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Foreword 

The Association for Arid Lands Studies (AALS), in cooperation with the 
International Center for Arid and Semi-Arid Land Studies (!CASALS), is 
pleased to publish the second volume of the Forum of the Association for Arid 
Lands Studies. This publication is indicative of the continued growth of our 
organization. The Association for Arid Lands Studies was founded in 1977 at 
the annual meeting of the Western Social Science Association, held in Denver, 
Colorado. The association combined arid land scholars into an inter
disciplinary organization where research efforts could be shared. The 
strength of AALS continues. to be its iriterdisciplinary nature, as the 
diversity of the articles in this volume indicates. 

The 1986 meeting in Reno, Nevada, was a definite success with 93 program 
participants presenting 60 papers in 15 topical sessions. This success, 
however, was two-pronged since it made the review process of the manuscripts 
submitted for consideration for publication in the Forum much more 
difficult. Every manuscript was reviewed by five referees in an effort to 
maintain the quality of the publication and in order to be fair to the 
contributing authors. As editor I, of course, had to make the final 
decisions; but these decisions would have been virtually impossible without 
the help of the referees. As a result I offer my thanks to the Forum's 
Editorial Review conunittee, with special thanks to James Jonish, Mitchell 
Loukota and John Hehr. Without doubt my greatest thanks go to Otis Templer, 
editor of Volume I of the Forum. Obviously, his knowing the amount of work 
required influenced his work efforts, which were greatly appreciated. Dr. 
Idris Traylor, Jr., Director of the International Center for Arid and 
Semi-Arid Land Studies, also is deserving of special thanks, since the 
support of his organization is what makes this publication possible. 

Last--but assuredly not least--my thanks go to Susan Yell, Economics 
Department secretary, for her diligence and skill in typing the manuscripts 
in final form. Her only request was that she not have to type the words 
"arid and semi-arid lands" for at least a year. I don't know who I'll get to 
type my paper for the meeting in El Paso, Texas, April 22-25, 1987. 

v 

Charles R. Britton, Editor 
Department of Economics 
University of Arkansas 





PART I 

WATER RESOURCES OF ARID LANDS: 

CONSERVATION, MANAGEMENT, AND POLITICS 
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MUNICIPAL WATER MANAGERS' 

PERCEPTIONS OF WATER CONSERVATION PRACTICES 

F. Andrew Schoolmaster! 

Introduction 

-Through the spring and sununer of 1984 more than half of Texas 
experienced drought conditions. This was especially true in parts of 
Central and South Central Texas, where the drought was classified as 
severe (Texas Department of Water Resources, 1984). During this period, 
90 water supply authorities, with a combined population of approximately 
2.1 million people (14 . 77. of the state's 1980 population) reported some 
type of water problem to the Texas Department of Water Resources (TDWR). 
The problems ranged from the inadequacy of existing distribution systems 
to ground and surf ace water shortages directly attributable to the 
drought. 

Based on the Palmer Drought Index, all of Texas could experience a 
moderate to extreme drought between 16 and 25 percent of the time (Wilhite 
and Wood, 1985). Given projected population increases and the state's 
susceptibility to drought, an understanding of how the affected water 
utilities managers perceived of, and responded to the 1984 drought is 
crucial to future policy formulation and contingency planning designed to 
mitigate the social, political, economic, and environmental impacts of 
drought. Research presented in this paper examines what, if any, water 
conservation measures were used by the 90 water authorities reporting 
problems and their respective perceptions of how successful the measures 
were in achieving water conservation. 

Review of Literature 

Results presented in this paper can be placed within the genera·! 
framework of studies dealing with the adoption and implementation of water 
conservation programs and devices. One line of research has focused on 
the development and installation of residential water saving devices 
(Office of Water Research and Technology, 1977). Another technical 
approach to water conservation concerns reuse and public attitudes toward 
the use of reclaimed water (Graeser, 1974; Bruvold and Ongerth, 1974). 

A second theme in the literature addresses different factors 
influencing the adoption of municipal water conservation programs. For 
example, Sharpe (1978) notes that many municipalities are incorporating 
water conservation into their annual supply planning efforts as opposed to 
only during times of water shortage. Sharpe concluded that using the 
installation of water saving devices offers advantages over education and 
pricing strategies in achieving conservation goals. More recently, 
Palmini and Shelton (1982) reported on the positive effects of a program 

loepartment 
Texas, 76203. 

of Geography, North Texas State University, Denton, 
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in New Jersey where households were given free packets of water saving 
devices. Other literature indicates that pricing policies that promote 
efficient and equitable user fees can help achieve water conservation 
without sacrificing the social objective of providing water at affordable 
prices (Smith, 1985). 

Considerable attention has also been given to drought response and 
emergency water conservation planning (Bruvold, 1979). One theme has 
focussed on how government has responded to periods of drought (Wilhite, 
1983). More specifically, Wilhite and Wood (1985) examined the role of 
state government in drought planning and emergency water conservation. 
Governmental response should be equitable and efficient allocation of 
resources during a drought. In turn, these drought mitigation plans could 
then be incorporated into the statewide water conservation programs 
(Sawyer, 1984). The need for emergency water conservation planning in 
Texas is also noted in a TDWR (1983) publication. Research presented in 
this paper attempts a preliminary survey of conservation strategies 
employed by water utilities duriµg the 1984 Texas drought. 

Data Collection and Questionnaire Design 

Data used in the analysis were generated .from a questionnaire sent to 
water utility managers reporting some type of water problem to the TDWR 
during the spring and sununer of 1984. The four past surveys asked: (1) 
general characteristics of the water utility including the number of 
customers served by the utility, distribution statistics, primary source 
of water (surface or groundwater), and consumption by type of use; (2) 
assess the seriousness of the 1984 drought on 10 separate measures ranging 
from low water pressure and inadequacy of existing distribution system to 
customer inconvenience and dissatisfaction; (3) what, if any, actions were 
taken in response to the drought in terms of long-range plans to respond 
to a drought or prepared on emergency water conservation plan; (4) which 
water conservation methods were currently being implemented by the 
utility, and how successful the methods were believed to be in achieving 
water conservation. TDWR provided a mailing list. Of the 90 addresses, 
two were incomplete and therefore undeliverable. Following one follow-up 
mailing and a reminder telephone call, 66 of the 88 questionnaires were 
returned for a response rate of 77 percent. The location of utilities 
participating in the study is presented in Figure 1. 

Data on responses to Part 3 and 4 are presented here and are organized 
on the basis of primary source of water for utility. This breakdown was 
selected in an effort to evaluate how the occurrence of drought-affected 
water utilities that were primarily dependent (>50%) upon either surface 
or groundwater supplies and the extent to which these utilities employed 
conservation measures. 

Analysis of Questionnaire Response 

Answers to the question "Did the 1984 drought constitute an 
emergency?" indicate that surface water utilities were more adversely 
affected than their groundwater counterparts. Seventy-three percent of 
the surf ace water respondents indicated that the drought had constituted 
an emergency for their utility as compared to only 57 percent of the 
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PRIMARY SOURCE of SUPPLY 

S Surface Water 

G Groundwater 

Piqure 1 

Locations of Water 
Supply Authorities 

Reporting Problems 

0 50 100 MIUI 

0 50 100 Kll.OMITElll 

respondents (Table 1). The chi-square statistic for the responses to the 
question was statistically significant further underscoring the 
independence of ground and surface water responses. In the past, this 
independence could be attributed to the fact that the depletion ·of a 
surf ace water supply is both more visible and permanent in the sense that 
the supply is exhausted until the drought is broken and the reservoir 
replenished. In contrast, groundwater shortages are not as visible (with 
the exception of associated land subsidence) and are often viewed as 
depletions. 

There was no statistically significant differences between responses 
to the long range planning question (Table 2). A high percentage of 
ground and surface water utility respondents indicated that long-range 
planning for drought had been undertaken. As might be expected, most of 
the activities were supply oriented in nature and involved 1) the 
acquisition of additional funding to expand and improve existing 
distribution and treatment facilities, 2) the construction of new 
reservoirs or drilling of additional wells, and 3) negotiations to secure 
additional supplies from other water purveyors. Little attention or 
interest was expressed for plans addressing ways to reduce water demand by 
customers (Schoolmaster, 1985). This sentiment is underlined by response 
to the question, "Has your utility developed an emergency water 
conservation plan?" 

Only 44 percent of the ground, and 54 percent of the surface water 
respondents indicated that such a plan had been developed. The higher 
rate of plan development among surface water supplier s suggests that their 
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======================================================================-===== 

Table 1 

Evaluation of Seriousness of Drought 

Primary 
Source 

Did 1984 Drought Constitute 
an Emergency? 

Groundwatera 
(N=30) 

Surf ace Water 
(N=34) 

Yes 
16 

(57.l)b 

25 
(73 . 5) 

aTwo utilities did not respond to question 

b(percentage) 

Csignificantly different at .001 level 

No 
12 

(42.9) 

9 
(26.5) 

x2 = 26.02c 

=========================================================================== 

perceptions of the seriousness of the drought did result in more attention 
being given to emergency planning. Generally, however, these responses 
would suggest that emergency drought planning in Texas has been, and 
continues to be neglected. This apparent lack of planning is distressing 

=========================================================================== 

TABLE 2 

Utility Long Range Planning 

Primary 
Source 

Groundwatera 
(N=30) 

Surf ace water 
(N=34) 

Has Utility Developed Long Range 
Plan to Respond to a Drought? 

Yes 
22 

(81.5) 

25 
(75.8) 

No 
5 

(18. 5) 

8 
(24.2) 
x2=2,45c 

aThree utilities did not respond to question 

b(percentage) 

CNot significantly different at .OS level 
=========================================================================== 
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given the state's frequency and severity of drought, and may be suggestive 
of a false sense of security. For example, during the last 30 years 
considerable amounts of time, money, and effort have gone into the 
"development" of the state's water resources. Such efforts have neither 
prevented the occurrence of drought, nor ameliorated its adverse economic, 
social, and environmental impacts. It would appear that long-range water 
planning incorporating short-term emergency response strategies for 
achieving a rapid and meaningful reduction in water consumption across all 
use categories is necessary and long overdue . 

=========================================================================== 

Primary 
Source 

Groundwatera 
(N=30) 

Surface Water 
(N=34) 

TABLE 3 

Adoption of Emergency Water Conservation Plan 

Has Utility Developed Emergency 
Water Conservation Plan? 

Yes 
12 

(44.4)b 

18 
(54.5) 

No 
15 

(55.6) 

15 
(45.5) 

X2=9.00C 

aThree utilities did not respond to question 

h(percentage) 

csignificantly different at .01 level 

=========================================================================== 

A number of water utilities indicated that conservation measures were 
implemented during the drought and that some had been incorporated into 
their routine operations. The final section of the analysis identifies 
the measures currently practiced by the utilities and how successful they 
believe these methods are in achieving water conservation. 

A high degree of correspondence existed between the three most 
frequently practiced conservation methods by ground and surf ace water 
utilities (Table 4). Water metering, followed by residential lawn 
watering and voluntary "wise use" programs were the most popular 
conservation practices. Of these, water metering was cons idered to be 
successful or very successful by a large percentage of those utilities 
using them. A fourth technique, mandatory rationing was used by 30 
percent of the groundwater and 28 percent of the surface water utilities. 
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=========================================================================== 

TABLE 4 

Number of Utilities Using Conservation 
Methods and Respective Evaluations 

Water 
Conservation 
Methods 

Groundwater (N=30) Surface Water (N=34) 
No. Evaluationa No. Evaluationa 

Usingb VS S LS NS Using VS S LS NS 

1. Water Reuse 

2. Water Metering 

3. Sununer Surcharges 

4. Inverted Rate 
Structure 

5. Bill Stuffers 

6. Water Conservation 
Kits 

7. Residential Lawn 
Water Program 

0 

18 

1 

3 

8 

8 

11 

8. Mandatory Summer Con
servation Programs 4 

9. Voluntary Sununer Con
servation Program 15 

10.Landscaping Pro
grams 3 

11.Mandatory Rationing 10 

12 5 1 

2 1 

2 4 2 

1 3 2 

4 3 2 

1 1 

4 4 4 

2 

5 

2 2 

29 14 11 2 

3 2 1 

9 6 2 1 

6 4 

1 5 2 3 

2 18 3 9 4 

1 7 2 4 1 

13 2 6 4 

3 1 2 

2 8 3 5 

avs = Very Successful , S = Successful, LS = of Little Success, NS = Not 
Successful 

bEvaluation . ratings may not be equal to number of utiliti es using 
conservation methods due to lack of response. 

2 

2 

2 

1 

=========================================================================== 
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The remaining techniques were infrequently used, and the economic 
approaches of · sununer surcharges and inverted rate structures were largely 
unused. Although 26 percent of the surface water utilities did employ the · 
latter. For this sample the results indicate that conservation practices, 
with the exception of water metering, are not practiced to any great 
extent, and those that are employed appear to be reliant upon voluntary 
cooperation by the customers. Conservation methods currently used, 
however, are generally considered to be successful in achieving water 
savings. 

Conclusions 

Three major conclusions may be drawn from the results of this survey. 
First, water utilities dependent upon surface water supplies considered 
the 1984 drought to be more serious than ground-water-dependent systems. 
Surf ace water utilities also showed a greater tendency to develop 
emergency water conservation plans, although the adoption of such plans by 
both utility groups was less than what might have been anticipated. 
Second, considerably more attention has been given to long-range planning 
efforts focused on the development and/or acquisition of additional water 
supplies and rights. Third, water conservation techniques, at least for 
this sample population, were not widely -practiced, and featured voluntary 
cooperation by water customers. As demand for water increases in Texas, 
water conservation will play a more important role in water resource 
policy. Similarly, drought-prone Texas should also consider the 
development of drought mitigation and contingency plans at the local and 
regional levels . 
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WATER CONSERVATION POTENTIAL IN THE SOUTHWESTERN 

ELECTRIC POWER INDUSTRY 

by 

James E. Jonish and Charles E. Butler! 

Introduction 

Water use for all purposes in the United States has increased steadily 
from 1950 to 1980, at a rate faster . than the growth of the nation's 
population. Estimated withdrawals for all offstream uses (diverted from 
ground or surface water sources) were 450 billion gallons per day in 1980 
(U . S. Geological Survey, 1983). In some regions of the Southwest, ground 
water use has exceeded "perennial yields" (the amount that can be 
withdrawn on a sustained basis without reducing the average amount in 
storage) with the consequence that the stock of underground water is being 
depleted (U.S. Water Resources Council, 1979). With increased withdrawals 
of water for consumptive use, conservation practices to augment the 
existing ground and surface water supplies are of increasing importance, 
but particularly so in the arid and semiarid southwestern United States. 

The thermoelectric power industry is a major offstream water user, 
larger nationwide than irrigated agriculture, with an estimated 215 
billion gallons per day of water use in 1980, nearly 50% of total 
offstream use. With water use a direct function of electricity 
generation, the total and regional growth in the demand for electric power 
can bring with it a significant increase in the demand for water. Thus, 
the regional population growth and migration toward the western and 
southwestern Uni ted States will bring additional pressures on the surface 
and underground water supplies of these areas. 

With predi cted water supply-demand imbalances, efforts to augment 
conventional water supplies or reduce fresh water demand are being 
adopted, or considered. In the electric power i ndustry, a number of 
options are available. These include reuse of municipal water and use of 
saline and other nonpotable water as well as technology options reducing 
the demand for water like dry cooling and increased cyc les of water use. 

The purpose of this paper i s to examine some of these options for 
conserving fresh water in the southwestern electric power industry. 
Specifically, the following objectives are addressed: 

1) To compare the water use requirements of an electric power plant 
operating under conditions of conventional water use (the base case) with 
the requirements under the water reuse, dry cooling, and recycling 
options. 

2) To examine the current and near-term economics of the electric 
power industry's adoption of these alternate technologies or sources. 

!Department of Economics, Texas Tech University, Lubbock, Texas, 79409 . 
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3) Using data from a nonrandom sample of electric power plants, to do 
a volumetric analysis of the potential water savings in the southwestern 
United States of the alternative water-use scenarios. 

Technological and Supply Alternatives 

Under the base case, that is once-through cooling, more than 90 
percent of the water used is for cooling and condensing the steam exiting 
from the turbines where heat energy has been converted into mechanical 
and, subsequently, electrical energy. This is referred to as water use 
for waste heat rejection, the purpose being to lower the pressure at the 
turbine exhaust and to allow the cooled water to be returned to the 
boiler. The steam passes from the turbine to the cooling tower where the 
cooling water circulates. The evaporation of this cooling water accounts 
for the major part of water consumed at an electric power plant. With 
evaporation, the concentration of dissolved solids in the cooling water 
rises. To prevent excessive concentration of solid, a stream of water 
called "blowdown" is continuously bled from the water circulating in the 
cooling tower. This blowdown is diverted to an evaporative pond. 

Dry cooling and recycling are the technological alternatives to the 
conventional once through water cooling and the use of wastewater 
(particularly treated municipal wastewater) is the supply alternative. 

A dry cooling tower operates like the radiator of a car eliminating 
the evaporation of the cooling water and dissipating heat to the 
atmosphere through convection -- that is the transfer of heat due to the 
circulation of the water that results from non-uniform temperature. Just 
as desert areas require oversized radiators for cars, regions of the 
country where the outside temperature is high requires greater dry tower 
capacity. In any case, the water savings under dry cooling must be 
balanced against the greater capital requirements of that option (Abbey, 
1979). 

Under once-through cooling, three to four cycles of concentration 
occur in the cooling tower. The number of cycles can be increased to ten 
by using chemical additives to treat and soften the water in the tower. 
Moreover, the blowdown may be treated and recycled. Under the reverse 
osmosis procedure, which is a forced water filtration process through a 
membrane, further water savings are possible. In addition, this procedure 
also saves disposal costs . So, again under recycling substantial water is 
saved but capital and operating costs are higher. 

Finally, municipal wastewater may be substituted for fresh water in 
the cooling tower, but the water must be treated to eliminate impurities 
before it is used. The additional capital and operating costs for these 
treatment facilities again must be balanced against the benefits of the 
freshwater saved. 

Economic Analysis 

Whether the electric power industry adopts any of the previously 
discussed alternatives depends on their assessment of the comparative 
economics of these investments, versus the acquisition costs of 
freshwater, either through municipal or other sources, or through their 
own production of freshwater supplies . There are a number of economic 
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models capable of providing an assessment of the economic feasibility of 
these alternate water options. Net present value and internal rate of 
return models are derived from the traditional investment literature. If 
the proposed project passes some a priori rule (NPV > 0, p > r), the 
project is economically feasible. 

An alternative, although closely related, model in the electric 
utility literature is the levelized cost or busbar model . Often called 
the required revenue approach, it takes the project fixed and recurring 
costs over the project life, and discounts it to .the present on a per unit 
output basis (see Doane, 1976 or Schnunil and Bergeron, 1984) . The 
resulting levelized unit cost provides an estimate of the required revenue 
(price) that must be charged for the output produced to cover all costs, 
including any required return on investment. Here this method is used to 
calculate the additional costs associated with the alternative methods of 
cooling per gallon of fresh water saved. Thus, this levelized cost is 
compared with conventional water prices to evaluate its economic 
competitiveness in providing cooling to the end user. In this case, the 
end user is the electric utility itself. 

Parameters and Data Sources 

To provide a consistent evaluation of the alternate water use options, 
s~me standardized parameters were used for all calculations. A simplified 
annualized cost model was used: 

I . 

(1) LEC = CRF x KC +MO 
ANNUAL WATER SAVINGS 

(2) CRF = i(l+i)n 
(l+i)n-1 

LEC = Annualized Unit Cost of Water ($/KG) 

CRF = Capital Recovery Factor on Total Investment (CRF = .17) 

KC = Total Capital Cost of Alternative 

MO = Estimated Annual Maintenance and Operations Cost 

i = Market interest rate 

n = Life of investment 

Equation (2) is the capital recovery factor (assumed .17 here). Given the 
interest rate and the project lifetime, it is the charge per thousand 
gallons of water (or per KWY, etc.) necessary to recover the investment. 

Capital costs, maintenance and operating costs and operational data 
for the alternate water use came from a number of sources. Water reuse 
data were obtained from two different electric power plants in the 
southwestern United States, the dry cooling data comes from an engineering 
consultant ' s report to an electric power company , and the data on 
increased cycles of water concentration from the open literature, 
particularly Abbey (1979). 

12 



Current freshwater prices for industrial users came from a sample of 
municipalities in west Texas, New Mexico, Colorado, Utah, and Nevada. 
However, since many electric utilities produce their own fresh water for 
electricity generation, an effort was made to obtain this cost per unit as 
well. This information was provided to the authors by one electric 
company. 

Economic Simulations 

simulation analysis are presented in Table 1. The 
the incremental investment cost for each of the 
two is the annual maintenance and operations costs 

The results of the 
first column contains 
alternatives. Column 
(including wastewater 
for the alternatives. 

purchases for reuse) per thousand gallons of water 
Annual water output represents the annual water 

reuse amount or the annual water saved for the various alternatives. 

The key information is in the righthand column which represents the 
annualized cost per thousand gallons of water of using the various 
alternatives. For example, Case 1 under the water reuse options suggests 
that the 3.2 billion gallons of water reused for cooling purposes was 
produced at a cost of 45 cents per thousand gallons. If the price or cost 
of freshwater is greater than 45 cents per thousand gallons, the water 
reuse option is economically justified to the utility. 

A sample of 30 municipalities in west Texas, New Mexico, Colorado, 
Utah and Nevada was examined. In each case, the marginal price of water 
for each community was utilized. Overall the arithmetic average was 90 
cents per thousand gallons with a range of 42 cents to $1.75 per thousand 
gallons. Utah and Nevada (61 cents) water prices were lower on average 
than west Texas (96 cents), Colorado ($1.18) and New Mexico (85 cents). 

Thus as Table 1 illustrates, a number of the options look attractive 
in terms of levelized cost. The use of chemical additives to increase the 
cycles of concentration of water through the electrical generation system 
is particularly noteworthy. By increasing the cycles of concentration 
from 4 to 10, the electric utility reduces its water requirements from an 
average of 9600 gallons per minute per 1000 MW of electric production to 
8000 gallons per minute. On an annualized basis, this results in a 
savings of 672 million gallons of water . The cost of saving this water is 
slightly over 6 cents per gallon as Table 1 indicates. 

Additional water savings are possible through reverse osmosis. By 
filtering water through a membrane, this process reduces water 
requirements a further 640 gallons per minute to 7360 gallons per minute 
per 1000 MW of electrical production. While the marginal cost of this 
water savings is higher than increased cycles of concentration, it will be 
competitive in most communities with fresh water purchases. In addition, 
this ignores electrical utility disposal costs of water, which can be 
significant in many states. 

The water reuse options are somewhat mixed. Case (1) appears 
economically justified since the marginal price of water to industrial 
users in most communities in the Southwest exceeds 50 cents per thousand 
gallons. But case (2) is not justified based on prevailing industrial 
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TABLE 1 

Levelized Cost of Water Use Alternatives 

Capital Maintenance Annual Water Levelized 
Technology Cost and Operations Outputl 
Alternatives ($ millions) ($/KG) (K gallons) 

Water Reuse 

Case 1 2.000 .349 3,200,000 

Case 2 1.600 .718 1,200,000 

Cycles of Con-
centration .130 .055 672,800 

Reverse Osmosis .346 .250 269,100 

Dry Cooling 11.612 .021 2,099,456 

lwater output is annual water reuse amount or annual water saved, 
depending on the technology. 

21evelized costs expressed in current 1985 dollars. 

Cost2 
($/KG) 

.455 

.942 

.063 

.470 

1.060 

================================================~:========================= 

rates. Citing flexibility or the unavailability of sufficient fresh water 
supplies in the region may account for this anomaly, but it is clear that 
they are paying a high cost for their wastewater from the municipality. 

From Table 1, it appears that the dry cooling option is least likely 
to be competitive under the currently prevailing prices of water and the 
technology of dry cooling. The dry cooling option levelized cost is in 
excess of $1.10 per thousand gallons, a higher cost than most of the 
municipalities' industrial rates for freshwater. 

However, dry cooling offers a flexibility in citing decisions not 
available to the other water using technologies. As such, this benefit 
needs to be weighed against the incremental cost disadvantage of dry 
cooling. In addition, the cost competitiveness of dry cooling may be 
expected to occur in the near future with the relative escalation of 
freshwater prices. For consistency in using the levelized cost approach 
requires that the prices of convention.al water sources also be examined 
over the same period, not just current prices alone. Thus, 

where Pt is the price of water at any time t, r is the real rate of 
price increase and P0 is the current period price. 
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Using the upper ($1.15/K gallons) and lower ($.75/K gallons) bounds 
for the price of freshwater, and with a relative real increase of 
freshwater prices of two percent per year (that generally assumed for 
other natural resources) the following price paths would evolve over time: 

Current Price (P0 ) 

.75 1.15 

Pt - 5 years .83 1.27 

Pt - 10 years .92 1.40 

Pt - 15 years 1.01 1.55 

Pt - 20 years 1.12 1. 72 

Thus, even the 
many areas within 

dry cooling option would be expected to be competitive in 
10 years, and in almost all areas within 20 years. 

Volumetric Analysis 

What do these specific case examples mean in terms of water saving 
potential in the semiarid western and southwestern United States? In 
1982, the United States had 452,000 MW of electric utility generating 
capacity (DOE, 1983). Of this figure, 113,000 MW are in the eight-state 
Mountain region, in southern California, Texas and Oklahoma . Using the 
rule of thumb of 9600 gallons per minute per 1000 MW of electrical 
production without the water conservation technologies, the following 
annual upper and lower limit savings are illustrative for the western and 
southwestern region: 

Potential Annual Water Savings 

(Billions of Gallons) 

Technology Lower Limit Upper Limit 

Cycles of Concentration 38 . 00 76.02 

Reverse Osmosis 15.20 30 . 41 

Water Reuse 114.00 456.14 

Dry Cooling 228.00 456.14 

In each case, the upper limit is the amount of potential savings if all 
electrical utilities i n the region adopted the indicated technology 
(assuming operation at 80 percent of capac i ty). The lower l i mit reflects 
the fact that many utilities are incorporating the technology in newer 
plants (increased cycles of concentration are now generally required by 
EPA legislation for units constructed after 1974), or that reuse options 
are economically feasible only if the power plant i s i n or near a large 
city (in excess of 100,000 persons) or the current prices make the 
technology currently infeasible (dry cooling) in many communities. 
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Nevertheless, there is a significant potential for water conservation 
in the electric utility industry. To put the potential water savings in 
perspective, Lubbock, Texas, a city of 180,000, utilized 11.7 billion 
gallons of water for all uses (including electric power) in a recent 
year. Widespread adoption of increased cycles of concentration would 
release water for use by a population base three times the size of Lubbock 
as a minimum. 

Conclusions 

As the population of the Southwest continues to grow, considerable 
savings on additional water requirements can be realized if the expanding 
electric power industry builds plants incorporating currently available 
supply and/or technological alternatives to conventional water-use 
methods. Moreover, since several of these alternatives are now, or soon 
will be, cost effective relative to conventional methods, normal market 
forces should lead to their adoption. But given the importance of water 
savings to the Southwest conununity there is a role for goverriment, 
universities, and trade organizations of the electric power industry to 
conduct and disseminate detailed engineering and economic studies of the 
alternatives discussed here and others that are available. Finally, 
considering that the market price of freshwater · understates its true 
scarcity value to society as it is a depletable natural resource, local 
governments should consider ways of encouraging the use of water-saving 
technologies and/or water reuse even in areas where these are not quite 
cost effective in terms of current prices. 
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THE INTERRELATIONSHIP OF WATER AND COAL SLURRY PIPELINING 

IN THE WESTERN UNITED STATES 

James W. Moore and RoQert T. Alguirel 

The use of water for transporting coal by slurry pipeline in the 
western United States has been the focus of substantial attention during 
the past fifteen years. Several reasons account for this attention. 
These include the completion of the Black Mesa pipeline in 1969, the 
dislocation in world petroleum prices i~ 1973 (and the resulting emphasis 
on the. use of United States coal), and the limited water resources 
available in the western states. 

Background Information 

Coal Slurry Pipelining. Historically, two relatively long distance 
coal slurry pipelines have been constructed and operated in the United 
States. The first, the Consolidated Coal Company pipeline, transported 
coal from near Cadiz, ·Ohio to Cleveland Electric Illuminating Company's 
Eastlake power station. Relatively small ~ by current standards, this 
pipeline was 108 miles long and ten inches in diameter. Throughput 
capacity was about one million tons per · year. The Consolidated Coal 
Company pipeline operated for about six years before a subsequent 
reduction in freight rates made rail shipment economical. 

The second major coal slurry pipeline in the United States was the 
Black Mesa pipeline which transports coal from near Kayenta in 
northeastern Arizona to the Mohave power station southeast of Las Vegas, 
Nevada. Completed in 1969, this pipeline has a throughput capacity of 
about five million tons per year. Pipeline length is 273 miles and the 
diameter is eighteen inches for most of the pipeline length. The pipeline 
has been in operation since 1970. 

Several major coal slurry pipeline projects have been seriously 
pursued and numerous pipeline corridors investigated during the past 
fifteen years. Figure 1 shows several of the proposed pipelines and 
corridors. As shown by the figure, most of the pipelines proposed in the 
1970's would originate in the western states. Consequently, the water 
resources aspects of coal slurry pipelining received considerable 
attention, both with respect to the water quantity and water quality 
aspects of coal slurry pipelining. 

Water Requirements. The actual water requirements of a coal slurry 
pipeline are relatively nominal compared with most other energy 
extraction, conversion and utilization options. However, these 
requirements are larger than for coal shipment by unit train. Table 1 
shows the relative water requirements, based on National Academy of 
Engineering data, for unit train, coal slurry pipeline, coal gasification, 
coal liquefaction and for electric power production (with movement of the 
electricity by extra high voltage lines). 

lnepartment of Civil Engineering, University of Arkansas, Fayetteville, 
Arkansas, 72701. 
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Figure 1. Schematic Representation of Proposed Coal Slurry 
Pipelines in the United States 

. As shown by the table, the quantity of water required for coal slurry 
pipelining is less than ten percent of that required for production of 
electric power. The water requirement of the coal slurry pipelining 
process is on the order of 20 to 25 percent of the water required for 
synthetic gas and synthetic liquid production. However, significantly 
more water is required for the process than for coal movement by unit 
train. Consequently, multiple viewpoints exist with respect to water and 
the development of the western coal reserves. Part of the citizenry 
oppose shipment of all of the coal by unit train because of increased 
frequency of train passage, increase in vehicle-train accidents and range 
fires. Conversely, others oppose usage of the limited water resources in 
interstate shipment of the coal . Still others oppose usage of the water 
resources for synthetic fuel or electric power generation because of the 
consumptive use nature of these operations. 

Water Issues. Following completion of the Black Mesa pipeline, the 
slurry pipeline receiving the most attention was the Energy Transportation 
Systems, Incorporated (ETSI) pipeline. As planned, this pipeline would 
have delivered coal from near Gillette, Wyoming to markets in the South 
and Southeast as shown on Figure 1. In the early 1970's water rights were 
granted by the state of Wyoming for approximately 20,000 acre-feet of 

18 



==============================================--========---=-=============== 

TABLE 1 

Approximate Water Requirements at the Source for Various 
Transportation Alternatives 

(Based on 1,000 Megawatt Equivalency) 

Alternative 

Unit Train 
Coal Slurry Pipeline* 
Synthetic Gas 
Synthetic Liquid 
Electric Power Generation** 

Water Requirement 
Cubic Feet Acre-Feet 
Per Second Per Year 

Negligible 
2.54 

10.26 
13.54 
27.63 

Negligible· 
1,840 
7,430 
9,810 

20,000 

*Based on 8,500 Btu/lb~oal, 10,000 Btu/kw heat rate and 0.65 load 
factor . 

**Based on 1,000 Btu/cf gas, 10,000 Btu/kw heat rate and 0.65 load factor. 

=========================================================================== 

water per year from wells in the Madison formation. Since the wells were 
deep (about 4,000 feet), the cost of pumping water for agricultural 
(irrigation) purposes was uneconomical. Thus, the water rights 
acquisition received relatively little attention at that time. The issue 
of granting water rights for the coal slurry pipeline was raised later 
with attempts made to reverse the granting of the rights in subsequent 
legislative sessions. However, adequate support in the legislature was 
never obtained to reverse the granting of the original right . 
Subsequently, the Energy Transportation Systems, Inc. pipeline group 
obtained water rights to about 20,000 acre-feet of water from the Upper 
Missouri River Basin. A plan was developed which would provide water to 
certain conununities along the route from the Oahe Reservoir to near 
Gillette, Wyoming. Recently, the Eighth U.S. District Court of Appeals 
upheld a lower court ruling which concluded that the Department of 
Interior did not have authority to enter into the contract for the water 
rights. The planned pipeline is no longer active. 

As planned, the San Marco slurry pipeline project would have delivered 
coal from the Walsenburg coal deposit in southeastern Colorado to the 
Houston, Texas area. Planned capacity of the pipeline was about ten 
million tons per year with a pipeline length of 900 miles. The water 
source to be used was wells located near the coal deposit. Extensive 
efforts were expended in developing the water resources, including well 
pumping tests. This project is also inactive at this time. 

Also inactive, the proposed Texas Eastern Corporation pipeline project 
was planned to transport about 22 million tons of coal per year from the 
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Powder River basin in southern Montana-Northern Wyoming 
Texas area. The project was quite large with a pipeline 
miles. Difficulty in obtaining water rights was a 
deconunissioning the project. 

to the Houston, 
length of 1,260 
major factor in 

Two other planned projects originating in the west were the Northwest 
Integrated Coal Energy System and Allen-Warner Valley pipeline projects. 
The NICES pipeline project was planned to deliver about 25 million tons of 
coal per year from Wyoming to use sites in the Oregon-Washington area. 
Pipeline length was to be about 1,100 miles. The Allen-Warner Valley 
pipeline is part of a complex coal delivery-power generation-extra high 
voltage transmission project. Throughput capacity was expected to be 
slightly less than 12 million tons per year. 

At least three common threads were evident in these planned projects. 
They were that all originated in western states with appropriation water 
doctrines which meant that water rights must be acquired separate from the 
land rights, all involved interstate shipment of water, and all 
encountered difficulties in obtaining right-of-way since there is no 
federal eminent domain legislation for coal slurry pipelines. Although 
water rights were obtained for some of the planned pipelines, the water 
rights and water quality considerations remained an emotional issue 
available to pipeline project opponents. The planned pipelines 
originating in the eastern states did not have the water rights issue to 
be resolved. However, pipeline opponents used the water quality 
considerations issue in legislative hearings at the Federal and State 
levels. Opposition to the locating of electric power generating plants 
near the coal source with subsequent transmission of the electric power by 
extra high voltage lines also was evident in many of the western states. 
Water requirements of the power generating stations was also an issue in 
citing these plants. The use of unit trains for moving all of the coal 
from the sources in the western states also received opposition because of 
range fires, vehicular accidents, frequency of train traffic and other 
issues. Attempting to transport the quantities of coal involved by truck 
over the long distances would, of course, have received even more 
opposition. 

' Water Quality Considerations. An examination of the basic processes 
used in coal slurry pipelining is essential in understanding the water 
quality aspects of this method of transport. The overall slurry 
pipelining process includes three basic steps. These are slurry 
preparation, slurry transportation and slurry dewatering. Slurry 
preparation consists of reducing the size of the coal sufficiently to 
allow it to be kept in suspension during transport, formation of the 
slurry by adding the carrier fluid (ordinarily water), and storing the 
slurry until it is charged to the pipeline. 

The size of the coal to be used in a pipeline project is selected 
specifically for each project. However, the size graduation (size 
consist) is usually similar to that shown in Table II. 

§everal processes can be used to reduce the size of the coal, but the 
processes 
For this 
in which 

used for the Black Mesa pipeline are reasonably representative. 
pipeline, the crushed coal from the mine is fed to cage impactors 
the size is reduced to 3/8" x O". The 3/8" x O" coal is sent to 

20 



=============----============----============================--================= 

TABLE II 

Size Gradation of Coal Transported in the Consolidated 
Coal Company Pipeline 

(After Frey, Jonakin and Caracristi(l)) 

Screen Mesh 

8 
14 
28 
48 

100 
200 
325 

-325 

Percent Retained 

0.7 
6.9 

18 . 2 
18.9 
15.1 
10.4 
6.3 

23 .5 
=========================================================================== 

wet rod mills to achieve the size consist required for the pipeline . 
Water is added in the rod milling step. After rod milling, sufficient 
water is added to the coal to obtain the desired coal-water mixture (often 
about SO percent coal by weight). Following slurry formation, the slurry 
is stored until introduction in the pipeline . As shown by the data in 
Table II, the size gradation is such that a large surface area per unit 
volume exists. 

For the Black Mesa pipeline, positive displacement pumps are used to 
inject the slurry into the pipeline and to move the slurry to the 
receiving site. Discharge pressures in the preparation plant are about 
1,600 pounds per square inch. Four pumping stations, including the 
station at the preparation plant, are used in the Black Mesa system. Flow 
velocities in the pipelines within a range of from four to six feet per 
second are typical. 

A variety of processes can be used for dewatering the slurry at the 
receiving site(s). Dewatering at the Mohave Stat ion is accomplished 
primarily by centrifugation. Conventional ball mills are used at this 
station to achieve the size characteristics needed for firing the coal in 
the boiler. Dewatering for the Consolidated Coal Company pipeline was 
accomplished by thickening , vacuum filtration and flash drying . The 
general dewatering scheme was thickening to about 60 percent solids (by 
weight), vacuum filtration to about 20 percent moisture and flash drying 
to the extent required for firing of the coal into the boiler. The 
filtrate from the vacuum filter was flocculated and settled before 
discharge. 

With respect to the water quality aspects of coal slurry pipelining, 
numerous physical, chemical and/or biological activit i es can occur in 
coal-water mixtures . Coal contains a variety of contaminants and 
impurities which may be transferred to the aqueous phase upon mixing with 
water. Similarly , some of the quality parameters of the water used to 

21 



form the slurry may be mitigated in concentration by contact with the 
coal, may contribute to the concentrations in the aqueous phase, or may, 
seemingly, have no effect on the parameter concentrations in the aqueous 
phase. Additionally, some of the materials which may be initially leached 
from the coal in significant concentrations are returned to the solid 
phase by absorption, precipitation or other mechanism. 

The focus of attention on the water quality aspects has, to at least 
some extent, been in four primary areas. These are quality changes in the 
physical parameter, mineral parameter, heavy metal and organic parameter 
concentrations. Concerning the physical parameters, some criticism was 
rendered regarding the possible appearance of the water remaining 
following dewatering of the coal (slurry wastewater) . That is, whether 
sufficient coal remained in the water to cause an adverse appearance to 
the water. Because the Black Mesa system was delivering coal by slurry 
pipeline, this concern was obviously an artificial one and disappeared 
shortly after the concern was initially voiced. A second related 
consideration with respect to physical parameters was whether there might 
be some substance or substances in the coal which would cause a color 
problem with the slurry wastewater. This concern was also short-lived. 

Concerning the mineral parameters such as calcium, magnesium, sodium, 
potassium, sulfate, chloride, alkalinity and others, several research 
studies were conducted to determine the relationships of the coal and 
water in _aerobic, anaerobic and sequential aerobic-anaerobic 
environments. The results of these studies indicate that several factors 
influence the quality of the slurry wastewater resulting from the slurry 
pipeiining operation. Among these are the source of coal used, the 
quality of the water used to form the slurry, the turbulence in the 
pipeline, the type of environment (aerobic, anaerobic or sequential 
aerobic-anaerobic), and the method and extent of dewatering. With respect 
to the mineral parameters, probably the most significant factor was the 
source of the coal. Major differences in the hardness (calcium and 
magnesium), sodium, chloride and sulfate concentrations were noted between 
eastern and western coals. Also, the concentrations of these parameters 
were significantly different within each of these two categories. The 
general conclusion from examining the data resulting from these studies is 
that wastewater treatment needs will be a function of site specific 
circumstances. That is, the extent of treatment required will depend on 
the reuse of the water in another process and on the surface watercourse 
to which the wastewater will be discharged. For some applications, the 
treatment needs would be very minimal whereas more extensive treatment 
might be needed in other circumstances. In reference to the mineral 
parameters, however, the water quality considerations would seem to be 
predominantly a matter of defining the treatment needs and costs rather 
than a major difficulty. 

Because a variety of metals are present in flyash from coal combustion 
and because surf ace watercourses in some areas of the United States have 
very low allowable metals concentrations, considerable attention has been 
directed towards the leaching characteristics of these metals from the 
coal into the water in the slurry environment. The results of the 
research investigations indicate that some of the metals will leach from 
the coal although the number of different metals which will leach and the 
concentrations resulting in the coal-water mixture are much less than 
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might be expected from examination of the metal's concentration in .the 
flyash. The metals which will leach are functions of the coal source and 
on the age of the coal with respect to time since it was mined. Since 
conventional practice is to use freshly crushed coal, the latter 
consideration is not a significant one. In some circumstances the 
concentrations of the metals in the slurry wastewater will require 
reduction before discharge to a surface watercourse. These are very site 
specific considerations and must be considered on a case-by-case basis . 
The use of hydroxide precipitation, ion exchange and other treatment 
methods may be used for reducing these concentrations. 

Because of the concern during the past decade about the possibility of 
precursors to trihalomethane formation existing in all sources of water 
used for public water supplies, this concern was also addressed by several 
investigators. Although the coal is, of course, organic, the formation of 
trihalomethane precursors does not seem to be a major problem area. For 
some coal sources, the five-day biochemical oxygen demand and chemical 
oxygen demand concentrations are measurable and may be significant. There 
is little .evidence to support the theory that trihalomethane precursors 
will be a problem. 

Swmnary 

Although the use of slurry pipelines for transporting coal is 
receiving substantial attention around the world, activity in the United 
States has decreased greatly for several reasons. Among these are the 
difficulty in passing eminent domain legislation at the Federal level, 
fluctuations in energy prices for petroleum and coal, environmental 
considerations in coal mining and in reclaiming mined land, and water 
resources considerations. Concerning the latter, both water quantity and 
water quality considerations have been used by coal slurry pipeline 
opponents in arguments against passage of Federal eminent domain 
legislation. Because much of the coal and lignite whi ch can be surface 
mined is in the seventeen western states which have adopted the 
appropriation water doctrine, the water resources aspects of development 
of these coal reserves will continue to be an issue for some time. 
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ENGINEERING THE LAW: THE INFLUENCE OF HY.DRAULIC 
ENGINEERS ON WESTERN WATER LAW: 1885-1910 

James Peterson! 

The Prof essionalization of Engi neers 

In the spring of 1889 torrential rains caused the Conemaugh River to 
burst through an earthen dam and flood the industrial community of 
Johnstown, Pennsylvania, killing over two thousand people. In the 
aftermath, critics of technology castigated the idea of progress in 
general and professional engineers in particular for buildi ng reservoirs 
and damming rivers in violation of natural and divine law. John Wesley 
Powell, then director of the U.S. Geological Survey, responded to these 
assaults upon hydraulic engineering with an article in the North American 
Review entitled "The Lesson of Conemaugh." Powell maintained that 
hydraulic engineering was one of the oldest s~ills of humankind. In the 
humid eastern United States, engineers had contained large quantities of 
water in reservoirs to supply the needs of growing cities. In the 
American west, Powell asserted, hydraulic engineers were on the brink of 
creating a system of dams and reservoirs which would provide water for the 
irrigation of arid land farms, thus strengthening agrarian democracy in 
that region. " ... the civilized world," he wrote, "has now reached the 
dawn of a day of hydraulic engineering of such magnitude that all works 
hitherto accomplished are insignificant compared to those now to be 
planned and executed" (Powell, 1889). 

Powell taught his lesson in a period when American engineers were 
wrestling with the problem of establishing a professional identity. 
Throughout the late nineteenth century engineers became increasingly aware 
of their importance to society while at the same time they experienced a 
sense of social inferiority. Engineers desired professional aut onomy 
similar to that possessed by lawyers and physicians. They protested their 
employee status in the rising corporations. Engineers sought recognition 
as people in creative control of the building of industrial America. This 
drive for professional status was revealed in the format i on and 
reformation of numerous professional societies in the late nineteenth 
century. For example the American Society of Civil Engineers, the oldest 
of the engineering associations, underwent a revival in the 1870s 
witnessed by a tightening up of membership requirements signifying the 
emergence of a new image for engineers. The revised regulations demanded 
that new members engage in an active practice for five years prior to 
joiQing the society. More significantly, the ASCE defined theoretical 
knowledge, an understanding of scientific laws, as the most important 
aspect of the engineer's credentials. In 1895 the ASCE president, George 
Morison, declared in his address to the annual convention: " . .. only he 
who knows the principles behind the machine so thoroughly that he would be 
able to design it or adapt it to a new purpose . . . can be classed as a 
civil engineer" (Layton, 1971). 

The writings of Herbert Spencer exerted a great influence on engineers 
like Morison in this era, indeed Spencerianism was the prevalent social 
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philosophy taught in America's colleges and universities. Spencer, an 
engineer himself, believed that the universe was controlled by scientific 
laws, predominantly Darwinian. Engineers easily accepted this 
interpretation of reality. They lived and worked in a causal world where 
steel, earth and concrete filled the forms drawn out on paper. However, 
engineers went beyond Spencer, as the historian Edwin Layton has 
suggested, describing a future that would be fashioned out of "their own 
ability to apply scientific knowledge for utilitarian ends" (Layton, 
1971). The pragmatism of hydraulic engineers led them to contradict 
Spencer's principles of self regulation as they sought governmental 
resources for the realization of these plans. 

The Irrigation .Survey of 1888 

In this context, hydraulic engineers and people outside the 
profession, such as Powell, saw the creation of an engineered environment 
as a solution to the problem of bringing water to farms in the arid West. 
In the 1880s and 1 90s western politicians urged the federal government to 
expedite the irrigation of the arid region. In 1887, Senator William E. 
Stewart of Nevada pushed a bill through Congress which provided funds for 
a sweeping irrigation survey of the public lands in the West. Congress 
appointed Powell director of the survey, putting him in charge of a team 
of geologists and hydraulic engineers who were responsible for mapping the 
water resources of a vast region. Although the survey later became 
embroiled in partisan bickering between Stewart and Powell, it produced 
the first clear reports of the irrigation potential of several sites in 
the West. William E. Smythe, an early proponent of the irrigation 
movement, saw the survey as the catalyst of a nationwide enthusiasm for 
the prospects of irrigation. Later he wrote, "The psychological moment 
had come for the rise of a new cause which would take hold of the popular 
heart and go on, by a process of gradual unfoldment, until it became 
perhaps the greatest constructive work of its time" (Alexander, 1968, 
1969; Smythe, 1969). 

Elwood Mead and the Birth of Wyoming Water Law 

Although Smythe's new cause was temporarily derailed by the depression 
of 1893, he was correct in recognizing the enthusiasm engendered by the 
survey. Hydraulic engineers cormnanded a measure of respect theretofore 
unrealized in the West. In 1888 governor of the Territory of Wyoming 
appointed a territorial engineer responsible for conducting investigations 
similar to those of the national survey. The territorial legislature 
quickly approved the appointee, Elwood Mead, who at the time was a 
professor of engineering at the Colorado College of Agriculture. Mead was 
no stranger to reclamation. after graduating from Purdue in 1884 he had 
gone directly to Colorado where he was the first to occupy the chair of 
irrigation engineering. Mead came to Wyoming . already equipped with plans 
for the future of irrigation in the territory. The opportunity for 
realizing some of these ideas came in April, 1889 when territorial 
governor, Francis E. Warren, announced his intention to pursue the rank of 
statehood for Wyoming. Within a year a state constitutional convention 
met at Cheyenne. Water law was among the items prominent on the 
convention's agenda. Mead along with J.A. Johnston, a farmer, and Charles 
Burrit, a Cheyenne lawyer, drafted the article pertaining to water rights. 
Historian Robert G. Dunbar acknowledged Mead's role as a principal author 
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of this law indicating further that the engineer prepared a memorandum 
declaring, " . the principles which should control the constitutional 
provisions affecting irrigation," which lawyer · Burrit read to the 
assembled delegates. In the course of the debate Burrit claimed that the 
proposed law was " ... radical and different from anything that any state 
or territory " then had (Conkin, 1960; Gould, 1968; Constitutional 
Convention, 1893). · 

Burrit, however, may have been overly eager to :praise the work of the 
water rights committee because section one of · the new law echoed a 
provision of the constitution of the neighboring state of Colorado. 
Section One stated: "The water of all the natural streams, springs, lakes 
or other collections of still waters, within the boundaries of the state 
are hereby declared to be the property of the state." Colorado possessed 
a similar provision vesting ownership of the state's waters in the state 
(Colorado State Constitution, 18). But Burrit was completely right in 
declaring section five of Wyoming's constitution to be a radical departure 
from . any state water law then in existence. Elwood Mead's hand was 
particularly apparent in the content of this part of the law because it 
outlined the powers and responsibilities of the new office of state 
engineer. With a term of six years the engineer appointed by. the governor 
was required to direct the work of a board of control composed of citizens 
as well as " . • . the general supervision of the waters of the state and 
of the officers connected with its distribution." But the engineer could 
not be just any political appointee. The occupant of the office had, 
also, to meet the nascent standards of professionalism that engineers were 
promulgating throughout the nation. The final sentence of the law 
declared: "No person shall be appointed to this position who has not such 
theoretical knowledge and practical experience and skill as shall fit him 
for the position" (Wyoming State Constitution, 1889). Although the clause 
did not specifically mandate a university degree, it was evident that few 
men other than polymaths like J.W. Powell would possess the necessary 
credentials without having acquired some professional training. In any 
event, Mead became the first appointee thus fulfilling his own ambitions 
and, more importantly, incorporating the rising demand for professional 
recognition into the corpus of state irrigation law. 

The Wyoming water rights provision opened a new chapter in the 
relationship between irrigation law and the profession of hydraulic 
engineering. Mead saw the need for an efficient and equitable mode of 
distributing water; a mode of distribution consonant with nature's laws 
instead of man's. Accordingly, the Wyoming constitution had placed the 
control of water in the hands of experts who Mead believed would do this 
work in obedience to laws evolving from environmental constrains rather 
than human contingency. 

Frederick Haynes Newell and The Newlands Reclamation Act 

The Wyoming doctrine provided the exemplar for water law throughout 
the 1890s, becoming the "unapproached and unchallenged" leader of water 
law reform in that era. Annual irrigation congresses from Los Angeles, in 
Wichita agitated for national funding and, less energetically, control 
along the lines laid down in the Wyoming constitution (Smythe, 1969) . 
Finally, Congress responded to these demands in 1902 with the Newlands 
Reclamation Act which embodied many of the elements of Wyoming's water 
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institutions. This is not surprising in view of the fact that Elwood 
Mead, now director of Irrigation Investigations in the Department of 
Agriculture, and Frederick Haynes Newell, formerly of the Powell 
irrigation surveys and an assistant engineer in the Geological Survey, had 
helped to draft the bill. Although western state engineers, jealous of 
their prerogatives, had attempted to alter the bill in such a way as to 
maintain control over state projects with federal funding, the Act made 
the Bureau of Reclamation sovereign over all the public lands of the West 
that were irrigable. Moreover, section eight of the act authorized the 
Bureau to acquire private land through purchase or condemnation if 
necessary for the construction of dams or reservoirs. More than a decade 
earlier Congress had granted the Powell survey similar powers only to 
withdraw them when western congressmen complained of the tyranny exercised 
in the obstruction of the dispersal of public lands by the intervention of 
a government agency. Westerners wanted the use of federal monies for the 
development of irrigation, however, they disdained the expert's attempts 
at breaking up the great barbecue by the engineer's insistence upon 
scientifically defined limits. In much the same way, judges and lawyers 
resented the reclamation engineer's efforts to redefine water law 
(Darling, 1932; Stegner, 1953; Wharton, 1917; Worster, 1985). 

Frederick Newell, the first director of the Bureau, was notorious for 
trespassing upon the lawyer's domain in his comments on western water 
law. Newell was the epitome of the professionally trained engineer, 
having graduated from the Massachusetts Institute of Technology with a 
degree in mining engineering in 1885. Through his work with the 
irrigation survey and the Bureau of Reclamation, he gained ample 
experience in penetrating the congeries of state water law. In a decade 
of work in the arid West, Newell had many opportunities to observe the 
inconsistencies of judicial decisions affecting water rights. Writing in 
1902, he noted the conservative nature of most western judges who 11 
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coming from humid sections , fail to realize at first the true situation of 
arid lands, and occasionally their decisions run counter to the underlying 
principles" (Newell, 1902). In Newell's view those "underlying 
principles" were expressed in the limitations dictated by a water-scarce 
environment. He believed that water law had to be crafted to fit 
environmental circumstance. Newell declared that nature rather than the 
of times erroneous notions of common law had to form the template for the 
formulation of water law in the arid region. Above all, Newell asserted, 
the federal government as the agent of all the people had to own water in 
the West ; Water use had to be regulated by a central agency for the 
common good. Consequently, Newell had l i ttle respect for either riparian 
or appropriation doctrines . However, he believed that riparian law should 
be applied in the humid sections of states like California where arid and 
humid conditions coexisted. Appropriation law, Newell declared, failed to 
comply almost completely with the arid circumstances it was designed to 
address. He wrote : 

"Ten men should not be deprived of the use of the life 
giving fluid to satisfy the claims of a single individual . If 
water were a property in the sense of land, the consideration 
could not .arise; but if it is something which belongs to the 
public, to be enjoyed by the greatest number, the course of 
events must bring about a gradual adjustment by a series of 
compromise (Newell, 1902) . 11 
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Thus, Newell concluded, both nature's economy and human justice were 
satisfied if water use was regulated in accordance with scientific laws 
rather than, " arbitrary systems resulting from the accidents of 
lbcation of the first settlers." 

Throughout his career, Newell insisted that this happy situation could 
only arise from the reliance upon hydraulic engineers acting as 
quasi-judicial officials. Pointing to Wyoming and Idaho, he declared that 
water rights decisions were best left in the hands of state or federal 
engineers who made choices in a " .. . clear and imperial manner." The 
hydraulic experts were enabled by training and practical experience to 
make decisions free from, " ... the disastrous effects resulting from the 
testimony of interested witnesses as to the amount of water they have 
used." Moreover, Newell argued, engineers were cogni zant ·of the actual 
conditions, and would not be moved by "extravagant claims" inconsistent 
with the truth embodied in hydrographic knowledge (Newell, 1902; Hays, 
1959). 

Hydraulic Engineers Confront the American Judicial System 

Although the law sometimes operated through" ... gradual adjustment 
and a series of compromises," the hydraulic engineer's vision of state 
regulated intervention in the governance of property in water in the arid 
West has hardly propitious in view of the temperament of the law in the 
early twentieth century. Here, Newell, Mead and other reformist engineers 
trespassed upon sacred legal territory. Property and property owners were 
of enormous importance to nineteenth century jurisprudence, especially in 
a period when the institutions of property were threatened by striking 
workers and populist farmers. Charles C. Marshall, a prominent New York 
attqrney, argued in 1890 that property was in mortal danger " . . ·. in an 
age teeming with shifting theories of social reform and economic science, 
whi ch seem to have but one conunon principle--the subjection of private 
property to governmental control for the good--or alleged good--of the 
public." In the same year United States Supreme Court Justice David J. 
Brewer uttered similar portentous words in his commencement address at 
Yale University Law School entitled "Protection to Private Property from 
Public Attack" (Brewer, 1891; Paul, 1976). 

By the end of the century, many jurists conti nued to fear majoritari an 
attacks upon property rights although labor unrest and agrarian revolt had 
been contained. The engineers of the Reclamation Service encountered the 
conservative obsession with the dangers of government intervention which 
many viewed as an attack upon property, in the 1906 decision handed down 
by Justice Brewer in the case Kansas v. Colorado. Kansas had charged 
Colorado with the unlawful diversion of water from the Arkansas River 
arguing that Colorado had infringed the prairie states riparian rights. 
Colorado grounded its defense in appropriation doctrine. Water law 
experts, farmers, hydraulic engineers and other interested parties hoped 
to see a final resolution of the appropriation/riparian controversy. 
Accordingly, the Bureau of Reclamation intervened with an eye to providing 
the groundwork for a national water policy which would override state 
laws~ However, this was not to be. Brewer dismissed the case after 
several years of lengthy hearings (Kansas vs. Colorado , 1901). In essence 
he decided that Colorado's investment was larger and circumstances should 
remain as they were . In doing this Brewer dealt a death blow to the 
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possibility of establishing a coherent national legal policy for the arid 
lands. Moreover, he inveighed against the constitutionality of the Bureau 
of Reclamation. Brewer wrote: 

At the time of the adoption of the Constitution within the 
known and conceded limits of the United States there were no 
large tracts of arid land, and nothing which called for any 
further action than that of the state in which any 
particular tract of such land was to be found, and the 
Constitution therefore makes no provision for a national 
control of the arid regions or their reclamation (Kansas vs. 
Colorado, 1906). 

Invoking the founding fathers Justice Brewer expressed his contempt for 
what was in his view an unwarranted federal intrusion as he concluded" ... 
if no such power has been granted none can be exercised." Thereafter the 
Bureau, of course, persisted in its work of reclamation but experienced 
difficulty in making its projects pay out. More significantly the 
scientific delineation of water law demanded by engineers never 
materialized in the early twentieth century. Many years earlier John 
Wesley Powell had envisaged a Western agrarian republic with water laws 
tailored to its environmental circumstance. Elwood Mead, Frederick Newell 
and other like-minded experts shared that vision, albeit in diverse 
fashion. Nevertheless, the lesson of Conemaugh was transformed by a 
confrontation with the American legal establishment. Lawyers were well 
entrenched in their own bastions of expertise, and the appearance of 
agrarian democracy or majoritan control had to be dispelled before the 
deserts could bloom. 
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CHANGES IN THE SOCIETAL CONTROL OF ARID LANDS CAUSES, 
EFFECTS, AND IMPLICATIONS FOR ECONOMIC METHODOLOGY 

Dennis L. Nefl 

This paper argues that the nature of government involvement in arid 
land management has changed significantly in the past two decades due to 
economic pressures. Problems in measuring the impacts of change and 
gauging future effects are examined using the Kesterson Reservoir 
controversy currently raging in the San Joaquin Valley of California. It 
is argued that economic analysis of the cost benefit form usually 
considers only a subset of the possible outcomes that are possible . If 
economists are to have input in the policy process, a wider array of 
possibilities must be examined in light of recent changes . 

The Nature of Government Involvement 

Past Rival Use: The traditional role of government in the arid West 
w~s one of settling the land and assuring adequate food and fiber 
production.· This was accomplished in part by disposing of large amounts 
of federal land through railroad grants and v-arious homestead acts and by 
providing subsidized irrigation water. Water rights were developed to 
allow cultivation of more land than feasible under the coDD11on law. The 
government worked in partnership with the farmers to reduce barriers to 
production. Private management was encouraged. The emphasis was on uses 
that were rival and consumptive in that one person's right to use 
precluded use by another and resources were used up. This paper focuses 
on control and computation issues using the Kesterson Reservoir 
controversy to elucidate each. 

Control problems are closely tied to compensation issues . Efficient 
outcomes are not desired as much as are fair outcomes. Therefore, any use 
of benefit cost analysis must consider a number of property rights 
alternatives in order to allow policy makers to analyze efficiency and 
equity aspects of each . 

Computation difficulties arise when changes in the property rights 
change prices and such changes are a priori unpredictable. 

Property Rights and Resolution of the Kesterson Controversy 

The west side of California's San Joaquin Valley receives subsidized 
Bureau of Reclamation irrigation water. An impermeable clay layer of 
varying depths keeps irrigation water from percolati ng into deeper soils 
over much of this area. Water collecting above this clay layer must be 
removed or productivity will be reduced. 

It has 
disposing 
Reclamation 
envisioned 

been recognized since 
of the drainage flows 
contracted to provide 

a drainage canal (the San 

irrigation began that a method for 
would be needed . The Bureau of 
such a disposal system and initially 
Luis Drain) running the length of the 

!Department of Agricultural Economics, California State University, 
Fresno, California , 93740. 

31 



valley. Drainage water would be delivered to a point west of the 
Sacramento-San Joaquin Delta then through the San Francisco Bay into the 
Pacific Ocean. A portion of the canal was built in the 1970's and 
terminated in a series of holding ponds known as Kesterson Reservoir. 
Since the area was along the · Pacific flyway, ~he reservoir was given 
double duty as a migratory bird refuge. Collector drains serving some 
42,000 acres were installed and delivered drainage water to the San Luis 
Drain and Kesterson Reservoir. 

In the early 1980's, final arrangements were being made to complete 
the project when the drainage flows were linked to severe wildlife 
deformities in the Kesterson area. Subsequent analysis found that plants 
were concentrating selenium, one of the natur~lly occurring salts in the 
strata being drained, and that the concentrat~ons of this mineral in the 
reservoir posed a health threat to the wildlife population . 

In February 1985, the State Water Resources Control Board issued an 
order requiring the Bureau of Reclamation to develop a management plan 
within five months to deal with the selenium problem. The Department of 
lnterior countered by announcing an immediate suspension of delivery of 
irrigation water to the 42,000 acre drainage area. Two weeks of intense 
negotiations resulted in an agreement under which irrigation water would 
be provided if drainage flows to Kesterson stopped by June 30, 1986. An 
attempt to come up with an economically feasible and technically 
acceptable disposal alternative failed. As a result, the 14 million 
collector system which collects the drainage waters is being plugged. 
While several lawsuits filed by local communities remain to be resolved, 
it appears likely that no drainage flows will continue beyond the June 30 
deadline. 

Control 

The magnitude of the costs and benefits associated with alternative 
solutions is important but so also are answers to three other questions: 
Who controls the resources? Who bears the costs? And who receives the 
benefits? The real question facing policy makers in the Kesterson 
controversy is one of determining a fair distribution of resources and the 
legitimate role of government not the optimization of net benefits of the 
policy action (Shabman, 1984). This so-called institutional approach 
rejects the possibility of scientifically determining an optimal 
institutional arrangement (Batie, 1984). Such an approach requires 
analysis of outcomes with alternative sets of property rights. 

A matrix approach is shown in Figure 1 where 3 different drainage 
rights no disposal, on site disposal, ocean disposal - and 4 different 
water rights no irrigation, well water only, subsidized imported 
irrigation water, nonsubsidized imported irrigation water are 
considered. Benefits and costs accrue to different parties in each 
situation. Most analysis to date has compared box 1 with box 9 (no 
disposal and no irrigation with ocean disposal and subsidized irrigation 
water). If only the 42,000 acre area referred to earlier is examined, 
estimates of annual gross farm income losses are $44.02 to $47.3 million. 
Indirect economic losses accruing to the county and state range from $50.4 
to $142 million. Employment impacts (the loss of between 1,154 and 1,200 
jobs) and population impacts (the loss of 2731 to 3000 persons) are also 
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expected. Note that these measures deal with agricultural losses of 
moving from the box 9 rights distribution to that in box 1. Thus, only 
the costs are being examined. 

Water 
Right 

Well Subsidized Unsubsidized 
No Water Imported Imported 

Irrigation Only Water Water 

Disposal 
Right 

No 1 4 7 10 
Disposal 

Disposal 2 5 - 8 11 
On 
Site 

Ocean 3 6 9 12 
Disposal 

Figure 1. An Institutional Perspective of the Kesterson Problem 

Similar analysis must be done to evaluate the impacts of such a change 
on the other sectors of society -- primarily the environmental impacts on 
the Delta, San Francisco Bay, and Pacific Ocean. These benefits likely 
accrue to a different group of people. As yet, no credible numbers 
quantifying such impacts have been put forth. Further analysis of 
alternatives to date have been limited to boxes 1, 7, 8 and 9. While this 
mirrors the attempts to solve the problem from a technical point of view, 
it is overly restrictive. Since social solutions include altering the 
current property rights distribution, a wider array of alternatives should 
be addressed. 

Computation 

The failure to analyze other possibilities is somewhat understandable 
given the likely measurement difficulties. Values are based on the 
existing distribution of property rights. When water rights change, water 
prices will also change, meaning that the same reduction in yields will 
not have the same impact on the farmers' bottom line. Furthermore, 
earnings and land values will change . If water rights change from the 
present subsidized situation to one of no subsidy or no imported water, 
production 
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~osts will rise. Farmers may adjust by using more expensive water 
conserving delivery systems; by shifting from low value to higher value 
crops; by planting low water using crops; or by going out of business. 
Predicting costs and benefits of such shifts is difficult but feasible 
with computer models. More difficult to capture is the effect of such 
changes on land values. Earnings are capitalized into land values and 
relatively small changes in earnings can cause rel~tively large land value 
changes. 

Drainage rights changes will lead to similar alterations in production 
and land values. These can be quantified, then gainers and losers in each 
of the 12 situations shown in Figure 1 can be identified and policy makers 
can choose that option with the most acceptable opportunity cost trade-off 
between competing interests. 

Conclusions 

Farmers using arid lands have become accustomed to making decisions 
with few governmental constraints. However, governments are taking an 
increasingly active role in monitoring the effects of agricultural 
practices on the rest of society. This is resulting in laws and 
regulations which limit the rights once held by farmers. Changes in 
prop~rty rights are significant because they determine who gains and who 
loses from various activities. Alternative property rights structures 
thus have implications for benefit cost analysis . 

Property rights associated with irrigated agriculture in Fresno County 
are changing due in part to changes in the economic environment. Such 
changes may have significant implications for the optimal solution to the 
drainage problem (the Kesterson Reservoir controversy) and the future of 
farming on the west side of the San Joaquin Valley. The technical 
problems associated with irrigation drainage water have received the most 
attention in terms of research dollars to date. However, property rights 
problems must also be resolved and may be equally difficult. Benefit cost 
analysis of alternative actions should consider a number of possible 
changes in property rights in order to provide decision-makers with 
accurate economic data. 
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URBAN COSTS OF WIND EROSION 

Paul C. Huszar and Steven Piper! 

Introduction 

Wind erosion costs are incurred both on and off the farm. On-site 
costs are primarily associated with reduced production and increased 
operating expenses. Off-site costs are incurred by households, private 
firms and government agencies in the form of increased cleaning, 
maintenance and replacement expenditures and reduced consumption and 
production opportunities. Thus, off-site costs are largely borne by 
economic activities located in cities . 

Evaluations of soil conservation programs are typically confined to 
assessing the on-site benefits and costs. However, the off-site or urban 
costs of wind erosion likely dwarf the on-site costs. The major benefits 
from soil conservation are likely not in the agricultural sector, but in 
the urban sector. 

The purpose of this paper is to report the findings of an empirical 
study of the off-site, or urban, costs of wind erosion in New Mexico. To 
our knowledge, this is the first study which measures the off-site costs 
of wind erosion. 

Design of Study 

The Soil Conservation Service divides New Mexico into nine Major Land 
Resource Areas (MLRA's). Each MLRA consists of regions of the state with 
similar soil and climate characteristics. Table 1 shows the population 
and amount of estimated wind erosion for each MLRA ·. For the purposes of 
this study, MLRA 39 is combined with MLRA 36 and MLRA 51 is combined with 
MLRA 48, because in both cases, these are relatively small MLRA's with 
similar characteristics to the larger MLRA. Off-site costs of wind 
erosion are derived for each MLRA. 

Off-site wind erosion costs were 
business sectors through the use of 
government sector were derived from 
relevant government agencies. 

estimated for the household and 
a mail survey. Those for the 

data collected directly from the 

Implementing of the mail survey followed the methods outlined by 
Dillman, with some modification. A sample of households and businesses 
was selected randomly from a complete set of 1984 New Mexico telephone 
directories. 

Nine hundred household questionnaires and 600 business questionnaires 
were initially mailed in February, 1985. Two weeks later, a reminder 
postcard was sent. Those who had not returned their questionnaire by 
mid-March were sent a second questionnaire with an additional plea to 
respond. 

!Department of Agric~ltural and Natural Resource Economics, Colorado 
State University, Fort Collins, Colorado, 80523 
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===============================:========= ===========-=====~====== 

TABLE 1 

Estimated 1984 Population and Amount of Wind Erosion For 
New Mexico's Major Land Resource Areas (MLRA's) 

Wind Erosion 
MLRA Population (tons) (tons/acre) 

37 92,500 7,620,000 2.8 

36/39 158,400 12,807,400 1.1 

42 764,400 51,576,300 6.1 

48/51 160,900 579,900 0.2 

70 56,000 32,492,500 1.9 

77 136,900 47,329,600 6.4 

=====--=--============== --

SurveI Results 

= 

The total number of households responding was 224 for a response rate 
of 25 percent. The total number of businesses responding was 173, for a 
response rate of 29 percent. These response rates are judged to be given 
the level of difficulty of the questionnaires and the time required to 
complete one of them. 

Household Sector 

The estimated off-site or urban costs of wind erosion to households 
from all sources are shown in Table 2. Total off-site costs to households 
are estimated at $457.60 million per year. Nearly 90 percent of these 
costs are due to damaged landscaping and interior house cleaning and 
laundry. Although the impacts of blowing sand and dust on exterior paint, 
automobiles, recreation and health can be substantial at times, these 
impacts do not appear to occur frequently enough to result in high 
estimates of annual household costs. 

Among MLRA's, the greatest total off-site cost of wind erosion from 
all sources is in MLRA 42, which also has the largest population and the 
greatest total amount of erosion. The $256.02 million of off-site costs 
in MLRA 42 represents nearly 56 percent of total household costs for the 
state. The smallest off-site costs are incurred in MLRA 70 with a total 
of only $24.10 million. Wind erosion is generally not a problem in MLRA 
70. 

Business Sector 

The estimated 
erosion are shown 

off-site 
in Table 

costs to businesses from all sources of wind 
3. Total off-site costs to businesses are 
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=•======================================~·====~~~=====~==~================= 

TABLE 2 

Annual Average Off-Site Household Costs From All 
Sources by Cost Category 

Major Land Resource Area (MLRA) 
36 37 42 48/51 70 77 

-Cmillions of 1984 dolla;s) 

Exterior Paint p.14 0.15 1.18 0.07 0.33 

Landscaping 

Automotive 

Interior and 
Laundry 

Health 

Recreation 

Total 

34.18 22.50 172.87 19.32 !1.97 33.50 

1.63 0.39 8.83 0.58 2.24 

17.94 3.88 44.94 3.34 8.92 21.25 

1.39 0.56 12.40 1.11 3,72 

5.00 0.79 15.81 1.43 5.33 

60.29 28.28 256.02 22.67 24.10 66.24 

State Total 

1.87 

294.36 

13.68 

100.29 

19.17 

28.36 

457.60 

=====================================:;:::•====--=~==========~================= 

estimated at $7.57 million per annum, with the majority of these costs 
being borne by retail and wholesale trade businesses and by service 

=====================================;::::===========================::;:::====== 

TABLE 3 

Annual Average Off-Site Costs From All Sources of 
Wind Erosion by Type of Business 

Retail and 
MLRA Wholesale Trade Services Manufacturing Total 

(millions of 1984 dollars) 

36 0.27 0.98 o.oo 1.25 

37 0.94 0.37 0.00 1.01 

42 0.91 1.14 0.00 2.05 

48/51 0.48 0.54 0.00 1.02 

70 0.09 0.06 0. 00 0.15 

77 1.29 0.73 0.07 2.09 

State Total 3.97 3.82 0.07 7.57 

=================================================================~======~== 
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businesses. Moreover, the greatest costs occur in MLRA 42, which contains 
the state's major cities and greatest level of wind erosion. 

In addition to the businesses surveyed, specific information was also 
requested from irrigation and conservancy districts. Irrigation and 
conservancy district managers provided estimates of annual cleaning and 
maintenance costs attributable to wind erosion based upon their records 
and judgment. Since irrigation and conservancy district facilities are 
intertwined with agricultural lands, significant wind erosion costs were 
expected for these enterprises. 'l'he total estimated annual cost to 
irrigation and conservancy districts, however, only equals $105,000. 

Government Sector 

Off-site wind erosion costs incurred by the government sector are 
most readily recognized in terms of road maintenance costs . While other 
costs likely exist, we were .unable to obtain statewide cost estimates for 
government activities other than road maintenance. 

maintenance costs primarily entail clearing the roadway itself Road 
and the 
repairing 
precision 
accounting 
dust. 

drainage ditches alongside. Replacement of road signs and 
fencing are costs also included in the estimates although the 
of these estimates is likely to be poor due to the difficulty in 
for the share of these costs attributable to blowing sand and 

The road maintenance costs for counties in New Mexico were obtained 
from the annual financial reports of each county. The cost estimates for 
state highways were obtained directly from the records of the six state 
highway department districts. 

The estimated annual off-site costs of wind erosion imposed on county 
road maintenance departments equal $480,300. The estimated total state 
road maintenance costs attributable to blowing sand and dust equal 
$140,880. 

The impacts of blowing soil on other government related activities 
are not estimated, but these impacts are likely significant. Some 
selected cost estimates from government officials indicate the magnitude 
of blowing soil impacts on military bases and city governments. Holloman 
Air Force Base, for example, spends approximately $23,000 annually to 
remove wind blown soil from runways and streets. The city of Albuquerque 
spends about $52,000 annually to clean wind deposited soil from streets. 
In addition, sprinkler heads in city parks need to be raised periodically 
due to deposited soil. A comprehensive investigation of such costs would 
like result in significantly higher cost estimates for the government 
sector than simply those represented by county and state road maintenance 
costs. 

Conclusions 

Off-site or urban wind erosion costs in New Mexico are significant. 
The cost estimates are sununarized in Table 4. Total annual off-site costs 
from all sources of wind erosion are estimated to be $465.84 million or 
approximately $358 per person. In other words, per capita off-site costs 
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=========================================================================== 

TABLE 4 

Annual Average Off-site Costs To All Economic 
Sectors by Source of Wind Erosion 

MLRA From All Sources From Cropland From Rangeland 
(millions of 1984 dollars) 

36 61.61 0.17 49 . 29 

37 29.28 0.77 27.35 

42 258.27 12.09 237.25 

48/51 23.69 1.42 15.63 

70 24.29 0.39 17.40 

77 68.70 13.27 54.93 

State Total 465.84 28.11 401.85 

=========================================================================== 

of wind erosion average nearly $1 . 00 per day. These estimated off-site 
costs dwarf the $10 million estimate of on-site wind erosion costs in New 
Mexico. 

Moreover, these estimated off-site costs of wind erosion likely 
represent a lower bound. The estimated costs to the business and 
government sectors seem disproportionately low when compared to the cost 
estimates for the household sector. This is probably due to the 
increasing difficulty of accounting for costs caused by blowing sand and 
dust as the size of the accounting unit increases. Thus it is likely 
easier for a household to recognize such costs than it is for businesses 
and governments. Also, the estimates of off-site costs are confined to 
New Mexico, though obviously blowing soil does not stop at state borders. 

Based upon the propor.tion of total erosion due to wind from land in 
different uses, the off-site costs of wind erosion from all sources can be 
divided between those cos ts attributable to cropland and those 
attributable to rangeland, as shown in Table 4. These estimates are for 
both federal and nonfederal land. Since wind erosion estimates are not 
computed for federal land, the nonfederal land proportions of total 
erosion due to wind from different land uses are emp~oyed to calculate the 
erosion costs due to cropland and rangeland for both nonfederal and 
federal land. 

It appears that 
rangeland, accounting 
costs. Wind erosion 
annually to off-site 

the major source of off-site wind erosion costs is 
for approximately $401 . 85 million of total annual 

on cropland contributes another $28 . 11 million 
costs. In total, cropland and rangeland produce 
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off-site wind erosion costs estimated at $429.96 million per year or over 
92 percent of total off-site wind erosion costs. 

MLRA 42, which contains Albuquerque and Las Cruces and averages wind 
erosion soil losses of 6.1 tons per acre, has the greatest off-site costs 
of wind erosion with $258.271 million annually, of which $12.09 million is 
attributable to cropland and $237.25 million is attributable to 
rangeland. MLRA 77, which contains a number of relatively small cities 
and averages wind erosion soil losses of 6.4 tons per acre, has the next 
greatest off-site costs with $68.70 million annually, $13.27 million due 
to cropland and $54.93 million due to rangeland . MLRA 48/51 has the 
smallest off-site costs of wind erosion with $23.69 million of annual 
costs, $1.42 million from cropland and $15.63 million from rangeland. 
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UNCERTAIN RECREATION QUALITY AND CONTINGENCY CONTRACTING: 
IMPLICATIONS FOR THE VALUATION OF WILDLIFE RESOURCES 

Dennis C. Cory and Bonnie Colby Salibal 

Introduction 

Public land in the arid and semi arid West is typically managed under 
a multiple-use directive. The allocation of limited funding in managing 
multiple-use resources is, in turn, predicated upon an assessment of the 
net benefits attributable to alternative uses. For land involving 
wildlife resources and activities, e.g. elk hunting, bird watching, and 
fishing, the task of assessing relative net benefits is challenging in two 
ways compared to benefit assessment for extractive uses, such as mineral 
or timber production. First, benefit assessment requires valuation of 
nonmarket amenities (as contrasted with market commodities), so that 
nonmarket measurement techniques must be utilized. Second, recreation 
activities involving wildlife resources are frequently characterized by 
uncertainty regarding recreation quality: uncertainty about a successful 
hunt, sighting of a particular bird, or catching the permitted limit. 
These two aspects of wildlife valuation, nonmarketability and 
recreation-quality uncertainty, are the focus of the following discussion. 
In particular, in the next section is presented alternative benefit 
estimates under conditions of recreation-quality uncertainty, and in the 
third section is discussed arguments for and against traditional 
estimates establishing a case for a redefined measure of .value. The 
paper is concluded with a discussion of the implications of this 
alternative measure for wildlife valuation and multiple-use resource 
management. 

Alternative Benefit Measures 

Consider an individual who is uncertain about the recreation quality 
associated with the use of wildlife resources and who is also confronted 
with uncertain future availability of wildlife resources. How should the 
benefits generated by policies to ensure continued availability of the 
resources be measured? The measurement problem is one of determining the 
maximum expected value of contingency payments for which the uncertain 
user would voluntarily contract. Payments are contingent in the sense 
that an individual may be willing to pay different amounts depending on 
the quality of the recreation experience. For simplicity, assume that for 
the uncertain user there are only two states of the world within a given 
period: a state in which the quality of the recreation experience can be 
characterized as successful and a state in which there will be no 
success. In this framework, benefit estimation would require 
identification of all possible contingent-payment pairs for which the 
uncertain user would contract to guarantee continued availability of a 
wildlife recreation area: a payment of CD if the success state should 
occur combined with a payment of CN if the failure state materializes. 
Having identified these contingent-payment possibilities, the pair 
yielding the largest expected value is the appropriate measure of maximum 
willingness-to-pay. 

!Department of Agricultural Economics, University of Arizona, Tucson, 
Arizona, 85721. 
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The set of all contingent contracts for which two typical demanders 
might contract is illustrated in Figure 1. Diminishing marginal utility 
of income, expected utility maximization, and other technical assumptions 
which define the willingness-to-pay locus are outlined in Graham (1981). 
Along an individual's willingness-to-pay or contract curve, the expected 
utility when payments are made and the good is available is equal to 
.expected utility when no payments are made and the good is available. 
That is, an individual is indifferent between making any of .the pairs of 
contingent payments on the locus and being guaranteed access to the 
resource, and making no payments with the resource being unavailable 
(Graham 1981) . 
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FIGURE 1. ALTERNATIVE BENEFIT MEASURES FOR WILDLIFE RESOURCES 
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Three contracts on the willingness-to-pay locus are of particular 
interest in valuing · wildlife resources. The expected consumer surplus 
contract (Sn, 0) is a contingent contract in which the individual agrees 
to pay consumer surplus if a successful recreation experience materializes 
and nothing otherwise. This can be thought of as a full-refund policy in 
which satisfaction is guaranteed. If the hunt is successful, the bird is 
sighted, or the limit is caught, then the individual agrees to pay an 
amount equal to consumer surplus. If not, no fee , is charged. In Figure 
1, the expected value of the consumer surplus contract can be identified 
at point B and G for individuals 1 and 2, respec tively. The expected 
value of a contingent payment plan C is given by E(C) = ns·Cs + 
nF · CF· where ns and nF are the probabilities of being in the 
success and failure states, respectively . Thus, a line through any 
contingent payment combination with slope of -ns/nF shows all payment 
combinations with the same expected value. 

The second contract of particular concern is known as the option 
price contract . This contract can be thought of as the no-refund 
agreement since payment is constrained to be the same in both states. 
That is, option price is the largest amount an individual would be willing 
to pay regardless of which level of recreation quality materializes, 
success or failure . The expected value of the option price contract can 
be identified at the point where the contract curve crosses the 45 degree 
line. 

A comparison of the option pri ce and expected surpl us contracts shows 
that the former is larger than the latter for individual 1 and vice versa 
for individual 2. The difference between option price and expected 
surplus is known as option value. As shown in Figure 1 and mathematically 
demonstrated by Schmalensee (1972), option value can be greater than, 
equal to, or less than zero. The significance of this findi ng for valuing 
natural environments has been emphasized by a variety of authors (see 
Bishop, 1982; Smith, 1982; and Freeman, 1984) . It has been argued and 
generally accepted that option price is the preferred benefit measure on 
theoretical grounds. However in most applied studies, estimates for 
consumer surplus, not option price, are generated because travel cost and 
other widely-used valuation techniques focus on consumer surplus. Thus, 
if option price is the preferred benefi t measure, knowledge concerning the 
size and the sign of option value would be useful in applied work for 
adjusting expected consumer surplus estimates. 

However, for the valuation of wildlife resources, a third benefit 
measure is more appropriate than either option price on expected surplus. 
The contract with the largest expected value is known as the fair-bet 
point. This point occurs where the slope of the willingness-to-pay locus 
equals the ratio of the state probabilities. The fair-bet point occurs at 
Point A for individual 1 with an expected value identified at point D. 
Similarly, individual 2 1 s fair-bet point occurs at point E with an 
expected value identified at point H. Thus, the expected value of the 
fair-bet point (E[F]) is larger than option price or expected surplus 
regardless of the sign of option value. In this respect option price is 
an underestimate of maximum willingness to pay and option value is of 
peripheral concern in wildlife valuation. The appropri ate measure of 
value for an individual confronting recreation-quality uncertainty is 
Ep4[F], not option price, and the difference of concern in applied studies 
is between E[F] and expected surplus, not option value. 
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Defenses and Rebuttals Concerning Option Value 

As shown in the precedin~ discussion, the appropriate benefit measure 
for an individual facing w1certain recreation quality (i.e. the benefit 
measure reflecting maximum willingness to pay) is E[F]. Thus, for applied 
studies, it wou.ld be useful to know the relative magnitude of the 
difference between E[F] and expected surplus. This difference can be 
thought of as "option premium." It is a premium in the sense that it 
represents the maximum amount beyond expected surplus that an individual 
would be -willing to pay to insure resource availability given quality 
uncertainty. This amount is generated by contracting for unconstrained 
contingency payments and is always non-negative because E[F] is greater 
than or equal to expected surplus. 

While it is clear that option premium, not option value, is the 
theoretically superior measure of resource value given uncertainty, a 
variety of arguments have been introduced in the literature which attempt 
to defend interest in option price and hence in option value-. For a 
detailed technical discussion of these arguments and corresponding 
rebuttals, see Cory and Saliba (1986a-1986b). For readers acquainted with 
the technical aspects of this literature, ~able 1 presents a swmnary of 
the arguments and counter~arguments. A careful evaluation of theoretical 
arguments advanced to-date indicates that no compelling defense of option 
price as an appropriate benefit measure has been constructed. Defenses of 
option value involve assumptions regarding the nature of risk-taking, the 
construction of individual's utility functions, the plausibility of 
collecting · state dependent payments, and the difficulties inherent in the 
use of benefit measures involving the reporting of state probabilities. 
In the context of wildlife resources, however, these defenses are 
unconvincing. Assumptions which are necessary to defend option value are 
inapplicable and/or implausible. State-dependent payments face no 
significant hurdles not inherently involved with collecting 
state-independent payments, and little additional complexity is added to 
contingent valuation exercises by introducing an assessment of state 
probabilities. In short, benefit estimation for wildlife resources under 
conditions of uncertain recreation quality must be concerned with 
assessing the sum of the E[F] across site users. 

Swmnary and Conclusions 

To the extent that expected utility theory constitutes an adequate 
characterization of rational behavior under uncertainty, and to the extent 
that public policies should be based on expected value of resource 
benefits, it follows that: 

- the expected value of fair-bet contingency contracting is the correct 
measure of benefits to an uncertain user of wildlife resources; 

option value is a peripheral concept in wildlife economics since 
option price does not reflect users' maximum willingness-to-pay given 
recreation quality uncertainty; and 

- second-best arguments 
wildlife resources do 
use of option price 

centered around financing preservation of 
not constitute a compelling argument for the 
as a benefit measure. (In exceptional 
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==============================================--=============--============== 
TABLE 1 

Sununary of Option Value Defenses and -Rebuttals 

Defense 

Assuming collective risk, 
option price is a second-best 
measure of site benefits 

Assuming strongly separable in
direct utility functions, option 
price is equal to the fair-bet 
point 

Collecting a state-independent 
payment equal to the expected 
value of the Fair-Bet point will 
impose a welfare loss on site users 

State-dependent payments cannot 
be collected since contingent
claims markets do not exist 

Use of the expected value of the 
Fair-bet point as a benefit measure 
involves the added complexity of 
Reporting State Probabilities 

- deliberate misrepresentation 

estimation inaccuracies 
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Rebuttal 

Individual, not collective, risk 
characterizes users of a natural 
environment. Even with collective 
risk, option price is appropriate 
benefit measure only under 
conditions of risk-adverse social 
decision making. 

Separability imposes very restrict
ive conditions on the direct 
utility function, restrictions that 
appear unlikely to hold and have no 
apparent intuitive explanation. 

True, but uncertain site users will 
be contracting for the state
dependent payments associated with 
the fair-bet point, a contingent 
contract that leaves expected 
utility unaltered. 

Contingent-claims markets are not 
likely to exist due to moral 
hazard, adverse selection, and 
complexity. However, the col
lection of either state-dependent 
or state-independent payments face 
similar problems. 

True. With respect to deliberate 
misrepresentation, all benefit 
measures are subject to this bias, 
a bias that must be considered when 
constructing contingent-valuation 
instruments. : with respect to 
estimation inaccuracies, it is an 
empirical issue whether indivi
duals can realistically assess 
state-probabilities, an issue with 
no "a priori" resolution as to the 
direction of benefit estimation 
bias. 



circumstances, risk-adverse social decision-making may require 
information on the probability distribution of resources benefits, 
not merely their expected value. In the vast majority of cases, 
policies are based on expected value of net benefits and benefit 
estimation should rely on an evaluation of fair-bet contingency 
contracting.) 

A. variety of authors have argued that above and beyond expected 
consumer surplus, there exists a premium, that users of wildlife resources 
facing uncertain recreation quality would be willing to pay in order to 
insure continued availability of the resources. Previous theoretical work 
has defined this premium as option value, the difference between option 
price and expected consumer surplus. A critical evaluation of existing 
theory suggests that efforts to determine the size and sign of option 
value have been largely misdirected. Reliance on option price 
underestimates maximum willingness-to-pay for wildlife preservation. The 
difference of interest in benefit estimation is the one between the 
expected value of the fair-bet point and expected surplus. Future 
research directed at valuing wildlife resources should concentrate on 
evaluating the size of option premium under alternative conditions and on 
developing techniques for estimating the ~xpected value of fair-bet 
points. In particular, contingent-valuation instruments will have to be 
designed to elicit information concerning state-dependent payments, 
payments which can vary across a range of recreation quality (Cory and 
Saliba 1986a, 1986b). Progress in this direction will remove the 
potential for benefit underestimation inherent in the current emphasis on 
option price, and ensure a more accurate estimate of benefits associated 
with wildlife resources and related multiple-use management policies. 

REFERENCES 

Bishop, Richard. 1982. Option Value: An Exposition and Extension. Land 
Economics 58:1-15. 

Cory, Dennis C. and Bonnie Colby Saliba. 1986a. Uncertain Recreation 
Quality and Fair-Bet Contingency Contracting: Implications for 
Wildlife and Recreation Values in Southern Arizona. Working Paper 
No. 49, Department of Agricultural Economics, University of Arizona, 
Tucson, Arizona. 

Cory, Dennis 
Value in 
Department 
Arizona. 

C. and Bonnie Colby Saliba. 1986b. On .the Role of Option 
Valuing Natural Environments. Working Paper No. 46, 
of Agricultural Economics, University of Arizona, Tucson, 

Freeman, A. Myrick III . 1984. The Sign and Size of Option Value. Land 
Economics 60:1-13. 

Graham, Daniel lA. 1981. Cost-Benefit Analysis Under Uncertainty. 
American Economic Review 71:715-25. 

Schmalensee, Richard. 1972. Option Demand and Consumer Surplus: Valuing 
Price Changes Under Uncertainty. American Economic Review 62:813-24 . 

Smith, V. Kerry. 1982. Option Value: A Conceptual Overview. Southern 
Economic Journal 49:654-68. 

47 



RECREATION QUALITY AT A SYSTEM OF RECREATION SITES IN 
NEW MEXICO: IMPLICATIONS FOR SITE MANAGEMENT 

Joel A. Diemer and Frank A. Wardl 

It is generally recognized that on site quality plays an important 
role in the quality of the overall recreation experience and, ultimately, 
the rate of visitation at a given site. Site visitation rates within a 
system will be related to a complex of factors including ease and cost of 
access, as well as relative site quality perceptions . 

This paper focuses on using observable consumption preferences to 
operationalize economic efficiency as an objective in managing a system of 
recreation sites. The authors propose a generalized travel cost model, 
which incorporates visitor perceptions of site quality differences among 
alternative destinations within the system. Willingness to pay for 
quality differentials is integrated into a framework which allows for an 
economically efficient management of scarce site improvement resources. 

Model Development 

The allocation of scarce resources among alternative competing 
activities is the routine business of economics. Where the product of the 
activity is a price good the problem may be complicated but it is rarely 
intractable. In the case of resource allocation for the enhancement of 
recreation quality, the issue is generally complicated by the absence of . 
direct price signals. To a certain extent comparisons of the visitor days 
generated by an array of sites provides a nominal indication of the 
relative value of a site. Budget constraints and lack of technical 
expertise are often responsible for this being the principal and perhaps 
only measure of the relative value of a site. Pragmatic considerations 
aside, a simple comparison of visitor days does not provide a system 
manager with sufficient information to address the question of relative 
economic value in the allocation of resources. 

Within a system of sites, ceteris paribus, a potential user will 
choose the most accessible site. The relaxation of this assumption leads 
to the more reasonable behavioral assumption that the potential user's 
decision is based on an array of considerations which include travel cost, 
perceptions of site quality, and the related potenti al for a superior 
recreation experience. 

While it is well known that users of recreation sites are concerned 
about the quality of the recreation experience, this knowledge has not 
been found to be particularly amenable to incorporation in empirical 
studies. Not the least of the problems associated with the issue are 
those associated with subjectivity of quality measurement, and imperfect 
knowledge of available and accessible alternatives. However, in spite of 
these difficulties suppose that a single scalar quality index qjk 
represents the amount of the kth objectively measurable quality 
characteristic associated with a visit to site j, where j = l, . .. m and k = 
l, ... n and let qj be an index of the jth sit e' s overall quality, some 
function of (qjl, ... qjk). 

!Department of Agricultural Economics and Agricultural Business , New 
Mexico State University, Las Cruces, New Mex ico, 88003. 
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This quality index, qjk• then becomes a component of the potential 
user's demand function for recreation. Functionally, the potential user's 
demand for recreation at any site can be specified as a function of access 
and quality perceptions for all sites within the system and the other 
sites external to the system. 

Study Area Selection 

As noted above, one of the difficulties associated with the 
incorporation of quality perceptions into recreation site management 
activities is a lack of knowledge of alternative sites. This is 
particularly true where alternative sites are widely dispersed and not 
necessarily perceived to be readily accessible. This might be consistent 
with options available within a Forest Service or Bureau of Land 
Management district. 

Methodologically, this difficulty can be reduced considerably by 
initially examining the case of an urban park system where the selected 
resident park users will be generally knowledgeable regarding the array of 
characteristics at alternative sites. The area considered for study, Las 
Cruces, New Mexico, is a small city with a population of approximately 
100,000 in the metropolitan area . The city's park system is a 
heterogeneous collection of sites with widely varied levels of development 
and accessibility. There are also a number of heavily-visited recreation 
sites within a two hour drive from the city . 

The issue of site improvements and site expansion at essentially 
underdeveloped as well as existing developed sites continues to be a major 
concern of citizens as well as the City's administration. Many of the 
developed sites are heavily visited and there is considerable pressure to 
expand and add further improvements at these sites. This is particularly 
true of the sites which have been developed for organized sports such as 
softball and soccer. 

Given the heavy demand for access to these facilities it is difficult 
for . management to resist the call f or the obvious site enhancements. 
However, one of the ironies of recreati on site management is the problem 
of congesti on externalities which may be associated with improved access 
and/or site quality enhancements i n situations characterized by excess 
demand. Short-term increases in the level of outputs may well lead to 
longer term decreases as congestion effects reduce marginal and aggregate 
output levels (Walsh and Gilliam, 1982). Placed in a system context the 
appropriate response to such a situation might well involve site 
enhancements at an alternate destination. 

Site Demands 

Given the definition of each jth site's quality index as described 
above, the ith individual's set of quality-dependent ordinary demand 
functions for the sites can be expressed as: 

where bars over a symbol indicate vectors while symbols without bars are 
scalars; i, individual index; j, site index; Y, income; pr, total money 
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plus time equivalent cost per trip to the given site, r, participation 
rate, measured in recreational trips per year. Typically, pr will be 
different for different consumers, since travel distances (money plus time 
costs) and opportunity costs of time will vary by individual. Note that, 
in principle it is possible that many sites' environmental quality indices 
can be an argument in each site's ordinary demand function. 

Researchers who use the travel cost method (TCMO) commonly use the 
M~rshallian consumer surplus as the relevant welfare measure. For this 
paper, the goal is to measure (1) benefits from the existing system, and 
(2) benefits from policies which would change site quality at one or more 
sites. 

Benefits Associated With Existing Quality Levels 

One method which has been used to assure that the welfare measure 
wtll be unique is to specify the site demands as a linear system in prices 
and (possibly) qualities as in using a modified least squares procedure in 
which cross price effect parameters are restricted to a symmetric matrix . 
Use of the linear system with the stated restrictions on the price 
coefficients greatly simplifies the computation of the Marshallian surplus 
(Cicchetti, Fisher, and Smith, 1976). 

To compute benefits of a single site's benefits requires a simple 
integral of the site demand curve . To compute system benefits at existing 
quality levels, removal of the entire site system can be simulated by 
raising all site prices to the point at which the individual's observed 
participation rates are zero at all sites . The Marshallian benefit to the 
ith individual is computed in the following steps (1) predi ct trips, (2) 
compute reservation prices , and (3) calculate benefits . 

Based on the individual's observed trips to the vector of sites, 
rio one needs to find the reservation price vector which would reduce 
participation to zero at all sites. First consider the linear individual 
trip predictor associated with variations (not absolute level s) in price s 
and qualities: 

where "o" subscripts refer to observed or baseline values; Br the 
estimated m-dimensional symmetric matrix of own and cross s i te price 
effect parameters; Bq is the similar matrix of own and cross site 
quality effect parameters . Assume for the moment that q is held constant 
at its initial level, q0 • Defining visits by (2) generalizes the single 
site benefit computation method proposed by Gum and Martin (1974) i n which 
observed rather than predicted values are used to define demand, i.e. 
where each individual's demand function intersects rio and prio· The 
vector of "maximum" or reservation prices inc lus i ve of travel costs, 
pri*' is that which would simultaneously reduce the individual's visits 
from measured levels, ri0 , to zero, and is found by solving (1) for the 
pri which would result in ri = O. 

(3) Pr·* = pr· + (-Br)-1 r· 1 10 10 
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where -1 is the matrix inverse operator. For the special case of a single 
site, (3) shows the reservation price to be the sum of existing travel 
cost plus the ratio of observed trips to the negative of the on-site price 
coefficient. Some researchers have . found that the computed reservation 
price for (3) is too high to be believable. Given this difficulty, one 
method which has been used (Gum and Martin, 1974) has been to truncate the 
site demand function at a "critical" price equal to the maximum observed 
travel cost across all sampled visitors. In computing benefits, as soon 
as this "critical" price is reached, participation is assumed to fall to 
zero. 

Based 
that the 
existence 
is 

on the maximum price vector (3), Cicchetti et al. (1976) show 
Marshallian consumer surplus for the ith individual due to the 
of all sites at current travel costs for the linear system (2) 

where T is a matrix transpose operator. Si is the _summed areas beneath 
the site demand functions, and is an m-dimensional consumer surplus 
triangle . For sites at which a "critical" ,price has been defined to be 
less than pri*• the benefit space is the triangles with the tops chopped 
off, i.e., an m-dimensional trapezoid. In the single site case, (4) 
reduces to the well-known area bound by actual travel cost, the demand 
function, and the price axis. 

If the ith sampling is defined by zonal averages, then (2) becomes a 
per capita visitation function with one observation per zone of origin, 
(3) the price vector such that per capita participation is zero, and (4) 
per capita benefits. The latter term needs to be multiplied by each 
zone's population to measure the zone's absolute benefits due to the 
system of sites. Aggregate benefits are found by summing over zones. 

Benefits Associated With Changing Quality Levels 

Suppose that a system of site demand equations as in (1) has been 
estimated econometrically, and one wishes to use the information contained 
in the estimates to measure welfare changes from policies which change 
quality. 

To use quality-induced changed areas under (1) to value those quality 
improvements, one must invoke the additional assumptions of "weak 
complementarity". This occurs if, when the quantity rij demanded is 
zero the marginal utility of qj is zero . In such cases, when qj 
increases, the demand for rij shifts out, and the exact welfare value 
(compensating or equivalent variation) from Qjl - QjO is approximated 
by the integral between rij (pr,q1, Y) and ij(pr,q0 , Y), to the 
extent that the integral between Marshallian demand curves approximates 
the integral between Hicksian compensated demand curves (Willig, 1976). 
The weak complementarity condition may apply to a number of situations. 
For example, the marginal utility of lake level or fish density at a 
particular water body could be assumed to be zero for those people who did 
not use the water body for recreation (Freeman, 1979). 

Suppose 
represents a 

that one is willing 
linear approximation 
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consistent with utility theory and that quality and quantity are "weak 
complements" as discussed earlier. The goal is to approximate the system 
benefits associated with a new quality vector, q, not equal to original 
quality, q0 • 

In much the same way as computed for constant quality, maximum site 
prices under a variable quality vector would be solved for as 

(5) pr(q)i* = prio + ( - Br)-1 (r10 + Bq (q - q0 }) 

where (5) is the variable quality generalization of (3). Clearly, (5) 
demonstrates that increases in quality which increase participation at a 
site increase the maximum price at that site. Note that (5) requires the 
price effects matrix to be inverted, but not the quality effects matrix. 

Finally, although not shown, an equation similar to (4) can be used 
to compute variable· site quality benefits for the ith individual. Instead 
of inserting "existing quality" trips into the benefits measure, rio• as 
was done in (4) one would use "variable quality" trips as predicted by 
variable quality in (2). 

As an alternative to the Marshallian approximation to benefits from 
varying quality, following the ideas of Hanemann (1981) four steps could 
be followed to recover the exact quality dependent welfare measures, CV or 
EV. First, one would specify one or more alternative algebraic forms for 
the quality-dependent utility function, each function being defined by 
both an algebraic structure and general parameters to be estimated. 
Second, analytically derive the corresponding Marshallian demand system 
(1), indirect utility function and expenditure function for each utility 
functional form considered . Third, use data on price, incomes and other 
demand shifters to estimate each candidate Marshallian demand system (1), 
choosing the one which best fits the data. Fourth, based on the estimated 
coefficients for the best fit Marshallian demand system and the known link 
between the demand and expenditure function found in step two, recover the 
exact welfare change measure. This approach has not generally been 
followed in past TCM studies, but offers much promise. Barriers to 
application include specifying utility functions which yield realistic 
demand systems, yet which can be estimated with readily available 
regression packages. Particularly where multiple sites are involved, 
specifying a utility function in which a site's quality indices are 
arguments will likely yield highly nonlinear ordinary site demands. 

Quality Perceptions 

A critical element in the development of the proposed methodology is 
the measurement of quality perceptions of potential users. The approach 
proposed for addressing this rather difficult task is a variation of a 
methodology developed for assessment of quality-of-life perceptions 
(Diemer and McKean, 1978). Using this general approach, site quality is 
specified as a weighted function of site attributes where the weights are 
provided by the potential site users. Potential users are asked to 
specify a site quality rating for each site ranging from 0 to 100 (with 0 
the worst and 100 the best). Users are then asked to rate and assign 
weights to those site attributes which contribute to their perception of 
site quality according to their relative importance. For individuals this 
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information can be combined with observable information on actual 
visitations to correlated stated preferences with actual 
willingness-to-pay as measured by time and travel cost differentials. 

Based on individuals' revealed preferences for site quality and 
quantity, functional forms for (1) can, in principle, be computed, 
providing the basis for site quality-dependent welfare measurement. 

Conclusions 

The proposed methodology will in principle allow recreation system 
managers to incorporate user perceptions of site quality into an 
economically efficient resource allocation process. In the case of the 
area · being considered for study, the methodology should provide 
decision-makers with the type of information necessary to decide between 
more trees and picnic tables at site a, expanded softball fields at site 
b, and a swinuning pool at site c. Applied at a specific regional level 
the methodology may suggest to local, state and national land management 
officials that the economically efficient way to address the problems of 
excess demand at their rural site is to improve access and specific 
facilities at alternate recreation sites in tha metropolitan areas. 
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THE IMPORTANCE OF AN HISTORIC FRAMEWORK FOR COORDINATING 
THE PRODUCTION OF AMENITIES IN A SOUTHWESTERN RIVER BASIN 

Donovan C • . Wilkinl 

Introduction 

. The major premise behind this work is that the present production of 
natural resource amenities in an ecosystem, such as wildlife and wildlife 
habitat, conservation of soil and water resources, natural resource 
tecreation opportunities and aesthetic or visual quality, is only partly a 
function of current land management practices and policies. In almost ~11 
instances, an ecosystem's productivity is at least as strongly influenced 
by the history of the land's use. 

A corollary 
policy-making for 
understanding the 
condition. 

to this premise is that current management and 
amenity production can be made more effective by 

sequence of events that brings the system to its present 

One principal problem, at present, is that the agencies responsible 
for land management in any given area are normally much less 
inter.connected than the systems they are trying to manage . Typically, 
they have different philosophies, different strategies, different 
priorities, and different constituencies. Most importantly, their views 
of the past, particularly through their environmental monitoring programs, 
are·: uncoordinated, often irregular and frequently reflective of a lack of 
responsibility for integration with other information systems • 

. , , As part of a larger effort to integrate these divergent groups, this 
work attempts to point out the complex historic interdependencies of one 
natural resource amenity system, to explain more clearly the factors that 
have caused it to arrive at the state it is today, and, finally, to be 
able to anticipate more clearly the sort of historic information we would 
like, to have in the future for managing this system. 

The .Study Area 

The upper San Pedro River basin is ideal for such a study. Located 
in southeastern Arizona, the valley is unusual in the extent of its record 
of the 12,000-year history of man's occupation and his relation to its 
natural communities (see especially Bahre, i977; Urban, 1975; and Wagoner, 
1975). 

· The upper San Pedro River basin extends from approximately Benson and 
Interstate 10 on the north to the Mexican border on the south, a distance 
of about 50 miles. To the east and west the basin is 15 to 25 miles wide, 
bounded by the Whetstone and Huachuca Mountains on the west, the Dragoons 
and the Mule Mountains on the east. It includes Fort Huachuca, Sierra 
Vista, Tombstone, Bisbee, and St. David as its principal human 
communities, with Sierra Vista the fastest growing city in the County .and 
Fort Huachuca the largest employer in southern Arizona. 

lschool of Renewable Natural Resources, University of Arizona, 
Tucson, Arizona, 85721. 
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·As for its amenity advantages, biological surveys, both aquatic and 
terrestrial, have confirmed ·the outstanding concentration of biotic 
diversity along the· San Pedro. It is reported to have the highest 
breeding bird density in North America, up to 1,060 pairs per hectare in 
parts of the riparian zone. The Huachuca Mountains were reported to have 
315 species of birds, SO .species of mammals and 70 species of herpetiles . 
Simpson (1964) stated the area had the highest number of mammalian species 
in the .world outside Costa Rica. 

Fort Huachuca has repeatedly won awards for its management of 
wildlife and forestry, and have successfully reintroduced antelope, bison 
and turkeys. . The Natur.e Conservancy has purchased two sites in the 
watersbed. · The Ramsey Canyon site has 15 of the total 18 to 20 species of 
hununingbirds found in North America. The Audubon Society has a large, 
ungrazed research ranch in the atea. 

vegetation in southern Arizona, only an 
The upper San Pedro contains one of the 
several stands of mature cottonwood 

Of the original riparian 
estimated 15 percent remains. 
most significant remnants, · with 
galle~y forest. 

As for its amenity disadvantages, ground water levels over most of 
the area have been dropping, particularly in the area of Sierra Vista 
where the major human population growth is occurring. Deeply cut arroyos 
are rampant. The river itself is no longer largely perennial, but has 
become intermittent over nearly its entire length. 

Wildlife diversity along the mainstem continues to be reduced due to 
loss of riparian habitat. South of the border, in Mexico, a large copper 
industry is poised for the return of copper prices. With deep wells ready 
to be pumped for ore processing, the upper basin could be substantially 
dewatered • 

. Much of the lower valley consists of an invasive Chihuahuan desert 
scrub, a · plant community recently thought to be overgrazed grassland 
(Hastings and Turner, 1965) • . I t occupies elevations formerly occupied by 
grassland. 

Waste spills from the Mexican copper i ndustry have occasionally 
disrupted . the river. Streambed sediment contai ns strong concentrations of 
heavy metals which are. re-entrained during each flood. It is interesting 
to note that ash trees no longer occur on the mainstem of the San Pedro, 
but continue to exist in the wooded portions of tributary streams. All in 
all, from the biological point of view, the basin is losing its ecological 
integrity, its genetic diversity. 

Historic Influences on Current Amenity Production 

History can shed some important light on the current state of amenity 
production. First, about influences on arroyo cutting. Excavations of 
prehistoric mammoth sites along the river make clear that the recent 
episode of arroyo cutting in the valley is neither the only nor the most 
serious such event (Haynes, 1981) . Looking back over the last 20,000 
years, not fewer than five such erosion and filling cycles have occurred. 
What combi nation of climatic changes and animal influences caused that to 
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occur is not known, but, for now, it is important to know that human 
iivestock management and overgrazing need not be the only precursors. 
More work is clearly needed to sort out the climatic influences. 

What about the vegetation changes thought to have resulted from 
qvergrazing? That such changes have taken place is undeniable (Hastings 
and Turner, 1965; Humphrey, 1958). Nonetheless, claims that the present 
distribution of the Chihuahuan desert scrub plant community is primarily 
the result of overgrazing, and particularly that it ~~presents an 
1unnatural' state is refuted by the pollen. evidence that shows, even in 
the cooler and wetter period after the last glacial maximum, the presence 
of such a plant community. All vegetation zones were then found at lower 
elevations, of course, perhaps by as · much as 300 meters, but they all 
~eemed to be there, only in different proportions . Again, more study is 
indicated. 

Spaniards, in 1696, had reintroduced both horses and cattle. By the 
early 1800's, however, only the cattle remained becaus~ the Apaches 
considered horses as the favored food of the two. Feral cattle, 
$,Ubsequently, were an irresistable attraction to Mexican and, later, Anglo 
settlers, especially given the protection of the U.S. Army beginning in 
1877. At that point, cattle numbers began to explode, while, at the same 
~ime, silver was discovered near Tombstone, and copper near Bisbee . Then 
the human population likewise began to explode. As the economics of 
ranching became better publicized, cattle were actually shipped in from 
the east, adding to the pressure already on an overstressed land. 

As for the river itself, the San Pedro is truly the heart of this 
amenity system, as it probably has been since it began to flow. In many 
ways, its condition is a barometer for the condition of the rest of the 
watershed. For millenia, it nurtured countless generations of birds, 
fish, and wildlife, and provided abundantly for the native Americans who 
lived there. In trash piles at · Quiburi, the longest continuously 
inhabited indian community in southern Arizona, the skeleton of a 
nearly-five~foot Colorado Squawfish was found. In 1870, before the 
explosion of either cattle or human numbers, .the river was described in 
journals as a sluggish and meandering perennial stream, flowing through 
unchanneled valleys. It was intersected by numerous beaver dams and was 
teeming with trout. Either marshy, or densely wooded along its entire 
length, it abounded with native wildlife. It also abounded with malaria, 
which was why settlers near the river communities like St. David 
eliminated the beaver dams and drained the marshes. 

By 1893, this draining was coupled with the decimation of vegetation 
in the watershed from cattle grazing, from cutting of wood for 
construction, household fuel and smelting, and finally from a three-year 
period of very little rain, not unprecedented in history, but unfortunate 
in its timing given the pressure already on the plant community and 
soils. With the hydrologic characteristics of the watershed thus altered, 
even in a substantial drought, erosion and arroyo cutting were rapid, and 
flooding down the river was severe enough to decimate several human 
settlements, virtually all the remaining beaver dams, and to accelerate 
seriously the excavation of the river channel. Ultimately, continued 
grazing resulted in the loss of much of the riparian floodplain woodland. 
The mainstem was trenched over its entire 125-mile length in just 9 years, 

56 



between 1883 and 1892. A large part 
years 1890 through 1893, the years 
coincided with extreme drought. 
entrenched 15 to 20 feet below levels 

of that trenching occurred during the 
that maximum grazing and wood removal 
Today, much of the stream bed is 
of the late 1800 1 s. 

Implications of History for Amenity Management 

How does this help us in· current and future management for amenity 
production? To answer this question, we must first identify the amenities 
in which .we· are interested. Zube (1984) is in the process of surveying 
the upper San Pedro at present. His earlier results from Tucson residents 
illustrates the expected nature of findings. . Over half the respondents to 
an earlier survey indicated that the most preferred land uses were, in 
order, soil and · water conservation, wildlife, wilderness and recreation. 
Approximately half or more of his respondents gave highest priority to' 
expenditure ,of land management funds for, in order, wildlife, wilderness, 
and nature preservation. 

All th~ foregoing are activities ideally suited .to a rejuvenated 
drainage network. This means that land use affecting the drainage network 
will be involved in the management for these amenities. That includes 
nearly all land use in the basin, one way or another. But history and 
current economics tell us, quite that the overall condition of the plant 
community in the basin is going to be the principal variable in soil and 
water conservation, and almost surely the principal variable in hydrologic 
manipulation for stream rejuvenation. It seems clear that the riparian 
zones, especially along the mainstem, will regenerate more effectively 
under perennial flow, and that means manipulating the basin's vegetation. 
Damming, whether by beavers or by man, may also be a critical tactic, 
particularly in re-creating a diverse ·aquatic and wetland habitat suitable 
to migrating waterfowl. 

Integrating Amenity Management 

At present, no fewer than 15 federal, state, county and private 
organizations share significant responsibility for part of the watershed 
management. As yet, they are largely uncoordinated. The Bureau of Land 
Management has just purchased over 30 miles of the river corridor and is 
attempting to develop a management plan. To be effective, that of 
necessity must include coordination among all land management agencies in 
the basin. 

There is no reason, given our present understanding, to exclude 
grazing, agriculture, mining, urban development, or any other land use 
presently found in the valley. There is, however, compelling need to 
collectively identify desired amenity values, to assign them priorities, 
and then to coordinate among the various agencies and private interests in 
the area as to where the amenities are going to be produced, and at what 
level, and to come to some consensus, both on a division of responsibility 
for their management, and on the most appropriate locations for various 
land uses. 

A more integrated understanding of the history of the area can 
provide specific guidance to management and monitoring strategies. 
Already, this study suggests the need to regularly monitor land use in the 
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~asin much more intensively, as well as to redesign the network of 
groundwater monitoring wells, and surface stream gaging stations. The 
importance of regular and systematic wildlife censuses, b~th game and 
nongame, appears fundamental, but the . resources to do them have .been 
missing. Hopefully, public expressions of natural resource priorities 
will assist in seeing they are provided . . 

Vegetation inventories are equally important, but have been sporadic, 
incomplete in coverage and not uniform in detail or methods • . Stocking 
levels of livestock, on private land, are still seen as proprietary 
information and confidential. A society interested in amenity productio~ 
in the upper San Pedro has the need to know and, at some level ultimately, 
to control . This means policy changes, the ever-increasing curtailing of 
private property rights, the ever-increasing recognition of the system'G 
interdependence . 

Conclusion 

The linkage of amenity production in the upper San Pedro River basin 
to _human land use becomes abundantly clear when one reviews the area's 
history. Among the numerous public and private agencies managing land in 
the basin, there is a lack of coordination, which reflects a lack of both 
common goals and priorities as well as a common view of the area's 
history . The ideal situation would be a common set of goals and 
p~iorities, and consensus on the historic events that brought the system 
to its present state. With that basis, a more effective environmental 
monitoring program can be instituted to provide the appropriate guidance 
for land management, monitoring and research. 
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RELATIONSHIP BETWEEN DISCHARGE VARIABILITY, PRECIPITATION 
VARIABILITY, AND HYDRAULIC GEOMETRY EXPONENTS 

John M. Harlin and Barbara S . Culbertl 

Introduction 

. Studies of the spatial variation of channel form suggest that streams 
tend to adjust cross-sectional area to acconunodate discharge in similar 
fashion across a variety of environments (Leopold and Maddock, 1953). An 
approximate equilibrium is to develop between cross-sectional area and 
velocity, and the water and sediment moving through the channel (Yang et 
al., 1981). The hydraulic geometry approach to research of the spatial 
variation of channel form involves the development of power functions 
between discharge and width, depth, and velocity as shown below, where: 

width = a Qb, 

depth = c of and 

velocity = k om. 

(1) 

(2) 

(3) 

Yang et al. (1981) noted that width, depth, and velocity exponents (b, 
f, and m) reflect a tendency for minimum work in the stream channel, and 
so are similar for all rivers. Some researchers, however, take a less 
restrictive view of the controls on hydraulic geometry. Park (1977), for 
example, argues that certain aspects of hydraulic geometry could be 
characteristics of different climatic and/or environmental regimes. 
Rhodes (1978) suggests that geometric adjustments to discharge may be due 
to environmental history, bedload, and climate. This latter notion has 
obvious importance in studies involving alluvial stratigraphy, polygenetic 
landforms, and paleohydrology. 

This research will seek to establish the impact of the variability of 
both precipitation and discharge on hydraulic geometry. Precipitation 
variability will be measured by the coefficient of variation in annual 
precipitation (annual precipitation variability), and by the coefficient 
of variation in 30-year monthly means (seasonality). Discharge 
variability will be measured by the coefficient of variation in discharge 
at 35 USGS gaging stations. 

Study Area and Data 

· United States Geological Survey data 
stations on nine rivers in the Missouri 
obtained from regional off ices in South 

(form 9-207) for 36 gaging 
and Arkansas watersheds were 

Dakota, Nebraska, Kansas, and 
Moreau, (2) Belle Fourche, (3) 

(6) Republican, (7) Salina, (8) 
Oklahoma. The rivers include the (1) 
Cheyenne, (4) White, (5) Middle Loup, 
Smoky Hill, and the (9) Cimarron. 

These rivers were chosen due to their similarity in stream order, and 
a latitudinal extent of 700 miles (Figure 1). Problems of surface 

lDepartment of Geography, University of Alabama, University, Alabama, 
35486 . 
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Figure 1. 

homogeneity obviously exist over such a large region. However, these 
streams . are flowing in alluvial channels, and all drain from west to east 
across the broad geosyncline underlying the Great Plains. The above 
factors enhance the ability to assess the variability hypothesis with less 
influence from geology as would be the case in rivers that were rapidly 
incising their channels. The climatic data were obtained from United 
States Weather Bureau records for 77 state climatic divisions (USWB, 
1963). Symap was then employed to establish the geographical distribution 
for both seasonality, and annual precipitation variability to finally be 
associated with each stream gage in the region. 

HyPothesis and Analysis 

Leopold and Maddock (1953) 
Great Plains and the Southwest. 
their analysis are: 

sampled 20 river cross-sections in the 
The b, f, and m values that resulted from 
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b = 0.26, 

f = 0.40, and 

m = 0.34. 

The b values range from 0.03 to 0.59. It seemed that perhaps flow 
variability over such a large area might influence the hydraulic geometry 
of streams, and that the great variation in the exponents might be 
explained by the regional variation in flows. That is to say, more 
uniform discharge might result in deeper and narrower channels with higher 
velocities, as compared to streams with highly variable discharge. These 
conditions were hypothesized as due to the fact that any stream while 
developing can widen its channel with inunediate and huge increases in 
discharge much more easily than deepen the channel. Also, streams with 
relatively uniform discharge are generally more typical of more humid 
climatic regimes and finer suspended sediments, while streams with highly 
variable discharge are more typical of semi-arid regimes with coarser 
bedload. Chorley et al. (1985) indicate that the most efficient channel 
to move coarse-textured bedload is a wide and shallow channel, while the 
most efficient stream for transporting suspended sediments is one 
relatively narrow and deep. 

Thus, two assumptions were made: 

1. Streams with highly variable discharge will project larger values 
in width exponents as compared to streams with more uniform flow. 

2. Highly variable discharge regimes will correspond to highly 
variable precipitation regimes. 

Hydraulic geometry exponents for the 36 cross-sections were calculated 
and entered into a factor analysis along with width/depth ratios, annual 
precipitation variability, seasonality, average discharge, average 
velocity, and discharge variability. The results are shown in Table 1 as 
varimax rotated factor loadings over four factors, along with final 
communality estimates for each of the variables . 

The assumption that highly variable flow regimes will produce 
hydraulic geometry exponents indicating greater increases in width (as 
opposed to depth) with increasing discharge seems to be valid. That is to 
say, Factor II (discharge variability factor) correlates well with 'b' 
(0.74) and the wider shallower channels indicate a decrease in velocity, 
with 'm' loading on Factor Ii at -0 . 83. However, Factor I (precipitation 
variability) is independent of discharge variability, and the hydraulic 
variables are also orthogonal to the precipitation regime factor. 

It is well known that the correlation between annual precipitation and 
annual discharge is weak due primarily to antecedent moisture conditions 
(Harlin, 1982). However, it was originally assumed that variable 
precipitation regimes and variable discharge regimes would relate well 
over space. It appears that they do not, at least for this area of the 
Great Plains. It is also interesting to note that mean discharge defines 
another factor (Factor IV) which is independent of all other variables 
entered into the analysis. Richards (1979) related the width exponent to 

62 



===============---===================--==-==-===--======--===== 

TABLE 1 

Rotated Factor Loadings 

Variable Factor I Factor II Factor III Factor IV Com 

b-value -.31 .74 -.43 .01 .84 

f-value -.08 -.15 .90 .21 .88 

m-value .32 -.83 -.28 -.10 .88 

width-depth -.34 -.29 -.70 .24 .75 

velocity .30 -.14 -.42 .32 .39 

discharge -.07 .10 .02 .94 .92 

discharge variability .28 .73 .05 .00 .62 

annual precip variability .88 . . 06 .13 .08 .80 

seasonality .87 -.16 -.11 -.17 .82 

===================--===============================--======================= 

the percent silt-clay ratio in banks, -and at the same time noted a 
significant relationship between basin area, discharge, and width/depth 
ratio. The findings in this research indicate that the discharge
width/depth relationship may not be pervasive. 

Conclusions 

Park (1977) attempted to relate climatic regime to hydraulic exponents 
and failed. It appears that while seasonality of precipitation and annual 
precipitation variability do well to explain sediment production and 
erosion over the watershed, (Harlin, 1978; Harlin, 1980; Harlin, 1985), 
the stream channel itself is somewhat independent of precipitation 
variability. Also, discharge variability in the Great Plains streams 
examined here is independent of precipitation variability. 

However, the notion that more uniform stream flow results in deeper 
channels with higher velocities, and more variable flows result in wider 
channels with lower velocities seems to be a valid one. The results 
indicate that relating paleohydrology to paleoclimates may be more complex 
than previously thought. 
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MORPHOLOGICAL REGIONS OF THE GREAT BASIN 

Guy Q. Kingl 

The "Great interior Basin," as defined by Fremont (1845), consists of 
the region of interior drainage that lies between the Sierra Nevada and 
Rocky Mountain cordilleras (Figure 1). This area covers over 540,000 
km2 of the western United States and a small part of northern Mexico. 
The Great Basin consists of about 200 separate, closed drainage basins. 
Each basin has its own particular system of perennial or ephemeral streams 
that feed into. a terminal sink containing a lake or playa. Closed basins 
occur only in arid-semiarid areas where evaporation exceeds precipitation 
(Langbein, 1961). The dryness of the Great Basin climate is illustrated 
by the fact that though its area covers about 7 percent of the 
conterminous United States, it contributes less than 0.1 percent of the 
total annual runoff (Geraghty et.al., 1973). 

The purpose of this paper is to formally define landform regions of 
the Great Basin. It is based on a larger project involving the 
morphometric analysis of Great Basin playas (King, 1982). 

A basic problem with studying the Great Basin is that its boundary has 
been defined differently by various authors. For instance, some exclude 
the Mojave Desert from the Great Basin even though it is an area of . 
interior drainage (e.g. Fenneman, 1931, p. 238; Price, 1979). The Great 
Basin boundary used here is based on Fremont's definition as stated 
above. Many, if not most, authors have followed Fremont's definition 
(e.g., Brewer, 1889; Houghton, 1976). 

Another problem with defining the Great Basin is that several basins 
along its periphery have fluctuated between being open and closed. Good 
examples are the Salton Sea and Laguna Salada Basins of southern 
California and northern Mexico. These two basins are separated from the 
Gulf of California by the alluvial dam of the Colorado River delta. In 
historical times, both of the basins have intermittently received 
distributary flow from the Colorado River during spring floods (Cory, 
1915; Sykes, 1937). Presently, the lower Colorado River under its 
reduced-flow regime (due to diversion of water for irrigation and 
agricultural use) does not flood into either basin. This means that the 
Salton Sea and Laguna Salada Basins are hydrologically closed basins and 
are part of the Great Basin . However, their geomorphic histories are 
intimately tied to the Colorado River. · 

The Great Basin regionalization scheme proposed here is derived from 
those of Hubbs and Miller (1948), Houghton (1976), and Hunt (1974). Seven 

lnepartment of Geography, University of New Mexico, Albuquerque, New 
Mexico, 87131. 
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morphological regions are defined as follows (Figure 2). The Northwest 
Region is characterized by small drainage basins with low relief. It is 
the least arid region of any in the Great Basin, containing 7 lakes 
(Abert, Crump, Eagle, Goose, Hart, Malheur, and Sununit), none of them are 
fed by major rivers. Of the 52 drainage basins in the region, 37 contain 
playas. 

The Lahontan Region is an area of broad, flat valleys of comparatively 
low elevation. It is the drainage basin of Pleistocene Lake Lahontan, 
which occupied the low-lying valleys during lacustrine periods associated 
with the last Ice Age(s). The region contains 27 drainage basins, four 
with major lakes (Honey, Pyramid, Tahoe, and Walker). Four major rivers 
occur in the Lahontan Region - Carson, Humboldt, Truckee, and Walker . The 
Humboldt has the distinction of being the only river in the Great Basin 
that has its headwaters in the interior (i.e., not in the Sierra Nevada or 
Rocky Mountain Cordilleras). 

The Central Region has 
elevations of any region. 
contains 56 playa basins. 

the 
It 

highest 
has no 

mean 
major 

playa and maximum basin 
lakes or rivers, and it 

The Bonneville Region consists of 15 basins and includes the largest 
drainage basins found in the Great Basiri. The size of its basins is 
illustrated by comparing the Great Salt Desert playa, one of the largest 
on Earth, to the rest of the playas of the Great Basin: it accounts for 
more than half of the total area of all Great Basin playas. The reason 
for the · large, low basins found in the Bonneville Region, and also in the 
Lahontan, appears to be a result of the relatively low crustal thicknesses 
in the two regions. According to Stewart (1978, p. 20), the regions' low 
crustal thicknesses may be due to the fact that their tectonic extension 
rates are greater than the adjoining Central Region. The Great Salt Lake 
basin contains the region's three large lakes - Bear, Great Salt, and 
Utah. Four major rivers flow from the western slope of the Rocky Mountain 
Cordilleras (Bear, Provo, Sevier, and Weber). Like the Lahontan Region, 
it contained a large Pleistocene lake - Lake Bonneville. 

The Death Valley Region contains 22 basins, 17 with playas and one 
with a large lake (Mono). The only major river is the Owens. This region 
consists of basins with the highest relief values found in the Great 
Basin. The highest elevation in the conterminous United States (Mt. 
Whitney) occurs in the Owens River Basin, while the lowest elevation in 
North America (Bad Water) occurs in Death Valley. Tectonically, the Death 
Valley Region is very active, being part of the Eastern California Seismic 
Belt (Wallace, 1984). Its drainage basins are oriented to the Sierra 
Nevada on the west and the Walker Lane Tectonic Zone, which forms the 
regional boundary on the east. 

The Mojave Region lies south of the Garlock Fault which separates it 
from the Death Valley Region. Its morphology is quite different than that 
of the Death Valley Region, due to differences in amounts of Quaternary 
tectonism (Bull and McFadden, 1977, p. 135). The Mojave is characterized 
by low seismic activity and may be one of the oldest landscapes in the 
Great Basin (Lustig, 1969). The region contains 50 drainage basins, 46 
with small, low-lying playas. The only major river is the Mojave which 
only infrequently reaches its sink - Soda Lake. 
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The Salton Region is the southernmost area of the Great Basin, 
extending into Mexico. It is distinguished by basins that have resulted 
primarily from damming by Colorado River delta sediments. Its only lake 
is the Salton Sea which is essentially man-made as it is maintained by 
irrigation water runoff. 

To test the validity of the regionalization scheme, the Kruska-Wallis 
one-way analysis of variance was used to determine if the morphometric 
differences among the regions were statistically significant. The Salton 
Region was not included in the test since its morphology is distinctly 
different from the other Great Basin regions . Morphometric data from the 
187 playa basins (Table 1) of the remaining six regions were used in the 
test (see King, 1982 for list of data). 

Eleven morphometric variables for each basin were analyzed: playa 
elevation; maximum basin elevation; maximum basin relief; basin area; 
relative basin relief (a dimensionless variable formulated by Melton, 
1957, relating basin relief to basin size); playa orientation; playa 
circularity (a measure of crenulation calculated from playa area and 
perimeter); playa area; playa elongation (calculated from playa area and 
length); basin elongation (similar to playa elongation); and basin 
orientation. At the 0.05 level of significance, the critical value of the 
Kruskal-Wallis test statistic (H) is 11.07 (degrees of freedom equals 
five). Eight of the variables tested are significantly different between 
the morphological regions of the Great Basin (Table 2). The strongest 
regional differences occur with the elevation variables and basin area. 
These differences can be explained by changes in extensional tectonic 
style between the different regions of the Great Basin (Anderson et. al., 
1983). 

Based on test results, it is concluded that the proposed regional 
classification scheme of the Great Basin is valid. The seven regions are 
distinctly different in terms of their morphology. 

The Great Basin is a large area of the arid western United States that 
has received less attention overall than the other deserts of western 
North America. It deserves more study. As Brewer (1889) stated, the 
Great Basin "has no one single character which does not belong to some 
othe r portion of the globe, yet it constitutes the most distinctive 
geographical feature of the North American Continent." 

REFERENCES 

Anderson, R. Ernst, et al. 1983. Implications of Selected Subsurface Data 
on the Structural Form and Evolution of Some Basins in the Northern 
Basin and Range Province, Nevada, and Utah. Geological Society of 
America Bulletin 94(9):1055-1072. 

Brewer, W.H., 1889. The Great Basin. American Geographical Society of 
New York Bulletin 21 : 197-227. 

Bull, W.B. , and McFadden, L.D., 1977. Tectonic Geomorphology North and 
South of the Garlock Fault. In: Geomorphology in Arid Environments, 
D.O. Doehri ng (Ed.). Proceedings, 8th Annual Geomorphology Symposium, 
State University of New York - Binghamton, pp . 115-138. 

69 



=================================================================--======== 
TABLE 1 

PLAVA BASINS OF THE GREAT BASIN 

MOJAVE REGION CENTRAL REGION 

1. Cadiz Lake 64. Monitor Valley 
2. Dale Lake 65. Diamond Valley 
3. Rogers Lake 66. Newark Lake 
4. El Mirage Lake 67. Grass Valley 
5. Troy Lake 68. Buffal o Valley 
6. Soggy Lake 69 . Crescent Valley North 
7. Melville Lake 70. Crescent Valley South 
8. Lav ic Lake 71. Edwards Creek Valley 
9. Galway Lake 72. Ory Lake 

10. Emerson Lake 73. Rhodes Salt Marsh 
11. Oeadman Lake 74. Teels Marsh 
12. Quac kenbush Lake 75. Clayton Valley 
13 . Means Lake 76 . Long Valley 
14. Ford Ory La ke 77 . Antelope Val ley North 
15. Rabbit Dry Lake 78. Antelope Valley South 
16. Bicycle Lake 79. Spr ing Valley 
17. Cuddleback Lake 80. Lunar Lake 
18. Coyote Lake 81. Railroad Valley 
19. Harper Lake 82 . Sand Spri ng Valley 
20. Rosamond Lake 83. Dry Lake Valley 
21. Broadwell Lake 84 . Delamar Val l ey 
22 . Lucerne Lake 85 . Frenchman Lake 
23. Mesq uite Lake 86. Mud Lake 
24 . Danby Lake 87. Big Smoky Valley South 
25. Pale n Lake 88. Big Smoky Valley North 
26. Jean Lake 89. Desert Val l ey 
27. Koehn Lake 90. Coal Valley 
28. Mesquite Lake 91 . Jakes Valley 
29. Roach Lake 92. Cave Valley 
30. Superior La kes 93. Butte Valley 
31. Goldstone Lake 94. Goshute Lake 
32. Langford Wel l Lake 95. Frankl i n Lake 
33. Cron i se Lakes 96. Frenchman Fla t 
34. Red Pass Lake 97. Humboldt Salt Marsh 
35. Soda Lake 98 . Smith Creek Valley 
36. Silve r Lake 99. Papoose Lake 
37. Silurian Lake 100. Tikaboo Valley 
38. Drinkwater Lake 101. Groom Lake 
39. Mclean Lake 102. Gabbs Valley 
40. Ivanpah Lake 103. Soda Spri ng Valley 
41. Nelson Lake 104. Garfield Flat 
42. Owl Lake 105 . Huntoon Valley 
43. Lost Lake 106. Cactus Flat 
44 . Bristol Lake 107. Gold Flat 
45. Leach Lake 108 . Kawich Flat 
46. Eldorado Valley 109 . Stonewall Flat 

110 . Reveille Valley 
DEATH VALLEY REGION 111. Alkali Spring Valley 

47. <Mens La ke 112. Goshute Valley 
48. North Panamint 113. Snow Water Lake 
49 . South Panamint 114. Columbus Salt Marsh 
50 . Racetrack 115. Mormon Gulch 
51. Little Bonnie Clair 116. Indian Springs 
52 . Deep Springs Lake 117. Eas t Lake 
53. Fish Lake Valley 118. Lake Val ley 
54. Sarcobatus Flat 119. Yucca Lake 
55 . Saline Valley BONNEVILLE REGION 
56. Eureka Valley 
57. Steward Valley 
58. Pa hrump Valley 
59 . Death Val ley 
60. Searles Lake 
61. Amarqosa Flat 
62. Airport Lake 
63. China Lake 

120. 
121. 
122. 
123 . 
124 . 
125. 
126. 

Pilot Va lley 
Wah Wah Va 11 ey 
Pine Valley 
Little Sa lt Lake 
Qui chapa Lake 
Great Salt Lake Desert 
Salt Marsh Lake 

127. Sevier Lake 
128. Whi te Val l ey 
129. Tule Valley 
130. Puddle Valley 

LAHONTAN REGION 
131. Rawhide Flats 
132. Kumiva Flat 
133. Granite Valley 
134. Carson Desert 
135. Fernley Sink . 
136. Little Valley 
137. White Lake 
138. Fourmile Flat 
139. Stagecoach Valley 
140. Jungo Flat 
141. Adobe Flat 
142. Humboldt Sink 
143. Winnemucca Lake 
144. Honey Lake Val ley 
145. Smoke Creek Desert 
146. Buena Vista Valley 
147. Black Roc k Desert 
148. Pil ot Cone 
149. Artesi a Lake 
150 . San Emido Desert 

NORTHWEST REGION 
151. Silver Lake 
152 . Alvord Desert 
153 . Coyote lake 
154. Guano lake 
155 . Massacre Lake 
156. Boulder Lake 
157. Duck Flat 
158 . Alkali Lake 
159. Mi ddle la ke 
160. Mud Lake 
161. Mosquito Lake 
162 . Onion Lake 
163. Conti nental Lake 
164. Coleman La ke 
165 . Shallow Lake 
166 . Flook Lake 
167 . Bluejoint lake 
168. Rabbit Hills 
169. Alkali Lake 
170 . Keg Spri ngs Valley 
171 . Table Mountai n 
172. Alvord La ke 
173. Summer Lake 
174. Big lake 
175 . Christmas Lake 
176. Cow Head Lake 
177. Upper Lake 
178 . Middle Alkali Lake 
179 . lower lake 
180 . Harney Lake 
181 . Foster lake 
182. Hawk Mountain 
183. Catlow Va ll ey 
184 . Fo llyfarm 
185. High Rock Lake 
186. Gras shopper Va lley 
187 . Horse Lake 

=========================================================================== 
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==============================-=~==========-===a==:=--====·===a============== 

TABLE 2 

KRUSKAL-WALLIS TEST STATISTICS FOR THE 

GREAT BASIN MORPHOLOGICAL REGIONS 

Hl 

Playa elevation 126. 18 

Maximum basin elevation 90.92 

Maximum basin relief ·. 52.04 

Basin area 30.42 

Relative basin relief 17. 15 

Playa orientation 14.47 

Playa circularity 12.25 

Playa area 11.57 

Playa elongation 9.75 

Basin elongation 4.36 

Basin orientation 2.53 

1 
Kruskal-Wallis statistic. 

2 
Probability that morphometry of regions is different. 

2 
p 

0.9999 

0.9999 

0.9999 

0.9999 

0.9958 

0.9871 

0.9685 

0.9588 

0.9176 

0.5009 

0.2282 

=============================~=--==========2=========================--====== 
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ANALYSIS OF DROUGHT ENVIRONMENTS USING MULTI-SENSOR DATA 

Robert R.J. Mohlerl and Cecil R. Hallum2 

Objective 

The objective of this paper is to extend to the Sahel and Northern 
Kalahari, a recently developed remote sensing-based technique for 
monitoring and classifying the vegetation cover of drought environments. 
The U.S. Southern _High Plains served as the control region for the 
successful development and ·testing of this technique. The High. Plains 
were chosen because the three regions are similar in terms of vegetation, 
soils, precipitation,. and paleoclimatic conditions, and because 
ground-truth data and independent environmental monitoring were readily 
available. 

Sahel of Africa 

The short-grass steppes of the Sahel stretch across 5,500 km of 
northern Africa and represent .a transition zone between the Sahara desert 
to the north and the savannas to the south. The 2.5 million square 
kilometer area is composed of the seven nations of Senegal, Mauritania, 
Mali, Upper Volta, Niger, Chad, and Gambia (Figure 1). 

Figure 1. The Western Sahel. Rectangles outline research sites: 
A-Senegal River, B-Gambia River, C-Inland Delta of the 
Niger River, D- Lake Chad . The precipitation isohyets are 
in millimeters per year. 

l1ockheed-EMSCO, Houston, Texas, 77058. 

2Department of Mathematics, University of Houston-Clear Lake City, 
Houston, Texas, 77062. 
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The Sahelian zone varies from 400 to 500 km in width and its margins 
~re roughly parallel to lines of equal latitude. A strong precipitation 
gradient of approximately one millimeter per kilometer exists from north 
to south within the Sahel. The unreliable interannual rainfall occurs 
from mid June through September and varies from as little as 100 mm near 
the Sahara to nearly 600 mm near the Sudanian zone to the south (Tucker et 
al., 1985). Vegetation grades from semidesert grasses in the north to 

·acacia grasslands in the south (Justice et al., 1985). 

The primary soil orders of the Sahel are the Alfisols, Aridisols, 
Entisols, and Ustisols. Alfisols have a gray to brown surface horizon 
possessing a medium to high base supply, and subsurface horizons of clay 
accumulation. These soils are usually moist; but may be dry during the 
warm season. They are generally well suited for cropland. Aridisols are 
characterized by pedogenic horizons low in organic matter and dry for more 
than six months of the year. Entisols are soils without pedogenic horizon 
development. Ustisols are usually moist, with horizons qf clay 
accumulation and a low base supply. When fertilized, these. soils are 
quite productive (Basile, 1971). 

The Senegal and Gambia rivers valleys support government-endorsed 
peanut farming, while cotton farms track the Upper Niger River. Overall, 
the region is thinly populated (with the exception of the river valleys) 
and lacks a modern transportation infrastructure. Most cultivation is 
restricted to -the south, with cattle and camel herding in the north 
(English, 1977). 

The current Sahelian drought is one of several that have occurred 
since 1900; however, it is the most severe. Weisburd and Raloff (1985) 
suggest that the outbreaks of famine :in Africa are regional manifestations 
of extreme environmental pressures, such as war, deforestation, 
overgrazing, farming on marginal lands, and unsustainable population 
growth, which have been building for over 20 years. Several scientists 
suggest that a climatic change may be taking place in the Sahel. This 
change may be caused or augmented by an increase in carbon dioxide and 
turbidity acting to suppress the monsoons, by possible connections between 
the · drought conditions and sea surf ace temperatures in the tropical 
Atlantic, or by regional land use and the interference of Western man 
(Bryson, 1973; Weisburd and Raloff, 1985). This climatic change, which 
may last into the Twenty-First century, (Bryson, 1973) would further 
enhance the southward migration of the Sahara Desert. 

The Kalahari 

The Northern Kalahari covers approximately 1.2 million square 
kilometers of the interior of southern Africa (Figure 2). With annual 
precipitation varying from 200 mm in the southern areas to 1,000 mm in the 
north, the region supports a diverse assortment of savanna grasses, 
brushlands of acacia, and savanna woodland dominated by Rhodesian Teak. 
The primary soil orders include Entisols, Aridisols, Alfisols, and 
Oxisols. The highly weathered Oxisols are characterized as mixtures 
principally of kaolin, hydrated oxides, and quartz. Livestock herding is 
the primary land use by the natives (Wells, 1984). 

Droughts 
long lasting 

in the Kalahari are related to but not quite as intense or 
as droughts in the Sahel (Weisburd and Raloff, 1985). The 
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Figure 2. The Northern Kalahari. Rectangles outline research sites: 
A-Okavanga River Basin, B-Hwange, C-Central Botswana. The 
precipitation isohyets are in millimeters per year. 

various factors which may be contributing to the Sahelian drought are also 
attributed to the current Kalahari drought. 

Analysis Technique 

NOAA Polar Orbiter Advanced Very High Resolution Radiometer (AVHRR) 
data (collected during Space Shuttle .missions) forms the nucleus of our 
low-cost reconnaissance technique for monitoring land use in a drought 
environment (Mohler et al., in press). Manned orbital Hasselblad (visible 
and color infrared) medium format photography, Aero-Linhof, and Large 
Format Camera photography are acquired during the STS missions for the 
verification of the AVHRR data quality and image classification systems, 
and for the production of detailed mapping of regional land cover and 
paleoclimatic landforms. 

One of the most thorough descriptions of the NOAA Polar Orbiters is 
provided by Kidwell (1984). Briefly, these sunsynchronous satellites 
orbit at an altitude of 850 km, have orbital periods of 102 minutes, and 
orbit the earth 14 . 1 times per day. The onboard AVHRR has a scanning 
configuration of +/- 56 degrees from nadir through an instantaneous field 
of view of about 1.4 milliradians, which yields an average ground 
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resolution of 1.1 km at nadir. The wide swath width provides effective 
repeat coverage every one-half day. The sensor has four to five spectral 
channels : the visible (0.58 to 0.68 micrometers), the near infrared (0.73 
to 1. 10 rm), the mid-infrared (3.55 to 3.93 rm), and one or two thermal 
infrared (10.5 go 11.5 rm and 11.5 to 12.5 rm). AVHRR visible and near 
infrared bands have been demonstrated to be spectrally simi lar to the 
Landsat multispectral scanner (MSS) red and near infrared channels (Tucker 
et al., 1981; Cicone and Metzler, 1982) . 

Satellite-Based Reconnaissance Techniques 

AVHRR Local Area Coverage (LAC) data (1.1 km) are processed using 
the Normalized Difference (ND) vegetation index utilized by Townshend and 
Tucker (1984) and the Comprehensive Analysis for Unitemporal Scene 
Evaluation (CAUSE) procedure developed by Cate et al . (1983). · The 
Normalized Difference vegetation index is expressed as : 

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

The Normalized Difference is frequently highly correlated to green leaf 
biomass and leaf area index (Townshend and Tucker, 1984) and most recently 
to end-of-season above-ground dry biomass (Tucker et al., 1985). 

The CAUSE procedure produces consistent color representation for 
surf ace features regardless of differences in scene illumination and 
background. Each wavelength digital value of each picture element (pixel) 
for the visible, near infrared and thermal (10.5-11.5 rm) bands is divided 
by the mean of a moving window (16l · by 161 pixels) . The resulting values 
are transformed to a cyclindrical system whose components are hue (color), 
value (brightness), and chroma (saturation). The color space is then 
subdivided, resulting in 12 color categories or strata used for the 
classification of land use (Cate et al., 1983). Simulated color infrared 
and images with higher resolution are available for additional support in 
scene interpretation. 

Prior to application of either the ND or CAUSE techniques, the AVHRR 
data are mapped to an Albert's Equal Area Projection through use of the 
ICARUS/DAEDALUS mapping and resampling technique (Boatright and Bradley, 
1984). The image to map registration is accomplished iteratively with the 
nearest neighbor approach utilized for resampling the geometrically 
corrected data . 

Initial Results 

Confidence that the CAUSE and ND image analysis procedures generate 
reliable information about the classification and vitality of vegetation 
cover in a region where independent environmental assessments provide 
confirmation has led to our development of a monitoring strategy for 
examining the consequences of prolonged drought in the Sahel and Kalahari. 
In this case, the AVHRR data is collected whenever possible during the 
same day as Space Shuttle Orbiter overflights with the astronaut crews 
taking 70 nun Hasselblad photographs of specific observations sites. 
Ground truth information is provided by visible color and color infrared 
photographs acquired at the same time as the AVHRR scenes. This allows 
the presence of dust veils, smoke from rangefires and subpixel-sized 
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clouds to be detected; these features effects can then be considered when 
evaluating the performance of the AVHRR. Color infrared photographs also 
yield detailed views of the density of vegetation cover within irrigated 
agricultural projects and throughout the savanna grassland and brushland. 
These · detailed photographs · of particular areas supply the most direct 
means to verify the results of the AVHRR image analysis procedures in 
regions where quantitative field data on surface cover are scarce. 

A prime objective of the Sahel/Kalahari study is to create CAUSE 
vegetation cover classification maps for the region similar to that 
demonstrated eariier for the Southern High Plains. These image products 
will provide baseline data concerning the distribution of current 
vegetation zones from savanna grassland to the equatorial closed 
woodland. Future natural and anthropogenic modifications of vegetation 
cover can be plotted as deviations from the set of baseline images. 
Monitoring the effects of drought stress upon green-leaf biomass will 
require a time series analysis of ND products supported by simulated color 
infrared images and astronaut photography with color infrared films. 
Preliminary investigations using AVHRR imagery of Senegal, Gambia, Guinea 
Bissau, Angola, and Namibia have demonstrated the ability to discriminate 
major vegetation types and to identify varioui land disturbances features, 
including village barrens and the deforestation of woodland and brushland. 
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ARKANSAS AGRICULTURE AND DROUGHT: 1925-45 

Charles R. Britton! and John G. Hehr2 

Introduction 

No two consecutive decades in U.S. history have ever been more 
different than the 1920's and the 1930 1s. The roaring twenties 
represented the golden age of growth in economic history. W.W. Rostow 
refers to the decade as the beginning of the Age of High Mass Consumption 
(Rostow, 1966). 

The 1930's were the opposite of the 1920 1s with despair, gloom, and 
pessimism replacing the buoyant outlook of the 1920's. We went from two 
chickens for every pot to two pots for every chicken. The causes of the 
Great Depression are still debated but some generalities can be put 
forth. First, the primary automobile demand had been basically satisfied 
and there was inadequate secondary demand. This underconsumption led to 
negative accelerator effects · as induced investment was forced downward. 
Backward linkages to steel, rubber, glass, textiles, etc. and forward 
linkages to highway construction, motels, .-tourism, etc. were severe. 
Residential construction was also satiated as population growth slowed. 
Business construction did not pick up the resulting slack. Therefore, the 
construction industry in general had excess capacity (Gordon, 1961; Hanse, 
1964; Bratt, 1948). There had been economic weaknesses in the 1920 1 s such 
as textiles in New England, coal in western Pennsylvania, West Virginia, 
Kentucky, and Tennessee and the railway industry in general (in reaction 
to the advancing automobile industry). Also, and of major concern, the 
general condition of agriculture was deteriorating (Vedder, 1976). 

Agriculture in the 1920's 

Agriculture as an industry had climaxed during WWI. There had been 
prosperity since the recession of 1897 but WWI really led to expansion of 
U.S. agriculture in response to European export needs as farmers expanded 
their output capacity on credit. The end of the war saw exports of 
agricultural output fall from $3.68 billion for 1920 to $1.9 billion for 
1922. The rising incomes of Americans during the 1920's led to expanded 
domestic consumption levels but this increase was not sufficient to offset 
the export losses. Farm income declined. Farm productivity increased 
twenty-six percent during the 1920's as a result of increased use of 
mechanical production techniques. The demand for tractors helped 
manufacturing industries but the increased output and decreased demand 
caused declining incomes for the farm sector (Gunderson 1976). 

As indicated in Table 1 agriculture was declining through the 1920 1s. 
The parity ratio went from 92 in 1925 to its low of 55 in 1932. Forced 
sales, and related defaults, foreclosures of mortgages, bankruptcies, and 
delinquent taxes peaked in 1933 as did the index of deposits of country 
banks while net income to persons on farms from farming troughed in 1932. 

!Department of Economics, University of Ark~nsas, Fayetteville, 
Arkansas, 72701. 

2nepartment of Geography, University of Arkansas, Fayetteville, 
Arkansas, 72701. 
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TABLE 1 

Forced sales 
U.S. Index and related 
of esti- defaults- Index of 
mated foreclosures Parity Deposits · Net Income 
value of of mortgagees, Ratio of c.ountry to Persons 
farms per bankruptcies 1910- banks 1924- on farms 
acre 1912- delinquent taxes 1914 1929 from 
1914 = lQO (per 1, 000 farms) = 100 = 100 farming 

1925 127 92 100 6,866 

1926 124 21.6 87 101 6,617 

1927 119 23.3 86 100 6,314 

1928 117 22.8 90 103 6,687 

1929 116 19.5 89 102 6,741 

1930 115 20.8 80 94 5,114 . . 

1931 106 26.l 64 ~1 3,482 

1932 89 41. 7 55 64 2,285 

1933 73 54.1 60 53 2,993 

1934 76 39.1 70 64 3,531 

1935 79 28.3 84 72 5,052 

1936 82 26.2 90 83 5,361 

1937 85 22.4 92 90 6,930 

1938 85 17 . 4 77 90 5,041 

1939 84 17.0 77 94 6,262 

1940 84 15 . 9 80 102 5,361 

1941 85 13.9 94 116 7' 723 

1942 91 9.3 106 141 11, 286 

1943 99 6 . 6 119 201 14,138 

1944 114 4.9 116 257 13,531 

1945 126 3.0 117 329 13,711 

Source: Bureau of Census, U.S. Department of Commerce, Historical 
Statistics of the United States, (Washington, D. C. 1949) 

============================================================================ 
80 



The Economy of Arkansas 

The economy of Arkansas mirrored the performance of the nation. In 
many respects Arkansas suffered more since its economy was a net debtor 
and not a creditor. Therefore, the declining general price level made it 
more difficult for the borrowers in the state. The Arkansas Business 
Bulletin dated November 15, 1932, commented: 

"Most economic ills of Arkansas can be traced to this 
maladjustment of the price structure and to two great natural 
disasters, the floods of 1927 and the devastating drouth of 
1930... . Agriculture, the foremost element in Arkansas 
economy, has been confronted with the lowest prices in the 
twentieth century, consequent narrow profit or deficit 
margins, and rapidly declining land values. The debts of the 
flood year of 1927 had not been entirely cleared away when 
deflation and drouth in 1930 necessitated a fresh wave of 
borrowing." 

The report went on to state: 

"The present period of adversity has brought about a high 
degree of self-sufficiency among Arkansas farmers. More 
foodstuffs and farm animals are being raised for home 
consumption. Surplus farm labor encourages more intensive 
methods of cultivation. Cash outlays for machinery, gasoline, 
etc. are c~rtailed by necessity. The rural people of the 
state can always obtain the necessities of life - barring 
disastrous weather conditions - and superior position than the 
army of unemployed industrial workers. 

Cash receipts from farm marketing for Arkansas are listed in Table 2. 
As can be seen from the data the farmers in Arkansas were definitely 
suffering. Arkansas farm wage rates for farm employees also declined to 
50 cents per qay with board (70 cents without board) by 1933 (U.S. 
Department of Agriculture, 1946). Obviously, neither the farm owners nor 
the workers were doing very well. 

Drought in Arkansas 

The authors of this paper utilized the Palmer Drought Severity Index 
for Arkansas to determine the impact of drought on Arkansas farmers 
(Alley, 1955). Using the July-September average as the proper measure of 
drought, it is easy to identify the major problem years (see Table 3). 
The year 1925 was a major drought year as was 1930; 1932 was another 
drought period although not severe. This was followed by the drought of 
1934 which was measured as more severe than in 1930. The year 1935 
measured dry but 1936 was by far the worst, ranking second in severity 
over the ninety-five year history of the PDSI for Arkansas, and exceeded 
only by the year of 1954. In other words, the farmers in Arkansas not 
only were suffering from the general depression conditions but were also 
faced by "disastrous weather conditions." 

In 
sector, 
average 

order to determine the problems confronting the agricultural 
the authors ran simple correlations of the July, August, September 
values of the Palmer Drought Severity Index with yields of 
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TABLE 2 

Livestock & CroEs 
Livestock 

Year Products Cotton Lint Rice Corn Hay 

1925 27,344 122,788 7, 729 2,790 1,912 

1926 29,618 97,489 9,076 3,076 1,997 

1927 31,525 108,007 7,638 4,804 1,939 

1928 32,348 119 , .005 7,084 2,248 1,957 

1929 33,949 117,572 7,015 1,622 1,959 

1930 26,831 51,214 5,641 842 1,663 

1931 16,142 42,028 4,916 446 1,257 

1932 14,030 45,239 3,136 690 795 

1933 16,900 41,409 4,903 642 792 

1934 21,065 70,417 5,607 604 926 

1935 30,333 52,366 4,881 639 930 

1936 32,637 77,407 5,286 1,039 762 

1937 41,103 75,478 6,680 1,677 1,034 

1938 38,551 63,511 5,967 2,252 877 

1939 41, 119 64,267 5,999 1,,404 1,020 

1940 41,126 63,978 6,561 1,836 1,033 

1941 58,662 106,610 10,945 3,462 1,193 

1942 77 ,450 116' 125 16,973 3,405 1,448 

1943 119,479 122,135 21, 118 2,864 2,130 

1944 106,174 148,935 22,587 2,774 2,611 

Source: U.S. Department of Agriculture, Bureau of Agricultural Economics, 
Division of Agricultural Statistics, University of Arkansas 
Bureau of Research Arkansas CroE and Livestock-1945 and 
Statistical Summaries 1 1925-1945 (Fayetteville, Arkansas), 
June 30, 1946. 
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TABLE 3 

Palmer Drought Severity Index for Arkansas 
1925-45 

Avg. Avg 
April May June Apr-June July Aug Sep July-Sep 

1925 -4.16 -4.60 -50.6 -4.61 -4.34 -4.63 .20 -2.92 

1926 -1.01 -1.65 -1.96 -1.54 -1.83 .54 .55 -.24 

1927 3.98 3.84 4.24 4.02 4.08 4.73 4.33 4.38 

1928 1. 76 1.15 2.85 1.92 2.57 2. 71 1.69 2.32 

1929 .13 .48 -.08 .18 . -.31 -1.03 -1.41 -.92 
-:-

1930 -1.86 1.16 -.96 -.55 -2.23 -2.79 -2.70 -2.57 

1931 -2.28 -2.38 -2.61 -2.42 .77 1.36 -.73 .47 

1932 -.65 -1.45 -1.22 -1.11 - • 72 -1.16 -1.41 -1.10 

1933 .11 .26 - • 88 . -.17 .36 .55 .69 .53 

1934 -1.01 -1.40 -1. 75 -1.39 -2.51 -3.00 -2.27 -2.59 

1935 .91 1.86 3.10 -1.34 -.59 -1.22 -1.30 -1.04 

1936 -2.96 -3.41 ·-4.15 -3.51 -3.57 -4.57 -4.35 -4.16 

1937 -1.34 -1.65 .27 -.91 .25 .23 .54 .34 

1938 -.02 - .11 .16 .01 -.01 -.43 -1.20 -.55 

1939 2.13 1.87 1.89 1.96 -.21 -.43 -1.26 -.63 

1940 .66 .25 .44 .45 .79 1.38 -.18 .66 

1941 -.85 -1.62 -1.54 -1.34 .36 .51 .45 .44 

1942 .92 -.26 -.09 .19 -.95 .75 .80 .20 

1943 -1.52 -.80 -1.23 -1.18 -2.14 -3.16 -3.13 -2.81 

1944 1.91 2.04 -.48 1.16 -.92 -.58 -1.08 -.86 

1945 3.82 3.51 4. 77 4.03 4.54 4.17 5.08 4.60 

Source: National Oceanic and Atmospheric Administration, U.S. Department 
of Conunerce 

==========================================================--================ 
83 



different crops. The agriculture crop variables were 1) bushels of corn 
per acre, 2) pounds of cotton per acre, 3) tons of tame hay per acre, 4) 
tons of lespedeza hay per acre, 5) bushels of market tomatoes per acre and 
6) tons of manufacture tomatoes per acre. The correlations were 
respectively: 1) 0.6482, 2) 0.1592, 3) 0.7704, 4) 0.8257, 5) 0.6295, and 
6) 0.5363. These patterns are readily discernible (see Table 4). 

Cotton, although a very weather sensitive crop, is subject to other 
considerations than the July-September PDSI. Cotton requires light and 
frequent showers in the spring with dry and cool autumns. Even though 
cotton was a major crop in Arkansas, it did not fit the PDSI data well. 
The other crops were obviously much more greatly affected by the effects 
of drought (or the lack of it) . As observed above; corn, tame hay, 
lespedeza hay, and both market and manufacture tomatoes were highly 
sensitive to the existing drought conditions of the late 1920's and the 
1930's. 

Sununary and Conclusions 

The authors contend that, whereas the nation was in a depression 
during this period, the situation was worsened in Arkansas by weather 
conditions. The droughts of 1925 and 1930 placed the farmers in 
debt--positions from which they never recovered. These years were 
followed by slight drought conditions in 1932, a major drought in 1934 
with dryness in 1935 and the worst drought year in 1936. The drought 
effects exacerbated the plight of Arkansas farmers. It was not until WWII 
that recovery was possible. The inelasticity of demand and supply for 
agricultural production provided some benefits. With the diminished 
supply as a result of droughts, there was a positive impact on prices 
received by the farmers of Arkansas. However, the authors argue that the 
major impact was on production which was not offset by price increases. 
Analysis of the prices received by Arkansas farmers exhibited in Table 5 
reveals that the price of rice declined 73 percent from 1925-26 to 1932-33 
while corn declined 63 percent; cotton, 67 percent; hay, 65 percent; 
market tomatoes, 85 percent and manufacture tomatoes, 36 percent. In 
other words, rice, the production of which did not change greatly 
according to these data and whose production is not drought affected had 
price changes in excess of the other agricultural crops of Arkansas. It 
was the drop in demand caused by the national depression, not 
overproduction, which drove prices down. Similarly, declines in 
production although influencing prices upward did not off set the price 
declined caused by demand influences. The farmers were faced with lower 
production of their products due to drought and furthermore were faced 
with lower prices as well. This combination of less to sell at a lower 
price proved disastrous for Arkansas f arniers and eventually led to the 
mass exodus of "Arkies" to the dreamland of California . Recovery from the 
drought-enhanced depression of Arkansas agriculture was dependent upon 
America's entry into World War II. 
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Bushels 
Corn Per 

Year Acre 

1925 15.0 

1926 19.5 

1927 19.0 

1928 17 .0 

1929 15.6 

1930 5.5 

1931 22.5 

1932 18.0 

1933 13 . 5 

1934 8 . 0 

1935 12 . 0 

1936 12 .5 

1937 20.0 

1938 16.5 

1939 15.4 

1940 21. 0 

1941 19 . 9 

1942 18 . 0 

1943 12.5 

1944 17.0 

1945 21.0 

TABLE 4 
Field Crops Yields 1925-45 

Pounds 
Cotton 
Per Acre 

226 

219 

175 

180 

199 

119 

276 

187 

197 

192 

191 

249 

328 

304 

319 

349 

342 

362 

291 

377 

333 

Tame Hay 
Tons Per 
Acre 

.78 

1.06 

1.13 

1.06 

1.05 

.87 

1.18 

.97 

1.15 

.77 

.97 

.85 

1.16 

1.05 

1.11 

1.16 

1.10 

1.12 

.86 

1.05 

1.15 

Hay
Lespedeza 
Tons Per 
Acre 

.70 

.90 

1.20 

1.00 

1.07 

.81 

1.10 

.96 

1.04 

.73 

.90 

.75 

1.05 

.90 

1.00 

1.05 

1.00 

1.00 

.75 

.93 

1.05 

Tomatoes 
yield per 
acre in 
tons 
(manufacture) 

3.0 

2.5 

3.0 

2.2 

2 . 3 

2.1 

2.4 

2.5 

2.3 

1.0 

1.1 

.5 

2.4 

2.4 

1.9 

2.7 

2.4 

2.5 

1.0 

3.0 

2.4 

Tomatoes 
yield per 
acre in 
bushels* 
(market) 

89 

112 

111 

104 

90 

65 

80 

65 

70 

30 

80 

60 

80 

85 

90 

100 

110 

100 

70 

85 

95 

*Includes 98,000 bushels in 1931, 50,000 bushels in 1932 and 29,000 bushels 
in 1933 not harvested on account of market conditions. 

Source: U.S. Department of Agriculture, Bureau of Agricultural Economics, 
Division of Agricultural Statistics, University of Arkansas Bureau 
of Research Arkansas Crops and Livestock-1945 and Statistical 
Summaries, 1925- 1945 (Fayetteville, Arkansas, June 30, 1946). 
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1925-26 

1926-27 

1927-28 

1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

1933-34 

1934-35 

1935-36 

1936-37 

1937-38 

1938-39 

1939-40 

1940-41 

1941-42 

1942-43 

1943-44 

1944-45 

1945-46 

Source: 

TABLE 5 

Prices Received by Arkansas Farmers 1925-45 

Corn 
Avg Cents 
Per Bushel 

101 

86 

99 

99 

103 

92 

37 

37 

66 

96 

82 

100 

60 

53 

66 

61 

80 

105 

133 

132 

131 

Rice 
Cents Per 
Bushel 

142 

103 

86 

85 

95 

79 

44 

38 

80 

82 

82 

82 

60 

62 

75 

81 

123 

160 

171 

174 

179 

Cotton All 
Cents Per Hay $ Per 
Pound Ton ----

16. 90 15.40 

11.30 15.00 

20.30 13.40 

18.10 11.30 

16.83 13.30 

9.04 13.60 

5.52 7 . 90 

6.51 5.40 

10.34 8.00 

12.23 13.20 

11.22 10.20 

12.16 11.60 

8.13 9.10 

8. 72 7.80 

8.85 7.40 

9.34 7.30 

16.85 9.10 

18.99 11.00 

19.51 20.30 

20.74 18.30 

22.50 17 .10 

Tomatoes 
Market Manufacturer 
Cents $'s Per Ton 

325 13.65 

125 11.86 

225 12.76 

95 12.60 

195 13.50 

120 13.80 

80 10.20 

50 8.80 

75 10.00 

100 10.00 

90 10.70 

llO ll.00 

100 12.70 

60 ll.00 

105 9.30 

58 10.10 

120 12.40 

125 18.50 

250 23.40 

270 24.60 

295 29.00 

U.S. Department of Agriculture, Bureau of Agricultural Economics, 
Division of Agricultural Statistics, University of Arkansas Bureau 
of Research Arkansas Crops and Livestock - 1947 and Statistical 
Summaries, 1924-45 (Fayetteville, Arkansas, June 30, 1946. 
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AGRICULTURAL DEVELOPMENT IN A SEMI-ARID REGION: 
THE SOUTH PLAINS OF TEXAS, 1945-1985 

Lewis E. Hilll 

The purpose of this paper is to trace the development of agriculture 
on the semi-arid South Plains of Texas from 1945 to 1985 and to 
extrapolate this historical experience into the future. These years 
include two very different economic periods: the period from 1945 to 1965 
was one of high prosperity; the period from 1965 to 1985 encompassed a 
long decline into a deep agricultural depression. The future is uncertain 
(Hill, 1986). Lubbock, Texas is the economic center of the South Plains 
region of Texas which, for the purposes of this paper, will be defined as 
that part of the Llano Estacado or Staked Plains of northwest Texas which 
lies within the wholesale trade area of Lubbock. The Ogallala Aquifer 
underlies this region. The mean annual rainfall ranges from 14 to 22 
inches and averages about 18 inches for the region. The altitude is more 
than 3,000 feet above sea level, but the terrain is flat (Arbingast, 
1976). 

High Prosperity: 1945-1965 

In 1945, South Plains farmers were coming out of a wartime prosperity 
that had been fueled by abundant yields and high prices. Conditions in 
the farm economy were favorable for a rapid and sustained agricultural 
expansion that would bring levels of income and wealth which were 
absolutely unprecedented in the previous historical experience of the 
region. The necessary condition for the agricultural expansion and 
prosperity was a set of natural resources which were conducive to the 
emergence of a highly profitable, large-scale, mechanized agriculture. 
These resources included fertile soil, abundant sunshine, and a flat 
terrain, suitable for mechanized agriculture. Although the climate was 
semi-arid, the Ogallala Aquifer provided a bountiful supply of fresh 
underground water at a shallow depth. Moreover, the region was blessed 
with a plentiful supply of natural gas, which became an inexpensive fuel 
to pump the wells to irrigate the land (Hill, 1986). 

The sufficient condition for economic growth and affluence was the 
agricultural policy of the national government of the United States. This 
policy was based on the concept of "parity price," which was a 
relationship between the prices of farm commodities and the prices of the 
things purchased by farmers that was thought to be fair to the farmers 
(Black, 1972). The Stabilization Act of 1942 had established agricultural 
price supports at 90% of the parity price. These high support prices were 
maintained at 90% of parity after the war until 1954. After 1954, 
flexible support prices in the range from 75% to 90% of parity were 
developed instead of the fixed support prices at 90% of parity that had 
prevailed since 1942. As a result of these high support prices, efficient 
commercial farmers on the South Plains were absolutely guaranteed very 
favorable commodity prices for their crops and virtually guaranteed a 
substantial profit (Tweeten, 1977). 

lnepartment of Economics, Texas Tech University, Lubbock, Texas, 79409. 
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The most productive and most profitable agricultural industry in the 
State of Texas developed on the semi-arid Llano Estacada. Cotton was the 
most important crop; therefore, Lubbock became a major cotton market and a 
great center for the processing of cotton and cotton seed. Scores of gins 
served the farmers of the area and Lubbock became the cotton seed oil 
capital of the world. · Feed grains, especially grain sorghum, were 
secondary crops, but their importance increased rapidly. By the end of 
the period, cattle feeding and meat packing had developed into booming 
industries. The development of agriculture created a derived demand for 
agricultural implements and equipment. Three manufacturers of 
agricultural implements located in Lubbock, and numerous firms were 
engaged in the manufacture and installation of irrigation equipment. In 
these ways, agriculture and the agricultural support industries in the 
South Plains region of Texas were propelled into an unprecedented era of 
strong development, rapid growth, great wealth, and high prosperity 
(Federal Reserve Bank of Dallas, 1950; Hill, 1986; Walker, 1962). 

Decline into Deep Depression: 1965-1985 

Beginning in 1965, conditions on the Llano Estacada ceased to be 
favorable to continued agricultural expansion, and the industry began a 
slow slide into stagnation. The paradise of high support · prices and low 
costs began to change into a purgatory of declining real support prices 
and rising costs. The Food and Agriculture Act of 1965 deemphasized the 
parity concept and supported the market price of cotton at no more than 
90% of the world price. The Agricultural Act of 1970 required a farmer to 
set aside a specific percentage of his acreage into soil conservation in 
order to qualify for price supports, and the concept of parity was 
completely abandoned in 1973. Efficient commercial farmers were no longer 
guaranteed profitable prices (Tweeten, 1977). 

At the same time, farming costs, in general, and irrigation costs, in 
particular, were increasing. As the water table was fall i ng, and the 
saturated zone of the Ogallala Aquifer was becoming thinner, more and more 
energy was required to lift the water to the surface. The problem was 
greatly intensified by the escalation of fuel costs which occurred during 
the 1970s and the early 1980s. In the late 1960s farmers on the Llano 
Estacada were paying approximately 1.5 cents per kilowatt-hour of 
electricity and 35 cents per thousand cubic feet of natural gas. By 1983, 
these prices had risen to about 8 cents per kilowatt-hour for electricity 
and $4.50 per thousand cubic feet for natural gas. These figures 
represent a fuel cost increase of more than 500% for electric-powered 
pumps and of more than 1200% for gas-powered pumps. In many cases, 
irrigation costs rose to more than half of the variable costs of producing 
a crop on the South Plains of Texas (High Plains Underground Water 
Conservation District No. 1, 1983). 

In spite of these profound changes in support prices and costs, the 
agricultural economy of the South Plains tended to be sustained by the 
general inflation which was experienced in the United States from 1973 
through 1981. In 1973, farmers in the area produced crops of cotton and 
grain sorghum with a combined value of more than $1,500,000,000, which was 
more than twice the value of 1972 crops (Greater Lubbock, 1974). 
Commodity prices continued to be favorable for the remainder of the 
decade. Land values were maintained at relatively high levels as more and 
more investors purchased land as a hedge against inflation. 
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Then, in the decade of the 1980s, the bottom fell out of the South 
Plains agricultural economy. The specific local problem of escalating 
irrigation costs was · compounded by the general national problems of 
diminished export markets, declining prices, and skyrocketing interest 
rates. According to agricultural economist Dean W. Hughes, these problems 
have been exacerbated by the tight monetary policy that Paul Volker and 
the Board of Governors of the Federal Reserve System have pursued since 
November, 1979. This restrictive policy drove interest rates up to record 
heights. The high interest rates w~re a dual curse on the farmers of the 
nation. On the one hand, interest is a very important cost for most 
farmers. On the other hand, ·high interest rates have attracted foreign 
capital into the United States and have strengthened the dollar to such an 
extent that American agricultural exports have tended to be priced out of 
export markets. The success of the Federal Reserve monetary policy has 
caused a very significant disinflation which has impacted negatively on 
the value of farm land. Farmers on the South Plains of Texas share with 
other farmers of the nation the general problems of heavy indebtedness, 
high and rising costs, low commodity prices, and declining land values. 
American farmers currently find themselves in the worst depression that 
they have experienced since the Great Depression of the 1930s (Hughes, 
1985). 

The Future? 

Current economic conditions seem to justify a prognosis of cautious 
optimism both nationally and regionally. Improvement in the agricultural 
economy of the United States will be contingent upon a number of actions 
which are beyond the scope of this paper. If the treasury and trade 
deficits are reduced to manageable proportions and if interest rates are 
maintained at moderate levels, then monetary and fiscal policies will 
become favorable to agriculture. The value of the dollar would drop on 
foreign exchange markets and it would be easier for American farmers to 
export their surplus crops profitably. If the farm credit system 
continues to be solvent during the period when the value of land and other 
farm assets are disinflated to sustainable proportions, then the farmers 
who survive the crisis should find themselves in a strong position. A 
fair and effective national agricultural policy could then lead American 
farmers back into a new era of prosperity. 

But if farmers on the South Plains of Texas are to share in this new 
era of agricultural prosperity, they must solve their specific regional 
problems. Clearly, a new basis for South Plains agriculture must be 
developed if prof its are to be restored and if growth is to be renewed. 
It is the author's conviction that the time is rapidly approaching when 
field crops can no longer absorb the cost of irrigation. If this 
conviction proves to be true, then field crops must revert to dry land 
agriculture. It is fervently to be hoped that science and technology will 
create new drought-resistant varieties of field crops. The shift to dry 
land agriculture will probably change the optimal crops. Small food and 
feed grains may replace cotton as the most important crop. Perhaps, South 
Plains farmers will prof it from the production of the biomass which will 
surely be required to solve the nation's energy problems in the distant 
future. Horticultural crops, such as fruit, vegetables, and especially 
wine grapes, have enough value that irrigation may continue to be 
economically feasible, but the practicality of these crops may require the 
development of new water conserving techniques of irrigation, such as drip 
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irrigation or wateri~g from buried pipes. The feasibility of developing a 
viable wine-making industry on the South Plains appears to be especially 
promising, but it is anticipated that wine grapes will continue to be a 
minor crop in the agricultural industry of t~e region (Hill and Owens, 
1985). 

During the last half century, agriculture on the South Plains of Texas 
has come full circle from depression through prosperity and back into 
depression again. In the prosperity that followed the Second World War, 
the most successful farmers used water abundantly to maximize output. The 
farmers who will be most successful in the future are the ones who learn 
how to economize in the use of water and to minimize their costs (Hill and 
Owens, 1985). 
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AFTER THE BUST: ENERGY-RELATED IMPACTS IN A SEMI-ARID AREA 

Claud M. Davidson! 

A Brief Background 

During the 1970's, the American public became increasingly aware of an 
energy deficiency in the United States. As a result, efforts were 
accelerated in the exploration, development and expansion of domestic 
energy sources and reserves. Much of this activity occurred in the 
western states, including a semi-arid region of northwestern Colorado 
(Figure 1). Emphasis there was placed on the production of coal and 
petroleum, along with investigations and experiments in the conunercial 
development of oil shale. 

The change brought "boom" conditions to the area, and, by the end of 
1981, 8,215 persons were employed in energy-related activities in the six 
no~thwestern Colorado counties (Piatt, 1982). Of this employment, 47% 
were involved with oil shale, 24% with coal, 23% with oil and gas, and 6% 
with power plant production and operations. The high percentage of 
workers in the oil-shale-related activities reflected the worker-intensive 
construction state in 1981, as opposed 7 to the less labor-intensive 
production stages for other categories . Twenty-seven towns within the 
area have been identified as being energy impacted (Davidson·, 1986), but 
the degree of impact as measured by population increase was not uniform. 
During the first quarter of 1982, more than one-third of the residents of 
four area towns were comprised of oil-shale workers and their families 
(Piatt, 1982). The four towns were DeBeque, Parachute, Rifle and Silt, 
and they are considered here as being the most heavily energy-impacted 
towns. From 1970 to 1982, the population of each of these places 
increased by 132%, 344%, 144%, and 112%, respectively. In 1982, the 
populations of these towns were: DeBeque, 347; Parachute, 1200; Rifle, 
5,250; and Silt, 923. 

By early 1982, Colorado's oil-shale activities began responding to a 
number of economic and technological problems . The problems included a 
world oversupply of crude oil, declining petroleum prices, rising labor 
costs, high interest and inflation rates, and difficulties in the 
development and application of production techniques. In response, Exxon 
Company, U.S.A., mothballed its Colony Shale Oil Project in May, 1982, and 
approximately 2,100 workers lost their jobs (McHugh, 1982). Other firms 
in oil-shale-related production also began scaling-down their activities. 
The reduced operations resulted in a sharp decline in local employment . 
The Rocky Mountain ~il and Gas Association (1984) reported that 
oil-shale-related employment within the area fell from a 1981 high of 
3,877 workers to 3,512 in mid-1982, · to 2,065 in mid-1983, and down to 955 
workers by July, 1984. This "bust" had a 'marked impact on the populations 
of area communities, especially on those identified previously as being 
the most heavily impacted towns. Between 1982 and 1984, the population of 
Parachute dropped from approximately 1,200 to 600 persons (Freedman, 
1984), Silt declined from 923 to 754 (City of Rifle, 1984), DeBeque's 
population fell from 347 to 220 (Dean, 1984), and the population of Rifle 
declined from a 1982 high of 5,250 to 4,106 in 1984 (City of Rifle, 1984). 

!Professor of Geography, Texas Tech University, Lubbock, Texas, 79409. 
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The Problem 

Energy-related and mining-related "boom and bust" conditions are not 
new to northwestern Colorado~ "Booms" and subsequent "busts" have 
occurred throughout the Western Slope since the prospecting and mining 
days of the 1800 1 s. Never before, however, has the magnitude of 
operations under the direction of a very few energy firms been so great 
within the area. Also, never before has man had the ability to modify the 
physical and cultural landscapes of an area in such a short period of 
time. As a result, many studies have been performed on environmental and 
socio-economic impacts of "boom" conditions within the area, but this 
writer is unaware of any work being done on the impacts which remain after 
the "bust." 

Therefore, the purpose of this paper is to identify and explore 
selected post-bust impacts on the towns of DeBeque, Parachute, Rifle and 
Silt, and to present findings which may be of use to others concerned with 
similar changes in small towns on the semi-arid Western Slope. 

Approaches to the Problem 

In any "boom" situation, planners and entrepreneurs must keep in mind 
that a subsequent "bust" is probable. Local concerns in planning for the 
up-and-down cycle often center around three things; they are: (1) 
assuming the risk; · (2) time lag; and (3) revenue distribution (Callahan, 
1983). Private entrepreneurs and local agencies are reluctant to assume 
the financial risk of establishing new municipal and private facilities 
until after the boom is over and long-term economic and operational trends 
are established. · Thus, a considerable time lag may exist between a 
construction-related population increase and the production-related 
stabilization. Most town officials agree that when growth occurs the cost 
of new facilities should not come from the taxes of the pre-boom 
population. A source of front-end financing is necessary, and that 
revenue should be distributed in such a manner as to benefit the towns and 
counties which are impacted by rapid population growth. 

A major source of front-end revenue for the four selected towns in 
northwestern Colorado was the Oil Shale Lease Fund, more commonly known as 
the Oil Shale Trust Fund. In 1974, the U.S. Department of the Interior 
leased the federal oil shale tracts to energy firms, with 37.5% of the 
lease fees to be used for local public-impact purposes (Callahan, 1983). 
Colorado received a total of $75 million from this source, and the Oil 
Shale Trust Fund was set up to hold and to allocate the monies. DeBeque, 
Parachute, Rifle and Silt utilized their portions of the fund for a 
variety of physical and human facilities and services. 

Benefits and Burdens 

Since ' most town officials on the Western Slope are thoroughly familiar 
with the area's history of boom and bust, most towns embarked on programs 
of "manageable growth" with the advent of the oil-shale boom. McHugh 
(1982) states that the managed and guarded optimism that guided pragmatic 
community response to boom conditions also guided pragmatic community 
leaders as they coped with the decline in oil-shale activity. Each of the 
four towns under consideration established new guidelines and city plans 
to aid with growth control. 
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Rifle, the largest of the four towns, added a number of new city 
employees to help handle the popul.ation growth. They included an 
assistant city planner, an assistant city manager, three police officers, 
and several street department and water department employees (Prust, 
1982). In addition, Rifle constructed a number of physical facilities, 
including a new city hall, a new library, new street surfaces, new and 
expanded water and sewer systems, and expanded hospital and school 
facilities. Prust (1982) stated that Rifle now has facilities to serve 
10,000 residents, more than double its normal population. 

Parachute, too, expanded its facilities to accompany the new demands. 
New additions included a town hall, fire station, community center, park, 
and a new street program. The street program includes not only the 
streets, but also curbs, gutters, sidewalks, an irrigation system and 
stqrm drains (McHugh, 1982). 

DeBeque and Silt also constructed new municipal facilities with the 
Oil Shale Trust Fund monies. In both towns, emphasis was placed on 
improving and expanding water and sewer systems, street systems, and on 
the construction of new municipal buildings. 

Access to the trust fund enabled the four towns to add needed 
personnel and to build facilities which they could . not have financed 
otherwise. Not only were the facilities functional, but they also served 
to increase the morale of individuals and to improve the image of the 
towns (Mcliugh, 1982). These changes were made without the towns incurring 
any significant front-end liability (Kilker, 1981; McHugh, 1982). 

Although the new town facilities are considered as being positive 
energy-related impacts, it became evident after the bust that they also 
created one of the major negative consequences. According to Ted Anderson 
(1985), Rifle's City Manager, town infrastructures developed during the 
peak of activity were too large, and the towns could not continue to pay 
for maintaining the system. The new physical structures and new town 
personnel were added during "boom" periods when many town residents and 
officials had an optimistic outlook toward the future; after the bust, 
they found that they had more facilities and employees than they could 
afford. As an example, the town of Rifle had three fewer city employees 
in August, 1985, than it had in the pre-boom year of 1975 (Anderson, 
1985). 

The boom and subsequent bust was also very disruptive to the local 
labor force. Anderson (1985) reported that much of the best local labor 
was lost to the energy firms because those companies often paid two or 
three times the local rate for unskilled labor. Then, after the bust, the 
local employees found that their previous jobs had been filled by others 
and that they were left without employment. 

As usual in boom conditions, a number of individuals established 
retail and service industries in the impacted area in an effort to realize 
potential profits. These investments were seldom based on sound marketing 
research principles, and many did not survive the "bust". Gulliford 
(1983) reported that approximately two hundred business firms ceased 
operation within the oil-shale area after the employment decline. Many of 
these failures occurred in Grand Junction, the regional -retail and service 
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center. Retail businesses in the four smaller ·places considered here were 
also impacted by · the "bust. 11 Bes tor ( 1984) reported that most merchants 
in Rifle attempted to survive the initial market loss, and that few 
business closings were noticed in 1982; however, 44 firms closed in 1983, 
and 16 others had gone out of business by August, 1984. A review of sales 
tax reports indicates that Rifle experienced a net retail sales decline of 
48.1% when comparing April, 1982, with April, 1984 (Davidson, 1986) . The 
author also performed inventories of Parachute, Silt and DeBeque in 1982 
and again in 1984 to determine retail business loss after the initial 
"bust" . During that time period, Parachute lost one automobile repair 
shop, one motel, one restaurant, and two taverns; one automobile repair 
shop, two mobile home parks, and one tavern closed in Silt; and one 
restaurant when out of business in DeBeque (Davidson, 1986). 

Boom- bust conditions also brought a change in the area's economic 
bas·e. At the beginning of the "boom" era, speculators purchased property 
near the most rapidly-growing towns. Unfortunately, the most desirable 
land for residential and commercial development consisted of the best 
farmland within the area. DeBeque, Parachute, Rifle and Silt are all 
located on the Colorado River, and a narrow and limited strip of alluvial 
soil in the valley represented the agricultural core of this rugged 
semi- arid region. Anderson (1985) stated that with the coming of the 
energy-related boom the economic base of the area shifted from agricul ture 
to energy development. With the "bust·," the energy activity was 
drastically reduced, and farmland which had been purchased by developers 
was no longer in agricultural production. This shift in land use resulted 
in a loss of much of the traditional agriculturally-oriented economic base 
for area communities, with no prospect for a new base to sustain the local 
econ.omic activities. 

Conclusi ons 

Despite efforts at orderly management within this energy-impacted 
area, the post-bust disruptions have been many and mixed . Community 
leaders exercised good judgement in utilizing available front-end 
financing for local construction and improvement of physical facilities 
and filling growth-related needs for additional manpower during the "boom" 
phase . As a result, those conununities were not holding extensive 
liabilities when the "bust" occurred. On the other hand, a number of 
private entrepreneurs built new business establishments during the "boom" 
period on the expectation of continued population and economic growth. 
Many of those individuals experienced considerable economic loss. In an 
ef fort to aid such individuals, research was recently completed which 
identi fies retail business types which are most likely to succeed and to 
continue operating during such "boom-bust" cycles (Davidson, 1986). 

Energy-related changes in land ownership and in land use within the 
valley of the Colorado Ri ver have deprived area communities of much of 
their traditional economic base. Considering the recent economic problems 
experi enced by farmers within this semi-arid area, it is doubtful that 
agriculture will return in the foreseeable future as the major economic 
base f or local towns . In order to survive, area communities must take 
steps to diversify thi s base . I n response to that problem, some of the 
towns are already attracting an increased population of retired persons. 
Not only can this older population util i ze the new housing and municipal 
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facilities which were built during the "boom," but they also represent a 
source of outside funds which, hopefully, can help in sustaining connnunity 
viability. 
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WINE GROWING IN ARID AND SEMI-ARID WEST TEXAS 

Otis W. Templer! 

Introduction 

Viticulture and viniculture have a long history in Texas, spanning 
three centuries, and preceding the introduction of wine grapes to 
California by almost 100 years. During this time the industry has 
undergone several periods of growth and decline . The late 1800s and early 
1900s were marked by considerable experimentation and expansion. However, 
Texas viticulture, and especially wine production, was hard hit by 
Prohibition. The industry did not reemerge as a viable entity until the 
late 1960s · and early 1970s when a boom of expansion began which continues 
to surprise some observers. 

Arid and semi-arid West Texas has played a prominent role in the wine 
growing · industry of the state since its inception, particularly the 
irrigated districts along the Rio Grande and Pecos River valleys and on 
the High Plains, where the bulk of today's vineyards acreage is situated. 
This paper examines the historical and spatial aspects of the expanding 
wine· grow~ng industry, concentrating on the impressive natural advantages 
of dry West Texas over more humid regions of the state and on the use of 
wine grapes as a high-value, water~conserving supplemental crop for this 
water-short area. 

Historical Geography of Wine Growing in West Texas 

Historically, wine growing became established very early in Texas. 
Ysleta, on the Rio Grande near El Paso and the oldest town in Texas, was 
the site of a Franciscan mission founded in 1682. The priests brought 
Mission grape vines from Mexico, planted vineyards, and were soon making 
wine for the Mass (Giordano, 1984a). Many early travelers called 
attention to the productive vineyards of the El Paso Valley. The report 
of ~he 1850 Boundary Cormnission praised area vineyards and predicted a 
great future for the industry (Texas Almanac, 1926). In the late 1800s, 
reports of the Texas Agricultural Bureau (1889) mentioned the El Paso 
Valley as being particularly .well-adapted to grape culture and that "The 
El Paso, or Mission, grape which flourishes so well in this county has a 
national reputation, being much admired for its size and delicious 
flavor." The El Paso Valley continued to be a leading vineyard and 
wine-producing area until early in this century. Though Vinifera wine 
grapes were also introduced into central and north Texas by European 
irmnigrants, the high humidity and abundant rainfall during the growing 
season, destructive diseases and insect pests of this humid section caused 
the vines to fail (Templer, 1984a). In 1883, an Italian irmnigrant, Frank 
Qualia, established Val Verde Winery at Del Rio on the Rio Grande. It is 
the oldest bonded winery in Texas, still doi ng business on the same site, 
and still operated by members of the Qualia family (English, 1984). 

The late nineteenth and early twentieth centuries saw a resurgence of 
grape growing for wine production and table use. State agricultural 

!Department of Geography, Texas Tech University, Lubbock, Texas, 79409. 
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bulletins which reported on 
experimental plantings were 
According to Malley (1910): 

the success or f ailu+e 
particularly laudatory of 

of numerous 
West Texas. 

Throughout the entire Panhandle and upper Llano Estacado I have 
found no class of fruit uniformly giving as good results as [the 
grape]. . . I have studied vineyards in most all .sections of 
the State and I must confess that I am impressed with the great 
advantage which the Panhandle and upper Llano Estacada possess in 
the cultivation of this fruit crop. 

The author (Dixon, 1913) of another horticultural ~ulletin observed: 

The European varieties known as the Vinifera grapes require an 
arid climate and will not thrive in a damp or humid section. 

We have large areas where the standard Vinifera varieties 
may be grown successfully, equalling the finest types of these 
varieties produced on the Pacific Coast . 

Specifically mentioning Barstow in the Pecos River Valley and Ysleta near 
El Paso, he noted that "nearly all the Vinifera varieties are adapted to 
this country and bear abundantly." Vinifera grapes were also reported to 
do well under irrigation in Southwest Texas along the Rio Grande. At one 
time vineyards at Toyah, Barstow, and Fort Stockton in the Pecos River 
Valley shipped carlots of Malaga, Muscat and Tokay grapes for wine making 
(Texas Almanac, 1926); and, in 1908, a wine produced from Vinifera grapes 
grown at Barstow won a top prize at an international competition 
(Giordano, 1984a). 

Prohibition sounded the death knell for Texas wineries, the last ones 
closing in 1919 when the Legislature voted Texas dry. The owners of Val 
Verde Winery survived this era by selling table grapes and shipping grapes 
for home wine making. Vai Verde reopened following Repeal, but after 1949 
it was the only winery operating in Texas until the mid-1970s (Templer, 
1984b). 

Texas became involved in the world-wide grape boom of the late 1960s 
and early 1970s when almost a hundred new ·vineyards were established, 
planted _to various American, French-American hybrid, and Vinifera vines. 
In 1974, the Texas Agricultural Experiment Station completed a state-wide 
study of the feasibility of wine-grape production (Perry and Bowen, 
1974). The study concluded that West Texas was suited to table and 
dessert wine varieties, and more humid areas should grow French-American 
hybrids or muscadine grapes. 

Texas vineyard acreage expanded rapidly from less than 90 acres in 
1970 to almost 1,000 acres in 1978 and now totals over 3,000 acres, mostly 
located in north Texas, the Hill Country, and arid and semi-arid West 
Texas (Templer, 1984b). In 1972, experimental plantings with wine-grape 
cultivars began on the South Plains. By 1977, as a result of these 
experiments, a number of specific varieties could be recommended. By 
1981, a few resistant rootstock recormnendations were warranted, and it had 
been determined that a number of Vinifera cultivars do very well on the 
South Plains and in Trans-Pecos Texas (Lipe et al . , 1981) . Some early 
growers who unwisely planted untested or now undesired varieties have 
grafted to cultivars which are more in demand. 
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Beginning in 1975, new wineries began to join the century-old Val 
Verde .Winery. There are now eighteen wineries in Texas and several others 
are reported to be in the formative stages (Giordano, 1984b; Sheehy, 
1984). Figure 1 shows the location of these wineries and the viticultural 
areas which supply them. Though only six wineries are situated in West 
Texas, the most extensive vineyard acreage and the two largest wineries 
are here. Llano Estacado Winery, perhaps the best ·known in the state, was 
established near Lubbock in 1976 and nearby Pheasant Ridge winery produced 
its first conunercial wines in 1982. Sanuvas Vineyards, near El Paso, was 
founded in 1984 and Bluebonnet Hill Vineyards was created in 1985. It 
should be noted that several East Texas wineries use West Texas grapes for 
their wines. Though most Texas wineries are small operations, a notable 
exception is the massive new facility, Ste. Genevieve, being built on 
University of Texas land ·in Pecos County (Giordano, 1984b; Sheehy, 1984). 

%ftt Vitlcuhural Area 

• Winery 

FIGURE 1. VITICULTURAL AREAS AND WINERIES OF TEXAS 

In the mid-1970s the University of Texas, looking for more profitable 
agricultural crops for its 2.1 million acres of land in far West Texas, 
began experimenting with wine grapes in Pecos and Culberson counties. 
Pecos County was eventually chosen as the vineyard location because grapes 
grown there were of more consistent and better quality. Planting began in 
1981, has continued with several hundred acres being added each year 
since, and now totals over 1,000 acres of Vinifera vines. By 1993, the 
total vineyard acreage is expected to be about 3,000 acres. A thirty-year 
lease was given to a Texas-French corsortium which is building a winery at 
the vineyard site. This facility will eventually be capable of producing 
4.5 million gallons of wine annually (Giordano, 1984b). If this venture 
is successful, it should improve the image of Texas wines and lend 
credence to Texas's claim of being able to produce high quality wines. 
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Wine Grapes in the West Texas Environment 

As groundwater supplies dwindle in most areas of arid and semi-arid 
West Texas and the cost of irrigation rises, . farmers are extremely 
interested in finding alternative crops which require less ·water than the 
traditional cotton, grain sorghum, and other annual crops. 
Water-conserving grapes are often suggested as a partial solution .to the 
problem (Grapes Show ., 1982). Also, they allow agricultural 
diversification, offer a high-value supplemental crop in the event that 
traditional crops fail, and a farmer can earn four to six times more 
prof it from growing grapes rather than cotton. West Texas is predicted to 
be.on the verge of a major expansion in wine-grape acreage (Adams, 1985). 

As had already been discovered by the early 1900s, West Texas has a 
number of natural advantages which recommend it for grape pro~uction: 

1. Climate--The region's climate with warm days (averaging about 
900F) and cool nights (600F) during the growing season, generally 
meets favorable growth requirements for grapes (Reed, n.d . ). Lubbock is 
classed as Region V according to the heat swmnation system used in 
California, averaging over 4,500 degree days du~ing the growing season. 
The remainder of West Texas, with the possible exception of some 
mountainous areas in the Trans-Pecos, probably has the same 
classification. Precipitation is concentrated during the spring and early 
summer months, and this coinc-ides well with the growing season. In 
semi-arid areas, little irrigation is normally required for established 
vineyards; usually two to three inches, and rarely more than six inches, 
of irrigation water is applied. If soil moisture is sufficient in the 
spring, no summer irrigation may be necessary. In more arid areas, ten to 
twenty inches of water may be required. Most growers seek quality, rather 
than quantity, and attempt to stress their grapes to improve quality by 
not watering after early July. Thus, irrigation requirements are 
generally less than for most annual crops, and water-saving drip 
irrigation systems are widely used wherever grapes are grown. Where 
groundwater is being depleted, landowners may use what little remains from 
low-yield wells for grapes and dry-farm their remaining acreage (Templer, 
1984b). 

. 2. Soils--On the South Plains soils are particularly deep, rich, and 
well-drained, and they are good over most of west Texas. They produce the 
healthiest vines, highest yields, and best quality fruit (Reed, n.d.). 
Also, shallow-rooted annual crops have drawn nutrients only from the upper 
soil zones so that deeper zones are virtually untapped. 

3. Topography--The relatively level and well-drained lands of the 
plains, plateaus, and broad alluvial basins of west Texas present no major 
topographic obstacles for vineyard establishment. 

4. Insects and Disease--Unlike humid east Texas, the major disease 
and insect pests of grapes such as Pierce's Disease, cotton root rot, and 
phylloxera are seldom found in West Texas. East Texas vineyardists must 
spray every seven to ten days to control fungus; west Texas growers might 
find it necessary to spray only once in a season (Giordano, 1984b). 
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5. .··Available Larid--In west Texas, there are large areas of 'good and 
relatively inexpensive · agricultural land available for expansion, unlike 
California where land prices are exorbitant in the more favorable 
districts (Juicy Crop ... , 1983). 

6 ~ Agricultural Diversification--Grapes appear to fit well into the 
increasingly diverse agricultural patterns of Texas, and farmers need only 
a small acreage to significantly supplement their incomes (Grapes 
Show . ·• ., 1982; Steiert, 1983). Most grape production is from vineyards 
of ten acres or less. Once established, vineyards are long-lived and 
should remain in production for at least .fifty years. 

Factors Affecting Expansion of Wine Growing 

Despite these impressive advantages, wine growing in west Texas does 
face some problems, and it is estimated that growers can expect a poor 
harvest every four to seven years because of adverse climatic factors. 
Extreme low winter temperatures in the sub-zero range can occur, 
especially on the High Plains. Most Vinifera cultivars, so desirable for 
producing premium wines, are considered . to be somewhat tender to low 
temperature extremes. However, a number of varieties have been tested 
which do not appear to be any more susceptible to cold than American and 
French-American hybrid varieties. Low temperatures have not yet proven to 
be a significant problem, even during the record-breaking cold of the 
1983-84 winter season. 

Spring and summer hailstorms are common in west Texas, though thus far 
damage to grapes has been relatively minor when compared to traditional 
annual crops . · High winds which are prevalent on the High Plains do 
necessitate more frequent trellis repair (Davis, 1982). Windblown sand 
eliminates much of west Texas as a potential commercial producer of table 
grapes, though the vines of a number of varieties grow very well. Blown 
sand scars the growing grapes, making the bunches unsightly and less 
attractive in the market (Templer, 1984b). 

A major problem hindering the more rapid expansion of viticulture in 
west Texas, and elsewhere in the state, is the very high cost of 
establishing a vineyard and bringing it into producti on (Templer, 1984b). 
Among relevant cost-related factors are the following: 

1. Direct Costs--Costs generally average about $4,000 per acre during 
the three-year period it takes to get a vineyard established and to bring 
it into production (Grapes Show . · . , 1982; Juicy Crop ..• , 1983). 
Commercial production cannot begin until the fourth year, and generally 
not before the eighth to tenth year will the vineyard reach maximum 
production. Thus, during the establishment period, the vineyardist 
realizes no income and must incur considerable expense. 

2. Farming Methods--Growing grapes means that west Texas farmers must 
change their basic approach to farming (Steiert , 1983). Grapes require 
intensive, small-scale methods rather than the extensive, large-scale 
practices normally used for traditional crops. It is usually difficult 
for cotton or grain farmers to comprehend the significantly greater labor 
requirement and to realize that large vineyards may require a full-time 
manager in addition to seasonal labor. 
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3. Labor--Generally, there is a lack of trained vineyard labor, 
except durrng- the harvest season when relatively unskilled labor cap. be 
utilized. 

4. Harvest--The 
producing areas make 
harvest by hand labor. 

small and widely dispersed vineyards conunon to most 
machine harvest unecon.omical at present . and dictate 

and . Eguipment--Machinery used for traditional farming 
operations may not be suitable for vineyard work~ The grower can expect 
to be required to invest in some expensive, specialized. vineyard 
machinery. Also, there are no specialized vineyard equipment supply 
companies or winery companies located in any of the state's viticultural 
regions at present. 

5. Machinery 

Conclusions 

Despite its three-century history, the Texas viticulture-viniculture 
industry has never been, nor is it now, of very great economic 
significance. To date, Texas wine makers have had little difficulty in 
marketing their small production to an increasingly-urban and cosmopolitan 
clientele. Questions remain about whether projected and greatly expanded 
production will find sufficient consumer demand. 

By the early 1900s, astute horticulturists had already recognized the 
natural advantages of arid and semi-arid west Texas for wine grape 
pro.duction. The major expansion of vineyards and wineries will probably 
continue to be in this region. Still, it is not anticipated that wine 
grapes will ever replace cotton and other traditional annual crops; they 
will probably continue to be only a high-value, supplemental crop for most 
growers, occupying a relatively small acreage. 

In addition to some climatic problems, the major hurdles to faster 
growth of the wine growing industry are economic factors. Establishing a 
vineyard and/or winery requires considerable capital investment and a long 
wait to reach income-generating full production. Though the future 
sign.ificance of wine growing to the west Texas economy cannot be 
accurately predicted, if the mammoth enterprise on University of Texas 
land is successful, this should augur well for the industry. 
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FORAGE PRODUCTION WITH LIMITED IRRIGATION WATER 

E.H. Jensen, D.E. Gilbert and D.W . . Kennedyl • 

In Nevada and other western states, where seeded rangeland receives 
seven to twelve inches of annual precipitation, production will be about 
300 to 1000 pounds of dry forage per acre. Because winter forage is often 
limiting, it is desirable to increase . production by irrigation throughout 
the growing season. If water is available throughout the growing season, 
yields of improved grasses and legumes may exceed five tons of dry matter 
per acre . However, in many areas of Nevada and the Intermountain West, 
forages cannot be irrigated the entire growing season because of lack of 
snowpack runoff, water storage facilities or wells. To determine the 
adaptability of native and introduced range grasses to limited irrigatiqn, 
experiments were conducted at three locations in central and northern 
Nevada over a period of 15 years . 

Experimental Procedures 

Elevation at the three experimental sites was approximately 6000 
feet. Climates were similar in that the frost-free period was less than 
100 days and precipitation was eight to ten inches annually. All 
treatments of cultivars within an experiment were replicated four times 
and data were analyzed with appropriate statistical analysis. 

Experiment 1. Knoll Creek Field Laboratory, Jackpot, Nevada. 

'Fairway' crested wheatgrass, 'Nordan' desert wheatgrass, 'Greenar' 
intermediate wheatgrass, 'Alkar' tall wheatgrass, 'Whitman ' beardless 
wheatgrass, 'Luna' pubescent wheatgrass, 'P-27' Siberian wheatgrass, 
slender wheatgrass, basin wildrye, 'Sawki' Russian wildrye and 'Manchar' 
smooth bromegrass were weeded at the reconunended seeding rates. A 
description of the speci es, scientific names and their potential use are 
presented by Hafenrichter et al. (1979) and Jensen et al. (1984 and 1985). 

The seedings were sprinkler irrigated the entire growing season during 
the establishment year. During the following nine years, however, ample 
moisture was maintained by sprinkler irrigation only until harvest in late 
June or early July. At harvest dry matter yields were determined and 
irrigation was discontinued. Lack of moisture resulted in the grasses 
going dormant. Prior to the first irrigation each spring, nitrogen was 
applied at the rate of 100 pounds per acre. 

Experiment 2 . Central Nevada Agricultural Research Center, Austin, Nevada 

This trial was a continuation and refinement of the previous one in 
that the total amount of water applied (precipitation plus irrigation) was 
determined in addition to dry matter yield and stand longevity. After the 
establishment year beginning April 1, three inches of watEtr was applied to 
level basins each time three inches evaporated from a Standard Weather 
Bureau Class A evaporation pan. The amount of water applied plus 
precipitation was recorded. 

lnepartment of Plant Science, College of Agriculture, University of 
Nevada, Reno, Nevada, 89557. 
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The six long-lived grass species that persisted at Knoll Creek for 
nine years were selected for planting at Central Nevada. They were: 
'Nordan' desert wheatgrass, 'Luna' pubescent wheatgrass, 'Greenar' 
intermediate wheatgrass, 'P-27' Siberian wheatgrass, 'Manchar' smooth 
bromegrass and 'Sawki' Russian wildrye. Establishment and maintenance 
procedures were the same as for those followed at Knoll Creek. 

Experiment 3. Gund Research Ranch, Beowawe, Nevada 

This trial was a further definement of Experiment 2. The application 
rate of nitrogen fertilizer was varied to include varied nitrogen planting 
fertilizer rates and grasses in alternate rows with legume to utilize the 
"fixed nitrogen" as a source of fertilizer. 

'Greenar' intermediate wheatgrass, 'Luna' pubescent wheatgrass, 'P-27 1 

Siberian wheatgrass, 'Nordan' desert wheatgrass and 'Paiute 1 orchardgrass 
were seeded at the recormnended rates alone and in alternate rows of 
'P-555 1 alfalfa, or 'Monarch' cicer milkvetch. The legumes were 
inoculated with the proper nitrogen fixing bacteria prior to planting. 
Descriptions, scientific names and potential uses of orchardgrass, alfalfa 
and cicer milkvetch are given by Hafenrichter et al. (1979) and Jensen et 
al. (1984 and 1985). 'Paiute' orchardgrass was included as it was 
recently developed for use on rangelands with as little as 11 inches of 
annual precipitation (SCS-USDA, 1983). Hafenrichter et al. (1979) 
indicate cicer milkvetch is adapted to areas with 14 or more inches of 
annual precipitation; alfalfa requires more than 16 inches mean annual 
precipitation. Plants were sprinkler irrigated throughout the growing 
season of the establishment year. 

Nitrogen was applied at the rate of 0, 50, and 75 pounds per acre 
prior to the first irrigation of each harvest year. During the harvest 
years the amount of precipitation and water applied was recorded. As in 
the previous trials no water was applied after harvest in late June or 
early July, after which the plants went dormant. 

Results 

Experiment 1. The nine-year average forage production of 'Luna' 
pubescent wheatgrass was significantly more than 'Nordan' desert 
wheatgrass, 'Manchar' smooth bromegrass and 'Sawki' Russian wildrye (Table 
1). 'Greenar' intermediate wheatgrass and 'P-27' Siberian wheatgrass also 
performed well and yielded significantly more than 'Manchar' smooth 
bromegrass and 'Sawki' Russian wildrye. 

'Alkar' tall wheatgrass and basin wildrye yielded well for the first 
four harvest years, but stands failed the fifth harvest year probably due 
to the low (three-inch) stubble height at harvesting. These species do 
not tolerate close clipping and would not be well adapted to hay 
harvesting in the conventional manner. Slender wheatgrass, 'Fairway' 
crested wheatgrass and 'Whitmar' beardless wheatgrass were not adapted to 
either irrigation treatment, cutting management or the environment as they 
persisted for only one or two years. 

Experiment 2. At the Central Nevada Agricultural Research Center 
'Luna' pubescent wheatgrass and 'Greenar' intermediate wheatgrass produced 
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===-==============----==========--============================================ 
TABLE 1 

DRY MATTER YIELDS OF ELEVEN GRASSES GROWN WITH LIMITED IRRIGATION 
WATER AT THE KNOLL CREEK FIELD LABORATORY, .JACKPOT, NEVADA 

LONG-LIVED GRASSES 

Nine 
Year 

Year ·Average 
Species and cultivar 1 2 ) 4 5 6 7 8 9 

Tons Per Acre 

Pubescent Wheatgrass, Luna 3.2 ).6 6.9 5.3 4 . 1 4.9 5.0 2.0 3.0 4.7 
Intermediate Whcatgrass, Greenar 4.9 3.8 6.4 6 . 4 4.1 4.4 4.3 1. 9 2.9 4.4 
Siberian Wheatgrass, P-27 5.7 4 . 5 5 . 8 5 . 4 3 . 5 5.1 4 . 1 1. 6 3 . 4 4 . 3 
Desert Whcatgrass, Nordan 4.1 4 . 6 5 . 5 5. 3 3.1 4.5 3 . 9 1. 4 3.1 3 . 9 
Smooth Bromegrass, Manchar 3.6 3.9 5 . 6 5.3 3.0 4.2 3.1 1. 5 2.5 3.6 
Russian Wildrye, Sawki 5.5 3.0 4 . 6 4.4 2.5 2.3 4.2 0.9 2.6 3.3 

SHORT-LIVED GRASSES 

Tall Wheatgrass, Alkar 6.4 5.6 7.6 6.3 -· Basin Wildrye 4.8 4 . 3 4 . 9 4 . 0 -· Slender Whcatgrass 5.4 4.0 -· Crested Wheatgrass, Fairway 3.9 -• 
Dc~rdlcss Whcatgrass, Whitmar 2.9 -• 
LSD (0 . 5) 0 . 6 0.4 0 . 8 0.6 0 . 7 0 . 8 0.9 0 . 9 0 . 6 0.6 

*stand failed . 

=========================================================================== 
significantly more dry matter over six years than 'Manchar' smooth 
bromegrass or 'Sawki' Russian wildrye (Table 2). 

'Nordan' desert 
significantly more 
period. 

wheatgrass and 'P-27 1 Siberian whe.atgrass yielded 
than 'Sawki' Russian wildrye over the six year test 

Average yields were lower at central Nevada than at Knoll Creek. This 
was probably due to the relatively shallow soils at the central Nevada 
site, compared to the more fertile and deeper soils at Knoll Creek. 

Wheatgrasses average two or more tons of forage per acre when an 
average of 22 inches of water was applied (precipitation plus irrigation) 
from April through June and fertilized with nitrogen at 100 pounds per 
acre y~arly. The differences in yield among years was probably due to a 
combination of timeliness of precipitation and · temperature. No 
significant differences in yield of cultivars were obtained in the sixth 
harvest year due probably to the age of stands. 
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TABLE 2 

DRY MATTER YIELDS OF SIX GRASSES GROWN WITH LIMITED IRRIGATION 
WATER AT THE CENTR.\L NEVADA AGRICULTURAL RESEARCH CENTER, 

AUSTIN, NEVADA 

~ear 
~pecies and Cultivar 1 2 3 4 5 6 Average 

Tons Per Acre 

Pubescent Wheatgrass, Luna 2.3 2.4 1.5 2.9 3.7 1.6 2.4 
Intermediate Wheatgrass, Greenar 2.2 2.5 1.6 2.5 3.5 1. 5 2.3 
Desert Wheatgrass, Nordan 1. 7 2.0 1.3 2.5 3.7 1.5 2.1 
Siberian Wheatgrass, P-27 2.1 2.0 1.4 2.3 3.1 1.6 2.1 
Smooth Bromegrass, Manchar 1.8 1.6 1.6 1.8 3.3 1.3 1.9 
Russian Wildrye, Sawki 1.5 1.3 . 1.1 2.3 2.4 1.3 1.6 

LSD (0.05) 0.4 0.3 0.4 0.5 0.6 NS* 0.3 
(Irrigation water plus 
precipit~tion, inches) 18 17 24 23 26 23 22 

* NS = No significant difference in yield. 

========= - ---- == =--= 

Experiment 3. The wheatgrasses were superior in yield to orchardgrass 
(Table 3). Nitrogen applied at the rate of 75 pounds per acre resulted in 
significantly higher ·yields than when a lower rate was applied. Where 
alfalfa or cicer milkvetch were seeded in alternate rows with the grasses, 
the forage yield was similar the first harvest year and lower the second 
harvest year than ·was yield where no nitrogen was applied. This indicates 
the nitrogen fixing -bacteria associated with the legumes did not 
effectively fix adequate amounts of atmospheric nitrogen. This 
ineffectiveness may have been due to desiccation and death of bacteria 
during the swmner period when there was not irrigation. Irrigation plus 
precipitation amounted to 22 and 21 inches during April through June for 
the first and second harvest _year, respectively. This is about one-half 
the amount normally applied during full season irrigation. Second year 
yields were higher than the first because they had a more developed root 
system. Dry matter yields of more than three tons of forage were obtained 
the second harvest year with 'Greenar' intermediate wheatgrass, 'P-27' 
Siberian wheatgrass and 'Nordan' desert .wheatgrass. This yield approaches 
what some producers obtain with full season irrigation. 

Conclusion 

'Nordan' desert, 'Greenar' intermediate, 'Luna' pubescent and 'P-27' 
Siberian wheatgrasses can be successfully grown for forage production with 
limited irrigation. Yields of two to four tons dry matter per acre can be 
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TABLE 3 

DRY MATTER YIELDS OF FIVE GRASSES FERTILIZED. WITH THREE PARTS OF 
NITROGEN OR GROWN WITH LEGUMES WITH LIMITED. WATER AT THE GUND 

RESEARCH RANCH, BEOWAWE, NEVADA 

Nitrogen. Application Legumes 
Cicer 

0 SO lb/ A 75lb / A Alfalfa Milkvetch 

Tons Per Acre 

Species and Cultivars: First Year* 

Intermediate Wheatgrass, Greenar 0 . 5 1.6 2.5 1.0 0.9 
Pubescent Wheatgrass, Luna 0 . 4 1. 5 2.4 0 . 9 1.0 
Siberian Wheatgrass, P-27 0.3 0.9 2.0 0.6 o.s 
Desert Wheatgrass, Nordan 0.3 1.1 1. 2 0 . 7 0 .4 
Orchardgrass, Paiute 0 . 2 1.1 1.2 0.7 0.4 

LSD (0 . 05 0 . 3T/ A 
Second Year** 

Intermediate Wheatgrass, Greenar 1. 2 2.7 3.2 1.3 1.9 
Pubescent Wheatgrass, Luna 1. 8 2.0 2.7 0.9 1.0 
Siberian Wheatgrass, P-27 1. 9 2. 7 3.2 1. 6 1. 7 
Desert Wheatgrass, Nordan 1. 4 2 . 4 3.0 1. 5 1. 7 
Orchardgrass, Paiute 0.8 1. 2 1.9 0.9 0.9 

LSD (0 . 05) O. 4T/ A 

* Precipitation plus ir:t'igation April-June - 22 inches. 
** Precipitation plus irrigation April-June - 21 inches. 

==============================================--========--=================== 
obtained. Nitrogen applications of 75 to 100 pounds of actual nitrogen 
are necessary to obtain these yields. Alfalfa or cicer milkvetch when 
grown in alternate rows with grasses, did riot increase yields over pure 
grass stands. 'Paiute' orchardgrass, 'Manchar' smooth bromegrass and 
'Sawki' Russian wildrye were less productive than the better yielding 
wheatgrasses. 'Alkar' tall wheatgrass, basin wildrye, slender wheatgrass, 
'Fairway' crested wheatgrass and 'Whitmar' beardless wheatgrasses are not 
recommended for forage production with limited irrigation water. 

The results of these trials show that the producer has a viable means 
of increasing forage production by irrigating only until early sununer. 
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Introduction 

A COMPARATIVE ANALYSIS OF SUBSISTENCE ENERGY USE AND 
SUPPLY IN INDIAN VILLAGES* 

Pradeep Kotamrajul 

In their search for an adequate· level of subsistence living, many Indian 
rural households "grew" their -own food, and procured the fuel for cooking 
it. · As populations increased and development became more expansive, the 
search for fuel became more intensive. The problem finally came to a head in 
the form of the "other" energy crisis. As the World Bank (1981) put it 
rather succinctly in its 1981 development report, "the growing scarcity of 
(subsistence) fuels is the energy crisis in much of the developing world." 
Specifically, fuel, fodder and fertilizer were obtained from a much smaller 
agro-ecological base as once stable interrelationships broke down (Hughart, 
1979). The situation was clearly made worse by a rapidly growing 
population. Much more ~pottantly, with limited access, the ability of the 
poor rural household to procure subsistence fuels was seriously undermined. 
With labor, non-labor resources and time all becoming more expensive, the 
poor subsistence household sought to minimize its fuel procurement costs by 
choosing a mix of fuels that, at the very least, was sufficient to maintain 
subsistence. As will be indicated below, this mix has increasingly been made 
up of more dung and less fuelwood (Kotamraju, 1985a, 1985b). 

The purpose of this paper is two-fold. Section one briefly examines the 
changing mix of cooking energy in the rural subsistence household in India. 
In the process one infers something about the sustainability of existing 
agro-ecological resources. Section Two compares energy and other data from 
two different village surveys. Each set of villages are in different 
agro-climatic regions and at different levels of econo~ic development. The 
material presented in the section is obtained from two different energy 
surveys (Agrawal, 1982; Bowonder et. al., 1985). 

Section One 

At subsistence levels, all rural households need inanimate energy 
primarily for two basic but inter-related activities. These are (i) the 
growing and transport of food and fuel; and · (ii) the cooking of food. Parikh 
(1980) has estimated that around 2-3 mkcals per capita of inanimate energy is 
necessary for the maintenance of subsistence. Most rural energy studies have 
shown that the bulk of the subsistence fuels - fuelwood, animal wastes, and 
crop · residues are used in the domestic sector, mainly for cooking. With 
per capita consumption remaining more or less unchanged across income levels, 
the higher per household cooking energy is due primarily to an increase in 
family size. Since there are usually fewer upper income households, one 
would expect total consumption of subsistence fuels to be smaller than that 
of the poor. Further, at high income. levels, the rich generally begin using 
kerosene as cooking fuel. Even if they continue to use subsistence fuels, 
more energy efficient cooking stoves bring about a reduction in the con
sumption of such fuels . On the other hand, with larger families and a some-

*An earlier version of this paper was presented at the Annual Meeting of the 
Association for Arid Land Studies, Reno, Nevada, April 23-26, 1986. 

lnepartment of Economics, University of Minnesota-Duluth, Duluth, MN 55812 
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what higher per capita food consumption, the ·use of subsistence fuels by the 
richer households still is quite substant.ial. But for the most part, <?ne 
must conclude that subsistence fuels are mainly procured ~nd consumed by the 
lower-income households. Evidence from India tends to confirm these findings 
(Bowonder, et al., 1985; Kotamraju, 1985a; Mahaleswari, 1980; NCAER, mi~eo; 
Vo Oppen, mimeo). 

The traditional choice of cooking fuel for 'most Indian rural households 
is fuelwood. While dung and agricultural residues are also used as cooking 
fuels, they have much more important uses in non-domestic activities. Dung 
is used as manure while crop wastes provide fodder for cattle. However, 
increasing scarcity of fuelwood has necessitated a change in the cooking 
eriergy mix away from fuelwood and towards dung and crop residues. This has 
been the general pattern in many Indian villages and this shift is much more 
noticeable in the more advanced villages (Kotamraju, 1985a; 198Sb; also see 
below). 

Table 1 below shows per capita cookihg energy consumption data for a 
sample of twenty-three villages in six Indian states. The table throws up 
the following observations. One, in fourteen out of twenty-three villages, 
all three fuels are used; six villages do not use dung; and four villages 
consume no wastes. Two, in eleven of the seventeen villages that use both 
dung and fuelwood, the former is the dominant cooking fuel. In addition, in 
eight villages, per capita consumption of wastes is higher than that of 
fuelwood. Further, in these villages, dung is the premier cooking fuel. 
Three, in villages that consume the particular fuel, the shares range from 
two to one hundred percent; from six to sixty percent; and from one to 
thirty-six percent. From these observations, one draws the following 
implication. While overall cooking energy consumption is somewhat similar, 
the mix of cooking fuels in most villages vary quite substantially over the 
different villages. Why this is so is the subject of the rest of this paper. 

There are three possible ways in which subsistence households procure the 
different fuels. They can be obtained from the private lands of the 
households; they can be collected from non-private sources such as forests, 
pasture and other such public lands; or they can be purchased. Given the 
highly unequal distribution of private land-holdings in India, it must follow 
that the distribution of the existing agro-ecological resources must al~o be 
unequal. This should then mean that the poor and the landless must procure 
their fuels from the other' two remaining sources: either purchase from 
collecting households; or, they collect from trees on surrounding public 
woodlands or the roadside. However, with a small monetary income base, the 
poor and the landless are often left with no choice but to collect the fuel. 
Presumably, the very poor collect more fuels than necessary to meet 
subsistence in order to enhance their meager incomes by selling to 
fuel-deficient households. This in turn puts increasing pressure on a 
rapidly diminishing supply of agro-ecological resources. 

Since there has been an overall improvement in village welfare, brought 
about by the introduction of the green revolution technologies, it may have 
mitigated to a certain extent the ecological deterioration in the village 
ecosystem. This needs to be substantiated by more data and research 
(Kotamraju, 1986). However, the gains have been restricted to only a few 
farm households, regions and crops despite the fact that overall village 
welfare may have improved. All farm households begin to substitute less time 
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=--=================================================--========================== 

TABLE 1 

COOKING ENERGY DATA FOR TWENTY-THREE INDIAN VILLAGES 
(Kgs and mkcals) 

==============================================--=============================== 

intensive fuels for the more time intensive ones. The more important 
question is whether the poor have access to the less time intensive fuels. 
Often the latter are the private property of the more well-to-do and 
therefore gaining access to them may require a completely different set of 
social and economic inter-relationships. This is further examined in the 
section below. 

Section Two 

The scarcity of subsistence fuels, and the changing mix of cooking fuels, 
pose a special problem for the landless and poor. They raise three separate 
issues. At one level, it is a choice between food and fuel. At another 
level, it becomes a choice between purchase and collection. And yet another 
level, the scarcity of subsistence fuels becomes a choice between personal 
consumption or income generation. Given that a poor household has to spend 
upwards of eighty percent of its total income on food, and that collection is 
still the dominant method of procuring fuels, the choice of food or fuel, 
while not irrelevant, is less critical. Having few or no financial 
resources, the poor are unable to purchase fuels in the market. This forces 
them to spend a substantial portion of their labor and time on fuel 
collection. In addition, with increased monetization, subsistence fuels have 
become an attractive source of income for the poor. Both these factors, in 
turn, put increasing pressure on a rapidly diminishing supply of 
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agro-ecological resources. Thus, the poor in rural areas do have some very 
real choices to make between purchase and collection, and between consumption 
and sale of subsistence fuels. 

Table 2 presents energy and other data for two different pairs of 
villages. Two of the villages -- Hariharpur and Patharhat -- are in the same 
agroclimatic region of Uttar Pradesh. Furthermore, in these two villages, 
the proportion of land devoted to high-yielding varieties and to chemical 
fertilizers is substantially high. On the other hand, the other two villages 

Gopularam and Jogeswari -- are in the semi-arid agro-climatic region of 
Andhra Pradesh. Hariharpur and Gopularam are matched against each other 
while Patharhat and Jogeswari are matched against one another. The criteria 
for matching the villages in this fashion is based soleiy on the level of 
irrigation. The latter set has almost all of their land irrigated whereas 
the former set has less than two fifths. Furthermore, the amount of 
cultivated land is higher in the villages with higher levels of irrigation. 
Several things become apparent from Table 2. One, a greater number of 
families collect dung in the semi-arid region. Two, in the case of fuelwood, 
just the reverse takes place. A higher number of families in the non-arid 
region collect fuelwood. Three, in low irrigation villages, the percentage 
of fuelwood in total cooking fuel is smaller for both agroclimatic regions. 
Finally, there is significant variation, both across regions, and at 
different irrigation levels, in the daily hours spent by each family in 
collecting the fuels. These observations are explained in more detail below ~ 

The high collection of fuelwood in Jogeswari is mainly because the 
village is next to a forest. In Patharhat, trees owned per hectare and per 
farm family are 4.4 and 4.9, respectively. Both of these factors explain a 
rather significant . consumption of fuelwood as cooking fuel. On the other 
hand, in Hariharpur, trees owned per farm family and per hectare are 1.2 and 
.4, respectively. With forty-eight percent of all families landless, it is 
not surprising that a large number of families spend close to three hours per 
day collecting fuelwood. In Gopularam when comparing consumption and 
production figures, it is seen that eighteen tons of fuelwood is purchased 
while sixty-nine tons of fuelwood is consumed in the village. With no 
fuelwood collected, one must presume that the fuelwood is obtained from the 
private lands of the farm households either for personal consumption or for 
sale. With land per person being rather · small, it can only mean that 
families in Gopularam are extracting amounts from trees that far exceed mean 
annual yield increments. However, the smaller share of fuelwood in total 
cooking energy consumption must imply that procurement cost of fuelwood must 
be prohibitive for many poor households and they seek to use alternative 
fuels such as dung and crop wastes. In fact in Gopularam, the main source of 
cooking fuel is crop residues in the form of jowar stalks. 

A lower percentage of dung collecting families in the non-arid region 
must mean that most of the dung is obtained from privately-held cattle. By 
contrast, one can say that non-cattle owning households, i.e. the very poor 
in the arid villages, have access to the available dung. This is also seen 
in the time spent on collecting dung. It is significantly higher in the 
semi-arid villages. The rather high level of time spent collecting dung in 
Jogeswari simply reflects the high level of cattle availability per person in 
the village. With very little animal waste used as cooking fuel, it must 
mean that most of it is used in agriculture as manure. In fact in one high 
income household (12 hectares of land), per hectare use of manure is close 
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============================================================================ 

Table 2 

SIMILARITIES AND DIFFERENCES IN SUBSISTENCE FUEL USE AND SUPPLY 
IN FOUR INDIAN VILLAGES AND TWO DIFFERENT AGRO-CLIMATIC REGIONS 

Population 
Total Cultivated Land (ha) 
No. of Households 
Cattle/Person 
Land/Person 
Percent Land Irrigated 
P.ercent Families Collecting Fuelwood 
Percent Families Collecting Animal Wastes 
Hours/Collecting Family/Day Spent Collecting Fuelwood 
Hours/Collecting Family/Day Spent Collecting Animal 

Waste 
Percent of Fuelwood in Total Cooking Energy 
Per Capita Consumption of Total Cooking Energy 

(MRcals) 

Population 
Total Cultivated Land (ha) 
No. of Households 
Cattle/Person 
Land/Person 
Percent Land Irrigated 
Percent Families Collecting Fuelwood 
Percent Families Collecting Animal Wastes 
Hours/Collecting Family/Day Spent Collecting Fuelwood 
Hours/Collecting Family/Day Spent Collecting Animal 

Waste 
Percent of Fuelwood in Total Cooking Energy 
Per Capita Consumption of Total Cooking Energy 

(MRcals) 

Source: Agrawal, 1982; Bowonder et. al., 1985. 

Gopularam Hariharpur 

757 
104 
134 
.42 
.17 
24 

0 
34 

0 

2.30 
24 

1.53 

Jogeswari 

922 
338 
151 
.63 
.50 
92 
52 
52 

11.44 

8.21 
85 

1.68 

2406 
198 
298 
.33 
.15 
37 
48 
10 

2.78 

0.57 
38 

2.50 

Patharhat 

5303 
332 
773 
.21 
.20 
100 

13 
3 

1.32 

1.20 
57 

2.06 

=========================================================================== 
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tons. In Gopularam, only six percent of total dung is used as 
fuel. The rest of the dung is used as manure. Therefore, if one 
that the larger farm households obtain dung from their own cattle, it 
that the amount of dung collected is used primarily as manure by the 

small farmers. 

Therefore, one sees in villages where irrigation levels are iow, a 
growing tendency for the poor and the landless to use more dung and less 
fuelwood. Interestingly, it is in the non-arid low irrigation village that 
dung is used more as a fuel. While this may be due to a higher per capita 
cattle holding, it may also imply the inequality in resource-holdings make 
dung much more valuable as fuel than manure. Morse, quoting the Agrawal 
survey mentioned above, indicates that the market price ratios of dungcake 
(f~el) to manure, and that of firewood to dungcake is greater than one. This 
would mean, one, the poor value the use of dung as fuel more than manure, and 
two, fuelwood must be relatively more scarce than dung. In addition, dung as 
fuel and firewood would generate greater incomes than the sale of dung as 
manure (Morse, 1982) . Moreover, households specializing in the sale of 
firewood find it more profitable to do so, making purchase easier for those 
that are willing to buy firewood. Finally, the percentage of fuelwood 
purchasing households as well as the percentage of purchased fuelwood is 
greater in villages with the higher market prices, and by implication, low 
irrigation villages. This last point is much more evident in the semi-arid 
areas of India. Moreover, in these latter villages, much of the collected 
fuelwood comes from "home-grown" sources rather than forest areas (also see 
Kotamraju 1985a, 1985b). 

Conclusion · 

Improved irrigation allowed the Indian village to become more 
economically advanced, having more nucleated families with specialized 
occupational patterns, and a greater socio-cultural diversity. While overall 
consumption of cooking fuels is higher in such villages, not only have the 
sources become increasingly scarce but there have been changes in the 
procurement sources for each of the individual subsistence fuels. In turn, 
this has had an impact on the mix of cooking fuels used by the subsistence 
household. This is particularly true in villages where the intensity of 
overall resource use is higher and the inequality in resource-holdings 
greater. The evidence presented in this paper confirms this for Indian 
villages. 

The diversion of dung away from its traditional use as manure and towards 
its use as fuel has been viewed generally as inevitably leading to a decline 
in soil fertility and, consequently, loss in food production. While this 
certainly is a long-term consequence, the poor must necessarily be myopic in 
their behavior. However, with relatively few trees on the land, and 
continued use of dung as fuel, the soil and nutrient cycles are breached, 
diminished and eventually destroyed. If unchecked, this would mean a total 
collapse of the rural subsistence economy. The possibility of such an 
occurrence is quite high in the villages with lower level of irrigation and 
where land per person is quite small. On the other hand, in the villages 
where irrigation is high and land per person is high, as is the case in 
Jogeswari, the process of ecological deterioration can be slowed down rather 
significantly. In this regard, policies must be introduced for expanding and 
improving irrigation. This would make the task of adopting the newer green 
revolution technologies much more easier. 
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Introduction 

ANALYSIS OF RURAL WATER MANAGEMENT SYSTEMS OF THE 
PUNJAB PROVINCE BY GENDER ROLES 

Samina Khan and Carolyn Aterl 

The effects of water management on i ndividuals and households in rural 
areas of the Punjab Province in Pakistan were investigated. Whereas females 
in rural areas represent 57.3 percent of the human resources available to a 
household, as well as over one half of the individuals who expect to benefit 
from water usage, systematic attention needs to be paid to gender differences 
(Khan and Ater, 1984). 

Current involvement of a Consortium for International Development (CID) 
University, Colorado State University, in water management projects in 
Pakistan suggested the opportunity to acquire needed insights in relation to 
women and water management in an Islamic culture. The On-Farm Water 
Management Project (OFWM) (Credit 1163-Pak) was in process in four provinces 
of Pakistan under leadership of Colorado State University (CSU) personnel and 
funded by the Government of Pakistan and World Bank through its affiliate 
International Development Agency (IDA). Other projects also were being 
considered for funding by the Agency for International Development (AID). 
The selection of the Punjab province as the location of the project was based 
on the resources available to the researchers. 

Pakistan has about 40 million acres of irrigated land of which about 34.5 
million acres are commanded in the Indus Irrigation System. The Indus 
Irrigation System (or 867. of the irrigated area) is the largest irrigation 
system in the world. In each canal command (total 43), the lowest order 
command is called a chak (total 89,000) and comprises an area that varies in 
size from 200 to 700 acres (average 450 acres) with 20 to 50 farms. The 
boundaries of the chak and alignment of the communal watercourse channel, or 
sarkari khal, are established by the Provincial Departments of Irrigation. 
Flow in the chak distributary system which is called a watercourse, is 
governed by an open outlet, or mogha, designed to pass a discharge that 
self-adjusts in proportion to flows in the parent canal with planned 
discharges of one to three cusecs (cubic foot ·per second) depending on size 
of the chak. The distribution of water within a chak is by a time rotation 
called warabandi, with each farmer holding a specific time period (set by the 
Provincial Departments of Irrigation) in proportion to the size of his 
holdings. Flow is diverted to various branches of the watercourse by 
constructing earth dams or checks at junctions, and to farm fields by cutting 
the banks of the watercourse or katcha nuccas. The construction, operation 
and maintenance of the sarkari khal channels in the chak are the 
responsibility of the farmers. Because of poor farmer cooperation and 
inadequate technical assistance, watercourses deteriorate, resulting in 
excessive delivery losses (Hilleman, 1985). The Government of Pakistan (GOP) 
and USAID agreed to a five-year (1976- 80) nationwide OFWM Pilot Project. An 
innovative and successful approach was the provision that the farmers would 
supply all unskilled labor for construction of civil works with the GOP to 
supply all materials, technical assistance, and 50 percent subsidy for 
precision land levelling (PLL). 

lMerchandising, Environmental Design and Consumer Economics, Texas Tech 
University, Lubbock, Texas, 79409. 
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Methodology 

A questionnaire was utilized to collect data on demographic variables, 
on-farm activities, and formal and informal roles of the respondents in the 
Water User's Association. The questionnaire also included a list of 
agricultural and household activities, and items relevant to decision making 
and irrigation issues used previously by another researcher in India 
(Stanbury, 1984). The interview questionnaire was reviewed with 
host-country personnel in order to make a realistic evaluation of the 
environmental circumstances under which the data would be collected. 
Informal, extended interviews and observations also were held with women 
regarding the number and sequencing of daily household activities. 

Initial contacts with personnel at the AID mission in Islamabad, the 
Director General of the On- Farm Water Management Program (OFWP), Lahore, 
Punjab and the Deputy Director, Water Management Training Institute provided 
valuable assistance in identifying villages where data could be collected. 
Four villages in the Shiekhupura district were the locations for data 
collection. The villages were all within a 20 km radius of Sheikhupura and 
had participated in the watercourse improvement program under the 
jurisdiction of . the OFWP Field Office in Sheikhupura. Watercourse 
improvements had taken place in two of the villages within the last 6 months 
and within the last 2 months in the other villages. The villages selected by 
the water management personnel were those which had Water User's Associations 
(WUA). Respondents from the villages included officers of the association 
and additional participants as available. Interviews were completed with 56 
respondents (28 women and 28 men) from land owners and owner cum tenant 
families and with 33 female laborers. 

The villages and number of households interviewed are given below: 

===============---- - --==== --===---================--===-== 

TABLE 1 

ViLLAGE LOCATION AND NUMBER OF HOUSEHOLDS 

Village Irrigation Canal Number of Landed Respondents Laborers 

I. Easerkay Upper Googira 16 

II. Bhattal Barianwala 22 10 

III. Hardev Upper Chenab 10 18 

IV. Nathoowalla Karakan Minor 8 5 

===============================--===============================--============== 

Table 2 indicates the location of the farms in relation to the watercourses 
in the four villages. 
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============================================================================== 
TABLE 2 

LOCATION OF FARMS IN RELATION TO THE WATERCOURSE 

Village IH IM IT UH UM fil· Total Households 

I 1 1 2 1 1 2 8 

II 3 1 2 1 4 11 

III 1 2 2 5 

IV 4 4 

!=Improved; U=Unimproved; H=Head reach; M=Middle reach; T=Tail reach. 

=============================================================================== 

Findings 

Characteristics of Landed Households 

1. Village families followed the traditional culture of extended family 
composition with an average of 9.9 members including parents and married 
children with a mean of 3.5 persons under the age of 15. 

2. Over one-third of the females had no education and primary school 
attendance was the highest for the remaining majority. Several reasons were 
identified for lack of female education inc luding the need for female 
children to remain at home to do chores. 

Water User's Association 

3. All villages had participated in watercourse i mprovement within the 
last year. Although females were cognizant of the improvements in the 
watercourses, none of the females indicated any knowledge of the WUA and 
slightly less than one-half of the males were aware of association with the 
organization. Male respondents in general were unclear about the role and 
function of the organization. Male respondents in general were unclear about 
the role and function of the organization. The function of the WUA was 
considered to be that of renovation and improvement of water courses. The 
need for continued maintenance such as weed elimination was not perceived as 
an on-going undertaking of the WUA. 

4. Although gender did not appear to be the basis for membership, both 
males and females perceived irrigation and water management to be a male 
responsibility . The sheltering of females from male strangers was a part of 
the perceived lack of female participation. 

5 . General satisfaction was expressed with WUA accomplishments 
specifically in relation to watercourse renovation. Improvements were seen 
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as curtailment of water losses, mogha tamperings·, illegal water diversion and 
in a diminished number of dis'putes . 

6. Reluctance to register formal complaints in preference to a variety 
of informal methods within the village was indicated due to a lack of 
confidence in effectiveness of more formal methods. Females perceived that 
within the family they .had an informal role in conflict resolution by 
encouraging more peaceful means of handling conflicts. 

7. Increased cash was seen by both men and women as the benefit of water 
course improvement, and women in particular saw benefits of time saving and 
physical safety for the men. 

8. Domestic water needs were uiet with hand pumps in household 
courtyards. Although this · is considerably more labor saving compared to 
other types of sources, females noted some problems, including drainage. 

Agricultural Activity 

9. Although aware it was illegal, over one-third of the villagers cited 
use of the canal for watering livestock. 

10. Ownership of livestock, small ruminants and poultry varied 
considerably among households, though all reported ownership of some buffalos 
and poultry. Ownership of livestock is a measure of wealth and animals are 
significant as sources for food, fuel, and religious sacrifices. More 
females than males saw animals as sources of cash income. 

11. All females indicated having a major responsibility for care of 
animals and poultry as well as processing animal and poultry products. 
Approximately one-fourth received income from livestock products which were 
generally dispensed by the head female. 

12. Both men and women saw their social responsibilities for weddings as 
highest priority for additional cash. Women also saw basic necessities, 
education and land improvement as high priorities in contrast to agricultural 
expenditures such as land leveling, electricity, and tubewells. 

13. Both 
the farms were 
typically owners 
commonly ranged 
fallow land. 

single and joint farm operation were common and over half of 
typically divided into 2-3 parcels. Single operators were 
and joint operators were owners cum tenants. Farm sizes 

from 5-25 acres with_ about one- third having 1-12 acres of 

14. The majority of both males and females indicated an interest in 
increasing high delta crops such as rice which resulted in higher cash income 
than wheat, if water were available. 

/ 

15. More females than males saw the tedious and arduous task of rice 
transplanting as a significant agricultural problem. 

16. Water shortage was noted as a significant problem by those on the 
tail of the unimproved watercourses. Most males and females agreed that 
timing of water supply was less of a problem since the watercourse had been 
improved. 
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17. Women, more than men, 
desi~ed improvement, possibly due 
meals to the field or collecting 
laundry. 

saw watercourse maintenance as a highly 
to their use o.f the banks when carrying 
fodder and when using water courses for 

18. Annual rice productivity was estimated for the majority at 348.5 
maunds (approximately 80 lbs. = 1 maund) per household, some of which was 
kept for household consumption, seed, and payment to laborers with market 
value estimated at Rs. 90-95 (Rs. 31,320 or US $198·2 at 15.8 Rs/$). Though 
more variable than rice, wheat yields were estimated at 202.7 maunds, and had 
similar uses to rice (Rs. 14,189 or US $898 at 15.8). 

19. Less frequent crops were sugar cane, gurh (brown sugar), sesame seeds 
and vegetables. Cotton crops were primarily for household consumption. 

Household Production 

20. Males tended to overestimate their participation in household 
activities and underestimate female and children's participation when 
compared to female responses. Males also underreported involvement of 
females in household decision making when compared to female responses. 
While females were almost exclusively responsible for cooking, laundry, care 
of children, use and care of grain in home, and making cow dung cakes, both 
female and male family members or paid laborers · in some families were 
involved in care of livestock including milking, grazing, gathering and 
preparing fodder. 

Female Laborers 

21. Almost half of the women in laborer families were employed part or 
full time when work was available. The majority of the females worked for 
more than one employer. Female laborers had received no education, an even 
more extreme lack as compared to females of landed families. Over one-third 
of the laborers were Christians and lived in segregated housing provided by 
the landowner. 

22. Transplanting paddy was the most frequent employinent but employment 
also included cutting fodder, sowing, weeding, harvesting rice and domestic 
work. Income received for labor was in the form of cash and/or grain. When 
paid .. in grain, it is received at the time of harvesting. An average yearly 
income might be Rs. 550-1200 ($34-$75 using 15.8 exchange rate). Sale of 
livestock produce was even more minimal as compared to landed households. 
The majority indicated their incomes were insufficient for daily living. 

23. Laborers felt that water course improvements might reduce the need 
for male labor for clearing courses and thus would divert males to field 
work, possibly replacing females. Water course improvements resulted in 
restrictions on doing laundry since pounding clothes with a stick weakened 
the cement or improved earthen banks. 

Recommendations 

1. The water users associations are active only during the physical 
renovation period, but cease to be a functioning entity thereafter. 
Schedules and standards for maintenance of watercourses need to be determined 
in order to attain long-lasting benefits of the watercourse improvement 
program. 
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2. Although reportedly the frequency of illegal diversion of water had 
diminished during the post improvement period, the WUA could frame rules for 
the farmers to curtail illegal options to supplement water supply. 

3. The design or improvement of watercourses should include explicit 
consultation with women in a culturally acceptable mode. Close attention 
needs to be focused on the activities relevant to the design elements of the 
water courses, e.g., the compacted banks of the watercourses have made foot 
travel easier for women while carrying food to the fields and collecting 
fodder. However, the female laborers especially expressed concern about the 
lack of laundry facilities and provisions for bathing children and 
livestock. Laundry pads, buffalo wallows, and water pools need to be 
provided with more frequency. The effects of pounding on the pucca 
watercourses during the laundering process deserve closer scrutiny. 

4. Although women in the landed households noted an improvement in the 
general well- being of the family due to watercourse improvements, 
longitudinal studies need to be conducted to assess the costs and benefits of 
watercourse renovations to women. The female laborers were already 
experiencing greater demands on household labor and time when improvements in 
the watercourses translated into watering the livestock in the home by the 
females. --

5. Laborers, both male and female, are a significant component of the 
agricultural system in the Sheikhupura District.' Yet, improvements in the 
irrigation system could pose a genuine threat in displacing female laborers 
when fewer ·male laborers would be required for the maintenance of the 
renovated watercourses and in diverting water. Strategies to assure female 
laborers of an on-going source of income need to be developed. 

6. Rural women sampled noted the dearth of opportunities for . 
income-generating activities for rural female laborers, other than in 
agricultural production. The appropriate agencies within and outside of 
Pakistan face a critical challenge in the training of rurai women in 
income-generating activities to fully utilize the potential of vital human 
resources. 

7. There is a marked imbalance between female and male educational 
levels in the Punjab area in Pakistan as in other developing countries. 
Progress toward optimal utilization of human potential necessitates narrowing 
the gap between ·males and females and increasing the overall level of 
education. Past studies conducted by AID have made useful reconunendations 
(Bensen, 1982; Metcalfe, 1983). 

8. Since women are involved in agricultural decisions to some extent 
and, more specifically, in livestock production, care, and processing 
products, relevant knowledge should be imparted to women to facilitate 
decision-making in these areas. In Pakistan, as in other Islamic countries, 
such information can only be disseminated within the constraints of the 
particular culture. For example, only female extension workers would have 
access to the rural females for training and motivation. 

Benson, 
Pakistan. 
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TURPAN": ARCHITECTURE OF AN ·OASIS 

Don Hanlonl 

Pref ace 

The following observations of vernacular architecture in the oasis of 
Turpan, in Xinjiang. Uygur Autonomous Region of the People's Republic of 
China, were made during the summer of 1985 under auspices of the United 
Nations Development Programme. All the observations and conclusiQns in 
respect to Uygur architecture presented here result from the author's direct 
experience. The author is also responsible for all photographs and drawings 
accompanying the text. 

A sea of rocks along the · northern rim of the Taklimakan Desert reaches 
175° by mid-day. About the size and shape of ostrich eggs, the rocks 
carpet a land as barren and inhospitable as any to be found in the world. 
Once a year, floods from the Tian Shan, the Celestial Mountains, to the north 
sweep across the desert, churning the rocks, grinding and buckling the single 
narrow road that . dares to c_rO$S thi~ desol~te land to an oasis called Turpan. 

The Taklimakan is an immense ellipse of7.-sand bordered by alluvial rock 
swept down from mountains that rise to .perpetual snow. The desert lies in a 
great depression, the Tarim Basin, reaching -500 feet below sea level in the 
Xinjiang · Uygur Autonomous Region, the weste~ost part of China. The Basin 
is about 850 miles long and 350 ~il~s wide. Tadjik, Kirghiz and Kazakh 
Soviet Republics adjoin to the north and west; Tibet, Afghanistan and Kashmir 
are to the south. The Chip.ese have controlled Xinjiang sporadically and 
usually tenuously for hundreds of years; its principal importance has been as 
a trade route. Marco Polo traversed the edge of the Taklimakan following the 
great carvan track called the Silk Road. Originating in the second century 
B.C., the Silk Road was the only link between the Chinese Empire and the 
western world until Portugese navigators found a way around Africa. Only 
fanatical monks and desperate criminals tried to cross the desert interior; 
everyone else merchants, armies and nomads - patiently proceeded along a 
series of oases from Kashgar in the west near Afghani$tan through Uch Turpan, 
Aksu~ Jucha, Karla, Karashahr and Yenki to Turpan. Many ancient cities sited 
in other, now desiccated oases along the route lie buried in sand. 

The Tarim Basin is a land between. Its human history has been 
characterized principally by people trying to get somewhere else. The oases 
became small eddies in torrents of armed conquest and migrations. As a 
result, thirteen main nationalities share the region - Uygurs, Hans, Kazakhs, 
Huis, Mongols, Kirghiz, Uzbeks, Manchus, Russians, Tibetans, Sibos, Tadjiks, 
and Salons bringing together influences of Arabic, Greek, Persian, 
Mongolian, Indian and Chinese cultures. 

Annual 
more than 
irrigation. 
is ideal for 

rainfall in the . northern Taklimakan oases like Turpan is seldom 
1.5 inches;· therefore agriculture is solely dependent upon 

The seasonal rhythm of melting snow in the Tian Shan Mountains 
summer cultivation without danger of damage by rain. But to get 

the snow melt from mountain slopes to oasis fields requires a special type of 

lcollege of Architecture, Texas Tech University, Lubbock, Texas, 79409. 
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Figure 1. View of the turpan oasis. 
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irrigation. Solar radiation is so intense and· soil strata near the surface 
so porous that ordinary canals are generally ineffective. Therefore, a 
system of subterranean canals or, more precisely, horizontal wells called 
"karezes" are used. It is a technique probably originating in Egypt or 
Mesopotamia before 500 B.C. Water bearing strata near arable soil is too 
deep to be economically or technically tapped by a vertical well; so, 
instead, a nearly horizontal tunnel is dug for miles beneath the desert to 
sources of water in distant mountains. The kareze may be up to 150 feet 
underground at its head in the mountains, eventually emerging at ground level 
in the oasis. 

Technologically, the kareze is an extraordinary feat. It must be dug through 
varying strata at an even inclination to avoid silting and it must be 
constructed to conserve water. A series of vertical shafts link it with the 
desert surface to provide access for maintenance and for air. Kareze 
construction is an arduous, dangerous and complex job. At Turpan, about 550 
karezes have been built and operated over hundreds of years by guilds and 
families perpetuating the art. Kareze builders have always been at the 
bottom of the social ladder, but their work constitutes one of the essential 
elements of xinjiang architecture, integral with the building tradition for 
housing, and the source of life itself. 

Three other major building types are noteworthy in Turpan. The first is 
the standard house formi the other are mosque . forms. One type of mosque form 
is a small-scale neighborhood structure of a colorfully decorative character 
that fits into a tight urban site, whereas the other mosque type is a 
free-standing and monumental structure utilizing only its construction 
technique for decorative effect. Both types are quite striking and unusual 
within the Islamic building tradition. 

The vernacular house form in Turpan is ancient; it is what westerners 
would likely consider a courtyard scheme but what is referred to as an 
outdoor room approach to space planning by the residents of Turpan. Figure 2 
illustrates a generic house plan. These spaces have the character of rooms 
rather than courtyards. Their small size and proportions, similar to those 
of an indoor room, help to optimize shade. In many cases a roof of sorts is 
formed by dense grape arbors to create a strong sense of enclosure and 
intimacy. Courtyards are also used as rooms; in the sunnner months, expansive 
wooden beds are moved outside and most of the family activity and 
entertaining takes place in these cool, well ventilated outdoor rooms. The 
outdoor spaces do not dominate the house plan geometrically as does a typical 
Roman atrium, for example, but instead seem to be natural, informal parts of 
an overall variegated cellular organization. 

Interior spaces follow a traditional proportional formula dictated by the 
structural limitations of mud brick and by the severe climate. Two 
construction methods are used: mud brick vaulting without centering, sprung 
from very thick walls, generally encloses indoor living spaces; a flat roof 
built of slender poles supporting a thin mud layer over straw mats is used 
for storage and utility spaces. Vaulted spaces seldom exceed a span of 12 
feet, rising to about 10 feet from the earth floor. Usually, a house is 
begun by building a main structure with approximate interior dimensions of 12 
by 30 feet with walls nearly 3 feet thick rising 6 feet; the vault is 
typically about 10 inches thick. Additional rooms built off of this central 
space are discrete buildings, each with its own vault or pole/mat/mud flat 
roof. An outdoor room, enclosed by walls on four sides, measuring about 9 
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""terials are: sun-<lried brick for walls end vaults; wood for vi1110. fmrcs, window )(ri 11<" ;u•I 
doors; loOOd poles, straw rretti~ Af¥l nu! for flat roofs. 

Figure 2. Generic house plan, Turpan. 
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by 12· feet is usually associated with a separate lavatory building of similar 
dimensions. Most houses have five indoor rooms including storage spaces. A 
family of seven will likely occupy a house with seven rooms totalling about 
1600 square feet; not counting storage spaces, each family member in Turpan 
has about 90 square feet of personal living space, far more than the averge 
of 30 square feet per person typical of housing in cities of China. 

Wood is very scarce in Turpan; trees, though abundant within the oasis, 
are valued for their shade and shelter from sand storms. Consequently, when 
wood is used architecturally it is used to maximum effect. Gates, windows 
and doors achieve an elegant simplicity. Considerable care is given to the 
main gate of the house, for this is usually the only personally expressive 
element on public view. Gates are high and of the double door type to admit 
carts. The view from a typical dusty street in Turpan through a household 
gate into the reception court reveals, in effect, an oasis within an oasis, a 
tantalizing and comforting prospect. 

A great deal of lounging and play by both adults and children takes place 
in the gateway space because it is buffered from the purely public street by 
several subtle layers of intermediate space. Typically, a narrow canal runs 
down each side of a dirt street providing fast flowing cool, clean water from 
the neighborhood kareze. Densely planted 7poplars ~ise directly from the 
canal creating green walls. This system works as a huge air conditioner for 
the street while clearly defining, without segregating, pubic from private 
zones of space. ~ Through the poplar walls at regular intervals pierce small 
bridges leading to another spatial layer between poplars and the high brick 
walls of family compounds~ Set into the walls is the monumental gate that 
defines a specialized outdoor reception room that in turn leads to a narrow 
street within the compound between the buildings comprising the house. The 
street leads back to a rear garden covered with grape vines providing cool 
shade and dappled sunlight. One often sees rising above the exterior wall of 
a family compound a tall rectangular prism constructed in an open grillwork 
of sun-dried brick. This is a special building for drying the sweet grapes 
for which Turpan is most famous. 

From an outdoor room, one enters the main indoor living space. It is a 
cool, dark rectangular room, vaulted, lit by a single window into a garden by 
day and by candles by night; in the center there may be a large wooden table 
surrounded by chairs. Around the room's periphery runs a continuous ledge 
about 3 feet high, wide enough for sleeping and lounging; it is covered with 
colorful carpets for which Xinjiang is well known. Walls, vault and ledge 
are plastered and whitewashed. 

The karezes, canals, trees, indoor and outdoor rooms of Turpan altogether 
comprise a highly effective, integrated system for conditioning the 
environment for human comfort at very low cost and in concert with the 
natural environment. At the same time, within a framework of cultural 
traditions and historical continuity, there is room for individual expression 
and a strong sense of belonging within layers of social space and form 
ranging from intimately personal to expansively public. 

The population of Turpan is principally Uygur, a cultural amalgam uniting 
an originally nomadic Turkic culture of the central Mongolian steppes with a 
pre-existing Indo-Aryan culture of Xinjiang, in addition to Persian-Arabic 
and Chinese cultures. Though their architecture is Arabic, Uygur music, 
dance and literature most closely resemble Persian while their language 
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A generic house configuratioo for a fanily of sevm in Turpan, Xlnjiang Uq~yur Autoncm>J.~ 
Regioo, China. Principal li~ sio:es are In vmtltcd structurns ; fl nl-ronf«l buillli•'l',.~ 
enclose service and storage spaces. Uiurtyard spaces ore used as outdoor m ms, sore 
covered by grape arbors. A 9el:OOd story structure of open nul-brlr.k grill..orl< serves to 
dry grapes. A 111'.lfllm:'lltul g11teo.ay Rrt.lculates the s~lc l'fltry lo 1 Jv, ri l<lJllU~ . 

Figure 3. Generic house axonometric, Turpan. 
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remains Turki. The Islamic faith was firmly established in Uygur culture by 
the 15th century; Xinjiang was the route by which Islam was eventually 
introduced to China via Kansu Province to the East. 

Because oasis communities have been relatively small and isolated, 
traditional mosque architecture of the region has been generally modest in 
size. Also, because of its isolation, the Uygur variant of Islam has 
produced a rather unusual decorative style for its small neighborhood 
mosques, a style which includes highly detailed, realistic representations in 
paint of natural objects such as trees. Minarets of these mosques are solid 
mud brick pillars modeled and painted to resemble what they were apparently 
originally constructed of bundles of thin poles or reeds. The 
neighborhood mosques in Turpan exhibit a great deal of variety in detail and 

. decoration while adhering to a basic facade organization consisting of a 
central · cubical mass flankeq by two . minarets; two secondary minarets 
sometimes rise from the top of the central cube to flank a small doomed roof 
structure. 

Quite apart from these small mosques in style and even distance is the 
Amin Hodja _Mosque built in 1777 on the outskirts of Turpan. It is very large 
by local practice, having a flat-roofed central space about 150 feet square 
surrounded by two rows of bee-hive domed chambers. It is entered through a 
large gate structure set into high white~washed plastered walls. In front of 
the gate is a large entrance platform. Above the gate is a room accessible 
from interior stairs; the room is an open-air space enclosed by an arcade 
providing views down to the entrance platform and across the roofs and domes 
of the mosque to the oasis beyond. The most arresting feature of the mosque, 
however, is its _minaret, a very tall, gently tapered cone culminating in a 
hemispherical dome. Its extraordinary decorative texture is achieved solely 
in patterns of various mud-brick bonds. The small room at its summit is 
accessible via a helical stair wound around a central brick core. 

The flat roof of the central space in the Amin Hodja mosque is 
constructed in a method identical to that of domestic storage spaces, that 
is, by means of slender stripped tree trunks notched into pole beams; these 
support more slender pole . purlins which in turn support a woven reed mat. 
This is covered with a layer of a mud and straw mixture. The structure is 
very light weight, economical and quite clearly durable enough under 
conditions with virtually no precipitation. The space is well ventilated and 
naturally lit. The cubic cells beneath the bee-hive domes around the 
perimeter, on the other hand, are dark and cool; they are lit by shafts of 
sunlight penetrating through an oculus in each dome creating a powerful 
rhythm of light and shadow in contrast to the open, neutral central space . 

Turpan is far from great centers of culture and power. It lies at the 
edge of one of the fiercest deserts of the world, almost isolated and with 
meager resources. But its people have turned all of these apparent 
liabilities · to advantages; and they have done so largely by means of 
architecture. Their building art is so unselfconscious, devoid of pretense, 
calm, direct and practical that it achieves the highest degree of organic 
unity between the structures of human society and the structures of Nature. 
This architecture does not impose its form on human feeling in the name of 
Art. It will not prescribe intellectual formulae, the meanings of which are 
accessible only to the initiated elite; nor does it reduce all form to a 
meaningless lowest conunon denominator as a condescension to "the ordinary 
man." The architecture of Turpan is powerful because it is a direct 
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Figure 4. View of a house gate and grape drying structure, Turpan. 
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Figure 5. A neighborhood mosque, Turpan. 
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Figure 6. Minaret of the Amin Hodja Mosque, Turpan. 
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Figure 7 . Interior of Amin Hodja Mosque , Turpan. 
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reflection of the· way people think and feel; its dignity derives from its 
ability to materially express the concept that though people are individuals~ 
tliey are not alone. They are part of a living history; their architecture 
provides essential linkages in time as well as in space. 
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