause of the playas. Most 

dunes, however, were too small to account for the volume of soil missing from the basin 

(Gustavson et al., 1995). As animals remove the vegetation from an area the soil is 

exposed and is more prone to deflation. Animals also take soil away from their muddy 

wallows when the animals leave, which causes the increases the amount of sediment 

removed from the area (Gustavson et al., 1995). 

Dissolution and subsequent collapse is another probable mechanism for the 

formation of the playas (Wood and Sanford, 1992). The calcrete materials below the soil 

stirface are dissolved when water moving dovmward comes into contact with high levels 

of carbon dioxide tens of meters below the surface (Wood and Sanford, 1992). As voids 

form, it becomes easier for organic matter to be fransported in. The organic matter is 

oxidized by bacteria to produce more carbon dioxide (Wood and Sanford, 1992). As the 

dissolution of the calcrete is increased the area is destabilized and sinks (Wood and 

Sanford, 1992). 



Most playas are dry during the winter months and their peak water levels 6 

occur in June when rainfall is at its seasonal maximum (Ward and Huddleston, 

1972). Most of the precipitation runoff on the High Plains collects in the playas 

(Osterkamp and Wood, 1987). This playa runoff is an important source of recharge for 

the Ogallala aquifer (Gustavson, 1995). Infílfration is high when the playas are fiill and 

the water moves past the margins of the clay lenses (Wood and Osterkamp, 1984). 

Infilfration is also high when water enters a dry playa and the water moves through the 

cracks of the dry clay bottoms (Zartman et al., 1996). The first five minutes of water 

entry into a playa basin is the highest rate of infiltration into the soil. During the first five 

minutes the average rate of infilfration is 2235 miUimeters per hour and is reduced to an 

average of 559 millimeters per hour after fíve minutes (Zartman et al., 1996). Much of 

the recharge from the playas is through macropore flow. Using chemical and isotopic 

methods, it has been estimated that recharge to the aquifer is two percent of precipitation 

(Wood and Sanford, 1995). Since the nmoff collects in playas, and playas are areas of 

high recharge, they play an important role in the Texas High Plains water resources. 

Playas also serve an important role in the biological ecosystems of the Texas High 

Plains. There are approximately seventy taxa of plants that are consistent in or around 

the playa lakes (Rowell, 1981). There are twenty eight families: Reillaceae, 

Marsileaceae, Ophioglossaceae, Typhaceae, Zosteraceae, Najadaceae, Alismataceae, 

Gramineae, Cyperaceae, Pontedereaceae, Liliaceae, Orchidaceae, Salicaceae, 

Polygonaceae, Chenopodiaceae, Ranunculaceae, Crucifarae, Rosaceae, Euphorbiaceae, 

Malvaceae, Elatinaceae, Elatinaceae, Lythraceae, Onagraceae, Boraginaceae, 



Verbenaceae, Scrophulariaceae, and Compositae (Rowell, 1981). These plants 7 

serve as food sources and refiiges for animals in the area. Cattle can graze some 

of these plants and can use the playas as a water source. Grazing decreases cover for 

wildlife, but is common practice in the region (Simpson, 1981). 

Playas also perform an important role in benefíting migration of waterfowl and 

other bird species. They serve as resting points and breeding grounds for the birds that 

migrate through the High Plains (Traweek, 1981). During winter months playa lakes are 

habitats to hundreds of thousands of ducks and geese, mostly mallards {Anas 

platyrhyncos) and Canada geese {Branta canadesis) (Simpson, 1981). Sixty-three other 

non-game migratory species and 23 year rotmd species of birds also occur on the playa 

lakes. Even species that are unexpected in the region such as the white pelican 

{Pelecanus erythrorhynchos) have been observed on the playa lakes. The marsh hawk 

{Circus cyaneus) is the most common predatory bird, but there are several others that also 

use the playa lake habitats (Simpson, 1981). 

Playas have been observed to have a greater density along the eastem margin of 

the high plains and along buried pre-Ogallala valleys (Walker, 1978). Howard (2003) 

reported that playas that contain water less than 75% of the time were more concenfrated 

along the eastem margin. Over half of the playas in the Howard (2003) study contained 

water more than 75 % of the time and were located primarily in the cenfral portion of the 

Texas High Plains. Woodruff (1979) observed that playas appear to have a vmiform 

distribution within small areas of 100 kilometers. 



When playas overflow, the water runs dovm slope to the next playa. 8 

Woodmff et al. (1979) speculate that when these erosion processes occur, draws 

form and the playas are eventually obliterated. This results in the lack of playa density in 

these areas. A study of the playa lakes of Castro County, Texas concluded that there is 

no relationship between the draws and the playa lakes (Zartman and Fish, 1992). The 

edge effect of an area void of playas may be the cause for the visual alignment of the 

playas and the linear frend observed is not that of playa distribution (Zartman and Fish, 

1992). 

The distribution of playas on the Texas High Plains can be observed as a spatíal 

point pattem. A spatial point pattem is defíned as data in the form of a set of points, 

irregularly distíibuted within a region of space (Diggle, 1983). There are three types of 

point pattems: random, regular or clustered (Diggle, 1983). The fírst step in analyzing a 

point pattem is to accept or reject the hypothesis of complete spatial randomness (CSR). 

A pattem for which CSR is not rejected does not "merit any further formal statistical 

analysis" (Diggle, 1983). 

A nearest neighbor analysis is one method of analyzing point pattems. "Nearest 

neighbor procedures avoid the possibihty of fínding that a pattem is random at one scale 

but not at another" (Davis, 2002). A nearest neighbor analysis compares distances 

between points to distances that would be expected if the points were random (Davis, 

2002). Diggle (1983) uses empirical distribution fimctions for nearest neighbor analysis. 

Empirical distribution flinctions can be used to test point pattems against CSR 

and to analyze them for regularity or clustering. G (Ghat) and F (Fhat) are empirical 



distiibution fimctions that can be used for determining regularity or clustering. 9 

According to Diggle (1983), the empirical distiibutíon fiinctíons of G is as 

foUows: 

G{y) = n-'#{y^<y) 

Where G (y) is the point-to-point nearest neighbor distance for the points, n is the number 

of events, # is "number of', y denotes the distance from one event to the nearest other 

event in the study region A, and y is tiie theoretícal distiibution. This provides "an 

objective means of concenfrating on small inter-event distances when a precise threshold 

distance cannot be specifîed in advance" (Diggle, 1983). 

The empirical distribution ftmction F uses origin-to-point nearest neighbor 

distances (Diggle, 1983). The "distances x. from each of m sample points in A to the 

nearest of the n events." 

F{x) = m-'#{x,<x) 

"A" is the region that the points are located in and m is the number of events. F 

measures the empty spaces in "A" so 1- F is the area that contains the points in "A" 

(Diggle, 1983). 

The G and F ftmctions are used on large data sets to reduce sensitivity for 

recording inaccuracies in the analysis (Diggle, 1983). G and F are based on minimum 

inter-event distances which make CSR simulations uimecessary. When using G large 

values oîy indicate regularity and small values indicate aggregation (clustering). For F 



opposite is tiiie. When x is small, regularity is indicated and when x large 10 

aggregation is indicated (Diggle, 1983). G and F use the empirical 

distiibutions of nearest neighbor distances for comparison to a complete spatially random 

process. If the points are clustered, G and F would lead to an empirical distiibution 

fimctíon that rises very rapidly. Conversely, if the pattem is regular, the empirical 

distíibution fimction would rise slowly at first and then rapidly for the larger values of 

distance. If the pomts are random, then the distribution of nearest neighbor values will 

tend to be uniform and the empirical distribution ftmction should be close to a straight 

line. Also, if G and F are equal then CSR holds tioie (Insightftil personal 

communication, 2004; Diggle, 1983). 

Point pattem analysis has been used in many fields of science, such as 

archeology, geology, and geography. Diggle (1983) used the empirical distíibution 

functions G and F toanalyzepattemsinfree standsof JapaneseBIackPine(Pz Mj 

thunbergii) and Redwood {Metasequoia glypíostroboides) seedlings. He also uses them to 

analyze the pattems of biological cells (Diggle, 1983). Davis (2002) used point pattem 

analysis in his analysis of oil wells on the Permian Basin, Texas. Davis discusses using a 

x^ goodness of fit test to analyze a uniform point pattem. Clustered pattems can be 

modeled using a negative binomial distribution and random pattems are modeled using 

the Poison probability distribution model. The Poison process "uses the number of points 

per quadrat and the density of points in the entire area to predict how many quadrats 

hould contain specifíed numbers of points (Davis, 2002)." When applying these models 



Davis (2002) determined that the oil discoveries in the Permian Basin had not 11 

been made randomly in the area. 

Cliff and Ord (1981) discuss neighbor statístícs in the pattem analysis of towns 

along tiie Mississippi river; they site Diggle's (1979) analysis using the empfrical 

A(n — 1) " " 
distíibutíon fimctíon K{r) = -^ ^ J]z ^ jY^k{i,j) when discussing distance based 

« /=i M 

metiiods of pattem analysis. Where r is the radius, A is the area, n is the individuals, and 

k(i,j) is defíned as i andy being points in a circular region u with a radius d. '\k(i,j)]'' is 

the proportion of that circle which lies in the stiidy region." The data obtained from this 

process are plotted against a Poison process to reject or accept complete spatial 

randomness. 

Hodder and Orton (1976) suggest the use of regression analysis when observing 

sites contahiing certain types of pottery artifacts in England. Histograms showing 

positive and negative residuals of a best-fit regression are used to create lines on a map to 

observe frends. A pattem of positive residuals identifíed the clustering of the artifacts. 

Computer simulations of "random walks" were used to identify areas to which artifacts 

may have been tiansported. Surface frend maps were created using artifact fínds to 

further understand the distribution frends of the artifacts in the area. These techniques aid 

in processing large amounts of data and "enable predictions to be made about the 

locatíon, importance and fimctioning of sites" (Hodder and Orton, 1976). 



CHAPTER3 12 

OBJECTP/ES 

The general objectíves of this stiidy were to evaluate playa distribution on the 

Texas High Plains landscape. Specific objectives were to: (1) determine playa spatial 

distiibution pattem on several different scales, (2) determine playa density in tiansects 

from west to east, and (3) to determine playa density m fransects from north to south. 



CHAPTER4 13 

MATERL\LS AND METHODS 

The data used in this analysis were obtained from the Playa lakes digital database 

for the Texas Portion of tiie Playa Lakes Joint Venture Region (Fish et al., 1998). The 

database covers 65 Texas counties and contains 20,557 playa lakes. Counties contained 

in tiie Fish et al. (1998) CD that did not occur on the Caprock were omitted from this 

stiidy. The remaining 42 counties contain 20,057 playas (Table 1). The latitude and 

longitude data of Fish et al. (1998) were used to analyze the point pattem of the playas. 

The coimties evaluated in this study are presented in geographical context in Figure 1. 

In this study, the points were analyzed using three types of analysis. The first pair 

of analyses (G and F ) (Diggle, I983)were to detect the pattem for randomness, 

clustering and regularity. If there are anexcess of short distances, the G flmctionwill 

show the data to be clustered and the F will show regularity. An excess of long distance 

neighbors will show regularity for G and clustering for F . If the points are clustered, 

G would lead to an empirical distribution function that rises very rapidly. Conversely, if 

the pattem is regular, there will be few short distances and an excess of long distances. 

For a regular pattem G would rise slowly at fírst and then rapidly for the larger values of 

distance. If the points are random, then the distribution of nearest neighbor values will 

tend to be uniform and the empirical distribution function should be close to a sfraight 

line. Also, if G and F are equal then CSR holds tí-ue. 



Table 1. Texas Counties evaluated in this study with maximum and minimum 14 
longitude and latítude with the playa count for each county (Fish et al., 1998). 

County 

Andrews 
Armstrong 

Bailey 
Borden 
Briscoe 
Carson 
Castro 

Cochran 
Crosby 
Dallam 
Dawson 

Deaf Smith 
Dickens 
Donley 
Ector 
Floyd 

Gaines 
Garza 

Glasscock 
Gray 
Hale 

Hansford 
Hartley 
Hockley 
Howard 

Hutchinson 
Lamb 

Lubbock 
Lynn 

Martin 
Midland 
Moore 

Ochiltree 
Oldham 
Parmer 
Potter 

Randall 
Roberts 

Sherman 
Swisher 

Terry 
Yoakum 

Max. Longitude 
-102.21 
-101.62 
-102.61 
-101.17 
-100.95 
-101.08 
-101.99 
-102.59 
-101.04 
-102.16 
-101.69 
-102.16 
-100.53 
-100.82 
-102.28 
-101.04 
-102.24 
-101.03 
-101.27 
-100.54 
-101.56 
-101.08 
-102.16 
-102.07 
-101.22 
-101.11 
-102.08 
-101.55 
-101.55 
-101.69 
-101.77 
-101.62 
-100.54 
-102.17 
-102.52 
-101.62 
-101.62 
-100.54 
-101.62 
-101.47 
-102.07 
-102.60 

Min. Longitude 
-102.98 
-101.08 
-103.04 
-101.69 
-101.47 
-101.62 
-102.52 
-103.04 
-101.56 
-103.02 
-102.20 
-103.04 
-101.04 
-101.08 
-102.79 
-101.56 
-103.06 
-101.55 
-101.77 
-101.08 
-102.08 
-101.62 
-102.94 
-102.61 
-101.69 
-101.61 
-102.61 
-102.08 
-102.07 
-102.20 
-102.27 
-102.16 
-101.08 
-102.91 
-103.04 
-102.15 
-102.16 
-101.08 
-102.15 
-101.99 
-102.58 
-102.97 

Max. Latitude 
32.50 
35.18 
34.30 
32.95 
34.74 
35.52 
34.74 
33.82 
33.83 
36.49 
32.96 
35.18 
33.83 
35.18 
32.08 
34.31 
32.94 
33.38 
32.08 
35.61 
34.31 
36.48 
36.05 
33.82 
32.52 
36.05 
34.31 
33.82 
33.39 
32.52 
32.08 
36.05 
36.49 
35.57 
34.74 
35.61 
35.18 
36.05 
36.47 
34.74 
33.38 
33.31 

Min. Latitude 
32.08 
34.74 
33.82 
32.52 
34.31 
35.18 
34.31 
33.39 
33.39 
36.06 
32.52 
34.74 
33.39 
34.79 
31.65 
33.83 
32.59 
32.96 
31.65 
35.18 
33.82 
36.05 
35.65 
33.38 
32.08 
35.63 
33.82 
33.39 
32.96 
32.08 
31.65 
35.62 
36.05 
35.18 
34.31 
35.18 
34.74 
35.61 
36.06 
34.34 
32.96 
32.94 

Piaya Count 
145 
674 
412 
113 
831 
544 
610 
268 
879 
219 
691 
452 
288 
107 
175 

1725 
66 

282 
320 
748 
1246 
341 
132 
1054 
186 
167 

1150 
1068 
803 
327 
389 
188 
595 
159 
431 
97 

562 
104 
212 
875 
294 
37 
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Figure I. Geographical Map of Texas cotmties and playas (Fish personal 
communication, 2004). 



Computer software that contained the necessary functions were used to 16 

analyze the data. S-Plus version 6.2 was used to perform the density counts. A 

spatíal add-on toolbox, S+ Spatíal Stats (hisightfiil Corp. SeattIe,WA, 1998), contained 

the empirical distíibution functions used to carry out the G and F analysisof theplayas 

in S-PIus version 6.2 (hisightful Corp Lasightful Corp. SeattIe,WA, 2004). 

The data were analyzed for spatial distíibution at several different geographic 

scales. First, G and F were used to test for clustering, regularity or randomness on the 

entire 42 Texas county data set. Second, the data were organized by comity and G and 

F were used to analyze each county separately. Third, counties were then grouped 

according to tiie playa spatíal arrangement (i.e. regular countíes grouped together and 

clustered counties grouped together). Floyd, Briscoe, and Dickens County were dissected 

flirther and analyzed using G and F to observe the playas spatial pattem at the edge of 

the Caprock. The cotmties additionally were grouped into eleven rows running north to 

south (Table 2), and four columns ruiming west to east (Table 3). G and F were used to 

analyze each row and column. 

Point-to-point (G) and origin-to-point {F) values to determine the spatial 

analyses were plotted as a fimction of distance between the playas. The locations of the 

playas came from the Fish et al. (1998) data set expressed in geographic coordmates 

(decimal degrees) and therefore the distance between the playa locatíons has the 

unconventional units of degrees. The latítude and longitude locatíon of each playa were 

the input values to determine the G and F values. To determine the spatíal arrangement 



of regular versus clustering the G and F values were compared to the 17 

theoretical distíibution of the playas within the region. The theoretical 

distribution was determined using the maximum and minimum latitíide and longitíide for 

the particular area of concem. The length and width of the area was determined using the 

appropriate longitude and latitude in degrees. It is realized that the northem edge of a 

particular area would be slightly shorter as measured in conventíonal lengths (meters, 

kilometers, miles) than tiie southem edge of the area when the same longitude was used. 

While I realize tiiis discrepancy, it was not considered to have a significant impact on the 

outcomes in this analysis. Once the area was determmed in degrees squared, that value 

was divided by the number of playas within that region. I made the assumptíon that the 

area of iníluence for each playa was a square. This is a reasonable assumptíon since most 

counties on the Texas High Plains are rectangles of approximately equal length by width. 

The square root of the area of influence for each playa would be the theoretical distance 

between each playa. The spatial analysis that leads to the assumption of clustering is 

when the G values are smaller than the theoretical value (i.e. short distances) and the F 

values exceed the theoretical value for playa distribution. For the regular distribution of 

playas with in the landscape, the G and F values as a fimction of distance are similar. 

An example of these calculations for Lubbock County, Texas follows. The 

minimum longitude is -102.082 degrees and the maximum longitude is -101.556 degrees. 

The difference is 0.526 degrees. The maximum latitude is 33.8282 degrees and the 

minimum latitude is 33.3902 degrees for a difference of 0.438 degrees. The area of 

Lubbock County would be 0.23 degrees squared (0.526 *0.438). From the data set of 



Fish et al. (1998), tiiere are 1068 playas in Lubbock County. The theoretícal 18 

area of influence for each playa in Lubbock County would be 0.002 degrees 

squared (0.023/1068). Assuming that this is a square region, the square root of the 

tiieoretícal areas of influence for each playa in Lubbock County would be 0.014 degrees 

(0.002 ). The value of 0.014 degrees would be used to determine whether or not the G 

and F values are greater or less that tiie critical value. 

Playa density was analyzed additíonally across the region. Playa density was 

analyzed using a grid of n x n distances. Rows were divided into bins of half of a degree 

of longitude in width (west to east) and columns by one degree of latítude in length (north 

to south). The curvature of the earth was not significant in these small areas of analysis. 

The playa data were analyzed from the counties grouped in rows and columns (Tables 2 

and 3). The n x n grid was overlaid over each area and the playas were counted in each 

bin. A regression analysis using Excel (Microsoft Corp., 2003) was performed on these 

playa counts per bin area. The area of the bins was calculated using scale maps in coimty 

soil survey reports. Longitude and latitude were converted to kilometers for each group 

of coimties contained in the rows and columns. The density of playas per km^ was 

calculated for the groups of counties in the rows and columns. 



Table 2. Groupings of Texas High Plains Countíes by row from North to South 
used for spatial analysis. 
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Row 1 (North) 
Dallam 

Sherman 
Hansford 
Ochiltree 

Row7 
Cochran 
Hockley 
Lubbock 
Crosby 
Dickens 

Row2 
Hartley 
Moore 

Hutchinson 
Roberts 

Row8 
Yoakum 

Terry 
Lynn 
Garza 

Row3 
Oldham 
Potter 
Gray 

Carson 

Row9 
Gaines 

Dawson 
Borden 

Row4 
DeafSmith 

Randall 
Armstrong 

Donley 

Row5 
Parmer 
Castro 

Swisher 
Briscoe 

RowlO 
Howard 
Martin 

Andrews 

Row6 
Bailey 
Lamb 
Hale 
Floyd 

Row 11 (South) 
Ector 

Midland 
Glasscock 

Table 3. Groupings of Texas High Plains Counties by coltimns from West to East used 
for spatial analysis. 

Column l(West) 

Daliam 
Cochran 
Hartley 

Yoakum 
Oldham 
Gaines 

Deaf Smith 
Ector 

Parmer 
Castro 
Bailey 

Hockley 
Lamb 

Andrews 
Terry 

Column 2 

Sherman 
Lynn 

Moore 
Dawson 
Potter 
Martin 

Randall 
Midland 
Swisher 
Lubbock 

Hale 

Column 3 

Hansford 
Floyd 

Hutchinson 
Crosby 

Armstrong 
Borden 
Carson 
Howard 
Briscoe 

Glasscock 
Garza 

Column 4 (East) 

Ochiltree 
Roberts 

Gray 
Donley 
Dickens 



CHAPTER 5 20 

RESULTS AND DISCUSSION 

The playa database of Fish et al. (1998) for the High Plains of Texas was spatíally 

analyzed using several different methods and at several different scales. Data were 

analyzed using point-to-point and origin-to-point analyses to determine the spatíal 

arrangement of playas. The Texas High Plains region was analyzed as a whole 42 county 

block and individually by county. Some counties at the edge of the Caprock escarpment 

were ftuther subdivided to evaluate spatial arrangement at the escarpment. Counties that 

expressed similar playa spatíal distributíon pattems were grouped together and analyzed. 

The region was additionally divided into rows and columns of counties and analyzed for 

spatial arrangement. The rows and columns of counties were evaluated for playa density 

as a function of longitude and latitude. Regression analysis was also used evaluate playa 

density as a function of longitude and latitude. 

Point-to-point (G) and origin-to-point {F) distribution were determined for the 42 

Texas High Plains county data set (Table 1) and displayed in Figures 2 and 3. The shape 

of the G (rapid initial rise) curve showed apparent clustering of the playas on the Texas 

High Plains with an excess of short distance neighbors in the G plot (Fig. 2). The F 

curve showed an excess of long distance neighbors in the F plot (Fig. 3) which also 

indicates clustering. Playa clustering is thought to be due to the high concenfratíon of 

playas in the center of the Texas High Plains and to the void areas due to large canyons 

such as Palo Duro, the Canadian River valley and areas off the Caprock. As stíeams flow 



tiie soils are eroded and the area the playas occupy are theorized to be 

destíoyed (Woodruff, 1978). 
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Figure 2. Point-to-point (G) plot of playa spatial distíibution data for the 42 countíes on 
the Texas High Plams. 
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Figure 3. Origin-to-point (F ) plot of playa spatíal distíibution data for the 42 counties 
on the Texas High Plains. 

When subsets of the whole 42 county playa database were analyzed results varied. 

Individual cotmties of the Texas High Plains were analyzed separately. Table 4 displays 

the 42 Texas coimties analyzed in this study listed according to the playa distribution of 

regular or clustered pattems. Notallofthe G and F distributions for all 42 individual 

counties will be presented. Based upon G and F, no coimty on the Texas High Plains 

was determined to have a random playa distribution. The counties exhibiting regularity 

in their playa pattem tended to be located in the westem and centíal Texas High Plains 

area. Ector, Midland and Glasscock Coimties at the southem end of the study area also 

exhibited regularity in their pattems. The topography is less dismpted by draws or other 

large erosional processes in the areas with a regular pattem. Hockley County had a 

regular playa distribution pattem. Figure 4 displays the G pIotofHockley Coimty. Note 



the gradual rise of the pattem compared to the G plot of Gray County with a 23 

clusteredpattem(Fig.5). The G plot of Gray County rose very rapidly at first. 

Figures 6 and 7 display the playa locations in Hockley and Gray County. 
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Figure 4. Point-to-point (G) empirical distribution flmction plot for Hockley County, 
Texas. 
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Figure 5. Point-to-point (G) empirical distributíon functíon plot for Gray County, Texas. 
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Figure 6. Plot of playa pattem in Hockley Coimty Texas. 
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Figure 7. Plot of playa pattem in Gray County, Texas. 



Table 4. Texas High Plains Counties exhibiting clustering or regularity in their 
playa distribution pattera. 
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Cluster 
Andrews 

Armstrong 
Borden 
Briscoe 
Carson 
Crosby 
Dawson 
Dickens 
Donley 
Gaines 
Garza 
Gray 

Hansford 
Hartley 
Howard 

Hutchinson 
Martin 

Ochiltree 
Potter 

Roberts 
Sherman 

Terry 
Yoakum 

Regular 
Bailey 
Castro 

Cochran 
Dallam 

Deaf Smith 
Ector 
Floyd 

Glasscock 
Hale 

Hockley 
Lamb 

Lubbock 
Lynn 

Midland 
Moore 

Oidham 
Parmer 
Randall 
Swisher 

Figure 1 displays the playas on the Texas High Plains and the topography of the 

area. Areas such as the Canadian River Valley north of Amarillo have very few playas. 

Counties that are partially within the Canadian River Valley are Hartley, Oldham, Potter, 

Carson, Hutchinson and Roberts. These cotmties have a clustered pattem of playas due 

to the void areas in or at the edge of the Canadian River valley. Counties that are 

positioned at the edge of the Caprock, such as Crosby, Ochiltíee, Gray, Donley, Briscoe, 

Garza, Borden and Howard County, tend to have a clustered pattem of playa lakes due to 



the large void areas along the escarpment. Dallam County is in the 27 

northwestem comer of the Texas panhandle. It is directly north of Hartley 

County. Dallam County has a regular pattem probably because it does not contain large 

draws running throughout as does Hartley County. Countíes with very few playas, such 

as Gaines, Martin and Andrews County, also have a clustered pattem. 

Point-to-point (G) and origin-to-point ( F ) analyses were used to spatíally 

analyze tiie Texas High Plains counties by groups. The countíes that had a regular 

pattem were grouped together and analyzed. When the countíes that had a regular playa 

distíibution pattem were grouped togetiier, these combined counties had a regular pattem 

(Fig. 8). When tiie countíes that had a clustered playa distributíon pattems were grouped 

together, these combined counties had a clustered pattem (Fig. 8). 

Clustered = • 

Figure 8. Map of Texas High Plains countíes with clustered or regular playa pattems. 
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The 42 county data set was divided into rows and columns of countíes 

(Tables 2 and 3). AU rows of counties except rows 5 and 11 showed a clustered playa 

pattem (Table 5). AU four columns of countíes (Table 3) of the Texas High Plains had 

clustered spatial analysis (Table 6). There were no counties with clustered playa pattems 

m Rows 6 and 11. AII other rows and columns of counties had at least one county with a 

clustered playa pattem as indicated by íhe shapes of G and F . 

Regression analysis was performed on the playa data that had been separated into 

rows and columns of countíes (Tables 5 and 6). The regression equations in Table 5 

expressed the tíend of playa density increasing from west to east. Please note that the 

longitíide was negative and the larger negatives occurred in the west. The R^ values for 

these rows of counties ranged from 0.03 to 0.95 indicating either marginal or good 

relationships between playa density and longitíide. The R^ values for rows 8, 10 and 11 

were less than 0.10 (Table 5). These equatíons explained less than 10% of the variability 

of the playa density as a fimctíon of longitude in these rows. The R^ values for coimtíes 

in rows 1, 6, and 7 were higher than 0.50 (Table 5). These equatíons explained more than 

50% of the variability of the playas located in these rows. Areas void of playas within 

the rows caused the R values to be lower (see rows 8, 10 and 11). The more void areas 

within a row, the lower the R values were. The Canadian River valley and the draws at 

the edge of the Caprock were examples of these areas void of playas. The columns of 

Texas counties analyzed had low R̂  values due to the void areas associated with the 

Canadian river valley (Table 6). 
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Table 5. Regression equatíon, R V d spatíal analysis of rows of Texas High 
Plains Cotmtíes. 
Vplaya density (playas per km )̂ 
x=longitude 

Row 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Regression Formuia 

y=11.01+0.11x 
y=1.16+0.01x 
y=-.27+.01x 
y=5.08+.05x 
y=3.9+0.04x 

y=36.45+0.35x 
y=23.52+0.23x 
y=9.73+0.09x 
y=6.49+0.06x 
y=2.41+0.02x 
y=2.32+0.02x 

R Square 
0.95 
0.10 
0.04 
0.12 
0.04 
0.95 
0.56 
0.09 
0.15 
0.03 
0.04 

Spatial Analysis 

Clustered 
Clustered 
Clustered 
Clustered 
Clustered 
Regular 

Ciustered 
Clustered 
Clustered 
Clustered 
Regular 

Table 6. Regression equatíon, R^ and spatíal analysis of columns of Texas High Plains 
Coimties. 
^'y=playa density (playas 
x=latitude 

Column 
1 
2 
3 
4 

per km ) 

Regression Formuia 

y=0.65-0.02x 
y=0.36-0.01x 
y=-0.27-0.01x 
y=-0.84+0.03x 

R Square 
0.06 
0.01 
0.04 
0.36 

Spatial Analysis 

Clustered 
Clustered 
Clustered 
Clustered 

Some individual counties were further subdivided for additional playa spatial 

analysis. The playa pattems of Floyd and Briscoe Coimties were analyzed near the edge 

of the Caprock. As a whole county, Floyd Cotmty has a regular playa distribution pattem 

as indicated by G (Fig. 9) and F (Fig. 10). For sub-county analysis, playas in Floyd 

County that occurred west of longitude -101.12 ° and south of latitude 34.15 ° were 

deleted. The remaining Floyd Coimty playas at the edge of the Caprock were analyzed 

using G and F (Fig. 11 and 12). These remaining playas in Floyd Cotmty had a 

clustered playa pattem. As a whole, Briscoe County had a clustered playa pattem as 



indicatedby G(Fig. 13)and F(Fig. 14). In Briscoe County the southwest 

portion of tiie county was analyzed using G andF. Playas at the edge of the 

Caprock with a longitude west of-100.9 ° and latitíide north of 33.6 ° were 

omitted from this analysis. The remaining playas in Briscoe County had a regular playa 

pattem(Fig. 15 and 16). 
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Figure 9. Point-to-point (G) spatial analysis for all playas in Floyd Cotmty. 



1,0 -

0,8 -

0.6 

0.4 -

0.2 

0.0 

0 00 0 01 

Figure 10. Origm-to-point (F) spatíal analysis for all playas in Floyd County. 
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Figure 11. Point-to-point (G) spatial analysis for the subset (northeastem portion) of 
Floyd County playas. 
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Figure 12. Origin-to-point {F) spatial analysis for the subset (northeastem portion) of 
Floyd Coimty playas. 
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Figure 13. Point-to-point (G) spatíal analysis for all playas in Briscoe Coimty. 
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Figure 14. Origin-to-point ( F ) spatial analysis for all playas in Briscoe County. 
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Figure 15. Point-to-point (G) spatial analysis for the subset (southwestem portion) of 
Briscoe Coimty. 
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Figure 16. Origin-to-point ( F ) spatíal analysis for the subset (southwestem portion) of 
Briscoe Coimty. 

The density of the playas in the Texas High Plains were also analyzed using the 

groups of countíes by rows and columns (Tables 2 and 3). Figures 13 tiirough 23 display 

the density changes of playa lakes in Rows 1 through 11. Playa density in rows 1 and 6 

(Figures 15 and 20) increased from west to east to the edge of the Caprock. Voids near 

the edge of the Caprock caused density to decrease in counties that were both on the 

Caprock and off the Texas High Plains. Counties in rows 2 and 3 (Fig. 18 and 19) were 

tíansected by the Canadian River valley from west to east and do not show a 

distinguished trend of density increase frora west to east. Counties in row 3 however 

increased in the density of playas going west to east. Counties in row 4 (Fig. 20) 

increased in the density of playas from west to east imtíl the voids at the edge of the 



Caprock increased in Armstíong and Donley Counties. Counties in row 5 (Fig. 35 

21) increased in the density of playas from west to east untíl the voids at the 

edge of the Caprock increased in Briscoe County. Counties in row 7 (Fig. 23) increased 

in tiie density of playas from west to east until the voids at the edge of the Caprock 

increased in Crosby and Dickens Countíes. Countíes in row 8 (Fig. 25) increased in the 

density of playas from west to east until the voids at the edge of the Caprock increased in 

Garza County. Counties in row 9 (Fig. 25) increased in the density of playas from west 

to east untíl the voids at tiie edge of the Caprock increased in Borden County. Countíes 

m row 10 (Fig. 26) increased in the density of playas from west to east untíl tiie voids at 

tiie edge of tiie Caprock increased in Howard County. Countíes in row 11 (Fig. 27) 

mcreased in tiie density of playas from west to east untíl the voids at the edge of the 

Caprock increased in Glasscock County. 
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Figure 17. Playa density as a fimction of longitude for Row 1 counties (North) on the 
Texas High Plains. 
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Figure 18. Playa density as a fimction of longitíide for Row 2 counties on tiie Texas High 
Plains. 
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Figure 19. Playa density as a fimction of longitude for Row 3 counties on the Texas High 
Plains. 
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Figure 20. Playa density as a fimctíon of longitude for Row 4 counties on the Texas High 
Plains. 
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Figure 21. Playa density as a ftmction of longitude for Row 5 counties on the Texas High 
Plains. 
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Figure 22. Playa density as a fimction of longitude for Row 6 countíes on the Texas High 
Plains. 
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Figure 23. Playa density as a function of longitude for Row 7 coimties on the Texas High 
Plains. 
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Figure 24. Playa density as a fimction of longitíide for Row 8 counties on the Texas High 
Plains. 
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Figure 25. Playa density as a function of longitude for Row 9 counties on the Texas High 
Plains. 
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Figure 26. Playa density as a fimctíon of longitíide for Row 10 counties on the Texas 
High Plains. 
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Figure 27. Playa density as a fimctíon of longitude for Row 11 counties (South) on the 
Texas High Plains. 



The density of playas was analyzed for the columns of Texas High 41 

Plains countíes (Table 3). Column 1 counties, which represents the westem 

counties of the Texas High Plains, had a density of playas higher in the mid-Southem 

Texas High Plains than in the northem and southem portions of the area (Fig. 28). 

Counties in columns 2 and 3 also had a higher density of playas in the mid-Southem 

Texas High Plains (Fig. 29 and 30). Counties in column 4, which represents the eastem 

countíes of tiie Texas High Plains, had less density than column 1, 2 and 3 countíes. 

Column 4 consists of counties at tiie edge of the Caprock and had more areas void of 

playas. Increased playa density from west to east can be shown between column 1, 2 and 

3 counties (Fig. 28, 29 and 30). The highest playa densities in column 1 counties ranged 

from 0.20 and 0.25. The highest playa densitíes in columns 2 and 3 countíes were 

between 0.30 and 0.35. 
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Figure 28. Playa density as a fimctíon of latitude for Column 1 counties (West) on the 
Texas High Plains. 
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Figure 29. Playa density as a fimction of latitíide for Column 2 counties on tiie Texas 
High Plains. 
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Figure 30. Playa density as a fimction of latitude for Column 3 counties on the Texas 
High Plains. 
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Figure 31. Playa density as a fiinction of latítíide for Column 4 countíes (East) on the 
Texas High Plains. 
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SUMMARY 

The playa database of the Texas High Plains area was spatíally analyzed using 

nearest neighbor empirical distíibution functions (G and F ) , density analysis and 

regression analysis. A total of 42 Texas High Plains countíes were analyzed using these 

methods. The data set was fírst analyzed as a whole and subsequently divided into 

groups of various shapes and sizes. When the 42 Texas High Plains counties were 

analyzed as a whole, tiie playas had a clustered spatial distribution pattem. When 

individual counties were analyzed using the G and F empirical distíibutíon fimctíons, 

23 countíes had a clustered spatíal distribution pattem and 19 countíes had a regular 

pattem. Next the counties were grouped according to their spatial distíibution pattems 

and analyzed using the empirical distributíon functions. When countíes that were 

clustered were grouped together the overall spatíal distíibution pattem was clustered. 

When countíes that were regular were grouped together the overall spatíal distributíon 

pattem was regular. The coimtíes on the Texas High Plains were separated into 11 rows 

and 4 columns to be analyzed with the empirical distribution functions, density analysis 

and regression analysis. Finally, Floyd and Briscoe County were dissected to fiirther 

analyze detailed playa pattems near the edge of the Caprock. 

When the entire 42 coimty data set was analyzed the spatial distributíon pattem 

analysis showed the playas on the Texas High Plains to have a clustered pattem. This 

was due to the large areas void of playa lakes such as the Canadian River, Brazos River 



and large draws at the edge of tiie Caprock. As individual counties were 45 

analyzed the results showed that counties that were located in the mid-Southem 

Texas High Plains that do not have large void areas had regularity in their playa density 

patteras. Floyd County, located at the edge of the Caprock, had an overall regular playa 

distiibution pattem. Playas in northeastem Floyd County near the edge of the Caprock 

had a clustered pattem when spatially analyzed separately from those playas in the 

interior of the county tiiat had a regular pattem. Briscoe County, also located at the edge 

of tiie Caprock, had an overall clustered playa distíibution pattem. When playas in the 

southwest comer of Briscoe County were analyzed, the playa distribution pattem was 

regular. Counties located at the edge of the Caprock or tiiat have large areas void of 

playa lakes tend to have a clustered pattems. 

When tiie rows of counties were analyzed, spatial distribution of playas generally 

had clustered pattems. Two rows of coimties did not contain a cotmty with clustered 

playa distribution pattem. AIl other rows of counties contained at least one county with a 

clustered playa distribution pattem. AII four columns of counties analyzed had a 

clustered playa distribution pattem and contained large areas void of playas. 

Density and regression analysis were performed on the rows and colunms of 

coimties for playa distribution. Counties in rows increased in density of playas from west 

to east imtil the playa distribution pattem was intermpted by areas void of playas. Rows 

of coimties containing large areas void of playas had the lowest R values and the higher 

values were from covmties containing less intermption from void areas in the playa 

distribution pattem. Density analysis of pla>'as in the 4 columns of coimties showed most 



of tiie playas to be in the mid-Southem Texas High Plains. This area lies 46 

mostly between the row 4 and 9. The columns of counties had low R̂  values 

because tiiey cross large areas void of playas such as the Canadian River and draws near 

the edge of tiie Caprock. 
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CONCLUSION 

Playas examined in 42 counties of the Texas High Plains have a clustered pattem 

when analyzed as a whole. Playas in the mid-Southem Texas High Plains have a regular 

distíibution pattem due to infrequent areas void of playas. Counties that have clustered 

pattems of playas are located near the edge of the Caprock and in areas where there are 

large areas void of playas. Playa density generally increased from west to east in the 42 

county region. Assuming playas serve as areas of high recharge, this study concludes 

tiiat recharge to the aquifer increases from west to east. Density of playas is also greater 

in tiie mid-Southem Texas High plains. Recharge to the aquifer would also be higher in 

tiiis area than in the Northem or Southem Texas High Plains counties. 
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