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FOREWORD 

In April, 1977, at the annual meeting of the Western Social Science 
Association (WSSA) in Denver, Colorado, a group of arid lands scholars formed 
the Association for Arid Lands Studies (AALS) . The purpose of this unique 
interdisciplinary professional organization is to emphasize the importance of, 
and coordinate the efforts for, studying man's adaptations to and impact on the 
world's arid and semi-arid lands. Every year since 1977 the AALS has held 
annual meetings in conjunction with the WSSA and participation by arid lands 
scholars has grown continuously in size and scope. The AALS now has a 
member.ship representing nearly all the United States and more than twenty 
foreign countries. Headquartered at the International Center for Arid and 
Semi-Arid Land Studies at Texas Tech University, the AALS is affiliated with 
both the WSSA and the Southwestern and Rocky Mountain Division of the American 
Association for the Advancement of Science. 

At the 1984 AALS business meeting in San Diego, California, it was decided 
that the Association would publish, in addition to the Abstracts of Papers, a 
proceedings volume of selected short papers from each annual meeting in a 
publication to be called the Forum of the Association for Arid Lands Studies 
and instructions on the preparation of manuscripts were sent to those who 
contributed abstracts for the program. 

The 1985 Fort Worth, Texas, meeting was very successful, perhaps in part 
because of the opportunity for participants to publish their papers in the 
Forum. Forty papers were presented in ten topical sessions involving 
fifty-seven program participants. Over twenty manuscripts were submitted to be 
considered for publication. Following the AALS meeting, these manuscripts were 
reviewed by an interdisciplinary committee composed of eight past and present 
AALS. officers. The papers contained in this volume were selected for 
publication by the committee . Related papers have been rearranged into major 
subject groups which do not necessarily conform to the topical sessions on the 
meeting program. 

As editor of Volume I of the Forum of the AALS, I greatly appreciate the 
care given by the authors to make their manuscripts conform to Forum guide
lines. I am also deeply indebted to the members of the Forum's Editorial 
Review Committee (p. ii) for their thorough analysis in selecting papers to be 
published and for suggesting appropriate changes and groupings of papers. 
Special thanks are due Dr . Idris R. Traylor, Jr., Director of the International 
Center for Arid and Semi-Arid Lands Studies (!CASALS) at Texas Tech University 
and Executive Director of the AALS, for his encouragement and support in the 
planning and publication of this first issue of the Forum: to Ms. Nancy M. 
Hood, I CASALS Information Specialist, for her valuable assistance in cover 
design, proof reading and printing: and, to Ms . Dolores Garcia, Geography 
Department Secretary, for her care and diligence in retyping and assembling the 
diverse manuscripts. 

v 
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HISTORY AND GEOGRAPHY OF THE ARID AMERICAN WEST 
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Introduction 

CHANGING LAND USE PATTERNS AND SHEEP TRANSHUMANCE 

IN THE NORTHEASTERN SIERRA NEVADA, 1870-1980 

David Beesley 
1 

This paper discusses in broad terms the utilization of the northeastern 
Sierra Nevada as summer rangeland by the sheep industry. The Sierra Nevada as 
a whole is one of several mountain and plateau areas that has been utilized 
heavily for this purpose for many years (Gomez-Ibanez, 1967). Sheep trans
humance as a land use pattern in the northeastern part of this range is over 
110 years old. It was established early in the period of permanent Euro
American occupation (Edwards, 1883). 

The author investigates changes in sheep transhumance in the time period 
from the 1870's to 1980's. Attention to the ethnic nature of those involved in 
this activity, the use of public land, increasing competition, size of sheep 
herds involved, movement patterns and changing economic conditions within the 
sheep industry will be addressed. Three major periods will be focused upon: 
1870-1890 when the activity was established; 1890-1930 when regulation forced 
its modification; and 1940-1980 when increasing competition forced further 
modification. The data base for this paper includes primary and secondary 
printed sources and site visitations from 1970 to 1985. Interviews were also 
conducted with herders, former herders, sheep operation owners and U.S. Forest 
Service personnel. 

Open range sheep transhumance involves the seasonal pattern of movement of 
domesticated animals from lowland bases into mountain environments for grazing. 
The lowland bases in this instance were located primarily in the adjacent val
leys on the northeastern side of the Sierra Nevada. These included Truckee 
Meadows, Carson Valley, Bridgeport Valley and the Mono Lake system which were 
utilized for winter range. In the spring, summer and fall these sheep opera
tions utilized the mountains to the west for pasture . However, this was not 
the only use of these areas, as some sheep were trailed in from the western 
side of the Sierra Nevada. 

The land area on the eastern side of the Sierra is predominately a high 
steppe or plateau that is characterized by well watered micro-environments and 
meadows at higher elevations . While the wetter micro-environments and meadows 
are an important part of the geography of the area, the majority of the upper 
and lower lands are part of the arid Great Basin climatic pattern. 

Transhumance in the Northeastern Sierra, 1870-1890 

Transhumance in the northeastern Sierra began in the middle 1860' s and 
early 1870's because of drought conditions in southern and central California. 
The drifting of sheep bands from these areas into the Mojave Desert or across 

1 
Department of History, Sierra College, Rocklin , California 95677 . 
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the central Sierra and into Mono and Inyo counties allowed the threatened sheep 
industry to survive (Douglass and Bilbao, 1975) . The building of the Central 
Pacific Railroad and the opening of silver and gold mining in the Comstock and 
Bodie areas brought even more sheep into the northeastern Sierra as new markets 
developed (Claytor and Beesley, 1979). While the driving of sheep to market 
for sale was part of this movement of herds, some summer pasturing and winter
ing in the Truckee and Carson drainages began (Edwards, 1883). Most of these 
latter sheep bands were not based on private land but utilized unregulated 
public domain. These "gypsy" or itinerant bands set the pattern for the later 
development of a more permanent industry (Douglass and Bilbao, 1975). 

While many nationalities or ethnic groups were involved in this early 
stage of transhumance, the Basques originating in the Pyrenees Mountains 
between Spain and France were the dominant group involved in open range trans
humance in California and Nevada . Familiarity with this activity in the 
Pyrenees and experience with open range techniques in South America by immi
grants from this ethnic group gave an advantage when it came to utilizing the 
arid and semi-arid lands of the eastern Sierra (Douglass and Bilbao, 1975) . 

During this period, competition for land and resources existed between
sheep herders, cattle drovers and lumbermen in the northeastern Sierra. The 
adaptability of sheep to more arid terrain and the opening of new areas to 
foraging due to heavy logging gave sheep owners a chance to expand their opera
tions (Edwards, 1883). With limited demand for control of land, the gypsy 
bands proliferated and few attempts were made at homesteading or acquiring a 
permanent base for these operations. Free land and lack of control by the 
federal government thus set the stage for the beginning of transhumance 
(Gomez-Ibanez, 1967). 

However, by 1890 increased demand for land for farming, grazing and pro
tection of watersheds saw permanent-based farmers, drovers and other interests 
cooperating with the federal government to set up controls for utilization of 
the public domain. The Forest Preserve system attempted to completely exclude 
the non-land-holding herders from utilizing government land . While the system 
still lacked effective enforcement, the pressure which resulted forced most of 
the itinerant herders into eastern Oregon or farther into Nevada (Douglass and 
Bilbao, 1975; Gomez-Ibanez, 1967). 

Evidence suggests that the size of herds in this ·early phase of trans
humance were probably around 1,200 to 1,500 animals. Problems with terrain and 
predators set limits upon their size (Douglass and Bilbao, 1975) . While in
dividual bands were thus relatively small, the number of bands were man~ and 
environmental effects stimulated regulatory interest. The fact that bands were 
not required to move frequently as in later times increased the negative ef
fects on the arid lands or fragile meadow systems being utilized (Gomez-Ibanez, 
1967). Accounts such as John Muir's (1911) of the damage caused by "hooved 
locusts" to Tuolumne Meadows on the west side of the Sierra applied to the 
northeastern side as well. 

This early phase of northeastern Sierran transhumance saw three patterns 
of movement develop. The earliest was the "Great Circle" trek into the Mojave 
Desert from southern California and then into the summer pastures of the Sierra 
in Inyo and Mono Counties. These routes also included pasturage further to the 
north around Lake Tahoe (Gomez-Ibanez, 1967, Ruiz, 1964 and Stafford, 1971). A 



second pattern of movement included a straight back and forth movement from 
central and northern California into the eastern Sierra summer pastures 
(Claytor and Beesley, 1979). A third movement saw back and forth movement from 
the lower Truckee, Carson and Mono drainages into the Sierra. In all cases the 
sheep were drifted into the Sierra across public but unregulated land areas 
(Gomez-Ibanez, 1967). 

Although the decline of the mining industry and railroad building reduced 
the demand for meat, the chief economic factor influencing this industry in the 
1890' s was that of growing regulation of public land . Homesteading, urban 
development and regulation forced sheep owners to make a choice . They had to 
either move on into the Great Basin or Northern Plateau or take up permanent 
land holdings for a base of operation (Douglass and Bilbao, 1975) . As a result 
of increasing competition the back and forth pattern of transhumance from the 
·east and west side of the Sierra continued, but the "Great Circle" pattern, 
more dependent on unregulated use of public land, began a decline (Gomez
Ibanez, 1967). 

The Period From 1890 to the 1930's 

The period from the 1890's to the 1930's saw the Basques continue their 
dominance in the sheep industry in the northeastern Sierra Nevada even though 
many non-Basques in California and Nevada were ranch and sheep owners (Douglass 
and Bilbao, 1975). Basque ownership of ranch land bases in northern California 
and Nevada became concentrated in the areas of Susanville, Reno, Gardnerville, 
Minden and Carson City (Ruiz, 1964) . Many Basques also became hotel owners in 
the Gardnerville and Minden areas, supplying an ethnic support facilty for the 
increasing number of Basque herders imported from Spain and France (McCall, 
1968) . Limits upon immigration from Europe established in 1924 created prob
lems for sheep herd owners, but legal and extra-legal methods were employed to 
try to expand the pool of Basque herders (Gomez-Ibanez, 1967). 

As in the earlier period, public land continued to be important in the 
transhumant sheep industry of the northeastern Sierra Nevada . Controls were 
established as local ranchers joined with federal officials and conservation
ists to establish the Forest Preserve system, the National Forest Service and 
the Taylor Grazing Act of 1934. All of these measures favored or required 
local land ownership as a base for any sheep outfit utilizing public lands, 
including the Tahoe, El Dorado or Inyo National Forests. In addition, trailing 
permits to allow for sheep movement into grazing areas restricted and made 
impossible the itinerant herd movements of the previous period (Gomez-Ibanez, 
i967 and Ruiz, 1964). 

The regulation of public land increased the competition for available 
pasture. National policy gave precedence to protection of watersheds for urban 
and agricultural usage over grazing. This regulation and competition, however, 
~id not have a negative effect upon sheep utilizing the northeastern Sierra . 
Sheep owners' recollections of the hills in the area being covered with white 
bands and secondary data indicate that this period saw a significant and 
generally healthy growth of the industry until national economic conditions 
placed strain upon it after 1924. Apparently, the relatively low demand for 
land committed to watershed protection and other uses allowed sheep operations 
to grow (Gomez-Ibanez, 1967, Laxalt, 1966). 
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During the period from the 1890's to the 1930's, herd size remained about 
the same as in the previous period. Natural limits on herd size caused by the 
terrain, climate and predators did not change. Regulation established new 
parameters such as "animal use months" and the "bedding out" concept which 
required more frequent herd movement (Gomez-Ibanez, 1967). The permit system 
did reduce the number of gypsy outfits, but the size of herds remained around 
1,200 to 1,500 animals (Douglass and Bilbao, 1975). During the winter these 
alpine herds were combined with others on the low land bases or upon rented 
land as an economy measure that allowed a reduction in the number of herders 
needed to control the bands (Gomez-Ibanez, 1967). Many of the unemployed 
herders wintered in the numerous Basque hotels whic h had grown to serve their 
needs in the off season (McCall, 1968). 

Movement patterns remained similar to the previous period with the 
notable exception that "Great Circle" transhumance declined. The taking up of 
private land in California and Nevada and the regulation of public land 
eliminated the itinerant bands that had pioneered this method of sheep grazing. 
Itinerant bands were thus forced into eastern Oregon and Nevada until com
petition from permanent operations sealed their doom. Back and forth trans
humance either from California or Nevada into the northeastern Sierra Nevada 
continued largely as before. Little significant competition from more per
manent land uses or from automobiles gave freedom of action which allowed old 
trailing patterns to continue (Douglass and Bilbao, 1975). 

The economic conditions of this period of transhumant sheep operations saw 
a varied pattern. From the 1890's to about the mid-1920's the sheep industry 
in general saw strong growth. The demand created by World War I provided 
stimulation. In the 1920's, however, the sheep industry was affected by the 
general collapse of agricultural prices which preceded the general decline of 
the Great Depression. This down-turn forced many herd owners out of business 
and, in the case of some Basques, back into the role of herder (Laxalt, 1966). 
In addition, limits on immigration in the mid-1920' s which restricted the 
number of Spanish Basques who could enter the country hurt the industry. Even 
with the general collapse of the economy in the 1930's, however, the 
northeastern Sierra was still heavily utilized. While the number of bands 
grazing in the area were placed into fewer hands, the number of sheep invo lved 
in the western regions of the United States actually increased (Gomez-Ibanez, 
1967). 

The Decline of Transhumance in the Northeastern Sierra, 1940-1980 

The period from 1940 to the present saw a significant change in the ethnic 
nature of those involved in the industry as herders. In 1940, the Basques 
dominated this occupation as they had from its inception. By the 1970' s, 
however, their numbers had been reduced significantly (Claytor and Beesley, 
1979) . Ever since the 1920' s, immigration restrictions had prevented many 
Basques from coming to the United States. Even under the pressure of wartin,'-' 
needs and demands from powerful senators such as Pat McCarran of Nevada in .. :,_ 
1950' s which produced a rash of special legislation known as "sheepherder 
bills," the number of available herders could not meet the demand 
(Gomez-Ibanez, 1967) . The key factor in the reduction o f available Basque 
herders had to do with improving economic conditions in Spain and Europe. The 
economic incentives which had led generations of young Basque men to engage in 
the lonely life of a sheepherder in the northeastern Sierra were disappearing. 



While the 1960' s saw attempts at recruiting non-Basque Spaniards, the most 
successful measures were aimed at Latin America . By 1976, the majority of 
herders employed in the American west were from Mexico and Peru (Douglass, 
1980) . Field visitations from 1970 to 1985 into the northeastern Sierra have 
confirmed this ethnic change . 

Another factor which has contributed to the decline of transhumance in 
this area since 1940 has to do with changes in government land use practices. 
Higher fees are being charged for grazing permits and many former sheep ranges 
have been converted into range for more profitable cattle. The chief shift in 
federal land use, however, is in the amount of land being devoted to recrea
tion. In the two previous periods this usage was of negligible importance. 
Easy access with automobiles has meant a greater demand for federal land to be 
used for skiing and camping. Much contiguous land is being developed for 
condominiums and summer homes or for year-round occupation. Thus, land which 
previously pastured sheep is now being converted into more profitable uses. 
The beginning of transhumance and its continuation from the 1890' s has been 
very dependent on this variable. Although the Forest Service has no plan to 
further reduce the number of sheep grazing permits presently available, the 
economics and politics of land use are reducing the amount of land sheep can 
utilize (Claytor and Beesley, 1979). 

One factor which remained constant through the first two periods under 
examination has to do with size of herds engaged in transhumance. The usual 
size was from 1,200 to 1,500 animals. The National Forest Service has reduced 
herd sizes in the period since World War II to 1, 200 animals or less in the 
northeastern Sierra Nevada. This herd size is consistent with what a single 
herder working with one or two dogs can effectively handle in rough mountainous 
terrain. However, concern for overgrazing lies behind the decision of the 
Tahoe and other National Forests of the northeastern Sierra to reduce the herd 
sizes (Claytor and Beesley , 1979). 

A significant change has occurred in the movement of sheep into and within 
the northeastern Sierra. The period from 1940 to 1980 saw the closing of both 
public and private land used as access from the low land bases into the alpine 
pasture areas. Increase d automobile travel has acted to impose barriers to the 
drifting of animals on foot into the Sierra Nevada. Thus, changes have forced 
the sheep operations utilizing this area to resort to the use of trucks to 
transport their animals to the mountains and sometimes to retransport them to 
different publ ic or leased private pasture within the northeastern Sierra 
(Gomez-Ibanez, 1967). 

Another area of significant change in the pattern of transhumance in the 
northeastern Sierra has to do with the economics of the industry. Overall 
there was a r ecovery from the depressed 1930 's. World War II led to a strong 
demand for meat and wool, and the period after the war has generally seen good 
prices continue to the present. Yet, the transhumant sheep industry has gone 
into decline, and some experts predict its demise within a generation (Laxalt, 
1966; Douglass, 1980) . The chief factor contributing t o this decline is the 
reduced availability of suitable public land for pasture. There are other 
economic issues which are forcing transhumant operations out of business or to 
convert to the use of fenced pastures. These other variables include increased 
grazing fees or rent for leased pastures, the cost of trucking animals to 
pasture, increased costs for herders salaries and benefits, difficulty in 
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obtaining good herders and greater losses from predators due to limits upon 
the use of poison for their control (Douglass, 1980). 

Conclusions 

Three major periods covering the over 110-year history of transhumance in 
the northeastern Sierra Nevada have been examined. During these three periods 
the establishment o f transhumance, its modification as regulation of public 
land was instituted, and the decline of transhumance were noted. Variables 
such as changes in ethnicity of participants and rising costs of transhumance 
were addressed . The most important of all changes has been availabil ity of 
cheap public land. The disappearance of open public land, especially in the 
period since 1945, may well signal the end of this land use pattern in the 
northeastern Sierra Nevada . 
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Introduction 

PAINTERS OF THE TEXAS CATTLE TRADE, 1865-1930 

Sam D. Ratcliffe
1 

The Texas cattle industry and its human elements, the cattleman and the 
cowboy , constitute what is probably the most widely known and least understood 
component of Texas iconography. It is a multi - faceted subject portrayed not 
only in painting but also in sculpture, photography, and film. Painters 
celebrated the l ong drive, the cowboy , and the cattle business as evidences of 
Texas ' s economic and social independence, a celebration spiced with defiance . 
The cowboy 's increased visibility in post-Civil War America via vehicles such 
as the dime novel and Buffalo Bill's Wild West i nfluenced some painters to 
select his life as a subject. But other artists selected these subjects due to 
their familiarity with them . This paper examines the careers of Frank Reaugh, 
H. W. Caylor , and Harold Dow Bugbee, three such artists who were diverse in 
background, training, and artistic subjects. 

Frank Reaugh (1860-1945) . 

Frank Reaugh worked as a cowboy on many cattle drives and later committed 
his experiences and observations to canvas. Reaugh spent the first fifteen 
years of his life in Illinois before moving with his family to a farm near 
Terrell, Texas, some forty miles east of Dallas. Here, he indulged a youthful 
interest in the study of botany and of animals, especially the longhorn cattle 
on neighboring farms and ranches. In 1881, on drives through Indian Territory, 
he rode with cattlemen Frank and Romie Houston, with whom he remained friends 
and who later lent financial . support to his artistic career . Reaugh credited 
the Houston brothers with having given him an "exceptional opportunity to 
sketch and study the West and the range life of those early days" (Hi l l and 
Reaugh, n.d . ) . Herd on the Brazos depicts a trail drive fording a major river 
on its way to Indian Territory and on into Kansas, as painted by one who had 
been a participant on such drives. 

But Frank Reaugh was not interested in a career as a cowboy, rancher, or 
farmer. While still in adolescence, he had set up his easel in a pasture to 
sketch cattle, which regarded him with mixed suspicion and curiosity. Reaugh 
honed his natural interest in and observation of the animals ' anatomy and 
musculature by studying books on the subject. He saved even these earliest 
sketches of his career and worked from them throughout his life, confessing 
frankly, "My pictures have always been reminiscent" (Hill and Rea ugh, n. d . ) . 
Shortly after cowboying with the Houston brothers, he enrolled in the St. Louis 
School of Fine Arts. In 1884, Rea ugh returned to Terrell and launched a 
successful career as a private art instructor , so successful, in fact , that the 
ladies of the town formed the Frank Reaugh Art Study Club. Also at this time, 
h e began to travel to West Texas on annual sketching trips that would later be 
well -known for their part in the education of many Texas artists {Fisk , 1928; 
Haley, 1960; O'Brien, 1935). 

1
American Studies and American Civilization Programs, University of Texas 

at Austin, Austin, Texas 78712. 
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In 1888, Reaugh decided that he needed furthe+ instruction and abandoned 
his art teaching in order to study in Europe. This was something of a gamble; 
he quite possibly could have at least made ends meet in Terrell ~ut would never 
have attained the . status of a major artist . He had studied reproductions of 
the work of Corot and J . M. w. Turner and wanted to apply their uses of color, 
clouds, and atmospheric studies to his Texas hqmeland. Reaugh enrolled in 
Paris's Academie Julienne and took classes from Lucien Doucet, Benjamin 
Constant, and Philip Bougereau. For three years, the erstwhile cowboy immersed 
himself in the world of European art, especial"'..ly the pastel rooms at the 
Louvre; Reaugh later cited the displayed works of Dilteh landscapist Anton Mauve 
as having had a greater impact on his own style than any of his instructors or 
other European masters . Before returning to Terrell in 1891, he travelled 
through the galleries of the Netherlands and Belgium to further acquaint 
himself with this style of painting. Much of Reaugh's subsequent work 
evide·nces the influences of these pastel painters of the Low Countries (Fisk, 
1928; Haley, 1960; O'Brien, 1935; Whitely., 1983). 

' 
Fifty years after helping the Houston brothers trail their herds to 

Kansas, Frank Reaugh assembled seven paintings in a series intended to depict 
the life of a cowboy during a day on a cattle drive. Twenty-Four Hours with 
the Herd included works begun as early •as 1881 and others finished as recently 
as 1932. Reaugh acknowledged that the initial motivation for the series came 
from an article by a cattleman that appeared in outi~g, the same magazine that 
had been one of the first to publish Frederic Remington's western illustra
tions. The painti.ngs constitute an exerc:ise iri nostalgia on the part of the 
artist for the days of the open range and a desire to portray the cowboy as a 
heroic figure by visual depictions of his work and the hardship that it 
entailed. .Rea ugh' s Watering .. the. Herd is part ·of this series and reflects 
beautifully the artist's European-derive~ dedication to pastels. The booklet 
accompanying Twenty-Four Hours :with t~e ijerd makes clear that, while this 
painting is of "an hour of rest, peace, [and) quiet," the cowboys are "resting, 
but ever watchful, ·.ever mindful of duty to the herd" (Hill and Reaugh, n .d.) . 

H. w. Caylor (1867-1937) 

H. w. Caylor's Pecos Crossing conveys the same sense of serenity as does 
Reaugh's watering the Herd. Like Reaugh, Caylor had worked as a cowboy and 
gained a thorough knowledge of West Texas and its plant and animal life. The 
son of a shoemaker in Noblesville, Indiana, Caylor had less opportunity for 
formal instruction than did Reaugh. Typhoid at the age of twelve forced him to 
live with relatives in Kansas for two y~ars to aid his recovery. He ended this 
sojourn by moving to Indianapolis to ~tudy art, but his interest in the West 
had been kindled. From 1881-1883; he studied under Jacob Cox, a former teacher 
of William Merritt Chase . Caylor's only previous training had been at age 
eight when Frank Finch, a Noblesville art teacher, had taught him the use of 
charcoal and crayons (Pickle, 1981). 

In 1883, Caylor returned to Kansas to work as a cowboy and to utilize his 
recent training in painting the life of the cattle camps. Unfortunately, his 
sketch books were stolen from his trunk during that first summer. Undaunted, 
he spent the next three years cowboying and sketching throughout the west. He 
moved back to Indiana in 1887, but two years later, returned to the West, where 
he would live virtually all of his adult life. Now, though, Caylor sought a 
stable source of income, and as has been the case with many painters, h~ earned 



it as a portraitist working out of the home of an aunt in Parsons, Kansas. On 
July 1, 1889, he married Florence Nephler, one of his portrait subjects . After 
touring the Plains and Rocky Mountain states to sell his paintings, the couple 
settled in the West Texas town o f Big Spring. 

Although more settled than at any previous time in their marriage, the 
Caylors , addicted to outdoor life, continued to live something of a nomadic 
existence. They spent nearly their entire first year in the area encamped at 
the Fore Ranch in northern Sterling County in order to sketch the land and 
animals of the Concho Valley but soon rented a house in Big Spring. In 1895, 
exhibitions in San Antonio and at the State Fair brought his work to the 
attention of Southwesterners. This launched Caylor's most prolific period, as 
he marshalled his backlog of sketches to execute works ranging from portraits 
to six-foot wide panoramas . Community support, notably in the form of 
commissions from West Texas ranchers and merchants, enabled him to buy a 
320-acre ranch. This purchase marked the beginning of the artist's extensive 
land dealings; as the century turned, he had amassed four sections of land and 
a herd of mixed-breed cattle {Pickle, 1981). 

But the new century signified the beginning of a decline in Caylor' s 
personal and professional fortunes. A 1902 flood destroyed all of his 
sketches , and three years later, he and his wife sold two sections of their 
land and moved to Indiana, perhaps for health reasons . However, they returned 
in less than a year and began to build a showplace of a farm, complete wi th 
wells, windmills, reservoirs, meticulously designed orchards, a neatly-kept 
home, and even an Indiana-red barn . Caylor also continued to write fo r state 
agricultural journals, specializing in articles about many of Texas' large 
ranches, whose owners frequently purchased his paintings . In 1916, he sold his 
farm and bought three sections of land south of Big Spring. The next five 
years were probably the grimmest of the artist 's life as a drought and 
accompanying dwindling of his West Texas painting market forced the Caylors to 
sell off all their land. Heavily in debt, they moved into a cramped h ouse in 
Big Spring, whe re the artist lived out his last twelve years. But he gradually 
reemerged into public view toward the end of his life by making occasional 
speeches and by virtue of two 1927 exhibitions in Abilene and Big Spring that 
showcased his work (Fisk, 1928; Pickle, 1981; Samuels, 1976). 

Harold Dow Bugbee (1900-1963) 

Another ex-cowboy, Harold Dow Bugbee, was a close friend of early Texas 
Panhandle cattlemen Charles Goodnight and Frank Collinson and gained from them 
most o f his knowl edge of the region's environment , history , and folklore. 
Bugbee sought unabashedly to lionize their work i n canvases such as Last of the 
Goodnight Herd, commemorating Goodnight ' s efforts to preserve the buffalo from 
extinction by raising a herd on his JA Ranch. Born in Lex i ngton, 
Massachusetts, Bugbee moved to Texas at age twelve wit h h is family. A distant 
cousin , T. S. Bugbee, had been a pioneer cattleman and on e of the earliest 
Anglo settlers of the Panhandle, thus giving young Harold an introduction t o 
Goodnight. Harold ' s father followed the cousin 's lead and entered ranching , 
but his son r ebelled by following his mother ' s career as a painter . However, 
he did enjoy working with animals and other aspects of ranch work, such as 
roping cattle, and, inspired by the Montana cowboy artist Charles M. Russell, 
determined to combine the life of artist and cowboy . After spending his fir st 
year in college enrolled in the Texas A & M School of Architecture, he returned 
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home for another year of study at Clarendon Junior College, which had been 
founded by Goodnight (Fisk, 1928; Haley, 1936; McClure, 1957; O'Brien, 1935; 
Rathjen, 1973) . 

In 1919, Bugbee decided to pursue a career as a professional artist and 
journeyed to Taos' s budding art colony to study under W. Herbert Dunton. At 
this time, "Buck" Dunton was dividing his time between illustrating for popular 
magazines on the East Coast and teaching during the summers at his Taos studio, 
which he had opened in 1912. Bugbee had worked primarily in pen and ink and 
had executed his first oil painting only two years earlier; Dunton turned down 
his request for lessons. But Bert G. Phillips, who along with Dunton, Ernest 
Blumenschein, Oscar E. Berninghaus, E. Irving Couse, and Joseph Henry Sharp had 
founded the Taos Society of Artists, encouraged Bugbee to study under Charles 
A. Cummings in Des Moines, Iowa . Apparently not discouraged, Bugbee 
immediately moved to Des Moines and enrolled in Cummings' classes. CUitnnings, 
later head of the art department at the University of Iowa, offered a four-year 
course of study, which Bugbee finished in two. In 1921, he returned 
triumphantly to Taos to display the results of his training, a visit that 
marked the initiation of an annual pilgramage for Bugbee . He subsequently 
ventured to Taos to sketch with Dunton and other painters such as Leon Gaspard, 
Frank Hoffman, and Ralph Meyers (Fisk, .1928; McClure, 1957). 

In this same year, Bugbee also formally launched his career with a one-man 
show of his work at the Amarillo Hotel. Though gratifying, this exhibition and 
accompanying announcement of a solo career constituted something of a gamble 
for Bugbee. He had earlier rejected an offer by James L. Dark, director of the 
American Museum of Natural History, to work as a staff artist for that 
institution. He was able, though, to supplement his income from painting by 
working as an illustrator for Field and Stream magazine. Both his illustration 
work and Dark' s offer were sparked by Bugbee' s ability to paint animal life . 
In 192 3, he received his major break into the art market. Bugbee had 
accompanied a herd of Goodnight' s JA cattle on their railroad shipment to 
Kansas City. After the cattle were sold, he struck an agreement with the 
Findley Art Gallery to handle a certain number of his paintings, savoring the 
fact that Findley had acted as Charles Russell's first dealer. Soon, galleries 
in Chicago, Denver, and New York' were selling Bugbee's work. But the 
Depression dried up his market and forced him to illustrate for pulp western 
magazines in order to earn income. In the summer of 1937, Bugbee launched his 
own miniature art colony by teaching lessons in Palo Duro Canyon under the 
auspices of West Texas State College in Canyon. Although these classes ceased 
after two summers, he spent the remainder of his life in Canyon painting and 
serving as the art curator for the Panhandle Plains Historical Museum on the 
campus of West Texas State (Ainsworth, 1968; Fisk, 1928; McClure, 1957; 
O'Brien, 1935; Remy, 1966; Samuels, 1976). 

Conclusions 

Of these three painters of cowboy life, Frank Reaugh's work has received 
the greatest praise from fine art circles. Not coincidentally, he was the only 
one of this triumvirate to have had professional art training in Europe. 
However, the significance of these artists' work lies not in its aesthetic 
qualities but rather in the subject matter that they chose to record. Reaugh 
applied his European-influenced style to depictions of the long drive and to 
studies of the animals involved. Caylor sought to portray both the long drive 



and its demise as railroads and barbed wire pushed Texas cattle-raising in a 
more business-like and scientific direction. Finally, many of Bugbee's works, 
such as The Fence Rider , reflect the realities of range life following this 
transition, especially in the Panhandle. All of these painters believed 
themselves to be painting visual memorials to a dramatic era and its heroes, 
the cattleman, and the cowboy. 
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PERIODIC IMPOVERISHMENT OF THE GREAT PLAINS GRASSLAND, 1805-1876 

1 
Conrad T. Moore 

Introduction 

For more than half a century , historians and historical geographers have 
emphasized the importance of a lack of trees as the primary or sole reason for 
negative environmental assessments of the North American Great Plains during 
the period of the nineteenth century when the "Great American Desert" concept 
was in vogue. Reciprocally, the conventional view concerning the grassland has 
been that forage was at least sufficient for the needs of draft and riding 
animals and was usually abundant along routes crossing the region. 

In two cases, however , investigators have concluded that forage avail
ability was not always as favorable as has been generally assumed. Entries in 
seventeenth, eighteenth and nineteenth century travel accounts have been cited 
by England and Devos (1969) to establish that localized short-term destruction 
of grass cover resulted from the grazing impacts of buffalo herds and grass
hoppers. Lawson and Stockton (1981) attributed Major Stephen Long's designa
tion of the region as a "Great Desert" in 1820 to extreme drought and 
overgrazing by buffalo. 

Investigative Procedure and Preliminary Findings 

Two hundred first-hand accounts pertaining to the years 1805-1876 were 
examined for references to areas where t ravelers encountered a scarcity of 
grass, as well as explanations for this condition and its effect on assessments 
of the environment. Nearly two- thirds of the accounts were written during the 
1840s and '50s when equestrian and wagon-borne traffic was at a peak. While a 
majority of the individuals followed the Platte and Arkansas river routes 
across the plains, other accounts provided reasonably comprehensive coverage of 
the territory extending from southern Canada to the Mexican border. 

Forty-five accounts contained references t o insufficient forage which 
resulted from processes other than the occurrence of prair ie fires. Sixteen 
cases involved relatively localized areas where grass was scarce or virtually 
absent for distances ranging between approximately 20 and 40 mi les. The re
maining impoverished tracts extended from around 60 to several hundred miles. 
Two-thirds of these individuals described the environment as "barren," 
"desolate," a "desert," or in other unfavorable terms. 

Thirty-three of the references were recorded during the years 1820-1825, 
1842-1847 , and 1857-1865, when the effect of droughts and the impact of in
digenous fauna appear to have been particularly pronounced . During the three 
periods, a third of the travelers encount ered tracts where forage was scarce-
three-fourths of which were extensi ve. Al though 103 travelers crossed the 
Great Plains during other years, only twelve recorded instances of grass 
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scarcity. Over half involved localized areas. 

Periods of Pronounced Impoverishment 

While there was no significant difference in the incidence of grass · 
scarcity reported during the three periods, contrasts were marked with respect 
to the severity of conditions encountered. 

1820-1825. Of the four travelers recording instances of forage in
sufficiency in 1820-25, three involved localized tracts--two of which resulted 
from overgrazing by buffalo herds. During the exploration of the South Platte 
valley by the Long expedition in June, 1820, Captain John Bell noted near the 
103rd meridian that buffalo were "so numerous and have fed off the grass so 
short, that our horses are suffering from pasture " (Fuller and Hafen, 
1957). In late September of the following year, William Becknell described the 
sand hills on the south side of the Great Bend of the Arkansas as "exhibiting · 
at a distance a luminous or whitish appearance . . . and entirely destitute of 
vegetation." The next day he added: "So far as the eye can reach, on every . 
side, the country here appears alive with buffalo and other animals . . . Some 
difficulties now presented themselves, expecially the scarcity of food for our 
horses " (Becknell, 1933). Although grass was still largely lacking on . 
the sand hills of the Great Bend when viewed by Augustus Storrs in the summer 
of 1824, his description suggests partial recovery during the intervening 
three-year period. "In some instances, they are thinly covered with vegeta
tion; in others, they are destitute of a single blade of grass for miles" , 
(Storrs, 1933). 

The one case of extensive impoverishment was observed by William Ashley in 
the Platte and North Platte valleys during the spring of 1825. The entire area 
lying to the west of the 99th meridian was described as being "in many places 
wholly destitute of the least semblance of vegetation" (Ashley, 1941). 

1842-1847. Three drought episodes and attendant denudation by buffalo 
herds and grasshoppers contributed to the adverse grazing conditions 
encountered in 1842-1847. Nine of the 14 travelers documenting these instances 
indicated that draft and riding animals or the native buffalo starved or were 
malnourished. All but three of the references involved extensive tracts. 

Two travelers commented on the effects of the drought of 1842 in the 
northern plains. During his journey up the North Platte valley in late July, 
Captain John C. Fremont reported that "everywhere the soil looked parched and 
burnt; the scanty yellow grass crisped under the foot, and even the hardiest 
plants were destroyed by want of moisture. " Shortly thereafter, he added with 
reference to the expedition's horses that "it was after great search that we 
were able to find a scanty patch of grass, sufficient to keep them from 
sinking; and in the course of a day or two they began to suffer very much." As 
the expedition proceeded west, Fremont observed that the Teton Sioux had been 
forced to cut boughs from the cottonwood trees to prevent their horses from 
starving, noting that "it is only in winter that recourse is had to this means 
of sustaining them; and their resort to it at this time is striking evidence of 
the state of the country" (Fremont, 1845). Prevalence of the drought 
throughout the summer was documented in Father Pierre De Smet' s account. On 
arriving at Fort Union in early September, following several months of 
missionary work, he wrote: "A journey so long and continuous, through regions 



where the drought had been so great that every sign of vegetation had 
disappeared, had very much exhausted our poor horses" (De Smet, 1906). 

Both drought and overgrazing by buffalo herds contributed to the lack of 
forage encountered in the Platte and North Platte valleys during the spring of 
1845 . Lieutenant J. Henry Carleton indicated that the combined impact first 
became apparent near the lOOth meridian. 

As we go on the ground is hourly becoming more sterile, and the grass 
thinner. And what there is, seems so closely cropped, that for a whole 
day we have not gone by a single spot that would afford even a tolerable 
supply for the night . this year the unprecedented drought has so 
parched up the prairies, as l i terally to render them a desert, except 
immediately along the river. 

Three days later, Carleton (1943) commented on evident starvation among the 
herds, 

.the herbage i n every direction is cropped off close to the ground. 
The poor creatures must have fared hard, also--for we discovered along the 
bank of the river and amongst the willows, where they had even rooted in 
the earth for wild potatoes .. . with which to appease their hunger. 

While no mention was made of forage depletion by buffalo herds after the 
emigrants and their military escorts began the journey up the North Platte, 
conditions failed t o improve. Near the 103rd meridian, Carleton stated: "The 
whole upper country is so parched up with the drought that we are continually 
fearful that the grass will entirely give out, and our progress, from that 
cause, be arrested" (Carleton, 1943). Later, at a point about 20 miles west of 
Fort Laramie, Joel Palme r added that "the season has been so dry that [the] 
vegetation is literally parched up; of course the grazing is miserable" 
(Palmer , 1906) . 

Although attributed solely t o "excessive drought," grassland impoverish
ment i n the Arkansas valley during the summer of 1846 appears to have been at 
least as severe a s that of the two preceding episodes . Three officers and two 
enlisted men attached to the Army of the West, which traveled from Fort 
Leavenworth to Santa Fe during July a nd August, documented the effects of 
progressively depleted forage. Near the lOlst meridian, Lieutenant George 
Gibson observed that "-game o f all kinds appears to be scarce, the country 
having but little grass and that short and dried up" (Gibson, 1935) . Just east 
of Bent's Fort, Private Marcellus Edwards noted, "We have . . experienced 
great inconvenience from want of wood and water, and our horses for want of 
grass" (Edwards, 1936). As the expedition proceeded southwest from Bent's Fort 
toward Raton Pass, Lieutenant James Abert' s company was forced to halt for a 
day as "it was evident that our mules could not support the fatigues of such 
marches . . over a country so destitute of grass, and affording such meagre 
pasturage" (Abe rt, 1848). Lieutenant-Colonel William Emory added that "the 
horses were n ow falling away in an alarming manner" (Emory, 1848) . Finally, 
Private John Hughes recorded that "many of our animals perished on the desert " 
(Hughes, 1848). 

During the post-drought years o f 1843 and 1847, grassland impoverishment 
was perpetuated by what appears to have been compensatory overgrazing by 
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buffalo herds suffering the effects of long-term malnourishment. Tracts of 
over one hundred miles in length were heavily denuded in both the Arkansas and 
Platte valleys. In addition to encountering two areas where forage had been 
largely destroyed by buffalo herds, Nathan Boone recorded information com
municated to him by Charles Bent in June, 1843, concerning the region between 
Bent's Fort and the Rocky Mountains, "He informs us that all the grass had been 
eaten off by the buffalo between this and the mountains, so that his cattle 
nearly starved" (Boone, 1917) . Comparable denudation was encountered by the 
first Mormon migration to Utah. Because of the pronounced lack of grass during 
May, 1847, 26 days (rather than the usual 17-19 days) were required for the 
Mormons to travel along the north side of the Platte valley from the lOOth 
meridian to Fort Laramie. William Clayton, the clerk of the Mormon Company, 
recorded that grass was very scarce on eleven separate occasions . The first 
seven resulted from the impact of buffalo herds which were constantly in view. 
On May 6th, Clayton noted, "We traveled slowly this afternoon , some of the 
horses and oxen having given out in consequence of lack of feed to sustain 
them." Three days later, he observed that the buffalo were starving as well, 
"They are very poor, for there is no feed for them, and in fact they are so 
numerous that they eat the grass as fast as it springs" (Clayton, 1973) . No 
reason was given for the lack of grass recorded in Clayton 's last four 
references, although it would seem likely that these also resulted from 
overgrazing. 

The three cases of localized impoverishment involved areas in the sand 
hills of western Nebraska and southwestern Kansas. However, none of the 
individuals offered an explanation for the virtual absence of grass . 

1857-1865. In contrast to the situation in 1842-1847, over a third of the 
travelers failed to provide explanations for depleted forage conditions 
observed during the late 1850s and '60s. No reasons were given for two of the 
three instances reported in 1857, or the four which occurred in 1862 and 1865, 
although all but one involved extensive tracts. Furthermore, impoverishment 
appears to have been generally less severe than during the preceding period , as 
evidenced by the fact th~t only five of the fifteen individuals stated that 
draft and riding animals or livestock were malnourished or starving and none 
observed buffalo or other indigenous ungulates in a comparable state. While 
six cases of denudation by buffalo and grasshoppers were observed during the 
years 1857-1861, only in 1860 did drought exacerbate the problem. 

Three army officers, engaged in a campaign against the Kiowas and 
Comanches during the summer of 1860, commented on the effects of the drought in 
the central plains. Major John Sedgwick stated in late June that "there has 
not been a drop of rain for eight months--of course no grass, no water in the 
small streams and pools where water is usually found . " The following 
month he added that "Our animals have suffered excessively for want of water 
and ·grass, and we have been obiliged to abandon several of our beeves from 
utter exhaustion" (Sedgwick, 1959). Lieutenant J. E. B. Stuart (1959) compared 
the conditions to those he had observed throughout the region three years 
previous. 

No water [is] to be found in creeks and pools, where, in ordinary seasons, 
there is an abundance. In the Smoky Hill, where in 1857, there was 
several inches of running water, there was none, and for a hundred miles 
below. Grass has been equally scarce . ... 



In his official report, following the campaign, Captain 
attributed the largely unsuccessful pursuit of the Indians to 
condition of the army's horses (Sturgis, 1959). 

Samuel Sturgis 
the malnourished 

Four of the six reported cases of denudation by indigenous fauna resulted 
from the impact of buffalo herds, two of which involved extensive tracts, while 
single instances were attributed to buffalo and grasshoppers in combination and 
grasshoppers alone. All but one occurred in the northern plains. 

In late September, 1857, Captain John Palliser (1863) observed in the 
Qu' Appel le valley of southern Saskatchewan that "the grass in the arid soil, 
always so scanty, was now actually swept away by the buffalo, who, assisted 
by the locusts, had left the country as bare as if it had been overrun by 
fire II 

The effects of · a second locust migration were reported by Henry Hind 
(1860) during his traverse of the Souris valley the following summer. 

Those portions of the prairie which had been visited by the grasshoppers 
wore a curious appearance; the grass was cut to one inch from the ground, 
and the whole surface was covered with a small, round, green exuvial of 
these destructive invaders. 

Both cases of extensive overgrazing by buffalo herds occurred in 1859, 
suggesting that forage depletion by sequential migrations of Rocky Mountain 
locusts may have resulted in malnourishment comparable to that which appears to 
have been caused by the droughts of 1843 and 1846. While traveling across 
northeastern Wyoming in mid-July, Captain William Raynolds stated, "We are now 
in the buffalo region, and small herds are to be seen in all directions. Their 
presence may explain some of the prevalent barrenness, as they consume all the 
grass in their paths." On arriving at the Powder River valley a week later he 
(Raynolds, 1868) added: 

This scarcity of grass has become the leading feature of the country, and 
can, of course, be partially explained by the presence of the buffalo in 
such large numbers. These animals have thoroughly consumed such poor 
pasturage as the valley affords, and as a result our mules fare badly. 

Horace Greeley's description of overgrazing and the impoverished state of the 
grassland in northwestern Kansas in late May and early June parallels the 
Raynolds account. Referring to an immense herd, he stated: 

Certainly, all we saw could not have stood on ten square miles of ground 
... The soil is rich, and well matted with their favorite grass. Yet it 
is all (except a very little on the creek bottoms, near to timber) eaten 
down like an over-taxed sheep pasture in a dry August. 

Further to the west, he (Greeley, 1860) added: 

We seem to have reached the acme of barrenness and desolation . . . 
Of grass there is little, and that little of miserable quality. If utter
ly unfed, the grass of a season would hardly suffice, when dry, to nourish 
a prairie-fire. 
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Equally severe, although relatively localized depletion, was reported in 
the upper Missouri country during the two succeeding summers. In July, 1860, 
Lieutenant John Mullan (1868) discussed the two-day crossing of a denuded tract 
lying midway between the Missouri and Yellowstone rivers in eastern Montana. 

Passed a number of herds of buffalo, who seemed to have eaten off every 
sprig of grass . The whole country traversed to-day was dry and 
barren; no wood, no water, nor grass; the latter having been entirely 
eaten off by the buffaloes. 

The fur trader, Charles Larpenteur, attributed the loss of his 20 head of 
cattle, in part, to similar conditions which prevailed near his trading post at 
the confluence of the Milk and Missouri Rivers during the summer of 1861 
(Larpenteur, 1898) . 

Effects on Environmental Assessments 

While two-thirds of the travelers encountering impoverished grasslands 
described the landscape as "barren," a "desert," or i n other negative terms, 
either within the quotations cited or a related discussion, there were 
substantial differences in the incidence of these assessments involving the 
extent of the impoverished areas and recognition of causal agents. As 
expected, the frequency of unfavorable commentary was higher among those 
crossing extensive areas of depleted forage. Three-fourths of these 
individuals recorded negative assessments, whereas barely half of those 
observing localized impoverishment did so. Recognition of drought and 
denudation by indigenous fauna produced a reversed effect. Fifty-six percent 
of those providing explanations for grass scarcity made unfavorable 
environmental evaluations, in contrast to 80 percent of the travelers who were 
apparently unaware of the reasons. 

Conclusion 

While the present findings in · no way diminish the importance of previous 
contentions that a lack of trees was a primary factor contributing to negative 
assessments of the Great Plains, the scarcity or near absence of grass appears 
to have been an additional element of major significance during the periods 
identified. 
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SPANISH AND MEXICAN LAND GRANTS AND THE TEXAS GENERAL LAND OFFICE 

1 
Michael Q. Hooks 

The Archive War 

When Austin was chosen to be the capital of the Republic of Texas in 1839, 
Sam Houston, hero of the Texas Revolution of 1836, opposed the selection , 
claiming among other things that the twin threats of a Mexican invasion and 
Indian attacks placed the government in a precarious position. He made several 
efforts upon becoming President again in 1841 to have the government returned 
to the original capital at Houston. Because he could not get congressional 
approval for such a move , he decided to use his emergency powers as President 
to accomplish the transfer. Citing the Mexican invasion of nearby San Antonio 
in March, 1842, Houston ordered the government and the Republic's archives 
moved back to Houston. In particular, the President directed Secretary of War 
George Hockley to be certain that the land records be protected. Land 
Commissioner Thomas W. ward was instructed to assist the Secretary with 
preparations for the removal of the records. The records, or the archives, 
included treaties between Texas and her European allies, military records from 
the Revolution, and all Texas land records. 

Despite vocal opposition from residents of Austin and the continued 
disapproval by Congress of his plans, Houston ordered the archives moved to 
Washington-on-the-Brazos, the site he selected as the temporary capital. On a 
morning in late December, 1842, workmen began to load three wagons with the 
records, which were stored for safekeeping , at the Land Office Building. From 
down the street , grape-shot was fired from a six-pound howitzer cannon toward 
the building. Although some of the charges struck the structure, no one was 
injured . 

When the men completed the loading, 
night at a site 18 miles from Austin. 
overtaken by a group of Austin residents 

they left town and set up camp for the 
The next morning, however, they were 

who had pursued the fleeing wagons. 

Although the records, including the land titles, were delivered back to 
Austin , they were not returned to the Land Office Building. Rather, they were 
kept at the boarding house of Angelina Eberly, the lady who had fired the 
cannon . The matter remained at a stalemate for some time until January, 1844, 
when a congressional committee conducted an investigation. Finally, the eleven 
boxes containing the archives of the General Land Office were turned over to 
Commissioner Ward (Winfrey, 1960; Texas General Land Office, 1842) . This 
incident is known as the "Archive War," a bloodl ess war that generated as much 
controversy among Texans as any war could. 

The Spanish Collection 

The land records, which formed an important part of the Republic's 
archives, today comprise the Spanish Collection of the Archives and Records 

1oirector and Archivist, Texas General Land Office, Austin , Texas 78701 . 
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Division in the Texas General Land Office. These documents were of particular 
concern to Texans because they identified the individuals who received lano 
from Spain and Mex ico and described the survey of the land they were granted. 
Although the grantees had been given copies, or testimonies, these documents 
were the official records maintained by the Republic. Needless t o say, land 
has been, and continues to be, important to Texans, and these records as a 
group are a valuable resource for the study o f the state's history. From the 
time of Spanish rule, land transactions were used to attract settlers to Texas. 
A few of the land titles validate the long rule of Spain in Texas; however, the 
vast majority reflect the colonization efforts of Mexico to settle her northern 
province before Texas achieved its independence in 1836. The total amount of 
land granted by Spain and Mexico in Texas is estimated at over 26,000,000 
acres. This territory lay east of San Antonio and north of Corpus Christi 
(Miller, 1971) . 

Surprisingly, although the Land Office since its establishment almost 149 
years ago has maintained and preserved these significant records, few scholars. 
know of their existence at the agency. Recognizing this lack of awareness, 
Garry Mauro, elected Texas Land Commissioner in November, 1 982 , is making a . 
major commitment t o establish archival standards for the collection and provide 
access to these invaluable records. In carrying out this commitment, 
Commissioner Mauro hired the first Archivist in the long history of the agency . 
As the first Archivist, it is the author's assignment to transform what had 
been a Records Division into an Archives . 

The General Land Office was authorized by the Constitution of 1836, which 
set up the government for the new Republic of Texas. According to the 
Constitution, "a general land office" was to be established to determine which 
lands of the public domain were vacant and which lands were covered with valid 
titles issued either by Spain or Mexico. In late December, 1836 , over the veto 
of President Sam Houston, the First Congress of the Republic established the 
General Land Office. The Commissioner , who was designated the head of the 
agency, was "to superintend, execute and perform all acts and things touching 
or respecting the public lands" of the Republic. Section 5 of the legislation 
establishing the Land Office directed the Commissioner, who was originally 
appointed by the President, to "take charge of . . . all the records , books and 
papers, in anyway appertaining to the land of the republic, and that may now be 
in the care or possession of all empresarios , political chiefs, alcaldes, 
commissaries, or commissioners for issuing land titles .:." (Taylor, 1955). 

Those records were l ocated in the local land offices , which had been set 
up by the Mexican authorities when Texas was under their jurisdiction, or were 
supposed to be at the local offices (Taylor, 1955). So, it was the task of the 
Commissioner to gather t he records and to have them transported to Houston, the 
capital of the Republic. 

That unenviable assignment fell on the s h oulders of John P. Borden, who 
himself had received a land grant . Borden, who laid out the town of Houston 
with his brother Gail and whose chief qualification for the position wa s hi s 
reputation as an honest s urveyor , proceeded to carry out his assignment (Webb 
and Carroll, 1952). Success came, although a little s l ow and at a financial 
expense to the Commissioner. By ear l y October 1837, Borden had acquired 
records from Milam' s and DeWitt ' s colonies. A month later , he reported the 
acquisition of the archives from the Austin, Power and Hewetson , and Bevi l 



·colonies, plus a register from Wavel. After some delay, the records kept at 
Nacogdoches in East Texas were delivered to the Land Office. Borden 
erroneously told the Congress that the land titles for DeLeon's colony had been 
destroyed by the Mexican army during the Revolution. Later, he amended his 
report to read that Texas forces had destroyed the documents. But he was in 
error a second time, as the De Leon records indeed had survived. They were 
received finally in 1850 by the Land Office (Taylor, 1955). 

Unfortunately, Borden was not able to procure the records from San Antonio 
de Bexar, which remained in San Antonio, although in his initial report he had 
stated that the archives had been received. An inventory of the San Antonio 
Archives compiled in 1937 indicated that the collection there consisted of 
Original Land Grants, San Antonio Mission records, and miscellaneous records, 
including correspondence, laws, decrees, wills, and contracts. The non-land 
related documents were donated in 1896 by Bexar County to the University of 
Texas in Austin. 

The Archives and Records Di vision is developing plans to undertake a 
detailed inventory of the Spanish Collection and eventually to publish a 
descriptive guide. Until these projects can be completed, the staff has access 
to an Index to Field Notes, which was prepared by the Land Office years ago. 
In addition to listing 4,200 grantees, the Index indicates the volume and page 
numbers for each land title, the date the title was issued , the amount of land 
covered by the title, the date the title was issued , the amount of land covered 
by the tit l e, the type or class of the grant , the colony or commissioner 
issuing the title, the county or counties in which the land is to be found, the 
particular situation or location of the land, and the book and page number for 
the English field notes of the survey. 

Until the inventory is completed, a preliminary survey of the collection 
shows that approximately 70 of the land grants were issued by the Crown of 
Spain prior to 1821 , while the bulk of our titles were issued by the Republic 
of Mexico between 1823-1836. In addition to the titles , the Spanish Collection 
contains laws, decrees, resolutions, regulations , and treaties; empresario 
contracts and correspondence; census reports; lists or registers of colonists; 
petitions; messages of the governor of Coahuila and Texas; appointments of 
officers ; reports of municipal officers; records relating to mission lands and 
property; registers of families; and oaths of allegiance. The bulk of these 
documents are laminated and bound in leather, with 69 numbered volumes and an 
additional seven unnumbered volumes. Of the 69 volumes, 62 contain the land 
titles, while the remainder are comprised of the associated documents referred 
to previously. The seven unnumbered books include the Record of the Town of 
San Felipe de Austin (now San Felipe, Texas, not Austin), the capital of 
Stephen F. Austin's colony , and Correspondence Between Political Chiefs. 
Lastly , there are 30 volumes of English field notes, which were the original 
survey notes made by the Anglo-American surveyors. These notes were then 
translated into Spanish as required by law. 

Included among the items of the Spanish Collection is our oldest title. 
It is a copy of a grant made in 1731 by the Spanish viceroy to the three 
missions of Conception, San Juan Capistrano , and San Francisco de la Espada at 
San Antonio. The copy was made in 1772 from the original, l ocated at the time 
at the Royal Presidio de Bejar. The Collection also includes a very early 
document dated April 12, 1758 , settling litigation which had arisen between 
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Luis Menchaca and Andres Hernandez over a 15-league tract claimed by both men 
under previous titles from Spain (Taylor, 1955). 

Another major project which is underway is a concerted effort to complete 
th-e English translation of all the Spanish documents . Since 1837, the Land 
Office has been required by law to employ a Spanish Translator (Taylor, 1955). 
But, because the Land Office often has been short on staff and long on duties, 
only about 25-30 percent of the documents have been translated. The present 
Translator has devised a plan, which is really very simple, whereby he 
translates each document as they are bound in the books. Any old translations 
are updated and new translations are provided. These translations can then be 
acquired for a fee . It is estimated that it will take him, with translating 
assistance, approximately seven years to complete the project. 

The Spanish Collection has generated a wide range of inquiries in the form 
of telephone calls, letters and on-site visits. Attorneys, surveyors, land 
title companies, energy-related companies, and genealogists have sought 
information from these records . Unfortunately, many historians have been 
unaware of what the Land Office holds. To overcome this lack of knowledge, 
oral presentations are being made to groups throughout Texas. Special focus 
will be given to the historical significance of the documents in relation to 
the approaching 1986 Sesquicentennial Celebration, which will commemorate the . 
150th anniversary of Texas independence from Mexico, achieved in 1836. The 
Spanish documents are integral to the story of the settlement of Texas prior to 
independence. 

Researchers have a variety of reasons to examine the Spanish documents. 
For example, members of the Pelham Humphries Association periodically seek 
verification of their claims as descendants of Humphries. Little is known 
about Humphries, except that he came to Texas in the early 1830' s, obtained 
title to 4,000 acres near present-day Beaumont on the Gulf Coast in 1835, and 
was killed somewhere in East Texas in 1836. Upon his death, he failed to leave 
a will. The Humphries land on the coast apparently did not generate much 
interest until 1901, when the Spindletop Oil Field, which ignited the Texas oil 
industry, came in on this survey. With this discovery came legal controversy , 
as heirs and would-be heirs started making claims. Thousands of people are 
involved, and claims in excess of one billion dollars are pursued. One study 
of the Spindletop discovery estimated that the money spent on fees and court 
costs over the years may have amounted to as much as the profits on all of the 
oil produced from the survey (Gonzales and Hooks, 1985) ! 

The Spanish Collection i s a gold mine of historical treasures wai ting to 
be tapped. As early as 1926, Eugene C. Barker, the noted historian on Spanish 
and Mexican colonization in Texas and the author of The Life of Stephen F. 
Austin, Founder of Texas, called the Spanish Collection "a most comprehensive 
source for the history of colonial Texas" (Barker, 1969). Fifty years later, 
Henry Putney Beers, who wrote Spanish and Mexican Records of the American 
Southwest, was equally impressed with the collection. "These records," h e said 
in his evaluation, "constitute t h e most valuable collection of original 
documents for the history of the settlement of Texas during the period 1821-35 , 
and one of the larges t collections for the history of Texas" (Beers, 1979). 
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WATER CONSERVATION IN A SEMI-ARID AGRICULTURAL REGION : 

Introduction 

THE TEXAS HIGH PLAINS 

1 
Otis w. Templer 

In this paper the author, a geographer-lawyer, examines water conservation 
practices on the semi-arid High Plains of West Texas, one of the state's and 
nation's most productive agricultural regions. Much of the High Plains is 
underlain by the Ogallala Formation, and the region's irrigated agriculture is 
almost solely dependent on groundwater pumped from this extensive, nonrenewable 
aquifer . A large part of Texas' groundwater reserves, about 385 million 
acre-feet, is stored jn the Ogallala (Knowles, 1984) . Recharge to the aquifer 
is derived solely from infiltration of local precipitation and from runoff 
accumulating in the thousands of small playa lake basins which dot the Plains 
(Templer , 1974) . Natural recharge is insignificant when compared to total 
pumpage, and estimates of annual recharge have been scaled down from several 
inches to less than one inch . Between 1940 and 1980, withdrawals have ranged 
between 4 and 8 million acre-feet per year, and over · 70, 000 wells tap the 
aquifer in the counties around Lubbock . Thus, the aquifer is being "mined" and 
the groundwater supply is steadily dwindling (See Figure 1) . The Texas 
Department of Water Resources (1983) estimates that irrigated acreage will 
decrease to about one-third its present level by the year 2030 unless surface 
water can be imported. Recent studies conclude that a number of economic, 
political, legal, and physical obstacles confront proposed importation plans. 
These relatively negative reports have done much to kindle interest in 
conserving local water supplies t o help maintain the area's irrigated 
agricultural economy . However, groundwater management and conservation 
measures must first be considered within the context of constraints imposed by 
present Texas groundwater law . 
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Figure 1. Groundwater Level in a High Plains Well. 
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Considering the heavy reliance placed on groundwater, it is surprising 
that Texas groundwater law is relatively sparse, and that it is also unique 
when compared to other High Plains states (Aiken, 1984) and western states 

1 Department of Geography, Texas Tech University, Lubbock, Texas 79409. 

31 



32 

(Johnson, 1982a) . There is no question about the ownership of percolating 
groundwater in Texas (Templer, 1976, 1978b, 1983). The strict common law or 
"English" rule was established by the Texas Supreme Court in Houston and T. C. 
Ry. Co. v. East (1904), and Texas is the only western state continuing to apply 
this rule . Here, percolating groundwater is held to be the exclusive property 
of the overlying landowner who may, with very few exceptions, pump and use the 
water under his land, regardless of the impact on adjoining landowners or more 
distant water users in depriving them of water supply (Templer , 1978b, 1983). 

In the East case, the court relied on humid-land legal doctrines derived 
from 1843 English and 1861 Ohio cases which held it would be impossible to 
administer legal rules for percolating groundwater because its "existence, 
origin, movement, and course ... [ is ] so secret, occult, and concealed . " The 
Texas court concluded that: 

the owner of the land is the absolute owner of the soil and 
percolating water, which is a part of and not different from the soil. 

In the last three decades Texas courts have had ample opportunity to alter 
or modify the common law rule, but it has been changed only to the extent that 
damages can be claimed where negligent pumping causes surface subsidence , a 
major problem only on the Texas Gulf Coast (Templer, 1983). Neither has the 
state legislature made much progress in ameliorating the effects of the common 
law rule. Not until 1949, l ong after significant development of groundwater 
for irrigation, was a statute (Chap. 52, Texas Water Code) finally passed which 
provided for the establishment of local underground water conservation 
districts (UWCD' s) . UWCD' s exercise about the only control over landowner 
rights, though the validity of private property rights in groundwater are 
specifically acknowledged in the statute (Templer 1978b, 1983) . In addition to 
UWCD' s formed under the general law, they may also be formed by special 
legislation, and the powers given special law districts may differ considerably 
from those of general law districts. 

UWCD's on the Texas High Plains 

In more than three decades since passage of the UWCD law, only a few 
districts have been formed under it or by special legislation. Not 
surprisingly, more districts are located in water-short West Texas where 
dependence on groundwater is so heavy and, as shown in Figure 2, most of these 
districts overlie the Ogallala. Collectively, t he five High Plains UWCD' s 
include all or parts of 26 counties with a total area of over 21, 000 square 
miles, and more detailed information concerning each district is contained in 
Table 1. Several areas where heavy withdrawals are made from the Ogallala are 
not included within a district. In 1973, voters in seven South Plains counties 
overlying an intensively developed portion of the aquifer for the second time 
rejected creation of a proposed district (Templer, 1976) . Some established 
districts are relatively inactive (Templer , 1983), one example being the tiny 
Dallam County UWDC No. 1 . Formed in 1959 and covering only one precinct of a 
single county, it is considered defunct (Graf, 1982). 

Because the voting public determines whether a district will be formed and 
the extent of its funding, most districts have a relatively limited income 
along with rather broad responsibilities. General l aw districts, such as the 
four on the High Plains, have comprehensive statutory powers to make and 



1. High Plaln1 UWCD No. 1 

2. Nonh Plalnl GWCD No. 2 

3. Panhandle GWCD No. 3 

4. Hud111eth County UWCD No. 1 

6. Dallam County UWCD No. 1 

e. Edward• UWD 

7. Evergreen UWCD 

II. Plateau UWC&SD 

9. Harrta-Galveaton CSD 

10. Glaaecock qounty UWD 

11. Hickory UWCD No. 1 

i .... 

Figure 2. Underground Water Conservation Districts of Texas. 

enforce rules for "conserving, protecting, recharging and preventing waste" of 
groundwater (Districts Make . . , 1978). Included are regulatory powers over 
well-spacing, water proration, and conservation. However, the most significant 
conservation rules the districts enforce are those controlling well-spacing 
through a permit system, (Graf, 1982) and controlling off-farm waste of 
groundwater (Court Orders . ., 1984; Thompson, 1983) . None of the general 
law districts on the High Plains has ever attempted controlling on-f arrn water 
waste, nor has any attempted direct production control (Templer, 1983). 

Conservation Activities of UWCD's 

Though the local UWCD's are hesitant to invoke more stringent control on 
the use and production of groundwater, they do perform a very significant 
function in encouraging voluntary water conservation through demonstration 
projects, research, and public education efforts, and they gather valuable data 
on groundwater depletion. High Plains UWCD No. 1, headquartered in Lubbock, is 
the oldest, largest, and most active district. Its water conservation 
activities are highlighted in the discussion which follows: 
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Table 1. Underground Water Conservation Districts on the Texas High Plains. 

Date General or 
Name and Headquarters Created Special La11 Counties Area (sq .mi.) 

l. HIGH PLAINS UNDERGROUND 1951 General Parmer, Lubbock and parts of 10, 649 
WATER CONSERVATION Deaf Smith, Randall, Potter, 
DISTRICT NO, 1 Armatrong, Castro, Bailey, Lamb, 
Lubbock, Texaa Hale, Floyd, Cochran, Hockley, 

Lynn, Crosby 

2. ~ORTH PLAINS GROUND WATER 1955 General Sherman, Hansford, Ochiltree, 8,056 
CONSERVATION DISTRICT NO. 2 Lipscomb and parts of Har tley, 
Dumaa, Texas Moore, Hutchinson 

3. PANHANDLE GROUND WATER CON- 1956 General Parts of Potter, Carson, Gray . 1, 760 
SERVATION DISTRICT NO. 3 
White Deer, Texas 

4. DALLAM COUNTY UNDERGROUND 1959 General Part of Dallam 278 
WATER CONSERVATION DIS-
TRICT NO. l 
Texline, Texas 

5. GLASSCOCK COUNTY UNDERGROUND 1981 Special Glasscock 898 
WATER DISTRICT (Acts 1981, 
Garden City, Taxaa Chap. 489)* 

•General and Special Lawe of Texas 

Source: Data supplied by Texas Department of Water Resources. 

Water and Land Use Practices. High Plains UWCD No. 1 encourages local 
landowners to adopt recommended water-conserving practices, some of which were 
developed by district research or were tested in its demonstration projects. 

1. The district promotes research and publishes materials documenting and 
explaining the significant water losses occurring between the well head and the 
irrigation row, causing greatly reduced water use efficiency . As a result, 
open surface ditches are now rarely found in the district, having been replaced 
by over 10,000 miles of closed underground piping. 

2. The district sponsors research on modifying the play a lake basins 
which collect most of the surface runoff on the High Plains. Playa bottoms can 
be modified through pits or low dikes to collect and concentrate precipitation 
runoff and/or tailwater. These improvements decrease evaporation losses, 
increase percolation to the aquifer, and concentrate the collected water for 
direct pumping back to the surrounding fields (Templer, i978a). 

3. It promotes research and educational programs on water-conserving land 
use practices such as bench-leveling of fields and furrow-diking of rows, both 
intended to slow surface runoff, increase infiltration, and to retain 
precipitation as soil moisture in the fields. 

4 . The district promotes research and education on more efficient 
irrigation methods. Low energy precision application (LEPA) sprinkler units 
which distribute water directly to the furrow through drop tubes under very low 
pressure result in considerable fuel and water savings (Evolution of ... , 
1981) . New surge flow irrigation employing a special valve to cut water on and 
off every 20 to 30 minutes allows water to move down the rows faster over a 
wetted surface and can cut water loss by as much as 50 percent (Henggeler, 
1984) . 



A great deal of information on all these practices has been disseminated 
and they have been widely adopted by High Plains landowners. 

Services. High Plains UWCD No. 1 provides a number of services to area 
landowners directed toward improving water use efficiency and measuring the 
rate of groundwater depletion . 

1. The district furnishes irrigators with information on the amount of 
stored soil moisture at the beginning of each planting season. Thus, the 
amount of preplant irrigation water that needs to be applied can be more 
accurately gauged. 

It operates a free mobile laboratory which can be used to test the 
of an irrigator's pumping equipment, thus reducing fuel costs . High 
is an important limiting factor on continued pumping from the 

2. 
efficiency 
fuel cost 
Ogallala. 

3. The district was directly involved in the successful lawsuit, United 
States v . Marvin Shurbet et ux, to establish a cost depletion allowance with 
the IRS for groundwater "mined" from the nonrenewable Ogallala. Each year the 
district furnishes information to landowners within the district on the rate of 
groundwater decline based on measurements from 900 observation wells to enable 
them to claim this depletion allowance. 

Water Conservation Research. High Plains UWCD No. 1 is presently engaged 
in cooperative research with state agencies and universities on several methods 
of increasing the local water supply and improving water use efficiency. 
Current research projects which appear to have an excellent chance of yielding 
favorable results include the following: 

1. The district has done extensive research on artificial recharge of the 
Ogallala aquifer with surface runoff accumulating in the playa lakes. In the 
past, two basic methods of recharge were explored: 1) through pits dug in the 
lake bottoms, and more often 2) through injection wells. The problem of 
preventing or remedying clogging of the aquifer by sediment in the injected 
water has long resisted solution (Valliant, 1975) . A new method of recharge 
employing fabric wicks buried in the lake bottoms which strain out sediment 
appears to show some promise (Urban and Claborn, 1984). Despite the fact that 
the ephemeral lakes may collect two to three million acre-feet of water per 
year (about 25 to 33 percent of present withdrawals from the Ogallala) , 
continuing technological problems, questionable economic feasibility of most 
methods, and some legal obstacles combine to hinder more widespread adoption of 
artificial recharge (Templer, 1974, 1978a). 

2. The district is presently involved in very promising cooperative 
research on secondary recovery of capillary water remaining above the receding 
water table of the Ogallala (Wyatt, 1984). An estimated 840 million acre-feet 
of capillary water is stored in the aquifer on the Texas High Plains. If a 
significant part of this water could be effectively and economically returned 
to the saturated zone, it would extend the useful life of the aquifer for many 
years. Experiments indicate that much of this capillary water could be 
returned to the saturated zone at a cost of about $50.00 per acre-foot. 

3 . The district is also engaged in an urban water conservation program 
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directed toward achieving more efficient lawn watering in South Plains cities 
and encouraging the use of water efficient plumbing. 

Educational Efforts . High Plains UWCD No. 1 devotes considerable effort 
to educating irrigators, the general public, and area school children to the 
problems of groundwater depletion and the need for water· conservation . 

l. The district maintains an extensive water education program for 
children in area schools . It has prepared a supplemental text on water and 
water conservation and associated teacher's aid materials for use by earth 
science and life science students. These materials have been placed in 65 area 
school districts, and water conservation films have been donated to Educational 
Service Centers in Lubbock and Amarillo (Teachers Promote . . . , 1985) . 

2. The district publishes The Cross-Section, a monthly newsletter. In 
this publication reports of the district's research findings, data-gatheri ng 
activities, demonstration projects, and educational programs discussed in 
preceding sections are brought to the attention of a wide segment of area 
residents. 

It is somewhat difficult to measure the success of the UWCD's operating on 
the High Plains in promoting water conservation and slowing the decline of the 
Ogallala aquifer . Proponents of the local district approach to groundwater 
management offer some data supporting their claim of successfully fostering 
water conservation (Graf, 1982, 1984). High Plains UWCD No. 1 reports that in 
1951, farmers in the district each year applied about two acre-feet of 
irrigation water per acre. In 1983, this annual rate of use had declined to 
approximately one acre-foot per acre, a reduction of about 50 percent . Still, 
some scholars (e.g., Johnson, l982a, 1982b) are critical of the local district 
approach. They point out that the state has no established policy for 
determining desirable or optimal pumping rates for nonrenewable aquifers, and 
that at present there is no mechanism to compell d i strict formation without 
local voter approval. Texas groundwater law assures landowners the right to 
use the groundwater beneath their land with few restraints . It appears 
unlikely that the courts or legislature will significantly change the 
established policies of the last eight decades. Landowners with private 
property rights to groundwater represent a formidable political obstacle to 
change, and most surveys of public opinion, even in this increasingly urban 
state, show a marked public preference for continued local c ontrol (Shelley, 
1983), if there must be any control . 

Conclusions 

This paper has reviewed the operation o f local UWCD's on the Texas High 
Plains and the constraints imposed by the Texas law under which they operate. 
It is readily apparent that the districts provide a very useful service in 
promoting voluntary water conservation among area irrigators and i n informing 
the general public. The water conservation techniques UWCD' s recommend may 
help extend the productivity of the Ogallala aquifer for decades beyond its 
predicted exhaustion. However, the local management approach and a groundwa ter 
law system, based largely on humid-land legal doctrines and developed when 
groundwater use was minimal, do not appear to be especially well-suited to 
solving the groundwater depletion problems of arid and semi-ari d West Texas. 



The depletion problems of the High Plains have not generated as much 
public concern as other groundwater problems in Texas. Most evidence seems to 
indicate that the courts and legislature are unwilling to radically change the 
existing system. The most often discussed legislative revision would authorize 
the Texas Department of Water Resources to create UWCD' s in "critical areas" 
where the local populace refuses to act. Thus, local UWCD's, such as those now 
operating on the High Plains, will likely continue as the major institutions 
charged with encouraging landowners to properly manage their groundwater and 
with promoting its conservation. 
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Introduction 

MUNICIPAL WATER REUSE APPLICATIONS IN WEST TEXAS 

1 
Randolph C. Alfaro 

and 
2 

James E. Jonish 

The recognized increasing scarcity of water supplies in the arid and 
semi-arid Southwest has led to management efforts to augment conventional water 
supplies, or to restrict the demand for water. The purpose of this paper is to 
examine efforts by two large West Texas communities to augment existing water 
supplies through reuse of municipal wastewater and to estimate the contribution 
these reuse applications make to total water consumption. Furthermore, an 
identification of the benefits and costs of reuse by the two cities (Amarillo 
and Lubbock) and a large industrial user (Southwestern Public Service Co.) are 
provided. 

Conventional sources of alternative supplies of water in the West Texas 
region are limited. Surface water rights are already allocated, and the 
declining groundwater table of the Ogallala Aquifer makes mining such fresh 
water increasingly expensive. Nonconventional sources of water include 
wastewater (municipal or other) or saline water, from ground or surface 
sources. 

As part of a larger ongoing study of water reuse , a questionnaire was sent 
to a sample of munic ipalities in thirteen western and southwestern states, 
including Texas and New Mexico in November, 1984. Of the survey respondents, 
18 questionnai res were received from West Texas and six from New Mexico cities 
and towns. As a prelude to the more detailed discussion of Amarillo and 
Lubbock, some wastewater reuse information is provided for these respondents. 

As Table 1 illustrates, 18 of the 24 communities have some form of waste
water reuse. Agricultural irrigation represents the most frequent type of 
user, as expected, but water reuse for industrial purposes exists in three 
communities , and recreational use of wastewater is also present in four com
munities. Six communities report no water reuse . However, in one community, a 
prior agricultural use was noted, and in two communities , unofficial appro
priation of waste water by farmers was indicated. Thus, reuse of municipal 
wastewater in West Texas and New Mexico is a common occurrence. The nonreuse 
of municipal water by Albuquerque is worth noting, given its size. Albuquerque 
does not consider water reuse beneficial because the city receives return flow 
credit to its water rights for the water returned to the Rio Grande . 

1oepartment of Business Administration and Economics, Eastern New Mexico 
University , Portales , New Mexico 88130. 

2
oepartment of Economics and International Center for Arid and Semi-Arid 

Land Studies, Texas Tech University, Lubbock, Texas 79409. 
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Community 

Texas ---
Abilene 
Amarillo 

Borger 
Brownfield 
El Paso 
Fort Stockton 
Hereford 
Lamesa 
Levelland 
Lubbock 

O'Donnell 
Pampa 
Pecos 
Plainview 
San Angelo 
Seminole 
Slaton 

Tahoka 

New Mexico 

Albuquerque 
Clovis 
Hobbs 

Las Cruces 
Las Vegas 
Roswell 

Table 1 

Water Reuse Applications : Selected West Texas 
and New Mexico Communities 

Annual 
Water Type & Volume 
Reuse No. of Users of Reuse 

Yes Irrigation (7) 4,000 AF 
Yes Irrigation (5) 4 . 5 BG 

Industrial (2) 
No 
Yes Irrigation (1) N/A 
Yes Recreation (1) 300 MG 
Yes Irrigation (1) N/A 
Yes Irrigation (1) N/A 
Yes City Parks (1) N/A 
Yes Irrigation (1) N/ A 
Yes Irrigation (2) 6.2 BG 

Industrial (1) 
City Parks, 
Recreational Lakes (1) 

No 
No 
Yes Irrigation (1) 150 MG 
No 
Yes Irrigation (1) N/ A 
Yes Irrigation (2) N/ A 
Yes City Parks, N/A 

Golf Course (1) 

Yes Irrigation N/ A 

No 
Yes Irrigation (1) N/A 
Yes City Parks, N/ A 

Golf Courses (1) 
Secondary Oil Recovery 

Yes Irrigation N/A 
No 
Yes Irrigation (10) 60 MG 

Treatment 
Reuse 
Costs 

20% Savings 
Same 

Same 
Same 
Same 
Same 
Same 

Lower 

Same 

Same 
Same 
Same 

Same 

Same 
Higher 

Same 

Same 



Where annual reuse data are available, the significance of reuse varies 
considerably. For Amarillo and Lubbock, the reuse volume represents 32.6 and 
47. 6 percent of the amount of total annual consumption respectively, while 
Roswell reuse represents only 2. 0 percent of total annual consumption. In 
general, water for reuse requires no additional treatment costs by the utility 
systems involved over the treatment costs of nonreused water to meet environ
mental/water quality standards. In fact, several comrnuni ties report cost 
savings in treatment costs due to water reuse. 

This is contrary to municipal perceptions . In the survey sent to the 
sample of municipalities in thirteen states, questions were asked of the 
perceived benefits and costs of wastewater reuse. Their responses are 
summarized in declining rank order of frequency of response as follows: 

Benefits of Wastewater Reuse: 
1. Develop · sustainable alternate supply of water 
2. Lower prices for reuse purposes 
3. Lower operating costs to utilities 
4. Additional revenues from resale 
5. Meet EPA discharge requirements 
6. Delay capital expansion of facility 

Costs of Wastewater Reuse: 
1. Increased facilities costs and treatment costs for wastewater 
2. Increased transportation costs (pipeline) 
3. Public resistance to reuse 
4. Probable disease/health concerns or regulation 
5. Water rights (return flow requirements) 

It is particularly noteworthy that the concerns about the incremental 
costs of wastewater treatment (item 1 and 2 above) do not appear to be borne 
out in the communities actually involved 'in reuse in Table 1. Among reasons 
for this disparity may be that the treatment costs of nonreused water is 
increasing to meet state and federal quality standards, and/or that the users of 
wastewater incur part of the treatment costs themselves, or they use untreated 
wastewater. 

The west Texas Experience : Amarillo and Lubbock 

The cities of Amaril l o and Lubbock, Texas are involved in significant 
water reuse efforts, with annual reuse volume representing nearly 33 and 48 
percent of total annual consumption respectively. Each city involves in
dustrial as well as agricultural examples of reuse, and further, Lubbock 
reuses water for recreational purposes. 

Amarillo. Southwestern Public Service Company (SPS) operates three 
electric power plants in the Texas High Plains which are currently using 
municipal wastewater as cooling water . The Harrington Station (1 , 114 MW) and 
the Nichols Station (479 MW) are located just north of the city of Amarillo. 
The c. B. Jones Station (512 MW) is slightly southeast of the city of Lubbock. 

The city of Amarillo has been selling industrial quality wastewater to SPS 
for use as cooling water since 1960. Initially, it was SPS' s intent to use 
fresh water pumped from wells for their cooling needs. However, after the land 

41 



42 

and equipment for the power plant were purchased, it was determined that 
municipal wastewater was possibly a more attractive alternative. Since 1960, 
three different contracts bave been negotiated between SPS and Amarillo. 
Essentially the contracts required that the city of Amarillo provide for 
primary and secondary activated sludge treatment to the wastewater, a facility 
for at least three days storage of this treated effluent, a water-pumping 
station, and the transmission pipe-line which extents five miles from the 
city's treatment plant to SPS' s Harrington/Nichols plants. Also included in 
the contracts were agreed-upon quality specifications of the wastewater. Any 
additional water treatment that is necessary is then performed by SPS at the 
Nichols treatment facilities. 

SPS' s demand for wastewater is a function of its electricity generation 
levels. In 1983, SPS produced a combined 6, 916, 828 MWH of net electricity at 
its two Amarillo plants. The production of this electricity using five cycles 
of concentration required 0.47 gallons of cooling water per net KWH of 
electricity produced (Freeman, 1984). For the year, the Harrington/ Nichols 
plants used a combined 3.2 billion gallons of cooling water which represents 50 
percent of the total wastewater flows (6. 4 BG) of the city of Amarillo. 
Approximately another 5 percent of wastewater is sold to the Texaco Refinery 
and 14 percent is sold for irrigation water. The remaining wastewater is 
discharged into the Canadian River and playa lakes. 

Water reuse has been very beneficial to both SPS and the city of Amarillo. 
In 1983, it was estimated that SPS reduced its total cooling water costs in 
Amarillo by $1,268,953 or 43 percent (Alfaro, 1984) . Additional benefit s occur 
because SPS has guaranteed itself a dependable source of cooling water in an 
area where water has become increasingly scarce . 

From the city of Amarillo's perspective, water reuse has likewise been 
beneficial but less quantifiable. Essentially, industrial reuse wate r rates 
are set at levels which are designed to simpl y cover the additional costs due 
to the reuse operation . However, as stated previously, SPS reuses about one 
half of the cities wastewater generated and thus, by selling this wastewater, 
the city is relieved of its need to provide additional disposal facilities and 
operating expenses to meet mandated water quality standards . Additio nally, 
since SPS is now using wastewater instead of valuable groundwater, the city is 
benefiting from a slowdown in the rate of decline of area groundwater tables . 

Lubbock. In 1936, the city of Lubbock started using agricultural land 
filtration to dispose of its wastewater. At that time it entered into a long
term contract with a farmer named Frank Gray to use his land as a disposal s i te 
for the city 's secondary-treated sewage. As part of the agreement , the Frank 
Gray farm now provides disposal facilities to handle all of the city's 
wastewater from its three South plants- -regardless of the irrigation needs 
(Wahl , 1984) . 

In 1971, the city of Lubbock started to supply SPS with munic i pal 
wastewater for the cooling water needs of its new C. B. Jones Station . Si nce 
the groundwater table is declining in the Lubbock region , reusing municipal 
wastewater provided SPS with a much more dependable and less expensive water 
cooling source than the freshwater alternatives. 

SPS's contract with Lubbock is essentially the same as that with Amarillo. 



The city provides secondary activated sludge treatment and transmission five 
miles from the city 's South Plant III to the Jones Station, and SPS provides 
the additionally required tertiary treatment. However, some differences 
between the two cities' arrangements do exist. 

Since the city of Lubbock has no river system i nto which it can discharge 
its wastewater, it relies on the l and and disposal facilities of the Gray f arm 
to dispose of any excess wastewater. Because of the city 's reliance on Mr. 
Gray's capital expenditures for disposal equipment, a "service charge" or 
"royalty fee" has been incorporated into SPS's contract price for the municipal 
wastewater. The present contract between SPS and the city of Lubbock requires 
that SPS pay the actual operating cost of South Plant III' s activated sludge 
treatment and the pumping costs of the water, plus amortization costs and 
overhead and the royalty fee to the Gray Farm. 

In 1983, SPS's . J ones Station in Lubbock produced 1,636,218 MWH. This 
plant, because of its fewer cycles of concentrations (four) , required O. 72 
gallon of cooling water per net KWH produced, and thus used 1.2 billion gallons 
of cooling water for the year (Freeman, 1984). This amount represents 
approximately 20 percent of the six billion gallons of wastewater produced 
annually in the city of Lubbock. The remaining 80 percent is disposed of at 
the Gray farm and at the Hancock farm near Wilson, Texas. 

As in the Amarillo case, water reuse has benefitted both parties involved. 
In the reuse operation with the city of Lubbock, it was estimated that SPS was 
able to reduce its cooling water expenses by $434, 023 or 34 percent (Alfaro, 
1984). Perhaps more importantly, SPS was able to assure itself of a dependable 
source o f cooling water and perhaps avoid that possibility of having to use dry 
cooling or having to locate the plant further from its load center. 

From the city of Lubbock's perspective, it is even more obvious than it 
was in the Amarillo case that the benefits to the city outweigh the costs. If 
it is assumed that SPS would have located the plant elsewhere had water reuse 
not been available, then one finds that the 1983 water revenue generated by the 
reuse operation exceeded its costs by $64,443 (Alfaro , 1984). In addition to 
this, the city has benefitted from the industry's presence in terms of employ
ment and other expenditures far in excess of the net water revenues. 

Alternatively, if it is assumed that without the water reuse option, SPS 
would still have l o cated its plant in Lubbock and purchased fresh water from 
the city, it is true that the city i s receiving much smaller revenues by 
selling wastewater rather than fresh water. However, if that were the case 
then the city would also have had to expand its capital facilities to provide 
fresh water supplies to accommodate this added demand. Thus, the reuse option 
has allowed Lubbock to expand its industrial base without the need of acquiring 
additional captial facilities and groundwater rights. 

Implications of Municipal Water Reuse 

Reuse of municipal wastewater is widespread in West Texas and New Mexico . 
Agricultural irrigation is the most likely reuse candidate, but industrial and 
recreational applications of wastewater reuse were f ound . Of particular note 
is the electric power industry, a potentially large use r of municipal waste
water in electric power generation. In West Texas, both Southwestern Public 
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Service and the cities of Amarillo and Lubbock have benefitted from wastewater 
reuse . SPS has lowered its acquisition costs of water for cooling purposes, 
and it has obtained a long term dependable supply of water. The cities of 
Amarillo and Lubbock have been spared the additional expenses of wastewater 
treatment costs and facilities to meet water quality disposal standards, have 
slowed the rate of decline of their groundwater supplies from the Ogallala 
Aquifer, and have reduced the demand on their surface water allocations from 
the Canadian River. In the case of Lubbock, the reuse option has allowed the 
city to expand its industrial base without the need for acquiring additional 
groundwater rights. 

What this means is quite clear. Planned electric power expansion in the 
Southwest need not be restricted by availability of fresh water (surface or 
ground). Wastewater (municipal or other) and saline ground or surface water 
can be utilized in the production process, as can new technologies (such as dry 
cooling) which minimize water requirements . As Abbey (1979) has pointed out, 
the incremental costs of utilizing new technology such as dry cooling adds less 
than six or seven percent to the costs of electricity generation. Similarly, 
wastewater or saline water use can permit a utility to locate nearer the 
population center to be served, regardless of the availability of . fresh water. 
In fact, locating in a remote region with available fresh water will raise 
electricity costs more than wastewater reuse since transmission costs will 
increase. 
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Introduction 

WATER POLICY IN TEXAS: A GEOGRAPHIC PERSPECTIVE 

l 
F. Andrew Schoolmaster 

The Texas Water Code requires the Texas Department of Water Resources to 
prepare and maintain a comprehensive plan that establishes the state's water 
resource development and management policies. The first plan released in 1968, 
and subsequently adopted by the Texas Water Development Board in 1969, outlined 
a program of surface water development through reservoir construction and a 
conceptual framework for water importation and the redistribution of surplus 
water from East to West Texas and the Lower Rio Grande Valley via the Trans
Texas and Coastal Canals. Since its adoption, construction of 43 new re
servoirs has increas~d the state's conservation storage capacity by 10 million 
acre-feet (Texas Department of Water Resources, 1984). The redistribution and 
importation aspects of the 1968 plan, however, have not been realized to date. 

In 1984, an updated version of the first plan was adopted by the Texas 
Water Development Board and became the new water planning and policy document. 
The revised plan emphasizes water conservation and reuse, continued development 
of ground and surface water resources, and water quality maintenance. It also 
downplays, but does not dismiss totally, water importation. 

Financial backing for the goals and objectives embodied in both plans is 
tied to a referendum process that involves amendment of the state's con
stitution. Since 1957, Texans have voted on eight water-related constitutional 
amendments: six dealing with water development, and two with water quality 
enhancement. Three of the six development referenda (1957, 1962, 1966) and 
both water quality referenda (1971, 1976) were ratified. As a result, the 
Texas Legislature is authorized to issue and sell $600 million in general 
obligation water development bonds, with $400 million allocated to water 
development projects and $200 million allocated to water quality enhancement. 
Additional water development funds were sought in referenda presented to the 
voters in 1969, 1976, and 1981; however, each was defeated. Therefore, the 
problem of developing a comprehensive statewide water policy is compounded not 
only by the state's geographic diversity, but also by the inability of the 
Texas Legislature to pass water financing legislation that would meet with 
voter approval. The purpose of this paper is to provide an overview of and 
speculation on: (1) the spatial dimensions of Texas' water supply and use, 
(2) past referenda election results, and (3) the outcome of proposed 
amendments that are contained within the revised Texas Water Plan. 

Geographic Perspectives on Water Supply and Use 

water supply and use are subject to great geographic variability 
throughout Texas. Groundwater resources supplied 61 pe~cent of the estimated 
17.8 million acre-feet or water used in 1982, and serve as the major source of 
water in 147 of Texas' 254 counties. Seven major and 16 minor aquifers supply 

1 Department of Geography, North Texas State University, Denton, Texas 
76203 . 

47 



48 

groundwater throughout the state (Texas Department of Water Resources, 1984). 
The High Plains portion of Texas and its irrigation-dependent agricultural 
economy is particularly reliant upon the Ogallala Aquifer (Kronun and White, 
1984). However, as a result of rapid exploitation and a slow natural recharge 
rate, the aquifer's long-term dependability is in doubt (High Plains Study 
Council, 1982). 

Because of the precipitation pattern, topography, and surface drainage, a 
major portion of the state's surface water supplies are located in streams and 
rivers that flow in a southeasterly direction toward the Gulf of Mexico (Figure 
1) . As a result of these environmental factors and the established policy of 
surface water capture, East Texas has been and will continue to be the primary 
location for the construction of multiple-purpose reservoirs. 

Combined surface and groundwater use for irrigation accounts for 71 
percent of the state's total . Municipal and manufacturing uses were the second 
and third largest categories representing 15.8 and 8.5 percent, respectively. 
Given the state's population distribution and hydrogeography, surface water 
supplies contribute greatly to meeting municipal and manufacturing needs in 
north central and eastern Texas . 
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WATER CONSUMPTION ANO SUPPLY 

FOR TEXAS COUNTIES - 1880 

Figure 1 

To illustrate the regional contrasts further, acre-feet per capita of 
water use was calculated and mapped for each county (Figure 1) . The high water 
demands associated with the irrigation-dependent economy of the High Plains is 
evidenced in a number of counties where use exceeded 20 acre-feet per capita. 
One extreme example is Sherman County, where a 1980 population of 3,174 used a 
total of 315,293 acre-feet of water (312,395 acre-feet of which was groundwater 
used for irrigation), for a 99. 3 acre-feet per capita use ratio . Other 
agricultural areas with high per capita use figures were the Winter Garden, 
lower Rio Grande Valley, and upper Gulf Coast. In the more urbanized counties 
along the Interstate-35 corridor between . Dallas-Fort Worth and San Antonio, as 
well as Harris County (City of Houston), per ca pi ta use is much lower . For 



example, 1,556,360 Dallas County residents used 421,274 acre-feet of water in 
1980, or 0.27 acre-feet per capita. Although these statistics are calculated 
for total water use per capita and do not break down by either type of use or 
supply, they are useful in illustrating the diversity of water use and users, 
and parenthetically, the challenge of developing a comprehensive water plan and 
policy in Texas. 

Water Planning and Policy in Texas 

Water planning and policy in Texas has been the subject of numerous 
federal and state reports. In one of the first, undertaken by the Bureau of 
Reclamation in 1942, the foundations were established for what would prove to 
be the 196 8 Texas Water Plan (Bureau of Reclamation, 1952; Webb, 1954). A 
central theme in this first report, entitled Water Supply and the Texas Economy: 
An Appraisal of the Texas Water Problem, was water transfer, specifically the 
Gulf Coast Canal which would move surplus East Texas water to the lower Rio 
Grande Valley. The pro ject, however, never received serious consideration and 
was criticized for not addressing water supply problems in West Texas (Boyle, 
et al., 1971) . 

In 1964, water planners released the Preliminary Texas Water Plan (Texas 
Water Development Board, 1966) . Although intended to be comprehensive in 
nature, the plan focused on a Gulf Coast canal and the construction of new 
reservoirs in East Texas, again slighting West Texas . It also mentioned that 
the surplus water in East Texas would not be sufficient to support intra-state 
water transfers and that out-of-state water would need to be imported to meet 
irrigation needs in the High Plains. Despite addressing this point, the plan 
offered no tangible means to achieve this end. 

Two years later, a revision of the 1966 preliminary draft was adopted as 
the official water plan by the Texas Water Development Board (1968). The 
document called for the continuation of surface water capture through reservoir 
construction. Two facets of the plan that generated controversy included water 
importation from outside of Texas and the redistribution of surplus water from 
East Texas to West Texas and the lower Rio Grande Valley via the Trans-Texas 
and Gulf Coastal canals (see Figure 2) . The Trans-Texas canal was particularly 
appealing to the West Texas agricultural interests because it would result in a 
dependable supply of water capable of meeting irrigation demands. The con
tinued development of surface water supplies in East Texas was projected to 
benefit residents living in this region, as well as provide for the needed 
storage capacity necessary to facilitate the water transfer. Projected costs 
f o r the system were estimated at $10 billion (Clay, 1971). 

As noted above, financial support for water development projects in Texas 
is in part tied to a referendum process that involves amendment to the state 
Constitution. Prior to release of the 1968 Water Plan, three such amendments 
had been approved by the electorate in convincing fashion. In August 1969, a 
fourth water development amendment was placed on the ballot. Despite the fact 
that the referendum was not on the plan itself, it served as a barometer for 
measuring voter support for such large-scale water diversion projects and their 
related costs . 
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Figure 2 

In an election that saw the amendment carried in a majority of Texas' 
counties, the popular vote resulted in a 309,516 to 315,793 defeat . The voting 
pattern produced by the election was regionalized, with voters living in East 
and southeastern Texas opposed and those living in West Texas and the High 
Plains in support of the amendment . Since the 1969 election, two other water 
development referenda have also been defeated. Voting patterns for both these 
elections (1976 and 1981) exhibited spatial attributes similar to the 1969 
referendum (voter opposition concentrated east of the 30-inch isohyet) , which 
suggests that since the adoption of the 1968 Water Plan, a regional schism 
between East and West Texas voters has emerged with regard to water develop
ment funding (Schoolmaster, 1984a; l984b). Moreover, similar regional patterns 
are reflected in voting for the water quality referenda; however, both amend
ments have been ratified on the strength of voter support emanating from the 
urbanized counties of the Interstate-35 corridor (Schoolmaster, 1984a) . 
Whether or not these recent trends in voter behavior will conti nue is 
uncertain , but ratification of future amendments will be crucial in implement
ing some of the programs outlined in Water For Texas (Texas Department of Water 
Resources, 1984). 

Future Water-Related Constitutional Amendments 

Local, regional, and state level responsibility for water resource 
development and financing is expected to increase as a result of current 
federal administration policies (Wall, 1984). Cognizant of this fact and its 
implications for Texas, water planners recommended that a number of consti
tutional amendments dealing with water development and quality enhancement be 
considered by the Texas Legislature. Specific recommendations that could 
ultimately be placed on the ballot in the form o f constitutional amendments 
include (Texas Department of water Resources, 1984): 

1. Increasing existing Water Development Fund by a t otal o f $600 million, 
$200 million of which would be used for water quality enhancement 



projects and $400 million for water development projects. 
2. Establishing a $250 million bond insurance (guarantee) program. 
3. Establishing a $50 million bond program with the proceeds going to 

help agricultural interests initiate water conservation measures and 
purchase appropriate equipment. 

4. Creating one or more special loan funds for promoting water develop
ment, conservation , flood control, and quality enhancement. 

5. Removing a hardship condition as a requirement for financial 
assistance through the Water Development Fund . 

Recent attempts by the Texas Legislature have failed to produce water 
legislation (Holley, 1984; Piltz, 1984). However, it now appears that last 
summer's drought and the realization that water , and not oil , may be the 
state's most precious natural resource will induce the spirit of political 
compromise necessary to draft such legislation this session. When it is 
drafted, the legislat.ion capable of standing the test of such questions could 
result in a continuation of the schism between East and West Texas voters and 
jeopardize this source of state-level financial assistance for water develop
ment and quality enhancement. 
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"THE KANSAS NILE?: THE POLITICS OF IRRIGATION 

IN THE ARKANSAS RIVER VALLEY, 1879-1914," 

James Peterson 
l 

The Irony of the Kansas Nile 

The Arkansas River has been, in the words of a Kansas farmer ". . a 
sometime thing for sometime." Early Kansas settlers christened the river, "the 
Nile of Kansas , " in recognition of its cyclic gift of life to the dry valley. 
In the summer the river disappeared beneath its bed only to be refreshed by 
floodwaters released by the Rocky Mountain thaw (Lefever , 1906). At the dawn 
of the twentieth century the sporadic flow of the river became the focus of 
conflict between Kansas farmers and upstream Colorado irrigators. In the same 
period federal geologists and the newly formed United States Reclamation 
Service entered the fray. Much of the controversy surrounded the legal ques
tions which evolved from the taking of water by Coloradans and was resolved by 
the United States Supreme Court in the landmark case, Kansas v . Colorado 
(1907) . Kansas farmers also resisted the intrusion of the Reclamation Service 
after its scientically formulated plans clashed with the farmers 1 optimistic 
vision of an agricultural Eden founded upon the use of the river 1 s surface 
flow. United States Geological Survey hydrologist Willard Johnston, in a 1901 
study entitled The High Plains and Their Utilization, asserted that Great 
Plains farmers could never expect to harness rivers for irrigation. In his 
view it was more efficient to allow the farms nearest the montane source of the 
Plain's rivers the full use of those waters. Instead, Johnston argued, farmers 
on the Plains would be better served by tapping the extensive, but by no means 
inexhaustible, underground water resources which existed as a sheet conforming 
to the prairie's undulating surface . 

Early Irrigation Development on the Arkansas 

Early settlers in the Arkansas Valley, however, formed a different view , 
more closely resembling a folk-belief, of the utilization of water which 
influenced farmers well into the twentieth century . Drought in 1874 
interrupted the water flow and rainfall which farmers had come to view as 
normal. Although the rains returned in the 1880's , farmers realized that the 
supply of water was uncertain . This realization led to numerou s experiments 
with irrigation systems up and down the river valley. Many farmers dug ditches 
from the river to their nearby fields; others used windmills to pump small 
amounts of water for gardens and livestock . In the same period eastern 
entrepreneurs started ditching in the valley. Asa Soule 1 s Eureka Irrigating 
Canal Company was the most ambitious of all the private projects. Soule 1 s 
canal stretched ninety-three miles through Ford and Gray Counties. But his 
canal did not last long. In the great floods of 1890 the banks of soft, 
alluvial mud collapsed and the diversion structures washed away (Hatfiel d, 
1981 ; Zornow , 1957; Sageser, 1967). 

Floods notwithstanding, aridity was a greater problem for the farmers of 

1 Department of History, Rice University, Houston, Texas 77001. 
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the valley. Arkansas Valley farmers contended that Colorado irrigators were 
taking water from the downstream Kansas users. In 1889 The Kansas 
Industrialist, a weekly newspaper, drew attention to the prolific use of water 
on the Colorado portion of the Arkansas River. · The editorialist complained 
that " .. . any extensive use of water . .. " in Colorado threatened investments 
in Kansas irrigation projects . Similarly, the Topeka Daily Capital noted the 
dire consequences of the water situation of June, 1890. The Topeka paper, 
however, went beyond the observations o f the Industrialist, suggesting a plan 
for dividing the waters of the river in an equitable manner. The Daily Capital 
editorialist contended that Kansas had ". . rights to a portion o f the flow 
which might be enforced. " But, the journalist continued, this would be 
wasteful. He proposed that Kansans and Coloradans cooperate in the use of the 
river 1 s flow. While allowing Colorado full use o f the surface flow, Kansas 
farmers should have been accorded the rights to cross the state line with 
ditches of their own, thus tapping the Arkansas further up its channel. 
Kansas, then, would be guaranteed water from several sources, not t he least of 
which was the subterranean current of Arkansas River known as the underflow. 

The Discovery and Utilization of the Underflow 

In the 1890s, little was known about the mysterious sheet of water that 
flowed several feet below the floor of the Arkansas Valley . Farmers had 
noticed that the rise and fall of water in wells seemed to correspond with 
similar behavior in the flow of the river. Investigations by the Reclamation 
Service in 1904 revealed that the source of the underflow was rain falling on 
the porous soil of the valley and neighboring uplands (Slichter, 1906) . 
Willard Johnston (1901) had conjectured that percolating water was trapped in 
various "loose strata" underlying the High Plains . Later geologists named this 
large aquifer, Ogallala, after the Siouan Tribe which had once roamed that area 
of the plains (Green, 1973; Frye, 1970). The Ogallala and shallow groundwater, 
then, were the true sources of the underflow and they contributed more water to 
the "underground Arkansas" than they took. But neither Kansas farmers nor 
scientists were fully aware of these facts in the 1890s. Nineteenth - century 
valley farmers believed that the underflow of the Arkansas had its source in 
the mountains of Colorado and followed the course of the river. This view was 
well represented in the testimony offered by farmers in the case, Kansas v. 
Colorado (1907) . Many witnesses agreed with Hutchinson farmer, A. B. Caldwell, 
who said, "I have always accepted the gospel that this underground water in 
valley lands in Reno County comes from the river. Every man has shouted thi s 
gospel for a good many years" (Complainant 1 s Testimony, 1903). Hydrologist s, 
however, disagreed and that rift would develop into a chasm as the t wentieth 
century progressed. 

Kansas Politics and Irrigation Prospects 

Another severe drought in 1894 again concentrated farmer 1 s attention on 
the possibilities of irrigation,and it became a potent issue in Kansas pol itics 
(Sageser, 1964) . As early as September, 1893, the freshly minted Interstate 
Irrigation Association called upon the state government t o aid the development 
of irrigation projects through the institution of experiment stations i n 
various parts of the state. Irrigation conventions in Wichita and Hutchinson 
in 1893 and 1894 reiterated this demand. Kansas politici ans such as United 
States Senator Preston Plumb, who was a principle investor in a fifteen-mile 
long ditch near Garden City, prodded both the state Legislature and Congress to 



provide funds for irrigation development. In the mid-nineties all of the 
political parties of the state, Republicans, Democrats, and Populists , pushed 
for both state and national aid to the cause of western irrigators. A young , 
ambitious Republ ican, Joseph L. Bristow, started a newspaper in 1894 devoted 
entirely to the irrigation issue. Bristow patterned The Irrigation Farmer 
after the national journal of the movement, Irrigation Age , edited by one of 
the zealots of the cause, William E . Smythe (Lee, 1972; Pisani, 1984). Editor 
Bristow campaigned eagerly for a state bureau of irrigation experimentation . 
In 1894 , the Kansas Legislature responded to his demands and the pressure of 
the electorate and created the Board of Irrigation Survey and Experiment 
(Sageser, 1964). 

The Board immediately initiated experiments with artesian wells and 
pumping systems at ten sites throughout the state. These experiments signaled 
a move away from riparian irrigation, the traditional mode of irrigation in 
many of the western states. The uncertain supply of water in the surface flow 
of rivers in the western part of the state had a great influence on the experts 
who composed the Board ' s membership (Report of the Board ... , 1895- 1896). In 
dry seasons the rivers dwindled to little more than a trickle, and farmers 
relied more on wells which tapped the underflow at those times. Many small 
farmers in the Arkansas Valley utilized windmills during those periods to pump 
water for gardens and truck crops such as grapes, potatoes , and even sugar 
beets and barley. Aside from these farms, agricultural activity had declined 
from the heyday of the 1880s. Underground irrigation appeared to offer a way 
of increasing production and population in southwestern Kansas (Sageser, 1967; 
Baker, 1985; Hatfield , 1981). But the Board was shortlived. The Populist 
Party won control of state government in the mid-nineties and, motivated by a 
desire to pare the budget, and , perhaps, political revenge, abolished the 
Republican -controlled Board. Abundant rainfall in 1896 and 1897 further 
reduced interest in irrigated agriculture . A dwindling number of subscribers 
forced Bristow to stop publishing The Irrigation Farmer in November, 1896 
(Sageser, 1964) . 

During his brief tenure as editor of the irrigation weekly , Bristow 
emphasized the efficacy of irrigation as a supplement to the water needs of 
large farms, providing water for gardens or orchards, but not satisfying all 
the needs of a large agricultural operation. He identified small farmers as 
the primary and logical beneficiaries of irrigation practice. Indeed, in the 
years following the irrigation boom , irrigation practice in Kansas became the 
domain of small farmers . A 1900 report (Discussions of Irrigation, 1900) of 
the Kansas Horticultural Society pointed to this as the most significant 
application of irrigation. In the report E . D. Wheller, a farmer from 
Wakeeney, Kansas, asserted that " ... no small fruit grower or market gardener 

. could afford to do without" some means of irrigation. 

The size of irrigated farms was also important to government experts, many 
of whom thought small farms the ideal for irrigation agriculture. Professor E. 
G. Murphey of the University of Kansas and member of the state irrigation 
Board, noted this in his report (Report of the Board. . , 1895-1896) to the 
state Legislature in 1896: 

The commissioner often found men during his first term who thought they 
could not irrigate, Some men hesitate because they cannot irrigate 
on a large scale, while others hesitate because they only have a small 
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amount of water aside from that required for domestic and stock purposes. 
we would say to such men, "despise not small things." 

For example, D. H. Logan, a self described "cowpuncher from Arizona," arrived 
in the Arkansas Valley in 1901. Within a few years he farmed eighteen acres on 
which he grew melons, beets, and potatoes. Logan pumped water for his farm 
from the underflow with a gasoline powered pump. In 1906 he reported a profit 
of $1 1 000 on his various crops, a sizable amount of money in that era. Logan's 
testimony was consistent with stories told by others who irrigated small 
patches from underground sources (Logan, 1906) . 

The Federal Government and Irrigation on the Arkansas 

This persistent belief in the benefits of irrigation instigated further 
efforts to enlist government aid in the early years of the twentieth century. 
In 1903, the newly instituted United States Reclamation Service surveyed the 
Arkansas Valley in search of a site for a pumping station. The survey team, 
Reclamation Service hydrographer w. G. Russell and U.S.D.A. forester C. o. 
Sparks, came at the request of the Kansas congressional delegation and the 
state Legislature. After several months of measuring depths and temperatures 
of well water at various places along the river, the investigators concluded 
that the underflow originated, ". . from the rainfall upon the sandhills to 
the south and upon the bottomlands and plains to the north . " Moreover, Russell 
and Sparks noted that in times of flooding the Arkansas River contributed water 
to the underflow. Both investigators concurred that several thousand acres of 
land could be irrigated from underground sources (Russell and Sparks, 1904). 

The report of Russell and Sparks, in conjunction with intense lobbying of 
Kansas politicians, convinced Frederick Haynes Newell, Director of the 
Reclamation Service, of the necessity for providing the Arkansas Valley with a 
pumping station. In May of 1905, after a visit to the valley, Newell announced 
that construction would commence i n 1906. 

The pumping station was completed in the spring of 1908, costing the 
federal government $387,000 of which $56,000 had been provided by the state of 
Kansas. One Kansas newspaper (The Topeka Capital , 1905) noted in an anticipa
tion of modern concerns about private enterprise that the project placed, " .. 
. the government's engineers and experts, as wel l as a large sum of mone y, at 
the service of the people of the valley in pioneer development work for which 
private capital is not available, and the people who directly secure those 
benefits are to pay for those benefits." Reclamation Service officials 
expected to recoup the government's investment by charging the participating 
farmers for the construction and maintenance of the pumping station . The 
station served 121 farmers on 10,000 acres of land. Each of these irrigators 
had to pay the government $450 every year for a decade. In addition, farmers 
were to pay $3.00 per acre to be applied to the original cost of the plant and 
$2.00 per acre for maintenance of the pumps and ditches throughout the life o f 
the plant. The government expected the plant t o have paid for itself in f ive 
years after completion. Moreover, the Reclamation Service intended to char ge 
for the water whether i t was used or not . Thus, in periods of larger than 
normal rainfall the pumps would continue to operate al though the farmers had 
little need for the water. 

Apparently, valley farmers considered this policy, and its concomitant 



expenses, excessive. Reclamation Service pumps stopped within a year afte .1· 
completion of the project. In 1910, the Service offered another explanation of 
the plant's failure: 11 the fact that rainfall is usually sufficient to 
secure the maturing of fair crops has apparently lessened the desire of the 
landowners for an irrigation system, and payment of the Reclamation Service 
charges as they become due have not been made" (U. S. Reclamation Service, 
1910-1911) . In subsequent reports the Reclamation Service shifted the blame 
entirely to the farmers, saying in 1914: "The plant itself is not a failure 
but the people will not try to make it a success" (U. S. Reclamation Service, 
1914). In 1917, the Service dismantled the ill-fated pumps and sold all the 
equipment of the plant to private contractors (U. S . Reclamation Service, 
1917) . 

Conclusion--The Failure of Success 

The failure o f the plant was not surprising if viewed in the context of 
the history of water use in the Arkansas Valley . In periods of drought anxious 
farmers turned to irrigation for relief from the vicissitudes of nature. In 
periods of abundant rainfall farmers lost interest in irrigation because it 
seemed useful only in times of water scarcity. Rainfall was cheap while 
irrigation involved numerous expenses which increased with the size of the 
farm. owners of small farms employed the relatively inexpensive alternative of 
windpower to pump water from the underflow while large farms relied upon 
gasoline powered pumps at a cost which one government expert defined as 
"prohibitive" (Schlieter, 1906) . Moreover, adequate rainfall and rising 
commodity prices in the years 1904 to 1917 reinforced the resistence of both 
large and small farmers to the added expense of the government plant. Farmers 
wanted water at nature's price and eschewed the retail methods of the 
Reclamation Service. 

In 1906, the same year as the Reclamation Service commenced its ill-fated 
experiment on the Arkansas , the legal battle between Kansas and Colorado over 
the Arkansas drew to a close. Marsh Murdock, the influential edito r of the 
Wichita Eagle, testified for Kansas , contending that, "It was the big 
corporation ditches of Colorado that convinced us that in a little while we 
should have no water at all and the bed would be filled with shifting sands" 
(Complainant's Testimony, 1903) . In a demurrer (Colorado Demurrer , 1902) to 
the Kansas claim, Colorado 's attorney's argued that Colorado could ". 
wholly deprive Kansas and her citizens of any use or share in the waters of 
that river." 

Al though the high court denied Kansas a legally protected share of the 
river, Kansans continued to believe that the underflow originated in the 
Rockies and that they were entitled to a share of that purportedly 
inexhaustible resource . 

Almost a decade later United States Geological Survey hydrologist 0. E. 
Meinzer remarked that "the fact is well established that the supply of water 
does not come chiefly from the mountains as is popularly believed but from the 
rain and snow that fall on the Great Plains." Moreover, Meinzer (1914) 
stressed , "The supply that can be utilized in any locality is thus limited , and 
the development of the entire region to its maximum capacity requires that the 
pumping plants be widely distributed. " John Wesley Powell (1879) had 
sounded this note in the 1870s but it had fa llen o n d eaf ears . Old beliefs die 
hard, especially those whic h promise infinite abundance. 
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THE MONSOON OF THE AMERICAN SOUTHWEST 

John G. Hehr
1 

and 
1 

Ralph J. Merletti 

Introduction 

The word "monsoon" comes from the Arabic word "mausim" for season, and 
generally is associated with a seasonal shift of prevailing wind direction. 
The most commonly accepted definition of a monsoon among meteorologists centers 
about the requirement of at least a 120° shift in prevailing wind direction 
from one season to another (Tang et al., 1979). A seasonal wind shift of at 
least 120° certainly does occur in India and Southeast Asia. However, in 
recent years, the term monsoon has been loosely applied by both the news media 
and some meteorologists in reference to the summer precipitation regime in the 
southwestern United States. The purpose of this paper is to investigate the 
use of the term "monsoon" as it applies to the southwestern United States. 

Early Literature 

Much of the early literature concerning summer rainfall in Arizona 
centered on possible moisture sources and mechanisms by which moisture is 
advected into the r egion. Two possible moisture sources were actively 
discussed in the literature. Reed (1933), Jurwitz (1953), Bryson and Lowery 
(1955) , and Tubbs (1972) all discussed the mi d-continent upper-level 
anticyclone and the clockwise flow around it as a mechanism to advect Gulf of 
Mexico moisture into the Southwest at mid-tropospheric levels. Intense summer 
convection associated wi th the desert heat low would result in active 
cumulonimbus development and subsequent precipitation . It was also indicated 
that the position of the mid-continent anticyclone, which is changeable on a 
yearly basis , would probably control whether a particular summer would be wet 
or dry. 

A second possible source of moisture for the Southwest is the Gulf of 
California and eastern Pacific Ocean . Kalstrom (1952), Meigs (1955), and Hales 
(1972 and 1974) , discussed the Gulf of California and the eastern Pacific as a 
moisture source for the Southwest. Of particular interest was the role of 
tropical storms and possibly tropical cyclones as driving mechanisms to advect 
moisture into the region. It was also noted that the Gulf of California acts 
as a natural corridor for moisture, and that the thermal gradient between the 
southern Gulf region and the heat low over the desert to the north might result 
in moisture surges into the region. In the foregoing discussions the primary 
focus was centered on possible moisture sources and not on the possibility of a 
monsoon circulation existing over the Southwest. 

1 Department of Geography, University of Arkansas, Fayetteville , Arkansas 
72701. 
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The Monsoon 

Although the possibility of a true monsoon circulation over the Southwest 
was ~lluded to in the early literature, it was not until 1972 that Ingram 
seriously questioned the existence of the circulation (Ingram, 1972) • 
Thro~ghout his discussion, moisture advection into the region was of prime 
concern and the monsoon circulation was an indirect assumption. Ingram 
indicated that upper-level moisture from the Gulf of Mexico advected over the 
Southwest in the dry early summer constituted a "false monsoon." However, when 
that moisture was eventually supplemented by low-level moisture from the Gulf 
of California and the Pacific Ocean in mid-summer a "true monsoon" existed. No 
evidence was cited, however, to substantiate a true monsoon circulation . 

Evans (1983) continued the controversy concerning the existence of a true 
monsoon when he stated that "many people are rather skeptical of the term 
'monsoon' as it is used to describe the summer weather pattern in Arizona." He 
did, however, indicate that in late June or early July, mid-tropospheric winds 
shift from west to southeast, and in September shift from southeast back to 
west. If the shift that Evans describes occurs in a yearly cycle then a true 
monsoon circulation exists . The shift to a southeast wind direction apparently 
advects moist Gulf of California air into the Southwest providing a moisture 
source for the numerous summer showers over the region. 

Schmidli (1984) indicated that "in Arizona we have a marginal summer type 
monsoon, not nearly as intense as those in other places on the globe." He also 
noted that many individuals believe that it should not be called a monsoon. 
However, like Evans, Schmidli discussed the fact that seasonal wind shifts do 
occur over the region. Much of his discussion focused on the source and 
quantity of moisture advected into the region during the summer months. In 
fact, he indicated that "for statistical purposes, a monsoon day has been 
defined as a day with average dewpoints of ss°F or higher." The definition of 
a monsoon in this case does not conform to the traditional meaning. Schmidli 
also noted that typically a monsoon is initiated in late June or early July and 
ends in September with an average of 57 monsoon days occurring during the 
period. No evidence was cited to suggest that a true monsoon circulation 
exists over the Southwest. 

Tang and Reiter (1984) discussed the role of the North American western 
plateau and its seasonal heat budget in producing and maintaining a monsoonal 
circulation system. Their study area covered the entire western half of the 
United States but centered on the plateau which has an average height of about 
1500m. It was thought that the plateau surface presented a distinct winter 
cold source and a summer heat source. During the winter period they found that 
three distinct anticyclones develop over the cold plateau surface: one in the 
Four Corners region; a second over northern Nevada; and a third over California 
west of the Sierra Nevada Mountains. A trough of low pressure was found over 
the California-Arizona border region. The summer period was found to have 
three distinct cyclones situated over the warm plateau surface. The largest of 
the three develops over Nevada while the other two are found over the Great 
Salt Lake Desert and in the area of the Snake River Basin in Idaho. 

Resultant winds associated with the three winter anticyclonic centers 
conform to the clockwise rotation around these northern hemisphere systems. 



Thus, a westerly flow is associated with the poleward side of the highs and an 
easterly wind with the southern half of the systems. With low pressure 
centered over the Arizona-California border, the winter resultant winds over 
that region are west to southwest . During the summer period with cyclones 
positioned over the plateau, resultant winds flow basically in a counter
clockwise rotation. Thus, a southerly to southeasterly flow dominates the 
Arizona region. However, resultant winds over the entire western region were 
found to be in a semi-circular flow pattern around the flanks of the western 
plateau (Figure 1) . It appears that moist air is drawn into the intense heat 
low from the south and flows east and west around the flanks of the plateau. 
The moist unstable air drawn around the heat low apparently is the source of 
the intense convective showers so dominant in the summer climatological regime 
of the region . 

Conclusions 

SUMMER .MONSOON OVER THE WESTERN UNITED STATES 

Figure 1. Summer monsoon winds skirt the western 

plateau surface (after Tang and Reiter, 1984). 

The resultant winds associated with the cold plateau surface and its 
attendant anticyclones in winter and the warm plateau surface with its summer 
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cyclones apparently produce a definite monsoon circulation system. The work of 
Tang and Reiter agrees with the observations of Evans and Schmidli that the 
summer monsoon develops in early July and begins breaking down in September as 
the western plateau cools. The magnitude of the summer monsoon circulation 
around the flanks of the western plateau exceeds descriptions of the 
circulation by earlier researchers . Tang and Reiter conclude that the monsoon 
circulation of the western United States should be considered a reality, and 
that it influences summer weather patterns in particular to a far greater 
extent than previous researchers have suspected. 
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Objective 

AN EFFICIENT LOW-COST RECONNAISSANCE TECHNIQUE FOR 

MONITORING DROUGHT ENVIRONMENTS 
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Using Advanced Very High Resolution Radiometer (AVHRR) NOAA Polar Orbiter 
data, the objective ·of this study is to determine the suitability of the 
Normalized Difference vegetation index image analysis procedure coupled with 
the Comprehensive Analysis for Unitemporal Scene Evaluation (CAUSE) procedure 
for small-scale vegetation classification and drought monitoring of the U. S. 
Southern High Plains. 

U. S. Southern High Plains 

The portion of the U. S. Southern High Plains discussed in this paper 
encompasses the Llano Estacado and the per i pheral areas adja~ent to the Caprock 
of Texas and New Mexico (Figure 1 ) . This region (180,000 km ) is characterized 
by a semi-arid climate with highly variable interannual precipitation and a 
diversity of soils. The native vegetation is dominated by the grasses, 
primarily bluestems , buffalograsses , and gramagrasses (Hobbs , 1957), and 
smaller areas of brushland timber, such as sand shinnery oak and mesquite 
(Wel ls, 1984). Cultivated cro ps relying heavily on irrigation include cotton, 
sorghum, winter wheat, and corn. 

A variety of soils have developed from the action of current and past 
climates and vegetation patterns . Some are no more than veneers covering 
duricrust (caliche) bedrock and the sands of paleodunes or aligned sand ridges 
and deflation basins created during the late Wisconsin glacial stage . The 
primary soil orders and suborders are Alfisols (Ustalfs) , characterized as 
gently to moderately sloping, gray to brown soils having a medium to high base 
supply with subsurface horizo ns of clay accumulations, and warm, and inter
mittently dry for long periods; Aridisols (Orthids) , characterized as l ow in 
organic matter, pedogenic horizons, dry for more than six months of the year in 
all horizons, no horizon of clay accumulation, and gently to moderately 

1Lockheed Engineering and Management Services, Inc., Houston , Texas 77058 . 
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Figure 1 . Southern High Plains. 



sloping; and Mollisols (Ustolls), 
organic-rich surface horizons with 
long periods during the summers, 
1971) . 

characterized as having nearly black, 
a high base supply, intermittently dry for 
and gently to moderately sloping (Basile , 

The extreme variations in seasonal and interannual precipitation have 
historically made dry-land farming an uncertain venture. Normal precipitation 
ranges from 550 to 250 millimeters from east to west across the region (Wells, 
1984) , and during any one year precipitation can fall as low as 50 percent of 
normal. One and two-year droughts are common, although longer droughts are not 
uncommon (Hobbs, 1957; Johnson , 1957). The prolonged drought or "Dust Bowl" of 
the 1930' s lasted for almost a decade. It is often remembered for Black 
Sunday, April 14, 1935, when walls of dust driven by hurricane-force winds 
descended on towns such as Dalhart, Texas, and Beaver, Oklahoma, leaving behind 
a desert-like landscape. 

During the late 1930' s, the Soil Conservation Corps initiated several 
conservation practices, including the retirement of marginal land from 
production, strip-row planting, windbreaks and contour plowing. Recently 
however, with the expansion of American farm exports, specul ators and some 
ranchers have cut down windbreaks and plowed thousands of hectares of fragile 
grasslands in an effort to increase production for foreign markets (Gibbons, 
1984). The rapid escalation of the use of center-pivot irrigation systems 
almost exclusively on marginal lands may also lead to environmental problems. 
Anal y s is of NOAA meteorological satellite imagery indicates that low-frequency 
but high-magnitude dust storms are traceable to areas of intensive center-pivot 
irrigation, such as the Portales Valley , New Mexico. The beds of the Ogallala 
aquifer, the primary source of irrigation water, are shallow throughout this 
region, and are subjected to overdrafting at several times the rate of natural 
recharge. This rapid depletion may force the abandonment of 20 percent of the 
irrigated land of the Llano Estacado during the next 15 years , and will pose 
additional problems as abandoned center-pivot fields are exposed to wind 
erosion prior to revegetation (Wells, 1984). 

Advanced Very High Resolution Radiometer 

NOAA Polar Orbiter Advanced Very High Resolution Radiometer (AVHRR) data 
forms the nucleus of the low-cost reconnaissance technique for monitoring land 
use in a drought environment . These sun-synchronous satellites of the TIROS-N 
series orbit at an altitude of 850 km . At the time of writing, only NOAA-6 
(launched June, 1979) and NOAA-7 (launched June, 1981) are in operation. Local 
equatorial crossing times are 0730 (descending) and 1930 (ascending) for NOAA-6 
and 0230 (descending) and 1430 (ascending) for NOAA-7. Orbital periods are 102 
minutes with 14.l orbits per day. The onboard AVHRR has a scanning 
configuration of +/- 56 degrees from nadir through an instantaneous field of 
view of about 1. 4 milliradians. This yields an average ground resolution of 
about 1.1 km. The wide swath width provides effective repeat coverage every 
one-half day. Data pixels stored on computer compatable tapes (CCTs) are 
10-bit digital counts with values ranging from 0 to 1023 (1024 quantizing 
levels). The calibration coefficients, solar zenith angles , and earth location 
data are embedded within each scan line. These CCTs can contain a scene 
approximately 2048 km wide and can be purchased for about $100.00. The AVHRR 
of NOAA-6 has four spectral channels while NOAA-7 has five: the visible (0.58 
to 0.68 micromete r s ), the n ear infrared (0.73 to 1.10 micrometers ) , the 
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mid-infrared (3.55 to 3.93 micrometers), and two thermal infrared (10.5 to 11.5 
and on NOAA-7, 11.5 to 12.5 micrometers). The visible and near infrared bands 
of the AVHRR sensor have been shown to be spectrally similar to the Landsat 
multispectral scanner (MSS) red and near infrared bands (Tucker et al., 198'1; 
Cicone and Metzler, 1982) . Correlations also exist between the AVHRR and the 
Landsat Thematic Mapper (TM) in the visible, near infrared, and thermal 
infrared bands. 

Analysis Techniques 

AVHRR - Local Area Coverage (LAC) one km data are processed acco·rding to 
the Normalized Difference (ND) vegetation index utilized by Townshend and 
Tucker (1984) and the Comprehensive Analysis for Unitemporal Scene Evaluation 
(CAUSE) procedure developed by Cate et al. (1983) . Simulated false color 
infrared images are processed for additional support of scene interpretations. 
The Normalized Difference vegetation index may be expressed as: 

(Near Infrared band - Red Visible band) 
(Near Infrared band + Red Visible band) 

ND is frequently highly correlated to green leaf biomass and leaf area index 
(Townshend and Tucker, 1984) and is often used to monitor large areas of 
vegetation. 

The principal goal of the CAUSE procedure is to produce a consistent color 
representation for surface features reg.ardless of differences in illumination 
and background. First, each waveband. measurement of each picture element 
(pixel) for the visible, near infrared and thermal (10.5-11.5 micrometers) 
spectral bands is divided by the mean values of a moving window (161 by 161 
pixels). The quotients are multiplied by 5, and the values are transformed to 
a cyclindrical system whose components are hue (color) , value (brightness) , and 
chroma (saturation) . The color space is then subdivided, resulting in the 12 
color categories or strata described in Table 1. 

The individual vegetation and soil features within this nonparametric 
approach may be more stable from scene to scene than those discerned using the 
mixed biomass reflectance of the ND color tables. Livingston et al. (1984) 
recently tested the discrimination of landscape features using AVHRR - LAC data 
utilizing standard unsupervised and stipervised classification techniques (e.g.~ 

CAUSE, ND, and Bayes classifier). Four sites in the central Mississippi 
drainage basin were investigated. Mid-July, 1980, NOAA-6 AVHRR data were used 
in the analysis. Classification results for agriculture versus forest 
indicated that the Normalized Difference may be less reliable for land cover 
classification than linear combinations of scene mean normalized band values. 
The separability accuracies ranged from 85 to 91 percent for these limited 
observations. 

The CAUSE algorithm examined has undergone substantial modification since· 
the analysis of Livingston et al. (1984). Although they did not develop a 
labeling strategy, attempts were made to examine the stability of the CAUSE 
strata within and between scenes. Stability within a scene was high for single 
class labeled pixels of forest and agriculture. However, differences in the 
composition of CAUSE strata between scenes were observed. CAUSE was also 
analyzed by Clark et al. (1985) using the Huron National Forest of Michigan as 



CATEGORY 

Light Purple 

Dark Purple 

Light Red 

Dark Red 

Light Orange 

Dark Orange 

Light Yellow 

Dark Yellow 

Light Green 

Dark Green 

Light Blue 

Dark Blue 

Table 1. AVHRR/CAUSE Color Category Interpretation 

CHANNEL VISIBLE 
RANKING LEVEL 

4/2/l Average 

4/1/2 Dark 

1/4/2 Light 

1/4/2 Average 

1/2/4 Light 

1/2/4 Average 

2/1/4 Average 

2/1/4 Dark 

2/4/1 Dark 

2/4/1 Very Dark 

4/2/1 Dark 

4/2/1 Very Dark 

NEAR IR 
LEVEL 

Dark 

Dark 

Dark 

Very Dark 

Light 

Dark 

Light 

Average 

Light 

Average 

Average 

Dark 

THERMAL 
LEVEL 

Warm 

Average 

Warm 

Average 

Average 

Very Cool 

Average 

Very Cool 

Cool 

Cool 

Warm 

Cool 

COMMENTS 

Rare 

Dark soils; conifers; 
water mixtures 

Dry, light soils; 
urban areas 

Moist, light soils; 
urban areas; turbid 
water 

Dry vegetation; silt/ 
sand; cool clouds 

Rare 

Green/non-green mixtures 

Rare 

Smooth , green vegetation 

Broad leaf trees/shrubs 

Rare 

Needle leaf trees/shrubs 

the test site. The CAUSE strata in terms of boundaries and contents corre
sponded to the United States Department of Agriculture , Soil Conservation 
Service, Major Land Resource Areas (MLRA' s) , physiographic provinces , soil 
maps, and major land cover types (e.g. , an r - square of 0.93 resulted from the 
comparison of USDA Forest Service Michigan county statistics of forest types 
and nonforest estimates with similar CAUS E categories) . 

Prior to application of either the ND or CAUSE techniques, the AVHRR data 
are mapped to an Alber ' s Equal Area Projection. This is accomplished through 
the use of the mapping and resampling algorithms o f the ICARUS technique 
developed by Boatright and Bradley (1984) at the NASA Johnson Space Center. 
The image-to-map registration is accomplished iteratively with the nearest 
neighbor approach utilized for re sampling the geometrical ly corrected data. 
Other map projections, as well as o ther sensor data (e.g. , Landsat Thematic 
Mapper and multispectral scanner) , may also be used with the ICARUS system. 

71 



72 

Analysis of the Results 

The authors would have preferred a more quantitative examination of 
results, but this was impossible because of the abolishment of the Earth 
Sciences and Applications Division at the Johnson Space Center and the 
subsequent lack of funding. What follows is a somewhat mor e qualitative 
approach based upon a visual analysi s of the various image products and the 
authors ' general knowledge of area land use. 

Simulated color infrared, Normalized Difference, and CAUSE products were 
generated for two AVHRR scenes, collected on May 10, 1984, and August 18, 1984. 
The 12 CAUSE color categories (Table 1) for comparison purposes were grouped 
into rangeland, cropland, water (CAUSE color black), and clouds (CAUSE color 
white) . Rangeland consists of the CAUSE color categories light and dark 
purple, red and blue; cropland consists of the light and dark orange, yellow, 
and green. Following this grouping of land uses, the percentages of each land 
use for each scene were compared to the Major Land Resource Area encompassing 
the Llano Estacado, MLRA 77. 

Major Land Resource areas are geographic regions characterized by 
particular patterns of soil2, climate, water resources, and land uses. MLRA 77 
encompasses 126,264.82 km and is broken into nine distinct land uses: 
Cropland (50.03%), rangeland (44.51%), forest (0.04%), pasture (0.17%), rural 
transportation (1 . 52%) , minor land use (1.16%), urban and built-up (1. 08%), 
federal lands (1.35%), and water (0.15%). These were regrouped by the authors 
into four categories: rangeland, cropland , other, and water . Forest , pasture , 
federal lands, and rangeland were recategorized as rangeland , while rural 
transportation, urban and built-up, and minor land use areas were termed other . 
The CAUSE classifications are within four percent of t he small-scale MLRA 
estimates shown in Table 2. 

Table 2. Comparison of Land Use Classification Accuracies : 
CAUSE Versus MLRA 77 Land Use Estimates 

CAUSE 
Classification (%) 

Acquisition MLRA 77 

Land Use May 10 August 18 Estimates 

Rangeland 45 . 6 50.1 46 . 1 

Cropland 48.4 49 . 5 50.0 

Other 3 . 8 

Water 0.0 0.1 0.1 

Clouds 6.0 0.3 

(%) 



No classification comparisons were made using the Normalized Difference 
vegetative index. However, the distribution of colors used to indicate healthy 
biomass for the ND products did correspond well visually t o the red areas 
indicating heal thy vegetation on the simulated color infrared images and to 
areas of irrigated farmland known to the authors and photographed by other 
orbital remote sensing platforms producing images with higher ground 
resolution, such as the Skylab multispectral camera. 
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SURFACE EVAPORATION FROM RESERVOIRS ON THE ELM FORK OF THE TRINITY 

RIVER, TEXAS: IMPACT ON THE WATER BALANCE AND WATER SUPPLY 

John M Harlin
1 

and 
2 

Robin Stark 

Introduction 

Each day 40, 000 billion gallons (bgd) of atmospheric moisture pass over 
continental United States . Approximately 10 percent of this atmospheric 
moisture reaches the surface as precipitation (4,200 bgd). Evaporation 
consumes 65 percent (2,765 bgd) of the total precipitation, leaving 1,435 bgd 
for surface runoff, subsurface runoff, and consumptive use (U.S. Water 
Resources Council, 1978). At the present time there is a surplus of water for 
the continental United States; unfortunately this surplus is not distributed 
uniformly across the country . Regions with low and erratic precipitation often 
have much higher losses to evaporation and transpiration than regions with 
more, and less variable, precipitation . A significant portion of the Southern 
Plains, for example, has higher potential for evapotranspiration than total 
water received as precipitation . Rapidly increasing population in this area of 
the Sun Belt has strained naturally occurring ground and surface water 
resources to such an extent that extensive reservoir systems are now necessary 
to support the consumptive use in and around urban centers. 

Figure 1 illustrates the reservoir system surrounding Dallas, Texas. 
Several tributaries of the Trinity River converge near Dallas, and with no 
natural lakes occurring, reservoirs have been constructed for water supply, 
flood control, recreation, and navigation. Much of the surface flow from 
extreme flow events in the Trinity resulting from intense storms and humid 
years is detained by the reservoir system . Without the reservoirs in place a 
good portion of the high flow events would be lost, for any potential use, to 
excessive runoff to the Gulf o f Mexico . For example, flows approaching 80,000 
cubic feet per second (cfs) occurred in the Elm Fork of the Trinity River four 
times between 1924 and the c onstruction and filling of Lewisville Reservoir in 
1957. Since 1957 maximum flows have been held to under 10 , 000 cfs. Flow 
values were measured at a United States Geological Survey gage (USGS 0805500) 
near Carrollton, Texas 0 . 5 km downstream from the confluence of Denton Creek 
(draining Lake Grapevine) and the Elm Fork of the Trinity. 

While reservoirs function to smooth hydrographs by reducing high flows and 
increasing low flows, there is a negative aspect in regard to water development 
and supply--the evaporation from the lake surface is much greater than the 
evapotranspiration from a vegetated canopy. Thornthwaite (1948) calculated 

1 
Department of Geography, North Texas State University, Denton, Texas 

76203. 

2
Institute of Applied Sciences, North Texas State University, Denton, 

Texas 76203. 

75 



76 

potential evapotranspiration for Dallas, Texas as 40 inches per year. 
Eagleman's (1967) method for calculating potential evapotranspiration produces 
a value higher than Thornthwaite, or 65.61 inches annually. However, the 
average annual precipitation for Dallas is only 35 .17 inches, thus actual 
evapotranspiration must approximate 35 .17 inches annually . Once a reservoir 
occupies a portion of the water shed that was formerly covered by vegetation, 
the figures for evaporation increase dramatically. The 1980 appraisal of 
natural resources in the United States prepared by the United States Department 
of Agriculture (1981) places evaporation from reservoir surfaces in the Dallas 
region at 65 inches annually. The difference between evaporation from the 
Lewisville Reservoir surface at conservation pool (22, 970 acres) and 
evapotranspiration from the same surface, but occupied by a vegetated canopy, 
is 60,717 acre-feet per year. To place this figure in perspective, the average 
annual withdrawal from Lewisville Reservoir by Dallas post-1960 is 80,656 acre
feet per year. 
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Figure 1. Reservoir System Near Dallas, Texas. 

The purpose of this research is to assess the magnitude of lake surface 
evaporation loss from Lewisville Reservoir and Lake Grapevine, and examine the 
impact this loss may have on average yearly flows in the Elm Fork of the 
Trinity River. A covariance model will establish the relationship between mean 
annual precipitation and Elm Fork flow before and after the reservoir system is 
in place. The water balance of the Elm Fork watershed will soon be influenced 
by another reservoir. Closure of Lake Ray Roberts (Figure 1) occurred in 1984 
and the lake is slated to fill soon after 1990. Projections of flow in the Elm 
Fork for given precipitation events, along with the associated probabilities, 
will be possible, after Lake Ray Roberts is at conservation pool. 



Development of the Elm Fork of the Trinity River 

The Trinity River and its principle tributaries--the Clear, East, Elm, and 
West Forks--flow from northwest to southeast from Archer County, through Dallas 
County, and finally to the Trinity Bay on the Gulf of Mexico. In the upper 
reaches of the Trinity River Basin the tributaries are supplied only by 
rainwater and runoff, and as a result base flow disappears during dry weather. 
In the Dallas-Tarrant County area, base flow can be over 90 percent waste water 
effluent when rainwater is scarce {Trinity River Authority, 1974). 

Until the drought of the 1950's, groundwater reserves were the only source 
of fresh water for the smaller communities of the upper Trinity Basin. When 
Dallas and Fort Worth were first settled water was collected from cisterns, 
wells, surface springs, and as a last resort from the Trinity River. As 
population increased it became obvious that other water supplies had to be 
developed. White Rock Lake was created in 1909. It was believed at the time 
that White Rock would assure Dallas a water supply for 100 years of growth 
(Durham, 1976) . Soon, however, a dam was constructed across Denton Creek on 
the Elm Fork and Lake Dallas was filling by 1928 . By 1940 it was again 
apparent that more water was necessary for drinking supplies, and in 1952 Lake 
Grapevine was constructed . In 1953 Lake Dallas was expanded to become 
Lewisville Reservoir, with filling completed during the 1957 flood. Hence, 
prior to the mid-1920' s flow in the Elm Fork was unaffected by reservoir 
storage, and after 1960 t he discharge at the Carrollton gage was influenced by 
both Lake Grapevine and Lewisville Reservoir. 

Flow Model and Projections 

The reservoir system will obviously function t o reduce maximum flows and 
increase minimum flows in the Elm Fork. However, if one assumes that total 
water entering the Elm Fork basin as precipitation has remained stationary 
through time, and furthermore, if reservoir surface evaporation and Dallas 
withdrawals have had no effect , then total water leaving the Elm Fork basin 
should remain relatively constant . The city of Denton, Texas provides the most 
optimum location for assessing precipitation near Lewisville Reservoir and Lake 
Grapevine. Denton is l ocated just to the west of Lewisville Reservoir. 
Precipitation data are available for Denton from 1913. Mean annual 
precipitation was 36 .16 inches prior to 1924 , and was 37.06 inches from 1961 to 
1980. Linear regression shows no trend in the precipitation data, and no 
significant periodicity is present when the data are subjected to Fourier 
Analysis. Data are highly variable, however, with t he coefficient of variation 
equal to 0. 251. 

Discharge at the Carrollton gage prior to 1924 (pre-reservoir con
struction) was 606 , 706 acre-feet per year. After 1960 (post-reservoir 
construction) average annual discharge is 460,916 acre-feet. A portion of the 
difference between pre- and post-reservoir flow can be explained by the 
difference between canopy evapotranspiration and lake evaporation. The 
combined surface area of Lake Grapevine and Lewisville Reservoir is 30, 345 
acres. The difference between l ake and canopy evaporation is 2 . 64 feet per 
year, hence additional water l oss after the reservoirs are in place will be 
80,212 acre-feet per year. Subtracting this value (80,212 acre-feet) from the 
difference between pre- and post- reservoir flows leaves 65 , 5 78 acre-feet per 
year. Subtracting Dallas' withdrawal from the 65 ,578 acre feet leaves -15,078 

77 



78 

acre-feet per year. Given post-1960 average flow of 460., 916· acre-feet,, the 
error is 3. 27 percent . ('Denton.' s municipal water use is returned to the Elm 
Fork system before the Carroll ton gage, as are other uses in Denton County. . ) 
Perhaps the lake surf.ace evaporation figures should be adjusted: downward . The' 
source of er:i:or,. however,. is mul.tidimentional. For example,, reservoir 
management, changes in reservoir pool. elevations and sur.face area exposed to 
evaporation,. and changing land use patterns in the watershed are just a f ·ew of 
the factors which m·ight influence discharg.e. Thus, an error of 3. 27 percent is 
not unexpected. Hence,. one must assume that the· lake evaporation values. 
published in the literature must closely approximate the· •·real wor.ld' 
situation . 

Developing. accurate input-output designs to establish a water balance for 
any reg.ion is a dif·ficult task. at best, and most p:r:obably impossible. 
Thornthwaite· noted many difficulties in 1948 and. since that time severa.l 
authors (e . g.,. Eagleman, 1967; Hall, 1971.; Morto:n.,. 1975;. Morton, 19.83.; Harlin, 
1984) have underscored the complexity associated' with developing· evapo-· 
transpiration values, and calculating· the plethora· of inputs necessary for 
rainfall-runoff models. This research proposes a s.implistic, two-variable 
model to project Elm Fork flow at given levels. of precipitation based upon 
historical data. The original two-variable model is expanded using a 
covariance scheme employing criteria variables resulting from the introduction 
of reservoirs in the Elm Fork watershed. The covariance model is constructed 
to establish linear chang·es in discharge with variable precipitation before, 
during, and after reservoirs are placed in the Elm Fork basin. The model: 

Q = a + b
1

P + zlDl + z2D2 + z
3

D
1

P + z
4

D
2

P + e· (1) 

where, Q = annual discharge; p = annual precipitation; 

Dl = 0, and D2 = 0 if year l.924; 

Dl = 1, and 02. = 0 if year 1960; and 

Dl = 0, and· D2 = 1 if year 1957 and 1923' 

proved significant at the . 0001 level. Coeff.icients derived during reservoir 
construction (1923 to 1957.) were insignificant. This is not surprising a·s 
during this time Lewisville Reservoir and Lake Grapevine were filling. and two 
major droughts occurred in the region. Figure 2 presents· the linear increase 
in discharge prior to 1924 and post 1960 based upon the model in equation (1) . 
The model provides the following with mean annual precipitation in Denton, 
Texas (33.28 inches). 

1) Mean flow prior to reservoirs 597,340 a-f/yr 
2) Mean flow after 1960 425,121 a-f/ yr 
3) Difference in 1 and 2 172,219 a-f/ yr 
4} Difference in lake vs . canopy evap. -80,212 a-f/ yr 
5) Dallas use from Lewisville Res . -80,656 a-f/ yr 
6) Error (2.67% of post-1960 flow) 11, 351 a-f/ yr 



1,S00,000 • • 
• 

1,500,000 

1,400,000 • 
1,300,000 • • • 
1,200,000 

1,100,000 • 
1,000,000 

... 900,000 
0 • w,.. 

800,000 <!) ... 

~ 8. 
x- 700,000 0 • 
Cl) ~ 
0 ! 600,000 

u .. 
500,000 

400,000 

300,000 

200,000 

100,000 

0 

17 19 21 23 Z5 27 29 :si 33 35 SI' 39 41 43 45 47 49 51 53 55 57 

PRECIPITATION (inches) 

Figure 2. Linear Increase in Discharge 

Lake Ray Roberts will add an additional 
the Elm Fork watershed sometime after 1990. 
loss of 77 , 484 acre- feet per year. However , 
still be substantial. 

1) Mean flow post-1960 

(Pre-1924 and Post-1960) . 

29,350 surface acres of water in 
This will result in an additional 
flows at mean precipitation will 

2) Less Lewisvil le Res. and Grapevine loss 
425,121 a-f/ yr 
344,909 a-f/ yr 
267,425 a-f/yr 
186 , 769 a-f/ yr 

3) Less Lake Ray Roberts 
4) Less Dallas average use (1960 to 1980) 

Thus , 186 , 769 acre- feet per year remain in flow at 33. 28 inches of annua l 
precipitation. 

Conclusions 

If Dallas population doubled, and the resulting demand on the Elm Fork 
inc reased in proportion, flow would be able to sust ain the increased demand at 
mean annual precipitation. However, for the Elm Fork watershed one year in ten 
ha s 24 inches of p r ecipita tion or less . The mode l in equatio n (1) produces 
205,974 acre-feet of annual flow at 24 i nches of precipitation. With t he 
additional loss from Lake Ray Roberts , the water available falls to 128 , 392 
acre-feet per year. Dallas withdrew 99 , 200 acre- feet from the Lewisville 
Re s ervoir i n 1979. Obviously, a c ombination of continued growth , and a 
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sustained drought may possibly necessitate interbasin transfers should all else 
remain equal. 

The authors wish to reiterate that the sources of statistical ·error noted 
previously will .operate within the covariaJllce model. These sources of error 
include: -(1) measuring precipitation at one point in the watershed: (2) 
reservoir manag.ement: (3) changes in reservoir pool elevation and surface area 
exposed: (4) basin abstractions such as soil moisture storage: '(51 .cha.nges in 
w.atershed surface due to changing land use: (6) water table fluctuations due to 
pumpage: and (7) the relationship ma·¥ not be linear. Further., while the 
findings note enormous losses due to reservoir surface evaporation, and 
reasonably high reductions of flow in the Elm Fork of the Trinity River, there 
is still sufficient discharge available to sustain considerable growth in the 
Dallas area. 
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ESTIMATING RECHARGE TO THE SEYMORE AQUIFER 

1 
Kent M. McGregor 

Introduction 

In the frequent debates concerning management options for groundwater 
supplies, attention is usually focused on declining water levels and ways to 
prolong the "life" of the aquifer as if it were a non-renewable resource. In 
many aquifers which receive little or no recharge from the surface, this is 
indeed the case--the water is being mined with essentially no replacement. 
However, there is another type of aquifer which does receive all recharge from 
the surface, and this amount is sufficient to raise water levels even when 
pumped for irrigation. This can occur not only in humid climates, but 
relatively arid climates as well. 

The Seymore aquifer in Haskell and Knox Counties of North Texas is the 
latter type of aquifer. Essentially all of the recharge for the Seymore 
aquifer occurs from precipitation falling at the surface. Furthermore, there 
are many wells in which the water levels have actually risen in the last 50 
years. This paper will discuss in general terms the water budget for the 
Seymore aquifer and also predict recharge using a measure of climatic 
variability called the Palmer Index. 

The most important characteristics of the Seymore aquifer are summed up in 
Table 1. It is a relatively shallow aquifer with the water bearing layers 
composed of sands and gravels of · Pleistocene age. The confining strata are 
commonly called "red beds" and are predominantly red and silty shales of 
Permian age (Harden, 1978). 

Table 1 

The Seymore Aquifer 

Location . . . 
Area . . ... 
Irrigated area 
Depth to water 
Saturated thickness 
Precipitation 
Precipitation contributing to recharge 
Potential evaporation 
Recharge ... . 
Pumpage ... . 
Transmissivities 
Yield . . . . . 
Rate of horizontal groundwater flow 

Haskell and Knox Counties, Texas. 
274,500 acres. 
105,000 acres. 

10-50 ft. 
20-40 ft. 

24"/ yr. 
. 2. 3"/ yr. 
40-68" / yr. 

50,000 acre-ft. / yr. 
25,000 to 65,000 acre-ft. / yr. 

20,000 to 300,000 gal. / day/ ft. 
270 to 1,300 gal. / min. 

800-1,200 ft. / yr. 

1 
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For an aquifer to receive significant recharge from the surface, two 
requisites are necessary. There must be times when there is s ome excess 
moisture available for infiltration down to the groundwater table (Whittemore 
et al., 1982). The second requisite is that the soil and other materials 
overlying the water-bearing materials must be permeable so that excess moisture 
can penetrate through the subsoil to the water-bearing layer. Generally, this 
implies sandy soils and unconsolidated subsoil layers. 

The Seymore aquifer possesses both the proper climate and soils. The 
annual precipitation in this part of north Texas is about 24 inches . 
Approximately 75 percent of the precipitation occurs from April through 
October . The most surplus water for recharge is available in May when 3-4 
inches of precipitation may fall and soil moisture has not been depleted by the 
high evaporation rates of the summer. Depending on how it is calculated, 
potential evaporation is a low of 40 inches per year (Thornthwaite, 1948) or a 
high of 68 inches (Eagleman, 1976). However, climatic conditions vary 
considerably from year to year and even month to month. The occasional wet 
periods, whenever they occur, provide most of the r e charge to the aquifer. 

In the most detailed study to date, Harden and Associates (1978) estimated 
the recharge to the Seymore aquifer at 50,000 acre-feet per year with pumpage 
currently ranging from 25,000 to 65,000 acre-feet per year. Since pumpage for 
irrigation and human uses was considerably less in the past, 50,000 acre-feet 
per year has been sufficient water to cause the water table to rise. What, 
exactly, accounts for the rise of the water table that has occurre d over the 
past 50 years? As more land was cleared f o r cultivation, removal o f the native 
grasses and destruction of their highly developed, deep root systems decreas ed 
the amount of water lost to evapotranspiration . This is especially true during 
the early part of the growing season before crops are well establis hed. 
Precipitation is most effective then and a surplus can infiltrate to the water 
table . In addition, terracing and contouring of the cultivated lands have 
helped retain more water on the land and decrease surface runoff . The land 
surface is characterized by a gene ral lack of surface drainage, which als o 
indicates high rates of infiltration. 

Recharge is not uniform over the entire aquifer area. The highes t rates 
of recharge occur in the western part of the aquifer where the soils are sandy 
and deep, representing the Miles-Spring and Grassfield:-Spri nge r a s sociations 
(Rogers and Risinger, 1979; Mowrey, 1961) . Wells in this are a have shown the 
greatest rise in water levels since 1920. 

Given the attributes of the Seymore aquifer discussed above, it is an 
excellent site in which to study the recharge proce ss. The methodology 
involved in recharge studi es runs the range from extremely simple to extremely 
complex. In many recharge studies an elaborate metho dology is e mployed usually 
incorporati ng a c omplicated geohydrological model (Lohman, 1979; Knowles e t 
al., 1972) . However, the small size and shallowness of the Seymore and the 
fact that virtually all r e charge come s from precipitation made it an ide al t e st 
site for simple r approaches which have worked well in o ther s tudie s 
(Sophocleous, 1981; Whittemore et al., 1982). 

Methodology and Results 

The methodology used in this study involved correlating the Palme r Inde x 



(Palmer, 1965) with changes in water level under the assumption that the water 
table should rise during or shortly after a wet climatic episode. This may 
appear more complicated than using precipitation values, but using the Palmer 
Index actually is a simpler methodology. The Palmer Index is available on a 
monthly basis for every climatic division in the country. It is a measure of 
monthly climatic conditions over a given area in terms of departure from what 
is normal for that time and place . It is basically a modulated soil moisture 
budget with an elaborate indexing procedure to insure comparability across 
space and time. Typical values of the index range from +4 for wet periods to 
-4 for extreme drought. If conditions are normal the index has a value of 0. 
During the 1950 to 1976 study period, the highest annual value was 3.59 in 1968 
and the lowest annual value was -4.22 in 1956. 

The methodology was divided into two parts. The first involved cor
relation between annual values of the Palmer Index and the annual average 
c hange in water level for the aquifer as a whole. Multiple regressions were 
also computed using the annual Palmer Index and annual pumpage to predict 
changes in the annual mean water level. This might be called the macro 
approach in both a temporal and a spatial sense. The behavior of individual 
wells is ignored in order to measure change in the entire aquifer. 

The second approach involves correlating the Palmer Index with the depth 
to water in individual wells . This is a more elaborate methodology using 
statistical p rocedures to determine the lag time between a wet or dry period 
and the time water level changes are detected . Unfortunately pumpage could not 
be included because these data are not readily available for individual wells. 
The portion of the study incorporating this methodology is not yet complete. 

TABLE 2 

Correlations and Regressions 

Variables 

Palmer Index and Water Level Change in Knox Co 
Pumpage and Water Level Change in Knox Co 
Palmer Index and Water Level Change in Haskell Co 
Pumpage and water Level Change in Haske ll Co . 
Palmer Index and Water Level Change for Whole Aquifer 
Pumpage and Water Level Change for the Whole Aquifer . 

Regression results 

Water l evel as explained by the Palmer Index and Pumpage 

Whole Aquifer, Y 
Knox County, Y 
Has kell County, Y = 

-2.38 -0.927Xl -0.184X2 
-2 .05 -0.739Xl -0.106X2 
-0.33 -0.188Xl -0.075X2 

r value 

. -.545 

. -.698 

.-.169 

.-.542 

.- . 423 
. . - . 722 

variance explained 
adjusted for 
degrees of freedom 

64.4% 
72 . 7% 
25.6% 
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Results and Discussion 

The results of the statistical procedures are summed up in Table 2. There 
are several reasons why this procedure did not have greater explanatory power. 
The Seymore aquifer is characterized by highly heterogeneous materials in terms 
of particle, size, depth, etc. A regional climatic index, such as the Palmer, 
while integrating a number of relevant climatic attributes, cannot account for 
the variations in soils and underlying materials which affect both the vertical 
and horizontal movement of water . A second reason is that the effect of 
pumping can greatly alter the water level observed in wells due to the 
interacting cones of depression. A third reason has to do with the con
figuration of the confining layer of · "red beds." These deposits were at the 
surface for sufficient time for them to have developed their own stream 
network. These channels were later buried by alluvial deposits which 
constitute the Seymore Formation. These channels are aquifers in their own 
right and, consequently, differ in their hydrologic character from the Seymore 
aquifer above. 

Conclusions 

It is clear that water level fluctuations in the Seymore aquifer, as a 
whole, are significantly correlated with climate as measured by the Palmer 
Index and, of course, the amount of water pumped for irrigation. The 
explanation of nearly two-thirds of the variance in water level with only two 
variables provides a useful first-cut predictor of recharge and draw down. 
Given the number o f variables which ultimately influence water levels in wells, 
the strength of the association using only two predictor variables is an 
important finding. However, a word of caution is in order because the same 
variables that appear to be useful in one situation, Knox County, are much less 
useful in another situation, Haskell County . The next phase of the research 
will involves a site specific approach using data for individual wells which 
should clarify some of the discrepancies above. 
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EFFICIENT ALLOCATION OF LAND USES ON ARID OR 

SEMI-ARID PUBLIC LANDS 

Introduction 

1 
. 1 

Joe A. Diemer, 
. .1 Dino Francescutti 

and 
1 

Frank A. Ward 

There are numerous urban concentrations in the Southwest and western 
United States which border on arid or semi-arid public lands. These public 
lands are variously suited for commodity and amenity production uses such as 
hunting, hiking, recreational vehicle driving, and cattle grazing. In varying 
degrees these uses are perceived by users to be incompatible with each other. 
The conflicts which arise can result in a reduction of the aggregate net social 
benefits derived from these public lands which are readily accessible to urban 
residents. 

This study discusses the development of a model which allocates public 
land to different use designations with the objective of optimizing net social 
benefits subject to activity incompatibility, budgetary, and physical resource 
constraints. Demand and benefit functions are developed for a system of 
multiple sites and activities. Finally, an optimizing procedure is employed to 
determine the optimum allocation of activities to the several parcels in the 
specified resource base for a specific population level. 

Model Development 

Optimal land use allocation has been a matter of interest for many years. 
Previous research has mainly focused on pure location-allocation problems in 
urban areas. Heuristic mathematical programming models have been proposed to 
solve complex problems of this nature (Los, 1979; Hopkins and Los, 1979). Few 
studies which address land use allocation have considered the economic impact 
of non-market activities. Hof and Loomis (1983) proposed a basic optimization 
procedure for recreational areas, that solved for the mix of inputs (travel and 
recreation sites) and the level of final output (recreation visitor days) that 
maximizes social benefits. However, no research has been identified which 
addresses the problem of the allocation of public open space bordering urban 
concentrations. Lack of such information inhibits efficient planning for use 
of those otherwise uncommitted natural resources. 

Theory 

The development of a 
specification of consumer 
of recreational options. 

land allocation model of necessity requires a prior 
(visitor) behavior when presented with a complex menu 
A complementary situation exists with respect to the 

1
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specification of an objective function for the land management entity charged 
with management of the respective sites. 

Following Hanemann (1982) , suppose that b represents the amount of the 
kth (objectively measurable) quality characteristic associated with a visit to 
site i, where k=l, . .. ,Kand i=l, .. . ,N and let · b be an index of the ith site's 
overall quality, some function of (b , ... ,b). 

Assuming that the representative visitor's utility function vari·es with 
visits and the quality index b at each of the N sites, that quality dependent 
utility function would be : 

where x . is the visit rate to the ith site, and .z measures the consumption 
level ol" the Hicksian composite, "all other goods." Viewing the visitor as one 
who minimizes the expenditures required to achieve a given level of utility, 
the solution to the expenditure minimization problem gives rise to the N 
compensated site demand functions: 

(2) 

where u
0 

is the utility level reached under "initial" price, quality., and money 
income levels. Thus (3) is the Hicksian compensated site demand system (HCDS). 

The expenditure function defines the minimum value of expenditure (E) 
0 

required by the recreationist , unde r any price or quality r egime, t o r ea ch u 
E (p

1 
, ... p ; b

1 
, . . . b ; u

0
) is computed as the sum of c ompens ate d d e mands in 

(2) multip~ied by th~ respective site prices (in which site prices can b e 
empirically approximated by ave rage travel costs p e r trip) . As suming that each 
site' s quality index b. contributes positively to utility, E will be lowe r as 

l. . 
each b. increases. 

l. 

Exac t welfare measures accruing t o the individual., resulting from 6 ne or 
more site price/quality index changes, are de fined as the finite change in E 
resulting from the policy decision adopted by the public land management 
agency . If superscripts "o" refer to initial . con~itions, and. "l" refer t o 
terminal conditions, then for a constant money income, y, the c ornpensatin(J 
variation (CV) from a policy change affec ting price/qu~lity is measured as : 

(3) CV 
1 l l . 1 0 0 0 0 0 . 0 . = E(pl, ... ,pN; bl, ... ,bN;u )_ - E(pl, ... pN; bl, . ... ,bt.J; u .) 

The CV measures the money income change a c cruing to the represent ati ve site 
visitor necessary to offset the utility charige due t o the price/quality policy 
changes in question (Hanemann, 1980) . 

One promising area for applied public arid land management research i s t o 
use observable data on site prices, visits (quantities), and site qualities, t o 
empirically estimate a price and quality dependent expenditure ,'functi on, in 
which a CV function such as ( 3) could be . recovered. Furthe r discussion on how 
this might be accomplished through specification of ·direct. utiiity func tions 
and assoc iated ordinary demand functions is develo p ed in Ward · (1984) , More y 
(1984) , and Hanemann (1980) . 



Typically, once a CV such as (3) is estimated, it would be expected to be 
highly non-linear in prices and qualities, i . e., in the policy variables. 
However, through use of non-linear programming models (e.g. the MINOS program 
available from Stanford) , there may be great potential for applying such a 
programming model to the problem of choosing price and quality policies on arid 
land parcels to maximize a multi-site CV. 

For the present pilot study, several simplifications were required. 
First, the Marshallian (consumer surplus) approximation to (3) was chosen as 
the relevant land management objective function. Second, it was assumed that 
the relevant site benefit functions could be aggregated across individual site 
visitors and approximated as linear in both site prices and qualities. This 
was done in order that ordinary linear programming methods could be used to 
choose the activities (prices and qualities) which would maximize the linear 
benefit function. 

Specifically, it was assumed for this pilot study, that the land managing 
agency wished to choose 'che optimum (benefit maximizing) combination of (1) 
recreation activity de.y s, and (2) land improvements between two competing 
parcels of land for ~·lh.ich m::pircial data could be found. 

The Programming Model 

This pilot study presents a l inear programming model which attempts to 
integrate site quality dependent recreation demand functions with quality 
degradation production functions for different recreational activities and 
different recreational sites. The model simulates the feedback o f recreation 
site quality perceptions on visitor participation rates in order to identify 
optimum site quality levels (as controlled by land management agency 
expenditures) and numbers of visitor days. 

The model was tested using secondary data for an urban concentration with 
a population of approximately 50,000 inhabitants located in the desert 
Southwest of the United States. The model assumes the existence of two public 
land sites and three recreational activities. The sites are identified as the 
Mountains (S) and the Desert (S) . The activities are Recreational Hiking (RH) , 
Small Game Hunting (SG), and Big Game Hunting (BG). Social benefits (OBJl) are 
determined by annual Visitor Days (VDs) for each of the three activities to 
both sites. For the purpose of this study the value per VD for the three 
different activities were determined to be 4.83, 4.83, and 21.86 respectively 
using the Unit Day Value method (U.S. Water Resources Council, 1983). The 
quantity of VDs generated is considered to be a function of a pre-specified 
distance to each site (D), and a positive function of quality factors such as 
the Quantity of Arboreous Vegetation (QAV) , the Quantity of Small Game (QSG) , 
the Quantity of Big Game (QBG). In addition, VDs were assumed to be a negative 
function of pollution factors such as the amount o f Litter (L) , the amount of 
Plant Material Destroyed (PD) and Noise (N) ; congestion factors such as 
Presence of Recreational Hikers (PRH) , Presence of Small Game Hunters (PSGH) 
and the Presence of Big Game Hunters (PBGH) , and, finally, a function of 
Population size (POP).. The model specified resulted in the following objective 
and constraint functions: 
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1 ) Max OBJl = 4 . 83 RH + 4.83 SG + 21.26 BG 

subject to: 

(2a l RH = cl,O - c
1 11

DM + cl,2DP + cl , 3QAV + cl,4QSG - cl,SQBG 

- c
116

PO - cl,7N - cl , 8RH - C SG -
1,9 cl,lOBG 

+ c
1111

POP 

(2b) SG = c2,o - c
211

DM + c2,2DP + c2,3QAV + c2 , 4QSG - c2 , SQBG 

- c
216

PO - C N -
2,7 C2,8RH - c

219
SG - c2,10BG 

+ c
2111

POP 

(2c) BG = c3,o - c
31 

l OM + c3,2DP + c3,3QAV + c3,4QSG - c3,5QBG 

- c
316

PD - C N -
3,7 c 3 , 8RH - c

319
SG - c3,10BG 

+ c 3 , 11POP 

where the units are defined as follows: 

D (miles) N (Visitor Days) 

QAV (plants/acre) RH (Visitor Days) 

QSG (animals/acre) SG (Visitor Days) 

QBG (acres/animal ) BG (Visitor Days) 

L (hundred pounds) POP (Thousand People 
of zone of origin) 

PD (hundred pounds) 

Quality factors are affected by the three activities considered. In the pilot 
study, quantity of small game and big game are negatively affected by VDs of 
hunters: 

(3a) 

(3b) 

QSG =C
4 

- c
3 

SG 

QBG = c6 - c7 BG 

The coefficients in equations (2) and (3) were obtained from consultations with 
Las Cruces, New Mexico District Office BLM recreation and game management 
specialists, and are admittedly subject to error . 

Pollutants produced by each activity affects VDs' quantity. Therefore , 
the pollution represents a constraint on the activities involved . The pro
duction functions for each pollutant (L , PD , N) are essentially aggregates of 
pollutants resulting from the three activities VDs: 



(4a) L c
8

RH +c
9

sG + c
10

sG 

cllRH + cl2SG + cl3BG 

(4c) N = cl4RH = cl5SG + cl6BG 

(4b) PD 

Coefficients in equations (4) were obtained from Gray (1977) . The 
presence of other visitors directly affects the demand for each of the 
activities, i . e. there is a congestion effect which influences potential 
visitors. However, recreationists of each activity react differently to the 
presence of other visitors depending on the activity i n which they engage. 
This is reflected in the demand functions of each activity. 

The cost of pollution is a function of the levels of pollutants. The 
function specifies the aggregate cost to be faced by the agency responsible for 
providing these services: 

where these coefficients were obtained from Gray (1977) . Finally, physical 
considerations define limits which by definition will ultimately influence 
demand. Specifically , distance to the sites, densities of arboreous 
vegetation, and quantities of small and big game are all fixed through the use 
of the MPSIII bounding procedure, i .e.: 

DM: lower bound QSG: upper bound 

DP: lower bound QAV: upper bound 

QBG: lower bound POP: upper bound 

Results 

The results were consistent with prior expectations. Social benefits for 
a given year, under the expected conditions, are $58, 744. These benefits 
result from the VDs allocated to each site. The optimum recreational levels 
for the mountains are expected to be 4,373 VDs for hikers, 5,928 VDs for small 
game hunters, and 263 VDs for big game hunters. The expected optimum levels 
for the desert are 493 VDs for small game hunters and 48 VDs for big game 
hunters. The model allocated no VDs to hiking for the desert site. 

The optimum distance to perform any activity for each zone is as follows: 
mountains, 29 miles from the city and, desert 15 miles from the city (the 
maximum distance allowed f or this zone) . The effects of the expected activity 
levels on the quality factors of interest are as follows: mountains , a 
resulting population density of small game of 10 individuals/acre and a big 
game density of 57 acres/individual; the arboreous vegetation density selected 
is 120 individuals/acre (the actual densi ty). For the desert, the resulting 
smal l game density is 7. 5 individuals/acre and the big game density is 200 . 5 
acres/individual; the arboreous vegetation density selected is also the maximum 
allowed, 0.1 individuals/acre. 

For the mountains the pollutant levels produced were as follows: 2. 9 
hundred pounds of litter, 45 hundred pounds of plant material destroyed and 772 
visitor days of noise. Pollutant levels produced for the desert were as 
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follows: O .12 hundred pounds of litter, 2. 9 hundred pounds of vegetation 
destroyed and 45.5 visitor days of noise . Finally, the pollution cost expected 
from the activity levels projected is 1 . 24 thousand dollars. This cost is 
significantly lower than the budget constraint ($500,000) for the responsible 
agency. 

Since the social benefits produced by this allocati on of activities VDs 
are considerably higher than the pollution costs, the land management agency 
can spend up to $57,495 (benefits-costs) in providing recreational facilities 
before incurring a negative net social benefit. 
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NON-RESIDENT INVESTMENT IN ARID LANDS OF THE UNITED STATES 
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Introduction 

There are many factors to consider when making intelligent investment 
decisions in agricultural land. An enumeration would include: (1) type - i.e. 
agricultural, rangeland, pasture, forest, etc. , (2) location and size, ( 3) 
historical development - types and quantities of previous outputs, (4) capital 
improvements i . e. buildings, equipment, vehicles, etc. , as well as ( 5) 
weather and (6) water resources. A person's citizenship does not make these 
factors irrelevant . . However, non-residents of the United States must look at 
relative rates of return in this country as compared with other international 
investment opportunities. In addition, and of major importance, is the 
consideration of current exchange rates and expectations concerning future 
exchange rates. 

Objectives of Foreign owners in Agricultural Land Investment 

Foreigners differ little from American citizens when it comes to invest
ment in U.S. agricultural land. For instance, recent studies indicate that 
West Germans prefer to invest in the Midwest in anticipation of capital 
appreciation and as a hedge against economic conditions in West Germany . The 
Midwest offers farmland at 50 to 75 percent of farmland costs in West Germany 
plus political stability and certainty of property rights. The Japanese prefer 
more intensively farmed croplands such as fruits and sugar cane with side 
ventures into cattle feedlots and forests. Arabs are more diverse since 
ownership occurs on both a private and public level. Private investors seek 
diversification of wealth, security and potential appreciation while public 
funds flow toward potential food sources. Canada owns the greatest quantity of 
U. S. agricultural lands with a preference for the Northeast . Our southern 
neighbor Mexico is also a major landowner but, as expected, has a majority of 
its holdings in the South. The United Kingdom, France, and Switzerland, as 
large landholders , are much more diverse with respect to locational preference. 

In general, it has been found that the European investors look upon the 
United States as an important investment location since the U.S. represents 
capitalism, freedom and free enterprise. Individual investors find Europe more 
repressive to investment freedom than the U.S. The economic stability of this 
country is also an important consideration. 

1 Department of Economics, University of Arkansas, Fayetteville, Arkansas 
72701. 

2 
Department of Geography, University of Arkansas, Fayetteville, Arkansas 

72701. 

95 



96 

The strength of the dollar is another important ownership factor. For 
example, an investment in property by a U. S. citizen in 1978 would have yielded 
a compound annual rate of return of 15 . 4 percent by 1984. For a British 
investor the rate of return would have been 20 . 9 percent due to the exchange 
rate change between the pound and the dollar. Even the Japanese would have 
gained from the changing exchange rate and earned a slightly higher 16. 9 
percent . 

For a French investor the rate of return was even higher at 28.4 percent, 
an Italian 30.3 percent, and a Mexican 105.0 percent. In the last 12 months 
from March, 1984 to March, 1985, the rate of return earned from just holding 
dollars would have been 9. 2 percent- for Canadian investors, 27. 8 percent for 
the French, 15.4 percent for the Japanese, and 42.8 percent for Mexicans. It 
is obvious that the United States offers an attractive investment location. 
With the current ~dministration's pro-development programs of tax-cuts, etc., 
investment by foreigners in the U. S. should continue. 

One of the concerns of foreign investors is disclosure of their holdings. 
Many non-residents use investment holdings in the U.S. to avoid taxes at home. 
More importantly, for countries such as Mexico there is an attempt to avoid 
exchange controls brought about by high inflation rates. Also, the inflow of 
illegal funds from drug operations must be recognized . The Internal Revenue 
Service of the U.S. does allow for a "security agreement" whereby an investor 
remains anonymous with respect to ownership but must pay taxes. The ownership 
is known on an aggregate level of place of residence of owner, but is not 
public record with respect to the identity of individual owners. 

The Agricultural Foreign Investment Disclosure Act of 1978 (AFIDA) 

The concern of U.S . citizens over news of foreign acquisition of 
agricultural land finally brought forth action from Congress with the passage 
of the Agricultural Foreign Investment Disclosure Act of 1978 . Hearings (U.S. 
House of Representatives, 1974) preceding its passage were of a classic 
Jeffersonian Democracy flavor: 

The issue Mr. Chairman, is the lack of a national commitment to preserve 
agricultural land and the most efficient form of agricultural production, 
the American family farm. 

Diversion 
interests 
interest. 

of 
or 

the ownership of agricultural lands 
domestic corporations is detrimental 

to either 
to the 

foreign 
national 

ownership of the land by foreign investors or domestic corporations will 
create, not more family farmers as some suggest but only a new class of 
tenant farmers and sharecroppers . 

It followed that a federal policy was needed to augment the traditional states 
rights over land ownership since it was in "the national interest." 

The Agricultural Foreign Investment Disclosure Ac1; of 1978 does make 
available certain information for analysis. For instance, ownership by 
foreigners of U.S. agricultural land as of December, 1981 was only 12.7 million 
acres which constituted approximately 0.6 percent of all land in the U.S. (U.S. 



Dept . of Agriculture, 1982). Whereas, this is an extremely small share of 
total land ownership, foreign holdings are disproportionate in the South and 
the West. The authors of this paper therefore limited the i r analysis to the 
arid lands of the we stern U.S. where 31 percent o f foreign acquisitions has 
taken place. The analysis also looks at the influence of precipitation levels 
on land acquisition by foreigners. Annual precipi tation levels by climatic 
division were compared with acquisition decisions concerning c ropland, pasture, 
and other agriculture as compared with f orest and other non-agricultural land. 
Since the West contains both relatively high precipitation areas and arid 
regio ns, certain conclusions can be reached about investment decisions . 

State Restrictions on Agricultural Land Ownership 

Many states have restrictions (some recently instituted) on ownership of 
agricultural land . These range from a general prohibition on a l ien ownership 
such as exists in Connecticut, Indiana, Kentucky, Mississippi, New Hampshire 
and the western state of Oklahoma. There are exceptions to these laws, how
ever, but aliens living outside the U.S. are generally excluded from owning 
land (U . S . Dept. of Commerce, 1975) . 

Certain states have major restrictions, such as Nebraska which allows 
aliens to own land only in a city or within three miles there of. Ownership of 
leases are for five-year periods. In Wyoming and Arizona there are minor 
restrictions applying to non-residents who are ineligible f or U.S. citizenship. 
It is noteworthy that 15 eastern states have restric tions as compared to only 
four western states. 

Many states have restrictions on inheritance of land by aliens and also 
restrictions on 9wnership by corporations (non-alien, as well as alien) in what 
must be an attempt to maintain the family farm. Most of the corporate 
restrictions pertain t o the Great Plains states . 

Alien Ownership of Agricultural Land by State 

The Agricultural Foreign Investment Act of 1978 (AFIDA) requi res aliens t o 
report the extent of agricultural holdings in the U.S. The data of December 
31, 1981 f o r the western states is presented in Figure 1 . Certain definitions 
are in order . First, a foreign person is a non-U.S. citizen (excludes an 
individual who is admitted to U.S . for permanent residence) . Second and more 
importantly, agricultural land is define d as all land used f o r agriculture, 
forestry, or timber production purposes (U.S. Dept. of Agriculture, 1980 ) . 

As mentioned , the West contai ns the greatest proportion o f agricultural 
land holdings by foreigners . Incidentally, Maine is the only noteworthy 
exception to the general ownership pattern because of large holdings by 
Canadians. Of all the reported land holdings by foreigners, the six states of 
Washington, Oregon, California, Colorado, New Mexico, and Texas contain 
3,557,276 acres, 28 . 1 percent of total foreign holdings in the U. S. When Maine 
is excluded from the data these six states account f o r over 35. 5 percent of 
total holdings by aliens. Obviously this is a pro blem of interest in the 
western United States. 

Figure l is very revealing of foreign ownership since it displays the data 
as a percent of all privately owned lands . Only Utah (2 . 2 ) , Arizona (2.1) and 
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Oregon (2.0) have 2.0 percent or more of all privately owned agricultural land 
in the hands of foreigners. These states are followed in order by New Mexico 
(1.9), California (1 . 8), Washington (1.7), Idaho (1.1) and Colorado (1.0). The 
western states with the smallest foreign ownership are Oklahoma at 0.1 percent 
and North Dakota with a negligible amount. 

Figure 1 
PROPORTION OF FOREIGN-OWNED AGRICULTURAL LAND TO ALL PRIVATELY 

OWNED AGRICULTURAL LAND IN THE UNITED STATES. DEC. 31, 1981 

D LESS THAN .1 e;. 

t'=:=:=:=:··::=I ·' T 0 • 9 % 

mmJ I.OTO f,9% 

- 2 ,0 "• OR MORE 

Use of U. S. Agricultural Landholdings by Foreign Owners 

When foreign-owned U.S. agricultural holdings are broken down by use, 
certain patterns are revealed as the following table for December 31, 1981 
indicates . It should be noted that foreign-owned landholdings of cropland are 
actually quite small while the largest holdings are classified as forest and 
then pasture. 



TABLE 1 

lOOO's Acres 

Foreign Individuals 

Cropland 1031 
Pasture 1326 
Forest 1637 
Other Agriculture 276 
Other Non-Agriculture 275 
No Usage Reported 

Total 

Cropland 
Pasture 
Forest 
Other Agriculture 

1 

4546 

Total Including U.S. Corporations with 
Foreign Ownership of over 5 percent 

1664 
2787 
7164 

518 
Other Non-Agriculture 574 
Non Usage Reported 1 

Total 12,708 

Source: U.S. Dept. of Agriculture, 1982 

Influences of Foreign Acquisitions of U.S. Agricultural Lands 

Percent 

22 . 7 
29.2 
36.0 
6.1 
6.0 

0 

100.0 

13.1 
21.9 
56.4 
4.1 
4.5 

0 

100.0 

What remains to be determined is the underlying rationale for the choices 
made by foreign owners on their agricultural land acquisitions. First, as 
existing data indicate, the land in the western U.S. is generally priced 
significantly below agricultural land in the eastern states. Furthermore, and 
reflective of this, the taxes per acre are also generally much lower. There is 
also a distinct relationship between foreign ownership and the percent increase 
in average value of farm real estate per acre for the 1972-82 period. Foreign 
ownership has occurred in the areas which have experienced the least amount of 
increase in acreage prices. The reasons f or this may not be so obvious , but 
the authors surmise is that is has to do with the depressed and thereby low 
base for the Great Plains states and other states located away from coastal 
areas. It probably reflects the type of agricultural output also. 

Figures 2 and 3 together take into account water resources as an invest
ment factor . This has apparently been of prime concern to foreign investors. 
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The ~ater resource regions of Figure 2 display the average annual precipitation 
data shown in Figure 3. Here the relationship with foreign owner~hip is fairly 
obvious. Foreign ownership of U.S. agricultural lands is probably associated 
with precipitation patterns in a positive way, particularly on the west coast. 

Figure 2 

WATER RESOURCE REGIONS 

NO 

~c---_iso 

MISSOURI 

NB 

All of the above fits a general pattern . Foreign ownership tends towar d 
forest areas and those areas in turn tend to have relatively high precipitat ion 
levels. A disaggregation of data would definitely prove helpful for further 
analysis but the authors are fairly confident in t he above statement concerning 
the correlation between foreign investment in agricultural land and water 
availability . 



Summary and Conclusions 

--• E 

Figure 3 

AVERAGE ANNUAL PRECIPITATION 

LESS THAN 24 

24 TO 48 

48 TO 80 24 

GREATER THAN 80 

Regardless of the above discussion o f foreign ownership by l ocation and 
probable cause, one fact still remains obvious. Foreign ownership is not very 
significant as a percent of all privately owned agricultural land. When 
federal ownership of range and forest is added t o the t otal for western states, 
the amount of foreign ownership becomes very slight. Concern over the amount 
of foreign ownership would appear to be greatly exaggerated since its impact o n 
U.S. agriculture is basically insignficant, regardless of where it occurs. 
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Introduction 

ECONOMIC CAUSES OF GRASSLAND CONVERSIONS IN COLORADO 

1 
Paul C. Huszar 

Nearly 600,000 acres of fragile grassland (i.e., class IVe, VI and VII 
land) in eastern Colorado were plowed and converted to dryland crop production 
during the period from 1978 to 1983. Less complete data i ndicate that over 4.5 
million acres of grassland may have been plowed in recent years in the northern 
and central Great Plains. The low production potential and high erosion risk 
of this land raise concern of another Dust Bowl (Laycock, 1983) . 

In response to this concern, measures have been proposed or adopted at 
both the national and local level to limit plowouts. At the national level, 
the sodbuster bills· being considered for the third year by Congress are 
designed to remove apparent government farm program incentives for plowing 
frag i le grassland. Specifically, these bills make government price supports, 
crop insurance, disaster payments, Farmer's Home Administration (FmHA) loans, 
and farm storage facility loans unavailable for crops grown on newly plowed 
fragile land. 

At the local level, land use or permit ordinances similar to the one 
enacted in Weld County, Colorado in the summer of 1983 are being adopted. The 
Weld County ordinance requires a permit to plow grassland not plowed during the 
previous five years. The permit is issued by the county commissioners if the 
applicant has a conservation plan approved by the local conservation board. 

Lacking from policy discussions on the plowout problem, however, is an 
investigation of the causes of the problem. A preliminary study of the plowout 
problem conducted in Weld County, Colorado indicated that many of the popularly 
held opinions regarding its causes are questionable (Huszar and Young, 1984). 
The purpose of this paper is to report the findings of a more complete study of 
the plowout problem in Colorado. 

Study Design 

In order to assess the factors contributing to the plowout problem in 
Colorado, a survey was conducted in Cheyenne, Kit Carson and Lincoln Counties 
in eastern Colorado using the approach outlined by Dillman (1978) . The survey 
sample consisted of landowners who either currently own or previously owned 
grassland which has been plowed out over the past six years. These three 
counties account for 260, 503 acres or 43 percent of the grassland recently 
plowed in Colorado. Since 1978, 110,170 acres of fragile grassland in Cheyenne 
County, 70,521 acres in Kit Carson County and 79,812 acres in Lincoln County 
have been plowed . In total, this land consists of 151,087 acres of class IV 
land, 105, 246 acres of class V land and 4, 170 acres of class VI land (SCS , 
1984) . 

1
oepartment of Agricultural and Natural Resource Economics, Colorado State 

University, Ft. Collins, Colorado 80523 . 
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Questionnaires were mailed t o 6 24 landowners and 364 were returned for a 
response rate of 58 percent. Ninety-one of the respondents, acc ounting for 130 
parcels of land, plowed grassland themselves. The survey respondents account 
for 78,444 acres of plowed grassland or 24 percent of the total plowed 
grassland in the three counties . 

Analysis of Decision Factors 

Table 1 summarizes the results of survey questions regarding the 
importance of different factors in the decision to plow grassland . Responses 
are summarized according to the proportion of respondents indicating the 
relative importance of each factor and the overall average importance of each 
factor. 

Table 1. Summary of Responses and Mean Values of Factors 
Contributing to the Decision to Plow Grassland. 

Decision Factor Percent Responding 

Wheat/Cattle Net 
Returns 

Efficient Use of 
Machinery 

Increase Market 
Value of Land 

Price Supports 

Crop Insurance 

Sto rage Loans 

Disaster Payments 

FmHA Loans 

Investment Tax 
Credit 

Capital Gains Tax 

Increase Credit 

Banker's Advice 

Very 
Important 

58 

37 

33 

4 

1 

4 

2 

2 

2 

3 

10 

10 

*Note: Importance of decision 
1 Not important 
2 = Somewhat important 
3 = Important 
4 = Very Important 

Important 

16 

23 

18 

8 

3 

7 

3 

2 

5 

7 

14 

4 

factors is 

Somewhat 
Important 

11 

10 

13 

16 

6 

14 

10 

4 

10 

12 

12 

7 

weighted as : 

Not 
Important 

14 

30 

36 

71 

90 

75 

85 

91 

82 

7 8 

64 

79 

Mean Value 
of Response* 

3 . 2 

2 . 7 

2. 5 

1.5 

1. 2 

1.4 

1.2 

1.2 

1. 3 

1.4 

1. 7 

1.5 



According to Table 1, the most important factor contributing to the 
decision to plow grassland is the net returns from wheat production relative to 
the net returns from cattle production. On average, this factor is considered 
to be a little more than "important" in the plowo ut dicision, with the 
distribution of responses heavily weighted towards the "very important" 
response . 

The importance of the relationship between the net returns to cattle and 
wheat production in the plowout decision is substantiated by observed levels of 
these returns over the past seven years. Net returns depend upon output 
prices, productivity and input prices. 

The price received by eastern Colorado winter wheat producers increased 
from an average of $2 . 10 per bushel in 1977 to $3.12 per bushel in 1983. The 
price received by beef producers increased from an average of $ 38. 06 per 
hundred pounds in 1977 to an average of $53.75 per hundred pounds in 1983 (Gee 
and Gilliam, 1978, 1984). That is, wheat prices increased by 48 percent and 
cattle prices increased by 41 percent over this seven-year period . 

While the productivity of wheat production has increased over the past 
seven years, the productivity of ranching has remained relatively constant. 
Winter wheat production increased from 20.9 bushels per acre in 1977 to 35.65 
bushels per acre in 1983 , or a 71 percent increase (Gee and Gilliam, 1978, 
1984) . While comparable data are not available for cattle production per acre, 
it has remained relatively constant at about one cow per 30 to 40 acres or an 
average of 35 acres per cow. 

Production costs have risen for both wheat and cattle production. If the 
cost of land and other fixed inputs are not considered, then the total variable 
cost of wheat production increased from $23.68 per acre in 1977 to $40 . 17 per 
acre in 1983. Similarly ignoring the costs of land and other fixed inputs, the 
total variable costs for all sizes of cattle operations increased from $130 . 63 
per head or $3. 73 per acre in 1977 to $159. 72 per head or $4.56 per acre in 
1983 (Gee and Gillman , 1978, 1984). That is, from 1977 to 1983 wheat 
production costs increased by 69 percent and the cost of cattle production 
increased by 22 percent. 

But the bottom line is net returns and , in the decision t o plow grassland, 
the important figure is the net returns to land and other fixed inputs . Total 
receipts from wheat production increased from $43. 89 per acre in 1977 to 
$111.37 per acre in 1983. Total receipts from cattle production increased from 
$174.34 per head or $4.98 per acre in 1977 to $257.67 per head or $7.36 per 
acre in 1983. 

Therefore, net returns to land and other fixed inputs from wheat 
production increased from $20 . 21 per acre in 1977 to $71.20 per acre in 1983, 
while net returns from cattle production increased from $1.25 per acre in 1977 
to $2. 80 per acre in 1983. Net returns to land and other fixed inputs 
increased by 252 percent for wheat production, but only 124 percent for cattle 
production. That is, both the absolute and the relative change in net returns 
provide a strong economic incentive for land resources to flow from cattle 
production to wheat production. 
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The next most important factor contributing to the decision to plow 
grassland indicated by Table 1 is the ability to use currently-owned farm 
machinery more efficiently . On average, this factor is considered to be 
between "important" and "somewhat important" in the plowout decision process, 
with the distribution of responses being somewhat polarized . That is, 
operators may be over-capitalized and, thus, view the plowing of grassland as a 
mechanism for reducing their average cost of capital. 

Increasing the market value of their land is considered to be nearly as 
important as increasing the efficiency of machinery use in the plowout 
decision, as shown in Table 1. The market value of land tends to at least 
double when it is converted from grassland to cropland. On average, 
respondents consider this appreciation in value to be between "important" and 
"somewhat important" in the plowout decision, with responses again polarized. 

Increasing the market value of the land would seem to be important if the 
owner intended to sell the land or if the owner intended to use the appreciated 
value as a means of increasing financial credit. Neither, however, seems to be 
the case . In a separate question, this study found that over 90 percent of the 
respondents replied that they do not intend to sell the converted land. This 
response is substantiated by the fact that nearly 90 percent of the land 
converted over the past six years is still owned by the original converter. 
Also in a separate question, this study found that only 11 percent of the 
converted land was refinanced after being converted. Perhaps the importance of 
land value appreciation stems from a longer-term objective, such as storing 
wealth . 

None of the agricultural programs dealt within the proposed sodbuster 
legislation are considered important in the plowout decision, as shown by Table 
1. The average response regarding the importance ·o f price supports, crop 
insurance, storage loans, disaster payments, and FmHA loans is that they tend 
to be "not important," with the distribution of responses strongly weighted 
towards the "not important" response. 

It has been argued that federal income tax provisions for capital gains 
and investment credits are important factors in the decision to plow grassland 
in Montana (Watts et al., 1983) . This contention is not supported by the data 
for Colorado. Table 1 indicates that respondents to the survey consider 
capital gains and investment credit tax provisions to be unimportant, with 
responses heavily distributed to the "not important" response. 

It should be noted, however, that the plowout problem is likely 
structurally different in Colorado than it is in Montana. The size of 
individual plowouts tends to be considerably smaller in Colorado and the 
enterprises involved in the plowouts tend to be a mixture of farming and 
ranching, so that large investments in additional machinery are not necessary. 
On the other hand, Montana's plowouts appear to be on a greater scale and by 
enterprises new to farming . 

Finally, in the preliminary study of the plowout problem it was thought 
that enhanced credit along with the advice of bankers were important factors in 
the plowout decision (Huszar and Young, 1984) . That contention is not 



supported by the results of this study, as shown by Table 1. Both increased 
credit opportunities and the advice of bankers are considered to be between 
"somewhat important" and "not important" by survey respondents. 

Conclusions 

Neither federal subsidies to agricultural production nor federal income 
tax provisions appear to be significantly important in the decision to plow 
grassland . The most important factor in the plowout decision is simple 
economic profit maximization. These profits may be enhanced by government 
programs, but in the first instance it is the adjustment of resource i nputs to 
different uses in order to maximize profits which causes the conversion of 
grassland to cropland. 

The provisions of the sodbuster bills may have some effect on reducing 
plowouts at the marg~n, but the expected impact appears to be minimal. A more 
serious defect of the sodbuster bills, however, is the expectations associated 
with them. That is, they are viewed by many to be the solution to the plowout 
problem. If a version of these bills is passed by Congress and signed by the 
President, as now seems highly likely, the conservation problem associated with 
plowouts may be forgotten. Yet the problem is likely to persist. 

Land use ordinances, such as the one implemented by Weld County, are 
likely to be more effective in reducing plowouts than the sodbuster bills. The 
majority of counties in Colorado with a plowout problem, however, have not yet 
enacted such ordinances, due to farmer resistance and enforcement difficulties 
and expense. 

There is, however, a strong argument to be made for government action to 
limit plowouts. Society as a whole has a vested interest in the long-term 
consequences of the current plowout activity in eastern Colorado and elsewhere 
in the Great Plains that transcends current impacts. From society's 
standpoint, the main concern is that agricultural land be used in such a way 
that the aggregate, intertemporal welfare of future and present generations is 
maximized. The conversion of grassland is a social problem because of the risk 
that the land is not sustainable as cropland and that it can only be returned 
to rangeland after large investments, including public funds, in land treatment 
and a period of many years. Previous plowouts of grassland preceeding the 
periods of severe blowing dust in the 1930' s and 1950' s required government 
subsidies and technical assistance to be restored to rangeland. 

Given the past history of government intervention after the fact to assist 
in restoring fragile acreage to grassland, it seems appropriate that government 
now consider methods of limiting the problem before the fact. The challenge is 
to construct public policy which is both effective and operational. 
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CONVERSION OF ARID SANDY LANDS TO CROP LANDS: INITIAL ECONOMIC 

MODELING RESULTS OF PLANT BREEDING TECHNOLOGIES INVOLVING SEAWATER USE 

Introduction 

l 
David E. Hansen, 

2 
Gerald L. Horner 

and 
l 

Gregory B. Kruse 

Saline water management is a topic of particular importance to many arid 
regions of the western United States. Here, limited rainfall is increasingly 
joined by strong comp~tition from both rural and urban interests for the scarce 
water supplies. Furthermore, water development efforts have already exhausted 
many of the more viable economic alternatives. In California, for example, the 
most promising, least cost water development projects being considered by the 
Department of Water Resources are estimated to be in the $150-200/a-f range. 
Agriculture, as the major user of water, can be expected to experience 
increased pressures for greater water conservation and reuse. 

Much of the research effort on saline water utilization has concentrated 
on development of physical techniques of handling saline waters, or on 
substitution of crops known to already possess considerable salt tolerance. 
Research that involves agricultural uses of water with salt concentrations 
approaching those of seawater is rarely encountered in the existing literature. 
In particular, plant breeding research which attempts to incorporate sufficient 
salinity resistance into existing annual commercial crop species such that 
seawater could be util ized is very much in its infancy . Nonetheless, plant 
breeding work at the University of California at Davis and several other places 
in the world is underway that does emphasize the development of such highly 
saline-resistant p lant varieties. The results of experiments at Bodega Bay, 
Cal ifornia , with barley and tomatoes are particularly encouraging. Using a 
blend of seawater and sweetwater on sand soil, it appears likely that a 
considerable range of salt resistance can be found within many existing 
commercial crops. To this can be added the promising possibilities of plant 
breeding techniques which permit wide crosses to be made between species. 

Any practical applications of such research in terms of actual economic 
conversion of arid sandy lands to crop l ands must be viewed as highly 
futuristic. In fact , the research emphasis is still centered on concerns of 
achieving plant survival to maturity. In addition, the small plot sizes 
involved in t his research make highly unrealistic any extrapolations to field 
level growing conditions and yields. This lack of information al l ows a gap to 
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exist between those who view the research efforts 
impractical that low funding priority should be awarded, 
physical scientists who are more optimistic about the 
research. 

Research Objectives and Approach 

as so futuristic and 
and the biological and
possibili ties for such 

The primary objective of this research is to provide a "first quick look" 
examination of the factors that influence the economic possibilities of 
biotechnology research involving the breeding of highly saline-resistant annual 
commercial crops. At issue is whether the orders of magnitude of even very 
simplistic, preliminary economic studies are sufficiently interesting to 
warrant efforts at refining the analysis. By implications, if the results of 
such initial research activity show little economic promise, this would 
suggest: (1) a lesser priority is appropriate for the support of such plant 
breeding activities; and (2) future land use planning decisions involving the 
sand soils implied in such technologies do not need to consider cropping 
options. 

Research results indicate that the development of highly saline-resistant 
plant materials occurs at the expense of considerable yield loss. Thus, the 
approach taken in this initial examination of economic possibilities is to 
trade off economic losses from expected yield decreases against economic gains 
from the substitution of low quality (inexpensive) saline water sources for 
expensive high quality water. This is accomplished by use of a linear 
programming model designed to compare a high water quality (high yield) 
situation with one of saline water use (and low yields) . 

The Linear Programming Model, Data, and Assumptions 

Given the paucity of reliable yield data for the salt resistant plant 
breeding efforts, the authors have elected to examine levels of yields which 
would be required for the salt resistant varieties to be economically 
attractive when compared with ever higher fresh water prices. 

The linear programming model that is utilized examines two hypothetical 
farming operations. The first farm requires high quality water for irrigation 
while the second farm relies on a blend of seawater and sweetwater for crops 
that are assumed to be grown · on sand. Cropping choices for each farm are 
limited to barley, cotton, tomato, wheat, corn and sorghum. This selection of 
crops to be included is based on current breeding interests at the University 
of California, Davis, salinity tolerance studies (including those at the 
Riverside Salinity Lab), and available data. Absence of higher valued crops 
and perennial crops (excluded for modeling simplicity) probably results in an 
underestimation of the plant breeding possibilities. 

Each farming operation is assumed to involve 870 acres. A requirement of 
the model is that all land be put into production . Cotton acreage is limited 
to 400 acres and tomato acreage to 200 acres per year as a proxy for risk 
aversion. Recognizing that continuous monoculture is unrealistic, the problem 
was formulated to allow a choice among 19 possible two-year rotations using the 
six different crops plus short season double cropping of corn and sorghum. 
Along with different growing season assumptions, plant development is divided 
into four growth stages of differing length (starting with planting and ending 



with maturity/ harvest) to reflect different water requirements over time. 
water and other inputs are not constrained in the model . 

All data are based on the Cooperative Extension Budget Generator accounts 
for Westside Fresno County and Merced-Madera County crop budgets and are, 
therefore , representative of current practices and costs of those areas of 
California . Sales prices represent farm gate prices and are assumed to be 
identical for both farming operations. Fixed costs (e.g . , rent, overhead, 
depreciation, interest, etc.) are not included. Thus the "profit" curves 
derived in the analysis should be interpreted as returns to land, capital, 
management, and risk. 

Irrigation costs are based on monthly water use coefficients that are 
computed for each crop under the assumption that agroclimatic conditions 
involve no precipitation, low relative humidity, and moderate winds. A summary 
of product sales pr,ice, yield, preharvest costs (excluding irrigation) and 
harvest costs for each crop for the sweetwateJ~ operation is provided in Table 
1. 

Distinguishing Characteristics of the Farm Operation Using Blended Seawater 

The principal distinguishing elements between the two farming operations 
relate to production costs, water use, and yield. Since production costs from 
crops grown on sand are not directly available, these have to be generated from 
the budget data of the San Joaquin Valley. Given the preliminary nature of the 
analysis , it was decided to limit adjustments to irrigation, water, and harvest 
costs. Other variable costs of production are the same for both the sweetwater 
and blended water operations and are assigned to the rotations on a per acre 
per two-year basis. 

Water costs are a function of both the amount of water used and the 
proportion of lower priced seawater in the water blend. To adjust for the 
water use (and sand soil) conditions of the blended seawater operation, very 
frequent irrigation was assumed (every 2-4 days) during stage one . This 
compares with the sweetwater operation irrigation frequency of every 10-20 
days . Water use is assumed to be the same for both operations for growth 
stages three and four, with stage two involving a linear extrapolation between 
stages one and three. Additional water use assumptions are that: (1) leaching 
requirements are met by a 20 percent increase in water application; and (2) 
crop development and evapotranspiration are the same as for normal, heal thy 
crops grown under sweetwater conditions . 

In establishing the blending proportions for the low priced seawater, 
there is, unfortunately, little available data on the tolerance of the selected 
crops to very high (greater than 10,000 ppm) levels of salinity. Based on 
experiments conducted at Bodega Bay (barley , tomatoes, and wheat) a nd 
inferences drawn from Riverside Salinity Lab research on relative salinity 
tolerance (cotton , corn , and sorghum), the following monthly blends of seawater 
were assumed in the model. Wheat, corn, sorghum and tomatoes were started at 
full strength fresh water, with a 25 percent and 50 percent seawater blend the 
second and third months. The remaining 1-3 months were maintained at 50-70 
percent seawater depending on the crop. Barley and cotton were started at 50 
percent seawater, with the proportion increasing to 75 percent the second month 
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Table 1 . Selling Price, Yields , Preharvest and Harvest Cost s: Sweetwater Crops , 1980- 1981 . 

Selling Price Harvest Costs Preharvest Costs 1 

Crop ($) Yie ld/ Acre ($ ) ($/Acre) 

Barley 5.94/ cwt 45 cwt 0.72/ cwt 63.35 

C·.>': ;:on 75.00/ cwt 10 cwt 11. Bl/ cwt 249 . 84 

Wheat 6.72/ cwt 50 cwt 0 . 68/ cwt 104.51 

Sorghur.: I 4 . 20/ cwt 50 cwt 0 .30/ cwt 105.82 

Sorghum II 
2 

4.20/ cwt 40 cwt 0 . 30/ cwt 105.82 

Corn I 7 . 00/ cwt 70 cwt 0. 986/ cwt 167.33 

Corn II 7 . 00/ cwt 55 cwt 0. 986/ cwt 167.33 

Fresh Market Tomatoes 3 4.77/ carton 
700 cartons 3.97/ carton 383.21 

Processing Tomatoes 2 . 35/ carton 

1 1 d . ' ' Exe u es irrigation costs . 

2
II indicates use as a double crop i n the rotation scheme. 

3
700 cartons (25 pound units) of tomatoes are assumed to be harvested per acr e with 95 percent ma rketable 
through fresh market channels and the remaining 5 percent diverted to processing . 

Source: Data derived from county Cooperative Extension Service budgets updated between 5/ 9/ 80 and 2/ 12/ 81. 
Fresh tomato figures are for Fresno County; cotton and irrigated barley and wheat are for Wests i de Fresno 
County, Ca lifornia; sorghum and corn are f or Merced and Madera Counties, Califor ni a. 

..... 
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and maintained at full strength seawater the remaining months. The blending 
ratios reflect the expectation of increased salt tolerance with plant maturity. 
The ratios of sweet to saline water use for each month are fixed in the model 
and are not allowed to adjust further as water costs vary . 

Water prices were assumed to remain constant throughout the season and did 
not vary with the quantity consumed. High quality water cost was then 
increased in successive iterations f r om $10 to $200 per acre-foot, while saline 
water was priced at $5 per acre-foot as a proxy for delivery and distribution 
costs. 

Harvest costs are based on 
activity in the model. To adjust 
operation , total harvesting costs 
the yield levels. 

custom harvest charges for each cropping 
for the lower yields of the blended seawater 
are assumed to be directly proportional to 

Since yield data on which to base any estimates are quite skimpy for the 
seawater blended operation, the authors' approach is instead to examine six 
possible yield levels. Yield is decreased from 100 percent (i.e., the yield 
equal to the sweetwater alternative) by 10 percent increments to 50 percent. 
This permits results to be expressed in terms of yield decrements that are 
allowable under conditions of increasing sweetwater prices that still provide 
the same levels of returns as to the sweetwater operation. Stated another way: 
"Given increased sweetwater prices, how great a loss in yield can be withstood 
with extremely saline-resistant strains and still maintain economic equivalency 
with conventional strains?" 

Results 

The results of the analysis are represented graphically in Figure 1. 
Levels of "profitability" (in terms of returns to fixed factors) are 
illustrated for sweetwater price levels ranging from $10 to $180 per acre-foot. 
Lines I to VI represent the optimal crop mix situation for the seawater blend 
operation for incremental yield decrements of 10 percent. Thus, line I 
represents yield levels that are the same as those of the sweetwater crops , 
line II yield levels are 90 percent of the sweetwater crop yields, while the 
line VI yields are 50 percent of the sweetwater alternative. Line VII provides 
the basis of comparison with the sweetwater operation (that is not allowed to 
escape the impact of increased sweetwater prices by water blending) . 

Figure 1 permits the identification of the combinations of sweetwater 
prices and yield decrements that maintain equivalency of returns between the 
sweetwater and the seawater blend operations . For example , point A indicates 
that if sweetwater prices are incre ased to approximately $65 per acre foot, and 
plant breeding efforts are able to hold yield losses of the highly saline 
resistant strains to 80 percent of the conventional crop strain yields, the 
profit maximizing crop rotation for blended seawater generates the same level 
of returns as does the conventional sweetwater profit maximizing crop rotation . 
If either: (1) the price of sweetwater were to rise above the $65 level; or, 
(2) plant breeders could hold losses in yields to less than 20 percent of the 
sweetwater levels, then the returns from the use of blended seawater would 
exceed those of straight sweetwater use. 
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Limitations and Caveats 

Before turning to a discussion of the results, it is imperative to 
emphasize once again the severe limitations of this study. For purposes of the 
research objectives, the investigators are less interested in absolute values 
assigned to each rotation activity, and more concerned with the relative costs 
between sweetwater and blended seawater operations. Even so, these assumptions 
are heroic, with many of the real world differences between the two options 
having been assumed away . The authors' justification lies in the belief that 
some sort of "ballpark" results need to be available to indicate whether 
continued refinement is even promising--particularly given the extremely sparse 
nature of technical data relating to seawater utilization in agriculture. 

Were the objective one of providing a more realistic picture of seawater 
utilization possibilities, virtually the whole spectrum of production costs 
would have to be re-examined. With fertilizer use, for example, water 
application requirements and leaching needs suggest more expensive slow release 
fertilizers would be required, or applications made through the irrigation 
system. On the other hand, lower yields could cause lower use of fertilizer to 
be more cost effective. Weed, disease and insect problems could be quite 



different under the saline conditions requiring a sand soil. The highly 
simplistic treatment of yields is also open to criticism. There is little 
reason to assume similar yield response to breeding efforts for all crops. 

As a final note, it is recalled that no differential for land value was 
included in the model. In some areas of the world, sand areas next to the sea 
are deserts with very low economic opportunity cost. Their ut i l i zation could 
provide decided advantages over the situation examined here . 

Conclusions 

Bearing in mind the limitations of this study, the results appear sup
portive of the position which holds that plant breeding efforts t o develop high 
saline resistance are likely to have economic significance. Under the assump
tions of the model, if sweetwater prices approach $100 per acre-foot, the 
seawater blended returns are similar to those of high quality water even if 
yields are only 60 percent of the sweetwater crops. While the examination of 
the scant yield data suggests such a yield target may not be unrealistic 
(particularly in light of the limited effort applied to date) , it will be up to 
plant breeders to judge the probability of such yield breakthroughs. For 
agriculture in the western U.S., more practical applications probably lie with 
less saline waters than seawater, and with other than the strict sand soil 
requirement. As a minimum, the authors find the results sufficiently 
encouraging to suggest the need for further analysis and refinement of data and 
the application of the approach to areas outside of the western United States. 
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FACTORS AFFECTING RURAL LAND USE CONVERSION ON THE URBAN FRINGE : 

A DISCRETE CHOICE MODEL OF THE TUCSON EXPERIENCE 

. 1 
Dennis C. Cory 

and · 
1 

Shirley B. Porterfield 

Introduction 

In discussing land use issues, it is useful to distinguish between high 
intensity and low intensity uses of land. Intensity of use refers to the 
degree of irreversibility associated with a particular use of land. High
intensity land uses are considered to be physically, institutionally, or 
economically irrevers~ble in the sense that once acreage is committed to such a 
use, future options for low-intensity use are foreclosed. Low-intensity use of 
land, on the other hand, results in no such loss of future options. That is, 
allocating acreage to lqw-intensity use now presents no insurmountable barriers 
to alternative low-intensity use of the land in the future. Broadly speaking, 
urban uses of land, such as commercial, industrial and residential activities, 
are categorized as high-intensity uses, compared to typically rural uses of 
land such as farming, grazing, and wilderness activities. 

As urban areas expand, low-intensity land along the urban-rural fringe is 
converted to high-intensity use. Efficient management of land resources 
requires an evaluation of alternative land-use mixes that can accommodate urban 
growth. Since the quantity, quality, and spatial distribution of low-intensity 
land uses are affected by the rural land conversion process, significant social 
costs can be incurred if premature conversion results in future generations 
inheriting an inefficient land use mix, a mix that may realistically be 
impossible to alter. 

The purpose of this study is to identify factors which influence the land 
conversion process and to investigate associated policy implications for 
efficiently accommodating urban growth. A case study of the city of Tucson, 
Arizona is reported. The following section provides some background infor
mation on the land use trends experienced in the study area . Then, the 
theoretical considerations in identifying conversion factors are d iscussed and 
the hypotheses tested in this study are presented. The next section presents 
the results of the empirical investigation, and the paper concludes with 
comments on the policy significance of the findings. 

The Recent Tucson Land Use Experience 

The Tucson Metropolitan Area (TMA) is comprised of 220, 300 acres or 
approximately 344 square mi les. The TMA and Arizona generally have experienced 
unprecedented rates of population growt·h in the last two decades, rates that 
are expected to continue into the foreseeable future . Population levels for 
the state of Arizona rose from 1,302,160 in 1960 to 2,718,210 in 1980, and are 
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projected to increase to 3,723,150 by 1990. Similarly, TMA population rose 
from 265,660 in 1960, to 531,440 in 1980, with a projected increase to 754,130 
by 1990 (Taylor and Woodard, 1984). 

This influx of area residents has resulted in rapid and excelerating rates 
of low-intensity land use conversion. Willis et al . , (1982) estimated average 
annual conversion rates for the TMA over the 1967-71, 1971-73, and 1973-76 
periods. The number of acres converted annually to high-intensity use was 
estimated to be 2,147, 3,084, and 4,259 respectively. Thus by 1976, conversion 
land to high-intensity use was occurring at an annual rate nearly twice that of 
the 1967-71 level. Additionally, conversion trends for the 1976-80 period are 
even more dramatic with an estimated acre taken out of such low-intensity uses 
as grazing, agriculture, desert, and scenic uses (Porterfield, 1984). 
Moreover, additional low-intensity acreage has been retired in nearby Avra 
Valley as the city of Tucson has purchased 16,000 acres of agricultural land 
with plans to buy an additional 8,000 acres to obtain water rights (Svejcara, 
1985) . 

Clearly the last 20 years of the Tucson land use experience has been 
characterized by increasing strain on low-intensity land uses as high-intensity 
uses of land expanded to accommodate urban needs. Moreover, if TMA population 
continues to increase as projected, additional policy issues must be confronted 
in attempting to accommodate urban expansion while maintaining an inter
temporally efficient land use mix. 

Theoretical Considerations 

Consider a region of fixed size on the urban-rural fringe. Competitive 
forces in existing land markets would tend to allocate acreage in this region 
to high-intensity uses, say residential use, as long as the marginal contribu
tion to net benefits ge nerated from this use exceed the marginal contribution 
of alternative low-intensity uses of land, say agricultural use. A market 
allocation of land to competing uses is illustrated in Figure 1 where the 
region consists of OL acres, and the marginal net benefits of agricultural use 
are assumed constant for graphical convenience. In this illustration , a 
pareto-optimal mix of land uses in the region would occur when OL* acres are 
allocated to residential use leaving LL* acres in agricultural Ruse. This 
allocation maximizes the net benefits fromRthe use of the land since increasing 
residential acreage beyond OLR incurs losses from agricultural use in excess of 
gains occurring from residential use. 

A variety of factors can influence the relative competitiveness of 
high-intensity land uses and subsequent rates of rural land use conversion . 
Two sets of factors were evaluated in the Tucson case study: 1) locational 
factors--accessibili ty of an area to employment and the surrounding 
high-intensity land use mix, and 2) institutional-demographic factors--ethnic 
composition of area residents and zoning status. It was hypothesized that the 
competitive advantage of using land for residential purposes in lieu of 
low-intensity uses would be strengthened by the two locational factors by 
increasing the demand for and/or decreasing the cost of supplying residential 
land use services. In contrast, less conversion was hypothesized to occur in 
areas of high minority concentrations and limited acreage zoned for residential 
use. That is, locational factors were expected to increase the marginal net 
benefits of residential land use (MNB ) and result in more rural land use 
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Figure 1. Single~Period Pareto-Optimal Mix of Land Uses. 

conversion while the two institutional-demographic factors were expected to 
decrease the MNBR by increasing conversion costs or decreasing residential 
demand. 

Empirical Findings 

The influence of hypothesized variables on conversion was tested using 
probit, a model of binary, qualitative choice. Choice of a statistical model 
was based on: 1) research goals, 2) compatibility with available data, and 3) 
simplicity. The primary objective of this study was to identify factors 
influencing the conversion of land from low-to high-intensity uses. Given the 
reliability of data based on measurement of aerial photographs and information 
reported by individual residents of the TMA, the change in developable acreage 
in each tract during the study period can be measured with confidence only in a 
relative sense. Though many intermediate stages may be defined, the "low 
conversion," "high conversion" or 0,1 dichotomy is simplest to model. 

It was not 
constituted high 
observations were 

known a priori how much change in developable acreage 
conversion . In order to determine this "critical" value, 

ranked from highest percent change to lowest. The top 
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one-third observations were considered to have undergone "high conversion" 
during the study period and were given a dependent variable value of 1. All 
other dependent variables took on a 0 value. The resulting critical value was 
0.18, i.e., developable acreage in 33 percent of the observations had decreased 
by 18 percent or more during the study period. 

Contagion Effects. Physical land use at the beginning of the study 
period, specifically the proportion of high-intensity (denoted PGHIGH76) and 
residential (denoted PCTRES76) acreage within a given tract, has a significant, 
positive influence on land conversion (equations 1 through 4 of Table 1 ) . This 
finding confirms those of Lee (1979) and Cory and Willis (n.d.), supporting 
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Table 1. Alternative Estimates of Factors Affecting Conversion 
(Absolute T-Ratios in Parentheses). 

the contagion theory of urban development . The influence of high-intensity 
land uses in surrounding tracts (denoted PCTSURHIGH76) appears to be less 
significant than that of similar uses within the tract (equations 5 and 6). 
The proportion of surrounding land in residential uses (denoted PCTSURRES76) is 
insignificant in the land conversion process given the observed sample 
(equations 7 and 8) . 



Socio-Demographic Factors . Two socio-demographic factors, ethnic origin 
and housing values, were found to significantly influence land conversion. A 
third, population, was also significant, but was not included in the final 
equations due to high c orrelation with physical land use variables. It appears 
that developers may be (consciously or unconsciously) reluctant to invest in 
areas of high minority concentration. Most new construction, particularly 
residential, takes place outside of the central city were minorities are 
concentrated. These areas are typically viewed as more environmentally 
aesthetic . Houses are l arger and, though generally situated on larger parcels 
of land, may generate more profit per square foot for the developer . 

Median housing value expressed as a percentage of the highest median 
housing value in the TMA at the beginning of the study period (denoted 
PCTHIHOUSVAL75) was used as a proxy for land prices . Though this variable may 
not accurately reflect price per unit of land due to varying house sizes, 
according to the likelihood ratio test it does belong in equations 1 through 8 
in Table 1 . 

The negative influence of housing values on conversion is probably not due 
to lack of initiative o n the part of developers. Expensive homes are purchased 
by the wealthy who may prefer l arger lots and have the political and economic 
power necessary to maintain the character of their neighborhoods and 
surrounding areas. 

Employment Accessibility. It was not known whether accessibility to 
employment influences choice of residential location or whether residential 
location influences the location of employment opportunities . Results from 
this study do not appear to validate either hypothesis. 

Accessibility to employment appears to have little effect on the location 
of new construction . Signs of the coefficients of the accessibility variables 
are ambiguous and none are significant . It may be that travel time rather than 
distance should be used to measure accessibility. Many converted areas are 
quite far in terms of miles from large empl oyment centers but are close to the 
freeway or to major transportatio n corridors. In addition, Tucson has a large 
senior citizen population to whom accessibility to employment would be of 
little or no importance. The environmental amenities of the foothills region 
may outweight the disutility associated with a l o ng dri ve to work. The 
observed insignificance of the accessibility variables may perhaps be 
attributable to the existence of two- way causation between choice of 
residential and commercial/ industrial location . 

zoning. Lack of complete data forced a reduction in sample size in order 
to look at the impact of residential zoning on land conversion . Observations 
were constrained to the city limits of Tucson . Though most major zoning 
changes take place outside of the city limits, results of the smaller sample 
show a significant, positive relationship between the proportion of each tract 
zoned residential at the beginning of the study period (denoted PCTZONEDRES76) 
and new development (equation 9 in Table 1) . 

A quadratic relationship between PCTZONEDRES76 and conversion was 
hypothesized to analyze the relative desirability of mixed land uses (e.g., 
residential and commercial) within a given tract. Signs of the coefficients in 
equation 10 indicate that residential zoning may initially have a positive 
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influence on conversion though as more of the tract become s zo ned residential 
the influence may become negative. It appears that a mixture of land uses is 
viewed more favorably by residents than if the entire tract is devoted to 
residential use . 

Policy Implication 

The results of this investigation suggest that conversion of land on the 
urban fringe to high-intensity use is more likely when neighboring acreage is 
allocated to residential, commercial, and industrial uses. Allowing rural 
acreage to be converted to urban uses not only irreversibly allocates that land 
to high-intensity use but also increases the probability of co ntiguous acreage 
being converted . Additionally, evidence from the Tucson case study suggests 
that zoning status influences conversion trends. That is, zoning may be more 
influential in the land conversion process than is commonly tho ught . 

This article is a 
"Interrelationships Among 
Public Land in the West." 
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Among those things that attract new residents to the southwestern United 
States, the ambiance of large expanses of open land looms large. Whether such 
land contributes to a perception of being "uncrowded," or to a strong visual 
sense of the area's history, or simply to the perception of visual quality in 
these so-called "natural" areas, undeveloped land is clearly one of the area's 
prime assets . 

Unfortunately, like most abundant resources, this one is being treated 
shabbily. Little effort has been made to see that decision-making about such 
lands is responsive to the long-term public good . Market economics, which have 
been shown to be at least somewhat unresponsive thereto, are determining the 
disposition of such lands, modified only slightly by local or regional 
planning. This is not, one should hasten to say, the fault of greedy land 
speculators or corrupt public officials. It derives as much as anything from 
public shortsightedness or indifference on the one hand to contradictory 
resource allocation desires on the other. Historically, the incorporation of 
social benefits into land use planning and economic decisions has been 
difficult. Conservative, laissez-faire social and political attitudes in 
southern Arizona toward rural private property rights also contribute 
significantly. 

This paper describes people's perceptions of and preferences for southern 
Arizona's open land. The data derive from two separate studies. The first 
study was an attempt to determine people's housing and neighborhood preferences 
and how those preferences relate to urban expansion into rural lands. The 
second study looked at people's desires for the management and disposition of 
rural lands. The combined results present regional planners with a dilemma of 
the most fundamental kind, that of sharply conflicting goals. 

1 School of Renewable Natural Resources, University of Arizona, Tucson, 
Arizona 85721. 

2 Department of Home Economics, University of Arizona, Tucson, Arizona 
85721. 

3 Department of Landscape Architecture, University of Wisconsin, Madison, 
Wisconsin 53706. 
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Housing and Neighborhood Preferences 

In the first study, a mail survey was conducted of residents in the Tucson 
area using Dillman's Total Design Method (Dillman, 1978). Census tracts were 
chosen to provide a sizable number of urban, suburban and rural respondents. 
The total usable sample was 860 returns. 

Virtually all choices made by the respondents militated in favor of 
residential patterns that occupy increasing amounts of rural land. Subjects 
were asked, for example, if forced to move, would they choose a more urban 
setting or a more rural setting. Urban respondents were about equally likely 
to say more rural as to say more urban, with about 42 percent for each. 
Suburban respondents, on the other hand, were about half again as likely to 
choose more rural over more urban, with 49 percent choosing the former. Rural 
respondents were fully three times as likely to choose a more rural setting, 
with 67 percent choosing that response. 

When asked to choose from a list of features that might be desirable if 
moving to a new home or neighborhood (Table 1) , "a yard or outdoor space to do 
with as they pleased" was the reponse chosen by 88 percent of urban, 93 percent 
of suburban, and 95 percent of rural respondents. A single-family, detached 
house was the choice of 85 percent of urban, 88 percent of suburban, and 91 
percent of rural respondents. Views of the desert or mountains from their home 
was desired by 86 percent of urban, 94 percent of suburban, and 93 percent of 
rural respondents. 

Table 1. Percentage Distribution of Desirability 
Neighborhood Features When Moving Place 
Suburban and Urban Respondents. 

of Certain Housing and 
of Residence, by Rural, 

Features Desired Rural Suburban Urban 

n=l71 n=401 n=288 

Yard or outdoor space 95 98 

Fence or hedge to separate neighbors 87 89 

View of desert or mountains 93 94 

Single-family, detached house 91 BB 

When asked what they would like to see done with undeveloped land in 
their neighborhoods (Table 2), the majority favored developing single-family, 
detached housing (by over 60 percent or rural and suburban respondents and over 
50 percent of urban respondents). Developing public recreational facilities 
was only slightly less favored. Surprisingly, less than a third of the 
respondents would choose to leave the land undeveloped. Of all options 
presented, the choice most opposed by all categories was building multi-family 
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Proposals 

Table 2. Percentage Distribution of Attitudes Favoring or 
Opposing Selected Proposals for Use of Undeveloped 
Land, by Rural, Suburban and Urban Respondents. 

Favor Oppose 
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Rural Suburban Urban Rural Suburban Urban 

Remain undeveloped 36 32 21 34 36 

Build single-family , 63 62 53 22 16 
detached housing 

Build multi-family 7 6 11 76 71 
housing 

Develop public 56 60 61 26 32 

Rural n=l71, Suburban n=401, Urban n=288 

housing. The bias against such development was of unusual proportions. More 
respondents wanted to see large livestock raised on such l and than t o see 
multi -family housing built. 

For a global assessment of quality of living in the t hree areas, 
respondents were asked to rate their overall satisfaction with where they 
lived . Nearly 94 percent of rural · and suburban respondents were "very 
satisfied;" 84 percent of urban respondents were similarly satisfied. When 
asked if their satisfaction had inc reased or decreased with time, 64 percent of 
rural respondents said it had increased, while only 13 percent said it had 
decreased. For suburban respondents, the corresponding figures were 54 percent 
and 11 percent. For urban respondents, they were 46 percent and 21 percent. 
All categories of respondents indicated overwhelmingly that Tucson would not be 
a better place to live as the population of the area grew. 

In this survey, the typical rural househ o ld occupied not less than four 
times the land area of the typical suburban household. The typical suburban 
household occupied approximately t wice the land area of the typical urban 
household. 

Convenience of location and higher satisfaction with public services on 
the part of urban and s uburban respondents notwithstanding, the rural 
respondents seemed to feel that the feeling of not being crowded with 
buildings , having good views, privacy, and quiet surroundings more than 
compensated for any benefits the urban location had to offer. 

Manage ment of Open Lands 

The second study was a statewide mai l survey of public attitudes and 
perceptions of various natural resource management and land use issues {Zube, et 
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al . , 1984) in the state. Data were extracted for selected questions from a 
sample of the Tucson area respondents for comparison with the first survey. Of 
particular interest here are attitudes toward and perceptions of prererred land 
uses and utilization of management funds. 

Subjects were asked to indicate which land uses they preferred within 25 
miles of their home (Table 3) . Natural resource values were the clear 
favorites. Seventy-nine percent chose soil and water conservation, 66 percent 
chose wildlife, 59 percent chose wilderness, and 54 percent chose recreation as 
most preferred choices. 

Table 3. Most Preferred and Least Preferred Land Uses Within 25 Miles of 
Respondents' Homes, by Percent of Respondents Choosing Each Option. 

Proposed Land Use 

Soil and Water Conservation 

Wildlife 

Wilderness 

Recreation 

Historic 

Mining 

Retirement Homes 

Housing 

Commercial Development 

Percent 
Indicating 

"Most 
Preferred" 

78 . 9 

66.3 

58.9 

53.7 

44.1 

12.8 

10.6 

9.6 

8.5 

Percent 
Indicating 

Neither 

20 . 0 

28.4 

30.5 

34 .7 

46.2 

33.0 

18.1 

18.1 

16.0 

Percent 
Indicating 

"Least 
Preferred" 

1.1 

5.3 

10.5 

11.6 

9.7 

54.3 

71. 3 

72. 3 

75.5 

Least preferred choices were economic and residential land uses, uses 
traditionally associated with growth and development. Seventy-six percent 
indicated commercial development was the least-preferred alte rnative, followed 
by 72 percent against housing, 71 percent against retirement homes, and 54 
percent against mining. 

Subjects were asked to assign priorities to various applications of 
management funds to lands in their area (Table 4). Highest priorities , again, 
were assigned to natural, non-economic resource values, and lowest priorities 
were assigned to economic values . Highest priorities went to management for 
wi ldlife (60 percent) , wilderness (51 percent) , nature preservation (48 

n 

95 

95 

95 

95 

93 

94 

94 

94 

94 



percent), and recreation (43 percent). Lowest priorities were indicated for 
timber (52 percent), range (55 percent), fish (39 percent), agriculture (38 
percent), and minerals (36 percent). The only anomalous response was a high 
priority assigned to energy, with 47 percent indicating this as a highest 
priority item, the only economic resource category to place so highly. 
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Table 4. Priorities for Expenditure of Land Management Funds Within 25 
Miles of Respondents Homes, by Percent of Respondents Choosing 
Each Option. 

Management Funds To 
Be Spent For 

Wildlife 

Wilderness 

Nature Preservation 

Energy 

Archaeological Sites 

Fish 

Minerals 

Range 

Discussion 

Percent 
Indicating 

"Highest 
Priority" 

60.4 

50.5 

47.8 

46 . 8 

19.6 

18.5 

16.1 

12 . 0 

Percent 
Indicating 

Neither 

34.1 

22.0 

44.6 

40.4 

44.6 

42.4 

48.4 

32.6 

Percent 
Indicating 

"Lowest 
Priority 

5.5 

27.5 

7.6 

12.8 

35.9 

39.1 

35.5 

55.4 

The dilemma posed by these data is clear. These respondents generally 
prefer a lower-density , more rural lifestyle, which implies development on 
rural lands. Cities can grow either out or up. Most of the survey choices 
made by southern Arizona residents clearly favor outward growth. This has been 
corroborated by actual experience and is, of course , the inevitable result of 
myriad individual housing choices intended to suit very personal needs. 

On the other hand, when the choices being made are of a presumably less 
personal nature such as preferences for rural land use within 25 miles of where 
one lives, and if s u ch desires could be fulfilled, the natural result would be 
a curtailment of urban expansion in favor of the conservation of open lands for 
natural resource values. 

Experience over the past decade in the Southwest is that individual 
housing preferences are those being catered to, and that public preferences for 
the use of open land are clearly subordinate . This makes good economic sense . 
Major land developers , in order to find large blocks of developable land at 
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reasonable prices, are forced to look some distance from present development. 
So long as the distance isn't prohibitive (Carpenter and Blackwood, 1977) and a 
minimum of public services can be provided, they are providing a product people 
are willing to pay for. This process has no obvious end until most of the 
developable land is built upon. This process is also, in the end, completely 
insensitive to society's collective desires for open space . 

One might expect urban expansion into rural lands in southern Arizona to 
be water-limited. This is only wishful thinking. More than 80 percent of the 
water consumption in Arizona is for irrigated agriculture. If diverted to 
urban growth, the population potential would be very large indeed. This would 
be added to the cumulative effects of voluntary and enforced water conservation 
in homes and industry, water-efficient urban design, water harvesting and 
storage techniques, wastewater reuse, water . importation and seawater 
desalination. If people were given the low-density residential pattern they 
desire, the buildable land in southern Arizona could be entirely pocked with 
low-density residential, commercial, and industrial development. Such an 
eventuality would have completely eroded any value presently provided the 
residents of and visitors to Arizona by its open land resources. 

The authors contend that an attempt to provide a more controlled pattern 
of growth and expansion into rural lands, through comprehensive open space 
planning and rigid development controls, may provide the best compromise 
between these divergent interests, i.e. a more dispersed lifestyle for many, as 
well as the conservation of open lands for natural resource benefits . 
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WILDLAND-URBAN FIRES IN SEMI-ARID ENVIRONMENTS: A SOUTHERN CALIFORNIA 

STUDY OF HOMEOWNER PERCEPTIONS AND PUBLIC POLICY PREFERENCES 
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In the American West recent demographic trends signal a continuous 
movement of people to less populated areas (Kasarda, 1980) , and deconcentration 
within nonmetropolitan areas (Lichter and Fuguitt, 1982). With the increase in 
population in the west, urban areas have expanded to form contiguous boundaries 
with publicly managed wildland. There has been an awakening to the concern 
over wildland fires that spread into urban areas or destroy individual homes in 
more remote areas. In semi-arid environments--such as the interior valleys of 
southern California--a number of factors combine to form explosive and intense 
wildfire situations that can cause extensive destruction to real estate and 
personal property. These factors include: long hot summers with no rainfall, 
vegetation that is highly flammable during dry periods, terrain that features 
steeply sloping foothills, strong northeasterly winds during the summer and 
fall, and rapidly expanding urban areas. In pinyon-juniper forest lands 
(Sauerwein, 1984) and in other areas of the West (Fahnestock, 1971; Hulbert, 
1972) public attention is also increasingly being focused on the problem of the 
urban wildland fire. 

While wildland managers and public officials have made a number of 
recommendations for protecting homes and their occupants from recurring 
wildfires, few of those recommendations have been implemented (Moore, 1981) . 
One reason may be public receptivity. People may not be fully aware of the 
fire risk in the urban-rural interface or they may support different policy 
alternatives than those supported by decision-makers. The purpose of this 
paper is to examine the awareness and risk perceptions of homeowners living in 
semi-arid environments toward wildland-urban fire hazards and to determine the 
types of policy alternatives those homeowne r s support to mitigate fire hazards. 

Study Approach 

To obtain information on homeowner awareness, risk perceptions, and policy 
preferences, a mail-in questionnaire was administered t o two residential 
communities that border U. S. Forest Service land in southern California's San 
Bernardino County. One community had recently been impacted by the Panorama 
fire, which burned 23,600 acres, destroyed 325 structures, and damaged 55 
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others (State of California, 1981). The other community had had no direct 
experience with wildland fires . In addition to their semi-arid climates, both 
communities had similar housing stock (particularly roofing types) and simi lar 
physical terrain (slope patterns) . Questionnaries were personally delivered to 
120 and 90 homes in the fire-impacted and non-impacted communities., 
respectively. After a 10-day follow-up reminder, the response rate was 55 
percent (n = 66) for the fire-impacted community and 52 percent (n = 47) for 
the non-impacted community. 

Empirical Results 

Three sets of questions on the survey instrument were intended to eli·cit 
responses on awareness of fire hazards, risk perception of future fire 
occurrences, and rating of policy options . Respondents were also asked a group 
socio-economic questions including: age, education level, household income, 
sex, and length of residence in San Bernardino County. 

Awareness. Awareness of the wildland fire problem was addressed in two 
questions scaled from 1 (not serious) to 7 (very serious). In the first 
question, 67 percent o f the respondents considered the fire situation at the 
time they purchased their home to be not serious (rated <3). Only 6 percent 
perceived the fire situation to be very serious (rated >6). At the present 
time, however, the number of respondents considering the fire situation serious 
increases to 27 percent while those believing the fire situation remains .not 
serious drops to 44 percent. Awareness in the fire-impacted community stays 
relatively constant between the two questions, illustrating the dampening 
effect the intervening fire has had on awareness. The mean rating for present 
awareness did make a noticeable upward jump in the non-impacted area from 3.'6 
to 5.2. 

Low homeowner awareness at the time a home is purchased is not unexpected. 
When viewing a home in the winter or spring months,· the buyer may be struck by 
the rich, verdant vegetation of the hillsides, not comprehending the 
association with potential summer and fall wildland fire hazards. Or, amenity 
and location factors may outweigh the presence of the hazard. WhiLe many 
factors influence the decision to purchase the h ome , a guiding principle ·of 
real estate is Caveat emptor--buyer beware--making the homebuyer responsib!Ve 
for finding out about the fire danger. Those homebuyers who have littl:e 
understanding of the environment, particularly new arrivals to southern 
California, are vulnerable to selecting a home in a high-risk area. For 
example, one homeowner who had purchased a rebuilt home in the Panorama area 
commented that he was unaware of t he fire situation until given the 
questionnaire. This had then prompted him to query his neighbors. 

Over time, awareness does increase through exposure to media coverage of 
wildland fires or personal experiences. The dampeni~g effect in the Panorama 
area is consistent with other studies of wildland fi,as (Hulbert, 1972; Houts., 
1971). However, the inland valley vegetation regene~ates quickly and intense 
fires can reoccur within 10 years. Homeowners who h ive experienced a fire can 
not become complacent; fires can reburn an area somet me in the future. 

Risk Perceptions. The probability of a fire oc1·urring at periods from 2, 
5, 10, 25 and 50 years in the future was solicited a·s a meas ure of future risk. 
Seven possible risk probabilities ranging from no cha.ce to 1 in 5 were offered 



as risk estimates for each time period. Under the risk scenario that a fire 
would occur with no apparent threat to personal property, respondents gave a 
fairly high probability to the occurrence, with a 1 in 10 chance within 5 years 
and 1 in 5 chance after that. When the scenario is modified to where the fire 
would cause damage or destruction to homes in the neighborhood, respondents 
assign a lower probability to the occurrence. Those respondents who have 
already experienced a fire have a mean likelihood of occurrence of 1 in 1000 at 
2 years and 1 in 50 at 50 years. Respondents from the non-impacted community 
are more likely to expect a fire with a mean likelihood of occurrence of 1 in 
50 at 2 years and 1 in 10 within 50 years. Several respondents from the 
non-impacted community commented that they felt their "card was up" and are 
expecting a fire in the near future. 

Information from historical fire records for the Panorama area indicate 
that an intense fire had burned the same area 25 years earlier. The 1955 fire 
caused no structural qamage because there were no homes in the area. Fires are 
likely to occur in the future as respondents have indicated: but the 
probability in the Panorama area may be higher than the expectations of this 
area's respondents. Several Panorama homeowners have expressed their opinion 
that protective measures, e.g. , replacing flammable roofing materials, will 
greatly minimize the risk of fire to homes. This technological adjustment, 
however, does nothing to slow growth which continues unimpeded toward publicly 
managed land, nor does it insure protection under extreme fire conditions. 
Fire records suggest that homeowners need to keep a healthy respect for fire 
occurrence, even if they already have experienced a fire . 

Policy Options. Respondents rated 16 policy strategies in planning for or 
mitigating fire hazards--many proposed by the California Department of Forestry 
(1980) or suggested in local planning meetings--from 1 (unimportant) to 9 (very 
important). Because of the large number of policy options being considered, a 
high probability existed that intercorrelations could result in a large number 
of highly redundant significance tests with no easy way to interpret the 
results . To avoid this problem, factor analysis was employed to identify 
common policy factors that could be used in further analyses. 

Using factor analysis with oblique rotation, four common factors emerged. 
They are: hazard planning, vulnerability-loss adjustment, hazard modification, 
and exposure control (Gardner with El-Abd, 1984) . The hazard planning factor 
contains strategies concerned with identifying hazard areas, designi ng 
management plans, organizing hazard districts, and offering education programs. 
Strategies found in the vulnerability-loss adjustment factor focus on several 
types of insurance programs. Landscape modification through prescribed burning 
programs and greenbelt land uses and building material restrictions are 
strategies included in the third factor, hazard modification. Finally, 
strategies to limit human exposure, by zoning or density requirements, are 
contained in the fourth factor, exposure control. 

The mean rating for hazard planning, vulnerability-loss adjustment, hazard 
modifications, and exposure control is 6 .1, 5. 2, 7. 2 and 5. 6, respectively. 
Strategies that respondents rate the highest emphasize technological solutions 
to controlling or mitigating the hazard. Technological fixes are the 
traditional strategies selected in this county to deal with hazards (Hewitt and 
Burton, 1971). Except for installing fire retardant roofing materials, hazard 
modifications--such as landscape alterations by burning or changes in land 
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use--have not yet been demonstrated to be economically feas ible or politically 
acceptable, even though these types of programs are discussed at local planning 
meetings. 

To be effective, technological solutions need to be combined with 
behavioral changes of homeowners. Unfortunately, strategies designed to 
influence behavior are rated lower by the respondents. People do not want 
their choices limited as to where they can live or restrictions placed on the 
size of the residential parcel . Respondents, while accepting the need for 
wildland fire planning, do not accept direct financial responsibility for 
living in the wildland-urban interface. Rather, the cost for the policy 
options supported in this study would be spread over the general public. 

With more frequent occurrence of wildland-urban fires, resource managers 
will be under increasing political pressure to modify or mitigate the hazard. 
Public officials will also be responsible to provide programs, e.g., disaster 
relief loans, which will spread the costs across a broader segment of the 
population than residents of the interface. These courses of action, however, 
do not guarantee that the fire hazard will be eliminated or even reduced . 
Resource managers may very well be undertaking programs that otherwise would 
not be economically justifiable. 

Summary and Conclusion 

Several conclusions can be drawn from this study. At the time they 
purchase their homes, homeowners apparently have a low awareness of the 
wildland fire situation. Low awareness may correspond to time of year when the 
home is purchased, for during the winter and spring seasons verdant vegetation 
often masks the pending problem. Or, locational preferences, including amenity 
value, may suppress the individual's willingness to recognize the possible 
existence of wildland fires . Low awareness may suggest a basic problem : a 
poor understanding of the complex physical environment in which the homeowner 
is living. As more people move to the West and Southwest with a poor 
understanding of the physical characteristics of the arid and semi-arid 
ecosystems, the incidence of serious wildland-urban fires are likely to 
increase . 

Homeowners are receptive to technological solutions that control or modify 
the fire hazard . The problem with the emphasis on technical fixes is that 
there is little evidence that landscape modification will s ubstantially 
mitigate the hazard. Additionally, evidence is also not available on the 
economic feasibility of these strategies, nor, once benefits and costs are 
determined, their political acceptability. Technological solutions need to be 
coupled with changes in human behavior. Yet homeowners appear reluctant to 
strongly support public policies that would limit their choices as to where to 
live . Further, they are not receptive to programs that place financing 
responsibilities directly on themselves; rather, support is given to strategies 
that spread the cost over a wider segment of the population. 

The results of this study , while not representative of all arid 
ecosystems, demonstrate the human complexity of the wildland-urban interface as 
related to fire. This work is o nly a modest beginning on a question of 
importance to many urbanizing areas in the West and Southwest. More research 
is encouraged regarding the linkages among the physical characteristics of arid 



environments, human behavior (perceptions, attitudes and knowledge), and 
appropriate public policies toward wildland fire hazards in such environments. 
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