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FOREWORD 

The Association for Arid Lands Studies (AALS), in cooperation with the International 
Center for Arid and Semiarid Land Studies (ICASALS), is pleased to publish the seventh 
volume of the Forum of the Association for Arid Lands Studies. This unique, interdisciplinary 
professional organization emphasizes the importance of the study of the world's arid and semi
arid lands. Beginning with its founding in 1977, the AALS has held its annual meetings in 
conjunction with the Western Social Science Association. The AALS now has a membership 
representing all of the United States and approximately twenty-five other countries. The 
organization is headquartered at the International Center for Arid and Semiarid Land Studies at 
Texas Tech University in Lubbock, Texas. 

The 14th annual conference of the AALS was held at John Ascuaga's Nugget Hotel in 
Reno, Nevada, April 25-27, 1991. The program consisted of seven topical sessions with a 
total of twenty-seven individual papers. Fifteen manuscripts were submitted for consideration 
for the Forum. Each 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; they have been rearranged into subject groups 
that do not necessarily conform to the topical sessions on the meeting program. 

I would like to thank all members of the 1991 editorial review committee for their time and 
effort in reviewing the manuscripts. Idris R. Traylor, Jr., Director of the International Center 
for Arid and Semiarid Land Studies (ICASALS), deserves very special thanks for the support 
that permits the publication of this volume. I would also like to express special appreciation to 
Benita Ramirez, Secretary of the Department of Geography at Texas Tech University, for her 
excellent work in typing and preparing the manuscripts for this volume of the Forum, and to 
Rachel McDonald of the Advanced Technology Learning Center for her assistance in getting 
the final copy ready for publication. Special appreciation is also extended to Otis W. Templer, 
Chairman of the Department of Geography at Texas Tech University, for support in the 
publication of this volume. 

Claud M. Davidson, Editor 
Department of Geography 
Texas Tech University 
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PRODUCTION AND EXPENDITURE CHANGES, AND FUTURE PLANS 
OF EASTERN NEW MEXICO CONSERVATION RESERVE PROGRAM 

PARTICIPANTS · 

Rhonda Skaggs; Wilmer Harper, Jorge Salandia and Rex Kirkseyl 

The Conservation Reserve Program (CRP) came into existence with the passage of the 
Conseivation Title (XII) of the Food Security Act of 1985. CRP is a voluntary, contractual 
cropland retirement program, designed to reduce soil erosion (thus improving environmental 
quality) and reduce production of surplus commodities. CRP contracts are established between 
farmers and the United States Department of Agriculture (USDA). Contracts have a duration 
of 10 years, after which CRP cropland can be returned to production. In exchange for placing 
highly erodible cropland into the CRP, USDA pays participating farmers an annual per-acre 
rent. The USDA also pays CRP participants 50% of the cost of establishing a conservation 
practice (such as a ground cover), which must last for the duration of the contract 

Base acreage enrolled in the CRP program for the 10-year period and returned to active 
cropping will be subject to conservation compliance restrictions. CRP enrollment began in 
March 1986 and continued for several signup periods through 1990. 

Most cropland eligible for CRP participation (based on soil erodibility characteristics) is 
in the Midwest, Rocky Mountain, northern and southern Plains states. Regional enrollment 
has been dictated by the relative profitability of crop production in specific areas, as reflected 
by prevailing market rental rates for cropland. Earlier signups were concentrated in the Rocky 
Mountain region, where 52% of the eligible acreage was enrolled in the CRP by February 1988 
(Young and Osborn, 1990). 

The CRP in New Mexico 

Participation in New Mexico is concentrated in six counties bordering Texas: 
Curry, Harding, Lea, Quay, Roosevelt and Union (Figure 1 ). During the eight CRP 
signup rounds between 1986 and 1987, 370,798 base acres of wheat, com, cotton, oats, 
barley and sorghum in the six counties were enrolled~ Of 1,349 contracts, 59% are in Curry 
and Roosevelt counties (31% and 28% respectively) (Diemer, Alvarez and Kirksey, 1990). 
Wheat and sorghum are the two most affected crops; more than 85% of the region's crop 
base reduction of wheat ahd sorghum was located in Curry, Quay and Roosevelt 
Counties. Ninety-three percent of New Mexico's CRP acreage is located . in 
six counties included in this study (Lansford, et al. 1990). 

. Enrollment in CRP is limited to no more than 25% of the total cropland in any county. 
This provision is designed to limit negative impacts on the county-wide economy, and can be 
waived through petition to the Secretary of Agriculture. Total enrollment in all six New 
Mexico counties has reached or exceeded the 25% limitation: Cumulative crop bas~ reduction 
in the six counties as of 1990 is shown in Table 1. The average·CRP rental payment in the six 
counties, for the eight signup rounds conducted through 1989, is $37.34 per acre. 

· lRespectively, assistant professor, professor and former research assistant in the 
Department of Agricultural Economics and Agricultural Business at New Mexico State 
University at Las Cruces, and superintendent of the NMSU Agricultural Science Center at 
Tucumcari. · 

This is New Mexico Agricultural Experiment Station Journal Article No. 1622. 

3 



• Counties Included in Survey 

Figure 1. New Mexico Counties 
Included in the Survey of CRP Participants 

Table 1 

Cumulative CRP Crop Base Reduction in Six Eastern New Mexico Counties 

unty otton ats eat m :AL 
Curry 891.0 107.3 94,251.2 1,911.0 136,827.8 
Harding 89.4 7,498.9 18.5 11,948.9 
Lea 5,113.9 276.0 10,727.1 1,143.4 20,903.3 
Quay 593.8 44.0 40,907.3 70,799.5 
Roosevelt 9,962.9 13.4 66,598.5 112,407.0 
Union 49.3 7,426.9 17,911.7 

7 ,7 . 
If the CRP program successfully reduces total production of surplus commodities, 

federal expenditures for price support payments, storage costs, and other program costs should 
be reduced. Farmers will be compensated with CRP rental payments, and may also experience 
higher commodity prices in the program's later years as cropland base is removed from 
production and stocks decline. The net return to farmers participating in the CRP should not be 
lower than their estimates of net income without participation, or farmers would have no 
financial or economic incentive to enroll cropland in the program. Therefore, one would expect 
the financial condition of participating fanners to improve or, at least, remain the same as at the 
time of enrollment 
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The observed and projected impacts of CRP on the New Mexico agricultural economy 
are both short- and long-tenn in nature. Short run impacts have included shifting expenditure 
patterns as cropland was planted to permanent ground covers and the retirement of older CRP 
participants from active farming. Impacts over the longer run are uncertain, but lead to 
questions regarding the long-term agricultural structure and socio-economic future of Eastern 
New Mexico. 

Study Procedures and Objectives 

In an attempt to answer these questions. a mail survey of CRP participants in Eastern 
New Mexico was conducted in the winter of 1991. The questionnaire was pretested on a 
sample of CRP participants and later mailed to 1451 individuals holding CRP contracts in 
Curry, Harding, Lea. Quay, Roosevelt and Union Counti~s. The mailing list was obtained 
from l,JSDA Soil Conservation Service (SCS) offices throughout the region and ~presented 
the entire population of individuals who currently receive annual CRP rental payments for 
contracts in the six counties. A small number of the surveys (about 1 % ) were undeliverable at 
the addresses given to us by the SCS. A re~der postcard was sent to non-respondents 2-3 
weeks after the initial mailing. Approximately 8 weeks after the initial mailing, non
respondents were contacted by telephone to identify any ~uliarities of the non-respondent 
portion of the survey population. A response rate of approximately 58% was achieved. 

The survey sought to answer questions dealing with ·the following CRP-related issues: 

1) 
2) 

3) 

4) 

Study Results 

What are the characteristics of program participants? 
What factors influenced participants' decisions to enroll cropland in the 
program? 
How have participants' expenditure patterns, incomes, asset holdings, 
and working lives changed since CRP enrollment? 
What do CRP participants plan or want to do after their current land 
retirement contracts expire? 

. . The survey results discussed here are based on 134 completed questionnaires. This 
figure represents approximately 9.3% of the survey population. The remaining survey results 
are not available at the current time. The results discussed here are preliminary and have not 
been subjected to in-depth analysis of statistical significance. 

Demographic Characteristics 

Forty-four percent of the respondents indicated farming was currently their primary 
source of income. Forty percent of the respondents reported they considered themselves as 
having retired from farming, but only 25% said CRP had influenced their decision to retire. 
Thirty-seven percent of the respondents were 55 years of age or younger at the time of the 
survey; while 62.8% reported their age as 56 or older. Sixty-four percent of the respondents 
were male and 73% were married. 

Land Characteristics 

The survey respondents confirmed that wheat and sorghum were the two crops most 
impacted by the CRP; the majority of respondents reported their enrolled land had been planted 
to these two crops during the last year of cultivation. Twelve percent reported they had 
enrolled irrigated land into the program. Over 80% of the respondents indicated crop yields 
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and production costs on their enrolled CRP land were about average for similar land in their 
area not enrolled in the program. 

Ninety-seven percent of the respondents had planted grass on their CRP land, with the 
numbers of participants reporting planting a single species of grass and a mixture of species 
equally divided. Ninety-six percent said their vegetative covers met the SCS minimum 
standards for erosion control at the time of the survey. Approximately one half of the 
respondents indicated their CRP acreage does not cmrently have adequate fencing for livestock 
grazing, but over 78% said the CRP land currently had water sources accessible to livestock. 

Enrollment Decisions 

When CRP participants were asked why they decided to enroll land in the CRP, the 
largest number of reasons fell under the categories of raising and stabilizing incomes, and low 
commodity prices. Eighty-three percent indicated they had personally made the decision to 
enroll land in the CRP, but 33% of those respondents said they were not actively involved in 
the management of the land at the time of enrollment. Of the respondents reporting active 
involvement in farming at the time of the survey, 55% reported they would have been able to 
continue farming without CRP participation, 12% said they would not have been able to 
continue farming, while 33% were not sure. There were no differences between respondents 
who said farming was a major source of income and those who said farming was a secondary 
source of income, when they were asked if they would have been able to continue farming 
without CRP participation. 

Impacts on CRP Participants 

The survey respondents were asked to indicate whether participation in the CRP had 
caused them to spend more, less, or about the same amount of money for a variety of 
expenditure categories. The results of these questions (for the first 134 respondents) are 
presented in Table 2. 

Table 2. 

7. 
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Thirty-five percent of the participants reported they had an off-farm job before they 
enrolled land in the CRP, while 16% responded they had taken off-farm jobs since enrolling 
land. A small number of respondents (4%) have started new non-farm business ventures since 
enrolling land in the program. Twenty percent indicated they have more time available for 
recreation and leisure activities as a result of the CRP. 

The percentage of the people reporting having sold fann equipment since CRP 
enrollment (26.4%) was almost equal to the percentage of respondents reporting farm 
equipment purchases since enrollment (24.S% ). The respondent group aged 46 to SS reported 
the greatest frequency of farm machinery sales since CRP enrollment. Thirteen percent said 
they had bought more fann or ranch property since they began CRP participation. Preliminary 
analysis indicates respondents aged 66 and older have reported the greatest frequency of 
additional land purchases since CRP enrollment. 

Future Plans of CRP Participants 

The survey respondents were asked several questions about plans for their CRP land 
after the current contracts expire. "Don't know" was the most popular response, although 
preliminary results show (at the time of the survey) approximately 40% of the respondents plan 
to use the land to graze their own livestock, or will seek to rent the property for grazing 
purposes. Insignificant numbers of respondents reported plans to use the land for hunting or 
recreation pwposes or intentions to sell the land. 

When asked if they would be interested in keeping their CRP land in its current 
conservation use for an additional 10 year period after the current contract expires, 73% 
reported positively, 3% said no, and 24% were undecided. The average minimum acceptable 
per-acre rental payment for an additional 10 year contract reported by the positive responses 
was $40.47; the most frequently reported response was $40.00. When asked if they would be 
interested in permanently retiring the ASCS commodity crop bases associated with their CRP 
land in return for a one-time payment from the USDA, 26% of the respondents said yes, SO% 
were undecided, and the remainder responded negatively. Estimates of the minimum 
acceptable payment for permanent crop base retirement varied greatly (from $2S to $SOO) 
among the 134 responses reported here. Approximately 62% of the respondents who indicated 
they would be interested in an additional 10 year conservation use contract were 56 years of 
age or older. Respondents in this same age category who indicated they would be interested in 
permanent retirement of their crop base dropped to SO%. Of the participants who reported 
having taken an off-farm job since they enrolled land in CRP, 47% said they would be 
interested in an additional 10 year conservation use contract, but only 13% expressed interest in 
permanent retirement of their cropland. 

Anecdotal Comments 

Survey participants were given the opportunity to provide open-ended comments at the 
end of the questionnaire. The majority of respondents used this opportunity to express their 
thoughts about the program and its impact on their farm as well as their community. These 
results do not have any statistical merit; however, they are interesting because of the lengthy, 
in-depth comments many of the respondents provided. 

Several respondents indicated they were very happy with the program, but others 
expressed concern over the degree of fraud, program abuse, and circumvention of payment 
limitations which they had seen in their area. Others noted the high degree of CRP enrollment 
in their communities had made it difficult for younger fanners and renters. A few respondents 
provided emotional descriptions of ruined small towns and local businesses, and reduced local 
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employment. Numerous comments indicated the importance of CRP annual rental payments in 
SUJ.>plementing the social security incomes of older participants. Problems with weeds, insects, 
wildlife, and fire hazards from excess vegetation were mentioned by several respondents. 
Many people expressed relief that the CRP had helped to reduce soil erosion, but others felt the 
quality of the grazing land being created by CRP would not suppon extensive livestock use due 
to the low feed quality of the grasses planted 

Telephone Survey of Non-Respondents 

The telephone survey of non-respondents was conducted to determine if contract 
holders not answering the mail survey were substantially different from respondents. 
Approximately 50% of the participants called requested another questionnaire. Of 92 
completed calls to participants which are and will definitely be survey non-respondents, 25% 
did not respond because they did not know how to answer the questions. These individuals 
receive annual CRP rental payments and tend to be surviving widows (usually very elderly) or 
children who have recently inherited their parents' estates. They had very little understanding 
of the CRP or they considered it someone else's business or responsibility. Many of the heirs 
had never seen the enrolled properties. 

Fourteen percent of the non-respondents did not answer the questionnaire because they 
felt it was a violation of their privacy, or they were worried the results might be used against 
them or other CRP participants. Another 16% of the non-respondents indicated they were too 
busy to bother with the survey. 

Future Analysis of CRP Survey Results 

The response by CRP participants to this survey has been good. We encountered less 
respondent resistance or hostility to the mail survey and the telephone follow-up than had been 
expected. Preliminary analysis of the results has been interesting, but much work remains to 
be done. We are particularly interested in the impacts of the CRP on the structure of agriculture 
in Eastern New Mexico. CRP has functioned as and will continue to be a vehicle for retirement 
for many participants. A large percentage of our respondents indicated they are interested in 
continued participation in a land retirement program. The farm population of Eastern New 
Mexico would be expected to continue its decline if CRP continues or a similar program 
replaces it. Extensive evaluation of the data on expenditure patterns has not been done at this 
time, however we are interested in relating the data reported in Table 2 with spatial questions 
also included in the survey. Impacts on the local and regional cattle industries will also be 
projected, given the potential increase in rangeland after the current CRP contracts expire. 
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A STRATEGY FOR THE DEVELOPMENT OF A SEMIARID CITY: 
LUBBOCK, TEXAS 

Lewis E. Hill 1 

The decade of the 1960s was a turning point in the history of Lubbock, Texas. It was 
the first decade in which the rate of population growth was less for the City of Lubbock than 
for the State of Texas (Jonish, 1986). From 1910 to 1960, the population growth of Lubbock 
had been truly extraordinary. At first, the phenomenal population increase was caused by the 
extension of the railroad to Lubbock in 1909 and the consequent opening of a vast and rich 
agricultural domain in the South Plains Region of Texas. The booming growth of Lubbock 
was continued and accelerated by the establishment of Texas Technological College in 1923. 
Then, after the Second World War, unprecedented agricultural profits were virtually guaranteed 
by the combination of high governmentally supported farm prices and low production costs, 
which resulted from the availability of shallow underground water and inexpensive natural gas 
to pump the irrigation wells. The resulting boom in agriculture and agribusiness propelled 
Lubbock into two decades of extremely rapid post-war growth (Hill, 1986). 

Then during the decade of the 1960s, the goose that laid the golden egg died. Changes 
in governmental policy allowed farm prices to fall in real terms while production costs were 
rising until the assurance of profits had been transformed into a genuine risk of loss and the 
great agricultural boom slowed into stabilization and recession. The establishment of the Texas 
Tech University School of Medicine in 1970 and the development of an electronic high
technology industry in Lubbock during the mid- l 970s brought a brief revival of economic 
growth and development. During the 1980s, however, the Lubbock economy settled back into 
a worsening recession; by the middle of the decade, the economy was more depressed than it 
had been at any other time since the Great Depression of the 1930s (Hill, 1986). 

The time is long overdue for the formulation and implementation of an effective strategy 
for the economic development of Lubbock and the South Plains Region of Texas. This 
strategy should provide for three phases. First, it is important to preserve and to maintain the 
industrial base which has served the Lubbock economy so very well in the past. Second, it is 
necessary to update and to modify this industrial base in order to solve the economic problems 
of the present and to meet the economic challenges of the future. Third, it is essential to 
identify and to pursue new directions of economic growth which will revitalize the Lubbock 
economy and lead it into a new wave of prosperity. The purpose of this essay is to suggest the 
most important dimensions of such a strategy for the economic development of the City of 
Lubbock and the semiarid South Plains Region of Texas. 

New Directions For Agriculture 

The outlook for agriculture on the South Plains of Texas has improved as the farmers 
have recovered from their deep recession of the mid-1980s. Governmental programs have 
stabilized prices at higher levels, and farmers are controlling their costs more effectively. The 
low-energy proficiency applications (LEPA) system of irrigation and other water conserving 
innovations have drastically reduced the amount of water that is necessary for productive and 
profitable irrigated agriculture. These innovations are not only reducing the costs of irrigated 
farming, but also conserving the precious water from the Ogallala Aquifer. South Plains 
agriculture seems to be evolving toward a very efficient system of mixed irrigated and dry land 
farming which will stabilize the water table by limiting water use to the recharge rate (Moody, 
1990). 

lProfessor of Economics, Texas Tech University, Lubbock, Texas 79409-1014. 
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fanning which will stabilize the water table by limiting water use to the recharge rate (Moody, 
1990). 

Cotton will continue to be the most important crop on the South Plains as new varieties 
are developed which will be more productive and more resistant to various types of stress. 
Nevertheless, the future development of the agricultural economy will require diversification 
into high-value horticultural crops. Opponunities are especially great in the production of all 
varieties of dried beans. Other good opponunities exist for expanded production of potatoes. 
onions, and most other vegetables. A vegetable processing and marketing industry is needed 
on the South Plains not only to provide a more stable and more profitable market for 
producers, but also to keep jobs and revenues generated by this industry in the local area 
(Roberts, 1991). 

A thriving viticulture and wine-making industry is already prospering in Lubbock 
County. Three wineries are producing in the range of magnitude of 100,000 cases of premiwn 
quality wine each year, and wine production will surely be expanded in the future. South 
Plains wineries market 95% of their production in the State of Texas. If these wineries could 
gain access to national markets, then demand would be virtually unlimited. In this eventuality, 
a vigorous and sustained growth in viticulture and wine making on the South Plains would 
become entirely feasible. Texas Tech University has established the Texas Wine Marketing 
Research Institute to solve the problems involved in the marketing of Texas wine throughout 
the nation and the world. (Fitzgerald, 1991; Westbrook, 1990). 

Forward Integration Into Value-Added Industry 

Governor Ann Richards (1991) has proposed a very important plan for the industrial 
development of the State of Texas. According to her plan, a major effon will be made to 
integrate raw materials producing industries forward through the industries that process these 
materials and produce finished products. Her primary emphasis is on the development of 
textile mills to transform Texas cotton, wool and mohair into fabric, and on the development of 
gannent manufacturing plants to transform Texas fabric into apparel. Her secondary emphasis 
is on the development of tanneries to produce leather from Texas hides and factories to produce 
shoes and other leather goods from Texas leather (Walls, 1991). 

Governor Richards' plan will be especially beneficial to the South Plains Region 
because Lubbock is the cotton capital of Texas. About 20 years ago, a new spinning 
technique, called open-end or roto spinning, was developed. This technology is especially 
well suited to the use of the shon-staple cotton that is grown on the South Plains. Moreover, 
open-end spinning is more productive and less costly than the ring spinning techniques which 
were developed about a century ago. This revolutionary technological innovation has created 
an excellent opportunity for the emergence of a viable textile industry on the South Plains of 
Texas. If a major textile industry comes to the South Plains, then extraordinary opponunities 
for the development of a large and profitable garment manufacturing industry will surely 
emerge in the region. Governor Richards' plan offers a high hope and a substantial expectation 
for the re-industrialization of Lubbock and the South Plains of Texas. The Texas Tech 
University International Center for Textile Research and Development will be working 
diligently and effectively to achieve the objectives and goals of Governor Richards' plan 
(Parker, 1991). 

High-Technology Industry: Electronic and Biological 

Lubbock entered the era of high-technology electronics in 1973 when Texas 
Instruments initiated manufacturing operations in the city. According to J. Fred Bucy, the 
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Executive Vice President of the corporation, Texas Instruments choose to locate in Lubbock for 
three reasons: the availability of a highly motivated, hard working labor force; the existence of 
an airport with numerous daily flights to Dallas, the corporate headquarters, and good 
connections throughout the nation and the world; the location· in the city of Texas Tech 
University, a major multi-purpose university with a substantial capability for research into 
high-technology electronics (Hill, 1986). 

Texas Instruments expanded its Lubbock operations until it became not only the largest 
manufacturing employer, but also the largest private enterprise employer in the city; however, 
financial reverses in 1983 forced a drastic reduction in the work force. Nevertheless, Texas 
Instruments continues to maintain a vigorous and active presence in Lubbock. The same 
advantages which Texas Instruments found in Lubbock during 1973 are still present in 1991. 
Hopefully, Lubbock's electronic high-technology industry can be maintained in the present and 
expanded in the future (Hill, 1986). 

The discovery of the secrets of the DNA molecule has opened the possibility of gene 
modification and genetic engineering. These scientific discoveries and technological 
innovations have created the biological high-technology revolution. The agricultural 
applications from this revolution promise to multiply food and fiber production for the great 
benefit of humankind. Biotechnology can produce bigger and better farm animals and new 
varieties of food and fiber crops which will be more productive and more resistant to all kinds 
of stress. The result will be more and better food and fiber for humankind at less costs in 
terms of both money outlays and resource inputs. The technological applications of this 
research will require the establishment of major industries producing seed and other biological 
high-technological materials (Nguyen, 1991). 

The biotechnological applications to medicine and health care include the prevention and 
treatment of genetic diseases, the discovery of new medications, the development of improved 
diagnostic tests, and the mass production of low-cost synthetic hormones. The development of 
these applications will require the emergence of an industrial complex to produce all sorts of 
medical equipment, medical supplies, and medications. Texas Tech University's Institute for 
Biotechnology and Health Sciences Center are engaged in biological high-technology research. 
The university can provide strong support for the city's efforts to attract biological high
technology industry to the South Plains (Nguyen, 1991). 

The Coming Challenge to the Health-Care Industry 

The success story in the economic development of Lubbock is the health-care industry. 
Since the establishment of the Texas Tech University School of Medicine in 1970, the Lubbock 
health-care industry has experienced phenomenal growth and unprecedented prosperity. The 
decade of the 1990s will become the third consecutive decade in which more than 
$100,000,000 of health-care construction has occurred in Lubbock. Health care has become 
the most important industry in the city, and Lubbock has become the most important medical 
center in West Texas and Eastern New Mexico (Hill, 1986). 

The contemporary challenge to the industry is to control the escalation of health-care 
costs which are already intolerable and which are rapidly becoming catastrophic. Health-care 
expenditures in the United States have increased from 4.5% of the gross national product in 
1950 to 12% of the gross national product in 1990, which is the highest in the world. By 
2000, health-care expenditures are expected to take 15% of the gross national product. 
Hospital care is a special offender. The average daily cost of hospital care has increased from 
$15 in 1950 to well over $500 in 1990. The industry is pricing health care beyond the ability 
to pay of many patients and beyond the willingness to pay of the third-party payers of most 
hospital costs (Fuchs, 1990). 
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national insmance system rationing health care and controlling its cost. It is my belief that such 
a system will be established in the United States during this decade and that it will have 
profound implications for hospitals. Health care rationing will lower occupancy rates; effective 
costs control will severely limit hospital revenues. In order to survive in this controlled 
environment, hospitals must increase their efficiency significantly and control their costs 
effectively (Aaron and Schwartz, 1990). 

Economic Development Through the Growth of a Retirement Industry 

Valid research suggests that promoting the growth of retirement communities may be a 
very good method of achieving economic development. The increasing affluence of senior 
citi7.ens means that the in-migration of retirees may bring more purchasing power into the city 
than an equal increase in manufacturing employment. This pmchasing power will be spent and 
re-spent throughout the community until the total increase in income is some multiple of the 
original expenditures. Moreover, the growth of manufacturing employment usually involves 
more external social costs and causes more economic problems than an equivalent development 
of a retirement community (Britton and Hehr, 1989; Green and Schneider, 1989). 

Lubbock possesses many advantages which could attract retirees into the city. There is 
an excellent infrastructure of health-care facilities and service industries that cater to retired 
people. The climate is very favorable with pleasant summers and mild winters. Recreational 
facilities, including parks and lakes, are readily available, and the Lubbock Parks and 
Recreation Department provides an organized program for senior citizens. These advantages 
have created an opportunity for Lubbock to attract a retirement industry into the city which will 
contribute significantly to its economic development 

Conclusion 

There arc two preconditions for economic development: education and research. 
Education is absolutely essential to provide the various levels of skill that are necessary for 
economic development. These skills range from basic verbal and mathematical skills which are 
necessary for all industrial workers, through the vocational education of skilled laborers, to the 
highest level of professional and managerial education. The public schools provide the basic 
verbal and mathematical literacy which is required of the work force, and Texas Tech 
University educates an adequate supply of professional, managerial, and technical personnel. 
The deficiency is in the vocational education of skilled labor. There is an urgent need to 
expand and to improve vocational education in order to supply adequate numbers of skilled 
labor to support a major effort to achieve economic development 

Innovative scientific and technological research is necessary to ·solve the problems that 
inhibit or prevent economic development. Research is also necessary to attract new industry 
into the area and to serve the industry that is already there. Texas Tech University has a broad 
and deep involvement in all aspects of the research that is essential to economic development. 
The Center for Advanced Research and Engineering, the Institute for Biotechnology, the 
International Center for Textile Research and Development, the Texas Wine Marketing 
Institute, and the Institute for Research into Plant Stress are among the dozen or so centers and 
institutes that have a primary commitment to research that is intended to facilitate and promote 
economic development. Any successful strategy for the economic development of Lubbock 
must fully utilize the research facilities and programs of Texas Tech University. 
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RECENT CHANGES IN RURAL HEALTH CARE DELIVERY 
SYSTEMS ON THE TEXAS SOUTH PLAINS 

Thomas C. Bartsch and Claud M. Davidson 1 

The rural hospital is often a source of civic pride and a testament of community 
development However, the small-town hospital is an increasingly beleaguered institution. In 
recent years, Montana, Idaho, and South Dakota have had the greatest percentage of rural 
hospitals, where more than 90 percent are rural. Although, in terms of absolute numbers, 
Texas has the greatest preponderance (The Rural Health Care Challenge, 1988). 

This paper evaluates the changing systems of rural health-care delivery within a twelve
county semi-arid area of Texas' South Plains. Research indicates that of 18 rural hospitals 
within the area in 1972, only 14 remained in 1990, a loss of more than 22 percent (Bartsch, 
1991). 

Since 1986, Texas has led the United States in the number of hospital failures 
("Bentsen Criticizes Plan", 1991). Between 1980 and 1990, the Texas Hospital Association 
(IHA) reported that the state lost 105 hospitals, of which 56 were located in rural areas (Health 
Texas, 1990). The THA defines a county that is not part of a metropolitan statistical area as 
rural. 

Exacerbating the plight of rural hospitals are federal budget cuts in Medicare and 
Medicaid which lead to inadequate payments. On the average, Texas hospitals lost $619 per 
Medicare patient during the fourth quarter of 1989 with rural hospitals experiencing a loss of 
$574 per Medicare patient (Health Texas, 1990). 

Rural communities have certain characteristics which aggravate health care delivery. 
Specifically, a higher percentage of the rural population is uninsured at every income level--17 
percent rural in comparison to 14 percent urban. Moreover, only 25 percent of the rural poor 
qualify for Medicaid compared to 43 percent for the urban poor. Reflecting the rural economic 
crisis, a disproportionate percentage of the rural population is poor. By 1985, the federal 
government estimated the rural poverty level at 18.3 percent compared to an urban poverty rate 
of 12.7 percent. And, while the elderly presently comprise approximately 12 percent of the 
total United States population, they account for some 25.4 percent of the population of rural 
settlements (The Rural Health Care Challenge, 1988). 

As a consequence, it is not surprising that Texas hospitals lost an average of $601 per 
Medicaid patient for the fourth quarter of 1989 and rural hospitals $289 per beneficiary (Health 
Texas, 1990). Furthermore, a great deal of care is provided which is uncompensated. It is 
estimated that one out of every 10 patients who visit a Texas hospital cannot pay for their care; 
or that 10 percent of a hospital's patient load represents uncompensated care (Health Texas, 
1990). 

In addition to financial issues, many rural hospitals are confronted by the perplexing 
problem of recruiting and retaining health care personnel. The principal obstacles rural 
communities encounter in attracting health care professionals are a fear of isolation and lack of 
up-to-date medical facilities; difficulty in securing acceptable employment for a spouse; lack of 
back-up support leading to a 24-hour job with heightened risk of "burnout," and the challenge 

lRespectively, Research Assistant, Land Use Planning, Management and Design and 
Professor of Geography, Texas Tech University, Lubbock, TX 79409. 
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of developing a lucrative practice in areas of low population density and inequitable Medicare 
physician reimbursement rates based on past charge scales and geographical location, which 
mean that payments to physicians practicing in rural areas are often less than those in urban 
settings (The Rural Health Care Challenge, 1988; Bauer and Weis, 1989; and Hoover, 1986). 

Residents of Texas' South Plains have responded to the vexing problems of rural health 
care delivery via a variety of means. These have included Carel...ink helicopters, Emergency 
Medical Services (EMS), mobile health units, Texas Tech University's MEDNET, and 
selective admissions to the University's School of Medicine. 

A joint venture between Methodist Hospital Lubbock and University Medical Center 
established CareLink, an emergency aeromedical helicopter service. The transport served two 
classes of patients: severe trauma and non-trauma or medical cases. Aircraft consisted of one 
Aerospatiale Dauphin helicopter and a smaller Twinstar helicopter used for back-up; the 
Dauphin was a $4.5 million aircraft certified as a mobile intensive care unit and equipped with 
extensive life-support systems. Each flight was staffed with two pilots, a paramedic, and one 
nurse who were on call 24 hours a day. The service was discontinued in 1990. 

CareLink serviced a 200 mile radius from Lubbock encompassing some 125,000 
square miles. Residents of 121 counties--89 in Texas, 12 in New Mexico, and 10 in 
Oklahoma, are seldom more than an hour away from high-quality medical care. The Dauphin, 
which cruises at 195 miles per hour, is, according to the program's director, better equipped 
than some rural emergency rooms (Phillip, 1990). 

Arguing along somewhat similar lines, certain rural health care analysts contend that 
due to recent advances in the science and technology of emergency medicine, modem EMS 
systems may actually be better than the typical emergency room encountered in a rural hospital 
(Bauer and Weis, 1989). Indeed, the mission of the ambulance has undergone a profound 
change. In the past, ambulances consisted of little more than a van equipped with stretchers 
and staffed with attendants knowledgeable only in the most rudimentary aspects of first aid At 
that time, the emphasis rested on the speed with which the patient could be transported to the 
nearest hospital. Today, however, fully-equipped vehicles and technically trained personnel 
have transformed the ambulance into an emergency room on wheels. Ambulances are 
especially effective when teamed with the "911" emergency system such as the one serving the 
Texas South Plains. 

As a result, Bauer and Weis (1989) assert that attempting to save small, rural hospitals 
in an effort to preserve emergency care in rural areas is not necessarily the best strategy. It is 
their contention that such money is better directed when used for securing or upgrading modem 
EMS facilities. 

A pervasive problem encountered by rural health practitioners is the need to take 
continuing education classes to maintain their status and awareness of current medical 
developments. However, this may be difficult because of the geographical isolation of some 
communities and because of a shortage of alternative staff to cover for the individual's absence. 
In an attempt to address this problem, the Texas Tech University Health Sciences Center 
(TIU-HSC) initiated a three year demonstration project called MEDNET in January of 1989. 

Funded in pan by a $1.9 million grant from the United States Department of Health and 
Human Services, MEDNET is a satellite uplink from TilJ-HSC to 22 isolated cities in Texas. 
The program provides continuing education credit and clinical consultation among health care 
givers. MEDNET's format is such that professionals may avail themselves of the service while 
watching a lecture on television screens at the hospital during their lunch break and yet receive 
credit without having to travel to distant cities with health science centers. 
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Following each lecture, if any viewers have questions they may call the doctor giving 
the lecture in Lubbock. Even more exciting, the MEDNET program allows for point-to-point 
clinical consultations among doctors in rural areas and medical professors at TIU-HSC. The 
TIU-HSC physician may observe the patient on a screen, rather than relying on verbal 
descriptions of the condition of a patient. 

In addition to the satellite technology, MED NET utilizes fax machines which permit 
rural health care facilities to send and receive current medical information to the health science 
centers at Odessa, El Paso, Amarillo, and Lubbock. Altogether, the project costs hospitals 
approximately $5,000 to establish the necessary equipment to receive MEDNET. Additionally, 
there is a fee of $450 per month for 12 live programs-four each for physicians, nurses, and 
allied health (Berlin, 1991). For the present, the program is the only one of its kind in the 
United States. 

An alternative to providing rural health care delivery is the mobile unit. In June of 
1990, South Park Medical Center, Lubbock, began visiting area communities on a regularly 
scheduled basis. The unit is a full-size Pace Arrow recreational vehicle which hospital 
personnel converted into a traveling doctor's office. It is fully equipped, containing much the 
same apparatus and medicines found in a fixed location. Limited laboratory work may be 
performed on board as well as EKG's. A television and VCR are located directly behind the 
driver and passenger seats where educational films are shown to patients in a "mini" waiting 
room." 

The response to the unit was such that South Parle Medical Center planned to expand 
the number of units, thus permitting more communities to be visited. Interestingly, rural 
residents could avail themselves of specialists, who would rotate assignments on a weekly 
basis. For example, a cardiologist might be on board one week and a dermatologist the next. 
The unit could accommodate visits from approximately 30 to 40 patients per day and 
appointments were necessary ("South Park Medical Center," 1990). These were handled at the 
local level. Prospective patients made their appointments through their City Hall with an 
individual designated as being in charge of this duty. This service was also recently 
discontinued. 

The mobile health care unit was most effectively employed for the screening of patients 
for health problems, and to provide immunizations, health education and basic medical 
treatment. In some rural locations mobile dental care was also provided. However, the mobile 
unit was best seen as an adjunct to a comprehensive health system--not a substitute (Tell Me 
Where It Hurts, 1976). 

At the academic level, the state and Texas Tech University's Health Sciences Center are 
attempting to recruit students who will practice in rural environments. Texas has recently 
initiated the Outstanding Rural Scholar Recognition and Forgiveness Loan Program under 
which students from rural areas are enticed to enter into health-related careers. Interested 
students are offered interest-free, forgivable loans if they return to their communities as 
physicians, nurses, or allied health-care givers. Applicants must demonstrate that a 
governmental agency, hospital, or health care organization will pay up to one-half of their 
educational costs in order to receive matching state funds ("Program to aid" 1991). 

Correspondingly, Texas Tech University's Medical School has traditionally provided 
reduced tuition to students who intend to locate in West Texas. In addition, the School of 
Medicine engages in selective admissions whereby preference is given to West Texans 
(Ullman-Avery, 1990). The rationale being that natives of the area are more likely to return to 
their roots than non-natives. Interestingly, of the 97 medical school graduates for 1990, 51 
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elected to remain in Texas for their first year of residency, and 21 of these plan to stay in the 
West Texas area (Ullman-Avery, 1990). 

The perspective of rural health care is clouded by economic exigencies and local 
resistance to change. As Cordes (1988) notes, the nation has turned from placing emphasis on 
improved access to c&JC as evidenced by the Hospital Construction Act of 1948, or the Hill
Burton Program, to cost-containment measures which have increased competition among 
providers. And, curiously, there remains an entrenched position among some rural residents 
that emergency rooms are an absolute necessity in the community. Acccmlingly, the existence 
of such a facility requires the presence of a hospital. 

Bauer (1988) contends that the concept of a hospital as a "big brick building with beds 
in it'' is less and less an accurate characterization. Indeed, the definition of a hospital has 
undergone significant changes from the Flexner Report of 1910 in which Americans perceived 
hospitals as places for poor people to die, to the 1980s where they were regarded as locations 
middle and upper classes went.to have their health restored (Ackerknecht, 1982). Now, 
medical technology has rendered this definition obsolete. No longer is patient oonfinement an 
absolute necessity. As this requisite fades, so might the need for hospital beds and, by 
extension, hospitals. As the medical community absorbs health care advances, the once 
ubiquitous rural hospital may become an anachronism. 
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DOES A WATER UTILITY CONTRIBUTE TO ECONOMIC 
EFFICIENCY BY PRICING WATER UNDER AN INCLINING-BLOCK 

STRUCTURE 

Rex Reedl 

Introduction 

In America's arid lands, public water policy emphasizes the reduction of wasteful uses 
of water, the so-called "wise use of water'' philosophy (Beecher, Mann, & Landers, p. 5). An 
integral part of that philosophy is better demand management which includes pricing reform, 
such as the way in which water rates are designed or structured. 

The inclining-block rate structure has a per gallon charge that increases in blocks as 
consumption expands. For example, a customer may pay $.50/1000 gallons for the first 
20,000 gallons of water, $1.00/1000 gallons for the next 30,000 gallons, and $1.25/1000 
gallons for any water over 50,000 gallons. According to regulatory lore, an inclining-block 
rate leads to reduced water consumption, and popular opinion holds that reduced water 
consumption of any kind in a dry area such as the American West is a "good" thing. However, 
popular opinion does not hold up under careful scrutiny. 

Limiting water use through rate designs with excessive prices can diminish economic 
efficiency. Welfare in arid lands is not maximized by limiting water use at all costs, but instead 
" ... the optium of the general welfare corresponds to the sale of everything at marginal costs." 
(Hotelling, p. 242) 

This paper will evaluate the inclining-block rate's ability to efficiently and equitably 
price water. Using water consumption and accounting records from a Nevada water utility, 
this paper will evaluate how closely the inclining-block rates collect revenues that mirror 
marginal costs. This is important because as the marginal prices in the individual blocks 
deviate from the actual cost to serve, the rate design loses efficiency (Asch & Seneca, pp. 370-
371 ). Furthermore, deviating from cost allows some customers to pay less than cost of service 
while forcing others to pay more, which is inequitable (Bonbright, pp. 568-569). 

Methodology 

In order to evaluate the efficiency of the inclining-block rate, this analysis will begin 
with a rate case taken from Public Service Commission of Nevada (PSC) records. The cost
of-service study filed as part of that water rate case identifies those costs which are related to 
providing capacity needed to meet peak demands and those costs which are related to the 
annual quantity of water provided. While it is possible to debate the degree to which costs are 
related to peak demands on one hand, or annual consumption on the other, this paper assumes 
that demand costs, commodity costs, and customer costs which were identified in the cost-of
service study are accurate reflections of marginal costs (Reed, Appendix A). Those marginal 
costs are assumed to remain constant over each customer's water consumption. The study 
identifies two marginal costs of water: water sold during times of peak demand (i.e. June, 
July, and August) and water sold off-peak. The difference between peak and off-peak costs 
reflect the fact that capacity costs--also known as demand costs--are peak related; i.e., it is 
more expensive to supply water when demands for water begin to approach or exceed the 
capacity of the system (Steiner, pp. 588-589; Bonbright, 1988, pp. 459-463). 

•Manager, Government, Affairs, ANR Pipeline Company, 2 East Mifflin St., #403, 
Madison, WI 53703. 
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Having an identified cost of delivering each unit of water for both peak and non-peak 
periods and possessing 1989 consumption data. the author calculated what it cost the company 
to serve each of its customers on an individual basis. Then the cost of serving each individual 
customer was compared to the revenue the company's current rate design collects from the 
customer. The author also constructed nine hypothetical rate designs and computed the 
revenues each rate design would have generated. The hypothetical rate designs include seven 
inclining-block designs that all collect the same overall revenue. The steepest inclining block 
had a difference of $1.11 between the price of its lowest-priced block of water and its highest. 
The flatest inclining block has a difference of $.025 between highest and lowest-priced blocks. 

In addition to the inclining-block designs, the author constructed two other designs: a 
seasonal rate (with a higher price for water bought during summer/peak and lower price for 
water bought during non-peak) and a flat-rate design (with the same price for all purchased 
water). Both of these designs collected the same overall revenue as the inclining blocks. 

The company has only two types of customers. All residential customers, of which 
there are 217, have 3/4-inch metered service. All business accounts, of which there are only 
three, have 1-inch metered service. All account histories were for the year of July 1, 1989, to 
June 30, 1990. 

Evaluation of Current Rates 

The company's customers pay for their water under PSC approved rates, which 
provide for a four-step inclining-block rate. As a customer uses more and more water, his or 
her price per gallon goes up. The first 10,000 gallons of water are included in the monthly 
service fee, but customers pay an inclining-block commodity charge for each M-gal (One M-gal 
equals one thousand gallons) above 10,000 gallons: 

Table 1 

Current Rate Des1un 

Residential Rates 

Gallons Used 
0-10,000 

10,000-20,000 
20,001-50,000 
50,001 and up 

Charge 
$12 

.55/1000 

.66/1000 

.77/1000 

Commercial Rates 

Gallons Used 
0-10,000 

10,001-20,000 
20,001-50,000 
50,001 and up 

Charge 
$16 

.66/1000 

.88/1000 
1.10/1000 

The company pumps its water from wells and can deliver water at a cost of $.106 per 
1000 gallons during off-peak times and $.477 per 1000 gallons during times of peak demand. 
The system peak occurs during the months of June, July, and August. The customer costs-
those costs that vary not with the amount of or time at which water is consumed but with the 
number of customers on the system--are either $16.59/month for residential customers or 
$18.69/month for commercial customers. Given such high customer costs and a relatively low 
price for the first block of water, those who use a great deal of water at high rates may 
subsidize the low-use water customers. This appears to be the case. 

Under the current rates, all but one of the 151 smallest customers pay less than the full cost 
of service. All but one of the seventy largest water consumers pay more than it costs to 
serve them. 
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Lowest-Use Quartile 
2nd Quartile 
3rd Quartile 
Highest-Use Quartile 

Table2 

No. in 
Quartile 

who 
Qvemaid 

0 
0 

14 
55 

%in 
Quartile 

who 
Ovemaid 

0.0 
0.0 

25.5 
100.0 

The company's current inclining block has pushed cost recovery onto those customers 
who consume large amounts of water. At the same time large consumers are paying mol'C than 
it costs to serve them, they are subsidizing those who are purchasing small amounts of water. 
The subsidy provides smaller customers with water priced below cost which is an incentive to 
waste water. This failUl'C of the current inclining block to closely track costs follows from the 
treatment of both customer and demand costs. 

Customer costs are those costs that vary with the number of customers on the system. 
The marginal cost of adding a residential customer to the system is $16.59 and a business 
customer is $18.69. The current rates have a minimum service charge of $12 and $16 
respectively; however, the minimum service charge also includes a customer's first 10,000 
gallons of water. Not only does the minimum service charge fail to cover the customer costs, it 
also provides the customer with 10,000 gallons of water at a marginal price of $0.00. 

Another failure of the current inclining block to closely track costs is found in its 
treatment of demand costs, for although inclining-block rates are sometimes instituted as a 
"cost-based" method to recover demand costs, they provide an inadequate connection between 
a customer's demands and the rate at which he compensates the company for those demands. 
Two accounts provide a good example of how the current inclining-block rate fails to yield 
cost-based rates: 

Table 3 

Comparison of lnyerted-Block Rates and Actual Costs of Providin& Service 

DitICI"Cnce 
Peak Peak as% of Total Total between 

Customer Consumption Total Demand Annual Annual cost and 
~ in GallQns C'nn!i:nmntinn ~ Costs R~~ny~ ReveOY~ 

#1 125,829 49.47% $46.66 $272.77 $230.44 $42.33 
#2 118,050 42.03% $43.78 $272.70 $246.46 $26.24 

Even though Customer #2 consumed more water than Customer #1 (280,840 gallons to· 
254,350 gallons), Customer #2 consumed less water during the peak demand period. As a 
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result of their different ratios of peak to non-peak water consumption, the annual cost to serve 
each of these customers was almost identical, within seven cents of each other. Yet the current 
inclining-block rates do not distinguish between peak and non-peak use. Consequently, 
Customcr#2 was billed $16.09 more than Customer#!. · 

This is not an isolated example. A wide deviation between cost of service and revenues 
collected under cWTCnt rates is noticeable across the entire spectrum of customers. The average 
annual deviation from cost for residential customers is $49.10. Among the three commercial 
accounts, the customer with the lowest water consumption underpaid by $40.60. The 
commercial account with the second highest consumption paid $78.14 more than cost to serve, 
and the largest commercial account paid $3,553.15 more than cost to serve. 

Equity and Efficiency of Other Rate Designs 

In addition to looking at the current tariff, the author simulated nine other rate designs 
and investigated their ability to reflect costs. Seven of the rate designs were inclining block; 
one was a seasonal rate design; and one had a flat rate commodity charge. 

Only the seasonal rate was able to eliminate the discrepancies between rates and costs 
on an individual basis. This is not surprising as the seasonal rate is a peak-responsibility 
pricing method that reflects marginal costs. 

Of the eight remainin' hypothetical rate designs, three did noticeably better than the 
rest. Two common charactenstics marked those three designs. First, the monthly customer 
charge did not include the first block of water consumption. This is significant, for when the 
customer charge includes the first block of water it results in a marginal price of water in the 
first block of zero. Secondly, each of the three designs included a characteristically flat 
commodity charge--i.e. one marginal price for all water consumed, or a very flat set of 
inclining-blocks. For example, the inclining-block structure with the lowest average deviation 
from cost of service had a difference between the price of the first block and last block of only 
five cents. The inclining block with the next best average deviation from cost of service had a 
difference of 2.5 cents. 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 

Table4 

Characteristics of Simulated Rate Desi&ns 

Inclining Blk. 
Inclining Blk. 
Inclining Blk. 
Flat-Rate 
Seasonal 
Inclining Blk. 
Inclining Blk 
Inclining Blk. 
Inclining Blk. 

Marginal Price 
of 

Blocks 

$ .00,.20,.90, 1.31 Included in 1st blk. 
$ .27 4,.286,.291,.299 Separate ($16.59) 
$ .264,.279,.298,.214 Separate ($16.59) 
$.286 Separate ($16.59) 
$.106/off-peak,.477/peak Separate ($16.59) 
$.00,.711,.811,.911 Included in 1st blk. 
$.11,.22,.36,.56 Separate ($16.59) 
$.153,.253,.354,.453 Separate ($16.59) 
$.00,.31,.62, 1.24 Included in 1st blk. 
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Rate . 

#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 

Conclusion 

Table 5 

Performance of Simulated Rate Dcsims 

Total Revenue 
Collected 

$63,238 
$63,238 
$63,238 
$63,238 
$63,238 
$63,238 
$63,238 
$63,238 

Resi ccounts 
Average Annual 
Deviation from Cost 
of Service 

7 . 
$5.19 
$4.89 
$5.59 
$0.00 

$59.49 
$13.88 

$8.96 
$60.85 

Percent Who 
Ompaid 

. 
57.01% 
58.37% 
60.63% 
0.00% 

34.84% 
23.98% 
28.05% 
28.51% 

The inclining-block rate structure for the water utility studied perfonned very poorly in 
the task of promoting economic efficiency and equity. Inclining-block rates with a significant 
degree of steepness actually perf onned less well than flat rates and much worse than seasonal 
rates. 
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AN ANALYSIS OF ECONOMIC PERFORMANCE OF DIFFERENT ARID 
STATES AS MEASURED BY BANKING DATA 

Charles R. Britton and John G. Hehrl 
Introduction 

The climate, topography, and other aspects of the ecosystem all influence the economic 
base of individual states. Obviously, location theory indicates that various factors affect 
industry location, but the authors of this study seek to emphasize the more physical aspects of 
the ecosystem as they interact with economic performance. 

As a first step, the authors divided the Western United States into two categories of 
arid/semi-arid and humid/semi-humid. It was felt that this identification could be a major factor 
in determining the economic base of an area. Since bank performance reflects the general 
economic health of an area, the authors utilized banking data to analyze the economies of the 
different states. An attempt was made to determine if the economic performance of arid and 
se~".'arid states was significantly different from that of other states in the West as reflected in 
the financial data of commercial banks. 

·The Economies of Western States 

The western United States is still generally regarded as a rural, low population density 
area. Anyone who has ever studied and visited the West knows the area to be one of extreme 
diversity when it comes to economic bases. In fact, according to a study by the U.S. 
Deparunent of Agriculture, the most important economic base of rural America is actually 
manufacturing, followed in order by fanning, trade, government, and retirement (U.S.D.A. 
1985). What the authors of this study sought to determine was whether the more physical 
aspects of .areas were a major determinant of the economic base of an area, and, more 
importantlY; •.• whether the economic performance of an area was reflected in different meas mes 
of banking data. The annual call and income report of 1985 (FDIC) was used as the primary 
data source for commercial banking data. It was felt that this mid-point would be reflective of 
the general banking situation of 1980-90. For historical reference, 1980 was the year of the 
enactment of the Depository Institution Deregulation and Monetary Control Act (DIDMCA) 
which allowed for increased competition among financial institutions. Many regard this as the 
beginning point of the so-called "financial crisis." Certainly, as the financial institution failure 
rate has increased, so has the concern of the public. The academic debate seems to have finally 
concluded: ''The principal cause of bank failure remains poor bank management resulting in 
excessive risk taking or a lack of controls that permits fraud and embezzlement" (Pantalone 
and Platt 1987, p. 38). The secondary and tertiary causes of failure were increased competition 
(resulting from DIDMCA) and the condition of the local or regional economy (Pantalone and 
Platt 1987). Whereas the authors of this paper wish to emphasize the impact of the local and 
regional economy on banking performance, it should be pointed out that the information 
provided on the banks' financial statements (FDIC call and income reports) can be used to 
analyze all three causes of bank failure. As previously stated, the authors of this study want to 
focus on the condition of the local and regional economy in our analysis of commercial bank 
performance. To do this we simply assumed that incompetent and crooked bankers are 
distributed evenly over the western United States and, furthermore, that DIDMCA, being a 
national law, increased competition evenly throughout the West. Therefore any major 

1 Respectively, Professor of Economics, University of Arkansas, Fayetteville, 
and Professor, Department of Geography, University of Arkansas, Fayetteville, 
72701. 
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differences in commercial bank performance can be attributed to changes in the economy of the 
area in which the bank is located. 

Arid and Semi-Arid versus Humid and Semi-Humid States 

The states of the western United States were identified as to whether they were 
arid/semi-arid versus humid/semi-humid. The authors of this paper categorjz.ed the states 
based upon the generally accepted twenty-inch isohyet as the delineation mark. This 
delineation runs through the midwestem states. It is based upon the fact that moisture flows 
northward from the Gulf of Mexico, which is the major moisture source for the eastern United 
States. This moisture is moved eastward by the prevailing westerlies. Thus, areas west of a 
north-south line from the western portion of the Gulf of Mexico tend to become increasingly 
arid Areas to the east of this line become increasingly wet. To the far west, moisture from the 
Pacific Ocean which moves onshore along the west coast states is orographically lifted and 
precipitation results. Because of this, little Pacific moisture is advected across the Rocky 
Mountain barrier eastward. 

The arid-humid boundary here described (20-inch isohyet) is associated with the 
concept of evapotranspiration. 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 generally have a surplus of water and are viewed as semi-humid or humid. 
To the west of the twenty-inch isohyet, potential evaporation and transpiration exceed the 
precipitation and these regions are therefore viewed as semi-arid or arid Humidland farming is 
generally viewed as occtming east of the twenty-inch isohyet while dryland farming dominates 
agriculture to the west of this boundary. Livestock production can occur in any region but 
tends to be predominantly located in the west. 

An identification of arid and semi-arid states of the western U.S. includes Arizona, 
Colorado, Idaho, Kansas, Montana, Nebraska, Nevada, New Mexico, North Dakota, 
Oklahoma, South Dakota, Texas, Utah and Wyoming. An enumeration of humid and semi
humid states would include Arkansas, California, Iowa, Louisiana, Minnesota, Missouri, 
Oregon and Washington. Of the twenty-two western states, fourteen are arid or semi-arid and 
eight are humid or semi-humid 

Analysis of Commercial Bank Performance 

The authors in this study used two banking studies as a foundation for their analysis. 
One study published by the Federal Reserve Bank of Boston (Pantalone and Platt 1987) 
attempted to predict commercial bank failures through examination of different ratios. The four 
predicting ratios for non-failure or health are summarized below: 

Ratio 

Net lncome/l'otal Assets 
F.quity CapitaJ/f otal Assets 
Total Loans/Total Assets 

Table 1 

Commercial and Industrial Loans/Total Loans 
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The second study, published by the Federal Reserve Bank of Richmond (Gup and 
Walter 1989), was concerned with the difference between high performance small banks and 
all small banks. These ratios are summarized below: 

Ratio 

Total Loans/Total Assets 
Equity Capital/f otal Assets 
Assets per Employee 
Loan Loss Provision/f otal Assets 

Table2 

Hil!h Performance 

lower 
higher 
higher 
lower 

A quick summation on why the ratios are believed to be indicative of health or high 
performance follows: 

Ratio 04 Total Loans/Total Assets - loans may yield higher interest than securities in 
general, particularly U.S. Government securities, but this is due to greater risk. 
Therefore, the greater the percentage of total assets accounted for by loans, the greater 
the risk of failure. 

Ratio 07 Equity Capital/l'otal Assets - equity capital provides the primary reserves 
against bankruptcy. Therefore the higher this ratio the greater the cushion against 
failure. · 

Ratio 10 Commercial and Industria1/Loans/Total Loans - commercial and industrial are 
more risky than the total loan portfolio in general. Therefore, the lower this ratio the 
less the risk of failure. 

Ratio 12 Provision for Loan Losses{fotal Loans - provision for loan losses is 
indicative of the amount of loans that a commercial bank believes are non-performing. 
Therefore, the higher this ratio the greater the number of non-performing loans and 
therefore the higher the probability of failure. 

Ratio 13 Assets per Employee - the higher this ratio the greater amount of assets 
which can be "handled" by an officer or employee. Obviously, this is a measure of 
efficiency. 

Ratio 14 Net Income{fotal Assets - the higher this ratio, the greater the income after 
expenses that a bank earns on its assets. 

NIM Net Interest Margin - This ratio is not mentioned in the two aforementioned 
studies, but is regarded by most as a measure of efficiency. It is a measure of the 
interest earned on assets versus the interest paid on liabilities. The higher this ratio, the 
greater the earnings per dollar of either assets or liability. 

A comparison of the ratios based upon the location of a commercial bank as being in an 
arid/semi-arid state or humid/semi-humid state was made by the authors. The results are 
summarized below: 
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Table3 

Ratio Actual 

0 0 ssets + 
Equity CapitaJ/f otal Assets + 
Commercial and Industrial 
Loans/fotal Loans 

Ratio 12 Provision for Loan 
Losses/f otal Loans + 

Ratio 13 Assets per Employee 
Ratio 14 Net Income/fotal Assets + 
NIM Net Interest Margin + 

• Ratios of Commercial Banks in Arid/Semi-Arid States > 
Ratios of Commercial in Humid/Semi-Humid States 

•• + = higher the value the more favorable 
-= lower the value the more favorable 

or 
High Performance 

+ 

+ 
+ 
+ 

As can be seen the results are mixed. Commercial banks of arid/semi-arid · states 
performed better than commercial banks of humid/semi-humid states for ratios 07, 10, 14 and 
NIM; yet were worse for ratios 04, 12, and 13. The authors were unable to formulate any 
conclusions about overall bank performance as a measure of differing economic conditions 
based upon the overall geographic location categories of arid/semi-arid or humid/semi-humid. 

Table4 

States Ratio Satisfied• 

Kansas 04, 10, 13, 14 
Nebraska 04, 10, 13 
Nevada 07, 10, 12, 14, and NIM 
North Dakota 04, 10, 13, 14 
South Dakota 04, 07' 10, 13, 14 
Utah 10, 12, 14, and NIM 

Arkansas 04, 10, 12, 13 
Iowa 04, 10, 13 
Minnesota 10, 12, 13, 14 
Missouri 04, 10, 13, 14 
Washin2ton 07, 12, 14 

*Differs from mean by over five percent and is of proper sign. 

When the data were disaggregated further, however, some meaningful relationships 
were revealed. When the data were analyzed on a state-by-state basis, a slight pattern 
developed. A summary of the results of the data for all commercial banks by states is 
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presented in Table 5. A listing of the states with commercial banks possessing perfonnance 
ratios which (a) differ from the mean by over five percent and (b) are of the expected sign is 
also presented. To be included the commercial banks must satisfy the above two requirements 
for at least fifty percent of the measurement ratios being considered: 

Table5 

Ratio Ratio Ratio Ratio Ratio Ratio NIM Total 
04 07 10 12 13 14 Ratios 

(H,P) (H,P) (H) (P) (P) (H) 

.. ~·.; -· \_ .. . 
Arid and Semi-Arid States 

Arizona * • 2 
Colorado * • 2 
Idaho * 1 
Kansas * • * * 4 
Montana * 1 
Nebraska • • * 3 
Nevada • * * • * s 
New Mexico * * 2 
North Dakota * * * * 4 
Oklahoma 0 
South Dakota * * * * * 5 
Texas * * 2 
Utah * * * * 4 
Wyoming • 1 

Humid and Semi-Humid States 

Arkansas * * * * 4 
Calif omia * * 2 
Iowa * * * 3 
Louisiana 0 
Minnesota * * * * 4 
Missouri * * * * 4 
Oregon * * 2 
Washin n * * * 3 

(H) Measure of health of commercial banks 
(P) Measure of high performance of commercial banks 
* Differs from mean by five percent and is of proper sign 
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As can be seen from the above ratio data, eight of the eleven states possessing 
commercial banks with ratios indicating health or high performance are located in the northern 
portion of western United States. More importantly for these authors' consideration was the 
importance of the 20-inch isohyet delineation line. Four of the states have the 20-inch isohyet 
passing directly through them (Kansas, Nebraska, South Dakota and North Dakota) or they lie 
directly to the east of this delineation line (Arkansas, Missouri, Iowa and Minnesota). In 
addition to these eight states are Utah and Nevada, which, like the state of Washington, look 
like islands surrounded by less healthy and lower perfonnance banking states. 

Conclusions 

Instead of conclusions, the authors would instead like to offer conjectures. The authors 
propose that the arid/semi-arid and humid/semi-humid designations probably do influence the 
economy of a community and that furthermore this is reflected in the performance measures of 
the commercial banks of that area. Further suppon for this contention would be the conclusion 
that a two-state band of healthy, high perfonnance banks would extent from Canada to Mexi~o 
and the Gulf, either on the twenty-inch isohyet or directly east of it if the three states of 
Oklahoma, Texas and Louisiana were included. The authors believe this is further suppon for 
their conjecture. These three states comprise the "oil patch," whose economic base has 
obviously influenced the commercial banks behavior in the region. It is the "below the 
surface" influence versus the "above the surface" ecosystem that provides the economic base. 
The two states of Utah and Nevada may provide evidence that in an arid climate either 
gambling provides the economic basis of healthy high performance banking (Nevada), or the 
direct opposite of no gambling (Utah). What the authors are really saying is that it will take a 
much more in-depth analysis of economies and .banks to correctly conclude anything about 
Washington, Nevada or Utah. 
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PROLOGUE TO WHICH FUTURE? DEMOGRAPHIC PATTERNS AND 
PROSPECTS FOR EASTERN COLORADO PLAINS COUNTIES ONE 

HUNDRED YEARS AFTER SETILEMENT 

Kenneth R. Weberl 

The past is often said to be prologue to the future. H this is so for the Great Plains, the 
historic, social, and environmental variability characterizing the region's past might suggest a 
similarly broad range of future prospects. Like other portions of the Great Plains, the 
Colorado Plains hav~ experienced the booms and the busts which exemplify both the 
environmentally marginal nature of the area and its precarious balance between weather, 
resources, technological change, population, and the international market place. The area's 
demographic record offers one illustration of the consequences of this marginality. The 
following traces the demographic changes experienced by Colorado Plains counties during the 
past century and suggests some future possibilities. 

By 1890 all but one of the eastern Colorado counties had been formed and Anglo 
settlement was well established. Although all counties showed substantial population gains-
from two- to twelve-fold increases--during this thirty years, the growth patterns of individual 
counties were neither smooth nor continuous (Table 1). A severe drought in the 1890s, for 
example, drove dryland farmers from the land. Eight counties registered population losses 
during the 1890s and in four of these losses exceeded 40 per cent. In the next two decades 
(1900-1920), dryland agriculture counties boomed with a combination of increased 
precipitation and high, European war-induced demand for grain. The irrigation-based 
economies developing along the Arkansas and South Platte rivers, fueled largely by the 
introduction of sugar beet production and refining facilities, also boomed during the century's 
first two decades. 

Table 1 
Population by Decade and 1990 County Population as Per Cent of County Population 

Maximum, 16 Eastern Colorado Counties, 1890-1990 
OOUNIY 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 _2Q 

Max 
Baca 1479 749 2561 8721 10570 6207 7964 6310 5674 5419 5446 43 
Bent 1313 3049 5043 9705 9134 9653 8775 7419 6493 5945 504 52 
Cheyenne 534 501 3687 3746 3723 2964 3453 2789 2396 2153 2397 64 
Crowley 6383 5934 5398 5222 3978 3086 2988 3946 62 
Elbert 1856 3101 5331 6980 6580 5460 4477 3708 3903 6850 9646 100 
K.Carson 2472 1580 7483 8915 9725 7512 8600 6957 7539 1599 7140 73 
Kiowa 1243 701 2899 3755 3786 2793 3003 2425 2029 1758 1688 45 
Lincoln 689 926 5917 8273 7850 5882 5909 5310 4836 4663 4529 SS 
Logan 3070 3292 9549 18427 19946 18370 17187 20302 18852 19800 17567 87 
Morgan 1601 3268 9577 16124 18284 17214 18074 21192 20105 22513 21939 97 
Otero 4192 11522 20201 22623 24390 23571 25275 24128 23523 22567 20185 80 
Phillips 2642 1583 3179 5499 5797 4948 4924 4440 4131 4542 4189 72 
Prowers 1969 3766 9520 13845 14762 12304 14836 13296 13258 13070 13347 90 
Sedgwick 1293 971 3061 4207 5580 5294 5095 4242 3405 3266 2690 48 
Wshngton 2301 1241 6002 11208 9591 8336 7520 6625 5550 5340 4812 43 
Y'ID'11I. 2596 1729 8499 13897 13613 12103 10827 8912 8544 9682 8954 64 
1UI'AL 29250 37989 102464 162308 169265 148009 1512141 142033 133315 138155 132633 

1 Minerals Management Service, United States Department of the Interior, Camarillo, 
CA 93010. 

33 



Source: U.S. Census derived. 
The area's largest total populations were counted in the censuses of 1920 and 1930. 

Six counties reached their population peaks in 1920 and six more in 1930. By 1990, however, 
the populations of 11 of these 12 counties had dipped to 43-73 per cent of their earlier 
population maximums. Only five of the 16 counties have registered post-1930 population 
maximums: Otero (1950), Prowers (1950), Logan (1960), Morgan (1980), and Elbert (1990). 
The population peaks for the first four of these counties reflect local economic diversification or 
technological innovation; their recent population declines show these peaks to have been 
unsustainable (Weber, 1989a). Elbert, the single county with a 1990 population maximum, 
owes its recent population increases not to the development of it own resources but to its 
location as an outlier of the expanding Denver metropolitan area. 

Although analysis based on decennial county census figures demonstrates important 
demographic indicators, it masks other even more telling trends. To determine what 
geographical components of county populations are most affected by these demographic 
changes, county populations are divided into three components: county seat communities; 
other towns and cities; and a residual, "rural", category (Table 2). Decennial data show the 
rural population has declined greatly since 1920 and is presently (1990) but 48 per cent of its 
1920 peak number. The population counts from county seats and other towns, however, 
follow different trajectories. Unlike the rural population, the population counts in these two 
categories show steady and almost continuous numerical increases to peaks in 1980 followed 
by declines in 1990. 

Table2 

County Population by Place of Residence, 
16 Eastern Colorado Plains Counties, 1920-1990 

l~ZU 1930 1940 1950 

Rural 115,283 113,296 89,539 81,941 
Co. Seats 29,782 36,928 39,213 46,788 
Other Towns 17,243 19,041 19,257 22,412 
Total 162,308 169,265 148,009 151,141 

l~t>U 1970 1980 l~YU 

Rural 65,636 57,359 57,833 55,753 
Co. Seats 52,384 52,602 55,198 52,998 
Other Towns 24,013 23,354 25,124 23,882 
Total 142,033 133,315 138,155 132,633 

Source: U.S. Census, derived. 

To determine changes in relative population distribution over time, the three geographic 
components are nonned on the total population for that decade. This procedure shows the rural 
proportion has fallen from 71 per cent to 42 per cent of the area's total population, 1920-1990. 
The proportion inhabiting county seat towns, on the other hand, has more than doubled from 
18 to 40 per cent while the "other towns" category increased from 11 to 18 per cent of total 
county population. The relative population distribution has remained stable, 1970-1990. 
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Since the area's population peak in 1930, its population count has dropped by just over 
a fifth (21.6 per cent). As almost half (48.7 per cent) of this loss occurred in the 1950s and 
1960s, data from these two decades are used to illustrate the extent of the net migration. 
Between 1950-1960, the average net migration figure for the counties was -23.6 per cent; all 
16 counties recorded net mu. migration. By contrast, the state of Colorado had a net in 
migration rate of 10.3 per cent, 1950-1960 (Bowles and Tarver, 1965). 

The county net out migration patterns present in the 1950s continued in a somewhat 
reduced manner during the 1960s. Net out migration from the counties averaged 14.5 per cent 
at the same time Colorado posted a 10.5 per cent net in migration. The fundamental differences 
between the counties' and the state's demographic circumstances is further illustrated in that the 
two cohorts reporting the highest net in migration rates for the state reported the highest net mu 
migration rates for the counties for both the 1950s and 1960s (Bowles and Tarver, 1965; 
Bowles, Beale, and Lee, 1975). 

One of the consequences of population declines and extensive out migration of young 
adults is seen in the counties' changing median age figures (Table 3). Although Colorado's 
median age fell 0. 9 years between 1950-1980, the mean median age for the 16 counties 
increased by 5 .6 years. Counties which ranked among the state's youngest in 1950 (e.g., 
Baca, Cheyenne, Crowley, Washington, and Kiowa) were among the more elderly by 1980. 
Other counties which ranked toward the middle of the state's age distribution in 1950 (e~g., 
Sedgwick, Lincoln, and Yuma) also were among the more elderly in 1980. In sum, only two 
counties (Logan and Elbert) lowered their median age rank order standings between 1950-1980 
while 14 counties increased from 7-44 ordinal positions in a ranking of the 63 Colorado 
counties by median age. 

Table3 

Median Age by Years of Age and by Rank Order, 16 Eastern Colorado 
Plains Counties and Colorado, 1950 and 1980 

Yearso Age er 
1950 1980 1950 1980 

Baca . . 
Bent 29.8 33.2 43.5 54 
Cheyenne 25.8 32.1 10 49.5 
Crowley 26.0 38.0 13 62 
Elbert 29.2 30.1 40.5 36.5 
Kiowa 27.0 40.8 20.5 63 
Kit Carson 26.5 31.3 17 47 
Lincoln 28.4 36.5 35 61 
Logan 27.3 28.8 25 22.5 
Morgan 27.1 29.3 22 29 
Otero 27.0 30.3 20.5 40.5 
Phillips 30.0 34.7 46 59 
Prowers 25.9 28.8 12 22.5 
Sedgwick 27.2 36.0 23.5 60 
Washington 26.9 33.8 18.5 56 
Yuma 29.1 32.1 39 49.5 
Mean 27.4 33.0 24.6 47.8 

Colorado 29.5 28.6 

63 =Eldest 
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The demopphic conditions described above are symptomatic of a region in economic 
stagnation or decline. Median family income data provide one useful measure of the counties' 
relative economic circumstances. In the 30 year period, 1950-1980, the mean county median 
family income figure for these 16 counties dropped from 84.1 per cent to 72.2 per cent of the 
comparable figure for the state (Table 4). Only Eiben County registered an increase in this 
variable, 1950-1980, and even with its rapidly growing suburban population, Eiben had not 
reached parity with the state figure by 1980. 

Baca 
Bent 
Cheyenne 
Crowley 
Eiben 
Kiowa 
Kit Carson 
Lincoln 
Logan 
Morgan 
Otero 
Phillips 
Prowers 
Sedgwick 
Washington 
Yuma 

Table4 

County Median Family Income as a Per Cent of State Median 
Family Income, 1950 and 1980, and Per Cent Change in Relative 
Median Family Income Distribution, 16 Eastern Colorado Plains 

Counties, 1950-1980 

1950 l~tsu 1980/1950 

85.3 58.5 -31.4 
82.1 67.2 -18.1 
79.0 70.7 -10.5 
65.4 55.9 -14.5 
67.9 94.8 +39.6 
98.3 68.0 -29.9 
87.0 72.1 -27.1 
86.1 75.7 -12.1 
95.6 83.0 -13.2 
85.4 81.3 -4.8 
84.0 65.8 -21.7 
88.6 73.0 -17.6 
81.9 73.5 -10.3 
91.1 71.9 -21.1 
78.l 75.0 -4.0 
89.2 68.6 -23.1 

Source: U.S. Census, derived. 

What may we project for the future of this area of the Great Plains? If the past is 
prologue, we have both booms and busts to consider. Yet the demographic record has also 
shown the continuing influence of factors beyond the control of the local populations--the 
power of major and recurring droughts, of inadequate resources, of national agricultural 
policies that may be maladaptive locally, and of vacillations in the international market place. 
The demographic record also bears witness of economies that have been generally unable to 
diversify beyond their initial forms and have seen their relative economic position erode over 
the decades. The net result of these effects is an area experiencing a population which is 
declining in number, aging, and in an increasingly weakening income position. 

A second factor imponant to the area's long term future is the economic health of one of 
its major historic industries, agriculture, and the continued retention of its irrigation water 
resources. Sugar beet cultivation and local processing facilities, the basis for much of 
irrigation agriculture's development, have terminated in the Arkansas Valley and only a few 
processing plants remain in the South Platte Valley (Markoff, 1979). The problems inherent in 
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an over-committed resource base have become increasingly obvious as farmers unable to earn a 
livelihood from their unreliable water supplies have sold their water to regional metropolitan 
areas (Weber, 1989b). 

Crowley County presents an example of an agricultural county experiencing this long
term negative socioeconomic spiral. Over-promoted and over-developed in relation to its 
irrigation water supplies, the county has long suffered from an inadequate and unreliable water 
supply. After struggling for more than half century, the county's single sugar refining plant-
its core industry--finally succumbed in 1957. Continuing economic declines led to the sales of 
virtually all of the water rights from the county's two irrigation water sources in 1972 and 
1985. To counter the transfer of their water and their long term population decline, the county 
lobbied the Colorado Legislature for and won the local construction of a medium security 
correctional facility. The 1990 county census showed the demographic effects of the new 
prison's construction. For the first time since 1920, Crowley registered a population increase. 
The increase, however, was about five per cent less than the number of inmates recently added 
to the county's population (Weber, 1989b). 

Other counties have also tried to reverse their decades' long economic decline. Another 
prison has been opened in Lincoln County and 7 of the 15 communities over 1,500 in 
population in this area asked to be considered as a site for Colorado's next prison (Cooper, 
1989). In an eighth community, a private corporation sought to build another prison (Anon., 
1990). Other NIMBY (Not In My Back Yard) industries also have sought to locate in this 
area. A Georgia corporation, for example, proposed to establish a land fill operation in Baca 
County that would accommodate a trainload of municipal waste from the East Coast daily. 
That proposal has since been dropped (Finley. l 990a). A large hazardous industrial waste 
dump site has also been proposed for Morgan County (Finley, 1990b). The courtship between 
these communities and industries most other communities find undesirable is a clear 
recognition of the perceived lack of economic attractiveness, by both insiders and outsiders, of 
this area. 

Continued population decline and out migration, plus casual observation, suggest that 
population and occupational replacement may become increasingly important factors in the near 
future. As members of the business and professional occupations age and retire or die, 
positions are increasingly difficult to fill. With the loss of personnel in key positions, 
communities lose the critical mass that enables their continuity. Smaller communities are 
further undercut as services and supplies become increasingly centralized in sub-regional 
centers. This "Wal-Martization" has similarly negative effects on the existing small business 
operations in the sub-regional centers. The area's increasingly aging population coupled with 
decades of extensive out migration also suggests that the area may eventually experience an 
outflow of capital following the distribution from local estates to non-local heirs. Taken 
together, it appears the most likely prognosis for the area is a continuation of its long 
established patterns of a declining, out migrating, and aging population and an income base that 
continues its relative decline. Several sub-regional service areas providing commercial, 
governmental, and medical services may emerge from the more general decline and may 
maintain their numbers or show limited growth. The decline will likely continue to be greatest 
in the rural areas and the "other towns" category will likely show smaller losses. 
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THE USE OF PROSOPIS IN COMBATING DESERTIFICATION 

James E. Humphriesl 

This paper focuses on the use of Prosopis as a possible candidate in reforestation 
programs designed to combat or remediate desertification. With proper species selection for a 
given area this multi-purpose tree could play an important role in erosion control. dune 
stabilization. increased soil fertility and soil moisture. and groundwater retention. Further. 
existing and future populations would realize considerable benefit from the highly nutritious 
pods. excellent fodder. fuel wood. gums and resins. and other products from this genus. . 

Introduction 

An extensive World Resources Institute (1980) survey on desertification classified 
approximately one-third of the earth's land surface as arid or semi-arid and as being home for 
more than 600 million people (Table 1). Further. this survey revealed that the process of 
desertification is a direct threat to at least 80-100 million people. chiefly in Africa. In other 
world areas moderate to slight desertification is beginning to adversely impact millions more 
(Grainger. 1986). 

1. U.S.A .• Canada, Mexico 

2. South America 

3. Africa. south of the Sahara 

4. Mediterranean Basin 

5. India and Pakistan 

6. Australia. West Asia 

7. China 

Source: UNCOD. 1977 

Table 1 

Global Extent of Desertification 

10.5 million sq. km 

7.0 million sq. km 

6.9 million sq. km 

1.3 million sq. km 

1.7 million sq. km 

2.6 million sq. km 

While the root causes of desertification are still being debated (population pressures, 
deforestation, regional geopolitics, civil and military strife, overgrazing and inappropriate 
agriculture. and others), strategies must be developed that combat and remediate the physical 
process while at the same time improving the human condition. This paper focuses on one 
such strategy, namely, reforestation with specific attention given to the use of the genus 
Prosopis. 

lDepartment of Earth Sciences, East Texas State University, Commerce, Texas 
75428. 
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Prosopis 

Burk:han, (1976) identifies 45 species of Prosopis in North and South America, several 
others native to Southwest Asia and Africa, with still others have become naturalized in most 
world areas. As such, the genus exhibits considerable genetic variability and a wide range of 
specialized adaptations that, if selected properly, would seem to fit nicely into reforestation 
programs in most world areas. Referring to Prosopis ability to thrive across a very wide range 
of solar and moisture conditions, Simpson (1977) states that the "mesquite is a mesophyte that 
acts like a xerophyte." Money (1977) reports P. velutina growing well in both the Sonoran 
and Mojave deserts, while P. tomarugo is endemic to the Atacama. Further, this author 
(Humphries, 1989) has identified large, well established stands of P. glandu/osa growing in 
Shelby County, Texas, with a yearly rainfall average of 52 inches. 

Desertified, overgrazed areas with their characteristic lack of a continuous vegetation 
cover offer the ideal environment for the establishment of Prosopis seedlings, which thrive in 
full hot sun but are not tolerant of shade. Once established, however, Prosopis is extremely 
tenacious. Critical to Prosopis ability to grow in very arid areas environments is the extensive 
root system with a tap root that has been measured at a depth of more than 175 feet. This 
allows Prospopis to tap very deep sources of water which are unavailable to most other plants. 
This type of root system should serve well for dune stabilization and for checking serious soil 
erosion and consequent loss. 

One of the most common characteristics of desertification is a drastic reduction of soil 
fertility which, of course, accelerates the entire process. By introducing Prosopis into these 
areas the soil would actually be enhanced by nitrogen fixation and by the buildup of organic 
matter. Improved soil fertility and moisture holding capacity would encourage the re
establishment of a healthy understory biomass and improved habitat for a wide variety of 
vertebrate and invertebrate species. 

Important also in considering Prosopis for reforestation programs is its tolerance for 
saline soils. While all species have not been tested, recent research and in-country experience 
have demonstrated that at least some species are capable of normal growth in a greatly elevated 
saline environment without reduction of nitrogen fixation. Felker (1981) irrigated P. tamarugo 
with an 18,000 mg/lNaCl solution without significant growth reduction, and with a 36,000 
Mg/lNaCl (this is just slightly saltier than sea water) while still showing slight growth. 
Another species, P. juliflora, has long been planted as a fallow crop on over-irrigated highly 
saline soils in India and Pakistan. 

Being both a cause and effect of desertification, deforestation has induced yet another 
human crisis, namely, the acute fuel-wood shortage in nearly all arid and semi-arid areas. In a 
1980 study by the UNFSAO, it was estimated that some 100 million people in 26 countries 
already faced an acute fuel-wood shortage with future prospects being catastrophic. Alternative 
fuels are, at least for the present time, economically unrealistic. Clearly, reforestation is called 
for to meet these needs. While many tree species offer certain advantages for reforestation, 
few would be a sustainable resource with heavy use, which would be expected with population 
pressures and human needs increasing. Species must be selected that can provide a sustainable 
supply of fuel wood as well as other necessary resources such as food, fodder, gums and 
pharmaceuticals. 

Prosopis would appear to be a viable candidate for meeting these needs. Although 
slower growing than some other tree species used in reforestation, once established, Prosopis 
is a tenacious plant that can withstand repeated lopping, bulldozing, and very heavy browsing 
from wildlife and domestic livestock; cut it down and it simply regrows multiple stems from 

42 



the lateral root system. After an initial growth period of two-to-three years, Prosopis will 
begin to produce generally abundant seed pods or "beans" that are a favored fodder for goats, 
sheep, cattle, camels, and a large number of wildlife species. The need for sustained plantings 
would be greatly reduced in that when animals consume the seed pods only the exocarp and 
mesocarp is digested with most all the seeds passing largely undamaged, but scarified, through 
the digestive system. Fertilized, scarified, and in a moist environment, germination would be 
greatly enhanced. 

Importantly, the pods and seeds would serve as an abundant, highly nutritious, high 
protein, human food that could be processed into a number of products such as flour, meal, 
and beverages. Such use has a long history as documented by Simpson, (1977), Humphries, 
(1989), and others. Research indicates that as much as 40% of the southwestern Ameridians 
diet was Prosopis based. 

An additional note concerning flowering and fruit set in Prosopis is in order. Peacock 
and McMillian have reported that while the blooming pattern of Prosopis is somewhat more 
irregular than other geneses, there is a predominate spring bloom. Some species, such as P. 
glandulosa, have been observed blooming as many as four times per year (Simpson, 1977). 
Of special interest and importance for the strategies put forth in this paper, Prosopis flowering 
and fruit set is inverse to the soil moisture. In other words, when there is low soil moisture 
there is a heavier production of both flowers and fruit; high soil moisture results in lower 
production. Fisher (1977) reports that in P. velutina and P. glandulosa observed growing in 
Texas and New Mexico there is abundant fruit set even in the driest of years. This 
characteristic would be of considerable importance to both people and livestock utilizing 
Prosopis pods for food and fodder in regions where natural drought· is a constant threat. 
Additional economic and nutritional benefit would be possible by collecting and or marketing 
honey produced from Prosopis pollen, which is reported to be of superior taste and quality. 

Concerning Prosopis as a fuel wood, it could be harvested/collected on a sustainable 
basis and provide a fuel with burning and heat-producing characteristics equal to high quality 
hardwoods such as oak or maple. Additionally, wood not needed as fuel could serve as the 
raw material for craftsman in that the color and grain rival many of the more exotic, and often 
endangered, cabinet wood species. Such use of the wood could lead to the generation of a 
small local industry and vitally needed income for people who are largely outside the cash 
economy. 

Due to its typical growth pattern, Prosopis would have only limited value for 
construction when large straight timbers would be required. However, for construction needs 
not as exacting, such as bracing, sills, post and blocks, most species of Prosopis would serve 
quite well. The wood is quite durable and resists rot and inset damage (Smith, 1986). A 
historical note that speaks to these qualities is the fact that the frrst "paved" streets in San 
Antonio, Texas were paved with mesquite blocks. 

Genus Prosopis appears to have a long history of medicinal use among the North, 
Central and South American Indian cultures, and, presumably, in other cultures where the 
genus has become naturalized. While it may be argued that little rigorous medical testing has 
been carried out, the sheer persistence of reported use across widely separated cultures would 
seem to justify closer investigation as to the medicinal value of Prosopis. Prosopis gum, bark, 
pitch, herbage, and roots have all been used, most usually in the form of a paste, poltice, 
infusion, or tea. The most common cross-cultural medicinal uses are for the treatment of eye 
ailments (ground leaves and gum mixed in water), sore throat (a hot gargle made from the sap), 
and chronic indigestion (ground inner bark mixed with water). This is by no means an 
exhaustive list but, rather, is intended to again illustrate the many beneficial aspects of this 
remarkable genus (Humphries, 1990). 
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Summary 

In closing, it should be emphasized that the genus Prosopis in no way represents "the 
solution,, to the rapidly worsening conditions associated with desertification. Clearly, no 
single genus, specie, or single strategy will be effective. Rather, the intent of this brief paper is 
to explore the possibilities of a single biotic resource as applied to the problem, a resource that 
could provide, on a sustainable basis, several human needs, as well as play a part in 
environmental remediation. Without question, there are many, many other possibilities if only 
we will pool our knowledge and efforts, drawing upon multiple approaches to a common 
problem. To do so, however, will require more than the application of scientific strategies to 
the problem in that the social, political, and economic roots to desertification must also be 
addressed. 
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A COMPARISON OF FEDERAL AND STATE-LEVEL RIVER 
CONSERVATION PROGRAMS IN THE WESTERN UNITED STATES 

F. Andrew Schoolmaster and Stephen J. Hoffman I 

Introduction 

There are approximately 3.5 million miles of rivers and streams in the United States. 
Public concern over the degradation of these waterways through pollution, channelization and 
dam building, prompted Congress in 1968 to enact P.L. 90-542, The Wild and Scenic Rivers 
Act. This legislation established a policy to preserve rivers which, with their immediate 
environments, "possess outstandingly remarkable scenic, recreational, geologic, fish and 
wildlife, historic, cultural or other similar values." The act also designated eight rivers for 
initial inclusion in the Wild and Scenic Rivers System, nominated a number of other rivers for 
possible designation, and outlines the procedures for expanding the federal system. Following 
the federal example, a number of states have subsequently initiated their own river preservation 
programs. 

The purpose of this paper is to compare and contrast federal and state river preservation 
systems in the western United States. Specifically, this paper will examine the spatial, 

. temporal, and administrative/structural characteristics of state designated river programs with 
those of the federal system. In the western United States, where competition for water 
resources is increasing, an understanding of river preservation programs is important because 
of their role in the allocation, protection, and preservation of water resources and riparian 
environments. 

Review of Literature 

Literature addressing the federal Wild and Scenic River System is considerable. 
Tarlock and Tippy (1970) and Goodell (1978) analyzed the act itself, paying particular attention 
to the mechanics of the legislation. More recently, the literature has addressed three interrelated 
themes dealing with system expansion. Summer (1981), Rennicke (1985), and Palmer (1984: 
1986) examined practical problems such as cost, designation procedures, and how the 
concerns of private landowners have slowed the growth of the federal system. The second 
theme has dealt with how forest planning could be better integrated with river protection 
(Weaver, 1985; Coyle and Dreher, 1987). This is particularly important given the role played 
by the U.S. Forest Service in administering river segments of the wild and scenic system. The 
third theme has reflected a case study or regional approach to river protection. For example, 
Palmer (1982) examined the controversy over the construction of the New Melones Dam on the 
Stanislaus River in California. Reed (1984) and Krause (1988) discussed the challenges of 
river designation in the Pacific Northwest. In each of the studies referenced above the primary 
focus was on the federal wild and scenic system. The notable exception was the Krause 
(1988) article, where attention was given to state river programs, specifically those in 
Washington and Oregon. The remainder of this paper attempts to provide additional 
information on state river programs in the western United States and integrate it with 
designations in the federal program. Information for this paper was gathered through mail and 
telephone surveys with the appropriate natural resource management agency in each of the 19 
western states. 

1 Respectively, Associate Professor and Research Assistant, Department of Geography, 
University of North Texas, Denton, Texas 76203. 
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Federal Wild and Scenic Designations 

The national wild and scenic rivers system began in 1968 with the initial designation of 
eight river segments covering 773.25 miles. By December 1990, the federal system has 
expanded to include 123 segments covering 9,317.25 river miles (National Park Service, 
1990). The geographical distribution, year of first designation in the system, river miles, and 
number of segments for the western United States is presented in Figure 1. Of the nineteen 
states included in this study, only Nevada, Utah, North Dakota, Kansas, and Oklahoma are not 
represented. Four of the states contain river segments initially designated in 1968. Since then 
six states have received designations in the 1970s, three in the 1980s, and one, Wyoming, 
received federal designation in 1990. Collectively, the western states contain 99 of 123 
segments (80 percent) and 8284.25 miles of the total 9,317.25 miles (89 percent) in the federal 
system (Table 1). 

Table 1 

Federal and State Designated River Program Statistics for the Western States 

1 

1 7 

1 7 

River 
Se 

6 179 

91 

The federal Wild and Scenic Rivers Act identifies three river classifications: (1) wild 
river area, unimpounded and unpolluted, generally inaccessible except by trail; (2) scenic river 
areas, free of impoundments and largely undeveloped; and (3) recreational river areas, possible 
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impoundments and readily accessible with some development tolerated. The mileage 
classifications for selected western states is presented in Figure 2. The influence of the Alaska 
National Interest Lands Act of 1980, which resulted in the designation of 23 river segments, is 
clearly evident. The predominance of the wild river classification is also strong. 

State Preservation Programs 

The first state program was started in Wisconsin in 1965. Since then, 28 others have 
initiated programs resulting in the protection of 371 segments totaling 13,477 .16 river miles. 
While the western states are well represented in the federal system, the same cannot be said for 
state-level programs. Only six states have their own programs, which encompass 91 segments 
and 3,923.56 river miles (Table 1). These totals represent only 25 percent of the segments, 
and 29 percent of the mileage of state programs nationwide. 

California and Oregon were the first western states to designate rivers, having adopted 
their programs in 1972, three years after their first federal designations. They also have the 
most designated river miles at 1,277 and 1,148 respectively. Washington and Oklahoma 
established their scenic rivers systems in 1977, while Alaska and Idaho are the most recent to 
establish programs {1988). 

At the state level, program classifications vary greatly. Of the western states with 
designated river programs, only California utilizes classifications similar to the federal 
language. Three states have fewer classifications, Idaho (natural and recreational), Washington 
and Oklahoma (scenic), while Oregon and Alaska have more complicated structures. Oregon's 
Scenic Waterways Act has six classes of rivers ranging from natural, scenic, and recreational, 
to natural scenic view, accessible natural, and river community. However, all designated 
rivers under the Act are referred to as scenic waterways. Alaska has a unique "designated" 
river approach in their state river preservation program which stems from two state statutes, 
one on recreation rivers and the other on Special Management Areas. Two states, Oregon and 
Washington also have shoreland zoning programs which enable local governments to use 
zoning ordinances and other land use controls to enhance scenic waterways (Krause, 1988). 

The geographic distribution of state programs is illustrated in Figure 3. With the 
exception of Oklahoma and Idaho, all of the states are coastal. Idaho, which is part of the 
Columbia River basin was represented in the original federal system which may help to explain 
its own program. While it is beyond the scope of this paper to explain the absence of programs 
in the rest of the western states, we would suggest that at least a partial explanation lies in some 
combination of the following factors: (1) the prior appropriation doctrine, (2) surface 
hydrology and precipitation, (3) land use, and (4) a resistance to governmental ownership and 
management of public lands as exemplified by the "sagebrush rebellions" (Graf, 1990). 

Summary 

Of the nineteen western states, only Nevada, Utah, North Dakota, and Hawaii are not 
participating in some form of river preservation program. The federal wild and scenic river 
system plays a much more important role than state-level programs in the West. The absence 
of state programs is linked to a number of issues ranging from the prominence of federal 
agencies in land use management and water law, to precipitation and surface hydrology. We 
anticipate however, that a number of states not having their own programs will adopt them as 
water reallocation, instream protection, the public trust doctrine and recreational demand for 
water increase. 
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RECONSTRUCTING MESCALERO APACHE SUBSISTENCE PATTERNS 
AT GUADALUPE MOUNTAINS NATIONAL PARK, TEXAS 

James A. Gossl 

CULTURAL ECOWGY is the study of a cultural group's interrelationships with its 
natural and cultural environments. Cultural Ecology involves three major levels of analysis, 
moving from the lesser to the most abstract. The first is the development of an objective 
description and understanding of the nature and potential for human utilization of the TARGET 
LANDSCAPE. The second is archival (historical and ethnographic) and field (work "on the 
ground" with living cultural consultants) research, to specify how the TARGET 
POPULATION actually did utilize, or still may be utilizing the Target Landscape. The third 
(and most abstract) level is the analysis of the mental processes whereby members of the target 
population actually classify the components of the Target Landscape, and what they think about 
the topographic features, the natural resources and their characteristics, and, yes, even the 
ideological justifications for exploitation of the bounty of Nature. Of course, here we are 
dealing with analyses that are linguistic, cognitive, religious, mythological, folkoristic, etc. 

In brief, Cultural Ecology deals with: 1) What Nature provides for human thought and 
action to work with, 2) What human beings actually do with these resources, 3) What human 
beings think about what they do with these resources, and ultimately and explanatorily, 4) 
WHY human beings do what they do with these resources. 

Cultural Ecology is a very rewarding approach to understanding the human condition. 
If specific cultural ecologies of specific cultural groups are done well, they provide one of the 
most powerful, explanatory, and predictive forms of ethnography. 

Because of the limitations of time and space, the following will be a brief summary of 
the progress of the Mescalero Apache - Guadalupe Mountains National Park Cultural Ecology 
Project, which has as its objective the development of interesting and understandable 
interpretive programs and exhibits describing Mescalero Apache adaptation to the environment 
of Guadalupe Mountains National Park, Texas. The following account is based upon my own 
field work with Mescalero Apache cultural consultants and in Guadalupe Mountains National 
Park for the field seasons 1980, 1987, 1988, 1989, and 1990. 

Figure 1 locates the aboriginal Mescalero Apache Nuclear Area, as defined by historical 
and ethnographic records. This is the area traditionally utilized by the Mescaleros, indicated by 
Mescalero place-names and intimate knowledge of the land and its resources. The peaks of the 
Guadalupe, Sacramento, and Sierra Blanca mountain complex in southern New Mexico and 
western Texas represent the "sacred center" of Mescalero Apache territory. Guadalupe Peak, 
now within the boundaries of Guadalupe Mountains National Park, is a place of origin and 
creation in Mescalero Apache tradition. From this reference point, the Mescaleros consider 
their territory to be roughly a circle of approximately 150 miles radius from their center in the 
sacred mountains. Beyond this "nuclear area," which was generally uncontested as "theirs," 
they traveled and had more limited knowledge of the country extending another 50 miles or so, 
to the headwaters of the Pecos River on the north and onto the plains of Texas on the east, far 
into Sonora, Chihuahua and Coahuila on the south and into what is generally considered 
Chiricahua Apache territory on the west. It was recognized that this extended area was 
mutually utilized by their neighbors. The general pattern until the recent effects of the 
pressures of the Spanish-Mexican and Anglo-American frontiers was peaceful joint utilization 
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of the margins of their territory with their neighbors, rather than conflict on their borders. This 
circular view of Mescalero Apache territory will ·be used throughout this paper. it really 
replicates the model used if one were looking at the landscape "through Mescalero Apache 
eyes." . 

Figure l The Mesc.lero A~aches :nd Their Nei2hbo:s CNucle~r :irea: JSO mi. 
radius, Extended uea:_200 ci. r:dius from ~uacfalupe Pe~). 

Environmentally, the Mescalero Apaches were the fortunate stewards of a complex area 
providing a diversity and an abundance of subsistence resources. They were undoubtedly 
much better off than foragers restricted only to mountain, desen. or grasslands. The Apaches 
were not only macroecologists, but, the women in particular, were also astute microecologists, 
to the point of knowing well individual stands of subsistence plants, and even knowing the 
location and the phenology of individual plants "personally." Keep in mind that, to them. this 
knowledge was not purely "academic." It meant survival to the group. 

The Mescalero Apaches· were very perceptive and insightful ecologists. Their ancestors 
carried their ecological orientation to a level of REUGIOUS DEVOTION. According to 
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Mescalero Tradition, the Nde people (their name for themselves in their own language) are 
children of Mother Earth, personified by the diety White Painted Woman. She is the primary 
diety, the creator, and the one great mentality responsible for putting the world in order for the 
people to come. The Guadalupe Mountains are believed to be an abode of White Painted 
Woman herself. This is the center of their universe. This is where they were created (they 
have no myth of migration from anywhere else). 

White Painted Woman gave birth to a helpmate, after being impregnated by water 
(thunder, lightning, water, rain, and sky are all symbolically equated). The offspring, a major 
Nde "culture hero" is called "Child of the Water." 

The world, as first created, was inhabited with some troublesome primordial monsters. 
As soon as Child of the Water was strong enough, White Painted Woman instructed him in 
how to control these monsters and make the world safe and livable. 

First, Child of the Water was sent to get power from his father, Lightning. White 
Painted Woman sent him to the sacred mountain on the eastern horizon, where black lightning 
struck him; then to the sacred mountain to the south, where blue lightning struck him; then to 
the sacred mountain on the west, where yellow lightning struck him; and finally to the sacred 
mountain on the north, where white lightning struck him. 

With all of his Lightning father's powers from his vision quests to the mountains of the 
four sacred directions, Child of the Water then went out to control the monsters. He conquered 
them all symbolically by his wits and diplomacy, not by force of arms. These "monsters," in 
the process, became protectors and tutelary spirits for Child of the Water and the people to 
come. He went to the north, the white world, the mountains, and conquered Eagle. He went 
to the east, the black world, the plains and grasslands, and conquered Buffalo. He went to the 
south, the blue world, the desert basins, and conquered that terrible monster that kills with its 
eyes, Antelope. Then, he went to the west, the yellow world, the wooded uplands, and 
conquered the monstrous giant guardian of that domain, Grizzly Bear. 

Figure 2 illustrates the Sacred Landscape of the Mescalero Apaches, as put in place by 
the work of White Painted Woman and Child of the Water (the archetypic mediator sometimes 
equated with Coyote in the traditions and equated with Jesus Christ by missionized Apaches). 

This sacred view of the landscape provides a model for human action, a core paradigm 
for Apache belief and values. It also provides an ecological model, as sophisticated as the 
macroecological model that our modern scientists have given us. The result is a view of the 
earth divided into four quarters, which match the four seasons or divisions of the solar 
calendar, the solstices and the equinoxes. Four is a sacred number, five if you count center. 
Their sacred land is bounded by four sacred mountains. Each sacred mountain and quarter of 
the land was assigned a sacred color and the subdued monster of each quarter became the 
patron or "boss" of that domain. 

The model also mandated a general pattern of movement of the people over their 
landscape according to the sacred plan. Movement into each quarter of the year and the land 
was ritualized with a ceremony. Movement into the mountains and into the northern reaches of 
the Sacred Land was appropriate just after the summer solstice and was signali7.Cd by a 
ceremony, and, significantly, propitiation of Eagle. The ideal of movement is the sunwise 
circle, the model for the rounddance, the primal form of Apache ceremony. Movement into the 
plains grasslands and into the eastern reaches of the Sacred Land was appropriate just after the 
autumnal equinox and was signalized by propitiation of Buffalo. Movement into the desert 
basins and into the southern reaches of the Sacred Land was appropriate just after the winter 
solstice and was signalized by propitiation of Antelope. Movement into the woodlands and 
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into the western reaches of the the Sacred Land was appropriate just after the vernal equinox, 
and was signaHud by propitiation of Grizzly Bear, and with a spring Bear Dance. 

TH~ Sf.CT.!11 SUS~JS£ CIRCLE JS THE Hf.P.MO?\i' OF TH£ USl\'EP.S£ 
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So, the Sacred Model provides an ideal model for transhumance for the aboriginal 
Apaches. They ideally moved in a generally clockwise circle from the winter camps in 
southern desert basins, to spring camps in the upland woodlands, to summer mountain camps, 
and then to autumn camps where their woodlands met the plains grasslands, and on southward 
and downward into winter camps in the desert basins again. This pattern provided their 
general pattern (macropattem) for utilization of the resources in the general macrobiotic zones 
of their territory. 

Besides this general pattern, however, survival depended upon more detailed micro
ecological knowledge, that pragmatically modified, or introduced complex variations on, the 
general utilization pattern. 

A pragmatic modification was necessary for utilization of the Mescal Agave (Agave 
neomexicana). The mescal is, of course, the plant that the Spanish settlers of the area referred 
to when they named the Nde the Apaches Mescaleros or the "Mescal Eating Apaches." 

The Apache women carefully inspect each Mescal plant and only harvest those that are 
ready. In their inspection, they are helped by the "Ant People" who rush to the maturing plants 
as they begin to exude their sweet nectar. The immature plants are considered "male" and 
"bitter" and are not harvested. H they were baked with the mature or "female" plants they 
would make the whole batch bitter and inedible. So, in a_ real sense the Apache women tended 
their gardens of Agave and came to know each plant "personally." Also, since the plants 
reproduce primarily by cloning, and they are only harvested when they are mature and at the 
stage of fruiting and dying, the species is conserved. The resource was not destroyed, but was 
carefully nurtured. 

Harvesting of the plant also required a pragmatic microecological adjustment in the 
general pattern of movement. The resource begins flowering in the southwestern bajada of 
Guadalupe Mountains National Park in early May and flowering continues upslope through 
August in the Mountain Forest Zone. So, this important resource was available, and was 
utilized, by the Apaches from May through August as they moved upslope and used the 
resource appropriately through these months. 

This preliminary statement outlines the general mode of looking at the Mescalero pattern 
of adaptation and subsistence "through Mescalero eyes:• It serves as a beginning point for the 
development of an adequate representation of a Mescalero Apache Cultural Ecology. 

57 



58 



PART ill. INTERNATIONAL ISSUES IN ARID LANDS 
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DEVELOPING EGYPT'S WESTERN DESERT: 
THE NEW VALLEY SCHEME 

James E. Jonish and Otis W. Templerl 

Introduction 

Over 90 percent of Egypt's 56 million people are crowded into less than five percent of 
the nation's area along the Nile River valley and Nile Delta. The huge and extremely arid 
Western Desert, which occupies two-thirds of Egypt's territory, is almost devoid of settlement, 
except around a few oases situated in a series of natural depressions where underground water 
is available. Though the oases, Kharga, Dakhla, Farafra, and Bahariya, have been inhabited · 
for thousands of years, collectively they contain only about 0.2 percent of Egypt's population. 
The New Valley Scheme was initiated in the 1960s to transform the subsistence agricultural 
economies of the oases through land reclamation based on more intensive exploitation of local 
groundwater, thus allowing the Western Desert to accomodate surplus population from the Nile 
Valley. The purpose of this paper is to: 1) provide a brief overview of the Western Desert's 
environment, 2) trace the progress of the New Valley Scheme since its inception, and 3) 
examine the numerous physical, social, and economic factors which inhibit the project's 
present and potential expansion. 

The Western Desert and Oases 

Egypt's Western Desert (see Figure 1) covers 681,ooO km2 (263,000 mi2), more than 
two-thirds of the total area of Egypt. It is an expanse of ancient, impervious basement rocks 
covered by extensive layers of horizontally-bedded sedimentary rocks, limestone in the north 
and Nubian sandstone in the south, forming a low, rocky plateau which slopes gently to the 
north. The plateau surface is broken by depressions with steep scarped edges, which range 
from 100 to 300 m deep, formed by erosion of the softer overlying sedimentary materials 
through aeolian action or by solution of soluble rock (El-Baz, 1979; Fisher, 1978, Gischler, 
1979). 

About 90 percent of the Western Desert has an extremely arid climate, including some of 
the driest places on Earth. Precipitation ranges from a scanty 5 mm per annum around 
Bahariya Oasis in the north to less than 1 mm in the southern oases, Dakhla and Kharga 
(Bornkamm and Kehl, 1989). Rarely are there any clouds and significant rainfall is so rare that 
even old men remember only one or two showers. In these subtropical latitudes, both 
temperatures and evapotranspiration rates are very high, especially in summer. Perennial 
vegetation is entirely absent on the uplands, and the only pockets of life are located in the oasis 
depressions, where both human and plant life are almost solely dependent on underground 
water (Gischler, 1979; Templer, 1990). 

Fortunately, the pervious sedimentary rock at or near the surface, in particular the Nubian 
sandstone, holds large quantities of groundwater, and most of the Western Desert is 
considered to be one vast artesian basin (Fisher, 1978). The aquifer is composed of layers of 
sand and sandstone, with lenses of clay and shale, and though composed of a number of dif
ferent units, it appears to function as a single multi-layered artesian system (Ambroggi, 1966). 
The Nubian sandstone varies from 300 to 700 min thickness beneath Kharga oasis to more 

1 Respectively, Professor, Depanment of Economics, and Deputy Director, 
International Center for Arid and Semi-Arid Land Studies, Texas Tech University, and 
Professor and Chairman, Department of Geography, Texas Tech University, Lubbock, Texas 
79409. 

61 



( 
\ 
I 

) 
I 

( 
' \ • 
\ 

\ 

I 
I 

I 
I 

I 
I 

J 
I 

I 
• 
I 
I 

I 
I 

I • 
J 
• 
I 
' I 
I 

I 
I 

I 
j 
• 
I 
I 

I • 
I 
' 

Medi.terranean Sea 

NEW 

Q Cultivated Land (Pre-1960) 

• Reclaimed Land (1960-1990) 

• Future Reclamation 

~------- ; . ----------·-·--------JJ 
I o 2so knt 
• 

--------, 

Figure 1. Egypt's Western Desert and New Valley Oases. 
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than 1,000 min the vicinity of Bahariya (Grove, 1982). Present recharge to the aquifer 
comes from runoff generated in the highlands of northeastern Chad and the western uplands of 
Su,dan, themselves very low-rainfall, arid regions, and to a more limited degree from the Nile 
and Lake Nasser. Dominant direction of water movement is from southwest to northeast, with 
natural discharge occuring at springs in the oasis depressions of the Western Desert. Water 
quality is normally good with a total dissolved solids content of less than 500 ppm, about the 
same as water from the Nile (Gischler, 1979; Grove, 1982). Most of the water stored in the 
Nubian aquifer is "fossil water" which accumulated during pluvial periods of the Quaternary 
(Ambroggi, 1966; Beaumont et al., 1988). At Dakhla oasis, water from shallow units of the 
aquifer were recharged between 4,500 and 9,500 years ago; water from deeper units was 
recharged 20,000 to 40,000 years ago (Brookes, 1989). 

In the Western Desert oases, the Nubian aquifer has provided water to springs and 
artesian wells for several thousand years. During this time, traditional agriculture was 
supported by wells tapping shallow aquifers less than 200 m in depth, and many of the artesian 
wells were flowing. The recharge-discharge system in the oases was essentially in equilibrium 
prior to 1956. Archaeological studies show that mankind has been exploiting the water of the 
oases since at least 5,000 B.C., and Kharga oasis has one of the world's longest continuous 
records of human use of groundwater (Lamoreaux et al., 1985). The oases reached the zenith 
of their prosperity during the Roman era, but eventually declined due to isolation and 
overexploitation of groundwater. In general, all the OB:Ses of the Western Desen were in a 
long, slow decline from the Roman era until the late 1950s and early 1960s, when the region 
was targeted for development 

The New Valley Scheme and Its Impact on the Oases 

Egypt began making plans for expansion of cultivated land beyond the Nile Valley as the 
planning and construction of the Aswan High Dam progressed. One proposal involved 
creation of a "New Valley," a sister to the Nile Valley and parallel to it, in the Western Desert. 
The inspiration for what was to become the New Valley Scheme is attributed to the historical 
accounts of thriving, well-populated settlements around the oases in ancient times (Voll, 1980). 
Preliminary surveys of water and soil resources in 1954-56 led to creation in 1957 of the 
General Authority for Desert Development. The Authority soon developed plans for the 
reclamation and cultivation of large tracts of land in the depressions, especially at Kharga and 
Dakhla oases. In 1961, the New Valley Governate was formed, and it was projected that 
potential reclaimed land could be used to settle at least one million persons from the 
overcrowded Nile Valley (Bliss, 1989). 

Kharga is the most developed and accessible of the oases, connected by a 240 km (149 
mi) paved road from Asyut on the Nile. Since the initiation of the New Valley project, total 
population in the oasis has mushroomed to 60,000, including 1,000 Nubians resettled from the 
Nile. The city of El Kharga, perhaps the closest thing in Egypt to a desert boomtown, has a 
population of about 25,000, many of whom are connected with the administration of the New 
Valley Scheme. Dakhla, the largest of the New Valley oases, lies west of Kharga, and Mut, its 
main town, is connected to El Kharga by a 200 km (120 mi) paved road. The oasis, which has 
more than doubled in size in recent years, has a population of 65,000 and 12,000 hectares 
(30,000 ac) are under cultivation. Except for improved roads and improved social services, the 
remaining two oases have yet to be significantly impacted by the New Valley Scheme. In 
Bahariya oasis, Bawiti, the main town, has a population of 24,000. Next to Kharga, Bahariya 
is the most accessible of the oases, being 350 km (217 mi) by good paved road from Cairo. 
Farafra oasis lies southwest of Bahariya and is connected to it by a 250 km (155 mi) paved 
road. Another paved road leads 310 km (193 mi) southeast to Dakhla. Farafra remains the 
most isolated and undeveloped oasis, and it is also by far the smallest with a population of only 
about 2,300. At Farafra, only a little over 1,000 hectares (2,500 ac) are under cultivation, but 
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of all the oases it is considered to have the greatest potential for land reclamation (Templer, 
1990). 

Initial projections for reclamation in the New Valley oases were unrealistically optimistic. 
The total area of the four oasis depressions is approximately 3.4 million hectares, and it was 
anticipated that as much as 400,000 to 600,000 ha could eventually be put to cultivation 
(Fisher, 1978). The initial 5-Y ear Plan of the General Authority for Desen Development for 
the New Valley projected reclamation of about 50,000 ha, 40,000 ha in Kharka and Dakhla and 
another 10,000 ha in Bahariya and Farafra (Voll, 1980). As shown by Table 1, only about 40 
percent of this planned reclamation was accomplished during the entire decade of the 1960s. 
Table 1 also sl1Dllllari7.es the results of all Egyptian land reclamation for the three decades from 
1960 through 1989, including specific information for the New Valley Scheme. Table 1 and 
Figure 1 (supra) indicate that New Valley reclamation is relatively insignificant when compared 
to total land reclamation in Egypt, and less than five percent of the reclaimed land over this 
thirty-year period is located in the New Valley oases. By far the greatest area of reclaimed 
desen land lies in areas immediately adjacent to the Nile Valley and just west of the Nile Delta. 

Table 1. Egyptian Land Reclamation, 1960-1989. 

New Valley Total Egyptian 
Reclamation %of Reclamation 

Period <Hectares> Total Wecwesl 

1960-1969 20,076 5.49 365,400 

1970-1979 1,554 4 .20 37,044 

1980-1989 8.736 3.91 223.230 

Total 30,366 4.85 625,674 

Source: Jonish, 1990. 

Though it is becoming clear that increased agricultural yields hardly justify the large sums 
invested in the New Valley Scheme, there have been a number of achievements such as 
improvement of facilities in new or modernized settlements which have helped slow the high 
level of out-migration (Beaumont et al., 1988). Whatever conclusions might be reached about 
its relative success or failure, the New Valley Scheme has had an impact on population growth, 
land reclamation, water resource development, improved transportation, and the provision of 
social and health services, panicularly in Kharga and Dakhla oases. 

Factors Inhibiting New Valley Development 

A number of present and potential problems continue to hinder expansion and agricultural 
development in the New Valley Scheme, among them: 1) groundwater depletion and declining 
anesian pressure, 2) wasteful or inappropriate agricultural practices resulting in waterlogging 
and salinization, 3) encroachment by sand dunes, and, of course, 4) isolation. 
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Groundwater Depletion. Since the late 1950s, acelerated groundwater extraction has 
caused continuous drawdown of the water table in what must be described as a "groundwater 
mining,, situation. Annual drops in hydraulic head. or water pressure, of 20-50 cm are 
reported for Kharga and Dakhla oases, and in some of the more intensively developed areas of 
Kharga the water table has dropped over 30 m (Euroconsult/Pacer, 1983; Gischler, 1979). 
The new, deep wells soon dried up older, traditional, shallow wells which had irrigated the 
oases for so long (Bliss, 1989; Brookes. 1989). This, in tum, has resulted in a decrease in 
acreage of the old palm groves and formerly productive fields, collectively amounting to about 
one-half the projecfs gain. Water production costs have risen to the point that much oasis 
agriculture is profitable only with government support. Bliss (1989) concludes that the New 
Valley project has not only failed to increase agricultural productivity very significantly, but 
that it has also destroyed the economic autonomy of the traditional agricultural system in the 
oases. which in tum has caused an exodus of farmers seeking work in the already crowded 
public sector of the oases or to the Nile Valley. 

Because modem developments in desert environments require establishment of a very 
expensive infrastructure to help attract new settlers and to ensure them a more civilized life, 
they should be long-term and permanent to justify the high costs (Lamoreaux et al., 1985). 
There is enough groundwater underlying the Western Desert to irrigate a much larger acreage 
than can be irrigated economically, because irrigation costs become prohibitive as more water is 
removed from the aquifer and artesian pressure decreases. Thus, groundwater extraction in the 
Western Desert is limited not so much by the quantity or quality of water available, but by the 
depth and expense of pumping (V oil, 1980). Since any significant development of the Western 
Desert will require the mining of nonrenewable groundwater, the questions remain as to how 
rapidly this should take place to justify the tremenduous costs of development and what kind of 
institutional structure can be formulated to ensure a phased, long-term depletion of the region's 
water supply? 

Soils, Waterlogging, and Salinization. At Kharga, old fields and gardens located 
in the lowest area of the depression are becoming waterlogged and salinity is increasing (Bliss, 
1989). At Dakhla, irrigation canals leading from the new wells cross low-lying areas which 
has led to salinization, despite recent deceleration of development and efforts to draw off 
excess water to detention ponds (Brookes, 1989). Waste of groundwater is common, caused 
by excessive applications for irrigation or, until recently, the uncontrolled discharge from 
flowing wells. This, in tum, contributes to increased waterlogging and salinization. When the 
first deep artesian wells were drilled, because of improper casing and lack of cementing, the 
water was allowed to flow day and night in quantities much larger than could be taken up by 
the land. At Kharga, even as water levels fall, the main hazard is caused by an excess 
application of water that deposits salts and collects in the lower parts of the depression (Grove, 
1982). Almost one-third of the water extracted at Kharga and Dakhla is wasted and not put to 
beneficial use (Lamoreaux et al., 1985). 

Sand Dune Encroachment. Mobile sand dunes threaten to engulf roads and fields, 
especially in Kharga, Dakhla, and on the road to Farafra. Active dunes hamper the 
development of agricultural villages and irrigated land in Khargha oasis, and to a lesser extent, 
Dakhla. At Kharga, sand carried from the northern plateau by the prevailing winds forms 
small and relatively fast-moving barchan dunes, which advance at the rate of 20 to 100 m per 
year. The dunes often innundate roads, telephone lines, agricultural fields, and houses. Entire 
villages in the Kharga oasis have been completely buried by shifting sands, such as Ginah 
village which had to be abandoned in 1970 and its inhabitants resettled (El-Baz, 1979). 

Isolation of New Valley Oases. Most of Egypt's population, concentrated as it is 
along the Nile, has progressively lost contact with the country's desert lands. According to 
Ibrahim (1979), the desert is no longer friendly terrain, but is now described as "ugly" and 
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"treacherous." Few Egyptians have any personal experience with the desen, and many 
scientists have little interest in desen research and express a dislike for the desen environment 
(Zube, 1983). Since the inception of the New Valley Scheme, only a few thousand peasants 
from the Nile Valley have been enticed to move to the oases. Many of the New Valley 
administrators and managerial staff do not like living in such an isolated area, and this dislike 
of the desen environment has led to excessive turnover of personnel (Beaumont et al., 1988). 
Thus, isolation remains a major restrictive factor, affecting all aspects of the project and its 
economy. 

Economic Performance of the New Valley Scheme 

As with most desen development projects, every aspect of the New Valley Scheme has 
been at very high cost. For example, irrigation costs can be up to four times greater than in 
areas supplied with water directly from the Nile (Beaumont et al, 1988). Each of the physical, 
social, and political problems noted above (groundwater depletion, infrastructure development, 
etc.) has significant and direct economic implications. The performance of early Egyptian 
desen reclamation projects during the 1950s and 1960s was very poor, which forced Egypt to 
make severe cutbacks in desen reclamation during the 1970s (see Table l, supra). 

In general, economic studies are characterized: 1) as feasibility studies, performed before 
the project has been started as a guide to investment, or 2) as evaluation studies performed 
after the project has been completed and actual perf onnance and problems have been identified. 
Feasibility studies examine the private (or social) rate of return on investment in land 
reclamation projects. This involves use of a discounted life-cycle model which incorporates 
estimates of project costs, start-up time, production period, yields, and operating costs. 
Assumptions about technology use, in this case for irrigation, are important. For example, a 
recent World Bank study (1989) on project assessment had the following maintained 
assumptions: 1) use of efficient sprinkler or drip irrigation systems, 2) continuous availability 
of electricity and water supply, 3) adequate farm inputs, including fertilizers and pesticides, 4) 
research and extension services available and appropriately used, 5) crop mix reflecting local 
area choices, with no price controls on farm products, 6) irrigation canals are lined and 
maintained, and 7) a 5-year lag between the start of reclamation and initial production. The 
resulting feasibility study answers this question: "If the government and the farmers utilize 
appropriate practices, technology, and inputs for irrigating the desen environment, what is the 
rate of return to land reclamation?" Obviously, should the government and/or farmers fail to 
follow these appropriate actions the economic returns to land reclamation may not materialize. 

The economic returns for the base case (with the above maintained assumptions) are 
presented in Table 2, showing a rate of return of 14.2 percent (IRR), very respectable for 
social overhead investment projects. The sensitivity analysis is also of interest, because it 
appears that variations on the benefit side assumptions have a more pronounced effect than 
those on the cost side. Crop yield assumptions are particularly imponant and expected yields 
do reflect the assumptions about irrigation methods, water and fertilizer use, etc. Water lift is 
another important variable. If water lift is increased by 10 m, the IRR declines by 0.5 percent, 
reflecting increased pumping costs, and water tables in the New Valley, especially at Kharga, 
are declining rapidly. Overall, feasibility studies show New Valley desen land reclamation to 
be economically feasible. 

In contrast, evaluation studies (Euroconsult/Pacer, 1983; World Bank, 1989) of early 
desert reclamation projects, including the New Valley Scheme, reveal a number of planning, 
design, and operations problems that have adversely impacted the projects. These difficulties 
include: 1) poor government project design, construction, and maintenance of project 
infrastructure, 2) use of on-farm technology and practices inappropriate to the desert 
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environment, and 3) poor, or nonexistent, post-project assistance to farmers, including credit 
and marketing. 

Table 2. Egyptian Land Reclamation Feasibility Results. 

Base Case 

Cost Changes ( +) 
10-Year Investment Horizon 
25% Cost Increase 

Benefit Changes (-) 
10% Yield Decline 
20% Yield Decline 

Input Changes ( +) 
Double Fertilizer Input 

:llibreasing Water Lift(-) 
Increase by 10 meters 
Increase by 20 meters 

Source: World Bank (1989). 

Internal Rate of Return (IRR) in % 

14.2 

11.9 
11.8 

12.0 
9.7 

18.2 

13.7 
13.2 

Lack of data and basic knowledge contributed to poor planning and caused inappropriate 
technology and practices to be applied, often resulting in excessive water application, rising 
water tables, and increasing soil salinity. Post-project government assistance to farmers was 
inadequate in·these respects: 1) credit for seasonal or investment purposes was sometimes 
nonexistent, forcing farmers to turn to questionable private sources, 2) extension service was 
often unavailable, 3) subsidized fertilizer was made available based on national averages for 
crop needs, not the desert environment, and 4) farmers were required to meet procurement 
quotas for certain crops at fixed (below market) prices, a significant disincentive. 

The optimistic feasibility studies and the more pessimistic evaluation studies can be 
reconciled. It has been shown that Egyptian desert land reclamation projects, such as the New 
Valley Scheme, can be economically justified. Nevertheless, eventual project success 
requires as much emphasis on farm extension services, such as irrigation, production, and 
marketing practices, as that placed on the initial large-scale investment and development phase 
of the project. 

Conclusions 

Ibrahim (1979) declares that the driving force behind Egypt's attempted desert 
reclamation has been to match the two resources of which the country has a great surplus-
people and deserts. Initially, it was hoped that the New Valley oases would be capable of 
absorbing a million or more surplus people from the Nile Valley. Now, even the most 
optimistic projections put the total population of the New Valley at about 350,000 in the year 
2010 (Euroconsult/Pacer, 1983). Over half this projected growth is attributed to natural 
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increase of the oasis populations, and only about 100,000 will be due to immigration. Kharga 
oasis is expected to have a population surplus of over 50,000 and Dakhla oasis about 14,000. 
The main migratory influx is expected to be to now undeveloped Farafra oasis, and even that 
after the year 2000. Thus, it appears that the New Valley's potential has been considerably 
exaggerated and its future remains in doubt. In light of the physical, social, political, and 
economic problems discussed in the preceding sections, the authors must agree with Voll's 
(1980) perceptive observation that, ''The vision of a New Valley, twin of the Nile Valley, 
seems destined to remain a mirage." 
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Introduction 

Turkish Agricultural Production 
and Aridity Conditions 

A. Arslan Gurkan and James E. Jonish 1 

There has been a steady decline in the share of agriculture in overall Turkish GNP. In 
1950, the share was 43 percent, by 1980 it had declined to 22 percent. Nevertheless, it 
represents a significant component of economic activity, a major employer of labor and a very 
important source of export earnings (59 percent of exports in 1985 were basic agriculture or 
agricultural related). · 

. .Turkey's agriculture is produced under a wide range of temperature zones, soil quality 
and available water conditions. This leads to a wide diversity of farming systems. The 
objectives of this study are 1) to identify several of the ownership and size characteristics of 
Turkish agriculture, 2) to examine aridity conditions in the Turkish provinces, and 3) to 
estimate the production characteristics of Turkish fanns by aridity conditions. 

Turkey's Agricultural Sector 

Despite a steady decline in its relative importance over the past three and a half decades, 
the agricultural sector still continues to be an important component of economic activity in 
Turkey. The share of agriculture in overall GNP has declined from 43% in 1950 to 22% in 
1980. 

A different picture emerges if one looks at the economically active population in 
agriculture. In 1980, nearly 60 percent of the work force 15 years and over were in 
agriculture, down from 75 percent in 1950 (Kasnakoglu, Akder, Gurkan, 1987). In addition, 
the agricultural sector has been the major source for the urban work force via migration. 

In foreign trade, direct agriculture exports are 22 percent of total exports. A further 37 
percent of total exports are agriculture-related industries. Thus, 60 percent of Turkish exports 
are agriculture and related. The major export crops are tobacco, hazelnuts, cotton, livestock, 
raisins, lentils and wheat. 

Several characteristics of Turkish farms are illustrated in Table 1. Examining columns 
two and three show that Turkish land holdings are typically small, some 62 percent of farm 
holdings representing more than two million fanns are 50 decares or less. By contrast, less 
than 30 thousand farms or eight-tenths of one percent have fann holdings greater than 500 
decares. 

Table 1 also suggests that the distribution of land is very unequal. The last column 
shows the percent of total cultivated land held by the fanners. While the first two groups by 
farm size represent two million fann holdings or 62 percent of the total, this represents only 20 
percent of the total cultivated land. The two largest groups by fann size represent only six 
percent of farm holdings, but nearly 35 percent of the cultivated land area. The land ownership 
pattern for Turkish farms reveals a large number of very small farms representing a small 
percent of total cultivated land. The relatively few large fann holdings also represent a large 
percent of the total cultivated land in the nation. 

1 Respectively, Associate Professor of Economics and Deputy Director of International 
Center for Arid and Semiarid Land Studies, Texas Tech University, Lubbock, TX 79409. 
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Columns four and five of Table 1 represen~ respectively, those land holdings by size 
with hired workers and the average number of seasonal workers per farm. No surprises occur 
here. The percent of fanns hiring seasonal workers increases with size and the average number 
of workers per holding increases with size. Only 24 percent of the 2.2 million small farm 
holdings (less than 50 decares) hire farm workers, while 45 percent of the largest farm 
holdings (more than 200 decares) hire farm workers. 

Table 1 

Turkish Farm Size and Labor Usage 

ercent verage Percent 
Holdings Number of Land 

Workers 

0-20 1,102,379 30.2 202,485 5.1 4.1 
21-50 1,164,642 31.9 305,928 8.2 15.9 
51-100 738,376 20.2 276,840 12.6 21.3 

101-200 421,523 11.6 175,727 20.1 23.8 
201-500 199,551 5.3 89,339 22.3 22.9 
501+ 29.439 ___._8. 15.804 ~ ...ill! 

3,650,910 100.0 1,111,123 12.4 10().0 ·. 

Turkey, being a large country, contains a variety of temperature, rain, and soil quality 
zones, with a diversity of farming systems. Irrigated, rainfed, and dryland farming exists in 
various regions of the country. Data are available by each of Turkey's 67 provinces or 
administrative units to pennit an assessment of aridity conditions and farm practices. 

Aridity conditions by province are available through the Turkish General Directorate of 
Meteorology. Basically, they use the de Martonne (1926) aridity index, which is a variation of 
Lang's formula. Essentially, the de Martonne index represents annual precipitation in 
millimeters divided by annual average temperature in centigrade plus an arbitrary constant. 

While this index has several shortcomings as a measure of aridity and it has been 
superseded in recent years by more sophisticated measures incorporating evapotranspiration, 
the de Martonne index is the only measure available by each of Turkey's provinces. 

The de Martonne index by province is depicted in Table 2. The smaller the number, the 
more arid is the province. While there are no observations in the 0 to 10 category, indicating 
extreme aridity (i.e. Aswan, Egypt's index would approximate 0), there are 17 provinces 
between 10-20 indicating arid to semiarid conditions (i.e. Lubbock, Texas' index would 
approximate 21). A further 31 provinces are semiarid to near semiarid in terms of aridity 
conditions. By contrast only one province is characterized as extremely humid, Rize on the 
Black Sea, with an index of 99.8. 

In general, the arid and semiarid provinces in Turkey are in Central Anatolia, the great 
central plains region of the country and the eastern provinces of Turkey, represented by 
mountainous ranges near Iran and Iraq and the southern plains near Syria. 

While approximately 15 percent of the cultivated land is irrigated, much of the arid and 
semiarid provinces rely on dryland farming conditions. This is expected to change in the near 
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future with the coming on line of a number of multipurpose dams (including Ataturk dam) as 
part of the massive southeast Anatolia project. Fanning practices would be expected to change 
as well in these affected areas. 

Turkish Farm Production Characteristics by Aridity 

Do farming system characteristics in Turkey differ systematically by degree of aridity? 
To answer this question, data on farm characteristics, including input choices, size, and output 
by province in Turkey, are utilized to estimate a relationship between these characteristics and 
the degree of aridity. The estimation process thus will treat each province as a "representative 
farm" with different production characteristics and aridity conditions. 

There are 67 provinces in Turkey. In each province, data on farm size, aridity, fenilizer 
use per hectare, etc., were obtained from Turkish government sources. Traditional 
multivariant regression analysis is used to estimate the relationship. 

Table 2 

Aridity in Turkish Provinces 

deMartonne 
Aridity Index 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 

60andover 

Number of 
Provinces 

0 
17 
31 
10 
4 
4 

--1 
67 

The empirical model to be estimated by ordinary least squares regression is of the fonn: 

1) ARID= f(PROCER, TRAHEC, ANHEC, SIZE, FERHEC, FALLOW, IRRIGAT, 
l.ABHEC) 

Where 

ARID = de Matronne' s aridity index for each province. 

PROCER = proportion of province cultivated area devoted to cereal production. 

TRAHEC = mechanical horse power available per hectare of cultivated land, where total 
mechanical power available has been calculated by multiplying the number of 
tractors by their corresponding engine power. 

ANHEC = annual horse power available per hectare of cultivated land 

SIZE = average land size of an agricultural holding. 

FERHEC = fertilizer use per hectare of cultivated land, where consumption is measured by 
nutrient equivalents. 
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FAILOW =proportion of cultivated land by province in fallow. 

IRRIGA T = proportion of cultivated land that is inigated. 

LABHEC = number of persons engaged in agricultural activities per hectare. 

The data sources include the State Institute of Statistics' Agricultural Structure and 
Production (1960-1983), the Census of Population (1950-1985), and the Summary of 
Agricultural Statistics (1960-1985), and the Ministry of Village Affairs' Village Inventory 
Studies (1963, 1981). A summary of the data is contained in Kasnakoglu, Akder and 
Gurkan's (1987) Agricultural Labor and Technological Change in Turkey. 

The results of the OLS regression are presented in Table 3. The dependent variable is the 
average aridity (ARID) by province with larger values indicating more humid provinces. 
Column 3 represents Beta values, the regression coefficient divided by the standard error of the 
coefficient. The absolute value of Beta indicates the relative importance of the variable in the 
estimation while the T value in Column 4 indicates its statistical significance. The negative sign 
on the Beta values indicates that larger values of the independent variables or farm 
characteristics are associated with more arid provinces than with humid provinces. 

Table 3 

Farm Production Characteristics and Aridity 

Variables Mean Value Beta TValue 
(b/Sb) 

PROCER .27 -.281 -2.40 
TRAHEC 102.7 -.498 -4.83 
ANHEC 24.0 .215 .96 
SIZE 53.40 -.241 -2.18 
FERHEC 33.4 .476 3.57 
FAILOW .41 0.138 -1.29 
IRRIGAT .16 -.087 -.87 
LABHEC .83 -.011 -.05 

R2 = .523 

S.E.E. = 9.09 

F = 10.07 

From Table 3, it appears that arid provinces have a larger proportion of crops devoted to 
cereals (PROCER), are of larger farm size (SIZE), utilize more mechanical horsepower per 
hectare (TRAHEC) and they have a larger proportion of land in fallow (FALLOW). 
Conversely, less fertilizer per hectare (FERHEC) is utilized in arid provinces as opposed to 
more humid provinces. The remaining three variables are statistically insignificant. The 
overall estimated equation is significant by conventional standards, and the adjusted R2 is 
respectable for cross section analysis. Examination of the partial correlation matrix did reveal 
the presence of multicollinearity. 
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The results suggest the following. Arid provinces in Turkey cultivate farm products at 
the extensive margin rather than the intensive margin. That is, they utilize more land per farm 
and more capital equipment per hectare than do humid province farms and they allow more land 
to be fallow. By contrast, in the arid southwestern U.S. and particularly Arizona and the 
Imperial Valley of California, farm products are cultivated at the intensive margin, utilizing 
heavy applications of irrigated water and fertilizer per land unit. Little land lies fallow in this 
U.S. region, and multiple cropping practices are the norm. 

These differences reflect the fact that land use in much of Turkey's arid provinces consist 
of dryland fanning, not irrigated agriculture. The fact that the irrigation variable (IRRIGA T) in 
Table 3 shows no significant relationship between irrigation and aridity is suggestive of this 
result. · 

Farming systems and practices in much of the current arid provinces of Turkey is 
expected to change in the near future as several multipmpose dams will come on line increasing 
the potential irrigated land area. One would then expect a movement toward more intensive 
agricultural practices, with increased water and fertilizer use as well as a reduction in the 
proportion of land which lies fallow. Crop choices would also be expected to change. 

Conclusions 

Turkish agriculture is characterized by regional differences in climate, farm size and 
production characteristics. In general, Turkey's farm size is small, and land is distributed 
unequally; the relatively small number of large farms control a large proportion of cultivated 
land. As expected, labor usage increases with farm size. In terms of aridity, Central Anatolia 
and the Eastern Provinces of Turkey represent the major aird provinces (those provinces with a 
de Martonne index less than 20). 

An OLS estimate of provincial farm characteristics by degree of aridity revealed the 
following pattern in Turkey. Arid farms tend to use more mechanical power ('IRAHEC), are 
of larger size (SIZE), have a higher proportion of cereal crops {PROCER), have a higher 
porportion of land in fallow {FALLOW) and use less fertilizer per hectare {FERHEC) than 
more humid-based farms. Surprisingly, the irrigation variable was insignificant. However, 
much of the farming in arid and semiarid regions in Turkey is dryland farming, not irrigated 
agriculture as in the southwestern U.S. 
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FORESTRY, FOREST VILLAGES AND WOOD 
ECONOMY IN TURKEY 

Duran Taraldi 1 

FORESTRY IN TURKEY 

The size of forest and forest ownership 

The total area classified as forest in Turkey amounts to 20.2 million ha, or about 26 
percent of the country's total area. Of the above 20.2 million ha of land officially recorded as 
forest, certain areas are completely devoid of timber stocking, and much of the total forest area 
has a very low stock. The size and condition of these forests, according to a 1973 compilation, 
are as follow (General Directorate of Forests, 1980, p. 13): 

Forest Type 

Normal Forest 
Degraded Forest 
Total 

Area available 

for timber 
production 
(1000 hB.} 

6177 
4758 

10935 

Area available Total 

for firewood size 
production (1000ha) 
(1000 bBal 

2680 8857 
6585 11343 
9265 20200 

Of the total size of the forest area, only 8.9 million ha (44 percent) contain good raw 
material for firewood or for industrial use. The normal (valuable) forest is interspersed with 
degraded and non-productive types, and the whole is intermingled with agricultural land. 

By two legislative actions in 1937 (Law No. 3116) and in 1945 (Law No. 4785), all 
natural forests in private, communal and/or religious trust ownerships were expropriated by the 
State (6, pp. 19-20). Forestry is now a state matter in Turkey and The General Directorate of 
Forests is primarily concerned with the implementation, coordination and research, of the 
national forest policy. 

This policy has resulted in confusion and dispute, for it has reduced the forests to a 
legal condition, and not as an area of geographic and ecological reality. The forested land was 
not adequately conveyed to the State as statistical information. The right to harvest forest 
produce became a State monopoly, and the needs of the forest settlements (living within a 
range of 10 km of a forest) and their rights to fuel and timber were also legally recognized. 

However, none of the public forest could be considered as reasonably protected in 
practice. At present, one of the primary problems of the forest sector is over-production and 
the resulting decrease in product. It is estimated that the feasible production in forestry 
decreased from 22.4 to 16.3 million cbm. during the last of 20-25 years (General Directorate of 
Forests, 1987). Secondly, there is a very severe water erosion problem in the country and 
nearly 70 percent of Turkey's land is affected. It is estimated that 500 million tons of soil are 

•Professor, City and Regional Planning Department, Faculty of Architecture, Middle 
East Technical University Ankara-Turkey. 
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carried to the sea by run-of water annually. Thirdly, steep forest terrain that can be cultivated 
only with difficulty is being increasingly converted into agricultural land or into grassland; 
currently, the forest provides most of the feed for all domestic animals in almost all parts of the 
forest area. In fact, grazing and browsing have had to be specifically proscribed in forest law. 
However, the law is not implementable. Its enforcement has led to open hostility between 
foresters and forest villagers. 

Forest villagers and villages 

The total number of forest villagers (living within a range of 10 km of a forest) in 1985 
totaled 8.8 million. This number represents 37 percent of the rural population and 17 percent 
of total population of Turkey. The total number of forest villages located within a range of 10 
km. of a forest in 1985 was 17 ,332, representing 49 percent of the total number of villages in 
Turkey (Tarakli, 1990, p. 50). Such large populations and high number of villages in forest 
areas create insunnountable problems. The numbers of forest villages and villagers indicate the 
need and urgency with which this problem must be tackled. 

Demand and Supply of Timber and Firewood 

The total volume of annual feasible production in forests was estimated to be about 
22.4 million chm in 1963-1972 and decreased to 16.3 million cbm by 1987, of which 5.0 
million cbm is in forest areas available for firewood production. Another 11.3 million cbm is 
located in forest areas available for timber production (General Directorate of Forests, 1987). 

The total actual production of roundwood in 1987 reached a level of approximately 
24.7 million cbm per annum, of which 17.5 million cbm is firewood and 7.2 million cbm is 
industrial roundwood. Only 8.8 million cbm of total firewood production (50.3 percent of 
total) are recorded by The General Directorate of Forests and the remainning 8.7 million cbm 
(49.7 percent of total) are produced illegally by the forest villagers (Tarakli, 1990, p. 48). It 
seems that resources are being overcut both in terms of the current annual net growth and the 
annual feasible production. Excessive cutting, year after year, greatly reduces the growing 
stock. 

A CASE STUDY IN TWO DISTRICTS OF BOLU PROVINCE 

Introduction 

From the foregoing discussion, it may be said that forests in Turkey are inadequate to 
meet the needs of the nation both from the qualitative and quantitative standpoint. 
Furthennore, a great part of the population in the forest area lives in very poor conditions. 

Chicken meat production: An alternative income source in Bolu province 

In order to raise the living standards of forest villagers, some development projects 
have been introduced in different parts of the country. One of the richest forest regions is in 
Bolu province, which is in the western part of the Black Sea Region. For Bolu province, it 
was decided that the most beneficial project for forest villagers was a chicken-meat production 
project. Consequently, after this decision, poultry programs were started and supported by the 
State. Low interest-rate credit and grants were offered to the forest villagers for constructing 
broiler houses. 
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Construction of broiler units in Bolu province started during the 1970's. In 1986, the 
result of a survey by the Ministry of Agriculture showed that 33 percent of Turkey's cleaned 
chicken meat production was produced in the Bolu province (Tarakli, 1990, p. 132). 

Research for further evaluating the results ·of the poultry program was designed by this 
author, and field work was completed in 1987. Mudurnu and Yigilca, which are two districts 
of Bolu provinice, were selected as research areas because of a high concentration of broiler 
houses. Fifty percent and sixteen percent of chicken meat production of the Bolu province in 
1986 were produced in Mudumu and Yigilca, respectively. 

Forest in the research area 

The percent ofland in normal forest is 72 in Bolu province, 61 in Mudumu and 88.5 in 
Yigilca. The percentages of forests available for timber production in Bolu, Mudumu and 
Yigilca are 89.7, 94.0 and 94.3 respectively (General Directorate of Forests, 1987). 

The total average annual feasible production in Mudumu forests was estimated to be 
about 169,428 chm in 1963-1972 and was decreased to 134,786 cbm by 1987, of which 
132,837 chm are in forest areas suitable for timber production and 1949 cbm are in forest areas 
suitable for firewood production. The total annual feasible production in Yigilca forests was 
given as 208,893 chm for the period of 1963-1972 and only 79,667 cbm by the year 1987; all 
was in forest area suitable for timber production (General Directorate of Forests, 1987). 

Forest villages and villagers in the research area 

Mudumu contains 74 villages and Yigilca contains 30. All of the villages in Yigilca and 
90 percent of the villages in Mudumu are located within a range of 10 km of a forest. 

The total rural population is 22,022 in Mudumu and 18,765 in Yigilca. The proportion 
of forest village populaton to the total rural population in Mudumu is 97 .3 percent (Tarakli, 
1990, p. 76). 

Poultry program in Mudurnu and Yigilca 

In 1987, the total number of farm families was 4750 in Mudurnu and 3048 in Yigilca. 
As mentioned before, in order to raise the living standards of the forest villagers a poultry 
program (chicken meat producing project) was introduced to the farmers in two districts. 
Construction of broiler units began during the 1970's in Yigilca and around 1976 in Mudurnu. 
The total number of broiler units was 1032 in Mudumu and 803 in Yigilca in 1987. In the 
same year, the total capacity during a 6.5-7 week period was 2.9 million birds in Mudumu and 
1.6 million birds in Yigilca (Tarakli, 1990 p. 147). 

During the second half of 1987, The Ministry of Agriculture, Forests and Village 
Affairs introduced a new program for increasing chicken meat production, and 25 percent of 
the construction cost of a poultry house was given as a grant to the farmers. Through this 
program, within a 1.5 year period, the total capacity of poultry houses during a 6.5-7 week 
period was raised to 6.9 million birds in Mudumu and 1.8 million birds in Yigilca. The total 
number of chicken-meat producers was 1986 in Mudurnu and 859 in Yigilca at the end of 1988 
(Tarakli, 1990, p. 155). 

The research shows that the amount of total income earned by the farmers and illegal 
firewood consumption are both increased through introducing poultry raising programs 
(Tarakli, 1990, p. 213). 
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The balance of timber and firewood in the research area 

The amount of the villagers' actual firewood consumption in 1987 is given below in 
cbm (Tarakli, 1990, p. 177): 

Consumption Mudumu Yigilca 
t)'.pe 

Family consumption recorded by 
the State 40,699 34,243 
Family consumption illegally 
consumed 30,646 39,773 
Family consumption sub-total 71,345 74,066 
Poultry raising consumption, 

illegally consumed 25,557 18,666 

Total 96,902 92,732 

In the same year, the theoretical and actual production (both villagers and State) are 
given below in cbm (Taraldi, 1990, p. 184) 

LocatiQO T.me of 12rodusai20 Theoretical Actual 
Mudumu Tunber 79,495 47,314 

II Firewood 42,007 108,134 
II Total 121,502 155,448 

Yigilca Tunber 38,443 25,794 
II Firewood 33,257 112,161 
II Total 71,700 137,955 

It may be seen very that in the two districts of Bolu province the largest part of felled 
timber continues to be used for fuel. 

Conclusions 

From the socio-economic viewpoint, there is no easy solution. For the sake of forest 
conseivation, however, immediate steps must be taken. Human needs for fuel is a major cause 
of deforestation and, therefore, of erosion in mountainous areas. 

Total wood consumption is increasing, so more wood for commercial and industrial 
use is being demanded. The reason is the introduction of new and incorrect activities in the 
forest villages (such as chicken meat production) and the increasing total population in both 
rural and urban areas. 

Recommendations 

The forest policy in Turkey has been seeking to realiu the following goals: 
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1. 
2. 

3. 

4. 
5. 

To reduce and relocate the forest village population, 
To consolidate the supportable forest population by employment and suitable, 
improved agriculture, 
To secure the title of the forest estate, guarantee boundaries and raise their 
productivity, 

To implement large-scale and practical conservation policies, and 
To halt wasteful usage of wood by fuel substitution and improved house 
designing. 
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SOCIAL IMPACT OF IRRIGATION TECHNOLOGIES IN ARID 
AGROECOSYSTEMS (SAN JUAN, ARGENTINA) 

Leopoldo Allubl 

Introduction 

Human activities interfere generally with the natural cycle of water and salt (Breckle, 
1982; Addison, 1955; Willardon, 1981). The use of water for irrigation purposes certainly 
constitutes the greatest interference. In San Juan province (Argentina) one of the most 
important large-scale public works of the 1970s was the construction of the Ullum Dam. This 
was considered the first step in a series of hydroelectric projects which were constructed in the 
upper regions of the river. The primary goal was to unchain a process of economic growth 
based on a perennial natural resource (F.dison-Hana/Gobiemo de San Juan, 1969). However, 
in recent years growing problems of waterlogging and salinity have threatened the productive 
capacity of the irrigated lands of the San Juan River Basin (Gob. de San Juan/Inta, 1976). 

The dam is located at the Ullum break on the eastern border of the Pre-Andean area, 
between it and the pampas region, some 20 km from the city of San Juan. It represents a 
modem and complex irrigation technology in the San Juan River basin, altering the cycle of 
water, an abiotic resource of the utmost importance in this ecosystem. This ecosystem is an 
artificial oasis developed in an arid region by means of complex systems of irrigation in order 
to alleviate the effects of the limited water supply. Since rainfall is scarce, the reorganization of 
this ecosystem through the use of water management technologies is fundamental for plant 
growth. Management of water is a social process which requires a coordination of activities 
between the government - which manages the dam and distributes the water through the main 
channels - and the water users (Reploge, 1980, pp. 117-145). 

An agroecosystem of irrigation is a complex system of interactions on several levels. 
From one standpoint it could be viewed as a landscape in which, in order to bring water to the 
root zones of plants, physical structures to divert or alter natural courses of water have been 
added (Vandermeer, 1968). As in all ecosystems in which rainfall is scarce, the technology for 
the management of water is of vital importance for its development, and the way human beings 
relate with each other by socially organized activities determines their style of adaptation to the 
environment (Coward, 1980; Lugo y Morris, 1982; Howley, 1982; Odum, 1986; 
CEPAL/PNUMA, 1986). In summary, complex irrigation systems are of little use if they are 
not compatible to cultural norms and methods of farming. In this paper I hope that a better 
understanding of the problems concerning the irrigation system of San Juan will permit us to 
recommend public policies that will mitigate the negative impact of the techniques of water 
management in the environment. 

Description of the Studied Area 

The area under study is situated in the central Andean region of Argentina, in the 
province of San Juan. The main source of surface and underground water is the San Juan 
River basin. Downstream from the Andes mountains the man-made Ullum-Z.onda and Tulum 
cases are located. The Ullum-Z.onda oasis, where the Ullum dam is located, is approximately 
16 kilometers long, running north and south, and 10 kilometers wide, going east and west. 
The San Juan River passes through this oasis running from west to east. It separates the 

lUniversidad Nacional de San Juan/Consejo Nacional de Investigaciones Cientificas y 
Tecnicas (Argentina). Visiting Fulbright Scholar at the International Center for Arid and 
Semiarid Land Studies, Texas Tech University, Lubbock, TX 79409. 
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Ullum and Zonda "departamentos" (counties) and then fans out before passing through the 
Ullum break, where the Ullum Dam is located. In most cases the cultivated land area and the 
land surface with water rights of the farm are smaller than the total land surface of the farm. In 
the man-made Ullum-Zonda oasis and the Tulum oasis, nearly 95% of all the cultivated lands 
of San Juan province are located. After passing through the Ullum break, the San Juan River 
enters the Tulum oasis from west to east, and then shifts toward the south to flow into the 
Guanacache Lagoon. The total surface area of this oasis is about 78,000 hectares. In the 
Tulum oasis nearly 91.2% of all the cultivated land of the province is located (Allub, 1990, pp. 
49-50). 

Climate and Atmosphere 

The San Juan natural ecosystem is a desert ecosystem because of the global circulation 
of the particles which form the earth's atmosphere (Cloudsley-Thompson, 1979). The aridity 
is created by the existence of a natural barrier situated to the west of the oases, the Andes 
Mountain range. This orographical formation causes the humid winds from the Pacific Ocean 
to rise and lose their moisture in the high summits of the Andes, creating snowfall. As they 
descend on the east border of the mountains, the winds are transformed into warmer and very 
arid current called "Viento Zonda" (Zonda Wind). In the summer months, the snow on the 
mountain range melts, increasing the flow of the San Juan River. 

Water 

The San Juan basin has a surface area of 22,000 sq. kilometers and is operated by four 
integrated reservoirs. First, the glacial-snow reservoir in the high mountain range which stores 
water in solid form (snow) and releases it as allowed by temperature. Second, the Ullum
Zonda reservoir, an extremely deep aquifer, the base of which is made up of tertiary material in 
conglomerated formations. Third, the Tulum is a reservoir which is also subterranean. both 
the Ullum-Zonda and the Tulum underground reservoirs which man can utilize through the use 
of wells, function with the surface water which fills the aquifer by infiltrating the river bed. 
Finally, the founh reservoir is the man-operated Ullum dam (CRAS, 1977, 1981, 1984; 
Guimaraes, 1978; Hong-Hsi-Hsu, 1970; Ferres, 1978; Coria Jofre, 1985; Victoria, 1984). 

Impacts on the Natural Environment 

The building of physical structures which are used for holding water has caused 
important changes in the conditions of ground water and in the transponation of sediments in 
the San Juan River, downstream from the dam. This affects the dynamic equilibrium of the 
aquatic cycle, since the largest part of suspended material, especially clay material, is trapped in 
the Ullum dam. These sediments, which in the past acted as an impermeable layer, were 
protecting the Ignacio de la Roza diversion barrage, and the Albardon and Neuve de Julio 
bridges from erosion. The release of clean water through the dam's gates has caused a general 
decline of the river's bed below the dam, and caused large gaps and caverns in the diversion 
barrage and bridges. On a long-term basis the reduction of solid and nutrititive material can 
also affect the productivity of soils (Allub, 1990, pp. 70-78). 

Spacial Location of High Impact Area 

Considering the majority of permanent crops, like vineyards, etc., the root zone is 
approximately 1.50 meters deep. For normal development of these types of vegetation, it is 
necessary to keep the water table level below 1.50 m. When the water table is higher, only 
certain vegetation, which is adapted to these conditions, prospers (cattail, etc.). When the level 
is next to the surface, the water rises because of capillarity and then evapotranspiration is 
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produced. If the water-table contains high amounts of salt, white deposits will remain upon 
evaporation of the water, which can easily be seen in the high impact areas. 

Water-table levels of less than 1 meter were observed, and in these areas high levels of 
waterlogging and salinity problems were visually detected. Based on comparative experience, 
I searched to find if waterlogging and salinity problems, a phenomenon which in San Juan is 
called "revenicion," could be traced to the infiltration of applied irrigation water in excess. 
Along these lines, we administered 41 questionnaires to farmers directly involved in farm 
irrigation practices in these high impact areas. The farmers were selected on the basis of the 
size of the farms. 

On Farm Social Impact of Irrigation Technologies 

Due to limited scope of this paper, I will only discuss some aspects of the data collected 
by my survey. The survey sought to gather information about the farmer's perspective of the 
changes in his immediate environment For instance, after the construction of the dam, farmers 
had more disposable irrigation water than before. I wanted to discover if the farmers traditional 
irrigation techniques were adapted to the new constructional and institutional changes. 

a) The Determination of Farm Size 

Farms were selected according to the size of the farm. The determination of the proper 
importance of the farm depends on many factors, such as the size of the total surface of the 
farm, the cultivated land area in the farm, the farm's surface with water rights, the type and 
price per yield of the cultivation, the degree of mechanization of the farm, etc. In arid regions 
water is the most important input, and farms are valuated insofar as surface water and/or 
ground water is available for irrigation purposes. In the studied agroecosystem, most of the 
agriculture is in vineyards for the production of wine, fresh grapes and raisins. To a lesser 
extent farmers also cultivate vegetables and other perennial crops. Grapevine crops are the 
main input for the prcxluction of wine in bulk, and to some extent the price of wine in bulk 
determines the well-being of the regional economy as well as the farmer' s. In the last 10 years, 
however, the price of this commodity (wine in bulk) has declined considerably. Therefore, the 
use of standard social and economic indicators would be misleading. Based on my own 
experience in the field, I classified the farms according to the following sizes: small farm (0-19 
hectares); medium-size farm (20-39 hectares); large farm (40 or more hectares). This 
classification correlated fairly well with gross indicators of the degree of the farm's 
technification. In my survey, farms possessing both tractor and well were 34.3% in small-size 
farms; 60.0% in medium-size farms; and 100% in large-size farms. That is to say, large farms 
have more invested capital than small farms (Allub, 1990, p. 85). 

b) Technological Strategies 

Among the technological strategies used in all farms, regardless of its size, the survey 
shows practically the elimination of the use of ground-water. This is due to the present 
abundance of surface irrigation water existing in the oases, and also to the rise of energy costs. 
Large farms have a more diversified variety of crops to cope with waterlogging and salinity 
problems which mainly affects the root zone of vineyards when the water-table is 1.50 meters 
deep. Plants more resistant to saline soils, and plants with root zones shorter than grapevines, 
such as watermelon, cantaloupe, etc., have been observed in large farms. Many hectares of 
vineyards have also been eradicated due to governmental action, and vegetable crops have been 
planted instead In my survey, for instance, 50% of the large farms have two or more 
cultivations. In contrast, 53.1 % of the small farms have only one cultivation, and mostly they 
are grape growers (Allub, 1990, pp. 85-87). 
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Large farms also have better quality management e.g., agronomists with a wide variety 
of technical answers to prevent and to solve waterlogging and salinity problems. However, 
44% of the respondents said they had no answer to cope with the problem. 

Modem irrigation techniques, such as sprinklers, etc. are not cost-efficient, and 
consequently farmers do not utilize them in the oases. The two irrigation techniques in use are 
flood irrigation, mostly used by grape growers, and furrow irrigation, used by vegetable 
farmers. The water application efficiency depends on the texture of the land and the slope of 
the terrain. Other things being equal, I.N.T.A. agronomists (the National Institute of Agrarian 
Technology) do not advise the use of flood irrigation because it allocates the irrigation 
inefficiently. They attribute waterlogging and salinity problems in the oases to the widespread 
use of this technique. In tum, they advise the use of furrow irrigation, consisting of fast 
delivery of irrigation water into the plot to be irrigated, during a short span of time. Along 
these lines I asked the farmers how they irrigated, and how they learned their irrigation 
practices. Seventy percent of the respondents had learned irrigation techniques from their 
parents or by imitation. Only 7 .3% of the respondents had learned irrigation techniques from 
technical personnel (agronomists). That is to say, an overwhelming proportion of the farmers 
are tradition-oriented irrigators. There is the generalized belief that "more water is better" 
among the farmers, which explains why the so called "riego al manto" or flood irrigation is 
mostly used. Studies have suggested, however, that flood irrigation is the most inefficient 
technique for the allocation of irrigation water. This is specifically true in highly waterlogged 
areas. For instance, in my survey I found that 43.9% of the farmers used flood irrigation, and 
41.4% of the farmers used the irrigation by furrow technique. The remaining farmers 
responded that their decisions were based on some technical criterion. 

c) Fanners' Perception of Changes in the Quality of the Lands 

Most farmers (85.3%) perceive imponant changes in the quality of their lands. A great 
majority of them (82.5%) perceive that the construction the Ullum Dam did affect the 
environment. However, the farmers rank positively the construction of the dam, which they 
associate with the increase in the supply of irrigation water. Nevertheless, 41.4% of the 
farmers evaluate negatively the construction of the dam. For instance, farmers attribute to the 
Ullum Dam the loss of nutrients in the irrigation water. To my surprise, I found a widespread 
belief that waterlogging and salinity problems were not the result of poor on-farm irrigation 
management but, rather, a consequence of the Ullum dam construction (Allub, 1990, pp. 78-
88). 

d) Farmer's Disposition to Changes in the Present Water Management Institution 

Dregne has suggested that the scheduling of the delivering of water based on the 
rotation system rather than on demand, and the fact that irrigation water is not price-rationed, 
are among the most important causes of excess water irrigation use (Dregne, 1983, pp. 110-
112). In our case study neither surface water nor groundwater are price rationed. In fact, 
surface water is rotationally allocated through a system of water rights which allows the holder 
to use a fixed and uniform coefficient of 1.30 liters per second of the stream flow. That is, the 
flow rate is the same from irrigation-to-irrigation through the season and it is delivered with the 
flow of the water in the San Juan River. In addition, ground water is a common pool and 
farmers have no property rights over the water in the aquifers. This schedule is water-authority 
oriented and is rigid in the sense that the decisions are not based on farm crop needs. This 
system encourages the farmers to operate inefficiently. It restricts crops to those adaptable to 
the set frequency, mostly needed for vineyards. For instance, vegetable crops need 8-day 
intervals and have root-zones of 0.30 cmt., while vineyards require 20 days and its root zones 
are more vulnerable to a rise in the water table. In addition, since all soils are not similar, only 
part of the irrigated area is well-suited to the selected frequency. However, in my survey I 
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found that 73% of the farmers agree with the rotation system, which they call "tumo:• In 
addition, 80.4% of the respondents expressed that no change in the water laws should be made 
(Allub, 1990, pp. 90-95). 

Conclusions and Policy Recommendation 

Technological modifications in the existing irrigation schemes - both consttuctional and 
institutional - may enter into conflict with the farmers traditional irrigation practices developed 
during periods of water scarcity. In our case study, one of the many contributing factors 
associated with waterlogging and salinity problems in important areas of the San Juan 
agroecosystem can be traced to the infiltration of applied irrigation waters associated with the 
traditional flood irrigation technique. 

Based on comparative experience, it seems to me that the best measure to cope with the 
environmental and economic consequences of inefficient use of irrigation water could be the 
assignment of legal property rights of water to the farmers so that the physical effect, e.g., 
waterlogging and salinization of other's farms, will always coincide with legally recognized 
responsibility. This has been the most preferred solution, since it minimizes state intervention. 
However, as we have already discussed, the concept of "property rights" of water must 
recognize the physical interdependence between surface and ground-water, otherwise its 
usefulness can be subjected to controversy. For instance, if the property rights of ground
water remain uncertain, other agents will have an incentive to cheat, and the actual detection of 
cheating is difficult since the well' s owners are free to pump water when they cannot be 
detected. Severe overdraft of ground-water at the expense of other users may result (O'Mara, 
1972). In addition, farmer participation and information in vital matters that so deeply affect 
their lives should be encouraged. Farmers are better informed about water requirements than 
irrigation bureaucrats and engineers who, in many cases, fail to see that irrigation is not only a 
problem of applying the water to the land but the result of a broad historical, legal, political, 
physical, economic and social situation in which a farmer takes charge of the water. 
Consequently, a system which encourages farmer participation and the use of water 
management know-how is more likely to achieve an efficient allocation and use of water supply 
(Maass and Thompson, 1978). In addition, the proposed institutional changes must be based 
on the basic general principle that any increase in the efficiency of the total irrigation system 
must not adversely affect any agent's economic welfare, and if it is so, he must be adequately 
compensated. 

Along these lines we recommend that the irrigation district, that is, the local level of 
water administration, should take possession of the water property rights and its authorities 
must be democratically elected by the water users. This administrative unit should be non
governmental in character. Its primary role should be to create a membership pool of 
cooperative water owners with membership limited to those who have water rights. 

Such an Association of Water Owners would receive the water from a government 
supply channel or directly from the well. In tum, the Association would underwrite the 
contract for the delivery of water from the pool to the buyer, collecting a fee to cover the actual 
administrative expenses. Since water is a high priority for the farming activity, this new 
sttucture would stimulate fanner participation in the decision-making process, which inevitably 
will require cooperation among them. 

To summarize, the most important features of this institutional scheme arc two: First, 
the primary responsibility in the planning, construction and maintenance of large-scale 
irrigation projects, as well as the collection and diffusion of relevant data for the improvement 
of irrigation technologies remains in the hands of the government. Second, the Association of 
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Water Users would actually own the water and the would be key in the operation and 
maintenance of the on-farm water delivery system. 
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THE CREFAL-MONTANA EXPERIMENT AT Enoo ZURUMUTARO: 
1963 • 1965 

Roger M. Baty I 

Zurumutaro is an ejido along the shore of Lake Patzcuaro in the state of Michoacan, 
Mexico. Located midway between Guadalajara and Mexico City, this region is off the beaten 
track. The natives are the Tarascan or Purepecha Indians who are gradually becoming mestizos 
through marriage and education. While one hears Purepecha spoken in markets, on the islands 
of the lake, and in remote villages, Spanish is the language of common discourse. 

The Lake Patzcuaro region was the heart of the Purepecha empire at the time of the 
Spanish conquest. While the Purepechas fended off the Aztecs, they were no match for the 
Spanish invaders led by the ruthless N uiio de Guzman. Fortunately for the Indians, Guzman 
did not remain long. His place was taken by Don Vasco de Quiroga, a Basque lawyer-made
Bishop, who saw an opportunity to organize the communities of the lake region along the lines 
of Sir Thomas More's Utopia. Contemporary folklore credits the existing pattern of village 
craft specialization to the influence of the compassionate "Tata,, V asco. At present, the people 
make their living from agriculture, crafts, fishing, and tomism. 

Villagers around the lake have learned to cope with political and economic changes over 
the centuries by living close-to the subsistence level. Their standard of living is shockingly low 
when contrasted with conditions north of the border. That is why visitors to the region have 
mixed feelings. They take delight in the unhurried rhythm of life, the strange beauty of the 
volcanoes and the picturesque lake with its inhabited islands. This enjoyment is tempered by 
the realization that the people are poor. Nor do they have many of the infrastructure amenities 
such as water treatment plants and waste disposal sites which we in this country take for 
granted. 

In 1963, one of the villages along the lake became the setting for a major agricultural 
experiment. An international team of experts wanted to know whether it was technically 
feasible and economically profitable to grow a cash crop during the dry season using irrigation. 
They reasoned that a successful experiment could lead to major improvement in the peoples' 
level of living. The development experts came to the region sharing a utopian philosophy of 
community development which saw the rewards of modernization accruing to those 
communities where the citizens would work together with outsiders for improvement (Buitron, 
1966). Dr. Anibal Buitron, UNESCO community development expert, had helped fashion a 
zone of influence around the shores of Lake Patzcuaro for UNESCO's CREFAL, the Regional 
Center for Fundamental Education in Latin America. Lakeside villages served as a training 
ground for students in technical assistance from many parts of the world. 

One of the development experts to come to the region was my father, Dr. Harvey Baty, 
then Director of the International Cooperation Center at Montana State College. Early in 19()(), 
he visited the area with seven graduate students at the invitation of Dr. Buitron. The I.C.C. 
program at Montana was supported by a grant from the Carnegie Corporation. 

In 1960, CREFAL's community development training program was in full swing. The 
Montana graduate students joined in and for three months they explored the area, studied the 
climate and soils, observed traditional agricultural practices and noted possible ways to 
improve levels of agricultural production. 

I Department of Sociology and Anthropology, University of Redlands, Redlands, CA 
92373. 
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Com was the main crop. In March, the farmers yoked their oxen and started plowing 
the fields. They began planting when the rains came in late May or early June. They harvested 
the crop in late November and then let their cattle gru.e down the com stalks. They planted 
nothing during the winter months. This was the pattern every other year. During the off-year 
the ground rested. Livestock grazed on the plants that grew naturally. Farmers depended on 
manure from cattle and other animals grazing the land This left the soil seriously deficient 
with respect to both nitrogen and phosphorus. Crop yield was small in comparison with 
standards of scientific agriculture. A good crop was 1000 kilos/hectare or 15 bushels an a<..Te. 

The Montana group was very impressed by the human resources around the lake. They 
believed there was a genuine eagerness of the people to improve their agriculture and level of 
living. To quote Harvey Baty, "We saw a tremendous potential for development if all known 
resources - the people, the Mexican government agencies, United Nations, U.S. technical 
assistance, educational institutions, etc., could really work together in a concerted effort for 
community development." (Baty, 1962) The Montana group envisioned that a major step 
forward would be possible if the fanners could irrigate a cash crop during the dry season. A 
cash crop, grown when the land was otherwise idle, could dramatically increase the fanners' 
incomes and revolutionize farming practices in the region. To this end, they planned a 
demonstration project the next season at Tzipecua, the estate of Sra. Carolina E. de Mugica, 
public relations director for CREFAL. She made available fifteen hectares of farmland, several 
sheds, a barn, and a water source for irrigation. 

In January, 1961, experiments began to determine which crops could be grown during 
the dry season with irrigation. Ing. Anastasio "Tacho" Morales, the local agricultural extension 
agent, provided the seed. The experimenters laid out twenty plots with several varieties of 
alfalfa, wheat and oats. They irrigated using a small sprinkler system which was more 
effective than flood irrigation. After studying the results, they recommended that wheat be 
grown as a cash crop. 

The demonstration continued each dry season for the next two years. Gradually, 
neighboring fanners became convinced that something was going on which could benefit them. 
In March of 1963, members of three ejidos -- Huecorio, Zurumutaro, and Puerta Cadena -
asked whether the irrigation equipment could be used to produce crops on their land during the 
dry season. 

The project staff was delighted with the interest. At last the demonstration was having 
an effect. There were, however, two challenges to overcome before the demonstration could 
be "exported" to the surrounding communities. One difficulty was the small scale of the 
demonstration project. The other problem was the small scale of traditional farming practices. 
Fanners worked individual plots or "parcelas" no larger than 20m x lOOm. Surrounding most 
plots was a four foot wall of volcanic rock. To run the irrigation system efficiently they needed 
at least twenty contiguous plots. This would require a major readjustment of local practices. 

Donation of a larger sprinkler system and lease of a tractor solved the first problem. 
Ames-Tinsa Company of Mexico and Alcomex furnished a pump, feeder line, sprinkler line 
and sprinklers. International Harvester Company of Mexico leased a B-275 tractor with plow, 
disc and harrow. 

With equipment in place to support a village project the developers began meeting with 
farmers. Villagers from Huecorio were first in line. Seventy-five ejidatarios attended a public 
meeting the evening of September 5, 1963. Dr. Josef Facci, formerly a labor organizer in 
California, addressed the group. He told the farmers there were four basic requirements: 
water, land, labor and credit. Huecorio had a dependable and adequate water source near the 
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village. But, without a solid block of land of ten or more hectares, the sprinkler system would 
not work efficiently. Since the ejidatorios at the meeting owned more than thirty contiguous 
parcelas, they could satisfy this condition if they could meet the third requirement which was a 
plan of cooperative work. The fourth criterion was for the ejido to secure credit to purchase 
fertilizer, seed, and pay for operational expenses, such as running the tractor and the pump. 

During the discussion that followed, the ejidatarios raised questions about each of Dr. 
Facci's points. The water was available. Why would the ejidatarios have to pay for it? Why 
could not CREFAL-MONTANA provide the sprinkler system without charging them? Why 
should they work out a share-crop arrangement with the project to pay for irrigating their 
fields? Why was it so important to combine parcelas'l They had some experience working 
together but combining thirty parcelas was more than anything they had ever contemplated. 

As the evening wore on, there were more questions and at times heated discussion. 
The cooperative work plan was a real stumbling block. This would require that people who 
were not friends would have to work together. There was no village history to indicate this 
was possible. The project seemed too experimental and uncertain. Some expressed the 
opinion that this whole idea was an American trick to take their land away from them. Finally, 
an old farmer rose to speak. Even though his land was not in the area being considered, he 
spoke for the majority of those assembled. he urged caution. "We have been hurt time and 
time again by people who came here to do good for usf,, he said. Many nodded their heads in 
agreement. 

The following week, Dr. Facci and his team decided to approach Zurumutaro, the 
second interested community located four kilometers east of Huecorio. Eighty cjidatarios 
gathered to hear Dr. Facci and Ing. Morales review the conditions. The assembled group 
expressed real enthusiasm for the proposal. An adequate water source was available. They 
were ready to make their land available, and they had experience working together. At that 
meeting they elected a committee to work out a plan of operation and to seek credit 
arrangements. 

Within a week the committee had a plan which was acceptable to all the parties 
involved. The ejido of Zurumutaro would provide the land, water, and labor supply. They 
would combine twenty five hectares (62 acres) into a large field approximately four hundred 
meters wide and six hundred meters long. CREFAL-MONTANA would provide the 
equipment and operators for soil preparation, planting, irrigation, and harvest. Funds to cover 
operational expenses would come from Mexican credit sources. To pay off the loans they 
would sell the wheat commercially and divide what remained between the ejidatarios and the 
Project. After harvesting the wheat crop each ejidatario would plant his own field to com in the 
rainy season. The land would yield two crops a year and substantially increase the farmers' 
income. Each year, the ejidatarios would assume more responsibility for making decisions. 

The plan gave major supervisory authority to Ing. Morales who would guide each step 
of the project from preparing the seed bed to gathering the harvest. Dr. F.B. Wright, retired 
head of agricultural engineering at Cornell University, would assist Ing. Morales. 

Tractor plowing commenced December 20, 1963. In early January, they planted six 
hectares to "Sonora" wheat and nineteen hectares to "Lerma rojo" wheat. Ing. Morales 
supervised six applications of water using the sprinkler system. Both varieties of wheat 
produced well. Harvesting began on May 19 and finished by the end of the month, just as the 
rains began. 

The wheat sold for 50,110. pesos ($4,008 U.S.). The total costs of production were 
38,584 pesos (Table 1 ). This left a surplus of 11,526 pesos which as divided equally among 

93 



the thirty·two owners of the parcelas. Each received 360 pesos ($28,00 U.S.), the equivalent 
of fifty one day's wages as a fann laborer. 

Table 1. Production Costs of the Zurumutaro Experiment 

ng 
16,545 

After the harvest, the farmers decided to let their fields lie fallow rather than plant a 
second crop. "Mother earth has produced a big baby," one of them remarked. "It is right to 
give her a rest." The Project had to accept this verdict. Harvey Baty wrote "We did not urge 
them to plant, since it was our intention to leave these decisions to them, but we still did not 
achieve wn: [italics mine] objective of growing two crops in one year on their land with 
f ertili7.ation and irrigation." 

The following year the farmers decided to plant and irrigate wheat again during the dry 
-season. Ing. Morales continued to supervise the operation and the ejidatarios made more of the 
decisions themselves. One decision was to cut the expenditures for fertilizer in half, from 
16,000 pesos to 8,000 pesos. This change significantly reduced the harvest. At harvest time, 
the crop yield was 38,000 kg., or twenty-five percent less than the year before. While the 
revenue was enough to cover costs, there was little cash left over to divide among the parcela 
owners. The farmers decided to end the experiment and the Project personnel continued their 
endeavors elsewhere. 

So what did the experiment prove? From a technical standpoint it demonstrated that 
local farmers could grow a cash crop during the dry season with considerable borrowed 
outside assistance in managing factor inputs. The value of the crop was enough to cover the 
additional expenses. In the second year, however, as the farmers applied their traditional 
wisdom to factor inputs, the one that "seemed" most exorbitantly expensive, fertilizer, was 
decreased. The results that year showed that fertilizer was a critical factor input. As one 
farmer explained to me, "we didn't know then [twenty-five years earlier] that the land needs 
vitamins, just like people do." 

Using a systems theory perspective we can describe a local ecosystem that began 
receiving energy subsidies in the form of outside technical assistants with their resources, 
including irrigation water, chemical fertilizer, and farm machinery. During the period when all 
this energy was applied, net production increased. As energy subsidies were withdrawn, the 
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local system reverted to its former state. In the sense in which E. P. Odum uses the term, there 
was not enough "embodied energy" in the local system to ensure the transmission, storage and 
re-use of skills and information in the possession of the technical assistants, the "technicos." 
(Odum, 1989) 

We conclude that the experimenters attempted to introduce a type of agriculture which 
would flourish under the most favorable conditions. However, the type of agriculture most fit 
for this region may be what the farmers of Zurumutaro had to begin with; namely, a traditional 
system that would ensure survival when conditions are least favorable. 
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