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Foreword 

The Association for Arid Lands Studies (AALS), in cooperation with 
the International Center for Arid and Semiarid Land Studies (!CASALS) at 
Texas Tech University is pleased to published the fourth volume of the 
Forum of the Association for Arid Lands Studies. 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 semiarid lands. Every 
year since its founding in 1977, the AALS has held its annual meetings 
in conjunction with the Western Socia 1 Sciences Association. The AALS 
now has a membership representing all of the United States and 
approximately twenty-five foreign countries. The AALS is headquartered 
at the International Center for Arid and Semiarid Land Studies at Texas 
Tech University in Lubbock, Texas. 

The 11th annual conference of the AALS was held at the Radisson Hotel 
in Denver, Colorado, from April 27-30, 1988. There were nine topical 
sessions containing 37 individual papers. Twenty manuscripts were 
submitted for possible publication. Every manuscript was reviewed by a 
minimum of three referees to ensure consistency in quality, format, and 
reader interest . The papers presented in this volume were recommended 
for publication by the reviewers . The papers presented here have been 
rearranged into major subject groups that do not necessarily conform to 
the topical sessions on the meeting program. 

I appreciate the assistance of the Forum's editorial review committee 
(p. ii). Idris R. Traylor, Jr., Di rector of the Intern at i ona l Center 
for Arid and Semiarid Land Studies (!CASALS) also deserves special 
thanks for the support that permits the publication of this volume. 
Finally, I would like to recognize Kathy Henson of the Department of 
Geography/Anthropology at the University of North Texas for her 
assistance with the preparation of the Forum. 

F. Andrew Schoolmaster, Editor 
Department of Geography/Anthropology 
University of North Texas 
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PART I. POLITICAL ISSUES AND WATER POLICY 

IN THE WESTERN UNITED STATES 

I 



Introduction 

WATER LAW AND WEATHER MODIFICATION 
ACTIVITIES IN TEXAS 

Otis W. Templer! 

Attempts to stimulate rainfall have a lengthy history in Texas, 
dating back to the early 1890s and the government-sponsored experiments 
of Major Robert Dyrenforth (Townsend, 1975). following the 
establishment of a theoretical basis for cloud seeding in the 1930s and 
1940s, large scale weather modification efforts began with the post
World War II era (Fine, 1971) and have continued sporadically to the 
present, with, as might be expected, most operations centered in 
drought-prone arid and semi-arid West Texas. Despite limited scientific 
knowledge of its direct and indirect consequences, weather modification 
technology appears to be evolving more rapidly than the legal 
institutions governing it. Since passage of a 1967 Weather Modification 
Act, the State of Texas has exerted increasingly stringent regulation of 
cloud-seeding activities. However, poorly defined rights to atmospheric 
moisture and the problem of proving causation remains among the most 
unsettled aspects of Texas water law. A particularly noteworthy and 
unique attribute of Texas water law is the possible recognition of 
private landowners' rights to atmospheric moisture. 

In this paper, the author, a geographer-lawyer, examines the legal, 
political and spatial aspects of past and present weather modification 
activities in Texas, with special emphasis on rainfall augmentation and 
hail suppression projects in arid and semi-arid regions of the state. 

Weather Modification Technology 

Though the theoretical basis for weather modification was established 
in the 1930s and 1940s, even today only two weather modification 
activities, increasing mountain snowpack and dissipating cold fog, are 
considered to be operational rather than experimental technologies, and, 
of course, neither is of importance in Texas (Templer, 1981) . Of much 
more concern to this region are attempts at rainfall augmentation and 
hail suppression . The direct effects of seeding the convective clouds 
and thunderstorms which provide most summer precipitation in Texas are 
not well understood (Lansford, 1972). Experiments have demonstrated 
that precipitation from such storms may be increased or redistributed, 
but the magnitude cannot be predicted with assurance. The effectiveness 
of hail suppression is even less conclusive and more controversial 
(Changnon et al., 1975; Henderson, 1976; Scoggins et al., 1975). 

If little quantitative information can be supplied about the direct 
effects of weather modification, even less is known about effects in 

1 Professor and Chairman, Department of Geography, Texas Tech 
University, Lubbock, Texas 79409 
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regions outside the primary target area, the so-called "downwind effect" 
(Templer, 1976, 1980). There are widely varying opinions about possible 
side effects . The economic, social, political, hydrological and 
agricultural effects of weather modification are uncertain and there is 
even more dispute and less evidence concerning long-term effects such as 
ecological modification (Templer, 1981). 

Though weather modifiers are often quick to take credit for 
apparently successful operations, when undesired or unforseen results 
bring a lawsuit they take refuge in the absence Qf scientific proof of 
causation. Uncertainties as to the direct and indirect consequences of 
weather modification continue to limit its more widespread application 
(Templer, 1981). 

Not long ago it would have been pointless to attempt to define the 
various private and public water rights in all phases of the 
interconnected hydrologic cycle, especially the atmospheric phase 
(Templer, 1983) . Now, however, advances in weather modification have 
put us on the verge of being able to significantly interfere with 
natural conditions before we have a thorough scientific knowledge of the 
consequences, and before our 1ega1 structures have evolved to 
accommodate these changes. Thus , the question of what legal rights, if 
any, attach to moisture in the clouds or atmosphere becomes important . 

Texas Water Law Relating to Atmospheric Moisture 

In Texas, as elsewhere, rights to atmospheric moisture are poorly 
defined. No Texas cases or statutes dea 1 with the extent of pub 1 i c 
rights to atmospheric moisture (Templer, 1981). A few states claim 
sovereign rights to the clouds or to the atmospheric moisture in their 
skies, but Texas does not (Corbridge and Moses, 1968; Davis, 1970). 
Still, Texas courts have perhaps gone farther than those of any other 
state in attempting to find private rights in atmospheric moisture. 

In the only case, Southwest Weather Research, Inc. v. Duncan {1958), 
involving precipitation modification to reach Texas appellate courts, 
cloud seeders in Trans-Pecos Jeff Davis County were temporarily enjoined 
from engaging in hail suppression operations over the plaintiff's land 
when it was claimed that precipitation was being reduced . The opinion 
has been interpreted by some legal authorities {Davis, 1970; Gerik, 
1975) as suggesting that landowners in Texas have a natural right to the 
precipitati on that would fall on their land . In commenting on a 
landowner's right to atmospheric moisture, the court said: 

We believe that under our system of government, the landowner is 
entitled to such precipitation as nature deigns bestow. We 
believe that the landowner is entitled, therefore and thereby, to 
such rainfall as may come from clouds over his own property that 
nature in her caprice may provide. 

This case involved arguments and judicial language that have a basis in 
water law . The language of the case seems to indicate that the owners 
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of the surface below the clouds have an actual property claim to the 
clouds, a claim analogous to that of a riparian landowner to streamflow 
(Davis, 1970) . 

One of the most complicated problems in weather modification cases is 
the inability of plaintiffs to sustain the burden of proof of causation 
of resultant benefits and/or damages (Davis, 1977). This is attributed 
to the complexity of cloud processes and the difficulty of making 
complete and accurate measurements of the many operative variables . The 
Southwest Weather Research case is the only one in which this burden of 
proof has been sustained. In 1974, a similar dispute on the Texas South 
Plains resulted in denial by the trial court of a requested temporary 
injunction to halt two hail suppression projects (Templer, 1981) . 

In 1958, when the Southwest Weather Research case was decided, Texas 
had no statutes allowing regulation of weather modification activities. 
However, it was becoming increasingly apparent that the state needed 
legislation to control expanding weather modification activities and 
permit organized weather modification research efforts. 

Reqylation of Weather Modification 

In response to this need, in 1967, a Weather Modification Act (now 
Chapter 18, Texas Water Code) was passed placing weather modification 
activities first under the regulatory control of the Texas Water 
Development Board (TWDB), and more recently under control of the Texas 
Water Commission (TWC). Some twenty-nine states have enacted laws in 
the field, but they vary greatly in scope and content; the Texas law is 
considered by many to be one of the stronger and more workable statutes 
(Gerik, 1973) . Under the Act a license and permit are required for each 
weather modification operation and unlicensed activities are prohibited . 
The Act encourages weather modification in that it declares that it is 
not inherently ultrahazardous nor subject to absolute liability rules. 
Rainmaking by state and federal agencies is exempt from the 1 icense 
requirement . It should be noted that most of the meager federal 
legislation on weather modification deals with research and evaluation, 
not regulation. 

Because of mounting public concern over possible side effects of some 
weather modification activities in Texas, there have been several 
revisions of the permit procedure, all resulting in increasingly 
stringent regulation (Templer, 1981, 1987). Among major changes are the 
following: 

I. Notice of the permit application is required to be published to 
inform residents of the affected area. If a petition is submitted by 
twenty-five local residents the TWC is required to hold a public hearing 
on the project. The TWC may then either grant or deny the permit, but 
it retains complete discretion in whether or not to approve or deny the 
permit. Previously, the Commission was required to issue a permit to 
any applicant if certain criteria were met. 
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2. Because of widespread and continuing controversy over whether 
hail suppression efforts caused a decrease in rainfall, new legislation 
passed in 1977 allows voters of the affected area to vote on permit 
applications for hail suppression projects only. Subsequently, in 1979, 
this provision was further strengthened by an amendment putting the 
burden of calling elections on the hail suppression permit applicants. 

Weather Modification Activities 

Since the early 1970s, several licensed and permitted weather 
modification projects have been conducted i n most years. For example in 
1977, as shown by Figure 1, eight projects were in operation {Templer, 
1981) . These i nc 1 uded six ra i nfa 11 enhancement projects and two ha i 1 
suppression operations . Three of the 1977 projects involved use of 
ground-based silver iodide generators to increase precipitation in 

FIGURE 1. 
WEATHER MOOIFICA TION PROJECTS, 1977 
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neighboring Oklahoma. In addition, the federally-funded cooperative 
HIPLEX project between the state and the Bureau of Reclamation operated 
in conjunction with one of the ·rainfall enhancement projects. Its goal 
was establishment of a working technology and operational framework for 
increasing precipitation from the summer convective clouds of the semi
arid Great Plains states. 

TWDB publications {1975, 1976) attempt to show economic benefits to 
crops and rangeland resulting from the cloud-seeding program of the 
Colorado River Municipal Water District. It is not readily apparent 
that these estimates of economic benefits assume a 10 percent increase 
in summer rainfall over the target area, something that cannot be easily 
proven. To the present, most rainfall augmentation efforts have 
produced relatively little controversy, and probably few persons in 
water-short arid and semi -arid West Texas would object to increased 
precipitation. 

Conversely, the two hail suppression projects based in Plainview and 
Littlefield, which operated on the South Plains for most of the 1970s, 
were embroiled in almost continual controversy {Changnon, 1975; 
Henderson, 1976; Scoggins et al., 1975). Dryland farmers located west of 
the target areas and ranchers to the east of the Caprock escarpment had 
the perception that hail suppression operations were causing a 
significant decrease in rainfall, in addition to any benefits of 
reducing hail damage. They formed an organization, Farmers and Ranchers 
for Natural Water {later Citizens for Natural Weather), and protested 
each year the project permits were renewed.. In 1974, 127 members of the 
group filed suit in the District Court of Littlefield requesting a 
temporary restraining order. After both plaintiffs and defendants 
produced a great deal of divergent expert testimony, the requested 
injunction was denied, and the decision was never appealed {Templer, 
1976, 1981). 

Despite renewed complaints in 1975, 1976 and 1977, the TWDB continued 
to issue permits to the project operators. One statistical analysis 
{Scoggins et al., 1975) of 1970-1973 South Plains rainfall data revealed 
that the cloud-seeding for hail suppression had apparently not decreased 
rainfall, but neither did it show a significant reduction in crop hail 
damage. Since the protestors were unsuccessful in convincing the TWDB 
or the courts to halt the projects, they concentrated their efforts on 
changing the law controlling the issuance of hail suppression project 
permits, eventually resulting in the amendments discussed in the 
preceding section {Templer, 1976, 1981, 1987). 

In 1987, as shown by Figure 2, five approved weather modification 
projects were in operation, all for rainfall enhancement, and included 
two projects on the border with Oklahoma to increase ra i nfa 11 there 
{Bomar, 1987) . In addition, the experimental Southwest Cooperative 
Program, similar to HIPLEX, operated jointly by the Bureau of 
Reclamation and Texas and Oklahoma, is attempting to demonstrate an 
appropriate operational technology for rainfall enhancement in the arid 
and semi-arid Southwest. In the intervening decade since 1977, there 
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FIGURE 2. 
WEATHER MODIFICATION PROJECTS, 1987 • 
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have usually been five to seven approved projects operating in Texas 
(Bomar, 1987; Riggio and Larkin, 1983; Templer, 1987) . However, since 
1977 , there have been no successful elections to permit hail suppression 
operations anywhere in Texas. 

Conclusions 

For all its increasingly stringent regulation, the Weather 
Modification Act , as amended, does not mention and still has not settled 
the question of private and public rights to atmospheric moisture in 
Texas skies . Because many unanswered questions remain and because proof 
of causation is difficult , it is reasonable to expect that the scant 
existing law will see continued evolution in the years ahead. The few 
cases which have reached the appellate courts in this country seem to 
indicate that traditional tort and property r ights doctr ines are not 
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particularly well-suited to solving the unique problems posed by weather 
modification and its associated benefits and detriments. Lawyers 
Corbridge and Moses (1968) point out: 

. . . although scientific progress in the field of weather control 
has not until recently, been especially rapid, it is still running 
alarmingly ahead of the development of legal doctrine in this 
area . 

Of more immediate and direct concern to water-short arid and semi
arid West Texas, it is imperative that all water, including atmospheric 
moisture, be used as fully and as effectively as possible . That 
atmospheric moisture, surface and subsurface water are all inter
connected in nature's massive hydrologic cycle is well known . Failure 
of the law to take these interconnections into account can lead to 
conflicts between holders of established water rights in the same phase 
of the hydrologic cycle and can have profound and far-reaching effects 
on established private and public water rights in other phases. A 
quarter century ago in Aridity and Man, Peter Duisberg (1963) made this 
astute observation: 

. • . care must be taken to avoid entanglement of resources in a maze 
of legal, political and private property rights from which they 
cannot easily be extricated for eventual uses of higher value. 

Thus, great care should be exercised by Texas courts and the Legislature 
in recognizing new comprehensive private water rights_ to atmospheric 
moisture. 
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IMPLEMENTATION OF AGRICULTURAL AND URBAN 
WATER CONSERVATION PROGRAMS IN TEXAS: AN UPDATE 

F. Andrew Schoolmaster 1 

Introduction 

Traditionally, water policy in Texas has been supply oriented with 
conservation being interpreted as the development of water resources . 
Emphasis was placed on the capture of surface water supplies and state
level financial assistance was largely designed to facilitate water 
development projects. In response to growing public dissatisfaction 
with this traditional, supply-side approach to water development, the 
Texas Legislature, in 1985, passed what has come to be known as "the 
water package." Contained within this package were two constitutional 
amendments, Propositions 1 and 2, and separate enabling legislation, 
House Bi 11 No. 2. When voters ratified both amendments in November 
1985, two agricultural and one urban water conservation program were 
initiated (Schoolmaster, 1986; Templer, 1987) . Research presented in 
this paper 1) summarizes the major provisions of the water package and 
conservation programs, 2) examines their implementation, and 3) 
speculates on the future of these demand-side conservation programs . 

Review of Conservation Provisions in Propositions 1. 2. and House Bill 
No. 2 

Proposition 1 authorized an additional $980 million in Water 
Development Fund bonds. Of this total, $190 mi 11 ion was allocated for 
water supply projects, $190 million for water quality projects , $200 
million for flood control projects, and $400 million for state 
participation in the acquisition of regional water supply and quality 
projects. Ratification of the amendment also resulted in the creation 
of a $250 million bond insurance program which could be leveraged 2:1 to 
insure a maximum of $500 million in bonds issued to political 
subdivisions. The water package was constructed so that House Bill No. 
2 would go into effect only if voters approved Proposition One (Kramer, 
1986). 

Proposition 2 authorized the sale of $200 million in Agricultural 
Water Conservation Bonds. The full implementation of the program is 
contingent upon the success of a pilot program for low interest loans to 
farmers for the purposes of purchasing water conservation equipment. 
Initial funding for the pilot program was set at $5 million, with the 
money being transferred from the Water Loan Assistance Fund. This fund 
is a one-time appropriation of $40 million from general fund revenues, 
established in House Bill No. 8 of the 67th Legislature in 1981. Full 
implementation of the Agricultural Water Conservation Bond program will 

1 Associate Professor, Department of Geography/Anthropology, 
University of North Texas, Denton, Texas 76203. 
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be based on the success of the pilot program and contingent upon a two
thirds vote of approval by elected members from both houses of the Texas 
Legislature, on or before November 5, 1989. 

A second agricultural conservation program, the Agricultural Water 
Conservation Trust Fund, was also established by House Bill No. 2 in 
1985 (Kramer, 1986). Funding for the program is based on one-half of 
the income on an initial investment of $10 million dollars from the 
Water Loan Assistance Fund. The other half of the income on the 
original investment is added onto the principal. Money from this fund 
is available for a number of uses ranging from the purchase of 
equipment, to research demonstration projects and technical assistance 
projects. 

House Bill No. 2 addresses urban water conservation through 
provisions in the application process for financial assistance from the 
Water Development Fund. Prior to 1985, the Water Development Fund was 
reserved for "hardship" political entities, that is, those political 
entities unable to sell their own bonds or sell bonds at a reasonable 
interest rate. House Bill No. 2 however, expanded the program to allow 
the Water Deve 1 opment Board to make loans to political entities not 
meeting these hardship criteria. A st i pul at ion was added that before 
the Water Development Board could approve a loan, the applicant would be 
required to adopt a water conservation plan that could include the 
following: 

o Restrictions on discretionary water uses such as lawn watering 
o Plumbing code standards for water conservation in new building 

construction 
o Retrofit programs to improve water use efficiency in existing 

building 
o Educational programs 
o Universal metering 
o Conservation-oriented water rate structures 
o Drought contingency plans 
o Distribution system leak detection and repair 

Conditions when the Water Development Board may not require the 
applicant to have an approved conservation plan include: 

o When the Board determines that an emergency exists 
o When the amount of financial assistance to be provided is 

$500 ,000 or less 
o When the applicant demonstrates to the Board that a plan is not 

necessary to facilitate conservation or conservation measures 

Implementation of Pilot Loan Program 

The Pilot Loan Program, administered by the Texas Water Development 
Board (1987a), provides low interest loans to local underground water 
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conservation districts and soil and water conservation districts. In 
turn, participating districts can make low interest loans to individual 
farmers and ranchers to he 1 p with the purchase and i nsta 11 at ion of 
efficient agricultural water conservation equipment. These loans would 
then be repaid with interest rates equa 1 to the Water Loan Assistance 
Fund rates at the time of the loan approval. 

District participation is contingent upon the level of interest in 
the program within the district's jurisdiction, and the promulgation of 
rules or procedures to be used in dispersing funds. The applicant is 
also required to submit information relating to its financial condition, 
how funds wi 11 be used if granted, and a list of potential borrowers. 
These materials are reviewed by the Board, and if approved a formal 
contract between the district and Board is established. 

Board loans to part icipating multi-county districts are limited to $1 
million per application; single county district loans are limited to 
$300,000 per application . Upon receiving the loans the districts have 
120 days with one 120-day extension period to disburse the funds. The 
limit on an individual loan is 100,000 with up to 80 percent of the loan 
used for purchases of conservation equipment and 50 percent of the labor 
or contractor cost of equipment installation. 

In April, 1986 the High Plains Underground Water Conservation 
District No. 1 applied for the first loan under the pilot program. The 
$1 million dollars requested was subsequently approved in May 1986, and 
15 loans totalling $294,498.14 were processed by the end of the 120-day 
distribution period. The remaining $705,501.86 was returned to the 
Texas Water Development Board -in December 1986. Since then a second 
loan of $1 mill ion has been made to the High Pl a ins Underground Water 
Conservation District No. 1 (see Table 1). The High Plains Underground 
Water Conservation District No. 2 has also recei ved a $1 mill ion loan. 
Smaller loan amounts have been approved for these soil and water 
conservation districts. As of September 30, 1987, out of the $3,500,000 
loaned, $1,757,869.19 has been repaid or returned, and the uncommitted 
balance in the Pilot Loan Account was $3,264,341.25 (Texas Water 
Development Board, 1987d) . 

Because the program has been in operation only a short ti me, it is 
difficult to assess its performance. Most of the loans have been used 
to purchase more efficient irrigation equipment such as surge valves. 
The Texas Water Development Board (1987d) estimates that savings of up 
to 20 to 30 percent of normal irrigation water each year can be realized 
as a result of purchasing and installing such equipment. As such, it 
would appear that from the perspective of on-farm water conservation the 
program can be successful . 

A number of administrative shortcomings, however, have contributed to 
the disappointingly low participation level thus far. One problem is 
that districts have not been staffed wi th personnel trained in loan 
admi ni st rat ion. Further, many districts have been apprehensive about 
the requirement of default liability should indiv idual borrowers default 
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on their loans. AnothPr problem is that districts with already limited 
budgets have been reluctant to assume the costs of loan administration. 
Probably the largest contributing factor of the program's slow start has 
been the poor farm economy and inability of individual farmers to assume 
any increased debt regardless of how favorable the loan interest rates . 

Table 1 
Agricultural Water Conservation 

Pilot Loans 

Applicant 

1. High Plains Underground Water 
Conservation District No. 1 

2. High Plains Underground Water 
Conservation District No. 2 

3. Comal-Guadalupe Soil and Water 
Conservation District 

4. Austin County Soil and Water 
Conservation District 

5. Brazos-Robertson Soil and Water 
Conservation District 

Program Total 

Source: Texas Water Development Board, 1987d 
Loans Through September, 1987 

Loan Amount 

$2,000,000 

1,000,000 

100,000 

100,000 

300,000 

$3,500,000 

While increased interest in the program will be tied to improvements in 
the farm economy, the 70th Texas Legislature did take some steps to 
expand lender eligibility for the program. 

Senate Bill No. 410, passed during the 70th regular session, expanded 
lender eligibility to include irrigation districts_ Presently, 45 
irrigation districts serving approximately 850,000 acres are now 
eligible for program participation. A majority of these are located in 
the lower Rio Grande Valley where surface water irrigation systems 
usually experience significant water losses from open or unlocked gates . 
Consequently, the inclusion of irrigation districts has the potential 
for significant water savings. Senate Bill No. 410 also extended the 
pilot program through fiscal years 1988 and 1989. 

14 



Status of Agricultural Conservation Trust Fund 

Participation in the Agricultural Conservation Trust Fund has also 
been limited. In part this is due to the requirement that only one-half 
of the income made on the initial principal of $10 million will be 
eligible for making awards. The grant program differs from the pilot 
program in that money is not intended to be loaned to individual 
farmers. Instead, the money is dispersed in the form of grants to 
underground water conservation and soil and water conservation districts 
primarily for the purposes of conservation research, education programs, 
demonstration projects, and technical assistance programs (Kramer, 
1986). 

Through December 1987, 12 grants totalling $100,659 had been grante~ 
by the Texas Water Development Board (1987b) to 10 different districts. 
A majority of these grants were used to purchase either flow meters or 
equipment for mobile field laboratories or demonstration projects (see 
Table 2). The success of such an extension-type grant program is tied 
to the amount of money that will be available in the future and to the 
willingness and ability of farmers to adopt agricultural conservation 
measures as demonstrated by the underground water conservation and soil 
and water conservation districts. 

Implementation of Urban Conservation Plan Program 

Hi stori ca 11 y, the Water Deve 1 opment Fund was reserved for hardship 
cases, that is those political subdivisions not able to sell their own 
bonds, or sell their bonds at reasonable interest rates. In 1985, House 
Bill No. 2 removed this condition thus expanding eligibility for 
financial assistance. House Bill No. 2 also requires applicants for 
financial assistance to have an approved water conservation plan before 
the Texas Water Development Board can approve the application. One 
major caveat to this program, however, was the condition that if the 
loan was for $500,000 or less a plan was not required. Through 1985, 
the number of loans that were less than $500,000 was approximately 70 
percent (Schoolmaster and Yates, 1985). Therefore, the $500,000 limit 
would have been applicable to only 3 in 10 loans made prior to 1985. 
Since expanding applicant eligibility, the percentage of loans exceeding 
the $500,000 limit has increased by approximately 50 percent of the 
total granted. Participation in the program has been encouraged by the 
policy of developing regional water systems that are usually more costly 
than projects for individual political subdivisions . 

From January 1986 to October 1987, 61 political subdivisions had 
conservation plans approved by the Texas Water Development Board 

2Grants are al so made by the State Soil and Water Conservation 
Board and the Texas Agricultural Experiment Station. Grant data was 
unavailable for either of these agencies. 

15 



Table 2 

Agricultural Conservation Trust Fund Grant Awards 

Recipient Amount 

1. High Plains Underground $ 15,294.75 
Water Conservation 
District No . 1 

2. High Plains Underground 27,102.00 
Water Conservation 
District No . 2 

3. Maverick County Water 5,109.63 
Control and Improvement { 
District No. 1 5,960.02 

4. Wharton Soil and Water 
Conservation District 

5. Brazos-Robertson and 
Burleson-lee Soil and 
Water Conservation 
District 

6. Coastal Plains Soil and 
Water Conservation 
District No. 317 

7. Evergreen Underground 
Water Conservation 
District 

8. Nueces-Frio-Sabinal Soil 
and Water Conservation 
District 

9. Medina Valley Soil and 
Water Conservation 
District 

IO.Glasscock County 
Underground Water 
Conservation District 

{ 

8, 671. 50 

44,397.78 

1,252.50 

4,442.89 

3,956.25 

3,956.25 

3,956.25 

16,650.00 

Total $ 100,659.82 

Equipment 

Flow Meters, Surge Valves 

LEPA Linear Move Sprinkler 
Demonstration Unit. 

Current Meters 

Flow Meters 

Meters, Gauges, Hand Tools, 
Neutron Probe 

Mobile Field Laboratory 

Flow and Moisture Meters 

Mobile Field Laboratory 

Electronic Flow Meter 

Electronic Flow Meter 

Electronic Flow Meter 

Computerized Elevation 
Instrument, Utility 
Storage Bed. 

Source: Texas Water Development Board, 1987. loans Through December, 
1987. 
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(1987c). Under the program, loan applicants, as well as political 
subdivisions that will be cooperating with the loan applicant, are 
required to have approved conservation plans. Of the 61 political 
subdivisions, 37 were applicants and 24 were cooperating parties. The 
program al so requires that one year after the c 1 os i ng of the Water 
Development Fund loan, the applicant will report to the Water 
Development Board on the effectiveness of the conservation plan and 
what, if any, reductions in water use have been realized. 

The spatial distribution of municipalities by county with an approved 
conservation plan is illustrated in Figure 1. Despite being located 
throughout the state, a large number of the municipalities are located 
in the upper Gulf Coast area, primarily in Harris, Galveston, and 
Brazoria counties. In most cases, these municipalities are cooperating 
parties with a regional water authority. For example, in Brazoria 
County the Brazosport Water Authority was the 1 oan app 1 i cant and it, 
along with the six cooperating municipalities, was required to have an 
approved conservation plan. While many cities now have conservation 
plans, the fact still remains that a large number of communities in the 
more arid regions of the state do not, and ther~ still exists a need for 
some forcing mechanism to move these municipalities toward the adoption 
of similar plans. 

2 
3 1 MUNICIPAL PARTICIPATION In 

WATER CONSERVATION 

PLAN PROGRAM 

MUNICIPALITIES/COUNTY 

with 0 50 100 MILES 

APPROVED WATEA CONSERVATION PLAN 
0 50 100 KILOMITUI 

J•nu•ry, 1988 - October.1987 

Figure 1 
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Summary and Conclusions 

The Pilot Loan Program, Agricultural Conservation Trust Fund, and 
Water Conservation Plan Program are illustrative of recent changes in 
Texas water policy and politics. Collectively, they represent a 
legitimate attempt to institutionalize conservation as a state priority 
in water resource management. Individually, however, each program 
suffers from weaknesses ranging from the amount of money available for 
the Agricultural Conservation Trust Fund, to administrative problems 
with the Pilot Loan Program and eligibility requirements for 
participation in the Conservation Planning Program, and how the plan 
will be enforced and monitored once the loan is approved. 

Improvements in existing conservation programs are not difficult to 
identify. For example, all political subdivisions could be required to 
adopt a water conservation plan prior to loan approval by the Water 
Development Board. Programmatic change of this type is contingent not 
so much upon legislative initiative, which will certainly be required, 
but upon the knowledge of and support for water conservation by the 
genera 1 pub 1 i c. Because of the state's rapid population growth, few 
citizens remember the drought of the early 1950's . Further, many of the 
people relocating in Texas have moved there from more humid areas where 
water resource management issues have not been as politically charged. 

Once stronger grassroots support for conservation is established, the 
strengthening of existing programs will be more easily accomplished . 
Until that time, it will be both a challenge and responsibility for 
existing water resource management agencies to: 1) make a case for water 
conservation, 2) demonstrate that demand-side approaches to water supply 
are economically, socially, and environmentally sound, and 3) educate 
the voting public about the need to adopt water conservation practices 
and programs. 
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LARGE NUMBERS OF WATER DISTRICTS AS AN INSTITUTIONAL 
CONSTRAINT TO GROUNDWATER MANAGEMENT 

Nathan Eric Hamptonl 

Introduction 

California's groundwater law is known as the Correlative Rights 
Doctrine . Under the Correlative Rights Doctrine, all landowners who 
overlay an aquifer have equal and unrestricted access to the waters of 
the underground basin, and groundwater only becomes the property of the 
landowner once it is extracted from the aquifer (Hutchins, 1956). These 
aspects of the state's groundwater law create common property problems 
not unlike the problems of unrestricted access in fisheries and the rule 
of capture prob 1 ems of pet ro 1 eum. Because of these common property 
problems, a condition of overdraft is created in most aquifers. 

Collective action is necessary to affect the change from one set of 
property rights (common property) to another set (private property or 
some other means of exclusion). In the Los Angeles Basin, groundwater 
users were able to correct their overdraft problems by establishing 
private property rights through adjudication of groundwater rights based 
upon adverse possession. However, the common property problems of the 
Correlative Rights Doctrine continue to plague the agricultural users in 
the San Joaquin Valley of California. The economic benefits of 
collective action resulting from efficient groundwater management have 
been estimated to range from $60 million for the southern section of the 
Valley (Howitt, 1979) to $761 million for the whole of the Valley 
(Marete, 1984). These economic benefits present an incentive to change 
the existing set of property rights. This paper focuses on some of the 
political constraints of changing the property rights to groundwater in 
the San Joaquin Valley - (1) the number of water districts in the 
Valley, and as a result of this, (2) the political behavior of water 
users towards groundwater management policies. 

The Problem of Large Numbers of Water Districts 

The above mentioned economic benefits are an opportunity cost of 
continued common property exploitation of groundwater, and are an 
incentive to change the existing property rights structure. However, 
this incentive has not motivated co 11 ect i ve action by the San Joaquin 
Valley farmers, nor by the water districts who provide the Valley 
farmers with irrigation water, to modify the common property 
characteristics of the state's Correlative Rights Doctrine (e.g. by 
establishing exclusive rights to groundwater). Because the economic 
benefits from exclusionary rights to groundwater are distributed over so 
many groundwater users; yet, the costs of co 11 ect i ve action wi 11 fa 11 
primarily on those few who initiate collective action, and therefore the 

1 Department of Economics, St. Cloud State University, St . Cloud, 
Minnesota 56301. 
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large numbers of groundwater users in the San Joaquin Valley are a 
constraint to the formation of collective action. 

As expressed by Mancur Olson (1965), the connection between 
collective action and large numbers is that 

Indeed, unless the number of individuals in a group is quite 
small, or unless there is coercion or some other special device to 
make individuals act in their common interest, rational self
interested individuals will not act to achieve their common or 
group interests .... When a number of individuals have a common or 
collective interest - when they share a single purpose or 
objective - individual, unorganized action will either not be able 
to advance that common interest at a 11 , or wi 11 not be ab 1 e to 
advance that interest adequately. 

Water districts exist to further the common interests of their members. 
Any one district is not able to adequately advance the co11111on interest 
of its groundwater users because the groundwater use decisions of other 
districts adversely affect the height of the groundwater table. All 
groundwater users and water districts have a common interest in the 
maintenance of the groundwater table at an efficient, profit maximizing 
height, but because there are so many water districts in the San Joaquin 
Valley, the costs of such collective action are very high creating a 
disincentive to change the existing common property rights in 
groundwater. 

According to the California Department of Water Resources (1982), 89 
water districts overlay the San Joaquin Valley's groundwater aquifer. 
In addition, there are many users who pump groundwater in unincorporated 
areas not covered by water districts . The quantitative question is not 
a question to be answered here, but considering that there is only one 
aquifer underlying the San Joaquin Valley, 89 water districts appears to 
be an excessive number of water districts for efficient management of 
groundwater. Reasons for this excessive number are discussed below. 

Collective action, in the form of water districts, financed the 
provision of surface water to Valley farmers. Financial restriction of 
California's water law which keyed the district's borrowing ability to 
the size of its initial tax base limited the size of water supply 
projects the water districts could undertake. Use of general obligation 
bonds were also required of local public water districts due to concern 
of the lenders with the base payment capacity of the early districts. 
As water shortages, in the form of higher groundwater pumping costs, 
became more extensive, neither district lands nor the size of water 
storage projects could be expanded, so additional water districts were 
needed to provide additional storage projects. 

According to B. Delworth Gardner (1985), "During the region's 
developmental phase, a critical need existed for institutions that would 
encourage water development and use, not impede them ... [U]sers desired 
security of tenure in water in order to induce the commitment of other 
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resources required for development." The desire for security of tenure 
led to rigidity in the laws governing the allocation of both surface 
water and groundwater rights. Rigidity of water rights makes the rights 
to water appurtenant to the land on which the water is used and 
insulates a district's water supply from the demands of others. In 
conjunction with limitations on the sale of water by districts outside 
its boundaries, and restriction on the expansion of existing district 
boundaries, security of tenure has tended to increase the number of 
districts which blanket the floor of the San Joaquin Valley. 

Entrance of the federal and state government into the Valley's water 
supply landscape did not slow the proliferation of districts in the 
Valley. Unlike the special districts which were created to manage 
groundwater in the Los Angeles Basin, the districts formed to receive 
surplus surface water were formed under the older general district acts 
(Andrews and Fairfax, 1984). As more water became available to the 
Valley, more and more water districts were formed to distribute that 
water to Valley's farms. Of the thirty-seven Irrigation Districts, 
California Water Districts, and Municipal Utility Districts holding 
permanent contracts in 1960 for water service from the United States 
Bureau of Reclamation's Contra Costa, Delta-Mendota, Madera, and Friant
Kern canals, only six were organized before the prospect of federal 
wholesaling activity (Bain, 1966). The extra 31 water districts were 
formed to absorb the Bureau's supplies, and no consolidation of existing 
districts or the formation of a few large districts was ever considered. 
In an effort to economize water distribution, the state required all 
water deliveries from its State Water Project to be handled through the 
Kern County Water Agency (KCWA), but through the KCWA allows for the 
across-district and county-wide management of water supplies, it does 
not replace an previously existing district, and actually adds to the 
number of districts that exist in the Valley. 

Many factors have created an excessive number of water districts in 
the San Joaquin Valley, and this plethora of districts constrains the 
implementation of efficient groundwater rights. Among these factors are 
(1) the financial elements of California water law, (2) the rigidity of 
water rights and of district boundaries, and (3) the availability of 
additional surface water. Because Valley groundwater users do not 
perceive the benefit from changing the property rights to groundwater, 
their actions in response to the problems created by conditions of 
overdraft have not been towards establishing efficient groundwater 
managemen~. 

The Politics of Water Policies in California 

Groundwater policy as it is now exercised in the San Joaquin Valley, 
is for local management which allows individual pumpers and individual 
districts to pursue privately determined pumping patterns. The drought 
of 1976-1977 encouraged different groundwater using interest groups to 
exercise their resources in support of their preferred groundwater 
management policy. The major San Joaquin Valley interest groups, those 
representing the southern and western portions of the Va 11 ey, formed 
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coalitions increasing their legislative influence and increasing their 
ability to counteract the efforts of the administrative branch towards 
efficient groundwater management (Smith, 1985). The politics of water 
for the San Joaquin Valley, and for most of California, has 
traditionally centered around the same policy - more water . In 
advancing the pol icy issue of "more water" the interest groups of the 
valley have been very successful . The future effectiveness of these 
interest groups and their prospects for continued success may be 
changing as the central theme of water policy moves away from the issue 
of more and towards the issue of efficient use of existing water . 

The difference between the issue of more water and that of better use 
of existing water can be interpreted ·as a difference between 
distributive politics and environmental-regulatory politics (Lewi, 1964; 
Mann, 1975) . Policies requiring efficient use of groundwater are 
policies of environmental -regulatory politics where as · policies 
answering questions such as "how much more?" and "from where?" are 
policies of distributive politics . As water politics moves away from 
distributive politics and into an era of environmental-regulatory 
politics, prospects for groundwater management will improve (Ingram, 
1975) . The first reaction to the drought of 1976-77 was a call for more 
water to be delivered to the Valley through the Peripheral Canal rather 
than for more efficient use of avai lable supplies . Efficient 
groundwater management policies as suggested by the Governor's 
Commission to Review California Water Rights Law were not instituted 
because the Valley's special interests who preferred more water to 
efficient use of existing water had sufficient strength in the 
legislature to withstand all attempts at changing the common property 
aspects of California ' s groundwater law. 

Senate Bill (SB) 346, which incl uded the Peripheral Canal and 
provisions for groundwater management among its many features, was 
introduced on February 18, 1977. Given the San Joaquin Valley farmer's 
preference for more surface water, as opposed to groundwater management, 
the agricultural lobby was officially opposed to even a moderate program 
of groundwater control (Barbour, 1982) . It was not the groundwater 
provisions of SB 346 that eventually led to its demise, however. After 
the bill was passed from the Senate to the assembly, the Assembly added 
environmental amendments to protect North Coast rivers, and to provide 
for maintenance of water quality in the Delta. These amendments were 
interpreted by Va 11 ey representatives as guaranteeing water for the 
Delta, but none for agricultural interests in the San Joaquin Valley , so 
after the bill returned from the Assembly complete with its 
environmental restrictions, all three Senators from the Valley who had 
previously voted in support of the bill , voted against the bill which 
subsequently died in Committee. Distributional politics (the promise of 
more water) gave life to SB 346, but environmental-regulatory politics 
(recognition of interdependencies in water use) killed it. 

After the failure of SB 346, SB 200 was introduced on January 15, 
1979. Many of the same water supply features of SB 346 were found in SB 
200 but with responsibility for Delta water quality being eliminated as 
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a threat to water supplies made available to the Valley . To bypass the 
agricultural lobby in the legislature, and to offset environmental 
concern over the impacts of the Peripheral Canal, Proposition 8 (to add 
to the state con st i tut ion provisions to protect northern California's 
environment should the Peripheral Canal be built) was put before the 
electorate through California's referendum process and was passed on 
November 9, 1970. Again, as with the Assembly amendments to SB 346, the 
environmental restrictions placed upon water supplied under SB 200 by 
Proposition 8 brought opposition to the bill from the San Joaquin Valley 
agricultural interests. A coalition of environmental groups who still 
opposed the Peripheral Canal deposit Proposition 8, and the Valley ' s 
agricultural interests who were unsatisfied with water supply guarantees 
of SB 200, combined to place Proposition 9, to repeal both SB 200 and 
Proposition 8, on the June 1982 ballot where it subsequently passed. 

The 1 ack of desirability for groundwater management by those who 
would most benefit from it is evident in the opposition to SB 346 and SB 
200 by the San Joaquin Valley's groundwater users. If environmental
regulatory politics emerges as the dominant means of solving the state's 
water use problems, then the policy of efficient groundwater management 
may be implemented. Just such an environmental-regulatory policy, SB 
95, was introduced January 5, 1981 to provide simplified judicial 
procedures for basin adjudication. Following the recommendations of the 
Governor's Commission to Review California's Water Law, the bill sought 
to give legislative support and approval to the judicial procedures for 
granting groundwater rights as established in existing court cases 
involving the adjudication of groundwater rights in the Los Angeles 
Basin (Littleworth, 1981) . 

Establishing adjudication of private property rights to groundwater 
would essentially eliminate common property provisions of the 
Correlative Rights Doctrine. Though these proposals did not meet with 
resistance during the Governor's Commission hearings, once the proposals 
reached the legislature, they were forcefully opposed by the valley's 
groundwater users. According to Arthur L. Littleworth (1981), a member 
of the Governor's Commission to Review California Water Rights Law, 

" . .. opposition to SB 95 was swift and severe. San Joaquin Valley 
farmers perceived SB 95 as an unprecedented threat to property and 
water rights directed at the San Joaquin Valley groundwater basin . 
Their position has always been that additional surface water is 
needed to correct groundwater overdraft, and they saw SB 95 as a 
rationing device which would permit state and judicial 
interference . " 

Conclusion 

Valley water users appear to support only legislation which provides 
them with additional water. The stronger the single-minded demand for 
more surface water, the higher the costs that will be endured before 
this demand is either abandoned or compromised. The strength of local 
Valley opposition to statewide groundwater management legislation, and 
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the Valley's willingness to accept the high costs of continuing 
overdraft, was confirmed by Andrews and Fairfax (1984) in interviews 
with state and local water officials. But as groundwater overdraft 
becomes more serious, the economic incentive to abandon common property 
rights to groundwater also grows. 

The large number of water districts and the use of distributive 
politics are political constraints to instituting efficient groundwater 
management in the San Joaquin Valley. These constraints are not 
independent of each other, and this may work to the advantage of those 
who seek efficient management of groundwater. A pro 1 onged drought of 
crisis proportions may spark environmental-regulatory politics to the 
forefront of California water politics. A policy proposal that 
correctly tailors "specific incentives" to account for the variability 
across groundwater users of the Valley may succeed in gaining enough 
momentum to pass through the policy process. The establishment of 
private property rights to groundwater, as is the design of 
adjudications based upon prescriptive rights, is just such a policy. 
But at present, Valley water users not only fail to see the benefits to 
be gained from efficient groundwater management (due to the problem of 
large numbers) but are unwilling to accept the recently suggested 
groundwater management plans of the Governor's Commission, SB 95, SB 
346, or SB 200. 
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IRRIGATION, ECONOMIC DEVELOPMENT, AND WATER SALES: HISTORIC 
PATTERNS AND COMPETING USES FOR WATER IN THE 

ARKANSAS VALLEY, COLORADO 

Kenneth R. Weberl 

Introduction 

Water, its presence, control, and distribution, has been one of the 
primary underlying elements in the history and development of the Great 
Plains and most of the American West . From the earliest periods of 
Euro-American exploration, water, or more correctly its lack, has 
provided a negative commentary on the West. Major Stephen H. Long, 
leader of .one of the first U.S. Army expeditions across the Plains and 
into Colorado, had a name for this region and it stuck . He called it, 
"The Great American Desert"; a member of his expedition wrote that it 
was an area "almost wholly unfit for cultivation, and of course 
uninhabitable by a people depending upon agriculture f-0r their 
subsistence" (Lavender 1972:29). Although Long did not foresee the 
place of irrigation in "The Great American Desert" and his label has 
been widely criticized, many of his critics could not have imagined 
parts of this area reverting to "desert" with the removal of irrigation 
water. Water, thus, remains pivotal to the socioeconomic and 
demographic maintenance of communities located on "The Great American 
Desert." · 

Otero County, Col or ado, is one such county located on "The Great 
American Desert" and this article briefly traces the socioeconomic and 
demographic development of that county, the critical nature of water to 
its development, and some present scenarios involved in local irrigation 
water sales. Since providing an initial irrigation-based boom for Otero 
County that saw communities quadruple in population almost overnight, 
agriculture has constituted the county's basic economic prop for almost 
a century. Over the past several decades, however, two major phenomena-
one agricultural and one non-agricultural--have combined to present a 
formidable challenge to the county's agricultural and socioeconomic 
future. The agricultural phenomenon combines the closing of sugar beet 
processing pl ants on the local level with a general, national 
agricultural decline. The non-agricultural phenomenon is the growing 
water demands of Front Range Colorado urban communities. The sales or 
potent i a 1 sa 1 es of i rri gat ion water to thirsty urban areas ti es these 
two phenomena together. It is an on-going drama having a large but not 
completely known number of actors, a complicated and continually 
evolving story line, and a yet unwritten conclusion. 

Development and Demography to 1920 

Well into the 1870s the Arkansas Valley area below Pueblo County was 
grazing country occupied largely by cattlemen who were generally content 

1 Private Consultant, Boulder, Colorado. 
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to graze the open range without f il 1 i ng 1 and c 1 aims and incurring the 
consequent tax liabilities. Following its over-expansion in the 1880s 
and severe losses during the winter of 1886-87, the range cattle 
industry suffered a precipitous decline. Open range grazing was 
supplanted by stock farming done in conjunction with the growing of 
crops and these changing land use patterns were reflected in the number 
and location of homesteading claims filed. By the end of the 1880s some 
3,507 claims were filed in 162 of the 190 townships of old Bent County 
(the present counties of Bent, Crowley, Kiowa, Otero, and Prowers) . 
Fueling this settlement rush was the planning and construction of 
irrigation projects. The first major irrigation ditch east of Pueblo 
County was the Rocky Ford Ditch with an appropriation date of 1874. It 
was 12 feet across the bottom and was about 10 miles long until extended 
in 1887. The Fort Lyon Canal, dating from 1883, was the second ditch. 
By 1886 it extended about 20 miles and by 1890 it reached some 113 miles 
to the Kansas border. By 1891 all the prominent ditches in the Arkansas 
Valley, 10 in total, had been constructed or projected and were laying 
claim to more water than the Arkansas could provide. The State of 
Kansas early recognized some of the consequences of the appropriation of 
the Arkansas and in 1884 it filed suit against the State of Colorado for 
the diversion of Arkansas River waters. This case reached the U.S. 
Supreme Court in 1901 and Kansas claimed "that it is the intention of 
the State of Colorado to divert absolutely all of the water that does, 
can or might flow down the Arkansas River into the State of Kansas" (Van 
Hook, 1933) . Other consequences of the local development of irrigation 
were more positive . Although it was early shown that alfalfa, sugar 
beets, numerous vegetables, and a variety of grains could be 
successfully grown, the local boom had soured somewhat by the mid-1890s; 
several eastern financial institutions were forced to foreclose on 
irrigation projects that were incomplete or were too ambitious for 
available resources. The area's economic and demographic take-off 
awaited the arrival of a high value, labor intensive crop that could be 
processed locally . The cultivation of sugar beets and the building of 
sugar beet processing plants offered a way out of this economic slump 
and promised high returns for both farmers and investors . In 1899 sugar 
beet factories were completed in Rocky Ford and Sugar City, an instant 
community appropriately named for its sole reason for existence (Van 
Hook, 1933; Markoff, 1979; Weber n.d.). 

Sugar beet cultivation and processing produced impressive results. 
Local demands for labor skyrocketed. The cultivation of each acre of 
beets required 100 hours of labor and 75 of those hours were performed 
by hand. Construction of the processing plants required a variety of 
skills and materials from locally manufactured bricks to the design and 
local manufacture of the processing equipment. The plant's operation 
also brought employment for farmers during traditionally slack times 
after the fall's harvest. Local supporting industries (mercantile, 
transportation, service, etc.) expanded, too, as a result of this 
agriculturally-related boom. The town of Rocky Ford blossomed from a 
population of 500 persons to 2,000 persons in one year and Sugar City 
reached the same population level during its first year of existence . 
On the farm , once the irrigation laterals were built and the beet 
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processing plant completed, land values went from several dollars per 
acre to about $100 per acre. To reap their part in this bonanza every 
valley town wanted to build a sugar beet factory. By 1907, factories 
were also completed in Lamar, Holly, Swink, and Las Animas . Four 
companies operated the valley's six mills. The scale and impact of this 
boom is exemplified by a major project in the Lamar-Holly area which dug 
150 miles of canals and 750 miles of irrigation laterals, completed a 
14,000 acre storage reservoir, and at the height of construction worked 
some 3,200 mules. The project was completed by 1905 at a cost 
approaching $3 million. A parallel and even larger agricultural and 
demographic boom occurred in northern Colorado between Longmont and 
Ster 1 i ng during this period (Van Hook, 1933; Markoff, 1979; Markoff, 
1980; Ubbelohde, et al., 1972; Weber n.d.). 

Viewed from a demographic and socioeconomic perspective, an area's 
population tends to fluctuate according to its perceived economic 
resources relative to other areas. That is, areas with stronger 
perceived economic potentials will tend to increase in population at the 
expense of lesser economic areas. Thus, population figures provide one 
measure of an area's relative economy. Although Co 1 or ado recorded 
strong rates of population increase during the decades 1890-1900 and 
1900-1910 (30 percent and 48 percent, respectively), Otero's growth of 
175 percent and 75 percent per decade far surpassed the state's rate. 
The boom nature of local agricultural development is apparent as is the 
area's i nabi 1 i ty to maintain that rate of growth once the in it i a 1 
development and infrastructure had been completed. By the decade 1910-
1920, Otero County's rate of growth (12 percent) had dropped below that 
of Colorado (18 percent) and has subsequently remained below that of the 
state (Weber n.d.). 

Post-1920 Development and Demography 

The Arkansas Valley's turn of the century agricultural boom also had 
its bust aspects and the valley's post-1920 agricultural history is less 
dynamic and less positive than the first three decades. In 1913 the 
sugar beet factory in Holly closed due to poor quality irrigation water, 
poor soil , and poor 1oca1 production. That same year Lamar's factory 
closed due to needed repairs and the factory ·in Las Animas closed in 
1921 for the same reason. From the 1920s on, the agricultural industry 
was generally characterized by difficult times. The 1920s were a period 
of agricultural depression and drought only to be followed by the 
national depression and dust bowl of the 1930s. Through this period the 
sugar industry was propped up by government tariffs, quotas, and 
payments to farmers . It was also marked by changes in federal programs, 
anti-trust investigations, and wartime boom markets followed by the 
inevitable busts . Local farmers were whipsawed by high labor costs, 
high equipment costs, drought, and unstable markets. The remaining 
sugar beet factories had their problems too. They were generally small, 
relatively inefficient, aging, had high transportation costs, and were 
unable to get adequate supplies of beets. By 1969, Rocky Ford had the 
only operating sugar beet factory in the valley; one decade later, it, 
too, had closed. By 1979, local farmers were already selling their 
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water rights to urban interests (Van Hook, 1933; Bonnifield, 1979; 
Markoff, 1979; Ubbelohde, et al., 1972). 

As expected, the 1oca1 demography continued to reflect the local 
economy. Since 1910, Otero's rate of growth has been less than that of 
the state and in four censuses (1940, 1960, 1970, and 1980) Otero's 
population has declined from the previous decade. After reaching a peak 
in 1950 (25,275 persons}, the county's 1980 population has dropped to 
just less than the number counted in 1920 (22,623 persons}. A review of 
percent net migration by decade reveals an even more telling account of 
1oca1 economic and demographic conditions. Rather than a population 
count as provided by the census, net migration figures consider the 
number of local births and deaths along with migration to and from the 
area. For the three decades between 1950 and 1980, Otero has 
experienced a net out-migration of 18.5 percent, 12.5 percent, and 9.9 
percent, respectively. Other valley counties did even more poorly. 
Colorado for the same three respective decades has had a net in
migration rate of 10.3 percent, 10.5 percent, and 20.5 percent (Weber 
n.d.). 

Status of Irrigation Water Sales 

Recent figures indicate that irrigation water from approximately 
35,000 acres of Arkansas Valley land has been sold and that water from 
another 110,000 is on the market. Of the latter figure, 72 percent has 
been designated by the USDA as prime agricultural land. Stated in a 
somewhat different manner, about 18 percent of the irrigated water in 
the Arkansas Valley has been sold and another 70 percent is up for sale. 
On a more l oca 1 l eve 1 , water from some 92 percent of Crowley County's 
irrigated land has been sold, 52 percent of the farmers under the Rocky 
Ford Ditch have sold their water, and 65 percent of the shareholders of 
the Fort Lyon Canal, the area's major ditch, have indicated their 
interest in selling. In addition, Public Service Company of Colorado 
has purchased the Las Animas Consolidated Ditch for a proposed power 
plant. Water from that ditch is presently leased back to the farmers 
(Reifschneider, 1966; Scott, 1984; Turner, 1986; Miles, 1987). 

Attitudes on Water Sales 

As might be expected given the complexity of this issue, the number 
of people involved, and the potential it represents, attitudes on this 
matter are num~rous, diverse, and often highly individual and emotion 
charged. One farmer is quoted as saying, 11 Farmers don't want to se 11 
their water. They hate like hell to do it. But since they can't make a 
living and make payments through farming, that's about their only out . 
And it is a buyer's · market right now" (McBean, 1986:68). Charles 
"Tommy" Thomson, S.E. Colorado Water Conservancy District general 
manager, sees it very differently as a win-win situation. He believes 
there is an agricultural surplus worldwide and that American farmers are 
in a weak competitive position due to over-production and the high cost 
of production. On the local level, over-production is holding prices 
down and if land were taken out of production, production would decline, 
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prices would rise, and the farmers who did not sell their water would 
have a better market. Thus the farmers who sold all or part of their 
water would be better off as would those who retained their irrigation 
water. He stated, "The farmers who have sold water are not destitute, 
nor are they losing their farms. They have cash to pay for new 
equipment, new furniture, new business . .. most do not move away from 
their original homes" (Stangl, 1987:1). Don Miles (Extension Irrigation 
Engineer, Colorado State University, located in Rocky Ford) takes a very 
different tack. His position, briefly and over-simplified, has two 
primary points: (1) water sales are detrimental to the economic health 
of the valley; (2) sales have largely peaked and expectations for 
further sales are modest. Mil es observes that over 80 percent of the 
local economy depends on irrigation agriculture and that reductions in 
local production will not automatically result in increased local prices 
as other non-1 oca l producers may enter the market. A reduction in 
acreage irrigated would reduce the multiplier effect of money previously 
spent on agricultural production, wages, and in the supporting service 
industries; would lower the local tax bases; and would contribute to a 
reduced local population already below its economic efficiency level. 
Miles also observes that the water market has experienced a "recent, 
sudden softening" and that recent sales of some Colorado water has been 
at a level slightly more than one-third of its previous peak. Also 
because of some of the problems listed below, Miles feels that little 
additional Arkansas Valley water will be sold (Miles, 1987). Somewhere 
in between these three views are those held by individual Arkansas 
Valley farmers. Although the attitudes held by the local farmers appear 
to be highly individual and no research has been done on the affected 
population, two of the critical variables seem to be the level of 
indebtedness of the farmer and his age . 

Problems with Water Sales 

The problems associated with water transfers from the Arkansas Valley 
are numerous, complex, and serious. Due to space limitations, only some 
of the major ones will be listed here. Unlike previous water transfers, 
future transfers will likely require pumping water directly from the 
lower reaches of the Arkansas River. This will result in large 
expenditures with pipeline construction estimated at $1 million per mile 
and additional pumping costs. Water quality in the lower Arkansas is 
poor and, depending on where it is taken, may have a salinity content 
almost four times that of the Colorado River at Yuma, Arizona. For 
domestic use, this water would require costly treatment. Revegetation, 
required on the land from which irrigation water has been removed, also 
has a problematic potential. Although the Soil Conservation Service 
reports some progress on their test acreages in the Rocky Ford and 
Ordway areas , the Forest Service has been trying with almost no success 
for 50 years to revegetate dryland areas south of La Junta . In addition 
to all the above, legal complications associated with water transfers 
have tended to be both 1 engthy and costly. The Rocky Ford Ditch case 
was in the courts for four years; the Catlin Ditch case has a twenty 
year hi story and has been to the U.S. Supreme Court and back (Mil es, 
1987; Stangl , 1987 , Stangl, 1988; Turner, 1986; Hollenbeck, p.c., 1988). 
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The Futyre 

As indicated above, the future of i rri gat ion water sa 1 es in the 
Arkansas Va 11 ey is influenced by a number of factors: 1oca1 and non-
1 oca l, economic, legal, social, political, and technological. As a 
market-driven phenomena, the level of activity in the water sales arena 
has been largely a function of the perceived water needs of .rapid growth 
Front Range communities. With the present stagnation of the Front 
Range's previous population boom, projected water needs for these 
communities have diminished and as one consequence, interest in water 
sales seems to have declined or at least has become quiescent . However, 
the increasingly problematic future of the Two Forks Project on the 
South Platte has re-opened many questions on future water supplies for 
metropolitan Denver and irrigation farmers in northern Colorado, for one 
group, have become increasingly concerned for their water. This concern 
soon trickles down to every other owner in the state. The history of 
water projects in Colorado, and the arid West, clearly shows that water 
obeys "The First Economic Law of Hydraulics" and its corollaries, that 
is, "water flows uphil 1 to money" and that "money attracts water 
downhill, through mountains, and in any direction" (Miles, 1972). 
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PRESSURES TOWARD CHANGE IN A COMMUNITY POLITICAL 
MACHINE?: THE CASE OF STARR COUNTY , TEXAS 

Richard W. Griffin! 

Introduction 

Situated near the extreme southern tip of the United States along the 
banks of the muddy Rio Grande, or Rio Bravo as it is called in Mexico, 
Starr County, Texas comprises a unique social, political, economic, and 
cultural entity. While "officially" part of the United States, Starr 
County is neither totally American, nor is it quite Mexican. It is a 
rare blend of both societies which has been geographically and 
culturally isolated from the mainstreams of American and Mexican lives 
since its original settlement over two hundred and thirty years ago. 

Brief History 

During the 1750' s, Don Francisco de la Garza secured a land grant 
from the Spanish Viceroy of Nuevo Santander and established 
Carnestolendas Ranch on the present day site of Fort Ringgold in Rio 
Grande City (Gonzales , 1930). Spanish ranchers soon followed and were 
granted parciones (tracts of land) which extended across both sides of 
the River. By the 1757 Spanish census, the area had already grown to a 
population of 1,189 "inhabitants," 393 "Indians," and 175,000 
"livestock" (Graf, 1942). The major settlements were located on the 
south side of the Rio Bravo at Camargo, Mier and Revilla, while the 
north bank was devoted almost exclusively to grazing and pasture land . 
The River functioned merely as a "muy grande" watering hole for the 
cattle herds rather than to politically , socially, or economically 
separate the society. 

Then in 1848, the area was artificially split by the Treaty of 
Guadalupe Hidalgo which ended the Mexican War and established the River 
as the "official" boundary between the United States and Mexico. The 
Treaty did 1 ittle however to alter the cultural uniqueness of Starr 
County, especially the dominant socio-political organizing principal of 
patronism in which the rancher (patron) enjoyed almost total social , 
economic, and po 1 it i ca 1 influence over his 1 a borers (peons) and ranch 
hands (vaqueros) (Griffin, 1988) . 

In 1890, "Don" Manuel Guerra -- a prominent rancher and a political 
ally of James B. Wells, Democratic boss of neighboring Cameron County-
forged an alliance with Starr County Sheriff W. W. Sheley, and the 
Guerra4111achine was set. Guerra built his machine upon family ties among 
the influential patrons and upon an extensive patronage system which 
comprehensively penetrated the County's political, administrative, law 
enforcement , economic, and educational systems. 

1 Department of Political Science, Pan American University , 
Edinburg , Texas 78539 . 
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In consolidating and maintaining control, Guerra developed a barrage 
of tactics ranging from threats and intimidation to open violence and 
murder. As late as 1930, one researcher observed that the Guerra 
family's "word is law and like feudal barons they do and undo at their 
will" (Gonzales, 1930). Moreover, such tactics have continued even into 
modern times. While the Texas Rangers and U.S. Federal Marshals have 
often interceded, shootings and murder abound through the pol it i cal 
history of Starr County. The victims have included innocent by
standers, political rivals, judges, and, as recently as January, 1988, 
family members of opponents to the machine. 

This study seeks to determine whether changes in Starr County are on 
the horizon, whether the County's heavily Hi~panic ~opulation (96.2%) is 
beginning to break the chains of the patron - peon relationship, and 
whether political, social, and economic development and modernization, 
which is occurring throughout South Texas, is beginning to have a ripple 
effect on Starr County. By seeking to identify any pressures toward 
change in the patterns and structure of political influence and in the 
actors and issues which have prevailed in Starr County in recent years, 
we may gain some insight into the likelihood . of the County joining the 
mainstream of the American socio-political system at some future point 
in the Twenty First Century. 

Methodology 

In his study of decision-making in Syracuse, New York, Linton C. 
Freeman designed a methodological instrument which surveyed a panel of 
"authoritative persons" in an effort to identify "significant community 
issues" and attain a list of "influential leaders" (1968). While the 
approach does rely heavily upon issue oriented decision-making processes 
and reputed influence upon those processes, its results have been widely 
documented as providing valuable discoveries into the intricacies of 
community power in America (Hawley and Svara, 1972). 

A revised edition of the Syracuse questionnaire was administered to 
251 residents of Starr County. While the "Starr County Leadership 
Project" surveyed a full range of socio-economic, family history, 
employment, and political, social, and economic institutional measures, 
four of its questions are of particular significance to this study. 
These are 

1) "During the past year, what five issues do you feel were the 
most important ones facing Starr County?"; 

2) "During the past five years, what five issues do you feel 
were the most important facing Starr County?"; 

3) "During the past ten years, what five issues do you feel 
were the most important facing Starr County?"; and 

4) "Would you name the people in Starr County whom you consider 
the most influential, whether they hold political office or not?" 
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To gather a comprehensive view of community issues and leadership in 
Starr County, respondents were selected from among the three major 
geographical distinctions within the County and among six occupational 
categories. First, since the County has only two major population 
settlements, 107 (43%) of the respondents reside in Rio Grande City, 94 
(37%) reside in Roma, and 50 (20%) in rural areas. Second, of the 251 
total respondents, 75 (30%) hold political office, 58 (23%) are 
educators, 42 (173) are business people, 31 (12%) are working class, 25 
(10%) are civil servants, and 20 (8%) are professionals. 

Issues 

Two hundred and twenty-two of the 251 tot a 1 respondents identified 
significant issues facing Starr County over the past ten years. As 
indicated in Table 1, sixteen specific issues in three general issue 
areas have been dominant in the County in the past decade. During the 
1 a st ten years, Starr County has experienced major economic 
difficulties, widespread political and law enforcement corruption and 
illegality, and severely inadequate public services. 

In a word, Starr County residents perceive their main community 
issues to be systemic problems and failures. Unemployment, a weak 
economy, high and indiscriminately collected taxes, and little-to-no 
industry except cattle raising and produce farming form the County's 
economic base. Moreover, Starr County's faltering economy is supported 
by a sub-culture of drug smuggling, widespread corruption by political 
and law enforcement authorities, and rising levels of crime. The drug 
corridor through the County is so extensive, in fact, that Kenneth 
Miley, Chief of the U.S. Drug Enforcement Administration's McAllen field 
office, has proclaimed, "we could stand shoulder to shoulder from one 
end of the border to the other and they'd dig under us or fly over us" 
(Stasser, 1987). Authoritative sources have likewise raised the 
possibility that the Starr County Sheriff's Department may be directly 
involved in the smuggling of drugs and in the increasing number of drug 
related murders occurring recently on both sides of the border 
(Woodbury, 1986). 

Nor is the political structure without its critics. The County's 
history of alleged voting fraud continues into 1988 with the major 
charges being levied at the buying of votes and at tampering with the 
large number of absentee ballots regularly cast to determine the 
outcomes of elections to the benefit of those already holding political 
office and/or economic power (Hamilton, 1988). 

Given these conditions, it is not surprising that the political
administrative authorities of Starr County offer its citizens little in 
the way of adequate public services . The educational institutions have 
historically been a major component of the political patronage system as 
their administrative, teaching, and staff positions are frequently 
reserved for electoral supporters of the regime. Like concerned parents 
throughout America, Starr County residents fear the increasing use of 
drugs among their schoo 1 age youth. Roads and highways throughout the 
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Table 1 

MOST IMPORTANT ISSUES IN STARR COUNTY, 1978-1988 

Issue Area Issue last Year Fjve Yrs1 Ten Yrs. , 
No. Wt. Ave. No. Wt. Ave. No. Wt. Ave. 

ECONOMIC 
DIFFICULTIES 463 2.09 456 2.05 447 2.01 

Unemployment 151 140 147 

Economy 88 90 92 

Taxes 69 62 66 

Co. Budget 65 54· 43 

Industry 41 53 47 

Poverty 25 29 34 

Peso Deval. 24 28 18 

CORRUPTION 
ILLEGAL ACT. 336 1.51 342 1.54 303 1.36 

Drugs 139 134 126 

Political 87 102 99 

Immigration 38 37 25 

Crime 37 34 29 

law Enforce. 35 35 24 

PUBLIC SERVICE 
INADEQUACIES 222 1.00 208 .94 197 .89 

Education 78 70 63 

Transportation 60 64 60 

Health & Safety 49 46 39 

Water Supply 35 28 35 
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County are severely in need of expansion or repair, and many are dirt or 
gravel. Whole sections of the ·county have no ambulance service or fire 
protection. Recreational facilities are lacking. Flood control and 
proper drainage are non-existent, while in certain water districts 
migrant farm working families must pay $675 for a potable water 
connection to their residence. One of our respondents summed up the 
community environment of Starr County well when he remarked, "the County 
is broke, broke, broke," and "almost everyone except the wealthy 
landowners and the dope smugglers are living at or near poverty." 

Leaders 

Two hundred and fourteen respondents expressed opinions as to whom 
they considered the most influential people in Starr County. A 
pyramidal structure of influence was not identified. Only one 
ind i vi dua 1 - - the current County Judge, Jose Mari a Martinez, - - was 
named by over 50% ( 108) of the respondents. But a full slate of 
candidates for public office backed by Martinez was defeated in the 
March, 1988, Democratic Primary. In fact, the probability for the 
Judge's re-election in 1990 is tenuous at best. One must consider 
Martinez's influence as reputational and institutional rather than 
actual. 

Following Martinez, a sub-structure of influentials was · identified 
which included the Sheriff, all four County Commissioners, two former 
county judges, a bank president, several businessmen, professionals 
(lawyers and doctors), large landowners, community leaders, the County 
Court-At-Law judge, and the Mayor of Roma. Each of these leaders were 
named by at least 10% but less than 50% of the respondents, and each was 
perceived as most influential by respondents under the political, 
administrative, and/or economic domain of the leader. 

Given such a wide diversity of influentials, the initial conclusions 
about leadership in Starr County are that power is dispersed and non
hierarchial and that community decision-making is plural in both process 
and structure. Are there however, linkages among these leaders, 
linkages which lead to a more comprehensive structure of leadership and 
power in Starr County? 

Kinship Bond 
I 

Guerra built his powerful machine upon kinship ties among patrons, 
each who ruled his sector of Starr County like a feudal lord. Has this 
structure of power and influence perpetuated, or is community decision
making in the County truly plural in the 1980's? 

Upon close examination of the composition of the commissioners court, 
the schoo 1 boards, the water boards, and the community and industrial 
development committees, widespread kinship, political, and economic ties 
exist among their members. Moreover, these linkages spread across 
geographical and sectional areas of the County. It is apparent that the 
pattern of political control through kinship and economic bonds which 
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was developed by Guerra during the 1890's has continued in Starr County 
into the 1980's. 

Conclusions 

There have been changes in Starr County during the Twentieth Century. 
However, those changes have been primarily on the surface. Expensive 
Mercedes have replaced fine palominos as the means of travel for the 
elite, the high walled homes of the "narcotraficantes" have replaced 
many of the haciendas, and much of the laboring class now leaves the 
County on a seasona 1 basis to f o 11 ow the migratory routes of national 
agribusiness. But the societal structure of the community remains much 
as it was during the 1700 and 1800's. Where the most profitable illegal 
contraband was once cattle or tequila, today it is narcotics. 
Additionally, the pattern of political and legal control over the 
community remains under the thumb of close knit kinship groups who 
continue to rule as feudal barons over their local serfs with the full 
support of the legal and bureaucratic authorities. If meaningful change 
is to occur in Starr County, it will require a combination of grass
roots upheaval, and vigorous outside support to break the historical 
chains of patron control. 
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THE EFFECTS OF ARID AND SEMI-ARID LOCATION UPON ECONOMIC 
AND FINANCIAL STRESS OF AGRICULTURE IN THE WESTERN UNITED STATES 

Charles R. Britton and John G. Hehrl 
11 

••• we were operating in a crisis atmosphere. Farmers are going 
bankrupt, rural banks - and the Farm Credit System - all find 
themselves struggling for survival.... It has been an emotional 
experience for me to travel through Arkansas meeting with 
thousands of farmers, many of whom are losing their farms." 

Senator David Pryor 
11 

••• the financial conditions of farmers and their lenders has 
deteriorated rapidly since 1980 and that financial stress 
continues to grow." 

Brian P. Crowley 
U.S. General Accounting Office 

Introduction 

Agriculture in the United States continues in a depressed state. The 
near term outlook promises either little or no improvement in the farm 
economy particularly for crop producers. In addition to the farmers 
themselves the financial and economic stress is felt throughout the farm 
supporting sectors . Farm and irrigation dealers suffer severely from 
agricultural downturns. Also of major concern is the impact upon the 
major financial institutions which provide the credit to agriculture . 

This paper analyses the effect of location upon the agriculture 
sector. Specifically, the authors compare the effect of arid and semi
arid location upon the performance of agriculture as compared with non
ari d farmers. First, the western U.S. is categorized as either semi -
arid or non-arid according to climatological data. Next, the financial 
and economic stress of the agricultural sectors are compared to 
determine if location is of any major importance. 

Overall View of Agriculture and Supporting Commercial Banks 

It is difficult to place the current agricultural situation in 
perspective without reference to its historical beginnings. The authors 
of this paper place the origin of the problem in the post World War I 
period. World War I had been a tremendous period of expansion for U.S. 
agriculture with high growth rates in demand for the domestic and 
international markets. 

1 Respectively, Department of Economics and Department of 
Geography, University of Arkansas, Fayetteville, Arkansas 72701. 
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The 1920s and 1930s were depression times for commercial agriculture . 
The European economies recovered thereby providing increased production 
from their agriculture. This led to increased competition and 
consequently major problems for U.S. agriculture which had expanded 
heavily during the war using debt financing. Like similar panics in the 
past those with the greatest indebtedness failed. The difference of the 
1920s and 1930s was the commercialization of agriculture which had 
occurred since preceding financial crisis. Major bankruptcies, farm 
failures, and foreclosures were exceedingly high during this period. 

The value of farmland and farm assets fell even more rapidly than 
debt during the 1920s. The end result was that outstanding farm debt 
peaked in 1921 yet the ratio of debt to assets did not peak until 1933 
(Melichar, 1984). With this background in mind it is easy to observe 
the behavior of farmers with respect to debt to the post-depression 
period . Even World War II did not bring about any major attitudinal 
changes as the debt to assets ratio in 1946 was at 8 percent compared to 
30 percent in 1933. This basic conservatism allowed the farm sector to 
weather the post war recessions. However, those farmers which undertook 
greater debt in the 1960s had greater success than the more 
conservative . By 1972 the debt to asset ratio had reached 18 percent 
(Melichar, 1984). 

The recent farm crisis dates to the 1972-73 period for its 
foundation. The major increases in commodity prices brought about 
expansions in debt by farm producers. Grain prices declined in 1976 and 
by 1980 commodity prices were no longer advancing. Bountiful harvests, 
combined with declining demand for U.S. agriculture occurred at the time 
of exceedingly high nominal interest rates. This led to problems in the 
agriculture sector and its supporting industries including financial 
institutions. Farmers began having problems meeting loan payments in 
the 1980s and financial institutions which service the agriculture 
sector began feeling the pinch. Rural banks are now becoming the focus 
for many studies (Duncan and Borowski, 1985; Duncan, Drabenstoff, and 
Norris, 1985). U.S. commercial banks are now even required to report 
delinquencies on loans and during the 1980' s the trend for delinquent 
farm loans has been upward. 

The United States Department of Agriculture (USDA) indicates that the 
delinquency rate is related to (a) the amount of lever age of the farm 
operator and ( b) the extent of reliance upon export markets (Federal 
Reserve Bank of St. Louis, 1986/87). Obviously, much of the output of 
the western United States is export sensitive and the future does not 
appear too bright since the USDA does not expect any major improvements 
in export conditions through this decade. Net farm incomes are expected 
to rise primarily through government programs designed to increase gross 
farm income and, even more importantly, through input cost reductions. 

According to the Federal Deposit Insurance Corporation (FDIC) , 
agricultural banks accounted for 52 .5 percent of all bank failures in 
1985 yet they represent only 25.9 percent of all banks. Through 
September of 1986 agricultural banks accounted for 46.6 percent of all 
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bank failures (Federal Reserve Bank of St. Louis 1986/87). The 
agricultural banks still in existence constitute a disproportionate 
share of "problem" banks as identified by the FDIC and Federal Reserve 
System. 

Agricultural Counties in Western United States 

What is sometimes forgot ten in the examination of co11111erc i a 1 bank 
portfolios is that financial stress will be suffered by all the local 
supporting industries of agriculture. The impact of agriculture extends 
beyond just the markets for agricultural goods. The supporting 
industries - fertilizer, seed, irrigation - and farm equipment dealers, 
also suffer from the so-called "farm problem" (Yandell, 1986). Even the 
local commercial businesses feel the stress from agriculture's decline. 
A commercial bank may have many loans to supporting industries and 
sectors yet not be classified as an agricultural bank if it does not 
make many loans directly to the farm sector. Still, when the farm 
sector suffers, so do a 11 the supporting industries and so does that 
commercial bank. Table 1 indicates the problem in better perspective. 
As can be seen, agriculture loans are not .the major problem facing 
commercial banks. Commercial loans secured by real estate are of much 
greater importance and these loans are associated with commercial banks 
located in agricultural counties in the U.S. 

Table 1 

Nonperforming Loans at U.S. Commercial Banks - December 1986 

Commercial 41.15 
Real Estate 28.68 
Foreign 17.57 
Consumer 6.88 
Agriculture 4.20 

Source: Federal Deposit Insurance Corporation "Consolidated Reports of 
Condition and Income for Insured Commercial Banks." Annual 
Report, 1986. 

With this in mind the authors sought a new and more appropriate 
technique to use in the analysis. The classification selected is the 
one used by the Economic Research Service of the USDA. In the research 
report, The Diverse Social and Economic Structure of Non-metropolitan 
America, there is a farming-dependent classification. Farming-Dependent 
Counties account for 29 percent of all non-metropolitan counties yet for 
only 13 percent of the non-metropolitan population. 
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Since agriculture can have both direct and indirect effects upon 
local communities, it was felt that analysis of the financial conditions 
of commercial banks located in farming-dependent counties would prove 
more insightful than just an analysis of agricultural banks themselves. 

Farming Deoendent Counties in the United States 

As can be seen in Exhibit I the farming dependent counties are 
located in western United States with a majority in the middle section 
of the country. Furthermore as can be seen in Exhibit 2 the western 
United States can be categorized according to whether it is arid, semi
arid, or wet. The authors of this paper categorized the existing 
counties as being either arid or humid in order to facilitate analysis. 
As can be seen the delineation runs through the midwestern states. 

The twenty-inch isohyet is generally used to delineate the arid-humid 
boundary in the United States. As moisture flows northward from the 
Gulf of Mexico, which is the major moisture source for the eastern 
United States, it is moved eastward by the prevailing westerlies. Thus, 
areas west of the north-south line from the western margin of the Gulf 
of Mexico become increasingly arid . Moisture from the Pacific Ocean 
that moves onshore along the west coast is orographically lifted _ and 
precipitation results. As a result, little Pacific moisture is advected 
across the Rocky Mountain barrier eastward. 

The arid-humid boundary (20- i nch i sohyet) is generally associated 
with the concept of evapotranspi ration. Areas east of the boundary 
(more than 20 inches of precipitation) are regions that receive more 
precipitation than is either evaporated or transpired. These areas thus 
have a surplus of water and are viewed as being humid. To the west of 
the twenty-inch isohyet potential evaporation and transpiration exceed 
precipitation and these regions are viewed as being arid. Humid land 
farming is genera 11 y viewed as occurring east of the 20- inch i sohyet 
while dryland farming dominates west of the boundary. 

Western agriculture varies widely with respect to three major 
categories of agricultural composition. First, would be primarily crop 
producers, second, would be livestock, and third, diversification 
between crop and livestock. For example, "In 1985, corn, wheat, 
sorghum, and soybeans alone were responsible for 97 percent of Iowa's 
crop receipts, 92 percent of Kansas' crop receipts and 93 percent of 
Nebraska's crop receipts" (FRBSF, 1988). In contrast, "Utah and Nevada 
relied most heavily on livestock, with Utah deriving 75 percent of its 
cash receipts from livestock and Nevada having 65 percent. Arizona and 
Idaho ... (with 46 and 42 percent of their receipts from livestock 
respectively) ... is close to the national average of 49 percent of cash 
receipts from livestock" (FRBSF, 1988). 

Obviously, diversification and multiple products make an area less 
susceptible to economic problems. Emphasis on single agricultural 
products increase an area's fi nanci a 1 stress when downturns occur. As 
mentioned earlier, when agriculture suffers it tends to take the total 
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1oca1 economy down through its impact on supporting industries. The 
remainder of this paper is devoted to the impact on commercial banks 
located in agriculture dependent counties in the western United States. 

Commercial Banks Closed Because of Financial Difficulties 

The recent causes of commercial bank failures in the United States 
have varied. Poor bank management and fraud are still the cause of many 
failures plus bad energy loans in "the oil patch." Loans in 
agricultural areas have now become the major cause due to high interest 
rates, declining commodity prices and falling real estate prices. As 
farmers can't make payments the effects spread throughout supporting 
industries and eventually center on the financial institutions involved. 

Using data from FDIC annual reports the authors supplemented Exhibit 
2 such that it displays counties which have suffered a bank closing 
because of financial difficulties in the western U.S. during the 1975-86 
time period. 

A bank closure can be of any of three methods: a) deposit payoffs, 
b) deposit transfers to operating banks, or c) deposit assumptions, 
loans and financially assisted mergers. All three methods are treated 
the same for this analysis. 

Once the obvious bank closures due to bad energy loans are excluded a 
pattern does become apparent. A majority of bank closings are in 
agricultural areas. Of greater importance for this study is the pattern 
of bank closings associated with arid versus humid area. As can be 
readily seen there is an obvious pattern. The majority of bank closings 
in agricultural counties have been in the more humid areas. 

Commercial banks located in the arid agricultural counties have not 
suffered the same degree of bankruptcies or closures as commercial banks 
in humid counties. This is what was expected by the authors. 

Summary and Conclusions 

As just seen the analysis revealed much greater closing of banks 
located in humid agricultural counties than in arid agricultural areas. 
While not certain the authors do have certain tentative conclusions as 
to why. 

As can be observed in Table 2, farms in the arid areas are obviously 
larger in acreage and have much greater irrigation. Greater irrigation 
acreage fosters specialty crops while larger farms further 
diversifications among crops and livestock. "Diversification into 
multiple products makes the area's agricultural communities less 
susceptible to downturns in a single crop's revenues" (FRBSF, 1988). 
Therefore, commercial banks located in the arid agricultural areas have 
weathered the agriculture downturn much better than the banks located in 
humid areas. In addition, it seems logical that farmers in arid lands 
are more used to operating at the margin of profitability and therefore 
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Table 2 

Farms : Number, Land in Farms, and Mean Size 
for States in Western U.S . - 1986 

Irrigated Land 
State Farms Land in Farms Mean Size in Farm 

Number 1,000 acres acres/farm 1,000 acres 

Arizona 8,600 37,500 4,360 1,098 
Arkansas 50,000 15,700 314 2,022 
California 79,000 32,800 415 8,461 
Colorado 26,600 34,200 1,286 3,201 
Idaho 24,000 14,000 583 3,450 
Illinois 87,000 28,700 330 166 
Iowa 109,000 33,600 308 91 
Kansas 70,000 47,900 684 2,675 
Louisiana 36,000 10,000 278 694 
Minnesota 93,000 30,000 323 315 
Missouri 115,000 30,700 267 403 
Montana 23,600 61,000 2,585 2,023 
Nebraska 57,000 47,200 828 6,039 
Nevada 2,400 8,800 3,667 830 
New Mexico 13,600 44,600 3,279 807 
North Dakota 33,000 40,700 1,233 163 
Oklahoma 71,000 33,000 465 492 
Oregon 37,000 17 '900 484 1,808 
South Dakota 36,000 44,500 1,236 376 
Texas 160,000 134,000 838 5,576 
Utah 13,700 11, 400 832 1,082 
Washington 38,000 16,000 421 1,638 
Wisconsin 82,000 17 ,600 215 259 
Wyoming 8,800 34,800 3,954 1,565 

Total 

Western States 1,274, 300 826,600 649 45,234 

United States 2,214, 420 1,007,363 455 49,002 
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did not undertake major expansions during the boom times of the 1970's. 
This cautiousness helped insulate the local economies from the recent 
farming problems. It would appear that location in arid agricultural 
areas is of major importance to the continued operations of the 
financial institutions in those areas while location in humid areas has 
been detrimental to commercial bank operations. 
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ARID LANDS IN TRANSITION : DETERMINANTS OF VALUE 

Wilmer M. Harper, Joel Diemer and Randall Pritchard 1 

Introduction 

Land values are typically affected by physical attributes as well as 
the less visible characteristics of the property. Such things as size 
and location play important roles in determining the price of a 
particular piece of land. In the Southwest, water availability is of 
particular interest . This study examines the influence of water rights 
upon the asking price of land in Las Cruces, NM, where urban use is 
competing for agricultural land and the surface water used by 
agriculture is restricted from transfer to urban or municipal uses . 

Problem Situation 

Agricultural production in the U.S. Southwest is substantially 
dependent upon irrigation . Irrigation water is generally associated 
with water rights which entitle the land owner to the annual use of a 
predetermined amount of water. Land with water rights is routinely more 
valuable than comparable land which does not have water rights. Studies 
of land values and water rights have demonstrated the value associated 
with water . In Phoenix, AZ purchases have averaged $800-1,300 per acre 
foot for water rights retired from irrigation (Saliba et al., 1987). In 
Colorado prices of water rights increased with urban growth, and reached 
$4,000 per acre -foot in 1980 (Gardner and Miller, 1983). 

Water Rights 

In New Mexico a water right is a "legal right to take possession of 
water occurring in a water supply and to direct that water to a specific 
beneficial use" (Harris, 1984 , p. 52). These rights commonly transfer 
with the land and are an important facet of a transaction. Characteris
tics of a water right such as limits of use and area of transfer have 
been shown to influence the value of the right . The more restricted a 
water right, the lower the price accompanying the right (Saliba et al. , 
1987). 

Elephant Butte Irrigation District Water Rights 

Since 1915 the Elephant Butte Irrigation District (EBID) has managed 
the irrigation water which sustains agriculture in the Mesilla and 
Rincon Valleys of southern New Mexico. The EBID is the major source of 
irrigation water for Dona Ana County which has the l argest volume of 
agricultural cash receipts in New Mexico (NM Ag. Stat., 1986). Within 
the EBID, there is no actual ownership of a corpus or body of water. 

1 Respectively , Associate Professors and former Graduate Assistant, 
Department of Agricultural Economics and Agri cultural Business , New 
Mexico State University, Las Cruces, New Mexico 88003. 
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The water right holder may use the water within the EBID physical 
boundaries or may transfer specific allocations to other EBID members. 

However, the right is not so 1 d. It remains with the 1 and. The 
EBID water has been reserved for agricultural purposes, and the EBID has 
resisted pressure to transfer water use to nonagri cul tura 1 endeavors 
(Harper, et al., 1988). A party with a right to water but having no 
interest in producing crops must, (i) continue to pay user assessments 
for the unused resource, or (ii) allow the right to revert to the EBID. 

Since the "market'' for a water transfer is limited to other EBID 
members, there is no secondary market for EBID water. In addition, the 
EBID makes "reserve surface water" available at moderate prices. This 
effectively limits the transfer fee for unused allocations to the price 
charged by the EBID for reserve water. Given these conditions, nonagri
cultural buyers of land with EBID water should discount the value of the 
water. This study attempts to determine if asking price reflects the 
restrictions on EBID water rights. 

Methodology 

The analytic data set was obtained from the Las Cruces Board of 
Realtors Multiple Listing Service. It covered the period 1983 to the 
third quarter of 1987 and included all listings of land of at least one 
acre. The study is concerned primarily with the influence of EBID water 
rights on land prices including individuals' perceptions concerning 
future use of the water. The independent variables included were those 
deemed directly associated with the presence and value of surface water: 
location, acreage, farm classification, and the availability of EBID 
water rights. An OLS model was used to evaluate the ability of these 
variables and their interactions to explain the variation observed in 
the asking price of raw land listings in the Las Cruces area. 

Predicting Land Values 

The functional form used in the analysis was 
P = f(R,A,F,W) 

where: 

P = average total price per listing of land in the 
Las Cruces, NM area, 

R = dummy variable, 
R = 1 if the land is out of the city, 
R = 0 otherwise, 

A= number of acres listed for each individual property, 
F = dummy variable, 

F = 1 if the land is listed as farm land, 
F = 0 otherwise, and 

W = dummy variable, 
W = 1 if the land is listed as having EBID water rights, 
W = 0 otherwise. 
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Since the county has no zoning classifications, R was determined by the 
presence or absence of a zoning classification. Based upon location 
theory {Barlowe, 1978), the rural or location variable was expected to 
have a negative sign associated with its estimated coefficient. 

Individual perceptions of what constitutes a farm vary considerably. 
The study made no attempt to ascertain the consistency of the farm 

designation within the study data . Since agricultural returns are lower 
than urban/industrial uses, the coefficient for F was expected to be 
negative. 

The size variable, A, was expected to measure the potential for 
development and agricultural use as well as a possible indirect impact 
of the quantity of water available . The coefficient of this variable 
was expected to be positive. 

The water rights variable, W, was included to measure the impact of 
EBID water rights upon the asking price for each listing. New owners 
may elect not to maintain the water right in which case the water 
reverts to the EBID. Reversion of the water right to the EBID would 
indicate a complete discounting of the water right value by the owner. 
The _ analysis did not attempt to document reversion of water rights. The 
analysis assigned a value of W = 1 when the listing was designated to. 
include EBID water rights . The value of the coefficient was expected 
to be positive. 

Results 

The functional model was estimated for each year and for all years 
combined. The final functional form of the equation was 

P = f {R, A, FA, WA) (2) 

where 

P = average total price per listing of land in the Las Cruces , NM area ; 
R = dummy variable, R = 1 if the land is out of the city, R = 0 
otherwise; 
A= number of acres listed for each individual property; 
FA = the interaction term for land listed as a farm and A, FA = the 

acres listed when the property is listed as a farm, FA = 0 
otherwise; and 

WA = the interaction term for land listed as having EBID water rights 
and A, WA = the acres listed when the property is listed as having 
EBID water rights, WA = 0 otherwise. 

The variables for farm listing and EBID water, F and W, were not found 
to be significant; however, the interaction terms for farm and acres, 
FA, and EBID water and acres, WA, were found to be significant in most 
of the years {Table 1). The other interaction terms were not found to 
be significant. The location variable, R, had the expected negative 
sign . Although the farm listing variable, F, did not enter into the 
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Table 1. Regression Results for 1983 · 87 and all years combined . 

Year 

Intercept 

1983 216308.87 
(5.863)** 

1984 137776 . 14 
(8.308)** 

1985 39944.03 
(6.925)** 

1986 65033.18 
(4.820)** 

1987 68444 . 54 
(5.187)** 

All 102962.04 
(13.000)** 

-

R 

·186335 . 01 
( - 4 . 281)** 

-106527 . 32 
(-5.304)** 

19283 . 77 
<-2.766)* 

- 24837.25 
( - 1.551) 

- 32224.67 
(-1.989)* 

- 62745.56 
( - 6.556)** 

Regression Coefficients 1 

A 

384 . 60 
(0 . 447) 

3781 . 13 
(5.096)** 

1539.11 
(7.096)** 

5168. 73 
(7.899)** 

4082.82 
(4.955)** 

2500.74 
(8 . 711)** 

-

-

-

-

FA 

768.08 
(0.802) 

2323.31 
(-3.099)* 

- 6.98 
(-0.028) 

3328.13 
(-5.262>** 

3371.29 
(-4.121)** 

1670.14 
(-5.739>** 

IJA 

3894.02 
(2.572)* 

3189.23 
(4 . 266)** 

8530 . 47 
(25 . 578)** 

902.55 
(2.385>* 

5073 . 28 
(11.947)** 

3154.83 
(13 . 178)** 

Regression Statistics 

R2 = 0.1167 
F = 8 . 126 ** 

R2 = 0.3396 
F = 32 . 659 ** 

R2 = 0 . 7290 
F = 289.245 ** 

R2 = 0.4253 
F :: 60.120 •• 

R2 :: 0.4966 
F :: 65.600 ** 

R2 = 0.2465 
F :: 125.975 ** 

--------------------------------------------------------------------------------------------------
1 The values in parentheses are the respective t stat i stics 

* = sign i ficant at the 0.05 probability level 
** = significant at the 0.001 probability level 
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final model, the interaction term FA did have the negative sign which 
would be expected to accompany a negative influence for the farm listing 
variable and a positive influence from acres. The estimated equation 
for the aggregate data set of all years was 

P = 102962.04 - 62745.56 R + 2500.74 A - 1670.14 FA + 3154.83 WA (3) 

Variable Impacts 

Using the estimated model for all years (Table 1), the partial 
derivative with respect to size (A) allows the consideration of the 
impact of the farm and water right variables upon the average total 
price per listing. 

(4) 

Sellers are asking a premium for the water associated with larger 
acreages, but they are not discounting the larger acreages associated 
with a farm listing. The implication is that they judge buyers to be 
at 1 east as interested in the water as they are in the 1 and i tse 1 f. 
This is a curiosity, inasmuch as under current institutional 
arrangements the water must remain in agriculture, and has virtually no 
currency beyond its use in agriculture (Harper et al . , 1988). 

The farm listing-size interaction, FA, has a negative sign and the 
partial derivative of price, P, with respect to farm listing, F, is 

(5) 

The listing of a property as a farm has a negative impact of $1670 .14 
per acre for the period 1983-87. The water rights-size interaction, WA 
has a positive sign and the partial derivative with respect to water 
rights, W, is 

(6) 

The existence of water rights for a property has a positive impact of 
$3154.83 per acre the time period of the study . Few traditional crops 
have returns which would justify this level of investment . 

Market Behavior 

An average value of $3,154.83 per acre attributable to the existence 
of a water right is of particular interest. Under normal circumstances, 
water right holders receive three acre-feet of water each year. The 
analysis suggests that the implicit value of the water is $1,051.61 per 
acre-foot . This value assumes more significance when examined in light 
of the current price assigned to "reserve" (surplus) water within the 
EBID. The price for reserve water is currently set by the EBID at 
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$5.00 per acre-foot. At a nominal discount rate of 103 the $1051.61 
per acre-foot converts to an annualized amount of $105.10. This is 21 
ti mes the amount the investment could rea 1 i ze under current 
institutional arrangements. 

Under the current institutional structure the land owner with EBID 
water rights does not have a water right in the conventional sense . The 
"right" would more appropriately characterized as a right to water. 
This right to water runs appurtenant to the land and can only be 
transferred to agricultural users within the EBID. It seems somewhat 
unlikely that those users would be interested in purchasing water at 21 
times the existing market rate. There are a number of possible 
hypotheses for the behavior reflected in asking prices for land. These 
include, (i} consumer naivete and/or discounting of EBID water value; 
and (ii} speculative behavior regarding the future of the existing 
water management institution. 

Consumer Naivete and/or Discounting 

Buyers may be unaware of the EBID restrictions placed on water use. 
Alternatively they may discount the importance of the existence of EBID 
water in making the investment decision if other factors such as 
location are of overriding importance to the investment decision. This 
could be particularly true of developers. 

Speculative Behavior 

This hypothesis assumes that sellers perceive buyers to be willing to 
pay seemingly unjustified prices . Buyers would be seen as speculating 
that in the future they would have the opportunity to earn a higher 
return from the rights to the water which they are purchasing . There 
are at least two scenarios which might support this expectation, (i} a 
considerable increase in the value of agricultural commodities, (ii} a 
change in the institutional framework which governs the management of 
the surface water associated with the land which would allow the 
transfer of water to alternative higher valued uses. The latter of 
these two scenarios appears to be the more plausible of the two. 

Conclusions 

Buyers and se 11 ers of land in the Las Cruces, NM area appear to 
attach a value to surface water which cannot be justified by its value 
in use in agriculture under the current restricted, inst i tut i ona 1 
framework. This can be explained by a 1 ack of information or by 
speculative behavior. Given the number of buyers and sellers, it seems 
unlikely that all market participants would have the same or similar 
misperceptions. The value of $1,051.61 per acre-foot for water is 
interesting in the contemporary context of the restrictions current 1 y 
placed on its use and transfer, and the fact that there is no precedent 
in this area for such a transaction. The assignment of such a value in 
anticipation of conversion to nonagricultural uses may reflect an 
environment similar to the market driven reallocations which are 
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occurring in neighboring Arizona where values in excess of $1,000 per 
acre foot are the norm (Shannon, 1988). The behavior of the FA and WA 
variables in the model suggest that future analysis should also include 
a variable which allows for the interaction of the size, farm listing, 
and rights to water variables. This would provide a direct means for 
evaluating the interaction which may exist among the three variables. 
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ECONOMIC REGULATION OF VITICULTURAL AREAS IN ARID LANDS: NEW DIRECTIONS 

David E.R. Gay and Ralph B. Hutchinsonl 

Introduction 

The certification of viticultural areas, or appellations, has 
accelerated since procedures were developed in 1978 in Rule 53 by the 
Bureau of Alcohol, Tobacco and Firearms (BATF). These procedures and 
regulations have had an impact on the development of wineries and vine
yards in arid and semi-arid lands. Property rights, resource usage, and 
allocation have been affected. This paper examines the recent develop
ments in the Chalone appellation and the proposed Stags Leap appel
lation. BATF appears to favor including any interested party in an 
appellation regardless of the potentially adverse effects on the problem 
of the commons. In the Chalone case other wineries could use the Chalone 
name, made famous as a proprietary name, since it also bears the name of 
the appe 11 at ion. In the proposed Stags Leap appe 11 at ion other wineries 
are attempting to expropriate the name for their own use, after initial
ly excluding the wineries which used and publicized the name. The new 
directions affect the use (misuse) of a geographic name and the rent 
seeking activities of wineries and vineyards to take advantage of an 
essentially proprietary name, to the detriment of the industry and the 
intent of the BATF regulations. The paper concludes with policy recom
mendations for the regulatory process. 

Some Economic Issues for Arid Lands 

Elsewhere (1983a) we have discussed selected economic issues 
including (1) the exclusivity principle, (2) the problem of the commons, 
(3) value conveyed by designation as a viticultural area, and (4) 
consumer issues involving taste distinctions. In addition, wineries in 
arid lands of the United States are relatively new and thus designation 
as a viticultural area would help to identify them among their 
competitors in local (or national) markets. 

The designation of an arid or semi-arid geographic site as a 
viticultural area can convey value to the owners. Analytically (1987a), 
such designation could affect the value of the winery by (1) making its 
demand relatively inelastic, (2) capturing a famous, marketable name, or 
(3) establishing a demand . Since viticultural production is relatively 
new to arid lands, there should be a heightened interest by petitioners 
to establish viticultural areas. Such official recognition could make 
newer wineries appear to be attractive to local or regional customers. 

1 Respectively, Department of Economics, University of Arkansas, 
Fayetteville, Arkansas 72701 and (late) California State Polytechnic 
University, Pomona, California 91768. 
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By providing an apparent differentiated or uniqueness in a market the 
newly approved viticultural area would encourage consumers to seriously 
try what might otherwise be a "novelty." 

In newer production areas, such as in arid lands, official 
designation as a viticultural area could influence consumers to try the 
newer local wine. If they are favorably impressed then repeated business 
will occur. Consumers will compare perceived qualities with those of 
other wines, at appropriate discounts for price differences. Thus to the 
extent that consumers try the new viticultural area wines they will 
become an e 1 ement in the consumer's utility function. Such an element 
could conceivably be elastic, inelastic, or unitary elastic. The demand 
for a particular wine might become relatively inelastic when compared to 
its own, previous demand elasticity. Namely, after trying the wines, 
total revenues may increase as there is relatively less price 
responsiveness. Such a change could be due to unexpected pleasures of 
"discovering" a new wine. 

Official approval of a geographic appellation appears to convey value 
or added value to the recipients of such approval. Such considerations 
appear to have guided the designation of Monterey as being more 
desirable than that of Monterey County. Indeed the subdivisions within 
Monterey appear to have been commercially motivated as we have discussed 
elsewhere (1984a). The same appeared true in the case of the 1981 
Temecula, California, application, two competing groups sought to use 
the name Temecula. One group was the Rancho California/Temecula 
Winegrowers Association and the other was Callaway Vineyard and Winery. 
As we noted earlier (1984b) "the potential for manipulation within the 
framework of BATF rules for private individual purposes is illustrated" 
in this case. The final outcome will affect who can use the name 
Temecula . It will be used in a broad area (the Association) or in a 
narrower delimitation (Callaway). Even the Guenoc Valley petition (1981) 
was for an area which had not produced any wines in the twentieth 
century! 

Most of the viticultural areas in arid lands are relatively new 
wineries and growers. Some areas in New Mexico, Arizona, and southern 
California used to produce wines and are being replanted. Wineries are 
returning to the arid lands, along with drip irrigation so that wineries 
and vineyards are inextricably tied to the politics and price of water 
rights. 

We would argue, as we have elsewhere, (passim), that the BATF 
provides a structure without a framework. The lack of a framework in the 
BATF approach is i 11 ustrated by the fact that the Bureau has approved 
viticultural areas as large as three counties (plus parts of two others) 
and as narrow as single, small valleys. No attention has been paid to 
the question of how one viticultural area relates to another. For 
example, the Napa Valley appellation contains within its boundaries 
several candidates for recognition in their own right as viticultural 
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areas (Carneros, Spring Mountain, Stag's Leap) and the Napa Valley is 
part of the North Coast appellation . The BATF approach is, for the most 
part, based on geographic features, in several instances county lines, 
township lines, freeways or other artificial features have been allowed 
to define a boundary. 

Developments in the Chalone Case 

The establishment of the Chalone Viticultural Area highlights one set 
of recent developments in arid lands {1987b). Several thousand acres of 
Gavilan Mountain benchland were to be called Pinnacles. Paul Masson 
Vineyards objected to this name due to their proprietary interest in 
their own Pinnacles Estate wines. Subsequently, at BATF's request, 
Chalone changed the proposed name to Chalone. However, Chalone only had 
110 acres of vines in the area. The approved district would allow other 
growers to produce wines in the Cha 1 one appe 11 at ion and thereby take 
advantage of the name and reputation established by Chalone Vineyards. 
It would have the additional consequence of causing confusion between 
the proprietary "Chalone" and the geographic "Chalone." 

If a winery has established a national and international reputation 
for quality, subsequent use of the winery's name as an appellation for a 
Viticultural Area does not further the achievement of the third 
objective of Rule 53 enunciated by BATF; namely, to increase credibility 
for U.S. geographic appellations for wine. Nor does it preserve the 
principle of exclusivity . Such use does, however, raise problems in a 
fashion not contemplated in our earlier research (1984a and 1985). We 
did not consider the specific issues generated by the Chalone case . Paul 
Masson's protest regarding the use of Pinnacles as the name for the 
Viticultural area proposed by Chalone may be an appropriate exercise of 
the principle of exclusivity. However, Chalone's subsequent use of their 
own trademarked name in their petition for establishment of the 
Viticultural Area along the Gavilan benchlands is no less a possible 
source of confusion and of problems of the commons. Any such use of a 
winery's trademarked name as an appellation for a Viticultural Area 
raises these same issues and becomes a possible source of confusion for 
consumers. 

The issues raised by the establishment of the Chalone Viticultural 
Area were not foreseen in 1978 when Rule 53 was promulgated and are only 
now emerging and beginning to be recognized. There is the potential for 
similar developments within the Napa Valley with such names as 
Mayacamas, Spring Mountain and Stag's Leap. If these winery names were 
to be applied to Viticultural Areas, not only would the principle of 
exclusivity be violated, but such use would also raise the problem of 
the commons for existing wineries as we 11 as result in creation of 
confusion for consumers. There is already apparent confusion involving 
such names as Dry Creek, Alexander Valley, Carneros and Sonoma Valley . 
Sonoma Vineyards' name was changed to Rodney Strong Vineyards primarily 
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for the purpose of eliminating confusion between Sonoma Valley and 
Sonoma Vineyards. 

When a proprietary name applies also to a geographic area which can 
be clearly delimited, it is difficult to deny the use of that name for a 
Viticultural Area. However, when there is no such geographic area, the 
use of a proprietary name made nationally and internationally famous for 
quality by the winery using the name as an appellation for a 
Viticultural Area is unjustified for at least three reasons. First, the 
credibility of all geographic appellations for U.S. wines could 
justifiably be called into question. Second, the principle of 
exclusivity would be violated and would generate the problem of the 
commons for the winery whose famous proprietary name is so ut i 1 i zed. 
Third, there is the generation of confusion between what is proprietary 
and what is geographic. 

Developments in the Stags Leap Case 

The potential for generation of such problems is clearly illustrated 
by current deve 1 opments in the Napa Va 11 ey. A number of wineries have 
already used the term Stags Leap Area in publicity releases regarding 
their wineries or wines, and the term Stags Leap has appeared in some 
form or another on some wine labels other than those of Stag's Leap Wine 
Cellars or Stags' leap Winery, who made the name famous. The wineries 
which are engaging in these practices are taking advantage of the fame 
created for the name by the successes of Stag's Leap Wine Cellars and 
Stags' Leap Winery. The possibility for consumer confusion of these 
wines with those actually produced by Stag's Leap Wine Cellars or Stags' 
leap Winery is pronounced, as is the potential for damage to the 
reputation (the problem of the convnons) of Stag's leap Wine Cellars and 
Stags' leap Winery, as well as for reduction in the sales of these two 
producers. 

The petition was initiated by fifteen wineries (which did not include 
among their number either Stag's Leap Wine Cellars or Stags' Leap 
Winery) located along the Silverado Trail on the eastern side of the 
Napa Valley. The establishment of a Viticultural Area to be named Stags 
Leap raises serious issues which differ distinctly from those involved 
in the establishment of the Chalone Viticultural Area. 

In the instance of Stags Leap the name has not in the past been 
applied to a clearly defined and delimited geographic area which could 
be or which is planted to vineyards, but to an outcropping of rocks on 
an eastern hi 1.1 side above the floor of the Napa Va 11 ey. A 1 though the 
petition to establish a Stags Leap Viticultural Area proposes a 
de 1 i mi tat ion described as a 11 funne1, 11 the boundaries of this "funne 111 

are less than perfectly clear, are not easily recognizable, and do not 
provide the consumer with a precise idea of where the proposed Stags 
Leap Viticultural Area is to be located. In contrast, the Chalone case 
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is a distinct geographic area which has in the past been called Chalone 
benchlands and on which vineyards could be planted . 

In the case of Stags Leap there is no similar geography, and thus 
the possibility of confusion is much greater. Moreover, to apply the 
name Stags Leap to any Viticultural Area would appear to set a precedent 
for attempting to formulate a basis for a Viticultural Area wherever a 
geographic reference had acquired commercial value and could end by the 
arbitrary drawing of lines on a map and the explo itation of any 
commercially successful user of a geographic name. 

Several possibilities come to mind: Conn Creek, Matanzas Creek, 
Mayacamas and Spring Mountain. The success of these wineries, each of 
which has a name possessing geographic significance, does not 
automatically carry with it identification and delimitation of a 
Viticultural Area. To attempt to create a Viticultural Area on the basis 
of the fame of the name of a successful winery would result in a 
dilution of the name, and rather than benefitting consumer would appear 
to be a source of confusion for them. 

Policy Recommendations 

One aspect of France's Margaux agreement (1985) may deserve serious 
consideration by participants in the establishment of any Viticultural 
Area under the BATF program. Inclusion of standards for vineyard and 
winery practices as well as provisions for evaluation of wines for 
quality would assist in dealing with the problem of the commons: abuse 
of the common name . Precedent exists for inclusion of vineyard and 
winery standards as well provisions for evaluation of wines prior to 
their release. The order establishing the Augusta, Missouri, 
Viticultural Area uniquely includes such provi sions. Included (1983a) 
are standards for vineyards , wineries and wines. Wines are valuated by 
the Augusta Wine Board prior to their release and no wines may be 
released with an Augusta appellation without a seal issued by the Board, 
certifying that they have been passed by the Board . 

A modification of the rules regarding the size of type in which an 
appe 11 at ion name may appear on a label cou 1 d go a 1 ong way tow a rd 
reducing consumer confusion, protecting the proprietary interest of 
wineries using geographically significant names (the principle of 
exclusion) and preventing abuse of the common name (the problem of the 
commons). If the type size in which the geographic appellation appears 
on a wine label were to be limited to no more than one-half that of the 
type size in which the name of the actual producer/winery appears, it 
should be clear to the consumer which is the name of the proprietor and 
which is the name of the Viticultural Area. The relation between the 
size of the winery name and the size of the geographic name is of more 
importance than the relation between the size of the name of the grape 
variety and the size of the name of the geographic area. 
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This modification in the rules could also be a meaningful 
alternative to the proposal which has been under consideration by BATF 
to require the use of the word "brand" with any winery name with 
geographic significance . 

Certainly, it is not the intent of BATF to deprive anyone of 
proprietary rights, any more than it is the intent of BATF to establish 
Viticultural Areas where no apparent geographic basis for a Viticultural 
Area exists. Their purpose is to recognize existing geographic bases and 
to formalize the use of their names in geographic appellations of 
origin. However, BATF continues to operate without an overall framework 
and has not established a hierarchic arrangement of appellations and 
sub-appellations. Perhaps, therefore, we are not ready to proceed with 
establishment of additional Viticultural Areas until such a framework 
has been developed. In the meantime, BATF should proceed slowly and pay 
close attention to the question of proper geographic bases for 
Viticultural Areas where clearly definable geographic boundaries do not 
exist. This is true especially where the fame· of a particular name is 
the result of the qualities of the wines of a particular winemaker. 
Perhaps BATF can al so be persuaded to adopt a change in their rules 
regarding type size of names of Viticultural Areas in relation to type 
size of winery names. Also petitioners for Viticultural Areas might do 
well to follow the lead and precedent of Augusta, Missouri, by including 
standards for vineyards, wineries and wines and in requiring wines to be 
evaluated for quality prior to their release. 
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IMPACTS OF LAND-USE CHANGE ON RETAIL MARKETS IN CENTRAL TEXAS 

Claud H. Davidsonl 

Introduction 

Land use throughout the sunbelt regions of the southern United States 
is undergoing a gradual, yet distinct, adjustment as agriculture 
declines and as retirement activity increases. One area impacted by 
this type of change is the scenic "hill country" of Central Texas. 
Increasing retirement populations within the area have produced a 
changing market for area merchants, which has influenced the demand for 
various types of goods and services. 

Thus, the purpose of this paper is to explore the impact of land-use 
change on the retail markets within a thirteen-county area of Central 
Texas (Figure 1) , and to present findings which compare the market 
structures of towns with traditional agricultural economic bases with 
retirement centers within the semi -arid area. Specif i ca 11 y, the paper 
identifies shopping requirements for selected goods and services, and 
identifies specialized business types which are most likely to be 
supported in agricultural or in retirement communities. All data 
utilized in this paper were collected within the area during May, 1987. 
The economic classification of towns is based on personal observation, 
interviews with local residents and town officials, and information from 
questionnaires. A few towns are currently serving as petroleum
producing centers or they are undergoing transition from having an 
agricultural base to functioning as retirement centers; these places are 
classified as "other." Johansen and Fuguitt (1984) as well as Leistritz 
and Murdock (1981) have discussed the suitability of these types of 
sample and expert-opinion surveys in central-place-oriented research. 
Retirement-oriented towns include Bandera, Camp Wood, Center Point, 
Fredericksburg, Fort McKavett, Hunt, Ingram, Kerrville, Luckenbach, 
Mountain Home, Segovia and Willow City in the southern portion of the 
study area, and Bluffton, Buchanan Dam, Kingsland, Tow, Valley Spring 
and Voca in the extreme northeast corner. The "other" category includes 
the petroleum-based towns of Eldorado and Sonora, and the transitional 
towns of Harper and Stonewall. All other places are classified as being 
agricultural centers (Figure 1) . 

Estimated Threshold Values 

The determination of variations in threshold values for selected 
business types provides one approach in identifying retail response to 
local economic base change (Davidson, 1987). A threshold value may be 
defined as the minimum market population required to successfully 
support a type of business (Berry, 1967} . Although approximately 425 

1 Department of Geography, Texas Tech University, Lubbock, Texas 79409. 
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business types were identified while inventorying all towns within the 
area, only fifteen types are considered here (Table 1). These fifteen 
functions were selected as being representative of both low and high 
order goods and services, and an averaging technique has been utilized 
in estimating the threshold value for each business type in each town 
category. 

Results indicate that business types with the lowest threshold 
requirements in retirement towns include beauty shops, clothing stores, 
hospitals and clinics, jewelry stores, physicians and public accountants 
(Table 1). Members of retired families may have greater demand and more 
spendable income for goods and services offered by beauty shops, 
clothing stores and jewelry stores than do the residents of agricultural 
communities. The older age structure within retirement towns aids in 
explaining the lower threshold requirements in those communities for 
health care services offered by physicians, hospitals and clinics. In 
addition, relative to population, those places have a high number of 
public accountants. Often, the accountants are past retirement age and 
work on a part-time basis, especially during the tax-form preparation 
season. 

From this list of business types, agricultural towns tend to have the 
lowest threshold population requirements for attorneys, dealers selling 
new automobiles, banks and optometrists. These 1 ow thresho 1 d va 1 ues
appear to result from the dispersed rural population which forms the 
1oca1 markets, as we 11 as the demand for these goods and services in 
agricultural towns which serve as county seats. 

Comparative Range Estimates 

The term "range" refers to the distance that consumers are willing to 
travel to purchase goods and services (Cl ark, 1968). In determining 
range characteristics within the area, the research considered the same 
fifteen business types utilized in the threshold analysis. Thus, the 
goods listed here vary in order from gasoline stations to dealerships 
selling new automobiles, and services range from low-order beauty shops 
to higher-order professional services offered by physicians and 
attorneys (Table 2). 

In gathering data regarding the range characteristics of the fifteen 
functions within the area, 948 area residents were interviewed. Each 
person was asked to identify the p 1 ace where the f ami 1 y or members of 
the family normally purchase each of the fifteen goods and services, and 
was asked the travel time from his or her home to that place. 

Persons interviewed were selected through the use of a proportional 
stratified random sampling technique. Each element of each stratum was 
selected randomly in every town within the area; interviewing was done 
door-to-door and included both male and female heads of households. 
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Table 1 

Comparative Threshold Estimates for Selected Goods and Services 

Farming 
Function Ranching Retirement Other 

Appliance Stores 2593 7393 2061 

Attorneys 1317 4292 2952 

Auto Dealers (new) 1872 7084 

Banks 1094 1451 2952 

Beauty Shops 1284 728 1047 

Clothing Stores 872 468 

Food Stores 404 350 72 

Furniture Stores 5964 7084 5134 

Hospitals and Clinics 2896 1598 4109 

Jewelry Stores 4061 2041 2817 

Optometrists 2998 3976 

Physicians 2593 566 1618 

Public Accountants 5969 3031 6412 

Restaurants 900 539 245 

Service Stations 143 286 172 
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Results indicate that, on the average, residents of retirement 
communities travel farthest to purchase goods and services offered by 
attorneys and dealers of new automobiles (Table 2). In addition, 
ind ividual residents of the retirement co11111unities may travel up to six 
hours to jewelry stores, clothing stores, physicians and public 
accountants. Many of the residents of the retirement towns have moved 
into the area from metropolitan centers, and they often return to their 
pl aces of former residence for the purchase of these high-order goods 
and services. 

Residents of these communities al so indicate the shortest average 
range for a number of goods and services, inc 1 udi ng app 1 i ance stores, 
beauty shops, clothing stores, food stores, furniture stores, hospitals 
and clinics, optometrists, physicians, restaurants and gasoline service 
stations. With the possible exception of hospitals and clinics, 
optometrists and physicians, residents of these communities do not 
appear to have a strong loyalty to any one establishment, but will 
patronize the nearest available store for the purchase of these 
ubiquitous goods and services. 

From this. list of functions, residents of agricultural communities 
tend to travel the greatest average distance to appliance stores, banks , 
beauty shops, clothing stores, foods stores, furniture stores , hospitals 
and clinics, jewelry stores, optometrists, physicians, public 
accountants and restaurants . Information gained through the personal 
interviews indicates that purchases from most of these businesses are 
infrequent and that the residents often associate such purchases with 
multi -purpose trips to larger centers, especially to county-seat towns. 

Identification of Specialized Functions 

During t he May, 1987, study period, an enumeration of all retail 
business establishments was made within each town of the study area . 
All town population and establishment data were normalized by converting 
to logarithms , and a regression analysis of all towns was performed. 
The analysis resulted in a coefficient of correlation of .9247, but the 
technique considered only the relationships between population and 
number of business establishments; it did not consider business types in 
each town category. 

Although most places of similar size within a given functional 
category of communities tend to have similar retail structures, business 
types may exist in a small town or specialized center which are more 
characteristic of a larger place. These exceptional businesses are 
called specialized functions, and may lead to small urban places 
adjusting to fulfill particular retail needs (Hart et al., 1968). For 
purposes of determining existing specialized functions within this 
portion of Central Texas, towns were placed into population categories 
and the business mix of each town within each category was examined. 
Thus for a particular town population category, business types are 
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Table 2 

Comparative Range Estimates for Selected Goods and Services 

# 
Travel Time jn Minutes 

Agricultural Retirement Other 
Max. Avg. Max. Avg. Max. Avg . 

Appliance Stores 200 40 120 33 180 36 

Attorneys 180 25 360 35 190 28 

Auto Dealers (new) 210 46 360 50 240 42 

Banks 180 20 130 14 75 12 

Beauty Shops 180 25 120 14 90 16 

Clothing Stores 420 58 360 34 180 45 

Food Stores 240 23 120 16 75 17 

Furniture Stores 240 51 120 35 180 46 

Hospitals and Clinics 210 49 140 38 180 38 

Jewelry Stores 360 51 360 37 180 35 

Optometrists 180 55 210 45 180 46 

Physicians 180 40 360 28 180 32 

Public Accountants 240 39 360 34 210 30 

Restaurants 180 31 120 18 180 24 

Service Stations 60 12 45 10 90 12 

Source : Compiled by author 
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identified which are commonly found in one classification of towns, but 
which are not as common in towns of s imi 1 ar size in the other two 
categories. These "specialized" functions reflect the needs of 
residents in agricultural or in retirement towns of various population 
sizes (Table 3). 

The smallest category consisted of towns with less than 500 
population. Within this category, specialized functions within 
retirement towns included professional services such as offered by 
attorneys, chiropractors, physicians and accountants, as well as 
business types pertaining to the use of leisure time, such as bait and 
tackle shops, boat storage facilities, craft stores, and sporting goods 
stores. In addition, septic tank sales was identified as a type of 
specialized function within the category. The offering of septic tanks 
is common because many people retire to homes on small acreages without 
access to community sewage systems. 

Agricultural towns in the smallest populati"on category contain only a 
few exceptional functions. With the exception of taverns and community 
halls, these business types tend to be related to agricultural 
activities. They include banks, bulk oil dealers, hardware stores, and 
water well service. 

Retirement communities contain the largest variety of specialized 
functions in the 500-1000 population category. These functions reflect 
the needs of a retirement population for leisure time activities. They 
include art galleries, cable TV, gun shops, saddle shops, taxidermists, 
travel agencies and theaters. Within this size category, agricultural 
towns contained more farm implement stores, funeral homes and sales 
facilities for ready-mixed concrete than do the retirement centers. 

Because of county-seat status and increasing di stances to larger 
places, agricultural communities in the 1000-2500 population category 
contain a variety of specialized activities (Table 3). These functions 
reflect the needs of a relatively isolated rural population. Retirement 
towns in this classification continue to contain large numbers of 
functions directed toward offering professional services and to 
providing goods and services for leisure-time activities. 

Both agricultural and retirement towns with more than 2500 people 
tend to contain business types with higher threshold requirements. 
Within this category, specialized functions in agricultural places 
include businesses which buy raw furs, lumber companies, and firms 
offering windmill sales and repair. The retirement towns contain 
servicr. types which are supported only by the larger populations, 
including airline service, janitorial service, and swimming pool 
service. 
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Table 3 
Soecjaljzed Functions jn Agricultural Comrnunjties 

0-500 Population 
Bank 
Bulk Oil Dealer 
Community Hall 
Hardware Store 
Tavern 
Water Well Service 

500-1000 Population 
Farm Implement Store 
Funeral Home 
Ready Mix Concrete 

1000-2500 Population 
Auto Dealer (New) 
Auto Dealer (Used) 
Farm Bureau 
Feed Store 
Fuel Dealers 
Hospital and Clinic 
Police Department 
Radio Station 
Shoe Shop 
Ti re Company 

Over 2500 Population 
Antique Store 
Lumber Company 
Mattress Company 
Windmill Sales and Repair 

Specjalized Functions in Retirement Communities 

0-500 Population 
Attorney 
Bait and Tackle Shop 
Boat Storage 
Chiropractor 
Clothing Store 
Craft Store 
Bottled Gas Dealer 
Gift Shop 
Physician 
Public Accountant 
Savings and Loan 
Septic Tank Sales 
Sporting Goods 

500-1000 Population 
Art Gallery 
Barber Shop 
Cable T.V. 
Dentist 
Fire Department 
Gun Shop 
Health Food Store 
Mobile Home Park 
Saddle Shop Travel Agent 
Taxidermist Theater 
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1000-2500 Population 
Ambulance Service 
Apartment House 
Carpet Cleaning 
Exterminator (insect) 
Garbage Collection Service 
Investment Company 
Marina Boat Sales 
Massage Parlor 
Mobile Home Sales 
Optometrist 
Photographer 
Rental Service 

Over 2500 Population 
Airline Service 
Drapery Sales 
Freight Line 
Janitorial Service 
Pet Store 
Swimming Pool Service 



Conclusions 

As the economy of this thirteen-county area becomes increasingly 
dependent on retirement activities, the retail structures of area towns 
adjust to accompany the changing market needs. This research indicates 
that population threshold requirements, range characteristics, and the 
demand for specialized functions differ when comparing agricultural and 
retirement towns within the semiarid area. These differences can be 
measured and may be used in planning for future retail adjustments 
related to changes in land use and economic base . 
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PART III. 

BIORESOURCE DEVELOPMENT, UTILIZATION, AND MANAGEMENT ISSUES 
IN ARID AND SEMIARID REGIONS 

74 



UNDERUTILIZED BIORESOURCES OF THE DRYLANDS 
OF MEXICO AND CENTRAL AMERICA 

Wayne G. Bragg, Alejandro R. Martinez and Eugene B. Shultz, Jr.I 

Introduction 

We first consider the available technical and economic information 
from dry, western Nicaragua on jicaro (Crescentia alata HBK), a 
potentially economic tree crop for the arid tropics. We evaluate this 
underutilized indigenous tree as a new agroindustry prospect in Central 
America for food, feed and fuel production. A model for jicaro 
development is then proposed. Our general approach is through a 
combination of technical-economic feasibility and social impact 
analysis, and we follow these strategic guidelines: sustainable, 
self-reliant, small in scale, decentralized, and autochthonous (Shultz 
and Bragg, 1988). 

Then, in similar manner, we take up the case of calabacilla loca 
or buffalo gourd (Cucurbita foetidissima HBK), a wild, underutilized 
member of the squash family that is also native to New World drylands, 
prospering in central Mexico as well as the dry Pacific coast of Central 
America. 

Both jicaro and calabacilla loca can provide foodoil, high- protein 
flour, fuel alcohol and animal feed, and medicinal properties . 
Calabacilla loca has soap potentials. Solid fuels can be produced from 
both: charcoal briquets from jicaro hulls, and rootfuel by drying the 
roots of the calabacilla loca. Because jicaro and calabacilla loca can 
be grown in similar dry regions, with similar products, there is 
potential competition; economic and other comparisons will eventually be 
needed. 

The Case of Jicaro 

Products and uses. Jicaro produces in abundance large fruits 
containing much pulp and many seeds . Traditional uses include 
decorative carved gourds, marracas (rhythm instrument), and kitchen 
utensils, all from the gourd, and a high-protein drink called "horchata" 
from the seeds. The edible polyunsaturated seedoil is of high quality, 
similar to olive and soy oils. The seedmeal contains a high percentage 
of high-quality protein, with potential as an edible flour for human 
food, or as an animal feed. The pulp can be fermented to fuel alcohol, 
and the fermentation by-product (stillage) can be used as animal feed. 
The hull can be converted to charcoal (Jochims, 1987a). 

1 Bioresources Development Group, School of Engineering, Campus Box 
1106, Washington University, St. Louis, Missouri 63130. 
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Characteristics. The jicaro tree is useful for erosion 
control and reforestation, and in agroforestry schemes. For example, 
cattle can be grazed within jicaro orchards because the openness of the 
leaf canopy allows grass to grow. In the tropics, both beef and dairy 
cattle are more productive with shade than without. Grass grows better 
under protected conditions as well, and jicaro is already found on 
haciendas in the region. 

Jicaro grows in a variety of soils including nutrient-poor, stony 
and margi na 1 soils. Its deep taproot pumps water and nutrients from 
depth. Jicaro starts fruit production after five years and continues 
fruiting for decades, perhaps for 100 years or more. In dry areas 
without irrigation about 16 tons of fruit can be obtained per acre, 
annually, and a much larger yield is possible under irrigation, 
according to Jochims {1987a). It is important that fruiting is not 
seasonal, so the processing plant can be operated year-round, providing 
constant employment, unlike seasonal fruit crops. Also, the jicaro 
gourd can be stored for years with little loss of seedoil content. 

Current status. Research and deve 1 opment on the production and 
processing of the fruit of the jicaro has been in progress since 1984 in 
northwest Nicaragua by a private enterprise, Jicaro, S.A. This company, 
headed by Or. Karsten Jochims, appears to have had the most experience, 
by far, in learning how to develop the potential of jicaro, and most of 
our information on jicaro comes from on-site observation of its orchard 
and processing operations, and analysis of data on yields and economics 
provided by Dr. Jochims. Also, we have studied key literature on jicaro 
by Central American researchers such as: Gomez-Brenes and Bressani 
(1973) and Gomez-Brenes et al. (1980). 

In Jochims' plan (1987a), small processing plants handling about 
5000 tons of fruit annually would each service 125 acres of jicaro 
orchard . Jicaro, S.A., has constructed the first plant of this size, and 
large tracts are being set in jicaro trees. It includes equipment for 
separation of seeds, pulp and hull fragments; seedoil extraction; 
fermentation of the pulp and distillation of alcohol; and carbonization 
of the hull pieces and briquetting. Nearly all of the equipment used in 
the plant was constructed locally by mechanics, fitters and practical 
welders, or manufactured by Central American enterprises. A few 
imported motors were needed. High technology is not required. Jochims 
(1987b) estimates that the final plant cost will be $120,000. 

Planting and harvesting requirements also appear to be low. The 
tree is planted inexpensively from seed, and fruit can be easily removed 
from the tree by pushing on them with a pole; they are not damaged by 
falling to the ground or into a cart. No large or expensive machinery is 
needed for any production activity. 

The three of us visited Jicaro S.A. in late 1987 and early 1988. 
Based on our on-site inspections, it seems likely that fruit production 
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and processing will be feasible in a small- scale, labor-intensive, 
capital-conservative mode with relatively simple technology. Of course, 
this evaluation must still be confirmed from actual operating experience 
with the 5000 ton/year plant and its associated orchard. We also 
perceive that this enterprise is l i ke l y to respond effectively to the 
socio- political and economic situation in Nicaragua and neighboring 
nations, which requires a sharp break from agriculture based on a few 
export crops with inadequate domestic production of food and other 
commodities, and insufficient employment in rural areas. 

A Model for Development of Jicaro in Nicaraguan Drvlands 

Both the production and processing of jicaro seem to be amenable to 
organization as cooperatives or private enterprises. In Nicaragua today, 
the government is encouraging the formation of cooperatives owned and 
operated by campesinos, as well as productive private landholdings, 
large and small. Since 1979, the Government has redistributed to the 
landless poor millions of hectares once owned. by ex-dictator Somoza, a 
large fraction of the nation's arable land, benefitting hundreds of 
thousands of peasants. 

A socio-economic imperative is the need to care for those people 
who have been displaced from their farmlands in the northern provinces 
under attack by the counter-revolutionary (contra) forces for the last 
eight years. These thousands of families are being relocated to 
asentami entos, some in the dry Pacific coast where j i caro is a major 
native tree. In these settlements, unemployment is a serious problem. 
We believe that the agricultural skills and knowledge of these 
campesinos could be well utilized in a jicaro project. 

Neither fruit production nor processing would require 
concentrations of land or capital, and both could be labor- intensive, 
so it should be feasible for either or both to be accessible to 
campesinos. Credit and training could be provided by the Nicaraguan 
government. Jicaro, S.A. could provide initial technical skills and 
government extension programs can provide managerial training. 

This potential model could work in a combination of land tenure 
arrangements based on the actua 1 situation in the region: first, the 
landless labor force in the settlements can collect jicaro fruits from 
the wild and sell them to Jicaro, S.A., and can plant jicaro seeds on a 
day-labor basis in its orchards; second, the landless can obtain land 
through the agrarian reform laws for private ownership, or for a 
cooperative of jicaro and cattle producers; third, land can be leased or 
bought by an extern a 1 donor agency for campesi no co-ops or i ndi vi dua 1 
families. 

Similarly, the processing plant could be visualized as either a 
cooperative or as a private enterprise. It would probably be advisable 
for the processing plant to evolve in stages as technical and managerial 
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skills are developed; initial products might be limited to food oil, 
charcoal briquettes, and animal feed from the pulp and seedmeal, since 
a le oho l . production requires a somewhat higher level of equipment and 
technical competence. Capital for this initial plant could be obtained 
from government credit programs or from international aid agencies, and 
could be repaid. 

Related industries would be created as backward linkages, such as 
construction of carts for transport of fruits, charcoal stoves for the 
briquets, and cattle-related businesses. Forward linkages would include 
marketing of products, and eventually, when fuel alcohol is added to the 
product line, businesses related to the use of 190-proof alcohol as a 
transport fuel. For example, mechanics will need to modify carburetors 
to burn only 190-proof alcohol. This fuel development will be important 
because of the external dependency on liquid fuels, extremely short in 
Nicaragua, and expensive in all of Central America . 

The Case of Calabacilla Loca 

Products and uses. Calabacilla loca (~. foetidissima), a gourd 
pl ant of the squash family is indigenous to the dryl ands of northern 
and central Mexico. A fast-growing plant that produces an abundance of 
roots and seeds, without i rri gat ion, it grows in a 11 of the ari dl and 
types of soils that are known. The roots can be sun-dried and used as 
"rootfuel," an alternative to woodfuel (Shultz and Evans, 1986). The 
heating value of rootfuel is essentially the same as that of wood, but 
the combustion properties are intermediate between those of wood and 
charcoal (Bragg, Duke and Shultz, 1987). The roots contain starch that 
can be fermented to 180-proof alcohol for use as an engine fuel (Deveaux 
and Shultz, 1985; Shultz and Arding , 1987). 

The seeds contain an edible oil of high quality, resembling 
sunflower and soybean oils, and a seedmeal that contains valuable 
protein (Bemis et al . , 1978), that can be added to cornmeal for 
tortillas or as animal feed. Sufficient research (some 100 scientific 
papers) has been done on this remarkable dryland plant to establish its 
potential . ~ . foetidissima is presently under study at the Universidad 
Autonoma Agraria Antonio Narro in Saltillo, Coahuila, Mexico for its 
seedoil potential (Chavez A. and Fernandez G. , 1985). What is needed 
now is a feasible program for promoting it in rural Mexico, and in other 
drylands. 

The ethnobotanic history of Cucurbita foetidissima dates back 9000 
years (Whitaker, Cutler & MacNeish, 1957; Niethammer, 1974), with 
multiple uses, including food from the seeds, as well as soap, shampoo, 
anthelminthic medicine, a pain-killer for toothaches, and a 
clothes -whitener from the pulp. It is a question of re-introducing 
prehistoric and traditional uses of calabacilla to rural people whose 
ancestors benefited from it. 
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The novel use as a root fuel (Shultz and Evans, 1986) had to be 
tested as any new idea, to see if this alternative fuel would be 
accepted . We tested it as a fuel in Mexico, with the assistance of a 
Mazahua woman (Bragg and Shultz , 1987) and found that it was readily 
accepted, with no objectionable odor, smoke, or other characteristics 
when burned in a three-stone fireplace. It produced better coals than 
wood or the substitute fuels like cornstalks, maguey, or dried dung. 
Coals are desirable for cooking typical foods like rice and beans that 
need long simmering. Recent studies on ~. foet idissima and native roots 
in Senegal and Niger have explored its potential as a substitute fuel 
(Duke, Bragg and Shultz, 1988) . 

Characteristics . Calabacilla is adapted to dryland ecosystems 
(producing al most twice as much biomass in a su11111er as mesquite does 
annually on the same area of land), resistant to local diseases, 
proliferate , and accessible to all . It is simple, available locally, and 
there are no exogenous techniques required for cultivating it, nor does 
it require costly or imported fertilizers. It is labor-intensive and 
low-cost to start and cultivate. Growing on marginal soil and sloping 
terrain , it can fit into cropping systems without displacing other 
crops. Processing can be decentralized at the village level. 

Calabacilla seems a perfect candidate for a sustainable crop , with 
potential sources of protein for humans and animals, an alternative 
cooking fuel, edible oil, and medicinal applications. Since it is a 
traditional plant, it is culturally acceptable for its former uses and 
our repeated studies show it to be acceptable as a rootfuel . 

Conclusions 

Jicaro and calabacilla loca appear to have potential as new 
economic food, feed and fuel crops (as well as medicinal and other 
valuable products) in those parts of Mexico and Central America that 
have a long dry season and poor soils. The proposed model utilizing 
these bioresources exemplifies a strategy based on long -term 
socio -economic and environmental sustainability, self-reliance, 
decentralization of production and processing and stimulation of 
economically-viable, small to medium-scale business enterprises. The 
benefits for village use and income generation are immediately available 
when implemented, without requiring further extensive research, 
infrastructural changes, heavy capitalization , or cultural adaptation. 
These native resources deserve serious attention . 
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BIORESOURCE DEVELOPMENT STRATEGY FOR THIRD WORLD ARID LANDS 

Eugene B. Shultz, Jr. and Wayne G. Braggl 

Introduction 

The economies of many Third World countries continue to rely 
heavily on the cultivation of a handful of botanical species. This 
dependence on a few pl ants persists even though most of these nations 
have the conditions needed for production of a variety of economic 
plants and trees, and for the development of many new agricultural 
enterprises. Even tropical drylands can be productive, without 
irrigation as well as with it , if the appropriate species are selected, 
and properly managed . Drylands need not be relegated to just the 
production of cattle. 

Good strategy requires that new crops be chosen with great care for 
arid or semiarid lands . In our search for bi oresources with potential 
for development as economic crops for drylands we emphasize the 
selection of species and agro-processing methods that are likely to be 
amenable to the development strategies that are collected and organized 
in this paper. We have discussed many of these ideas in somewhat 
different forms in other conferences recently (Bragg, 1987 ; Bragg, 1988; 
Bragg, Martinez and Shultz, 1988a and 1988b; Shultz, 1988). 

As is well known, the aridlands of the Third World are suffering 
immensely from such alarming problems as deforestation , desertification, 
diminishing rainfall, overgrazing, erosion, lack of fuelwood, and degra
dation of soil quality. The ability of aridland people to sustain 
themselves on the soil under these conditions is being lost. Migration 
to the cities is the result, exacerbating the urban problems with which 
all of us are very familiar. Even though certain dryland plants and 
trees have economic potential , efforts to develop them are still 
minimal. 

We submit that certain p 1 ants and trees exhibit characteristics 
indicating a high likelihood of success as new aridland crops, without 
irrigation, meeting the strict strategic requirements to be discussed in 
the present paper. In a companion paper, (Bragg, Martinez and Shultz, 
l 988c) we take up two of the most promising that we have examined , 
calabacilla loca (Cucurbita foetidissima HBK) and jicaro (Crescentia 
a 1 ata HBK) . 

1 Bioresources Development Group, School of Engineering, Campus Box 
1106, Washington University, St. Louis, Missouri 63130. 
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General Strategy for New Agriculture in the Third World 

Given the jaded condition of current macro strategies for inter
nat i ona 1 development that tend to be derived from exogenous models of 
business and industrialization, we propose an ethically-grounded 
strategy for agricultural development with the following major charac
teristics: sustainable, self-reliant, small-in-scale and decentralized, 
and autochthonous. 

Sustainable. Sustainability criteria are often not met or even 
considered in Third World agriculture. However, it should be obvious 
that candidates for new crops must satisfy criteria of long-term 
socio-economic and ecological sustainability. Briefly stated, before a 
new crop is adopted, it must be likely that agricultural labor (farm 
workers and agricultural processing plant workers) can be adequately 
rewarded for its efforts, and that abuse of the environment can be 
avoided indefinitely. 

Strategies for development of new agricultural enterprise must be 
devised that will allow those most directly involved in the work, the 
farm workers and the agroprocess i ng p 1 ant workers, to receive 
significant benefits from new crops and agricultural industries. In 
brief, exploitation of agricultural workers is not indefinitely 
sustainable, and so there should be no excuse for regarding it as good 
business. In addition to its obvious shortcomings from a humanitarian 
viewpoint, social exploitation causes poverty which inevitably leads to 
political and civil unrest and disturbance, disruption of production, 
and destruction of invested capital. 

The ecological dimension is equally as important to sustainability 
as the socio-economic dimension discussed above. New agroindustries 
must be capable of indefinite continuation without causing soil, water 
and other environmental degradation, and the concomitant lessening of 
the ability of present and future generations to earn a living through 
agriculture. Most Third World people are dependent on agriculture, and 
are likely to remain so. The soil is their main resource, a resource 
that is being degraded rapidly, especially dryland soils, often due to 
inappropriate crops and overgrazing. Like soc i a 1 exp l oi tat ion, 
environmental exploitation leads to poverty, civil instability, 
destruction of capital, etc. It also is not a sustainable strategy, and 
so it should be recognized as bad business, and immediately rejected . 

Self-reliant. Self-reliance has many facets. For example , a 
potential crop must serve the goal of import substitution, one very 
important aspect of self-reliance. The products should be important to 
the domestic economy of the Third World nation to help it be more 
self-reliant and less dependent on food and other agricultural products 
from abroad or from the capital city . To avoid the needs for external 
investment capital and expensive imported processing equipment are other 
aspects of self-reliance. Processing of the potential crop should not 
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require sophisticated technology or a large, centralized and 
capital-intensive plant. 

All too often, agricultural policy is abruptly changed to promote 
new non-food export crops, in the interests of short-term profit 
maximization. This is dangerous. The Third World needs to expand its 
agriculture for export as well as for import substitution, but it must 
avoid over-commitment to specialty and luxury export crops that tend to 
go through qui ck boom-and-bust cycles, and that compete with domestic 
production of food and other necessities (the "fl owe rs vs. food" 
issue). The goal of self-reliance is obviously not served by 
subsidizing export crops, hoping to generate income to pay for imported 
food. Dependencies are created on world market conditions by doing 
this, and world markets seem to benefit Third World nations only rarely, 
and temporarily, at best, much less the rural villages . 

Agriculture does not adapt well to crop switching in pursuit of 
short-term profit maximization. Farming skills are often difficult to 
trans fer to unfamiliar crops, crop processing infrastructure is often 
impossible to adapt, and emphasis on the short-term tends to conflict 
with environmental stewardship imperatives such as the need to conserve 
the soil for future generations. Aridland soils are especially fragile. 
"Mining" of the soil leads to the ultimate loss of self-reliance when 
the Third World nation must depend totally on external and unaffordable 
sources of food. 

Attention may be given to production for external markets after 
domestic needs for the product are met. In this connection it would be 
desirable if there were no technical reason why the raw product must be 
shipped abroad, or to large industrial centers, for value-added 
processing to make products of sufficient quality to compete in world 
markets. Value-addition should be carried out within the Third World 
country, to maximize its ability to extract benefits from the new crop. 

The familiar pattern of growing raw material to be processed in an 
industrialized nation in the name of "comparative advantage" must be 
broken. It is genera 11 y true that most of the money is made in the 
value-added processing, not in the growing of raw material, and it is 
not necessarily true that only the industrialized nations can do the 
processing properly. This is still another important aspect of 
self-reliance, the need to avoid linkages to the world economic system 
that are disadvantageous or even crippling. 

Small in scale and decentralized. Most Third World nations are 
largely rural with economies that are dualistic in spite of attempts to 
equalize access to goods and services for all citizens. What is lacking 
is a rural-based agroindustrial sector to provide employment and 
stability. Therefore, strategically, it would be desirable if new crops 
can be processed economically at small scale so processing plants can 
be decentralized. This would spread geographically the benefits of new 
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jobs, for both men and women, and distribute the opportunities for 
capital investment by individuals and families through savings or sweat 
equity. This self-reliant mode of economic development would help to 
lessen external debt loads and need for foreign aid. 

· Not all agroprocessing technologies are practical at small scale. 
But many are, and this factor should be taken fully into account in the 
process of selection of new crop candidates. 

In our view, decentralization includes avoiding internal 
centralization of processing as well as the concentration of processing 
of Third World agricultural raw material in industrialized nations. 
Historically, many Third World countries have been essentially 
city-states, each with a capital city absorbing the wealth of the rest 
of the country, thereby impoverishing the rural population. Massive 
internal migration to seek employment in centralized industries has 
created huge socio-economic problems in the cities. The rural areas 
need to be strengthened, and transformed into good places to live and 
work. Both internal and external migration must be diminished. 

Another aspect of decentra 1 i zat ion is the avoidance of new crops 
that seem to be amenable only to large plantations. These require 
concentrations of capital, and are typified by external control by 
absentee i ndi vi dual or corporate 1 andl ords, 1 ack of concern about the 
quality of local 1 i fe, and reduct ion of the status of the peasant to 
peonage. Plant and tree crops that lend themselves to relatively 
small-scale and low-capital-cost planting, cultivation, harvesting and 
processing technologies are preferable, and will allow local people to 
participate in management and investment as well as labor. 

Autochthonous. Although some U. S. agricultural situations may be 
inherently suitable for large-scale, capital-intensive and 
labor-conservative production and processing technologies, we challenge 
the notion that this management approach is appropriate for much of the 
Third World. In most cases, technical factors and socio-economic 
demographics require the rejection or at least the questioning of the 
U.S. agrotechnology model. 

Instead, more suitable models will probably derive from the local 
context and not from imported models. This autochthonous process must 
be encouraged by involving the local people in problem definition and 
solution, and project planning and execution. Site-specific indigenous 
knowledge is often priceless and cannot be replaced by the 
generalizations of "modern" agriculture taught in the agricultural 
universities. 

To the extent that the above strategic guidelines can be widely 
implemented, benefits such as these can be anticipated: local economies 
will be stimulated by spreading the benefits of new enterprise, 
dependence on extern a 1 capital will be reduced, distortion of land 
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ownership patterns will be avoided, imports will decline, foreign 
exchange will be conserved, and rural poverty (a major cause of social 
unrest) will be lessened. 

Specific Strategies for New Bioresources in Aridlands 

Conventionally, large, centralized research institutions such as 
the International Center for Research in the Semiarid and Arid Tropics 
(ICRISAT) in Hyderabad, India, have been expected to carry the global 
lead in aridland genetic and agronomic R&D . However, our own 
preliminary studies in Mexico and Central America suggest that there is 
a better way, much more decentralized, closer to the rural people, and 
involving the use of local non-governmental organizations (NGOs) that 
are experienced in meeting the needs of the people, while working 
effectively within restricted budgets. 

Our studies in Latin American aridlands strongly indicate that 
there are many indigenous NGOs that are effective in this type of 
agricultural development work, and that can be even more effective if 
adequately funded. In addition to their ability to be cost-effective, 
born of necessity and 1 ong practice, they are more apt to research a 
wide range of local p 1 ant varieties rather than the few convent i ona 1 
crops (e.g., maize, wheat, rice, beans) that get the lion's share of 
attention at the major research institutions. They are also more apt to 
consider the values of traditional methods of gardening and agriculture 
and to seek to upgrade rather than to replace them. 

The NGOs are experienced in working with peasants in 
interdisciplinary modes, with full attention to the social and cultural 
aspects of the improvement of agriculture and rural life, and we suggest 
that this is just as important as genetic and agronomic improvements. 
Unless the agricultural R&D effort takes full account of local cultures, 
capturing indigenous knowledge in situ, and dignifying the local people 
by recognizing their demonstrated and latent abilities through including 
them in the R&D process, indifferent results will probably continue. We 
will probably continue to see long and costly R&D programs carried out 
in central institutions with heavy emphasis on biotechnology and 
conventional crops, and with minimal beneficial effect on the quality of 
rural life. We will continue to find over-emphasis on 
overly-specialized expatriate staff and degreed researchers who know 
little about rural conditions. 

In addition to the indigenous NGOs, we think that the indigenous 
systems of government agricultural technical and vocational schools can 
serve an important need, to provide localized adaptive R&O on 
underutilized as well as conventional crops, using their students as 
part of their research teams, in a variation on the farming systems 
research (FSR) concept. A Mexican example of such a large and 
well-developed agricultural high school system is ITA (Institutos 
Tecnologicos Agropecuario y Forestal) which includes some 200 schools, 
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covering every state of the nation with many schools in each state. 
Each ITA school has agricultural extension, and ample land for field 
tests. 

Advanced sci ent i fi c capabilities are not present at ITA, such as 
laboratories for performing the manipulations of molecular genetic 
biotechnology, but it can be argued persuasively, we believe, that these 
are not essential. Host biotechnology is expensive and time-consuming, 
and it needs to be more widely recognized that its benefits may often 
not justify its costs in time and money. Its long-term values to rural 
people may yet appear, but are still to be demonstrated because of its 
over-emphasis on export crops, among other reasons . 

In the meantime there is urgent work to be done to stem the tide of 
rural decay , so biotechnology should not be allowed to dominate R&D in 
Third World food needs. Even if biotechnology were to be dedicated only 
to improving aridland food crops used by local people, it probably could 
not move fast enough to make significant contributions in the short and 
intermediate time frames. There is an opportunity cost to putting one's 
faith in biotechnology; there are classical techniques of dryland 
agronomy and genetics that wi 11 produce faster results, and this is 
important because of the rapid degradation of these rural areas, 
measured in the increasing incidence of malnutrition and death. 

Conclusions 

The current agricultural situation in Third World aridlands is 
dangerous. It is dependent, centralized, externally manipulated and 
exploited, inadequate for supply of domestic needs, and 
revolution-prone. Major changes in strategy must be made, some of which 
are outlined in this paper. This problem is deserving of more attention 
by the scholarly and development communities, especially by those most 
concerned with the accelerating degradation of rural life in Third World 
aridlands. 
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PLANT UTILIZATION IN BIG BEND BORDERLAND ECONOMY, 1915-1935 

William M. Holmesl 

Introduction 

Under the most ideal conditions the Chihuahuan Desert country that 
straddles the Big Bend of the Rio Grande must be regarded a hostile 
physical environment, but the incursion of extraordinary human activity 
during the early decades of the century created a condition which 
significantly altered the quality of life for Mexican settlers who 
resided on both sides of the river. Generally the period, beginning 
about 1915 and lasting to about 1935, includes roughly twenty years 
during which Mexican settlers of the Big Bend borderlands were able to 
supplement their typical subsistence livelihood by selling, trading and 
bartering various forms of indigenous vegetable matter, either in the 
raw form or slightly processed, to new arrivals to the region. 

Much of the newly acquired population pressure was the direct result 
of two major events which were responsible for unprecedented border 
crises . The first had to do with the onset of border raids by Mexican 
bandits largely led by Pancho Villa, Chico Cano and Jesus (Gacho) 
Renteria. The bandit gangs were composed of revolutionaries and 
military deserters who performed a variety of atrocities on both sides 
of the river in their effort to secure horses, guns and commissary 
goods. The raids started in late 1911 on a small scale, became major 
in 1915, 1916 and 1917, began tapering off in 1919 and were 1 argely 
non -existent by 1921. These bandit raids became so severe in 1915 that 
a large portion of the Sixth Cavalry under the leadership of General 
Pershing was dispatched to the Big Bend. After the raids of Columbus, 
New Mexico and Glenn Springs, Texas in March and May of 1916, numerous 
national guard units in the country were activated and sent to the Big 
Bend to assist increasing numbers of border patrol officials, Texas 
Rangers, and an assortment of cattle inspectors and federal agents. In 
addition, supplies for these thousands of men and animals had to be 
packed in on mules and freighted in on wagons from rail stations at 
Alpine and Marfa. 

The second event responsible for generating unusual border activity 
was the passage of the Volstead Act on October 19, 1919. This began the 
period of "Prohibition" which did not end until its repeal in 1933. It 
is likely that the only good thing the act provided was a very 
profitable alternative to banditry. It is no coincidence that the 
termination of bandit raids in Texas coincided with the passage of the 
Vol stead Act as bandits suddenly became rum runners and bootleggers. 
The enterprise thrived because no one on either side of the border 
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really liked the law and, although bandit troubles ended, a completely 
different set of problems emerged for the Texas Rangers, fiscales, 
customs officials, border patrol and several new enforcement agencies. 
Even though many military personnel and national guardsmen were 
reassigned elsewhere, the numbers of people decreased only slightly . 
The large numbers of horses and mules, however, declined appreciably 
after 1920, as automobiles, trucks and tractors gradually took over 
tasks formerly performed by animals. 

Because of these two events, then, local borderland Mexican 
residents seized upon the opportunity to collect local vegetable matter 
for resale . 

Through examination of letters, diaries, memoirs, military records, 
and my close association with long-time border residents it became 
possible to identify four distinct market areas where vegetable goods 
might be sold or traded: (1) the itinerant Mexican traders who dealt 
in a wide variety of merchandise including medicinal plants collected 
by yerberos for resale to curanderos and products made by fiber 
collectors, (2) candelilla collectors, arrieros, who either extracted 
wax from plants as a cottage industry or sold plants directly to wax 
processing factories, (3) the zacateros who harvested local grasses for 
sale to owners of horses, mules and cattle, and (4) the sotol distillers 
who processed the juices of Dasylirium leiophyllum during Prohibition. 

The Zacateros 

The Zacateros were the grass or hay collectors whose principal cash 
crop was chino grass, Boutoloca biscuisette . Chino grew only at high 
elevations in rough, rocky locations usually in the same proximity to 
lechuguilla, Agave lechuguilla. The period 1914 to 1920 represented a 
series of bumper years for zacateros as they could se 11 a 11 the grass 
they could collect to military personnel, customs officials, Texas 
Rangers, pack train operators, freighters, and local ranchers as an 
excellent food supplement for horses, mules and cattle. One reporter 
in 1917 accompanied Brijador Holguin, a zacatero, his two young sons 
and eight burros on a chino collecting expedition. 11 The party left 
home at dawn and travelled about 5 miles to the grass fields at 
Pinnacle Peak in the Chiso Mountains. In two hours we were atop the 
peak where chino grass was growing among clumps of lechuguilla. The 
collectors would pull up entire clumps of grass by roots and stack them 
in piles of about twenty pounds each. Then, blades of lechuguilla were 
cut to about 16 inch lengths, torn into long strips and used to tie the 
grass into bundles. Five bundles were 1 oaded onto each burro and 
hauled to a nearby cavalry outpost where the bundles were sold for 10 
cents each. The eight hundred pounds of grass brought four dollars to 
the family. Obviously this was not a large payment, but it was 
significantly more than the 50 cents per day the laborer could earn at 
local mines or ranches and the zacatero was more independent (Smithers, 
1967). 
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Before 1920 the market for chino grass was so large that zacateros 
on the Texas side of the Rio Grande could not supply the demand so one 
day each month was designated as 11 Port Day." On such days zacateros 
from Mexico were allowed to bring grass across the border . They also 
brought wagon loads of wood to se 11. After 1920 the departure of 
military personnel, and reduction in the use of animals brought a close 
to the collection of chino grass as an income supplement by borderland 
Mexicans. 

The Traders 

Itinerant Mexican traders were somewhat like avi sadors {message 
senders) and curanderos (healers) in that those who practiced the 
activity probably inherited the job from a family member as it was 
passed from one generation to the next. Traditional borderland traders 
represented an important connection to the outside world for isolated 
rural Mexican families who depended on them for household staples such 
as coffee, salt, rice, sugar, spices , tobacco , cloth, thread , sewin·g 
notions, cheap jewelry, metalware, rudimentary tools and a wide variety 
of items accumulated through barter as they progressed on their 
journeys. The trader was the intermediary between collectors and 
buyers. He was the middleman, the wholesaler and retailer, the merchant 
in a hostile land. Their numbers increased before 1920 as a new market 
opened in the form of additional border personnel . A typical 
merchandising technique was described by Enrique Moreno to W.D. 
Smithers in 1925. Senor Moreno had retired in 1922 after having been a 
trader in the borderland for some twenty-five years. 

"I carried my goods in my wagon pulled by two mules and usually 
tried to sell merchandise for cash, but often simply traded for goat 
skins and rope, mats , baskets and other fiber products made in Mexican 
households of lechuguilla or fibers of other plants." Sometimes items 
would be traded for various herbs, seeds, roots, barks and other items 
commonly used by curanderos and curanderas as folk remedies for various 
ailments. Certain expert collectors of such plants attained sufficient 
respect that they were known as "Yerberos" {Smithers, 1968). El Viejo, 
the old man, of Pachuca was a yerbero and curandero for whom Enrique had 
much respect. He had seen the old man treat a Texas Ranger for 
rattlesnake bite, a border patrolman for sunstroke and numerous others 
for cuts, abrasions, headache, stomach disorders and hiccups. El Viejo 
maintained such a large collection of medicinal products that he was 
able to trade some of them for household staples or for medicines he 
might be out of. Enrique was the merchandiser for many of these 
transactions . Smithers, himself, was especially intrigued by the 
activities of curanderos and curanderas because he was cured of typhoid 
when he was a child and treated for jaundice and sunstroke when he was 
older. In interviews with Mr . Smithers in 1967 and 1968 , he shared with 
me many stories about the tremendous versatility of the healers . Many 
of their medicinal products were derived from various cactus plants that 
grew profusely in the region. Among the most commonly used were peyote, 
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Lophophora wil 1 i ams ii, and 1 i vi ng rock, Ari ccarpus fi ssuratus, both of 
which are hallucinogens that grow in similar environmental settings. 
Both are known endurance builders and both were used by healers as 
remedies for heart and kidney disorders. Aloe vera and zabilas, Aloe 
mexicana, were introduced by the Spanish, but were common to the Big 
Bend country by 1900. Curanderos and curanderas have found hundreds of 
medicinal uses for these two plants. There are several species of 
pitahaya, whose fruit resembles strawberries, ranging in size from the 
tiny Echinocereus stramineus to the gigantic Lemaniocereus weveri. 
Extracts from fruit, stems and pulp were often mixed with fat from goats 
kidneys to make a salve with all sorts of healing powers. The salve was 
often so 1 d or traded. A 11 curanderas had in their inventory the seeds 
of chia, Salvia arizonica. Seeds were added to soups, stews, cereals and 
beverages as a remedy for stomach disorders. 

On one occasion Smithers was stricken with jaundice and ultimately 
cured of the affliction by Juana Domingues, a curandera, who treated 
him with tea made from chopped nopalitos, tea made from boiling stalks 
of popot il 1 o, Epheda tri furea, and tea made from boiling the chopped 
stem of ojazan or tarbush, Fl ourensi a cernua . Further treatment 
included a vegetable diet that included considerable alfalfa . A common 
sunstroke remedy was the application of a shampoo made from the chopped 
stalks, stems, flowers and seeds of wild sunflower , Hilianthua annus, 
which was boiled, cooled and applied to the scalp. This representative 
list is obviously partial, but is indicative of the extent to which 
yerberos and healers were involved in Big Bend activity. 

Another interesting trade item marketed by Big Bend craftsmen during 
the period had to do with the fiber industry. Women and girls in the 
family often became skilled in the making of ropes, cords, mats, bags, 
baskets and brushes from sotol, agave lechuguilla, and numerous other 
fiber plants. These products were seldom sold, but were frequently 
traded to traders for household items who, in turn, then sold them. 
Rope was an especially marketable item before 1920, as i t was sold in 
large quantity to the military and the border patrol. 

W. D. Smithe rs once to 1 d me of a Mr . Hanno 1 d who opened a fiber 
factory near Langford's Hot Springs in the early 1920' s. Although the 
factory was in operation for only five or six years it represented an 
outlet for fiber plants collected by locals. Ernesto Trujillo , a 
friend of Smithers , sometimes made as much as five dollars a month 
through the sale of plants to the factory. He also reported that a by 
product of the illegal alcohol industry was the fibrous residue of the 
plants from which juices were extracted. 

The Arrieros, the gatherers 

Candelilla, Euphorbia antisyphilitica, grew extensively on both 
sides of the Rio Grande in the Big Bend country. From 1915 to 1920, 
Captain C.D. Wood and W.K. Ellis operated a candelilla wax factory at 
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Glenn Springs. The species name, antisyphilitica, was given because 
the juice of the p 1 ant was used by curanderos and curanderas as a 
remedy for venereal disease. In his work "Wax, Men and Money," Curtis 
Tunnell listed such traditional uses of the wax as candles, wax 
religious statues, waterproofing, artificial flowers, chewing gum and 
leather dressing. Other than carnauba, it is the hardest natural wax 
known and it continues to be used today in such products as automobile 
and furniture polishes, floor wax, saddle soap, varnish and lacquer, 
cement, crayons, cosmetics, electrical insulation, linoleum, phonograph 
records, precision casting and dental molds (Tunnell, 1981). 

W.D. Smithers reported that candelilla was widespread throughout the 
Big Bend country in 1915 and that many Mexican families improved their 
livelihood by collecting and selling the plants to Captain Wood and to 
E.D. Lowe who set up the first wax plant in the region at Double Mills 
on Maravillas Creek in 1911. Since candelilla plants seemed to 
contain more wax in the late fall, most lucrative plant collection took 
place in the winter. Furthermore weather conditions in the dry winter 
was more compatible to the hard labor involved with collecting and 
processing plants, than in any other time of year. 

Various techniques have been employed to harvest candelilla, but the 
only successful method is through hand collection of the weed by Mexican 
laborers. Smithers related to me that an arriero would leave home 
early in the day, locate a good collecting spot, pull the plants, and 
stack them in piles. Once the accumulation was satisfactory the plants 
were gathered and tied with 1echugui11 a fiber ropes into bundles of 
about 50 pounds each. On marketing day he would lead his burro train of 
five or six burros to the site for packing. Each burro was loaded with 
three or four bundles, 150 to 200 pounds, which would amount to about 
1200 pounds for the train. The length of time required to collect a 
burro train load varied according to local supply, but usually ranged 
from two or three days to as much as a week. For his effort the arriero 
received $2.50 per ton of plants or about $1.50 for his burro train 
1 oad. The 1 oad would render into about 24 pounds of wax or about one 
pound for every 50 pounds of plants (Tunnell, 1981). Smithers guessed 
that plants averaged about one pound each so the arriero received about 
one cent for each 10 plants collected, a very low pay for very hard 
work. 

Today wax making still goes on in much the same way as it was in 
1915, but the activity is confined almost exclusively to northern 
Mexico. 

The Sotol distillers 

Tales of rum running across the Rio Grande during Prohibition are 
legendary and the sudden conversion of border bandits to Big Bend 
bootleggers is well researched because of the intrigue and money 
involved. Rum runners were successful because they marketed high 
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quality commercially produced products to a clientele thoroughly 
disgusted with the law. 

On the other hand were the traditional family or neighbor oriented 
local fermenters and distillers of sotol, a virtually unresearched 
activity of the time, which was almost impossible to control by 
authorities on both sides of the border and regarded too cheap for 
smugglers to handle. Sotol, made from the fermented and distilled 
juices of Dasylirium leiophyllum, was the traditional preventor of 
sunstroke among borderland residents and .was a reliable remedy for 
stomach disorders . Many families made it for household purposes and 
some 1oca1 s became espec i a 11 y we 11 known for the exce 11 ent qua 1 i ty of 
their product. Ernesto Trujillo was such a person. He had learned the 
art as a youngster from his Tio, Uncle, Alberto, whose secrets Ernesto 
never divulged and took to his grave. Smithers speculated to me that 
Uncle Alberto probably mixed the honey flavored juices of Agave maguey 
with sotol before fermentation, but no one will ever know for certain. 
In any case Ernesto had an established clientele among ranch employees 
of the Big Bend before Prohibition and apparently did sufficiently well 
during Prohibition that his candelilla collecting was seriously 
curtailed. 

During the 1920's the market for sotol in Texas became so good that 
several sotol distilleries were put into operation on the south bank of 
Rio Grande by enterprising residents . As a result a popular income 
supplement for borderland Mexicans was simply the extraction of juices 
by burro powered grinders and the marketing of the juice to local 
distillers, delivered in goatskin bags . I have not found a reference 
that suggests how many people were involved, how much was paid for the 
juice, or how much the finished product sold for . There are some things 
that simply are not discussed by rural Mexicans. 

In 1933 the Volstead Act was repealed and Texas Canyons State Park, 
the predecessor to Big Bend Nat ional Park, was created. For all 
practical purposes the collection of plants within the region gradually 
came to an end. The curanderos and curanderas still require medicinal 
items, the wax makers still need candelilla, animals still need hay and 
locals still ferment and distill sotol, but the collection of plants 
will never again attain the importance the activity reached between 1915 
and 1935. 
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CONTROLLING DESERTIFICATION IN THE PEOPLE'S REPUBLIC 
OF CHINA: THE SHAPOTOU EXAMPLE 

Idris R. Traylor, Jr.I 

Twelve deserts are contained within the People's Republic of China. 
Centuries of human misuse expanded the original desert parameters until 
they reached the current estimate of 13 percent of the country's total 
area. Although the history of China encompasses thousands of years, it 
is only s i nee 1949 that important applied research on the deserts has 
been a factor in Chinese developmental programs. A special emphasis on 
desert development since 1970 has had significant results. According to 
the latest scientific assessment, if China's programs continue, 
desertification will be brought under control and 20,000 sq/km will have 
been reclaimed by the year 2000 (Fang, 1987). 

An excellent example of the Chinese effort to control desertification 
in recent times is the creation and development of the Shapotou Desert 
Experiment and Research Station. The site is in the Ningsha Hway 
Autonomous Region of North China, on the Yellow River, and on the 
southeast fringe of China's fourth largest desert, the Tengger. 
Shapotou has become noted for its pilot experiments in sand dune 
stabilization, revegetation, and in agriculture in a desert environment. 
The history of this research station offers a microcosm of Chinese 
expertise in desert development. 

In much earlier times the Yellow River, cradle of Chinese 
civilization, was a source of irrigated farming in this region . For 
example, records reveal that even during the Ming Dynasty ( 1368-1644) 
the Ningsha Region was a rich land, and a major source of herbs. In the 
intervening centuries, human misuse of the soil, overproduction, 
warfare, and a breakdown in governmental administration, resulted in 
increasing land degradation and desert expansion. During the Ching 
Dynasty (1644-1912), which succeeded the Ming rulers, this process was 
accelerated, particularly in the 19th and 20th centuries. Old castles 
along the Great Wall, and literally thousands of small towns and 
vil 1 ages, disappeared in the increased desert expanse created by the 
advancing Tengger Desert. Shapotou itself was once a prosperous farm 
market town on the ancient route that connected the Ningsha area of 
Lanzhou, capital of the Gansu Province and a major city on the great 
Silk Road along which the fabulous goods of the East traveled to markets 
in Europe and Africa. Thus, Shapotou had a connecting link to that 
ancient artery of commerce and cultural interchange of three continents. 
But Shapotou itself was ultimately buried by the Tengger Desert as it 
advanced southward (Hall et al . , 1979; Walls, 1982; Zhao, 1986). 
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The Ningsha Region was targeted for re-development after the 
assumption to power of Mao Tse Tung and the Communist Party in 1949. 
Part of the overall plan for utilizing the desert areas required 
extensive railway production to create an interlocking network of track 
that would bind the country together for both economic and political 
purposes. Once again, Lanzhou became an important link in the 
communication system, and a center for various railway lines that would 
draw together the outlying and less developed areas·. One line was 
constructed from Lanzhou northeastward through the Ningsha Region, 
following the course of the Yellow River and continuing to Baotou in 
Inner Mongolia. This line passes through the sections of undulating 
sand dunes at the southeastern edge of the Tengger Desert, and was the 
first cross-desert railway ever constructed in China. While farming is 
important in this area, with wheat, millet and linseed production, and 
there are a 1 so vast areas of pasture 1 and for anima 1 husbandry, the 
purpose of this railroad was primarily to allow the exploitation of the 
rich mineral resources of the Region. These include coal, oil, gypsum, 
limestone, and phosphorus. Utilization of these minerals would create a 
modern industry where none had previously existed. To be functional, 
however, the railway had to be protected from the shifting dunes of the 
Tennger Desert . For this purpose, a special station was established at 
Shapotou. It was also designed to be the site of a major agricultural 
experimental station. Thus the former market town, long buried by the 
advancing desert, would have a successor in an experiment station of the 
same name (Walls, 1982; Zhu and Liu, 1983). 

Today, the closest town to the Shapotou Station is Zhongwei. 
Passengers arriving by rail at Zhongwei then drive by automobile 
westward a few mi 1 es to the Station. Interesting 1 y, in the city of 
Zhongwei there are a number of gates, a drum tower and a temple complex 
that date from the Ming Dynasty. In the temple there are numerous 
motifs of the dragon, displayed in his original form as a symbol of 
fertile rain and as a water deity. Usually associated as a symbol of 
imperial power, the dragon was important in this desert area for his 
benign influence with water, and he is so sculpted and painted in this 
temple . On the great Ming gate original inscriptions present such 
statements as "Hold back the desert", and "The river is our salvation." 
The Yellow River, flowing near Zhongwei and past Shapotou, has been the 
source of irrigation for the Zhongwei area. The waters of the river 
have brought the Shapotou Station to life again . 

The name Shapotou, in Chinese, means "at the head of a sandy slope ." 
The name is of course appropriate for the present time, but it was only 
a few decades ago that it lay beneath the sandy slopes, rather than at 
their head. Photographs dating from 1955-1956 show the entire region as 
being an expanse of sand with virtually no vegetation, the dunes 
reaching to the very banks of the Ye 11 ow River. When the desert 
scientists first arrived at Shapotou more than 30 years ago, they 
discovered that the area has strong and frequent wind and sand storms 
approximately 200 days per year. Annual precipitation averages 185.6 mm 
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and the volume of evaporation is 15 times more than that. The summer 
heat causes the sand temperature to rise as high as 74°C, and it can 
drop to 3o0c below zero in winter (Chao, 1981; Zhu and Liu, 1983). The 
chief resource is the water of the river. Under these adverse physical 
conditions the scientists created the present model facility. 

The Shapotou Station conducts important research in revegetation and 
irrigated agriculture. An extensive breakwater in the Yellow River, 
running for a great length of the Station's river frontage, was erected 
by peasants during the Han Dynasty, and although much repaired over the 
centuries has been slowing water for diversion for irrigation purposes 
for more than a thousand years. This breakwater continues to form an 
important function. Willow trees and tamarisk bushes were planted and 
now line the dunes along the Yellow River, and tall poplars stand on the 
river's bank. The Station's buildings, including housing structures, 
rec re at ion and dining rooms, 1 aboratori es, offices, and a sma 11 and 
interesting museum, are shaded by large trees and surrounded with 
flowers. 

Extending on both sides of the compound are extensive cultivated 
areas, where varieties of garden vegetables, fruits, and trees for 
replanting are grown in the irrigated soil. The scene is a very 
attractive one, with the clear skies, the sandhills on the opposite side 
of the river, the distant mountains, the Yellow River itself, the green 
cultivated area of the Station, and behind it, literally halting on the 
edge of the irrigated area, the huge, towering yellow sand dunes of the 
Tengger. In this setting, the staff continues to experiment with the 
most appropriate crops for production in this and similar areas. High-
1 i ft pumpi ng-i rri gat ion is used to bring the water from the river to 
reclaim the sand dunes, create the terraces, and water them. The silt 
in the water of the Yellow River settles in the irrigated area and forms 
a crust on the sand that fixes it, and offers a higher survival rate and 
more rapid growth to crops and trees under irrigation . 

While the Station has had important success in revegetation and 
agricultural experimentation in dry areas, the other principal function 
of this Station is to provide protection for this important stretch of 
railway on the line from Lanzhou to Baotou. 

First, using water diverted by pump stations from the river, a 200 m 
to 500 m irrigated vegetation belt along the tracks was created. Beyond 
this line the process of dune stabilization began under another method. 
In developing a program of sand dune stabilization, the Chinese 
scientists were at first at a loss as to which types of plants to 
utilize, considering the climatic conditions. Most of the desert plants 
that are wind-resistant were either buried by moving sand at Shapotou, 
as the dunes move 4 m a year, or they were uprooted and withered. 
Experimenters tried using tree branches, corn stalks, and even sorghum, 
to stop the moving sand. None proved to be satisfactory. The 
scientists then developed a straw-grid barrier method that was 
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effective. Each square in the grid is one meter square and the stalks 
are 10 cm high. The fishnet pattern stops the drift of the dune by 
breaking the force of the wind and confining the movement of sand within 
the squares. In only a few years' time the staff of the Station and 
railway workers built wide straw-grid sand-control belts 400 km long and 
700 m wide along both sides of the railway. With time, the straw grids, 
of course, decay. Replacement would be a huge project, but the 
scientists discovered that plants had taken root in some of the squares. 
Therefore, they selected plant seeds for the different squares, and 
since the grids store rainwater and reduce evaporation as well as 
lowering the temperature at the sand surface, the plants now survive, 
fix the sand, and protect the straw grids. Currently, a layer of grey 
soil has appeared on the surface in many of the planted squares. The 
Chinese call this layer "skin," a phenomenon that marks the beginning of 
the process of desert reconversion. Recently, there has also been some 
experimentation using chemicals to fix sand (Biswas and Biswas, 1980; 
Goodin and Northington, 1985; Walls, 1982; Zhu and Liu, 1983). 

These methods have succeeded in stopping the southward encroachment 
of the Tengger Desert and have insured the continued operation of the 
cross-desert railway to fulfill its important economic function. 
Although occasionally the tracks must be swept clear of some blowing 
dust, the railbed has been free of dunes since this rail link was 
completed in 1958. 

The success of what has been accomplished in the dual functiQn of the 
Shapotou Station has attracted worldwide attention of those involved in 
arid lands studies. Support has been provided by the United Nations 
Environment Programme and the number of visitors continues to increase. 
It is a significant example of what can be accomplished in rendering the 
desert more hospitable to human activity. 
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Introduction 

THE IMPORTANCE OF AESTHETIC AND RECREATIONAL 
RESOURCES IN FIRE-MANAGEMENT DECISIONS 

Jonathan G. Taylor 1 

Over the past few decades, the U.S.D.A. Forest Service has undergone 
several significant changes in general operational policy. One of the 
most profound changes, and one that is generally understood by the 
general public, is the shift from being a single-commodity, timber 
management agency to one of multi p 1 e-use resource management. These 
changes began in the 1920s and 1930s with recognition of the importance 
of protecting watersheds and wi 1 dl i fe habitat. As occurred severa 1 
decades ago in European silviculture, American forests are becoming 
increasingly important for a wide variety of direct and indirect human 
uses. Sustainable, multiple-use has been mandated for the Forest 
Service by the. U.S . Congress, in the Multiple~Use -- Sustained Yield Act 
{MUSY) of 1960 and in the National Forest Management Act of 1976. By 
order of these 1 aws, the Fore st Service is required to give balanced 
attention, in planning and management of the resources under its 
jurisdiction, to timber production, habitat maintenance, watershed 
protection, range forage production, mi nera 1 production, recreational 
opportunities, and aesthetic quality. This mandate is not unique to the 
Forest Service, the Federal Lands Planning and Management Act {FLPMA), 
for example, requires multiple-use, sustained-yield management of the 
lands and resources managed by the Bureau of Land Management. 

U.S. Forest Service policy also changed significantly in the 1970s 
regarding fire management practices {Nelson, 1979). Older, established 
fire policy of the Service called for suppression of all fires occurring 
on National Forest 1 and on the day of detection or by 10:00 am the 
following day, if at all possible . With realization that fire 
suppression expenses sometimes surpassed the total value of the 
resources being protected, the Forest Service has now pulled away from 
the traditional all -out suppression policy. Fire is seen as playing a 
natura 1 role in different forest ecosystems, and new fire po 1 icy is 
intended to let fire play its natural role. Fire ecology has emerged as 
a legitimate study in many University Forestry curricula and the work of 
the Tall Timbers Fire Conferences is now treated with respect. 

Given these major policy changes, what has happened to the behavior 
of national foresters? Are these new policies indeed being adopted? 
Are foresters changing their decision behavior in accord with these new 
policy directions? The mid-1960s witnessed the beginning of a major 
research thrust in forest aesthetics and recreational qualities {Zube et 

1 Department of Geography and Recreation, University of Wyoming , 
Laramie , Wyoming 82071. 
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al., 1982). This strong support for research on forest landscape scenic 
quality and recreational acceptability is evidence that some level of 
National Forest management, at least, was taking the multiple-use 
mandate seriously. Indeed, by the 1980s, the Rocky Mountain Forest and 
Range Experiment Station was supporting research on the affects of new 
fire management practices on scenic and recreational quality of forests 
(Taylor and Daniel, 1984; Cortner et al., 1984). 

Methods 

In the mid 1980s, the Pacific Southwest Forest and Range Experiment 
Station funded a research team to investigate fire managers' risk
taking/risk-avoiding behavior to determine whether Forest Service fire 
personnel are indeed turning their attention away from straight risk
aversion, through all-out fire suppression, and adopting the more 
balanced fire-risk decision behavior required under new policies. Fire
risk behavior was analyzed within three fire decision contexts: 
responding to an Escaped Wildfire (EWF); deciding whether to set off a 
Prescribed Burn (RxB); and Planning Long-Range presuppression fire 
budgets (LRP). 

The study was conducted in the Spring of 1987 (Taylor et al., 1987). 
Five western regions of the Forest Service agreed to participate: the 
Northern Region (R-1); the Southwestern Region (R-3); the Intermountain 
Region (R-4); the Pacific Southwest Region (R-5); and the Pacific 
Northwest Region (R-6). The regional offices supplied names of all of 
their fire management personnel, each of whom received a mail survey, 
therefore the survey was of the population of fire managers for these 
regions, not of a sample . The survey design contained base risk
decision scenarios for each of the three fire-decision contexts [EWF, 
RxB, LRP] . After making a decision on how to respond or how to allocate 
fire-budget monies in the base scenarios, the respondents were directed 
to a series of alternative scenarios. Each alternative introduced a 
change designed to test the effect of a specific factor on the base 
fire-risk decision. The decision factors tested by these alternative 
scenarios were safety, resources at risk, agency policy changes, public 
opinion, the quality of available information and information modeling, 
and personal factors such as impending promotion. At the conclusion of 
each set of scenarios, i.e., at the end of each fire context set, 
respondents were asked to rate some 18 to 19 "factors that you might 
consider when making dee is ions" about that fire situation. Rating was 
on a scale of "O = not at all important to you personally" to "IO = 
extremely important to you personally." Finally, fire managers were 
asked to rank the top five decision factors so that we could distinguish 
among those items tied for highest rating. 

Results 

The first significant result from this survey, pertinent to the 
relationship between fire decisions and aesthetic and recreational 
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resources, is that changes in resources at risk had profound effects on 
fire managers risk decisions (Table 1). In Prescribed fire decisions, 
only Safety outweighed Resources in influencing fire managers to change 
their decisions. In Wildfire decisions, Safety and Resource factors 
weighed almost equally, while in Long-range fire budget planning, the 
Resource factor clearly outweighed all other decision factors in 
influencing fire managers to spend more money to avoid risk. 

Some important aspects of these data include: First, that the 
decision changes are "context specific." The degree to which resource 
factors, safety factors, etc. change fire managers' decisions varies 
from one context to another. All three decision contexts show important 
changes influenced by resources-at-risk, nearly half of the respondents 
for both prescribed burning and long-range planning, and three quarters 
in fighting an escaped wildfire. In the EWF Resource scenarios, 278 
fire managers who had originally opted to avoid risk were persuaded to 
take risk when resources in jeopardy were modified down: the fire would 
"move into an area of light fuels and could have beneficial impacts." 
By comparison, only 147 shifted from taking risk to avoiding it when the 
resource scenario suggested the fire would "move into an area of heavy 
fuels underlying a valuable post and pole timber stand." Conversely, in 
the RxB Resource scenarios more risk takers (176) were persuaded to 
postpone the burn than vice versa (109) although the resource details 
were quite similar to those in the Escaped Wildfire situations. 

The LRP scenarios did not carry dual series of opposite scenarios, 
the original choice was by proportion -- how much money to spend as 
balanced by how much risk to accept. The base scenario selection was 
very close to 1/3 high risk, 1/3 medium, and 1/3 low risk. With the 
resource dimensions of summer residences and recreation facilities 
added, low risk moved to almost 80% while high risk dropped to 7%, the 
strongest shift of all the alternative LRP scenarios. 

Fire managers also made decisions in alternative scenarios which 
introduced regional policy directly pertaining to the decision at hand: 
whether to maintain aggressiveness in suppression; prescribed fire 
schedule; and allocation of money to presuppression. These alternative 
scenarios did not affect fire managers' decisions nearly as strongly as 
the alternative resource scenarios (Table 2). It is apparent that once 
fire managers make what they believe to be wise decisions, regional 
shifts in policy are not going to shake those decisions too much. 

When the fire managers rated dee is ion factors, "More money could be 
spent than is justified by the resources protected" received very high 
marks. This item was ranked and rated from first to fourth across the 
fire decision contexts (Table 3, "Unjustified Expense"). Obviously, the 
USFS po 1 icy shift of the 1970s toward more serious comparison of the 
costs of fire operations to the value of resources protected has had a 
profound effect upon fire managers. Fire is no longer viewed simply as 
something to be put out, but as a dynamic process which must be balanced 
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TABLE I 

EFFECTS OF RESOURCE CHANGE INFORMATION ON FIRE-RISK DECISIONS 

EVF . 
A B 

Take Risk Base Scenario Choice Avoid Risk 

Send in Crews Only 
218 [373] 

"threatens valuable timber" 
147 [673] change to "A" 

Resource Factor 

RxB 

Send in Crews and Tankers 
365 (633] 

"benef;ts light fuel stand" 
278 [763] change to "811 

A B 
Take Risk Base Scenario Choice Avoid Risk 

Conduct the Burn 
463 (733] 

"Pole and post stand -
Marked, sold and ready ... " 

176 (383] change to "A" 

High Risk 
[low expenditure] 

93 [293] 

Base Postpone the Burn 
170 [273] 

Resource Factor 

LRP 

Medium Risk 
[Medium $] 

Base 
117 [36%] 

"Mature timber -Prescribed 
burned two years ago . . . " 

109 [64%] change to "B" 

low Risk 
[High Expenditure] 

115 [35%] 

Resource Factor 
"Numerous summer residences and recreational facilities scattered within 
the forest boundaries ... " 

23 [7%] 47 [14%] 255 [79%] 
1/4 base 1/2 base 2+ X base 
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TABLE 2 

EFFECTS OF POLICY CHANGES ON FIRE-RISK DECISIONS 

B 
Take Risk 

Send in Crews Only 
218 [37%] 

Regional office policy: 
"Maintain aggressiveness 
in wildfire suppression" 

81 [37%] change to "A" 

B 
Take Risk 

Conduct the Burn 
463 [73%] 

"ahead of schedule in 
your burn program ... " 

48 [10%] change to "A" 

High Risk 
[low expenditure] 

93 [29%] 

EVF 
A 

Base Scenario Choice Avoid Risk 

Send in Crews and Tankers 
365 [63%] 

Policy Factor 

Regional office policy: 
"Should not use maximum 

aggressiveness" 
87 [24%] change to "B" 

RxB 
A 

Base Scenario Choice Avoid Risk 

Base 

Policy Factor 

LRP 

Medium Risk 
[Medium $] 

Base 
117 [36%] 

Policy Factor 

Postpone the Burn 
170 [27%] 

"Behind schedule in 
your burn program .•. " 

54 [32%] change to "B" 

Low Risk 
[High Expenditure] 

115 [35%] 

The amount of presuppression money that will be available to the region 
in the future is very uncertain ... " 

83 [26%] 101 [32%] 136 [43%] 

105 



TABLE 3 

HIGHEST AND LOWEST RATED DECISION FACTORS 
within Decision Contexts 

EWF 
Highs Lows 

Rankjng Rating Item Item Ranking Rating 

1st 1st Timber * Aesth~tics 11th 11th 
2nd 2nd Economics Career 14th 16th 
3rd 3rd Habitat Smoke 15th 14th 
4th 4th Public Trust Supervisor 16th 18th 
5th 5th Recreation Colleagues 17th 15th 
6th 7th Future Influential 18th 17th 

Discretion Groups 

RxB 
Highs Lows 

Ranking Rating Item Item Ranking Rating 

1st 1st Timber Influent i a 1 14th 11th 
Groups 

2nd 2nd Public Trust Recreat ion 15th 16th 
3rd 4th Future Discretion Aesthetics 16th 15th 
4th 3rd Economics Subordinates 17th 17th 
5th 5th Habitat Career 18th 19th 
6/7th 8th Politics Supervisor 19th 18th 
6/7th 9th Smoke into 

Community 

LRP 
Highs Lows 

Ranking Rating Item Item Ranking Rating 

1st 2nd Economics Habitat 12th 12th 
3rd 1st Reduce Fire Chance Recreation 13th 13th 
2nd 3rd Public Trust Career 14th 17th 
4th 5th Limit Discretion Perform 15th 16th 

Rating 
5th 4th Timber Influent i a 1 16th 15th 

Groups 
6th 6th Interpretation Visual 17th 14th 

of Information gualit:r: 
Colleagues 18th 18th 

* Resource related decision factors are underlined. 
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with resource value. This major policy change was addressed 
specifically to the fire manager, placed deliberately within his line of 
sight. But what of the policy decisions that are more broadly defined, 
that are to be implemented by every forester but may not directly 
impinge on each person's specific management territory? 

Having demonstrated strong sensitivity to national policy changes 
vis -a-vis the economics of resources -at-risk, do fire management 
personnel also demonstrate such sensitivity to the mandate to give equal 
consideration to all resource values? How do recreation and aesthetics 
stack up in importance, for decision makers, as compared to more 
traditional resources such as timber for harvesting? 

When summer residences and recreation facilities were introduced into 
the LRP scenario, decisions moved very strongly toward protecting these 
resources. However, when asked directly how strongly recreational 
factors ("recreational opportunities may be lost" or "reduced") or 
aesthetic factors ("aesthetic" or "visual q~ality might be impaired") 
weighed in their decisions, fire managers did not rate these factors 
very high. In LRP specifically, where protection of structures played 
such a strong role in shifting choice behavior, consider the relative 
importance afforded to different resource items (Table 3): Avoiding 
unjustified expense was ranked highest and rated second (57% ranked this 
as a top factor, rated 7.6, overall, on the 1-to-10 scale); Timber was 
rated 4th (7.4) and ranked 5th (39%); wildlife habitat was rated and 
ranked 12th (6 .4 and 22% selected); recreation was rated and ranked 13th 
(6.2 and 16%); while visual quality was rated 14th (5.5) and ranked 17th 
( 4%) . On 1 y criticism by co 11 eagues was ranked lower than concern for 
visual quality in influencing long-range fire-budget decisions . Thus, 
protecting visual quality and recreation opportunities showed very 
little influence on these decisions; even protection of wildlife habitat 
was considered far less important than considerations of timber 
resources. 

The same comparative pattern of relative importance between 
unjustified expense and timber vs. recreation and aesthetics is evident 
in Prescribed Burning decision making. Timber is rated and ranked first 
(7.8 and 49%), unjustified expense is rated 3rd (7.3) and ranked 4th 
(39%); while recreation and aesthetics share rating and ranking levels 
of 15th and 16th. Recreation was rated 5.8 on average and aesthetics 
5.9; 11% selected recreation among their top decision factors and 10% 
selected aesthetic quality. In making prescribed burn decisions, fire 
managers place somewhat higher importance on wildlife habitat than in 
long-range planning (5th at 7.1 and 31 % selecting). Only scrutiny by 
supervisor or subordinates, or the related effect on career potential, 
were afforded less importance in prescribed fire decisions. 

In making decisions on how to handle an escaped wildfire, fire 
managers afford much more importance to wildlife habitat and recreation 
resources. Timber and unjustified expense are still rated and ranked 
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ahead (7.8 and 64%, 7.4 and 69%, respectively), but habitat is third in 
both rating (7 .3) and ranking (55%) and recreation is fifth (7.0 and 
43%). Protection of aesthetic quality still exerts comparatively little 
influence on fire managers' decisions, rated and ranked 11th ( 5. 6 and 
14%), but still a bit higher in relative position than in prescribed 
fire or fire budget planning decisions. 

Considering air quality as a natural resource, the importance given 
to whether or not smoke might drift into a nearby convnun;ty could be 
considered, although this decision factor also encompasses public 
reaction to fire management practices. This particular factor is 
greatly influenced by whether or not the fire manager is responsible for 
starting the fire which contributes the smoke. This factor is 
relatively important in Prescribed Fire decisions,- rated 9th (6.7) and 
tied in 6th/7th rank (28%) with political considerations. By 
comparison, in an Escaped Wildfire, not set by the fire manager, "smoke 
drifting into a nearby community" is rated 14th (4.7) and ranked 15th 
(9%). When smoke impacting a nearby community was used as an 
alternative scenario, 43% of those who had originally selected to 
conduct a prescribed burn changed their decision and postponed . 

Conclusions 

These data show, without question, that USDA Forest Service policy 
changes affect fire-managers' decisions, provided those policies are 
issued from the top and directly impinge on the fire management task. 
Resource considerations are very important in making all types of fire 
decisions, and now the economic trade-offs between the costs of fire 
operation and the values of resources to be protected are actively 
incorporated into the decision making process. Further, this is not 
simply a blanket formula to be thrown over every fire decision. The 
balance between resources and fire management costs varies from one fire 
decision context to another, indicating discriminatory weighing of costs 
on the part of the fire manager. 

This latter policy comes from the top, the Chief Forester, and is 
directed specifically to the fire manager. When a policy change is 
suggested by the Regional Forest office, however, there is far less 
adherence to the new fire pol icy. It may we 11 be that the changes 
introduced in the pol icy alternative scenarios were perceived to be 
shifts in opinion that can change from one regional forester to another. 
If such is the case, then one should expect the fire manager to rely 
more on his or her own professional judgement, and less on this change 
in regional policy. Indeed, this is the case. Even when a regional 
policy is introduced which directly contradicts the original, base
scenario decision only one-fourth to a little over one-third actually 
change from their original decisions. 

USDA Forest Service multiple resource management policies, although 
emanating from the top of the agency- -indeed originating in Congress--
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are addressed to all Forest Service personnel rather than being 
specifically targeted toward fire managers. Resources are critical to 
fire management decisions, but as in "Animal Farm," some resources are 
more equal than others, in multiple-use management. Timber resource 
protection is always rated (and ranked) high: among the top five factors 
for all three fire decision contexts, most often in the highest 
position. In addition, the recent policy directive to consider whether 
"more money could be spent than is justified by the resources protected" 
is rated and ranked within the top four decision factors in all three 
fire decision contexts. These results, combined with the decisions in 
response to resource scenarios, demonstrate the critical overall 
importance of resource values in fire decision-making. 

But how do other resource values compare with timber and cost
effective decision making? Aesthetics or visual quality are always 
found in the bottom third of the list of fire-risk decision factors. 
One might think that in long range planning fire managers would have the 
luxury of time and budget to afford serious .consideration to aesthetic 
quality . But aesthetic quality is afforded lower importance in Long
Range fire budget Planning than in EWF or RxB. 

Protection of rec re at ion resources and wildlife habitat have mixed 
influence on fire managers' decisions . Both are in the top third in EWF 
but in the bottom third in LRP. In RxB decision making, habitat ranks 
fifth and recreation in the bottom five in influencing prescribed 
burning decisions . 

On the basis of this evidence fire managers certainly could not be 
accused of paying no attention to resource values when making fire-risk 
decisions, nor that they pay attention only to traditional timber 
values. However, we can report with confidence that not all resource 
values are afforded the same, or even similar, importance in fire 
decisions . Indeed, visual quality is seriously down-played. Protection 
of both wildlife habitat and recreational opportunities receive mixed 
levels of attention, varying from one fire-decision context to another. 

Considering that it has now been nearly three decades since the first 
formal institution of multiple-use sustained-yield policy in the 
Service, it seems unlikely that all resources will be afforded equal 
protection under generic administration of the multiple-use acts. The 
effects of fire on recreational and aesthetic resources can be profound 
(Taylor and Daniel, 1984). In this context it becomes critical to 
coordinate the objectives of the land scape architect, the recreation 
manager, and the fire manager. Without this coordination, the decision 
of the fire manager has the potent i a 1 to cance 1 the work of other 
resource managers, especially on those resources given lower priority in 
fire decision making. 
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WILDLIFE MANAGEMENT, ECONOMIC DEVELOPMENT AND LAND OWNERSHIP: 
ISSUES IN WESTERN RESOURCE MANAGEMENT 

Thomas Buchanan and R. McGreggor Cawley 1 

Introduction 

The 1980s are c 1 early destined to be recorded as one of the most 
controversial periods in the history of public land policy. The decade 
began with the so-called "Sagebrush Rebellion,• and then moved into the 
turbulence precipitated by James Watt's brief tenure as Secretary of 
Interior. Although a relative calm set in following Watt's departure, 
what we want to suggest in this paper is that the batt 1 es may not be 
over . In fact, a recent controversy in the State of Wyoming over 
wildlife management leads us to believe that the earlier battles may be 
reemerging in a more disperse and localized form. 

While the controversies during the first part of this decade covered 
a variety of issues, the common threads which held them together were 
dissatisfaction with federal management policies and a belief that 
transfer of ownership provided an appropriate remedy. The question of 
who the new owners should be, however, became a point of debate. In its 
earliest form, the Sagebrush Rebellion represented a call for the 
transfer of federal public 1 ands to the states, but as the conflict 
ensued, a new proposal moved to the forefront . This initiative, 
"pri vat i zat ion," advanced the argument that transfer of ownership to 
private individuals would simultaneously help reduce federal deficits 
and imp rove the over a 11 qua 1 i ty of the public 1 ands. In the end, 
neither position prevailed and the federal lands remained in federal 
ownership. 

Despite the failure of privatization advocates to mobilize support 
for divestiture of the federal estate, the privatization movement has 
continued to prosper. Rather than the ideologically based approach 
utilized in the public land battles, the privatization movement has 
recast itself as a practical alternative, primarily for local government 
officials, to the problems of providing services in times of fiscal 
stress. In fa·ct, Moe (1987) suggests that privatization is perhaps the 
most influential concept affecting all forms of public administration in 
the l980's. 

Although definitions of privatization frequently differ, there is 
general agreement that "Privatization of public services encompasses a 
broad range of arrangements under which activities once engaged in by 
government are to varying degrees turned over to private hands" 

I Respective 1 y, Department of Geography and Rec re at ion, and 
Department of Political Science, University of Wyoming, Laramie, Wyoming 
82071. 
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(Sullivan, 1987: 461). What we will explore in this paper, then, is a 
recent effort in Wyoming to essentially privatize management of 
wil dl if e. We will begin by estab 1 i sh i ng the context in which the 
controversy emerged, and then move to a brief explanation of the battle. 
We will then conclude with some observations about the utility of 
privatization for wildlife management. 

The Context 

Current images of rural America generally depict a homogeneous 
landscape consisting of agriculture and ranching operations or resource 
extractive industries such as mining and timber. Those who do not work 
in these principal industries work in support capacities and there is 
little sense of variability in the economic and political structure of 
these regions (Pulver, 1988). The economic crisis currently occurring 
in rural America has challenged this image and has focused attention on 
the complexity and heterogeneity of rural America. The net outcome of 
this attention has been growing recognition that rural America, like the 
rest of the U.S., is presently and will increasingly be dependent upon a 
wide spectrum of income sources (Eberts, 1986). 

During the last 50 years, nationwide estimates indicate that 
agriculture has accounted for a small and declining proportion of U.S. 
personal income. Farm earnings reached a high point in 1940 accounting 
for approximately 10% of U.S. personal income and then declined to 1.3% 
by 1982 (Pulver, 1988). As the nationwide economic crisis facing rural 
America and agri cul tu re has increased, focus has been directed toward 
opportunities for non-traditional or off-farm income. At present, over 
40% of farm and ranch proprietorships in nonmetropolitan counties work 
off the farm in excess of 100 days per year. In fact, many small farm 
and ranch operations depend almost exclusively on non-farm incomes 
(Petrulis, 1985). 

Wyoming is no exception to the downward trend facing traditional 
agri cultura 1 industries. Recent state i nit i at i ves have documented a 
decrease in the agricultural share of the gross state product from 5% in 
1975 to 2% in 1984. In addition, 1984 statistics indicate that the 
agricultural sector accounted for only 16,000 jobs and farm generated 
personal income has dropped precipitously (Wyoming Futures Project, 
1987) . This prob 1 em has been particular 1 y severe in Wyoming where 
declines in farming, forestry, manufacturing and mining are frequently 
conducted in remote regions which are removed from urban areas and urban 
employment alternatives. Since economic employment alternatives vary as 
a function of distance from metropolitan areas, the employment dilemmas 
facing much of rural Wyoming are not consistent with similar situations 
in states with higher population densities (Pulver, 1988) . Further, the 
variability in geographic context and regional remoteness has presented 
a major challenge to policy makers in establishing rural economic 
development policies . 
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With growing recognition of the heterogeneity of rural America has 
also come recognition that the greatest prospects for future growth will 
come from developing, rather than from declining industries. In 
particular, the Bureau of Labor Statistics (1985) indicates that 35 of 
the 40 industries within which new job growth is predicted are in the 
service sector. While many rural communities have been traditionally 
linked to resource extractive industries, this pattern is diminishing. 
The key shift in rural America is away from manufacturing toward service 
producing industries (Cotter and Pulver, 1987). The hospitality/tourism 
industry is one of the principal areas of growth being examined with 
increasing scrutiny by rural policy makers as it is considered an area 
with excellent growth potential (Browne, 1986). 

Consistent with much of rural America, it is not surprising that 
opportunities for growth and expansion of the tourism and hospitality 
industry are receiving considerable attention in Wyoming . Although 
personal income in the agricultural sector has grown slightly in Wyoming 
in recent years, it has not been sufficient .to keep pace with inflated 
production costs. As traditional agriculture and ranching industries 
have more closely examined non -traditional enterprises, interest in and 
awareness of the resource based tourism industry has received increased 
attention. 

The Controversy 

While difficult to document because of its dispersion through a 
variety of economic sectors, resource based tourism is generally 
regarded as the second 1 argest industry within the state of Wyoming. 
The recreational use of wildlife by both residents and non -residents is 
without question one of the principal components of this industry and 
for this reason the management of wildlife resources has become the 
center of increasing pub 1 i c scrutiny. In 1985, the Wyoming Game and 
Fish Commission sold 583,736 hunting licenses which produced in excess 
of 4.6 million days afield. Estimated average expenditures per day for 
hunters and fishermen were $47 . 13, and the average cost per license was 
$372.15. For consumptive wildlife use alone , total statewide 
expenditure for 1985 was estimated in excess of $217 million . While 
more difficult to calculate, conservative estimates of the magnitude of 
expenditures for non-consumptive wildlife use are close to a billion 
dollars per year (Wyoming Game and Fish Commission, 1985). 

In addition, to its present economic worth, an examination of the 
non-resident big g_ame market indicates a situation where demand for 
hunting opportunities far exceeds the existing supply. Game and Fish 
Department statistics indicate that in all big game categories a 
significant number of non-residents are unable to draw hunting licenses 
through the existing state lottery system. There are presently 2.08 
non-resident elk applicants , 14.77 moose applicants, 14.57 bighorn sheep 
and 1.21 non -resident deer applicants for each license issued . Further, 
license fees are fixed well below free market value by the state 
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legislature (a bighorn sheep license donated by the Governor to the 
University of Wyoming was sold for $18,000 in l987)(Wyoming Game and 
Fish Commission, 1985). It is widely known, therefore, and highly 
evident that wildlife oriented tourism holds great economic value and 
untapped potential within Wyoming. 

In its present configuration, all wildlife within Wyoming is managed 
by the Game and Fish Commission acting in stewardship for the public. 
The Game and Fish Commission is a seven member politically appointed 
policy-making board which serves at the pleasure of the Governor but is 
not subject to budgetary legislative oversight. Operating funds for Game 
and Fish operations accrue largely from license fees assessed for 
consumptive use and in 1987 the total department operating budget was 
approximately 23 million dollars. 

Although the Game and Fish Commission is responsible for the 
management of all wildlife within the state, it is important to 
understand that much of the burden for raising that wildlife falls upon 
private landowners. Current estimates indicate that Wyoming has in 
excess of 29 million acres of public land (N.P.S., U.S.F.S., B.L.M., 
U.S.F.& W.) and approximately 28 million acres of private land. The 
distribution of this land varies considerably in different areas of the 
state. The western portion of Wyoming is almost entirely federal in 
land ownership (Teton County - 93% federal, Park County - 73% federal) 
while the eastern part of the state is almost entirely private (Goshen 
County 91% private, Laramie County 88% private, Campbell County 80% 
private). 

Since Wyoming's big game herds are free ranging they frequently 
travel between lands of varied ownership. In the eastern portions of 
Wyoming, private landowners provide year round forage primarily for deer 
and antelope. In the western portions of Wyoming, wildlife generally 
summers on national forest lands and winters on habitat provided by 
private landowners. Since private landowners frequently must bear the 
burden of raising wil dl if e on their deeded or leased land, increasing 
recognition of the economic value of wil dl if e has led to a growing 
interest in wildlife management issues and policies. 

Increased attention on the economic potential of wildlife to 
struggling farm and ranch economies crystallized during the 1987 
legislative session with the introduction of two house bills designed to 
increase private control of state owned wildlife. House Bill 202, 
titled the "Wildlife Management Areas Bill," was introduced first by 
Hageman (H-R Goshen) and Grant (H-R Platte). The proposed legislation 
established non-transferrable licenses for the operation of wildlife 
management areas on private lands or non-accessible leased public lands. 
Licenses could be issued to individual landowners or to groups of 
landowners for the operation of these areas. While the bill provided 
the Game and Fish Commission with the right to deny license applications 
and to review management plans it stated that "any area licensed 
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pursuant to this article shall not be available for use by the general 
pub l i c without the consent of the landowners." The landowners may 
require the purchase of permits issued by the landowners and any person 
taking any wildlife within the management area without the landowner's 
consent or permit would be guilty of a fifth degree misdemeanor. In 
effect, H.B . 202 would have given the landowner the legal authority to 
deny public access to leased public land and to render state issued 
hunting licenses invalid without landowner consent for the particular 
management area. In addition, H.B. 202 called for the landowner, rather 
than the present game and fish operated lottery, to designate the 
recipient of a specified number of big game licenses within each 
designated management area. After H.B. 202 was introduced, it was sent 
before the Agriculture Subcommittee (rather than the Travel Recreation 
and Wildlife Subcommittee) of the House of Representatives for review. 
The hearings which ensued more closely resembled a bar room brawl than 
the deliberations of a legislative body . The Agriculture Subcommittee 
was chaired by Simmons (H-R Crook) who was unable to control the 
controversy generated by the bill • Active . and aggressive 1 obbyi ng by 
the Wyoming Wildlife Federation (the largest interest group in the state 
with approximately 17 , 000 members) in opposition to the Farm Bureau, 
Wyoming Stockgrowers Association and the Wyoming Woolgrowers Association 
received widespread media coverage. 

As the controversy was peaking, Zumbrunnen (H-R, Niobrara) introduced 
H.B. 464 which was seen by many as more controversial than H.B. 202 . 
H.B. 464 proposed legislation which would allow for the establishment 
and operation of commercial wildlife ranches. Wildlife ownership within 
the confines of these ranches to be the sole property of the ranch owner 
with the right to issue 1 icenses and control the use of the private 
hunting opportunities . The effect of this second bill was to reduce the 
attention focused on H.B. 202 but to generally heighten the controversy 
surrounding wildlife management . Wildlife advocates saw both pieces of 
proposed legislation as an attempt to privatize wildlife resources. 
Agri cultura 1 interests viewed the bi 11 s as a positive step towards 
economic development and diversification and as a means to retrieve some 
of the costs incurred within providing habitat and forage for Wyoming's 
free ranging big game herds. 

Widespread media attention focused upon the issues raised by H.B. 202 
and H.B. 464 both of which were subject to hearings in the House of 
Representatives Agricultural Subcommittee . Failure to control the 
volatile nature of interest groups by the subcommittee chairperson 
{Simmons H-R Crook) resulted in such heated controversy that the 
Governor interceded before either of the two bills reached the floor of 
the House for debate. The Governor requested a "cease fire" between the 
agricultural interests who had introduced the bill and the 
wildlife/sportsmen groups that were preparing to aggressively lobby 
against the proposed legislation. The Governor indicated that he would 
convene a blue ribbon task force to study the wildlife management issues 
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raised by the bills and require the task force to report back to him and 
to the people of Wyoming prior to the next legislative session. 

The bipartisan blue ribbon task force created by the Governor 
consisted of legislators from both the senate (Arney - R,Sheridan; 
Vinich - D,Fremont) and house (Jensen - D,Teton; Burton - R,Natrona) as 
well as representatives from all of the principal interest groups 
{Wyoming Stockgrowers, Wyoming Wool growers, Wyoming · Outfitters 
Association, Wyoming Wildlife Federation, Farm Bureau) and several other 
individuals not associated with any particular position on the issue. 
The task force was charged with producing consensus recommendations to 
the Governor which were economically feasible and conducive to improved 
relations between all of the parties involved. After six months of 
deliberation, the task force produced a document which identified 17 
recommendations which had the support of ten of the eleven committee 
members. The Farm Bureau representative refused to sign the final 
document claiming that the recommendations were not of sufficient 
magnitude to bring about the changes in game and fish management 
necessary to assist the Agriculture Subcommittee. 

The task force report which was released prior to the 1988 
legislative session served to temporarily quiet the media. Since 1988 
was a legislative budget session, non-budget bills required two-thirds 
majority for passage. This decreased the opportunity for passage of 
legislation proposed by agricultural interests who were less than 
satisfied with the moderate consensus recommendations offered by the 
task force. The 1988 legi slature did not take up the developing 
wildlife issues which had centered around privatization, license 
allocation ·and access to leased public lands . 

After a brief lull in the controversy, agricultural and ranching 
interests once again are beginning to raise issues about wildlife 
management in Wyoming. This time, however, their approach is different. 
Instead of attempting to influence Game and Fish Commission management 
programs and policies they are forming loosely structured coalitions of 
di ssat i sfi ed landowners. These landowners are threatening to deny a 11 
hunting access to private or leased lands which they control . Recent 
court battles have consistently upheld the rights of private landowners 
to deny access to public lands; therefore, if access must occur across 
private lands, it appears likely that future game management battles 
will be fought indirectly through public land ownership patterns . This 
is a particularly complicated issue in much of Wyoming where a 
checkerboard pattern exists. If private 1 andowners are successful in 
establishing alliances among themselves and they choose to deny access 
to consumptive wildlife users, approximately two-thirds of all of the 
land in the State could be affected. 
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The Issue 

While a host of wildlife management issues have been brought to the 
forefront in recent months, the center of the controversy involves the 
issue of privatization. Kolderie (1986) suggests that it is necessary 
when evaluating the viability of privatization efforts to distinguish 
between privatization of provision versus privatization of production. 
Privatization of provision means deciding whether a service will be 
provided and if so, by whom. Privatization of production involves 
service delivery broadly defined and includes such issues as operating, 
delivering, running, doing, selling and administering. Clearly, 
wildlife privatization efforts have focused upon production. While some 
of the more radical interest groups might enjoy the opportunity to 
determine whether or not we will have consumptive wildlife use and who 
will be allowed to participate, most of the parties involved in recent 
controversies are concerned with increasing t~eir role in the production 
of consumptive wildlife services. If privatization were only concerned 
with provision, then the issue at hand would be public jobs lost. Since 
pri vat i zat ion is concerned with production, there is significance for 
service consumers (Kolderie, 1986). 

It is important to recognize that the U.S. Constitution provides 
protection from arbitrary government action and infringement upon 
individual liberties. There is no parallel provision to protect the 
public from abuses of the private sector (Sullivan, 1987). If legal 
requirements were the same between the private sector and its clients as 
it is between the public sector and its clients then the privatization 
movement could be argued solely on economic grounds. This, however, is 
not the case. If the public sector administration of non-market 
commodities appears economically inefficient, it is important to 
remember that removing government controls over resource allocation may 
produce distributional inequities which the general public is not 
prepared to accept (Kolderie, 1986). 

To date, resistance to privatization efforts has taken the form of 
defensive tactics designed to defeat specific proposals from the private 
sector. Public administrators have not viewed the privatization 
challenge as an opportunity to develop a comprehensive theoretical 
position which can serve to justify the distinct character of public 
goods and services. Pub 1 i c agencies such as the Wyoming Game and Fi sh 
Commission have been unable to adequately articulate the limits of 
privatization and therefore it has been difficult to identify what is 
unique to the pub 1 i c sector and what makes it di st i net i ve from the 
private sector. Further, since the distinction between public and 
private sector wildlife management has been significantly blurred in 
many surrounding states, the Wyoming Game and Fish Commission is in the 
unenviable position of arguing against privatization in light of a 
number of "successful" examples in neighboring states (e.g. Utah). 
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Promoters of the privatization movement generally share the belief 
that the public sector is too large and that many of the services and 
functions presently performed by government might be more appropriately 
assigned, either directly or indirectly, to the private sector. The 
market place, it is argued, will perform these functions more 
efficiently and economically than they can be performed by public sector 
management and administration. These opinions are based upon the 
assumption that placing all or a portion of public resources into 
private administration and management will produce unparalleled economic 
efficiency, equity and long-term improvements in management programs 
which fully respecting non-convnodity values and the interests of future 
generations. This is a particularly interesting claim in 1 ight of the 
soil erosion problems presently facing the Great Plains and Midwest, or 
the effects of private industry mining practices in Appalachia or the 
continuing revelations of toxic waste disposal practices by private 
industry (Gregg, 1985). This is not to suggest that the private sector 
has no sense of responsibility in land management, but to assume that 
landowners who are presently facing severe economic difficulties will be 
able or willing to forego short-term returns in the interest of equity 
to future generations is difficult to believe. 
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EXPANSION OF SPACE REMOTE SENSING LENGTH-OF-RECORD 
FOR MONITORING THE GREAT SALT LAKE, UTAH, 1973-1986 

Robert R.J. Mohler and Michael R. Helfert 1 

Introduction 

The space remote sensing community has become very dependent upon 
satellite digital remote sensing for data necessary to detect and 
measure global environmental change through time. These data, 
especially Landsat computer compatible tapes, are expensive and 
uninterrupted acquisition of the data is threatened due to Federal 
budget constraints. To extend the low cost, remote sensing 
length-of-record for monitoring environmental change, the use of 
photography from all U. S. manned space flights has been explored and a 
study conducted to ascertain its applicability for monitoring 
environmental change, in this case, for inland. bodies of water. 

Several Pleistocene relict lakes with diverse periodicities were 
considered as candidates for this study, including Lake Chad and the 
Etosha Pan (Africa), Lake Eyre (Australia), Lake Titicaca (South 
America), and Great Salt Lake (USA); the last was chosen because of 
extensive photographic coverage from space ( 44 photographs) and our 
confidence in the quality of the readily available "ground truth" data. 

Background 

Mapping and salinity measurements of Great Salt Lake were first 
conducted by Captain John C. Fremont in 1843; the salinity of the brine 
was determined by boiling and separating fourteen pints of salt from 
five gallons of lake water (Greer, 1971). Since then the lake has been 
mapped by many governmental organizations, including the U. S. 
Geological Survey (USGS) which provided our baseline data. 

During the historical length-of-record the level of Great Salt 
Lake has exhibited seasonal fluctuations in the range of 46-102 cm and 
longer-period fluctuations in excess of 6.1 m. At its modern minimum in 
1963, the lake level had decreased to 1, 277. 5 m MSL (Currey et al . , 
1984). The long-term mean lake level ranges from 1,279.9 m to 1,280.8 m 
MSL; it has been in this range a total of 10 times since 1851. The most 
recent maximum (l,283.8 m MSL), representing a 3 m rise since 1982, was 
reached in the late spring of 1986 and again in 1987 (James, 1987). 

1 Respectively, Principal Scientist, Lockheed Engineering & Sciences 
Company, Houston, Texas 77258, and Space Shuttle Earth Observations Office, 
NASA Johnson Space Center, Houston, Texas 77058. 
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The changing surface area·· o'f _· Great S~lt lake · ha's been more 
difficult to ascertain than the water level (MSL). No · simple linear 
relationship between elevation and surface area exists, primarily due 
to the convoluted lake shoreline and to the three, almost stepwise, lake 
basin gradient changes of elevation versus area between 1,278 m ~nd 
1,285 m. 

Ground Data 
,, ., 

The Landsat Thematic Mapper based map ' "Great Salt Lake and 
Vicinity: Satellite Image Map," compiled by personnel of ·the USGS, was 
the base map used for registration of the space photography. Ground 
contours of lake level and corresponding estimates on atre-feet of 
surface water were supplied ·by the Water Resources Division of the U.S. 
Geological Survey, Salt Lake City, Utah. These USGS surface area 
estimates, obtained by planimetering and digitizing · contours from 
various maps (Pyper, 1986), were later compared to our estimates derived 
from digitized spa~e photography. 

Analysis Techniques 

Five photographs · of the Great Salt Lake spanning thirteen years 
(1973-1985) and · representing four different camera systems and two 
orbiting platforms were selected for digital processing. The orbiting 
platforms include Skylab and the Space Shuttle Orbiter. The camera 
systems are the Multispectral (S-190A) camera (NASA, 1974) of Skylab, 
Hasselblad used during Skylab and Shuttle missions, Linhof Aero Technika 
acquired for Shuttle flights (Nelson et al . , 1987) and the Large Format 
Camera or LFC (Merkel et al., 1985) flown onboard the Shuttle. All 
photographs, excluding the black and white exposure from the Large 
Format Camera, were obtained using natural color film. The Hasselbl~d · 
and Unhof Aero Technika are hand-held systems, not specifically 
intended for mapping, while the hard-mounted multispectral camera is 
more applicable for areal surveys and the LFC is designed primarily for 
cartographic applications. 

The five photographs were digitized using an EIKONIX system (model 
No. 101002) and then registered to a previously digitized image of the 
Landsat based Satellite Image Map (USGS, 1984), discussed abov~~
Registration was accomplished using the warping routines pro~ided as ~ 
part of the Library of Image Processing Software package (LIPS version 
4.1; Gould lnc., 1986) for use on the Gould IP8500 Image Processing 
System. · 

Following registration, classifications of surface water were 
performed iteratively using the LIPS masking (ITSET) software and 
maxi mum 1ike1 i hood c 1 ass if i cations. The ITSET routine 1 ets an ana 1 yst 
substitute a particular gray scale level for a range of gray scale 
levels. For example, if the intensity range of the water comprising the 
portions of the Great Salt Lake varies from 0 to 25 in the southern end 
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and the values vary from 0 to 47 in the northern end, while the islands 
in the lake vary from 37 to 75 in intensity, one can iteratively 
substitute the gray scale value of 128 for both ranges of the water, 
doing one portion of the lake at a time, and thereby reclassifying the 
lake to a medium gray intensity; the islands are masked to a value of 0 
(black). These reclassified images are used in reconstructing the lake 
in a manner similar to working a jigsaw puzzle whereby portions of the 
image are overlaid onto a blank screen (CRT), until the lake is rebuilt. 

This procedure worked well in the fairly homogeneous areas of water 
or land but proved rather arduous along heterogeneous shore 11 nes or 
areas of turbidity where the gray levels are similar to those of the 
land. In these instances a maximum likelihood classification was 
performed, followed by a masking of the water and land classified pixels 
and then an overlaying of the newly classified shorelines or turbid 
water areas onto the reconstructed lake. 

As a qualitative test of this analyst-dominated classification of 
surface area, the reconstructed image was el~ctronically overlaid onto 
the original registered image. Areas not in agreement were reworked 
until the classified water/shore boundaries overlaid the original to 
within one pixel. After the image had been acceptably classified in 
terms of water and land, we counted the water-masked pixels, scaled the 
pixel size to the original base map and arrived at an areal measurement. 

Results 

Measurements of areal extent of the Great Salt Lake as determined 
from the registered Earth-viewing photography as well as our estimate 
for the Satellite Image Map (USGS, 1984) are provided in Table 1. USGS 
estimates (Pyper, 1986) are furnished for comparison. As may be 
observed from the table, the mean error is not significantly different 
from 0 at the .10 level; visually however, there is a slight propensity 
for underestimation of surface area on our part, especially at extreme 
lows in the lake level. One possible cause for the underestimation may 
be the murky waters encountered along the shoreline; these waters often 
spectrally resemble mudflats and other low-lying areas. Another cause 
may be the coarser re solution of the two Skylab cameras, 46 and 83 m 
(see Table 2) ~ There may as well be a slight tendency to overestimate 
lake area when planimeters are used (USGS data). 

The best agreement between the data sets occurs for the Large 
Format Camera image (1.5%); the Shuttle Hasselblad estimate (2.3%) 
placed second and Thematic Mapper based-estimate (-3.2%) third. The 
fact that the Hasselblad estimate was closer to the ground estimate than 
the Satellite Image Map is not surprising, this is a small data set and 
the difference between the two estimates is within the noise level; also 
the TM-based image is a digitized map and thus has lost the equivalent 
of several line pairs of resolution through reproduction. 
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Table 1 

Area Estimates for Great Salt Lake, Utah: Registered Space Photography 
versus USGS Calculations . 

Contour Approx. Surface Approx. Surface Difference 

m Area in Sq Km Area in Sq Km 
(USGS) (Space Photography) 

1279 .9 3934 3664 (MSC) -6. 9% 

1279.9 3934 3734 (HASSL) -5.1% 

1282 .9 5625 5447 (TM) -3. 2% 

1282.3 5168 5245 (LFC) 1.5% 

1282.3 5168 5286 (HASS) 2.3% 

1283.2 5771 5507 (LAT) -4 .6% 

* mean difference = -2 .67%, not significantly different from 0 
at the 0.10 level . 

+ standard deviation = 3.74% 

MSC = Multispectral Camera flown on Skylab (SL3-40-201) 

HASSL = Hasselblad Camera flown on Skylab (SL4-139-3992) 

TM= Thematic Mapper based Satellite Image Map 

LFC = large Format Camera flown on Shuttle (LFC-0359) 

HASS = Hasselblad Camera flown on Shuttle (Sl7-49-115) 

LAT = Linhof Aero Technika Camera flown on Shuttle (518-146-122) 
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Date 

9/1973 

1/1974 

7/1984 

10/1984 

10/1984 

5/1985 



Table 2 

Calculated High Contrast Resolutions* for the 
Camera/Sensor Systems used in this Study. 

Camera or 
Sensor 

Hassel bl ad 

Multispectral Camera 

Thematic Mapper 

Large Format Camera 

Hassel bl ad 

Linhof Aero Technika 

* Theoretical values 

Conclusion 

Nominal Altitude 
(km) 

435 

435 

705 

352 

352 

352 

Lens 
(nvn) 

100 

152 

305 

100 

250 

Ground Resolution 
(m) 

83 

46 

30 

11 

67 

29 

The results demonstrate that space photography (fixed-mounted and 
hand-held) can be used for extending the remote sensing length-of-record 
for monitoring environmental change. In addition, the digitized 
photography can be used for fairly detailed mapping using readily 
available image analysis software. Based upon the success of this study 
we plan to extend this methodology for quantifying areal fluctuations 
to other Pleistocene water bodies, such as Lake Chad, as well as to 
other environmental phenomena including deltaic aggregation and 
deforestation. 
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EFFECTS OF LASER LAND LEVELING ON DRYLANDS AGRICULTURE 

James E. Jonish 1 

Introduction 

The use of laser technology in agriculture land leveling was 
developed in the United States in the late 1960's and early 1970's. 
Western Australia has used lasers for irrigation land practices since 
the mid 1970's, and more recently, developing countries in the arid and 
semiarid regions of the world have begun to use laser land leveling on 
an experimental basis. This includes upper and lower Egypt, Saudi Arabia 
and Tanzania, among others. 

The purpose of this paper is twofold; 1) to describe the laser beam 
technology as applied to agri cultural land leveling in dryl ands agri -
culture, and 2) to identify the results of laser land leveling on land 
preparation and the subsequent agricultu~al production processes. 
Results are obtained from experimental trials conducted in various 
countries by the Food and Agricultural Organization (FAQ) of the United 
Nations and on-site visits and discussions with agricultural personnel 
in Egypt and the southwestern United States in 1986 and 1987. Some 
information has been obtained by vendors of laser equipment (Spectra
Physics, 1986). 

Laser Land Leveling Technology and Results 

The component parts of the laser system and the use of lasers in land 
leveling can be examined with the aid of Figure 1. The command post of 
the laser system consists of a laser beam transmitter set on a three 
meter tripod pl aced within the area to be graded. It is operated by a 
12 volt battery. The transmitter generates a thin red laser beam which 
is rotated over the area five times per second. This plane of light is 
used as the reference from which the earth moving vehicle is controlled. 
The plane of light can be tilted from dead level (0%) up to 10 percent 
with compound slopes possible. 

A receiver mounted on a mast directly above the scraper's cutting 
blade locks onto the beam of light, which registers on the control panel 
of the tractor. The blade is automatically raised, lowered or tilted to 
the proper angle. This occurs when the machinery operates in the 
automatic control mode. The operator has only to steer the tractor to 
move dirt from cut areas to fill areas in the field. 

The operator may manually override the automatic control action at 
any time. This will be necessary if large volumes of dirt must be moved 

loepartment of Economics and International Center for Arid and 
Semiarid Land Studies, Texas Tech University, Lubbock, Texas 79409. 
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Figure 1 . Laser Technology in Agriculture: The Indicate and 
Control Mode 
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and the automatic control mode cannot achieve the desired accuracy in 
one pass. 

In addition to the automatic control mode, laser systems can also 
operate in an "indicate" or survey mode, in which the laser system 
provides a constant digital readout of blade elevation with respect to 
the laser plane of light. As the equipment moves from high ground to 
low ground the receiver is automatically held in the light plane by 
raising or lowering the mast on which the receiver is mounted. 

Any changes in mast height cause the elevation readout on the control 
box to count up or down. By driving the tractor across the field in a 
grid pattern, a survey of the field can be taken by a laser system when 
in the "indicate" mode. With the entire field covered, the operator can 
calculate the average height of the field and the number of cut and fill 
areas that need to be done to level the area. 

Thus , with the possibility of both an "indicate" and "control" mode 
of operations, the major applications of laser land leveling appear to 
be in various civil engineering functions and in agriculture. This 
paper focuses only upon the agricultural applications. 

There are a number of agricultural applications for lasers, but the 
most important is in land preparation and leveling for surface 
irrigation purposes. In this case, both a desired slope and desired 
1eve1 of accuracy is important as we 11 as the tot a 1 ti me required to 
prepare the 1 and. In convent i ona 1 1 and l eve 1 i ng (with out 1 asers) , 
mechanized equipment and a scraper are used to level the area to the 
desired degree of slope and accuracy by repeated passes over the land. 
Grid points are often needed to assist the driver and staking is usually 
required . Under conventional methods, the operator's judgement is used 
to evaluate the accuracy in the cut and fill operation. The operator is 
often assisted by another person. Depending on the skill and judgement 
of the operator, considerable rework is often required. 

What are the results of laser land leveling versus conventional land 
l eve 1 i ng on un l eve 1 ed 1 and? There are direct effects in the 1 and 
preparation stage and indirect effects in the subsequent production 
process (growing season). The major results in the land leveling 
process itself have been the reduction in machine and labor time and 
energy costs in leveling of the land due to the elimination of rework. 
In discussions with several Egyptian farmers and with cooperative field 
agents in Egypt, the time savings cited was a minimum of 50 percent to a 
maxi mum of 80 percent as compared to the same 1 and 1eve1 i ng under 
conventional methods. The other change noticed by farmers has been the 
improved accuracy of the leveling results. Egyptian farmers and 
personnel with the Ministry of Agriculture cited laser accuracy as ten 
times conventional leveling. In Saudi Arabia, similar results have been 
reported (Farah, 1984), and discussions with several farmers in West 
Texas reveal time savings of 40-50 percent due to reduced rework and a 
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general reduction in the cut and fill cycle time. All users report the 
greatly improved accuracy of laser land leveling over conventional 
methods. 

However, the laser land leveling results for the production process 
are even more dramatic since it improves water use management of farms 
and increases the productivity of farm resources in general. These 
prospects are illustrated in Figure 2 showing precision land leveling 
(Pll) by laser systems and unleveled or rough leveled land. 

The cross section view for unleveled land illustrates the problem. 
If the farmer wishes to apply one inch of water to the field, the rough 
leveled land requires too much water to be applied in low pl aces to 
compensate for high places. The result can be uneven germination, weed 
growth and excess water application. To compensate, in many developing 
countries the farmer may subdivide the field into sma 11 er subfields. 
This requires the farmer to open and close each subfield to irrigate 
areas further from the canal or water source. This process requires 
increased i rri gat ion costs of pumping and labor. There is a 1 so some 
land lost to cultivation from the grid systems of subfields. 

In Figure 2 the field on the left permits long furrow cultivation 
because of the greater accuracy of las er land level i ng. This permits 
increased efficiency of water use for two reasons . First, the land can 
be leveled at an optimum grade, permitting irrigation applied from the 
canal to flow toward the drainage canal. This can provide a balance 
between desired surface application and percolation throughout the 
field. Secondly, labor and pumping costs are reduced because the field 
need not be divided into subfields. There may be health benefits from 
reduced contact with the irrigation water as well. 

Figure 2 also illustrates a technology option of land leveling 
mentioned by several agricultural engineers with the Egyptian Ministry 
of Agriculture. Laser land leveling which permits and encourages long 
furrow cultivation means that other types of farm equipment can be used 
more efficiently in the production process as compared to the short 
furrows and subfield techniques . 

Finally, in the production of the agricultural crop, some yield 
increases per unit of land have been attributed to laser leveling in 
experimental or field trials. First, seed germination has been greater 
due to the more even application of water and secondly yield losses due 
to the over and under watering of crops has been reduced. 

Effects of Laser Land Leveling Activities 

The technical f eas i bil i ty of using lasers for land level i ng 
activities in arid and semiarid lands like Egypt, Saudi Arabia, the 
southwestern United States and western Australia has been demonstrated 
in recent years. There is less evidence on the economic returns and 
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costs of adopting such technology. This section discusses some of these 
aspects of laser beam technology. · 

Some of the identifiable benefits and costs of laser beam technology 
are presented in Table 1. They come from a variety of sources. Private 
benefits are obtained in both the land leveling activities and in the 
subsequent production process for agricultural produce. In land 
preparation, the major private benefits are cost reductions due to time 
savings and the much greater accuracy due to laser leveling activities. 
The time savings, where reported, are significant (on the order of 
magnitude of 1/2 to 3/4) and this reduces machine hours of operation 
(increasing equipment life, reducing maintenance and depreciation 
expenses) with subsequent reduction of fuel operating costs. Labor 
costs are reduced as we 11, and the need for staking or grid points is 
eliminated. As the information from Tanzania and Egypt have suggested, 
an additional benefit is the fact that laser equipment requires less 
experienced people to perform the land leveling tasks (operators and 
supervisors) since there is less judgement and operator skill required 
for the tasks. An additional advantage is that laser operation·s can be 
performed at night, if necessary, with no loss of accuracy. 

Additional benefits result from the fact that there are reductions in 
water usage since laser levelled land requires less irrigation water 
supplied to achieve the same irrigation effect in terms of water 
distribution and percolation. Reduced irrigation volume saves on labor 
costs and energy pumping costs and chemicals to the farmer. Estimated 
gains here range from 30-50 percent, a significant improvement in farm 
irrigation practices. 

Finally, there are documented cases of yield increases per unit of 
land due to improved germination of seeds, better application of 
fertilizers and pesticides and improved use of land (less subfield 
irrigation systems). In Table 1, a number of trials and different 
sources report yield increases of 5-10 percent or more. 

The costs of laser land leveling are also presented in Table 1. The 
direct investment cost of the las er equipment (or the rental price) 
represents the major private cost of the equipment. An important cost, 
but generally of unknown magnitude, is maintenance costs, particularly 
in the developing world. Import restrictions and delays often 
necessitate keeping extra spare parts to avoid machine downtime during 
the land preparation season as noted in Egypt and Tanzania. Other 
maintenance items like the charging of batteries or replacement of wires 
are minor. 

An additional cost of laser activities to small farmers in some 
countries, including Egypt and Tanzania, is the loss of individual 
decision-making. With plots of 1/2 to 1 hectare, effective use of the 
laser technology requires the reconsolidation of land for leveling 
purposes. This means that the timing and perhaps crop choice of the 
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Table 1 
Benefits and Costs of Laser Land Leveling 

Benefits 

Land Preparation 
(Time Saved) 

Irrigation Water Savings 
(Per Unit of Land) 

Yield Increase 

Social Benefits 

Costs 

Investment Cost 

Maintenance 

Reconsolidate Land 

Social Costs 

Saudi Arabia (80%), Egypt (70%), 
Tanzania (40), U.S . (50), Western 
Australia (Less) 

Saudi Arabia (40-50%) 
Egypt (33-40%), Western Australia 
(40-50%), Spectra-Physics-U.S. 
(30%) 

Egypt (206 KG/f-grain) 
(5 .9 ton/f-onion) 

Western Australia ($380/hectare) 
Spectral-Physics-U.S. (10%) 

Water Savings and Regional Output 
Increases 

Tanzania ($25,000), Egypt {$33,000) 

Tanzania and Egypt {import spare 
parts) 

Tanzania and Egypt {small farmers) 

Displacement of Workers and Foreign 
exchange limitation 

Source: Saudi Arabia (Farah, 1984), Egypt (Jonish, 1987) , U.S. 
{Jonish, 1987; Kegg, 1987), Spectra-Physics {1986), 
Tanzania (von Vuren, 1986), Western Australia {von 
Hu 1 st, 1986) . 
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individual farmer may be restricted. Also, coercive pressures might be 
applied to farmers to join the, cooperative, or the agency responsible 
for land leveling. 

There are some additional social benefits . and costs as well. For 
example, the water savings of 30-50 percent means that either more land 
can be . brought under c'ultivation, or alternate uses for the same water 
supplies can be expanded. This can result in a larger regional output 
of products or an extended use of existing underground or surface water 
supplies. In terms of social cost, some displacement of workers may 
occur but this is likely to be insignificant as regional output and 
acreage under cultivation can be increased. Since the laser equipment 
must generally be imported into the developing countries, an additional 
social cost may be the increased demands for foreign exchange to import 
such equipment. 

In an examination of the private and social benefits and costs of 
laser land leveling in Egypt, the results (Jonish, 1986) suggested that 
the laser beam technology was cost effective for Egyptian agricultural 
use. Of the quantifiable data examined, the private benefit-cost ratio 
is in the nature of 2:1 while the public or social benefit-cost ratio is 
in excess of 3:1. These results were derived from fairly conservative 
estimates about system life, annual usage and crop yields. This 
suggests that rental rates (per hour, per feddan) to farmers which 
recover principal and the opportunity cost of capital will be more than 
returned in the form of land preparation of irrigation savings, or. yield 
increases. 

From a soc i a 1 perspective, 1 aser 1eve1 i ng improves the i rri gat ion 
efficiency of existing farmers in Egypt. This water sav.ings, through 
conservation represents an alternative source of supply. A savings of 
30-40 percent represents an option value to reclaim more desert lands or 
to use the water for industrial or other uses. 

Conclusion 

The application of laser technology to land leveling activities in 
dryl ands agriculture appears to offer significant benefits to users. 
The technology is relatively straightforward and the results suggest two 
major benefits of laser leveling; significant savings of time, and 
improved accuracy in land preparation. 

These results lead to identifiable benefits to laser technology in 
agriculture. These are reduced water usage and improved crop yield per 
unit of land in the agricultural production stage, and machine, energy 
and labor savings in the land preparation stage. 
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SELENIUM POISONING AND ITS RELATIONSHIP TO 
ARID AND SEMIARID LANDS 

Clifford H. Sherrod, Jr. 1 

Introduction and Purpose 

Is selenium friend or foe? Marshall (1985) and Steinhart (1985), 
reporting problems at the Kesterson Wildlife Refuge in California's San 
Joaquin Valley, which apparently has received toxic quantities of 
selenium in irrigation drain water, noted death and deformities in 
waterfowl, fish and other wildlife. Morris et al. (1984) reported that 
cattle, grazing St. Augustine grass in the Florida Everglades, developed 
anemia due to selenium deficiency. Lakin (1972) calls selenium a "Dr. 
Jekyll and Mr. Hyde." Indeed, trace quantities of selenium are 
essential to health in many animal species including humans, but in only 
slightly higher amounts selenium can be toxic. 

Where and under what conditions is selenium poisoning likely to 
occur? Eisler (1985) refers to "dry areas with alkaline soils" and 
Mitchell (1955) and Rosenfeld and Beath (1964) cite the western United 
States as being associated with vegetation which can be toxic to 
livestock due to selenium concentration. 

General properties of selenium will be discussed in this paper. 
Primarily, the relationship between the occurrence of selenium poisoning 
and arid and semiarid lands will be investigated. 

Prooerties and Uses 

The element, selenium has both meta 11 i c and nonmeta 11 i c properties 
and is considered a metalloid. Selenium may exist in several states of 
oxidation from -2 to +6 with the higher states being of particular 
importance in soil environments. In the +4 state, selenium may occur as 
the dioxide (Se02), selenius acid (H2Se03) or selenite (Se03) salts. 
Selenium in the +o state may occur as selenic acid (H2Se04) or selenate 
(Se04) salts. The selenates are considerably more soluble in water than 
the se l en i tes and, due to pH dependency, solubility is greatest in 
alkaline environments (National Research Council, 1983). 

Selenium has unique photoelectric properties and is used in 
photocopiers utilizing xerography (Jensen, 1985; Lucovsky and Tabak, 
1974). Selenium is also used in electrical rectifiers, as a pigment in 
glass, paint and ceramics, in metallurgy, pesticides and pharmaceuticals 
(Eisler, 1985; Luttrell, 1959; Rosenfeld and Beath, 1964; National 
Research Council, 1976). 

1 Texas Tech University, Lubbock, Texas 79409. 
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Occurrence and Distribution 

There are no known mineral deposits in which selenium is important 
economically. Selenium substitutes for sulfur in many copper, iron, and 
lead sulfide minerals and its primary source is its recovery as a 
byproduct from the electrolytic refining of copper (Jensen, 1985). 

Selenium is widely distributed in the earth's crust, is found in 
rocks of various ages from Pennsylvanian to Holocene, and is 
part i cul arl y abundant in the Cretaceous (Cooper, Bennett and Croxton, 
1974; Kingsbury, 1964; Lawton, 1955; National Research Council, 1976; 
Rosenfeld and Beath, 1964). Selenium occurrence is associated with 
volcanic activity and, as a constituent of volcanic ash, is most likely 
to be in particulate form either as elemental selenium or as selenium 
dioxide. Seleniferous black shales are often the parent materials for 
seleniferous soils of the western plains of the United States (Lakin, 
1973). In fact, of the sedimentary rocks, shales seem consistently 
higher in selenium content than either . sandstones or limestones 
(National Research Council, 1983). There was extensive volcanic 
activity during Cretaceous time and it is suggested that Cretaceous 
shales may have derived their selenium principally from volcanic dust 
and gases brought down directly by rain into the Cretaceous seas 
(Rosenfeld and Beath, 1964). 

Soi 1 s derived from Cretaceous sha 1 es in several western states are 
exceptionally high in selenium and Lawton (1955) states: 

Ouri ng weathering of sel eni ferous rock to soil, a large part of 
the selenium is oxidized to the selenate form. This ion form is 
relative 1 y soluble and may be 1 eached from surface 1 ayers and 
redeposited in the subsoil. 

The selenate form of selenium is generally the form most available to 
plants (lzbicki and Harms, 1986), and water-soluble selenium has been 
repeatedly identified as the selenate form in soils in the western 
United States (Lakin, 1972). Lakin continues, citing a study by Geering 
et al. (1968), and explains that the potential for oxidation of selenium 
into the selenate form is pH dependent and increases with increasing pH. 
In fact, oxidation in acidic environments with lower pH values tends to 
result in ferric-oxide-bound selenite which has a low solubility and is 
not readily available to plants. According to Lakin (1972), "one would 
expect the se 1 enate ion to be favored in an a 1ka1 i ne environment and 
this is where it has been found; in alkaline soils in semiarid regions." 
He offers strong evidence that the problem of selenium poisoning is 
directly related to conditions found in arid and semiarid lands. 

Some soils in Puerto Rico contain up to ten ppm selenium and do not 
produce seleniferous vegetation, nor do Hawaiian soils containing six to 
15 ppm selenium. In contrast, some South Dakota soils produce toxic 
vegetation with lower total selenium content (Olson et al., 1942). The 
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National Research Council (1983), states that the seleniferous soils of 
Puerto Rico and Hawaii have an acidic pH range (4.6-6. 5} which, in the 
presence of iron oxides (or oxyhydroxides), renders the selenium 
unavailable to plants. This confirms Lakin's statement and applies it 
to specific areas. Both authorities refer to the Hawaiian and Puerto 
Rican soils as developing in humid conditions under as much as 100 
inches of rainfall per annum. 

Walsh et al. (1951}, investigating an area in County Limerick, 
Ireland report selenium poisoning in livestock such as hair loss, hoof 
malformation and poor condition due to ingestion of seleniferous 
vegetation. Rainfall is moderately high at 40 inches per annum and the 
soils are poorly drained. Fleming et al. (1957), in a more detailed 
report covering Ireland's Counties Limerick, Tipperary and Meath, state 
that selenium concentrations were found in low-lying, poorly drained 
soils of high organic matter status, and that the soil profiles were 
generally a 1ka1 i ne in reaction . The researchers suggest that 
"alternating redox potentials" within the toxic profiles enhance the 
availability of selenium to the plants . 

Although the Emerald Isle is not included among the world's arid 
lands, there are causal factors convnon to both regions. With periodic 
oxidizing conditions (implied from "alternating redox potentials"} 
possibly due to seasonal drought, alkaline soils and impeded drainage, 
it can reasonably be assumed that selenium compounds, probably 
selenates, accumulate and become available to plants. This is suggested 
as an exp 1 anat ion for the unique occurrence of toxic vegetation on 
poorly drained, highly organic, seleniferous soils in Ireland. 

Seleniferous Vegetation 

Because of the economic impact on the livestock industry, much has 
been written about toxic vegetation due to high selenium concentrations 
(Cooper and Glover, 1974; Eisler, 1985; National Research Council, 
1976) . 

Obligate species require selenium for proper growth and are found 
only where selenium is present in the soil. For this reason they are 
termed indicator pl ants. Twenty-four American species of Astragal us 
(locoweed), and all examined species of Xylorrhiza (wood aster), 
Oonoosis (goldenweed) and Stanleya (prince's plume) have been found to 
be reliable selenium indicator plants (Kingsburg, 1964). These 
indicator plants often have selenium concentrations in excess of 1000 
ppm. 

The facultative species, known as secondary selenium absorbers, are 
not limited to soils containing selenium. They accumulate selenium when 
growing on seleniferous soils, but all else being equal, grow well on 
soils containing no selenium. Among the facultative genera are Aster, 
Atriplex, Sideranthus and Machaeranthera, any of which may cause 
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livestock poisoning when grazed . These plants rarely contain more than 
a few hundred ppm selenium and fortunately become increasingly 
unpalatable with increasing selenium concentrations (Kingsbury, 1964). 

Most plants do not accumulate selenium and to some varieties selenium 
is toxic. However, many plants will passively take up selenium if it is 
present in available form . This group includes many weeds, and most 
crop-plants, grains and grasses. They rarely contain more than 30 ppm 
selenium, most of which is associated with plant protein (National 
Research Council, 1976). Five ppm selenium renders a plant potentially 
toxic (Kingsbury, 1964). 

Summary and Conclusions 

Selenium is widespread in the earth's crust, occurs in rocks spanning 
several geologic periods, is associated with volcanic activity and is 
concentrated in rocks of Cretaceous age and the soils derived therefrom. 

Although selenium is a trace element essential to health in many 
animal species including humans, ingestion of plant-derived food 
material containing selenium concentrations in excess of very low 
thresholds may be toxic. Both selenium poisoning (selenosis) due to 
elevated selenium levels and anemia due to selenium deficiencies can be 
detrimental to livestock. 

Assuming sufficient selenium in a soil, certain conditions increase 
the likelihood of selenium poisoning in a given area. Generally dry 
conditions promote oxidation of elemental selenium or selenite compounds 
to the selenate form, and this conversion is enhanced in alkaline 
environments. Inasmuch as such conditions are often present in arid and 
semiarid lands, there appears to be a correlation between selenium 
poisoning and soils of dry regions. 

Mitchell (1955) confirms the concept by stating; "High selenium 
contents in plants have only been reported in those growing on 
seleniferous soils in arid regions where rainfall is insufficient to 
leach out water-soluble selenium present in the form of selenate. 11 

Further, it has been noted that in high rainfall areas where soils are 
low in pH and high in iron oxide content, seleniferous plants and 
selenosis are almost unknown. 

The relationship between selenium toxicity and the dry lands in the 
United States is presented in Figure 1 showing distribution of 
seleniferous vegetation, occurrence of white muscle disease in livestock 
due to selenium deficiency, occurrence of Cretaceous rocks, Quaternary 
and Tertiary volcanics and intrusives, and the 20-inch mean annual 
isohyets. 

From these data, indications are that, in general, seleniferous 
plants occur in dry regions in association with Cretaceous rocks. Soils 
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Cretaceous rocks 

\\ occurrence of white •u•cl• di••••• ~ ~ Quaternary and Tertiary volcanics 

••an annual preclpltation iaohyete (lnchea) ~ Lower Tertiary aadl11enta and/or. lntruslvea 

Sourceaa vegetation and dlaeaae (Roaenfeld and Beath, 1964, p. 232) 

geology (U. s. Dept . of lntarlor, 1970, p. 75) 

precipitation (Eapenshade , 1987,p. 82) 

Figure 1 
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derived from Cretaceous black shales and volcanic tuffs are abundant in 
the central western states (Rosenfeld and Beath 1964). The Cretaceous 
of the Edwards Plateau in southwest Texas is mostly limestone, and the 
Cretaceous exposures of central and northeast Texas and the southeastern 
states are exposed to higher rainfall, thus the occurrence of 
seleniferous vegetati on is unlikely. White muscle disease is generally 
found in areas of high rainfall or in those areas probably lacking 
seleniferous rocks. Considering all the data, the conclusion is that 
there is a direct relationship between selenium concentration, including 
selenium toxi city, and the distribution of the dry lands . 

Questions remain. While the evidence supports the above conclusions 
with respect to arid and semiarid lands, what can be said about the 
regions of extreme aridity? Does extremely scant rainfall inhibit the 
process of selenium concentration? Does the process proceed and then 
escape notice because few, if any, grazing plants grow in these regions? 
These questions have not been addressed in the current literature. 
Additional research must be performed before answers are available. 
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NUTRIENT REMOVAL FROM ARID LANDS RUNOFF BY SETTLING 

Craig D. Thompson 1 

Introduction 

Erosion results from a complex process involving land use, 
precipitation, runoff, vegetation and soils. The vulnerability of 
sparsely vegetated soils to erosion is reflected by high suspended 
sediment in streams draining arid lands. Runoff from the arid range 
lands of southwestern Wyoming is a major source of nutrients as well as 
suspended sediment (USEPA, 1977). The least stable watersheds are those 
with ephemeral streams . Although base flow in these streams is usually 
negligible, these channels carry high intermittent flows from spring 
runoff and storm events. Large high energy discharges of short duration 
carry surface erosion loads, resuspend bottom sediments, and contribute 
to further down cutting, bank sloughing and channel instability. 
Nutrients such as phosphorus are eroded with the suspended sediment as 
organic detritus, rock debris and dissolved minerals and are also 
adsorbed on clay minerals. The eroded nutrients are carried into 
Flaming Gorge Reservoir and contribute to serious eutrophication (exces
sive algae growth) which threatens the fishery (Wengert, 1980), the 
recreation use (Oster et al., 1987), and may also impact the local 
economy (Kite and Schultz, 1967). This paper reports the results of a 
series of settling experiments which tested the relationship of 
phosphorus nutrients to suspended sediment. 

Methods 

Thirty-one water samples containing suspended sediment were collected 
following storm events at ephemeral stream sites chosen to avoid any 
interference with point source discharges and urban runoff. Sites near 
the confluence of 1 arger streams were chosen to be i ndi cat i ve of the 
entire watershed. Field parameters including flows were recorded for 
comparison with historical data. Grab samples were taken in the middle 
of the stream by opening a polyethylene wide-mouth 4 L bottle at 
approximately one-half depth. This sampling did not include the bed 
load since Richards (1982) has shown that bed loads account for only 103 
of sediment transport in alluvial streams. Samples were kept frozen and 
in the dark until ti me of analysis. Samp 1 es were thawed in the dark 
over night at room temperature, shook for several minutes and then 
poured into a large vessel. The sample was then thoroughly mixed by an 
up-down motion of a perforated plastic disk attached to a handle. 
Immediately after the mixing stopped, five subsamples were taken after 
prescribed settling times at 10 cm depth. This technique is based on 

1 Director, Water Quality Laboratory, Western Wyoming College, Rock 
Springs, Wyoming 82901. 
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Stokes law and is an adaptation of the 'pipet method' used to evaluate 
the particle size distribution in fine soi ls (Folk, 1980). 

The five subsamples represent a natural stream sample and four 
subsamples taken after progressively longer settling times . The four 
settling times were set to yield subsample particle sizes less than 63 u 
(fine sand - coarse silt), less than 32 u (silt), less than 5 u (fine 
silt - coarse clay), and less than 2 u (clay) . 

Subsamples were analyzed for sodium hydroxide extractable phosphorus 
(NaOH-P), total phosphorus (T-P), and total suspended sediment {TSS). 
Standard laboratory analytical methods were employed for all parameters 
excepting NaOH-P {Messer et al., 1984). 

Results and Discussion 

Condensed experimental data from the four largest ephemeral drainages 
are shown in Table 1. Results are summarized. 

There is a significant drop in nutrient and suspended sediment 
concentrations after a 75-minute settling time. For NaOH-P, T-P, and TSS 
there is approximately an order of magnitude removal after 75 minutes of 
settling time. There is a linear relationship between T-P and TSS on 
all ephemeral streams (Figure 1). The phosphorus/suspended sediment 
relationship was identified earlier in this region by Lowham et al . 
{1982) on Salt Wells Creek. Phosphorus/suspended sediment relationships 
have also been identified in other arid regions {Choudhari, 1985). 

While T-P is undoubtedly important, it is the biologically available 
{bio-avail able) phosphorus exported from these drainages that has the 
major impact on the water quality {trophic state) of receiving waters 
(Sonzogni et al., 1980; Rast and Lee, 1983) . A measure of bio
available phosphorus, NaOH-P has been suggested both locally {Messer et 
al., 1984) and in other areas (Dorich et al., 1984). The relationship 
between NaOH-P and suspended sediment is shown in Figure 2. 

In all samples, NaOH-P ranged from 0.5% - 32.5% of T-P with a mean of 
13.75%. Clearly, sodium hydroxide extractable phosphorus as a measure 
of bio-available phosphorus is a small fraction of the total phosphorus. 

Total phosphorus comprises 0.053 - 0.243 of total suspended sediment 
with a mean of 0.103. Phosphorus/sediment concentrations are higher 
than phosphorus/basin soil concentrations which range from 0.033 - 0.08% 
(SWWQPA, 1978). While the concentrations of phosphorus in eroded 
sediments are normally higher than local agricultural soils (Barrows and 
Kilmer, 1963), to our knowledge this has not been shown before in arid 
range lands. The occurrence of higher concentrations of nutrients in 
runoff sediments compared with the parent soil is related to the runoff 
transport capacity rather than the selective erosion of nutrient-rich, 
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Table 1. Mean Percentage Removal After 75 Minutes Settllng 

NaOH-P 0/o T-P 0/o Susp. Sediment 0/o 

Bitter Creek 99 88 93 
Killpecker Creek 73 71 80 '° .. 
Salt Wells Creek 85 69 79 -
Little Bitter Creek 98 96 98 

All ephemeral streams tested 90 82 88 
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Table 2. Concentrations After Settling (mg.II.) 

Settling Time P addition NaOH-P y ... p Susp. Sediment 

O minutes (0.1 mg.II.) 2.9 24 26700 
0.5 2.7 23 25900 
1.8 2.6 23 26900 
75 1.2 7.9 9320 
466 0.005 0.07 20 

0 minutes (1 mg.I.) 3.5 24 26600 
0.5 3.6 24 26200 

..... 1.8 3.6 24 26000 
~ 

'° 75 3.4 15 17900 
466 0.007 0.13 12 

O minutes (10 mg.II.) • 16 35 26500 
0.5 16 35 25600 
1.8 17 34 25100 
75 14 23 17700 
466 6.2 7.1 12 



clay-sized particles (Alberts and Moldenhauer, 1981). Clay particles 
did not predominate in these samples. 

The T-P percentage of suspended sediment in previously identified 
nutrient poor ephemera 1 drainages ranges from 0. 09% - 0 .11% and has a 
mean identical to the entire data set mean (0.10%). This suggests that 
there is no significant geochemical difference between basin drainages. 
Certain drainages are nutrient poor because they have the most stable 
watersheds and deliver much lower suspended sediment loads. The higher 
vegetation density in the more stable watersheds suggests that organic 
phosphorus from detritus is either of minor importance or efficiently 
removed in the drainage. 

Anomalous samples suggested that basin suspended sediments 
demonstrate an adsorptive capacity for wastewater discharge source 
phosphorus. To quantify this adsorptive capacity, we conducted a 
1 imited experiment in which we added dissolved phosphorus at three 
levels (0.1 mg/L, 1.0 mg/L, and 10.0 mg/L) into a natural high suspended 
sediment Bitter Creek water. We duplicated the settling experiment and 
the results are shown in Table 2. There is no significant difference in 
NaOH-P removal by settling at the 0.1 and 1.0 mg/L P additions. There 
is little significant difference in T-P removal by settling at the 0.1 
and 1.0 mg/L P additions. The 10 mg/L addition showed a high (6.2 mg/L 
NaOH-P; 7.1 mg/L T-P) remnant concentration. The longer settling times 
required to remove the added phosphorus indicate removal by adsorption 
to clay-sized particles. This experiment shows that the settling 
process using Bitter Creek sediments binds added NaOH-P and T-P, but 
there is a limited adsorptive capacity. 

Conclusion 

Ephemeral streams in the arid range lands of the Green River Basin, 
Wyoming, are carrying erosional sediments which are nutrient rich 
compared to basin soils. Erosion control measures in the ephemeral 
drainages and sediment retention structures with residence times of 75 
minutes could also have an important secondary benefit: significant 
reduction of non-point source nutrient loading. 
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REFLECTIONS ON THE UTILIZATION OF ENERGY IN ARID REGIONS 

Lewis E. Hi 11 1 

Energy has a very special importance in arid regions because energy 
is the technological equivalent of water in at least three ways. First, 
arid regions suffer an absolute disadvantage in their quest for economic 
development because of the extreme shortage and high cost of water. If 
energy were cheap and abundant, then the arid region might enjoy an 
absolute advantage and a competitive superiority with respect to energy 
which would tend to offset its absolute disadvantage with respect to 
water. In this manner, inexpensive energy can be used to· attract dry 
process industries away from humid areas and into the sun belts of the 
world. Second, cheap energy can reduce the high costs of conserving and 
reusing water. For example, inexpensive energy can offset the extra cost 
of converting to closed cooling systems or to chemical coolants. 
Moreover, bountiful supplies of low cost energy can increase the 
feasibility of purifying , recycling, and reusing the same water over and 
over again. Finally, the acquisition of water almost always requires an 
energy input and imposes an energy cost; therefore, the price of water 
tends to vary directly with the energy cost of acquiring it. Expensive 
energy produces high cost water; inexpensive energy produces low cost 
water. If the energy input were cheap enough, it could be used to 
acquire an abundance of water . Thus , extremely low cost energy might be 
used to import water from humid into arid regions, or to desalinate the 
brackish underground water that underlies many arid lands (Hill, 1976). 

Abundant and, therefore, inexpensive energy has caused the rapid and 
sustained general economic growth and development that has characterized 
modern industrial civilization. The basis of modern civilization has 
been the iron and steel technology and the fossil fuels (Hill, 1983) . 
This combination of technologies and resources has created the highest 
level of living ever recorded in the history of the world . The 
availability of plentiful and cheap energy has been especially important 
in the growth and development of the semiarid and arid regions of the 
western United States. The West was opened for settlement and 
development by the railroads with their wood or coal burning 
reciprocating steam locomotives . The earliest settlers found an 
abundance of essentially free energy in the buffalo or cow chips which 
they burned as household fuel and in the wind which powered their 
windmills to pump their water wells (Webb, 1931} . In the later 
development of the West, coal was supplemented as a basic fuel by 
gasoline, diesel fuel, and natural gas. The historical evidence 
suggests that cheap and abundant energy has been necessary not only for 
the emergence of modern industrial civilization, but also for the high 
development of the semiarid and arid regions of the world . 

1 Department of Economics, Texas Tech University, Lubbock, Texas 
79409 . 
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Americans have always assumed that the era of cheap and abundant 
energy would last forever, but then some dramatic events occurred during 
1973 which brought this period to an abrupt end. First, Israel avoided 
defeat in the Yom Kippur War with substantial American assistance; then, 
the Arab nations of the Organization of Petroleum Exporting Countries 
imposed an oil embargo on the United States, Europe, and Japan. During 
the next eight years the world price of petroleum increased more than 
1,000% from less than $3 per barrel to more than $30 per barrel (Bowden, 
1986}. Following the development of an oil glut in 1982, the world 
price of petroleum fell to less than $12 per barrel, but then rebounded 
into the $18 to $20 range, where both the OPEC nations and the oil
producing states in the United States hope to stabilize the price (Brown 
et al., 1986}. 

Almost two decades have passed since the Club of Rome study of The 
Limits to Growth (Meadows et al., 1972} shocked the scholars of the 
world with grave warnings concerning the depletion of resources and dire 
predictions concerning the future of economic growth. Robert Heilbroner 
has convnented on this study as follows: 

First, according to existing estimates, there are not enough 
resources to allow industrial expansion to continue unhindered at 
a compound rate of seven percent a year for anything 1 i ke 50 
years--much less a century--with the exception of a few items such 
as coal and iron. Long before then, the exhaustion of first one 
and then another critical resource would have effectively brought 
the trajectory of growth to a halt .... 

Second, ... even very large increases in resource discovery ... add 
only disconcertingly small increments to time over which 
exponentially growing industrial output can be maintained 
(Heilbroner, 1972}. 

Now these grave warnings and dire predictions seem to have been 
contradicted by the existence of an oil glut on the world market. One 
reason for the errors of the Club of Rome study was an implicit 
assumption that resource prices would remain constant in 1972 levels 
until all reserves were depleted. In fact, escalating oil and natural 
gas prices created strong incentives for increased efficiency in the 
utilization of energy which resulted in a decrease in world petroleum 
consumption of 14% from 1979 to 1983 (Flavin, 1985}. Since 1986, 
however, there has been a resurgence of world oil consumption (Brown et 
al., 1988}. Trends in the consumption, production, and importance of 
petroleum into the United States provide evidence that another energy 
crisis during the decade of the 1990s may again send petroleum prices 
soaring to highly inflated levels (Brown et al., 1988}. 

Even if the new energy crisis does not occur during the 1900s, it is 
absolutely certain to occur sometime in the future simply because the 
fossil fuels are exhaustible and irreplaceable resources. According to 
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Erich E. Zimmerman, a distinguished economic geographer, whenever a 
civilization is based on exhaustible and irreplaceable resources, that 
civilization should be expected to collapse as soon as the resources are 
depleted (Zimmerman, 1933). This is precisely what we have done. 
Modern industrial civilization is based on the fossil fuels in general 
and on petroleum and natural gas in particular. More than three
fourths of the world's energy comes from the fossil fuels; more than 
one-half of the world's energy comes from petroleum and natural gas 
(Flavin, 1985). The energy problems of the world are certain to 
intensify in the future, and this intensification of energy problems is 
certain to impact on the arid regions of . the world with special 
severity. 

Zimmerman's functional interpretation of resources provides a useful 
paradigm for the analysis of problems involving energy resources. 
According to this interpretation, natural resources are defined to 
include anything in the natural environment which is useful in 
satisfying human wants. But nothing in the environment is useful unless 
people know how to use the thing to satisfy their wants. The knowledge 
of how to use things to satisfy wants is, by definition, techno 1 ogy. 
A 11 resources, therefore, are defined by tech no 1 ogy, and if resources 
are defined by technology, they are defined every time the technology 
changes. Si nee tech no 1 og i ca 1 innovation is continuous, resources are 
redefined continuously. To the native Americans of the preColumbian 
period, flint beds were defined as important resources by their 
neolithic technology; but iron ore had no resource value to them, 
because they did not know how to use it. For contemporary Americans 
with their steel-age technology, iron ore is a very important resource; 
but fl int beds have very 1 ittle resource value because the neolithic 
technology is obsolete. The technology of the steel age has redefined 
"resources" to inc 1 ude iron ore, but to exc 1 ude flint beds. In a 
similar manner, every technological innovation redefines resources. 
Accardi ng to Zimmerman ',s funct i ona 1 interpretation, a 11 resources are 
created through the process of technological innovation; the quality of 
usefulness which transforms envi ronmenta 1 features into resources is 
always a function of technology (Zimmerman, 1933). 

The application of Zimmerman's functional interpretation of resources 
to energy problems is clear: modern industrial civilization will 
collapse as soon as the fossil fuels are gone, unless technological 
breakthroughs render them as obsolete as the fl intbeds. The only 
possible salvation for modern industrial civilization is to develop new 
techno 1 og i es for the use of a 1 ternate sources of energy. Therefore, 
future deve 1 opment of arid 1 ands will be dependent upon new energy 
technologies which will confer an absolute advantage or competitive 
superiority on arid regions. The achievement of these new energy 
technologies will require the largest, longest, most intensive, and best 
financed sci ent i fi c and techno 1 ogi ca 1 research and deve 1 opment program 
of all world history, but the future of civilization depends on the 
successful outcome of such a research and development program. 
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In the immediate future, the technologies to increase the efficiency 
of energy utilization offer the best hope for relieving the pressure of 
increasing demand on the limited supplies of the fossil fuels (Brown et 
al . , 1988). In the intermediate future, biomass should be developed as 
a substitute for the fossil fuels (Brown et al., 1988). But in the 
distant future there are only two technologies which are capable of 
providing an adequate supply of energy for worldwide economic 
development: nuclear fusion and solar energy (Meinel, 1974). 

Currently, electricity is being generated from nuclear fission- -a 
process in which a large uranium atom is split to release a massive 
amount of energy. Nuc 1 ear fusion is a process in which two sma 11 
hydrogen atoms are combined into one helium atom. Fusion has at least 
three advantages over fission: it is a much more powerful reaction; it 
uses hydrogen isotopes which are abundant and inexpensive; and there are 
almost no radioactive residues from the fusion process . It has been 
noted that the oceans of the world contain enough hydrogen isotopes to 
provide 1,000 times the energy requirements of. the entire world for the 
next 1,000,000 years. But nuclear fusion will require that the almost 
incomprehensibly high temperatures be contained and controlled. 
Affirmatively, this heat can be put to good use in arid regions to 
desalinate and purify water. Negatively, nuclear fusion would greatly 
accelerate the rate of thermal pollution which threatens to render the 
earth uninhabitable by the human species. If nuclear fusion proves to 
be technically possible, it could solve our long term energy problems, 
but the social cost would include the additional thermal pollution which 
would be caused by this process. Fusion would solve the problem of the 
depletion of energy resources, but it would inflict on the environment a 
problem of thermal pollution for which there can be no long-range 
solution (Britton, 1976; Porter et al., 1971; and Teller, 1974). 

Like the hydrogen isotopes that will provide the fuel for nuclear 
fusion, solar energy exists in great abundance. The Arabian peninsula 
receives from the sun each year an amount of energy which is more than 
twice the known oil reserves of the entire world. Unlike fusion, the 
utilization of solar power creates no additional thermal pollution 
beyond that which would exist naturally even if the power were not 
utilized. Moreover, the sun provides an inexhaustible source of power . 
But the use of solar energy to generate electricity must await 
additional research and development before it becomes economically 
feasible. Solar-thermal technologies involve the use of reflected 
sunshine to make steam, which then becomes the source of power for 
conventional steam-electric generating plants. The concept is 
theoretically sound, but the efficiency of these technologies is low 
because energy is lost at each step in the process: in the conversions 
from solar energy to steam, from steam to motion, and from motion to 
electricity; in the transportation of the electricity; and in the 
reconversion of the electricity back into light, motion, heat, or 
cooling. Photovoltaic technologies convert solar energy directly into 
electricity through the use of photovoltaic eel 1 s. Currently, this 

155 



electricity is prohibitively expensive because of the extremely high 
cost of the cells. There is a strong probability, however, · that this 
cost will be drastically reduced by the learning-curve effect and by the 
economies of large scale production (Flaven, 1982). The learning-curve 
effect means that researchers and producers learn from experience how to 
produce more efficiently and less expensively as they progress from 
laboratory research through pilot plants into co11111ercial production. 
The economies of large sea 1 e production refer to increased ef fl c i ency 
and reduced cost that can be achieved by producing in a larger p 1 ant 
rather than in a smaller plant. Photovoltaic technologies appear to 
offer the best prospect .for converting the world to solar energy in the 
very distant future. The Telefunken Corporation, which is a West German 
manufacturer of photovoltaic cells, has formulated a master plan for 
such a conversion. According to the plan, photovoltaic electricity 
would be used to produce hydrogen through the electrolysis of water. 
Hydrogen would then become the basic fuel for the world economy 
(Glasgall, 1980). 

It is my conviction that by the middle of the twenty-first century 
most of the world's electricity will be generated from sunlight through 
the utilization of photovoltaic cells. If this prediction is realized, 
then the future will be promising both for the world economy in general 
and for the economies of arid regions in particular. Solar energy is 
not only abundant, but also inexhaustible. If photovoltaic cells can be 
deve 1 oped into an economi ca 11 y feasible system for converting sunlight 
into electrical energy, an abundance of energy will become available for 
world economic development for so long as the sun shall shine. 
Moreover, this system would provide an absolute advantage and a 
competitive superiority in the generation of electricity to arid lands 
because of the abundance of bright sunlight in these dry areas. It is 
my hope and expectation that the future development of the photovoltaic 
technology for the conversion of solar energy into electricity will open 
a new era in the economic growth and development of the arid and 
semiarid regions of the world. 
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