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FOREWORD 

The Association for Arid Lands Studies (AALS) is an inter-disciplinary and international 
organization of researchers interested in the world's arid lands. Affiliated with the 
International.Center for Arid and Semiarid Land Studies (!CASALS) at Texas Tech 
University of Lubbock, Texas, the AALS holds annual meetings in conjunction with the 
Western Social Science Association (WSSA). After each annual meeting, presenters may 
submit their papers to be reviewed by the editor and two referees for publication in 
Forum of the Association for Arid Lands Studies. This volume of the Forum contains 
selected papers from the 2000 annual meeting of the AALS/WSSA held in San Diego, 
California. 

The 2000 San Diego meeting program demonstrated the Association's broad, 
interdisciplinary nature. I wish to thank all participants who contributed to the excellence 
of the 2000 annual conference. Special thanks go to all the authors who submitted their 
papers for possible publication and to the referees who served on the Editorial Review 
Committee and suggested constructive revisions. I am grateful for the assistance 
provided by Dr. Idris Traylor, Jr., executive director of ICSALS, past editor Charles 
Coate, and Dawn Sibly of Northern Illinois University who provided technical assistance 
in preparing the manuscripts. 

Richard P. Greene 
Editor and 2000-2001 AALS President 
Department of Geography 
Northern Illinois University 
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A Dedication to Wilmer H. Harper, By Rhonda Skaggs 

Wilmer M. Harper was a long-term member of the Association for Arid Lands Studies 
and the Western Social Science Association. He was a regular participant in the annual 
AALS/WSSA conferences. Wilmer passed away on January 14, 2001. He had served as 
a professor of agricultural economics at New Mexico State University since 1977, and 
had extensive international experience in many agricultural development projects. fu 
addition to his work at NMSU, he and his family owned and operated Del Valle Pecans, a 
company which grows and markets organic pecans in New Mexico's Mesilla Valley. 
During his time at NMSU he influenced the lives of many undergraduate and graduate 
students, staff, and fellow faculty. He served as an excellent mentor to many graduate 
students, especially international students, and younger faculty members. Wilmer will be 
remembered by his NMSU colleagues for his high standards of teaching, research, and 
service. His participation in future AALS/WSSA activities and conferences will be 
greatly missed. 
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ECONOMIC CONSIDERATIONS IN MARKETING RECLAIMED WATER 

Donald E. Agthe, R. Bruce Billings, and J. Craig Tinney· 

ABSTRACT: Cities facing groundwater 
depletion, water shortages, and/or the 
development of expensive new water sources 
have the option of meeting some of their 
water demand with reclaimed water. 
Provision of reclaimed water by local water 
utilities requires a demand, the construction 
of an infrastructure, and a pricing schedule 
that reflects the market conditions for the 
lower quality water. This paper examines the 
economic considerations necessary for 
reclaimed water to be a useful part of a 
municipal water utility's water provision 
program. 

KEYWORDS: reclaimed water, economic 
markets, local water utilities 

INTRODUCTION 

Reuse of wastewater for irrigation took place 
in Athens at least 2000 years ago and was 
common in Germany and England in the 16th 
and 17th Centuries (Metcalf and Eddy, 1972; 
ldelovitch, 1981). To better understand the 
problems of wastewater it should be noted 
first that wastewater reuse can either be 
planned or unplanned. The latter taking place 
when effluent water is reused by downstream 
entities. A second distinction is between 
potable and nonpotable reuse. Most 

wastewater reuse is nonpotable. Third, reuse 
can be direct or indirect. The latter refers to 
utilizing groundwater recharged with effluent. 
Most cities produce considerable treated 

effluent, some of which is further treated by 
filtration and disinfection to produce 
reclaimed water. This paper is concerned 
with reclaimed water; the reuse of wastewater 
that is planned, nonpotable, and direct. 

Wastewater reuse is popular in areas heavily 
dependent on groundwater, particularly where 
groundwater depletion is taking place. This 
case most often occurs in arid areas. 
Groundwater mining lowers the water table 
which leads to plant species dying, higher 
pumping cost by users, and potential 
subsidence damage to roads, buildings, and 
utility infrastructure. Reclaimed water can be 
recharged to the aquifer or it can be used as a 
substitute for potable water when lower 
quality water would satisfy the user's needs. 
The latter use of reclaimed water would allow 
it to substitute for higher cost potable water 
that might be purchased and/or pumped from 
a more distant and costly source. 

A survey by Cuthbert ( 1999) of 23 utilities 
revealed that 11 priced their reclaimed water 
as a percentage of their potable water rate. 
The reported percentage ranged from 50 to 
100 percent of the potable water rate. The 
Cuthbert (1999) survey also revealed that 

· Donald E Agthe, Economic Consultant, Tucson, Arizona; R. Bruce Billings, Department of 
Economics, University of Arizona, Tucson, Arizona 85721; and J. Craig Tinney, Westland 
Resources, Inc., 2343 East Broadway, Suite 202, Tucson, Arizona 85719. 
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many dissimilar rate structures were 
employed by the water utilities in their sales 
of reclaimed water. However, six utilities 
were found to negotiate with custom~rs on an 
individual buyer basis. Thus, there appears to 
be no consensus as to the appropriate price or 
pricing structure for redaimed water. The 
supply and demand model developed in this 
paper and the subsequent discussion of the 
individual variables sheds light on the proper 
considerations involved in pricing reclaimed 
water. 

RELATIVE VALUES OF RECLAIMED 
AND POTABLE WATER, 

The highest economically valued water is 
water that has the greatest number of 
potential uses. Lower quality water has more 
limited potential uses and, therefore, a lower 
economic value. In general, potable water is 
of higher quality than reclaimed water. A 
survey of potential users in Tucson (CH2M 
Hill/Rubel & Hager, 1983) makes this point. 

The potential users contacted 
were receptive to the concept 
of using wastewater effluent 
provided that the cost would 
be equal to or less than their 
present costs, presently owned 
water rights, if any, would not 
be jeopardized and that the 
quality requirements could be 
met. 

The price of reclaimed water must therefore 
be lower than that of potable water to induce 
purchase of the reclaimed water. This is due 
to the additional internal cost to the user of 
reclaimed water. In most cases, the water 
customer must install a dual water 

distribution system. Furthermore, employees 
and final product consumers must be made 
aware of the risks by the use of warning signs, 
leaflets, and/or educational programs. 

The customer may continue to require potable 
water for some uses. Thus, the reclaimed 
water system must be kept separate for 
product, process, and employee health 
purposes. The buyer usually perceives, 
whether valid or not, greater risk of damages 
from reclaimed water than from use of 
potable water. If both types of water were the 
same price, there is little reason why a 
customer would accept the limitations, 
additional capital costs, and risks associated 
with reclaimed water. This suggests that the 
only way to get customers to substitute 
reclaimed water for potable water when both 
are the same price is through legislative 
requirement for certain uses or situations. 

COS'f OF WASTEWATER 
RECYCLING VS. COST OF POTABLE 
WATER 

Reclaimed water requires treatment and the 
development of a second delivery system. On 
the other hand, potable surface water supplies 
must also be treated and distant supply 
sources, for either groundwater or surface 
water, require new pumps, storage reservoirs, 
and major additions to the delivery system. 
After use, most potable water becomes 
wastewater which requires treatment to meet 
U.S. EPA disposal standards. The marginal 
cost of reclaimed water may be greater or 
smaller than the marginal cost of new potable 
water. The marginal cost of potable water 
may be higher if it must be purchased from a 
distant source, if it is from a surface water 
source which is more costly to treat than 
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existing groundwater, and/or if the cost of 
treatment for disposal is higher than the cost 
of treating the reclaimed water for 
distribution. 

COST MODELS 

The cost models developed for reclaimed 
water and potable water are: 

Cr= ATR + DEl...r 

Cp=IT +DELp+AQ+TR+OC 

Where: 

Cr = total cost to the community of using 
reclaimed water. 

ATR = cost of advanced treatments to make 
the waste water more marketable as reclaimed 
water. 

DELr = Delivery cost of reclaimed water 
(pumping, delivery system maintenance, 
delivery system development, metering). 

Cp = total cost to the community of using 
potable water. 

IT = total cost to the community of initially 
treating potable water prior to delivery. 

DELp = Delivery cost of potable water 
(pumping, delivery system maintenance, 
delivery system development, metering). 

AQ = acquisition cost of potable water 
(pumping, water rights purchase, delivery to 
urban area, storage cost) 

TR = basic treatment cost of wastewater 

required to meet health standardS for disposal. 

OC = opportunity cost of potable water-- the 
marginal cost of the next best source of water . . 

Many public utilities are bound by law to 
deliver water at its cost, suggesting that the 
politically correct prices for potable water and 
reclaimed water are equal to their costs. · 
Since most utilities ignore the opportunity 
cost of potable water (OC) in making their 
pricing decisions, a politically acceptable 
adjustment to the cost model is obtained by 
subtracting the opportunity cost of potable 
water from both cost equations. This makes 
allowance for the value of the potable water 
saved when it is replaced with reclaimed 
water and greatly reduces the necessary price 
of reclaimed water if it is to be based on cost. 
This approach is advocated by Cuthbert 
(1999). 

DEMAND AND SUPPLY MODEL 

The Demand and Supply model assumed in 
this paper is: 

Q<1r = f(Price of reclaimed wastewater, Price 
of potable water, rules for reuse of greywater, 
derived demands from industrial, municipal, 
and commercial users for reclaimed water) 

Qdp = f(Price of potable water, Price of 
reclaimed water, rules for the reuse of 
greywater, population, climate, income, 
derived demands of industrial , municipal, 
and commercial users for water) 
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where: . 

Q= Quantity 

r = reclaimed water 

p = potable water 

s =supply 

d=demand 

While this supply and demand model reflects 
a competitive market rather than the 
monopoly conditions under which water is 
sold in local markets, it is useful in obtaining 
a general understanding of the demands for 
the two classes of water. Most notable in this 
model is the dependence upon derived 
demand from the industrial, commercial, and 
municipal sectors of the economy and the 
substitutability between the two types of 
water for some uses. Derived demand results 
from water used in the production of other 
goods and services. Most water is used to 
produce further goods and services rather 
than in final consumption. Production 
functions for products may differ between the 
two types of water used because of 
differences in monitoring costs, treatment 
cost, and productivity. Substitutability is 
represented by the appearance of the price for 
each type of water in each model. 

In monopoly markets, the producer sets the 
price subject to demand. Water utilities are 
usually limited to a "fair return" if they are 
privately operated and to covering cost if they 
are publicly operated. Under these 
conditions, the price of potable or reclaimed 

water should reflect operating costs, long run 
capital costs, and the long run marginal cost 
of the water. Since reclaimed water can 
substitute for new and more expensive 
sources of potable water, thereby conferring 
system wide economic benefits on customers, 
it may be wise to subsidize reclaimed water 
by lowering its price below average cost and 
raising the price of potable water above its 
average cost to encourage the substitution of 
reclaimed water and to pay for the subsidy. 
The benefits of such a policy include reducing 
new capital costs associated with acquisition 
of additional potable water and avoiding 
future price increases associated with the 
more expensive new source of water. 

Reclaimed water in the U.S. is typically sold 
in monopoly markets that have only a small 
number of readily identifiable (usually big) 
customers. This allows the practice of perfect 
price discrimination, in which the seller 
negotiates specific prices and conditions for 
each buyer. Buyers and sellers arrive at a 
price based on their relative ability to bargain. 
A buyer will usually take more reclaimed 
water if internal secondary treatment costs are 
lower, productivity differences between the 
types of water are small or none, and the 
health risks to the buyer are minimal. H the 
seller wishes to promote reclaimed water, the 
seller can offer a lower price. While perfect 
price discrimination in a product market 
setting is usually employed to maximize 
profit, a water utility may decide to maximize 
volume sold subject to a revenue constraint. 
Price discrimination is likely to result in a 
larger volume of reclaimed water taken than 
under a one price fits all policy. 

A TALE OF 3 ·CITIES -- SAN DIEGO, 
EL PASO, TUCSON 
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San Diego is a relative newcomer to the 
reclaimed water market as it opened its first 
treatment plant in September 1997 and is still 
building its customer base. In October of 
1999 only 3 percent of the reclaimed water, 
581 million gallons, was being used by 65 
customers and another 7 percent was being 
used for landscaping and operations of the 
treatment plant (Balint, 1999). Since about 
90 percent of potable water used in San Diego 
is imported from Northern California and the 
Colorado River Basin, the reclaimed water 
program is important to the city's water 
conservation strategy. Furthermore, a 
growing population demands ever increasing 
amounts of potable water and produces a 
corresponding stream of wastewater. 

San Diego's reclaimed water customers are 
commercial and government property owners 
along or near the 45 miles of reclaimed water 
pipelines in the northern parts of the city. 
There are no residential customers because of 
the large expense of hooking up to the system 
and strict health regulations regarding 
reclaimed water use (Balint, 1999). At $574 
an acre foot exclusive of a bi-monthly 
connection fee (calculated from San Diego 
City Website information--3/15/00), 
reclaimed water is priced about 10% less than 
potable water, and some customers have 
received subsidies such as pipe for their 
required second water systems as an 
inducement for purchase. However, the city 
is its own biggest reclaimed water customer 
(Balint, 1999). 

The El Paso water utility offers large 
government and commercial turf users a rate 
for reclaimed water which is 34 percent lower 
than the rate paid by very large customers and 
33 percent lower than the local government 

meter rate for potable water. The charge for 
advanced secondary treatment reclaimed 
water is $.48 per ccf or $209. per acre foot 
and for tertiary treatment reclaimed water the 
charge is $.64 per ccf or $279 per acre foot 
(Archuleta and Padilla, 2000). The price 
incentives for reclaimed water are buttressed 
by an increasing block rate structure for large 
users with summer use rates based on winter 
use. Large government and other turf 
irrigation users are given special accounts that 
bill water use based on evapotranspiration 
rates and acreage served to discourage the 
practice of overuse in winter to obtain lower 
prices in the summer. El Paso currently sells 
1,351. million gallons of reclaimed water per 
year produced by 3 plants, one of which 
produces reclaimed water primarily for 
injection into the local aquifer. The current 
customer base consists of 2 parks, 2 schools, 
3 golf courses, El Paso Electric Company (for 
cooling), and an industrial laundry. The 
estimated cost of production of reclaimed 
water is about the same as for potable water 
(Ornelas, 2000). 

Tucson has used reclaimed water from a 
specially constructed treatment plant on its 
municipal Randolph Park Golf Course since 
1975 (CH2M Hill, Rubel, & Hager, 1983). 
This plant has since been replaced by two 
larger plants that generate considerably more 
reclaimed water. Currently, about 10% of the 
available 65,000 acre feet of reclaimed water 
is directly used (Malcom Pirnie, 1995). 
Tucson sells reclaimed water for 
approximately 80% of the price of potable 
water for commercial and government users. 
The 1998 price, exclusive of monthly charge, 
was $1.06 per ccf or $462. per acre foot 
(calculated from R.W. Beck.Inc., 1999). A 
reduction in minimum monthly charge that 
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varies by meter size is offered to reclaimed 
water customers. Estimated production cost 
of reclaimed water in 1999 based on R.W. 
Beck, Inc. (1999) is $1.28 per ccf. or $558. 
per acre foot including billing and meter 
service and $1.26 per ccf. or $549. per acre 
foot without these services. Thus, some 
financial losses are realized in the sale of 
reclaimed water. These production costs do 
not include expenses for required primary 
treatment of sewer water (Arnold, 2000). 

Calculations based on a Malcolm Pirine, Inc. 
( 1995) indicated on average that 61 percent of 
reclaimed water sales were to state and local 
public entities for turf irrigation. These 
customers include golf courses, public 
schools, public parks, the University of 
Arizona farm, and street medians. Private 
customers were golf courses, two small 
farms, and six small private landscape users. 
The Malcolm Pirine, Inc. ( 1995) study 
analyzed the cost of proposed provision of 
reclaimed water to Tucson Electric Power for 
cooling, regional sand and gravel operations, 
a proposed plant for recycling newspaper, and 
3 different farming areas located some 
distance from Tucson. Not one of these 
market options has been exercised in Tucson. 
Much of the current reclaimed water is 
recharged into the Santa Cruz River and used 
by downstream agricultural irrigators in the 
Marana area at no charge. A disadvantage of 
recharging reclaimed water of lower quality 
than groundwater is a reduction in ground 
water quality. Local politics, favoring reuse 
by local customers, has encouraged the 
hoarding of reclaimed water rights by the city 
for future use and has prevented further 
development of the agricultural markets. 
Furthermore, many potential agricultural and 
other customers have grandfathered rights to 

groundwater which is cheaper to pump 
(Arnold, 2000). 

CONCLUSION 

In studying the three cities, it becomes 
apparent that a large portion of the current 
market for reclaimed water is sales to other 
municipal agencies for turf irrigation; 
principally golf courses, schools, and parks. 
This implies that the external market is thin 
and that a market price for reclaimed water 
has not yet been found that is acceptable on a 
widespread basis to private users. For many 
of the municipal services, these costs 
represent internal transfers that can be passed 
along in the form of higher municipal taxes 
(schools and parks) or fees (golf courses). 
Thus, other public entities may subsidize the 
water departments' efforts to promote the use 
of reclaimed water. Potentially important 
agricultural, mining, and industrial markets 
need development. 

The difficulty in achieving a market price 
suggests that the price of reclaimed water is 
too high to achieve a quantity demanded that 
would be satisfactory to water resource 
planners or, since the prices of the different 
water types are relative, it could also be that 
the price of potable water is too low to make 
the risks and adaptation to reclaimed water 
profitable to the typical large use customers. 
Either increasing the uniform price or 
imposing an increasing block rate structure 
with a high marginal block for potable water 
would raise the relative price of potable water 
sufficiently to make the purchase of 
reclaimed water attractive to more potential 
customers. 

The goal of a reclaimed water program is to 
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conserve potable water by replacing potable 
water with reclaimed water. The fact that 
cities with increasing population 
simultaneously have increasing demands for 
water and increasing supplies of reclaimed 
water makes solution of the problems of 
proper . market pricing and proper marketing 
of reclaimed water more urgent and 
increasingly beneficial. 
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INTRODUCING GLOBAL POSIDONING SYSTEMS TECHNOLOGY IN 
UNDERGRADUATE SOCIAL SCIENCE COURSES: 

The Univenity of Redlands Cue: Phase Il 

Roger M Baty• 

ABSTRACT: In 1997 the National 
Science Foundation granted · 
Instrumentation and lAboratory 
Improvement ((JU) support to introduce 
global positioning systems technology in 
social science courses with a spatial 
literacy dimension. This report 
summarizes the formative evaluation of the 
first year and the modifications introduced 
in the second year of the grant. 

KEY WORDS: global positioning system, 
spatial literacy, satellite technology, 
evaluation, value added, undergraduate 

INTRODUCTION 

Global positioning system (OPS) 
technology . is rapidly expanding the 
options available for documentation of 
positions in the field as well as for 
navigation. GPS receivers with costs 
ranging from about one hundred dollars to 
several thousand dollars per unit are 
readily available. OPS is certainly one of 
the areas where original military 
applications are transfonning civilian 
practices. The users range from sports 
enthusiasts like hunters and fishermen to 
airplane pilots; from casual mappers to 
surveyors working at levels of 
extraordinarily high accuracy. In the 
educational context, K - 12 students in the 
GLOBE program (Global Leaming and 

Observations to Benefit the Environment) 
tag their data with a geo-locational address 
using a OPS receiver (cf. www.globe.gov). 
Watches containing a GPS receiver have 
hit the market. 

Each of twenty-four satellites, orbiting 
10,988 nautical miles above the earth, 
transmits radio signals (L2 frequency ;:::: 
1227.6 MHz) used to determine position, 
velocity and time. The time lapse from 
when the signal leaves the satellite to when 
it reaches the receiver on the ground or in 
the air is the basis for determining one's 
position. The system is available 
worldwide to an unlimited number of 
users. 

My teaching includes classes relating to 
archaeology and envirorunental studies. 
Mapping is an important skill component 
of course projects. The NSF grant 
facilitated purchase of four OPS receivers 
(Trimble Geo-Explorers) and a community 
base station. The receivers and associated 
software enabled us to collect original data 
for our projects 

FORMATIVE EVALUATION OF THE 
FIRST YEAR (Fall 97. - Interim - Spring 
98) 

During the first year of the grant period, I 
made use of the receivers in three different 
courses involving a total of thirty-seven 

• Department of Sociology and Anthropology, University of Redlands, Redlands, California 
92373 
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students, slightly more than half of whom 
were women. About twenty-five percent 
were from minority backgrounds. Most 
were in their first or second year of 
college. These courses I had taught before 
using . a Geographic Information Systems 
(GIS) platform. 

Formative evaluation asks two questions 
regarding implementation and progress 
toward goals. The implementation 
question asks, "Is the project being 
conducted as planned?" The progress 
evaluation question asks, "Are the 
participants reaching the desired goals?" 

IMPLEMENTATION EVALUATION: 
THE FIRST YEAR 

Following our evaluation plan, participants 
the first year were in three courses: a first
year seminar in the fall semester; an 
environmental studies course during the 
January Interim; and an archaeology 
course in the spring semester. 

The use of the GPS receivers in these -three 
courses illustrates our first type of 
innovation; namely, introducing GPS 
instruction in already existing courses. 

Table 1. 
Coane 
Fmt-Year 
Semhw-

ne Innovation 

Fall 97 Beginning Enviroameotal 

Janterm 98 Intermediate 

Intermediate 

The first-year seminar dealt with bicycling 
in the context of learning how to make our 
life-styles more environmentally sensitive. 
Our major project was mapping 
recreational trails in the Redlands area. 
This trail data was instrumental in helping 
us later receive a grant from the City of 
Redlands to add a trail coverage to the 
City's general plan. 

The January Interim course, "Managing 
the Environment," was a more in-depth 
treatment of GPS technology and 
associated applications. We used a full 
complement of four Geo Explorer units 
and each student gained real-world hands
on experience. Student teams reached a 
level of performance where they could 
gather GPS data, post-process it, and 
generate a map of the completed work with 
appropriate m$rginal information. 

The spring C9urse, "Archaeology and 
Human Behavior," had a two-week GPS 
component for the entire class. Some 
students elected to continue working with 
the receivers during the rest of the 
semester. 

Students completed self-evaluations for all 
three courses. Pre- and Post-test data were 
collected for the first two classes. 

PROGRESS EVALUATION: THE 
FIRST YEAR 

The goal for using the technology was the 
same in each course: students will gain 
sufficient skill with the GPS receiver to 
use it and the associated software in a class 
exercise. 

In a previous paper (Forum of The 
Association for Arid Lands Studies, Vol. 
15, No. 1, 1999) I reported on the 
qualitative data gathered from students in 
these courses. This paper includes 
summaries of the quantitative data. 

For quantitative evaluation we began with 
an instrument developed by our colleague 
Dr. Carol Ann Franklin and a senior 
environmental studies major, Ms. Suzanne 
Butler. They had created and administered 
the self-test instrument in a GIS workshop 
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for teachers and high school studen~ 
during the previous summer. Participants 
were asked to indicate their knowledge of 
a concept or skill category on a scale of 
one to five. Several items from the 
questionnaire appear in Table 2 for 
purposes of illustration. 

Table 2.GIS aaeument inventory 
(12 of21 Iteim lhown) 

Nmee E rt 
1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' 1 2 3 4 ' l 2 3 4 ' 

Two classes completed the Butler/Franklin 
GIS assessment instrument during the first 
year. This instrument, which we called a 
Geographic Literacy Scale, was given to 
the students at the beginning and 
completion of each class. By summing 
student scores on each item we arrived at 
what we called a "Geographic Literacy 
Score." The data appear in Table 3 below: 

Table 3. Median scores on the Geographic 
Lit s al eracy c e 
Semelt'r a... Sbe Prete.a P.ttest 

fJ7 Fllll . F.Y.S. 15 43 73 
Interim• M.E.P. • 56 82 

On the pretests, the average absolute 
deviation from the median for the First 
Year Seminar was 7.67; that for the 
Interim course was 13.6. 

On the post tests, the average absolute 
deviation from the median for the First 
Year ·Seminar was 10.7; that for the 
Interim course was 6.25. 

Pretests completed in two other classes 
(Peoples of the American Southwest 
offered in Fall, 1997; and Cultural 
Geography offered in Spring, 1998), 
showed a median score of 43 in each 
instance. This suggests the Geographic 
Literacy Scale was tapping a fairly 
representative level of understanding for 
our group of students. 

It seems warranted to conclude that there 
was measurable change in the direction of 
greater geographic literacy. However, as 
one student, Mr. Damon Hull put it in his 
qualitative evaluation following the 
archaeology course (Spring 1998): 

If you want to further integrate GPS into 
a class then you are going to have to 
teach a class called GPS. There is 
simply no time to fit GPS and a major 
subject like archaeology into one 
semester. Perhaps an upper-level special 
topics class would do in which you could 
investigate a subject with GPS. I would 
be interested in taking it now that I have 
had an initial exposure. 

Damon was encouraging us to develop a 
"Type 2" course: one designed expressly 
for the purpose of training students m 
global positioning systems technology. 

EVALUATION OF THE SECOND 
YEAR 
(Spring- December 1999) 

A .sabbatical leave provided the 
opportunity to develop just this sort of 
course; namely, one that would stand on 
its own as a GPS course. A student, Ms. 
Sunshine Weeks, helped me design a test 
instrument that was more GPS specific. 
We were guided by the work of Stephanie 
Blaisdale who had utilized the concept of 
"self-efficacy'' in a study of high school 
students. Her work was in connection with 
the Program for Women and Girls in 
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Science, Engineering, and Mathematics, at 
the University of Arizona. Table 4 
illustrates items that we included in our 
instrument. 

Table 4 • Self-efficacy Scale (with respect to 
uadcn!lndinltbe OPS} (10of18 itam shown) 

[ 
Circle the oumbct COl•eaponding to Your c:cmfidmce level I 

- with the following: -

Describing satellite - earth 1 2 3 4 s 

1 2 3 4 .5 
1 2 3 4 .5 

2 3 4 .5 

1 2 3 4 .5 
Exmining uncomcted and 1 2 3 4 .5 
correded 1ilel 
Ccmparing OPS and USOS 1 2 3 4 .5 

itions 

Dctccting po111'blo problems 1 2 3 4 .5 
with OPS data 
Explaining eoun:es of error 1 2 3 4 S 
in OPS data 

During the summer (1999) I had an 
opportunity to try out the new course and 
the self-efficacy measure when the 
University of California at Riverside 
invited me to teach a GPS course for their 
intensive GIS credential program. I 
followed this up with an upper-division 
course offered through our own 
department in the fall semester. The 
results of these two courses appear in 
Table .5. 

Table 5. Median scores on the Self Efficacy 
Scale 
s-e.t•r a- Sbe Pretest Post test 

s.a.-r UCR-X u 2'5 65.5 
1999 , .. GPS 3 49 74 
1999 upper 

divisi011 

The same instrument was given to students 
in my fall 1999 cultural geography class as 

a comparison. The class median pre-test 
score was 25 and the post-test median 
score was 43. Their pre-test score very 
closely . resembled the pre-test median of 
the UCR group and was lower than the 
pre-test of the upper division GPS class. 
We interpret this as suggesting the 
instrument is a valid indicator of the kind 
oflearning we are trying to measure. 

CONCLUSIONS 

With the help from the National Science 
Foundation we have introduced two 
innovative approaches to improving 
geographic literacy. The first involves 
introductory education and training in both 
geographic information and global 
positioning systems. The second is a more 
specialized GPS package for advanced 
students. 

I am eager to share our experiences with 
any instructors wishing to replicate our 
effort. The syllabus and set of exercises 
we have might prove useful for 
disseminating the use of this technology in 
college classes. The test instruments 
developed are helpful in demonstrating 
value added. 
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DROUGHT AND OVERGRAZING BY NATIVE GREAT PLAINS UNGULATES, 
1805-1861 

Conrad T. Moore*1 

ABST.R.4CJ': Degradation of the semiarid 
grassland margins of the world's deserts by 
domemcated livestock has been investigated 
at considerable length in recent years. An 
examination of more than 320 nineteenth 
century Great Plains travel accounts 
indicated that native ungulates, particularly 
bison herds subjected to progressively 
intensified hunting pressure from both west 
and east, had a similar impact on the plains 
grassland during drought episodes. Twenty
eight of the 30 observed instances of 
overgrazing occu"ed during drought or in 
the year following a drought. This impact 
was particularly prevalent during and 
immediately after the twelve drought years 
which occu"ed from 1842 through 1860. 
Sex differentiated hunting, which reduced 
herds of bison cows to very small numbers, 
terminated this process thereafter. 

KEY WORDS: Bison overgrazing, drought, 
Great Plains 

INTRODUCTION 

The desertification process afflicting the 
world's semiarid and subhumid grasslands 
has been an issue of international concern 
for nearly a quarter of a century. While 
most of the geographical focus has been on 
sub-Saharan Africa, the process has been 
documented for areas in Asia, North 
America and a number of other regions. 
Overgrazing by domesticated livestock, 
frequently in conjunction with drought, has 

been the primary agency contributing to 
transformation of the grasslands into man
made deserts. Walls (1977) described the 
process. 

The dry, often pulverized soil blows 
in the wind, by which it is mobilized 
into migrating sand dunes. 
Throughout the world, a great many 
moon-like landscapes exist where, in 
climatic terms, there should not be 
deserts.... The increased livestock 
have ... trampled and pulverized the 
soil and overgrazed pastures to 
extinction ... . As they tum to deserts, 
degraded patches link and spread, 
making connections with the true 
desert, until the final result, as in 
Sudan, looks as if the Sahara has 
marched southward. 

Eckholm and Brown (1977) cited the 
Navajo Reservation as one of the best 
examples of this process in North America. 

One of the most dramatic and, in 
human terms, costliest examples of 
desertification in· the United Sates is 
that of the huge Navajo Indian 
Reservation in northern Arizona and 
New Mexico .... Locations described 
by mid-nineteenth century travelers 
as lush meadows are today vistas 
composed of scattered sod remnants 
amid shifting sands and deep gulleys. 
Only a small fraction of the potential 
economic benefit is being harvested 
from these dusty, sagebrush-dotted 

*Department of Geography and Geology, Western Kentucky University, Bowling Green, 
Kentucky 4210 I. 
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lands that were once largely carpeted 
with grass. 
In one zone that range specialists 
recently calculated could safely 
support 16,000 sheep at most, 11,500 

· Navajo people with 140,000 sheep 
were trying to wrest an existence. 
Before a new stock-reduction 
program took effect in the mid. 
1970s, their lot was growing 
increasingly difficult. 

More recently, there has been a shift 
in emphasis to feedback mechanisms 
induced by a reduction in vegetation cover, 
and their role in intensifying droughts and 
desertified conditions. Xue and Shukla 
(1993) pointed out that "for almost half a 
century, and particularly over the past 30 
years, the vegetation cover has been 
increasingly degraded across the African 
continent, with the possible exception of 
central Africa and some countries bordering 
the Gulf of Guinea. This has been caused by 
many factors, such as. . . overgrazing . . . and 
destruction of woody vegetation." The 
drought which started in the late 1960s and 
"lasted for more than 20 years'' was 
attnouted to "increases in albedo [which] 
cause a reduction in precipitation." This, in 
tum, would result in "less initial soil 
moisture [and] would lead to less 
precipitation." Zeng, et al (1999) supported 
these contentions and added a third element, 
reduced vegetational transpiration, to the 
model. 

Decreased rainfall leads to less water 
availability and reduces vegetation, 
which in turn leads to higher surface 
albedo and reduced evapo-
transpiration. This weakens the 
large-scale atmospheric circulation 

. by reducing the energy and water 
flux into the atmospheric column, 

thus further decreasing the local 
rainfall. 

During the mid-nineteenth century there was 
a drought episode in the Great Plains which 
also persisted for more than 20 years 
(Moore, 1998) and which was exacerbated 
by overgrazing. In this case, however, the 
herbivores were not the domesticated 
livestock which have degraded the twentieth 
century grasslands, but rather the native 
ungulate population which was arguably as 
numerous as cattle and sheep have become 
in the modern era. 

In Africa and ~ia, livestock are moved 
about by pastoral nomad herdsmen in search 
of forage, drought-afflicted or otherwise. In 
the mid-nineteenth century Great Plains, 
herds of bison and other ungulates were free 
to roam, but their movements and impacts 
were little different from those of the 
managed herds. 

An examination of more than 320 written 
accounts left by overland travelers and 
resident fur trappers and traders produced 30 
documented instances of overgrazing by the 
native ungulate population during the period 
1805-1861. Twenty-eight of these were 
drought-related. The two which were not, 
involved relatively localized areas and were 
recorded in the late 1830s when herds on the 
west side of the Rockies were being forced 
back into the Great Plains by Indian hunting 
pressure. Antelope were the denuding 
agents in one instance. All of the rest 
involved bison herds, or in one early 
instance, herds of bison and elk. 

The behavior and drought-related impacts of 
the native ungulates fell into three 
categories: (1) intensified depletion within 
the drought-affected area, (2) migration to 
regions unaffected or less severely affected 
by drought, thus extending the area of 
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depleted grass cover if the carrying capacity 
was exceeded, and (3) extension of the 
duration of depleted vegetation through 
compensatory overgrazing in the year 
following drought. 

BISON HERD RESPONSES TO 
DROUGHT 1805-1841 

During the period 1805-1841, there were 
mitigating factors that resulted in a limited 
relationship between drought and the 
grazing impacts of the bison herds. Only 
five instances of drought-related overgrazing 
were recorded and all occurred prior to 1821 
(Table 1 ). During. the extreme drought of 
1805 which affected the northern plains, the 
fur trapper Francois Larocque noted near 
the confluence of the Yellowstone and 
Missouri Rivers that "the grass [is] entirely 
eaten up by the buffaloes and elk" (Burpee, 
1910). While traveling across the Texas 
panhandle in May, 1808, Francisco 
Amangual wrote that "buffaloes have 
exhausted the grass .. . we have not found in 
all our route the least blade of dry grass or 
weed.. . . there were buffaloes as far as the 
eye could see" (Amangual, 1967). 

During the extreme drought of 1819, which 
extended across the eastern plains, as well as 
the Ohio, Mississippi and Missouri Valleys, 
no bison herds were observed. In .the 
following very wet year of 1820, members 
of the Stephen H: Long expedition 
commented on their still persisting absence. 
Near Council Bluffs, Iowa, Edwin James 
wrote: "Remains of bisons, as bones, horns, 
hoofs and the Uke, are often seen on these 
plains ... but all the herds of these animals 
have deserted the country on this side of 
Council Bluff" (James, 1966). Very few 
bison were observed until the expedition 
arrived at the North Platte river where 
"immense herds" were seen for the first time 
(James, 1966). Subsequent evidence 

suggests that not only did the bison herds 
migrate far to the west to avoid the worst 
effects of the drought of the previous year, 
but that they engaged in compensatory 
overgrazing resulting from cumulative 
malnutrition. On June 24th, during the 
ascent of the South Platte Valley, Captain 
John Bell wrote with reference to the bison 
herds that ''They are so numerous and have 
fed off the grass so short, that our horses are 
suffering from [lack of] pasture. Five days 
later he added: "The prairies afford but little 
grass-that on the small bottoms is eaten off 
by the buffalo" (Fuller, 1957). A third 
instance was reported near the Great Bend 
of the Arkansas in early August . "The feed 
for our horses was very short, having been 
eaten off by the buffalo" (Fuller, 1957). 

For the drought of 1822, those of the early 
and mid-1830s, and the drought of 1841, 
bison herds appear to have been absent from 
the drought-affected areas. During the 
drought of 1822, Jacob Fowler noted that the 
herds remained in South Park and other 
alpine meadows of the central Rockies 
(Coues, 1898). 

In the early 1820s and · '30s, bison herds 
crossed over the Rocky Mountains and 
began utilizing the rangelands of the upper 
Columbia, Snake, Green, and Bear river 
valleys, apparently in response to increased 
hunting pressure from the plains Indians and 
whites encroaching from the east. In 1843, 
John C. Fremont reported the result of his 
conversations with fur trappers and traders 
concerning this phenomenon. 

Our knowledge does not go farther 
back than the spring of 1824, at 
which time the buffalo were spread 
in immense numbers over the Green 
river and Bear river valleys, and 
through all the couritry lying 
between the Green River . .. and . 
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Table.I. Drought and Overgrazing by Bison and Other Native Ungulates, 1805-1861 

Drought Years Following Number of Instances of Observed Locations of 
Years Drought Native Ungulate Grazing Observations 

1805 Bison and elk 1 MT 
1808 Bison 1 TX 
1819 (Herds absent) 

1820 Bison 3 CO (2), KS 
1822 (Herds absent) 
1830 (Fires-herds absent) 
1832 (Herds absent) 
1833 (Herds absent) 
1834 (Scattered bison) 
1841 (Fires-herds absent) 
1842 Bison 1 NE 

1843 Bison 3 KS, CO, OK 
1845 Bison 1 NE 
1846 Bison 1, antelope 1 KS, CO 
1847 Bison 3 KS, NE (2) 
1848 Bison 1 KS 

1849 Bison 2 OK,TX 
1850 (Small herds present) 
1853 Bison 1 ND 
1855 (Herds absent/very scarce) 
1856 (Herds absent/very scarce) 
1857 Bison 3 KS-OK, SASK (2) 
1859 Bison 3 KS, WY.MT 
1860 Bison 2 OK,MT 

1861 Bison 1 MT 
1863 (Small herds present) 
1864 (Small herds present) 
1865 (Small herds present) 
1871 (Herds absent) 
1874 (Herds absent) 
1875 (Herds absent) 
1877 (Herds absent) 
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·Lewis's fork [i.e. the Snake River] of 
the Columbia River; the meridian of 
Fort Hall then fonning the western 
limit of their range. The buffalo then 
remained for many years in that 
country, and frequently moved down 
the valley of the Columbia on hoth 
sides of the river as far as the Fishing 
Falls. Below this point they never 
descended in any numbers. About 
the year 1834 or 1835 they began to 
diminish very rapidly, and continued 
to decrease until 1838 or 1840, 
when, with the country we have just 

· descnDed, they entirely abandoned 
all the waters of the Pacific north of 
Lewis's fork of the Columbia. At 
that time the Flathead Indians were 

· in the habit of finding their buffalo 
on the heads of Salmon River, and 
other streams of the Columbia; but 
now they never meet them farther 
west than the three forks of the 
Missouri or the plains of the 
Yellowstone river (Fremont, 1845). 

While the year when the bison herds crossed 
over the Rockies is a matter of conjecture, 
it is clear from the accounts of Robert 
Stuart and other fur trappers and traders that 
none were present prior to 1820. However, 
direct evidence of their presence in the 
1830s ·was provided by two observers. In 
August, 1833, the fur trapper Zenas Leonard 
noted that "We kilied our last buffalo on the 
west side of the [Great] Salt Lake" (Wagner, 
1904). Hunting pressure by the Snake, 
Bannock, Flathead, and Blackfeet forced the 
herds back over the Rockies in the l~te 
1830s. Just west of Fort Hall, near the 
confluence of the Portneuf and Snake rivers, 
Osborne Russell stated in 1841 that "In the 
year 1836 large bands of buffalo could be 
seen in almost every little valley.. .. At this 
time the only traces which could be seen of 
them were the scattered bones of those that 

bad been killed" (Russell, 1955). Thia 
westward shift of the bison population 
would have alleviated some of the grazing 
pressure in the plains during the droughts of 
the early and mid-1830s. 

In addition to the trans-Rocky Mountains 
migration, bison herds migrated to the north 
during the droughts of 1832 and 1833 in the 
northern plains. Maximilian of Wied
Neuwied noted that the Arikara abandoned 
their villages near the confluence of the 
Grand and Missouri rivers in the summer of 
1832 due to the failure of their crops and 
"the absence of herds of buffalo." The herds 
remained to the north through the drought of 
the following year (Wied-Neuwied, 1906). 

Extensive prairie fires occurred during the 
droughts of 1830 in the central plains and 
1841 in the southern plains, resulting in 
ungulate abandonment. 

DROUGHT AND OVERGRAZING, 
1842-1861 

Human manipulation, in this instance in the 
form of increased hunting pressure from 
both the east and west, caused the bison 
herds to become concentrated in the Great 
Plains during the drought years which 
dominated the period from 1842 through 
1865. Twenty-three of the 30 instances of 
overgrazing were recorded from 1842 
through 1861, after which the herds were 
apparently sufficiently reduced that their 
potential contribution to grassland 
degradation was comparatively negligible. 

Thirteen of the observed instances of 
overgrazing occurred during the 1840s
eight during drought years, five during the 
year immediately following drought. 

The drought of 1842 covered the northern 
plains and much of the central plains. As a 
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result, the bison herds migrated southward, 
becoming heavily concentrated in the Platte 
Valley by June (Fremont, 1845). During his 
journey up the Platte valley in late June, 
Fremont observed "buffalo swarming in 
immense numbers over the plains, where 
they had left scarcely a blade of grass 
standing" (Fremont, 1845). 

As had been the case in 1820, following the 
drought of 1819, 1843 was a year of 
unusually heavy precipitation. The bison 
herds that had migrated south the previous 
year remained in the central plains and 
continued their degradation of the grassland. 
During his ascent of the Arkansas valley, 
Captain Nathan Boone commented in 
western Kansas that there were "thousands 
of buffalo, and the grass was very much 
eaten off by them." On arriving at Bent's 
Fort in southeastern Colorado on June 19th., 
Charles Bent informed him that the buffalo 
had consumed all of the grass between 
Bent's Fort and the Rockies "so that his 
cattle nearly starved." On his return journey 
doWll the North Fork of the Canadian River 
in mid-July, Boone observed in central 
Oklahoma that the "Vegetation [is] very 
scant, the buffalo grass having been eaten 
down by the buffalo'' (Boone, 1917). 

When drought resumed in the central plains 
in 1845 and continued for the next three 
years, bison herds and also antelope added 
their impacts to the impoverishment process. 
Three· observers commented on overgrazing 
in the Platte valley in early June, 1845. East 
of the confluence of the North and South 
Platte, Lieutenant J. Henry Carleton wrote: 

For miles the whole bottom had been 
cut up by an immense herd of 
buffaloes that must have swarmed 
over it quite recently, as their "sign" 
was still fresh. There is hardly a 
shrub or bush that is not covered by 

large mats of their hair, as they have 
scratched against every knot and dry 
limb that might in any manner assist 
in robbing them of their 
uncomfortable winter coats. And the 
herbage in every direction is cropped 
off close to the ground. The poor 
creatures must have fared hard ... for 
we discovered along the bank of the 
river and amongst the willows, 
where they had even rooted in the 
earth for wild potatoes ... with which 
to appease their hunger (Carleton, 
1943). 

Joel Palmer, an emigrant, and Philip St. 
George Cooke, an army officer, reported the 
same conditions for the Platte valley tract 
lying between the 99th and 10 l" meridians 
(Palmer, 1906; Cooke, 1973). 

In 1846, drought conditions intensified in 
the western plains with the result that bison 
herds abandoned much of the region. 
George F. Ruxton observed that while herds 
were present in the alpine meadows of the 
Rockies, none were to be seen from the 
Front Range to about 100 miles to the east 
(Ruxton, ·1926). Francis Parkman, however, 
observed a herd near the site of present day 
Dodge City in early September, but noted 
that "They were not feeding, for indeed 
there was nothing to eat" (Parkman, 1857). 
Lieutenant George Gibson commented on 
the sole instance of observed overgrazing by 
antelope in August of that year. In the upper 
Purgatoire valley of southeastern Colorado 
he stated: "The whole country has the 
aspect and marks of a sheep pasture 
completely eaten out and trampled over ... 
The antelopes have been all around camp in 
great numbers, coming to the water, which 
is only in two or three holes" (Gibson, 
1935). 
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Drought conditions lessened somewhat in 
1847, but grazing impacts, if anything, 
appear to have intensified. Lieutenant 
James Abert wrote in February in the 
Arkansas valley in Western Kansas that "the 
buffalo which had recently been here in 
great numbers, had much impaired the 
grazing" (Abert, 1848). During the Mormon 
migration up the Platte and North Platte in 
early and mid-May, starving bison herds and 
depleted forage were constantly 
encountered. On May 6, William Clayton 
noted that "some of the horses and oxen 
[have] given out in consequence of lack of 
food to sustain them." Three days later he 
added that there were "multitudes of buffalo 
coming to water.. .. They are very poor, for 
there is no feed for them" (Clayton, 1973). 
Similar observations persisted through the 
18th of the month. 

Moderate to severe drought continued 
through 1848. During his journey up the 
Smoky Hill valley in central Kansas, 
Benjamin Kem observed in early November 
that the "Country [is] desolate. Buffalo 
plenty. All the . grass eaten oft'' (Kern, 
1960). 

Unusually heavy precipitation returned to 
the plains in 1849, as it had in 1820 and 
1843. So did compensatory overgrazing by 
the 1,>ison herds. In mid-April, an 
anonymous emigrant traveling up the 
Canadian valley in western Oklahoma wrote 
that ''the buffalo had come to the river by 
the thousands and had nearly swept all clean 
before them ... found a little grass, but 
scarcely enough to sustain the mules . . .. 
every way we turned our eyes we could see 
innumerable herds of buffaloes. They made 
the whole country look barren (Anonymous, 
First Mule Pack Train, 1969). In late July, 
another anonymous emigrant who was 
crossing the Texas panhandle via the North 
Fork of the Red River wrote: "We were 

three days passing through this dense 
column, and our horses suffered much from 
want of grass, which the buffalo had 
exhausted" {Anonymous, Concordia 
Intelligencer, 1937). 

From 1850 through 1860, moderate to 
extreme droughts occurred during seven of 
the years, but the degrading impacts of the 
bison herds appear to have been more 
sporadic. This was the period when sex
differentiated hunting began to take a heavy 
·toll on the bison herds, both directly and, 
more significantly, with regard to the 
reproduction base. As early as 1846, 
Francis Parkman had observed that herds of 
bulls were much more numerous than 
buffalo cows and that "Thousands of [the 
former] might be slaughtered without 
causing any detriment to the species" 
(Parkman, 1857). He went on to explain 
that this was due to the fact that "it is the 
hides of the latter alone which are used for 
the purpose of commerce and for making 
lodges of the Indians." Previously, Parkman 
had been informed by Mene-Seela, an 
Ogallala chie( that ''the skins of bulls are 
too thick and heavy for squaws to make 
lodges of' (Parkman, 1857). Another 
element which factored into the process was 
that the much smaller cows were easier to 
kill and much less dangerous to hunt (Irving, 
Bonneville, 1961; Harris, E., 1951). During 
the mid- and late 1850s, the ratio of bulls to 
cows accelerated to an extreme degree. In 
1855, Sergeant Eugene Bandel stated that 
"Since the Indians have always .killed only 
cows and calves, except when they want an 
abundance, there are now on the prairies 
about five bulls to one cow" (Bande~ 1932). 
By 1859, Captain William Raynolds 
estimated that in the northern plains "the 
proportion of [bulls to cows is] not less than 
ten to one" (Raynolds, 1868). 
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Jn 1850, small herds were observed at a 
distance in the Platte valley, but no instances 
of overgrazing were recorded either by those 
who successfully proceeded on to the 
California gold fields · or those who turned 
back because of the drought-induced lack of 
forage. 

The severe drought of 1853 which affected 
the southern and central plains, caused the 
bison herds to migrate northward, 
concentrating in the northern plains. With 
reference to the Assinniboines, Rufus 
Saxton noted that "They are very rich this 
year, on account of the abundance of 
buft81o" (Saxton, 1855). This over
abundance once again resulted in 
overgraZing. In central North Dakota, A.W. 
Tinkham wrote in July that the "grass [is] 
scanty, having been consumed by the 
buffalo, prairies covered with buffalo" 
(Tinkham, 1855). 

In 1855 and 1856, bison herds were absent 
or very scarce within the drought affected 
areas of the northern and central plains 
(Warren, 1859; Brown, 1968). There is, 
however, no documentation concefning 
where the herds went, or what their external 
impacts may have been. 

In 1857, overgrazing by bison occurred both 
within. the drought region and far to the 
north. During the survey of the Kansas
Oklahoma border, Colonel Joseph Eccleston 
Johnston reported in July concerning a tract 
to the west of the Arkansas River that "The 
mules were so reduced by the want of 
food-for the grass has been destroyed by 
the buffalo-that Captain Wood was 
compelled ... to tum to the north to the 
beaten [i.e. emigrant] road" (Johnston, 
1858). Captain John Palliser, of the 
Canadian Anny, documented two instances 
of overgrazing during his journey across the 
plains of Saskatchewan. In the Souris 

valley, near the 104• meridian, he wrote: 
"So vast were the [bison] herds that I began 
to have serious apprehension for my horses, 
as the grass was eaten off to the earth, as if 
the plain had been devastated by locusts" 
(Palliser, 1863). Five days later, he 
encountered the effects of both bison and 
locust~ in the Qu'Appelle valley. "The 
grass .. . was now actually swept away by the 
buffalo, who, assisted by the locusts, had left 
the country as bare as if it had been overrun 
by fire" (Palliser, 1863). 

The overgrazing pattern of 1857 was 
repeated both in 1859 and 1860. Within the 
drought-aftlicted central plains, Horace 
Greeley observed enormous bison herds 
along the Pike's Peak Express route in 
northwestern Kansas in late May of 1859. 
"Certainly all we saw could not have stood 
on ten square miles of ground .. . . The soil is 
rich, and well-matted with their favorite 
grass. Yet, it is all eaten down like an 
overtaxed sheep pasture in a dry August" 
(Greeley, 1860). In the northern plains in 
July of that year, Captain William Raynolds 
encountered conditions similar to those 
described by Captain Palliser two years 
earlier, minus the presence of locusts. 
During his journey from the Little Missouri 
to the headwaters of the Powder River he 
wrote: "We are now in the buffalo 
region ... Their presence may explain some 
of the prevalent barrenness, as they consume 
all the grass in their paths." Later, in the 
Powder River valley he added: "This 
scarcity of grass has become the leading 
feature of the country, and can, of course, be 
partially explained by the presence of 
buffalo in such large numbers. These 
animals have thoroughly consumed such 
poor pasturage as the valley affords, and as a 
result our mules fare badly" (Raynolds, 
1868). 
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Drought conditions in 1860 were the most 
extreme of the nineteenth century. Several 
of the rivers in the central plains were 
completely dry by mid-summer (Moore, 
1998). Despite these conditions, bison herds 
remained in some parts of the drought
aff'ected region. During his journey from the 
Red River to Fort Cobb in western 
Oklahoma in April, an anonymous enlisted 
man wrote: "Grass was eat off so close to 
the ground that our horses had to do without 
while we were in the buffalo country. The 
prairie was perfectly black with them" 
(Anonymous, Daily Times, 1958). The 
bison herds that had migrated north in 1859, 
remained there during the two subsequent 
years. In late July and early August of 1860, 
Lieutenant John Mullan noted during his 
journey across eastern Montana that his 
detachment ''Passed a number of herds of 
buffalo, who seemed to have eaten off every 
sprig of grass. . . The whole country 
traversed today was dry and barren; no 
wood, nor water, nor grass; the latter having 
been entirely eaten off by the buffaloes" 
(Mullan, 1868). In 1862, Charles 
Larpenteur wrote of the overgrazing which 
had persisted through the summer of the 
previous year in the environs of his fur 
trading post at the confluence of the Mille 
and Missouri rivers. "Buffalo was so 
plentiful here last summer that they ate up 
all the grass; it looked as though a fire had 
burned the prairies. In consequence of this 
and the hard water I lost all my cattle-20 
head" (Coues, 1898). 

Although both bison and antelope herds 
were observed in the northern plains during 
the drought years of 1863, 1864 and 1865, 
apparently their numbers had declined to the 
point where they no longer exceeded the 
carrying capacity of the drought
impoverished grassland. 

During the four droughts which occurred in 
the central and southern plains in the 1870s, 
no bison herds were observed in the 
drought-affected areas; nor was there 
documentation of external impacts. Thia 
was the era of mass extermination by white 
hunters. Based on an examination of 
railroad shipment records for buffalo robes, 
Richard lrying Dodge estimated that 4 112 
million bison were slaughtered in 1872-1874 
alone (Dodge, 1877). By 1890, less than 
400 remained at the protected refuge of 
Yellowstone National Park (Encyclopedia 
Americana, 1947). 

CONCLUSION 

While the Great Plains never truly became 
desertified, many travelers who crossed the 
region from 1842 through the mid-1860s 
regarded the plains or areas within it as a 
"desert " or as noted a "barren " or ' , , 
"desolate" region. Seventy-six percent of 
those negative assessments were due to the 
effects of drought and overgrazing by the 
.native ungulate population. Had the bison, 
particularly the cows, not been severely 
reduced during this period, it is not 
unreasonable to assume that the landscape 
might well have approached the conditions 
more recently documented for the Navajo 
Reservation. 

One thing is absolutely certain. The drought 
conditions which prevailed during twelve of 
the. years from 1842 through 1860 were 
intensified by the depletion of the grass 
cover. Surface albedos were hlgher, leading 
to lessened convectional uplift of the air 
masses and evapo-transpiration rates were 
diminished, resulting in significantly 
reducing "the water flux into the atmosphere 
column, thus further decreasing the local 
rainfall" (Zeng, et al, 1999). 
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Development Preferences in a Semi-Arid Environment: 
the Playa Vista Ballona Wetlands Project in Los Angeles 

Joseph Farley, Seid M Zekavat, May To and Sharon Lee1 

ABSTRACT: The purpose of this paper 
is to investigate the influence that 
economic and sociological factors have 
on the attitudinal preferences of the 
residents of the westside of Los Angeles 
toward the Playa Vista Corporation's 
development of the Ba/Iona Wetlands. A 
questionnaire wm developed in order to 
collect the relevant data. One thousand 
surveys were distributed among the 
residents of the area adjacent to the 
Ba/Iona Wetlands. Two hundred forty
seven surveys were retumed and 
analyzed Questions were asked to 
ascertain individual preferences m well 
as background information to allow for 
controlling in the regression equations. 
The primary statistical methodology 
used for this investigation was logistic 
regression analysis. This technique wm 
used due to the fact that many of the 
questionnaire responses resulted in 
either a yes/no answer. 

KEY WORDS: Ballona Wetlands, 
development, logistic regression, 
natural habitat 

INTRODUCTION 

The area of Los Angeles known as the 
Ballona Wetlands has become a source 
of intense controversy. The adjacent 
areas to the west and northwest are part 
of the densely developed Greater Los 
Angeles Metropolitan Area, making the 
remaining undeveloped Ballona 
Wetlands a prime candidate for 
development. In direct conflict with this 
imminent Wetlands development, 
however, is the fact that the Wetlands 
serves several crucial biological 
functions. The Wetlands are a home for 
many animals and plants, as well as 
serve as a filtering system for waste and 
water runoff from the Los Angeles 
Basin. The Ballona Wetlands is currently 
owned by Playa Vista Capital 
Corporation, which intends to develop 
over half of the 1,087 acres in.to 
commercial and residential units. The 
remaining portion of the Wetlands is to 
be restored and left as a natural habitat. 
A movie studio owned by the 
DreamWorks SKG Corporation was 
also to be built on the Wetlands until a 
recent decision (7-99) to terminate the 
plan. The opinions and preferences of 
the local residents of the Ballona 

1 Department of Economics, Loyola Marymount University, Los Angeles, California 
90045-8410. This research was supported in part by a grant from the NCUR/LANCY 
Foundation 
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Wetlands are modeled and analyzed in 
this paper. The data for this project was 
analyzed using the SAS System t>, a 
widely used statistical software system. 

STATISTICAL MEffiODOLOGY 

The primary statistical tool for analyzing 
the data derived from the Playa Vista I 
Wetlands questionnaire was regression 
analysis. Regression analysis is the 
study of the relationship between a 
dependent variable, Y, and one or more 
independent variables, X's. A linear 
regression equation may be expressed 
as: 
Ya = Po + P1 X1 + P2 X2 + p3 X3 

+ ... + pkxk + µ. 

is the dependent variable 
are the independent 
variables 

f3i are the regression 
coefficients . 

J.1i is the error term or residual 

Regression analysis allows the 
researcher to determine the influence 
which each respective independent 
variable has on the dependent variable, 
ceteris paribus. In addition, a correctly 
specified regression model allows for 
numerous statistical tests and summary 
statistics, such as R-square, which 
indicate how well the model fits the data. 
For most of these tests to be statistically 
correct, there are a number of implicit 
assumptions imposed on the model 
which must be satisfied (Gujarati, 1995). 
For applications of the regression model 
where the variables are quantitative, the 
model assumptions should be tested for 
validity. P~nding results from these 
tests, there are a variety of econometric 
methods which may be used to deal with 
assumption violations. When the 
dependent variable is dichotomous, 

however, as in the case of many of the 
responses in this questionnaire, 
application of the ordinary least squares 
criterion is widely known to result in 
statistical problems. Primarily, the error 
term µi is no longer normally distribut~ 
rather it is binomially distributed. Also, 
the error term is heteroscedastic - which 
is a violation of one of the assumptions 
of the OLS model. Although regression 
coefficients, f3i, may still be linear and 
unbiased, they are no longer efficient, in 
that their standard errors will not be 
minimum. The result of using OLS 
regression in the presence of 
heteroscedasticity is that .the conclusions 
derived from the analysis may be suspect 
from a statistical point of view. An 
additional problem resulting from using 
OLS regression in the current context of 
this study is that there is no guarantee 
that the predicted values of the response 
variable will lie within the interval (0, 1 ). 
This is the range where w~ would like it 
to be in order to be able to interpret the 
predicted value of Y as a probability. 
Thus an alternative approach to 
analyzing the questionnaire is needed. 

LOGISTIC REGRESSION 

The use of logistic regression in the 
famous Framingham heart study paper 
by Truett, Cornfield and Kannel (1967) 
made this procedure the standard method 
for analyzing dichotomous data. 
( Hosmer, David W. and Lemeshow, 
Stanley, 1989). The logistic or logit 
model for k-explanatory variables may 
be expressed as: 

LOg [ Pi J = Po + P1X1 + PiXz 
l-P1 

+ JhXJ+ •.• + p~+ J4 
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where: 
Pi is the probability that Yi = 1 
log is the natural logarithm 
Xi are the independent 

variables 
Pi are the regression coefficients 
J1i is the error term with usual 

assumed properties 

The expression on the left side of the 
equation is referred to as the logit or log
odds. If P1 is taken as the probability of 
an event happening; then Pi I (1 - Pi ) is 
said to be the odds of the event 
happening. The above logit equation 
may be solved for Pi , resulting in the 
following equation: 

·P1 = 1 I (1 + exp ( - Po - P1 X1 -
P1 X2 - Jh XJ - • • • - pkxk > > 

Regardless of the values used for the J3's 
and X's, P1 will always lie between 0 and 
1. Thus we may interpret the Y or 
response variable as a probability 
(Gujarati, 1995). 

EMPIRICAL RESULTS 

The folloWing results were derived using 
logistic regression. For comparison, an 
ordinary least squares regression was 
also estimated. For each model, the 
dichotomous dependent variable used 
was develop_ wetlands. The regressors 
used in the model were: 
housing_ investment, raise _apt _rents 
and years_in_area. Following is the 
output from these procedures 

LOGISTIC RESULTS 

Criterion 
AIC 
SC 

Intercept 
Only 

249.101 
252.358 

Intercept 
and 

Covariates 
211.411 
224.441 

-2 Log L 247.101 203.411 
R-Square 0.2035 
Max-rescaled R-Square 0.2811 

Testing Global Null Hypothesis: 
J3 =O 

Test x2 

Likelihood Ratio 

Score 
Wald 

43.6894 
38.0560 
30.1359 

Pr > x.2 

<.0001 
<.0001 
<.0001 

Analysis of Maximum Likelihood 
Estimates 

Estimate 
Intercept 

'1.2 Pr > x.2 Odds 

-3.1618 16.5958 <.0001 
Housing_ investment 

0.7276 17.6458 <.0001 
Raise_ apt _rents 

-1.4734 15.1313 0.0001 
Years in area 

0.2689 5.8016 0.0160 

Hosmer and Lemeshow 
Goodness-of-Fit Test 

2.070 

0.229 

1.308 

Chi-Square DF Pr > ChiSq 

1.9729 8 0.9818 

ORDINARY LEAST SQUARES 
REGRESSION RESULTS 

Dependent Variable: Develop_ wetlands 
MSE 0.18472 
Root MSE 0.42979 
SBC 237.589994 
AIC 224.560012 
Regress R-Square 0.1982 
Total R-Square 0.1982 
Durbin-Watson 1.8678 

Variable Estimate t Value Pr > !ti 
Intercept 0.006061 0.05 0.9583 

Housing_ investment 
0.1127 4. 75 <.0001 
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Raise _apt_rents 
-0.2835 -4.08 <.0001 

Years_in_area 
0.0489 2.49 0138 

The Hosmer-Lemeshow statistic (In,) is 
used to test for the adequacy of the fitted 
model. The statistic has been shown to 
have a chi-square distribution under the 
null hypothesis that the fitted model is 
correct (Hosmer and Lemeshow, pp. 
54-56.). The chi-square value of 1.9729 
with an associated p-value of 0.9818 
indicates that the null hypothesis of 
correct model fit cannot be rejected. 
The R-Square value of 0.2035 and the 
Max-rescaled R-Square 0.281.1 are 
measures of the predictive power of the 
logistic regression model. These 
statistics are similar to the coefficient of 
detennination used in OLS regression 
models. The Max-rescaled R-Square 
varies from 0 to 1. The closer the value 
is to 1, the better the predictive power of 
the model. The Waid Chi-square values 

. presented are used to test the null 
hypothesis that the individual -regressors 
are significantly different from zero. 
The extremely low p-values of <.0001, 
<.0001, 0.0001 and 0;0160 indicate that 
each of the independent variables 
including the intercept are statistically 
different from zero. The log-likelihood 
statistic and the score statistic are used to 
test the null. hypothesis that all 
regression coefficients are zero.. The 
low p-values of 0.0001 indicate that the 
null hypothesis should be rejected. 
Finally, the odds-ratio ~atistics are used 
extensively to measure the relationship 
between dichotomous variables. The 
odds of an event is the ratio of the 
probability that an event will occur to 
the probability that the event will not 
occur. The odds ratio is calculated by 
exponentiating the · parameter estimate 
for each regressor. The odds ratio of 

2.070 for the housing_investment 
variable may be interpreted as: every 
time a respondent increased his/her 
response toward strongly positive by one 
notch, the odds of his/her being in favor 
of developing the Wetlands increased by 
a factor of 2.070. The results derived 
by using the regular OLS regression 
were very similar to those for the logistic 
regression model. 

CONCLUSIONS 

After estimating numerous model 
specifications and using various variable 
selection methods, it was. observed that 
three factors were statistically significant 
in influencing the preferences of local 
residents for developing the Ballona 
Wetlands. The factors, as shown above, 
were: respondent's view on housing 
investment, respondent's view on 
apartment rent increases, and the number 
of years respondent had lived in the area. 
These findings may be useful for those 
engaged in marketing campaigns where 
there are strong environm~ntal concerns. 
It appears that residents who expected a 
positive increase in their housing 
investment tended to be in favor of the 
commercial development of the Ballona 
Wetlands. Those residents who 
expected that their rent would increase, 
understandably were not in favor of the 
commercial development. This study 
indicates that economic self-interest is 
an important consideration determining 
whether or not residents of a community 
will support · the commercial 
development of an environmentally 
sensitive area. Environmental 
campaigns must address these economic 
issues in order to be successful. Finally, 
further study and statistical analysis may 
provide additional insights into 
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community preferences regarding 
important environmental issues. 
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THEINDIANWATERCONFLICTINTBE21"CENTURY: 
NEW BATTLE, SAME OLD SONG 

Alex Steenstra • 

ABSTRACT: In 1908, the United States 
Supreme Court ruled, in Winters v. 
United States, that the federal 
go"vemment implicitly reserved sufficient 
water for Indian tribes to fulfill the 
purpose of a reservation at the time the 
reservation was created During the last 
30 years Indian tribes living in the 
deserts of the West have initiated legal 
procedures to claim these reserved rights 
by seeking a specification of the quantity 
and uses of tribal water. The continuing 
efforts to validate Indian water rights 
raises uncertainties about the availability 
and stability of cu"ent water supplies for 
non-Indian economic development 
because most of the western waters have 
already been allocated and the extent of 
Indian claims is unknown. This paper 
looks at the historical background and 
examines the reasons for this continuing 
conflict over water, the outcome of which 
will determine the cultural and economic 
well-being of. Indians and non-Indians 
living in the arid West. 

KEY WORDS:, Quantifying Indian water 
rights, the Winters doctrine, the PIA 
standard, cost-benefit analysis, federal 
Indian water policy. 

INTRODUCTION 

The 1908 Winters v. United States 
Supreme Court decision set the stage for 
the Indian water rights conflict in the 2 l st 

century. This decision established the 
Winters doctrine which states that the 
federal government implicitly reserved 
sufficient water for Indian tribes to fulfill 
the purpose(s) of a reservation at the time 
the reservation was created. Recently, 
Indian tribes living in the deserts of the 
west have initiated litigation and/or 
settlement negotiations to claim these 
reserved rights by seeking a specification 
of the quantity and legal uses of tribal 
water. Sixteen settlements alone have 
awarded 4,653,819 acre-feet a year of 
water to Indian tribes (Steenstra 1999) 
and the Western States Water Council 
{1983) has estimated that tribes may be 
allocated a total of over 9,000,000 acre
feet a year. The continuing validation of 
Indian water rights raises uncertainties 
about the availability and stability of 
current water supplies for non-Indian 
economic development because most of 
the western waters have already been 
allocated or, in some cases, o:ver 
allocated. It is the premise of this paper 
that the fierce conflict over water is akin 
to the Indian wars of old: It is an 
extension of the conquest of the Indians 
to satisfy the non-Indian's economic 
needs, justified by racist attitudes and 
rhetoric. A conquest that started by 
forcefully removing Indians :from most of 
the land and relocating them to smaller 
permanent reservations to satisfy non
Indi.an demand for agricultural land 
continues today by the taking of Indian 
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water to satisfy non-Indian demand for 
water. 

A BRIEF HISTORY OF THE 
WINTERS DOCTRINE AND THE 
PIA STANDARD 

In 1888, several Indian tribes entered into 
a treaty with the United States 
government that set aside the Fort 
Belknap Reservation as a pennanent 
homeland in exchange for vast areas of 
lands in Montana. Non-Indian settlers 
occupied the newly acquired lands and 
filed water claims on the Mille River as 
required by state law. The ensuing water 
diversions left insufficient water for 
Indians living downstream from the 
settlers on the reservation. The United 
States in Winters v. United States sued 
the settlers on behalf of the tribes to 
protect Indian water rights and usage. 
The Supreme Court created the Winters 
doctrine in 1908 by affirming the power 
of the federal government to reserve and 
exempt water from appropriation under 
state law and concluded that the 
government · implicitly reserved water 
rights for Indian tribes at the time the 
reservation was created. 

Winters was a significant victory for 
Indian tribes but had little influence on 
western water policy. The government 
continued to encourage family-sized 
farming in the West without much 
consideration for these reserved Indian 
rights. Indian tribes lacked the political 
power to secure funds to build water 
projects and the ability to turn "paper" 
rights into "wet" water. Instead federal 
monies were mostly used to finance non
Indian projects (McCool 1987). This 
inequality would persist for over half a 
century because non-Indians "enjoyed the 
moral satisfaction of just decisions 

without the social and fiscal 
inconvenience of having to implement 
them" (Burton 1991, 6i). The Supreme 
Court in 1963, however, reaftinned 
Winters in Arizona v. California and 
established the PIA standard for 
quantifying Indian water rights. 

The PIA standard is important because it 
facilitated the realization of Indian water 
rights. It is a product and a logical 
extension of the federal governmenes 
nineteenth century Indian policy. The 
government encouraged agriculture 
among Indians as a civilized way of life, 
which was consistent with its broader 
policy objective to develop the west by 
irrigated agriculture. Believing 
agriculture to be the purpose of the 
reservation, the Supreme Court in 
Arizona v. California (1963) argued that: 

The United States did 
reserve the water rights for 
the Indians effective as of 
the time the Indian 
Reservations were created. 
. .. We also agree with the 
. . . conclusion as to the 
quantity of water intended 
to be reserved. He found 
that the water was 
intended to satisfy the 
future as well as the 
present needs of the Indian 
Reservations and ruled 
that enough water was 
reserved to irrigate all the 
practicably irrigable 
acreage on the 
reservations. . . . We have 
concluded, as did the 
Master, that the only 
feasible and fair way by 
which reserved water for 
the reservation can be 
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measured is irrigable 
acreage. 

·The extent of Indian water rights was 
thus defined as the amount of practicably 
irrigable acreage on a reservation 
multiplied by the amount of water needed 
to irrigate each acre. This quantification 
method, however, is used only if the 
purpose of a reservation is not directly 
linked to water. Indian water rights can 
also be based on flows necessary for 
fisheries, wildlife and hunting, and other 
in-stream uses if a reservation was 
explicitly established for those purposes 
(see New Mexico v. Aamodt 1987; 'United 
States v. Adair 1984). Wmters rights, 
therefore, reserve only that amount of 
water necessary to fulfill the purpose of a 
reservation ( Cappeart v. United States 
1976) but are separate and distinct from 
in-stream rights. 

Over the last 30 years the notion that the 
PIA standard is the same as the Wmters 
doctrine has been developed. It is 
generally believed by Indians that a 
deviation from the PIA standard is the 
same as taking away tribal water rights. 
This, however, is a myth. The Winters 
doctrine reserves water for tribes living 
on reservations whereas PIA merely 
quantifies the amount of water reserved. 
A challenge to the applicability of PIA is 
not a challenge to the Winters doctrine 
but an inquiry into PIA' s usefulness in 
quantifying Indian water rights. 

APPLICABILITY OF PIA 

There is a fundamental conflict between 
the PIA standard and traditional Indian 
cultures. The PIA standard is based on 
nineteenth century ethnocentric federal 
policy objectives that forced Indians to 
adopt the "superior" non-Indian farming 

lifestyle and to ignore indigenous 
cultures and values. Reservation lands 
were believed to be an objective 
instrument for quantifying Indian 
reserved water rights because it was 
consistent with the government's 
nineteenth century policy to develop the 
West through irrigated agriculture: 
Indians and non-Indians alike were 
encouraged to cultivate the arid lands. 
There was not much resistance from non
Indians because agriculture Was an 
integral part of the culture and the 
government developed heavily 
subsidized water projects to support their 
efforts. Burness et al. (1983b) shows that 
non-Indian irrigated agriculture received 
an 95. 6 percent subsidy on the original 
investment (1031). 

Most Indian societies, on the other hand, 
did not center around non-Indian farming 
methods and were forced to make 
lifestyle changes inconsistent with their 
cultures. Nmeteenth century Indian 
policy was based on the attitudes of 
European nations and Anglo-American 
settlers who assumed that Indians were 
uncivilized pagans, heathens, and savages 
that look alike; a single policy, it was 
believed, would "civilize" them all 
(Gibson 1980, 38). They found the 
aborigines in a ''heathen state" and 
undertook an extensive attempt to 
"civilize" them, of which agricultural 
development was a key component. 
Indian water needs to sustain agricultural 
development were, nevertheless, mostly 
ignored. The theoretical economic and 
social development of Indian reservations 
through the "transforming" powers of 
non-Indian agriculture was less than 
successful: · It failed to recognize the 
many different and distinct Indian 
cultural values and often overlooked the 
basic needs, such as water and diversion 
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projects, to support agricultural 
development. The National Water 
Commission in its final report to the 
President concluded that: 

In the history of the 
United States 
Government's treatment of 
Indian tribes, its failure to 
protect Indian water rights 
for use on the 
Reservations it set aside 
for them is one of the 
sorrier chapters (474-75, 
1973). 

In addition to being discriminatory, the 
PIA standard is also not efficient because 
it does not address the real economic 
choices of Indian people: It forces tribes 
to consider irrigated agricultural 
development even if they have no real 
intent to develop that way. PIA explicitly 
excludes values that are not consistent 
with agricultural development. · There is 
currently a reluctance on the part of 
private and federal agencies to invest in 
western irrigated agriculture. A 
transition from an era of massive 
irrigation projects to an era of water 
management has taken place to meet the 
twentieth century water demands for 
industrial, urban, aesthetic, recreational, 
and environmental purposes. The 
quantification of Indian water rights, 
however, is still determined by a standard 
based on nineteenth century water values. 
Indian tribes are still forced to ignore 
their real values and economic needs to 
"proffer what may be fictional irrigation 
projects in order to obtain water for those 
real needs" (Franks 1991, 563). 

PIA lacks the ability to adapt to changing 
circumstances of evolving societies. PIA 
does not recognize the fact that societies 

develop and have the ability to alt« 
problematic arrangements subject to the 
understanding of the human intellect. As 
our reliable knowledge base, tastes and 
preferences, and/or circumstances evolve, 
i.e., the factual base of a particular 
situation changes, institutional 
adjustments are needed to reflect the new 
conditions. The factual base that shaped 
the PIA standard is outdated but 
continues, nevertheless, to detennine the 
extent of Indian water rights. It appears 
discriminatory to adjust western water 
policies in the face of new circumstances 
as a result of an evolving non-Indian 
society, while refusing to alter a 
quantification standard based on 
nineteenth century policies despite an 
evolving Indian society. Awarding water 
to Indian tribes based on irrigated 
agriculture makes little sense considering 
the current factual base; it is simply 
inefficient. 

The continued use of the PIA standard, in 
addition, implicitly assumes that Indian 
cultures and societies have not, will no~ 
and cannot adapt to changing 
circumstances, that is, their present and 
future water needs are the same as in the 
last century. Judge Thomas of the 
Wyoming Supreme Court argued in a 
dissenting opinion in Big Hom I (1988) 
that: 

The fault that I find with 
such a limitation is that it 
assumes that the Indian 
peoples will not enjoy the 
same style of evolution as 
other people, nor are they 
to have benefits of modern 
civilization . . . the 
homeland will evolve and 
will be used in different 
ways as the Indian society 
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develops . . . I would hold 
that the implied 
reservation of water rights 
attaching to an Indian 
reservation assumes any 
use that is appropriate to 
the Indian homeland as it 
progresses and develops. 

Indian tribes face the challenge to specify 
the amount of water reserved in the 
W'mters doctrine with an outdated, unfair, 
inefficient, and racist quantification 
method. PIA is no longer applicable 
since it is based on outdated policy 
objectives which lead to major 
inefficiencies and it implicitly 
discriminates against Indian tribes. A 
closer look at the tools used to implement 
the PIA standard reveals yet another level 
of discrimination and ethnocentrism. 

PIA AND COST-BENEFIT 
ANALYSIS 

The definition of PIA used in most cases 
is ·the same as that used in Big Hom I 
(753 P.2d at 101): "Those acres 
suscepuble to irrigation at reasonable 
cost" (see, for example, Martinez v. 
Lewis 861 P.2d N.M. App. 1983). 
Almost two decades after the original 
Arizona v. California, the case was 
rCQpened to adjudicate water f9r Indian 
lands originally omitted. The Supreme 
Cotirt in the 1983 Arizona v. California 
(hereafter Arizona v. California JI) 
adopted the Special Master's Report's 
(1982) conclusion that for determining 
Pf8Cticable irrigability "a finding that 
annual benefits exceed costs will suffice" 
(100). The establishment of the PIA 
~dard as the amount of practicably 
ttngable acreage on the reservation 
multiplied by the amount of water needed 
to irrigate each acre was explicitly 

reduced to a cost-benefit analysis (CBA) 
in which the benefits-costs ratio of 
irrigated agricultural development 
determines the extent of Indian water 
rights. 

This is not fair for several reasons. First, 
there is a real risk of obtaining no water 
with the current PIA requirement of 
showing a benefit-cost ratio greater than 
one for large-scale agricuJtural projects 
because a particular reservation may or 
may not be susceptible to irrigated 
agriculture. Indian tribes, in an attempt 
to quantify their water rights, are forced 
to propose irrigated agricultural projects 
that have a benefits-costs ratio greater 
than one under circumstances that render 
irrigated agriculture mostly infeasible. 
PIA leaves no room for error; it is an all 
or nothing proposition. In Wyoming v. 
United States, the Shoshone and Bannock 
Tribes of the Wind ·River Reservation 
award of 500, 717 acre-feet per year was 
upheld as a result of the tn'be's CBA but 
in Martinez v. Lewis, the Mescalero 
Apache Tribe of the Mescalero Apache 
Indian Reservation rejection of water was 
upheld due to the tribe's flawed CBA 
The court pointed out several errors in the 
calculations of costs and benefits. It 
characterized projected crop yields on the 
reservation, for example, as appearing "to 
border on the fantastic" (248). "Thus, 
while the standard holds out hope for 
huge water awards which could be a 
source of great wealth as in Wyoming v. 
United States, the all or nothing nature of 
the benefit/cost analysis also carries with 
it the possibility of the Mescalero result" 
(Franks 1991, 563). 

A quantification procedure that may 
result in no water ignores and contradicts 
treaty commitments made between Indian 
tribes and the United States. The 1908 

2000 Volume XVI 33 



International Center tor Arid and Semiarid Land Studies 

Umted States Supreme Court's Wmters 
decision clearly states that water for 
Indian tribes was implicitly reserved at 
the time a reservation was created. 
Indian tribes· living on reservations, 
therefore, have a right to "wet" water 
without which survival on the desert 
lands would not be possible. The PIA 
standard was established for this purpose 
but its implementation through CBA 
presents ambivalent outcomes and calls 
in question its viability. 

A second reason why the implementation 
of PIA through CBA is not fair is the 
passing of time and the consequent 
introduction of a different set of 
standards to determine the outcome of a 
PIA cost-benefit analysis when compared 
to · non-Indian cost-benefit analysis for 
irrigation projects. Fairness demands that 
proposed Indian projects receive the same 
treatment. The court's interpretation of 
economic feasibility as a benefit-cost 
ratio greater than. one does not address 
changing planning standards over time 
and between various projects. 

To correct this flaw some have suggested 
a standardization of planning standards 
by using the federal guidelines and 
principles for water projects (see 
Brookshire, Merrill, and Watts 1983, 
760; Franks 1991, 562). These 
guidelines, however, change over time, 
making it more difficult to show a 
benefit/cost ratio greater than one. 
Burness et al. (1983a) point out that pre-
19.73 (mostly non-Indian) irrigation 
projects used benefit-cost measures twice 
as favorable as post-1973 (mostly Indian) 
irrigation projects (301). 

The court's intention to fulfill present and 
future needs of Indian tribes with PIA has 
resulted in various suggested discount 

rates. Brookshire, Merrill, and Watts 
(1983) argue that future needs of Indians 
should be weighted differently from 
current needs and suggest that the court 
determines the appropriate discount rate 
from a range of positive real discount 
rates that includes the rate used by non. 
Indian federally funded w.ater projects 
and the real rates of return experienced in 
the private sector. Burness et al. (1983a), 
on the other hand, suggest a zero or low 
real discount rate because "future• 
implies several future generations· thus 
appealing to the intergenerational equity 
position (303). Taking into account an 
old Indian practice of considering the 
consequences of current decisions on the 
seventh · generation, a zero or low 
discount rate seems an appropriate 
interpretation of the future. 

The court's intent to establish an 
objective method of implementing PIA 
through the economic tool of a CBA has 
been frustrated. CBA focuses on 
efficiency but economists . disagree . how 
to account for costs and benefits. The 
influence of equity issues on CBA are 
discussed in the economic literature but 
in reality the courts "must eventually 
make the ethical judgements" (Burness et 
al. 1983b, 1028). One observer 
concludes that the notion that ''benefit
cost analysis is unambiguous in its 
application demonstrates a . . . myth" 
(Moore 1989, 781). The court looked to 
economics for an objective 
implementation of PIA but is left to judge 
for itself the applicability and plausibility . 
of economic theory (Getches et al. 1993, 
820). 

Relying on CBA to implement the PIA 
standard presents an additional 
manifestation of discrimination against 
Indian tribes expressed in the fonn of 
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different planning standards. It als<> 
introduces another major problem: 
CBA' s reliance on monetary 
reductionism, that is the ability to reduce 
all aspects and information to a common 
value, which tends to under-value or 
ignore Indian cultural values (Moore 
1989, 780). Considering the continuing 
efforts to improve contingent valuation, 
hedonic pricing, and travel-cost method 
techniques to value cultural and 
environmental impacts, the lack of real 
progress is astounding (see, for example, 
Diamond and Hausman 1994; Portney 
1994). In the case of the quantification of 
Indian water rights, no meaningful 
proposals to improve the procedures have 
followed the effort to reduce the 
complexity of the problem to a single 
dimension of money. 

WHY PIA? 

PIA is relatively easy to use. Economists 
gather information on proposed irrigation 
projects, reduce it to a common 
denominator of money expressed in 
present value, and determine feasibility 
by looking at the benefit-cost ratio. 
AccOrding to one economist experienced 
in performing PIA analysis, this process 
often takes place without the participation 
of Indian tribes and results in 
communication failures between the 
different cultures because non-Indians 
stress monetary issues and Indians 
emphasize cultural and sovereignty issues 
(Bass 1995). 

During the first fifteen years of validating 
tribal · water claims, tribes and non
Indians seemed eager and willing to 
resolve the conflict but few initiatives 
have taken place in the past five years. 
TIµs new trend is a result, according to 
the BIA's Kathy Wilson (1997), of a 

change in the non-Indian's perceived 
threat of losing water to Indian tribes. 
Since the Supreme Court's last review of 
PIA in 1988 (Big Hom I) in which the 
court barely upheld the PIA standard by a 
4-4 vote, non-Indians feel that future 
litigation may overturn PIA. Non-Indian 
water users recognize the important role 
of PIA in settlement negotiations. PIA 
sets the limits and determines the strength 
of Indian water claims. Non-Indians 
have lost the incentive to resolve the 
conflict in a timely manner and prefer the 
status quo because they ,gain when the 
conflicts linger: In the status quo, full 
economic benefit of Indian water 
continues to accrue to non-Indians. 

One cannot underestimate the importance 
of the PIA standard to Indian tribes. 
Despite its racist and outdated 
foundations, PIA gave tribes a means to 
validate "paper" water rights. PIA, in 
addition, holds the promise to tribes, who 
are in desperate need of additional funds 
for cultural and economic development, 
of large water awards that may alleviate 
some reservation poverty and suffering. 
One BIA official expressed it this way: 
''PIA is in its very nature discriminatory 
because non-Indians are not held to it but 
there is a general reluctance to abandon 
PIA due to potential large awards of 
water to tribes and because of the lack of 
an alternative standard" (Mooney 1997). 
Taking away the PIA standard appears to 
tribes as taking away Indian water claims 
and the hope for a better future. One 
Indian BIA official reflected this view by 
stating emphatically "PIA is the law and 
that is all we are interested in" (LaBatte 
1997). 
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CONCLUSION 

Any attempt to develop an alternative 
quantification method without the 
security of PIA, which took over half a 
century to be put in place, is viewed with 
distrust. Fear, distrust, and uncertainty 
are powerful emotions that currently 
permeate the Indian and non-Indian 
approach to resolving the conflict. A 
superior approach would silence these 
fears with the guarantees of long-term 
existence of Indian and non-Indian 
cultures, . self-determination, and 
economic development. The reality is 
that the quantification of Indian water is 
political in nature and a very sensitive 
issue with the tribes. The current status 
quo, which recognizes the weaknesses of 
the PIA, is still preferred to what is 
perceived as a radical shift to some 
alternative. 

In the mean time, the reluctance to 
resolve the Indian water conflict by 
quantifying water rights reserved in the 
Wmters doctrine with some alternative 
method that addresses the real needs of 
contemporary Indian tribes prolongs 
racist views and supports the taking of a 
tribal resource without compensation. 
Federal Indian water policy is closely 
following the path of other federal Indian 
policies; it is responsive to non-Indian 
economic needs and justified by non
Indian attitudes. As it stands, the Indian 
water conflict in the 21st century 
represents a new battle but, in the end, is 
the same old song. 
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THE DUST BOWL EXPERIENCE IN ARKANSAS 

Charles R. Britton1
, DavidE.R. Gay2, andRichardK. Ford' 

ABSTRACT: The Dust Bowl of the 1930's 
was particularly harsh in the five southem 
plains. states of Arkansas, Missouri, New 
Merico, Oklahoma, and Texas. The 
psychological impact of the Dust Bowl was 
widely felt by families whose lives were 
forever changed by the Dust Bowl and the 
Great Depression of the 1930's. Its impact 
was powerfully described in John Steinbeck's 
novel The Grapes of Wrath. " 

'!1lis paper analyzes the impact of the Dust 
Bowl upon one of the southem plains states: 
Arkansas. Using economic data and archival 
records from the 1930's, the authors explain 
aNl evaluate the impact of the Dust Bowl and 
Great Depression upon the Arkansas 
economy. Among the factors included in our 
analysis are the out-migration of population 
(the 6Arkie "exodus), the influence of drought 
upon the agricultural economy, and linkages 
to the Industrial sector. Effects upon income 
aNl employment will also be examined 

INTRODUCTION: THE U.S. ECONOMY 

The 1920's and the 1930's were two very 
different decades from an economic 
perspective. The l 920's experienced a classic 
'Schwnpeterian Innovation Wave." In 1921, 
the Index of Manufacturing Production stood · 
at its base of 100 and by 1929 it had reached 
188. Labor productivity in manufacturing rose 
S.6 percent per year. Schumpeter (1946) 
called .this period "-unparalleled development 

in industrial efficiency.• He listed four major 
innovations in manufacturing: 1) adaptation of 
electricity to the production process, 2) 
introduction of assembly-line (division oflabor 
and specialization) and mass production 
techniques to most major industries, 3) 
application of science to production, 
particularly the chemical industry (rayon) and 
oil refineries (gasoline) and 4) expansion of 
Taylor's scientific management theories in 
production. 

Automobile ownership went from 26 percent 
of households in 1920, to 60 percent by 1930. 
The extension of electricity into households 
went from 3 5 percent to 68 percent during the 
decade (Lebergott, 1984). This was 
associated with a tremendous demand for 
electrical appliances (washing machines, 
radios, toasters, etc.) 

As can be seen in Table 1, the U.S. economy 
suffered three business cycles during the 
1920's. The first bu.siness cycle started with a 
peak in January 1920. There followed a 
recession lasting 18 months to July, 1921 then 
came an expansion of 22 months. The next 
peak was May of 1923, followed by another 
contraction of 14 months as industrial 
production fell 16.3%. GNP went down 2.3 
percent but personal income actually increased 
0.1 percent. The following expansion lasted 
27 months (almost twice as long as the 

1
University of Arkansas, Fayetteville, Arkansas 72701 

2
University of Arkansas, Fayetteville, Arkansas 72701 

· 
3
University of Arkansas, Little Rock, Arkansas 72211 
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-
TABLEl 

-Duration ofBuslne11 Cycles - U.S. 

Business Cycle Duration of Percentage Change from Peak to Troap 
-

Trough Peak E:1pansion Contraction lndultrial Gro11 Penou1 
(months) (months) Production National lneoae 

March 1919 

January 1920 10 

July 1921 18 

May 1923 22 

July 1924 14 

October 1926 27 

November 13 
1927 

August 1929 21 

March 1933 43 

May 1937 50 

June 1938 l3 

February 80 
1945 

contraction). The third cycle of the twenties 
began with a peak in October 1926 and had a 
contraction which lasted 13 months as 
industrial production declined 5. 7 percent but 
both GNP and personal income went up 0.3 
and 0. 8 respectively. The expansion following 
this recession started in November, 1927 and 
lasted 21 months until it's peak in August 1929 
at which time the "bottom fell out of the 
economy" and we entered into "The Great 
Depression" of the 1930's. The stock market 
did not "crash" until October 29, 1929. As 
Table 1 indicates the contraction lasted 43 
months and saw industrial production fall 50.1 
percent while both GNP and personal income 
dropped 49.5 and 49.8 percent respectively. 

Product 

-29.0 - -

-16.3 -2.3 -+0.1 

-5.7 -l-0.3 -+0.8 

-50.1 -49.5 -49.8 

-31.5 -11.9 -11.2 

Unemployment went to 25 percent ofthelab« 
force and one third of the banks failed. The 
authors of this paper (all economists) 
specifically focus on the impact of IM 
depression on the economy of ArkansaS with 
an emphasis on agriculture. 

INTRODUCTION: THE ARKANSAS 
ECONOMY 

Agriculture in Arkansas flourished during 
WWI, as did the entire U.S. agriculture~· 
in general. European production fell m: 
the war which increased demand for 
exports from. the U.S. ArkansaS ~ 
reacted to these conditions and exp8lkl 
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outpUt based upon credit during WWI and the 
early 1920s. Unfortunately "the roaring 
twenties• were not so roaring 11down on the 
flniL • Agricultural exports from the U.S. fell 
from $3.68 billion in 1920 to 1.90 billion in 
1922. Fann productivity increased 26% 
during the 1920's (primarily due to 
mecJianiution). Raw cotton wholesale prices 
went from 0.339 (dollars per unit) in 1920 to 
0.212 in 1922 to 0.191 in 1929 to 0.064 in 
1932, and ended up at 0.104 in 1940. Even 
v.ith increased productivity, with the price 
declines the farm sector was not able to make 
the debt payments which in tum led to bank 
failures and bankruptcies of supporting 
industries. 

U.S. Census data for the population in 
Albnsas allows for some interesting 
oomparisons during this period. The total 
remdent population grew during the 1920-40 
time periods for both urban and rural dwellers. 
The intercensal migration is much more 
revealing of the actual situation in Arkansas. 
There was a net outmigration of 191,300 
(aln\ost 11 percent of the population) for the 
depression decade of the 1920s. The trend 
continued into the next decade with an out
migration of another 128,800 people (almost 7 
prrcem). They were obviously leaving the 
fBrms as rural population grew +o. 7 percent 
ftom 1920-30 compared to urban population 
which grew 32.1 percent. Falling farm prices 
am increased production from mechanization 
~ng with deceased exports, were already 
Dllpacting Arkansas agriculture before the 
1930's. Gainful workers increased during the 
1920s but fell during the 1930. Agriculture in 
Aikansas was not •the place to be" during the 
1920s. 

httiestingly At-kansas entered the dust bowl 
atofthe 1930s from a water surplus position. 
~'the Great Flood• of 1927 the Mississippi, 

Arkansas, and many other state rivers 

overflowed their banks such that more than 
4,000,000 acres ofland in eastern and central 
Arkansas were inundated (12 percent of the 
land area). The Palmer Drought Severity 
Index (PDSI) for 1927 for the July to 
September period was +4.38. This value was 
only exceeded once in the 110 year history of 
PDSI records for Arkansas (Note: the meari 
value should be 0. 0 and the 95th percentile is 
+3.59 and the 5th percentile is -3.05). 

ARKANSAS AGRICULTURE IN THE 
1930'S 

"The value of the cotton crop is the most 
important factor determining business activity 
in Arkansas." (Arkansas Business Bulletin, 
1935) 

Table 2 presents the values of selected 
agricultural variables for the decade of the 
1930's. The first column gives the values for 
the Palmer Drought Severity Index - PDSI for 
the three major crop planting months (April, 
May and June) as well as a crop development 
(July, August, and September). As can be 
seen from the data: "it stopped raining and the 
crops just up and died. n (The American 
Experience). As the negative figures indicate 
agriculture in Arkansas began a major drought 
cycle in late 1929 that worsened into 1931. 
The importance of this drought was 
commented upon in the Arkansas Business 
Bulletin: 

"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 1927 had not been entirely 
cleared away when deflation and drought in 
1930 necessitated a fresh wave of borrowing.• 
(1932). 
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Obviously Arkansas agriculture needed relief 
from the major drought conditions. But, as 
the data reveal, the drought was just beginning 
to create the 11dust bowl" era. The drought 
worsened through 1933, 1934, 1935 to hit its 
zenith in 1936 where the PDSI it greatly 
exceeded the fifth percentile for negative 
values. 

Did this drought cause the major problems for 
agriculture in particular and the economy in 
general that economists would predict? Yes, it 
did. 

IMPACTS ON ARKANSAS 
AGRICULTURE FROM THE DUST 
BOWL YEARS 

As the data in Table 2 further indicate: 

1) gross salaries and wages in agriculture 
declined by more than half (58.7 
percent) from 1930 to 1933 and then 
stayed low 

2) net income to agricultural proprietors 
fell from $150.2 million in 1929 to a 
low of $32.8 million in 1931 (forced 
sales and bankruptcies rose from 19.5 
per 1000 farms in 1929 to a high value 

. of 54.1 in 1933) 
3) cash income from crops and livestock 

went from highs in 1929 of $160.4 
million (crops) and $33.9 million 
(livestock) to lows in 1933 of $6.1.6 
million and $16.9 million respectively 

4) index of farm prices (base 1935-
39=100) went from 162.4 in 1929 to 
55.4 in 1932 

5) average weekly farm wage decline 
from$8.05 per week in 1929to$3.75 
per week by 1933 and 

6) income tax collections accruing to the 
state government declined from 
$860,000 in 1929 to $150,000 in 1931 
and $160,000 in 1933. 

Not included in the data of Table 2, but 
available from historical statistics: the index of 
deposits of countries banks in Arkansas went 
from 102 in 1929 to a low of53in1933. The 
Arkansas Business Bulletin dated November 
15, 1932 during the depths of the drought 
commented on the agricultural situation: 

11The rural people of the state can always 
obtain the necessities of life - barring 
disastrous weather conditions - and by 
contrast, for the time being, are in a vastly 
su~rior position than the army of unemployed 
industrial workers .... 

CONCLUSIONS 

The authors of this paper contend that 
agriculture in Arkansas not only suffered the 
general depression of the 1930s but in addition 
suffered from "disastrous weather conditions• 
of the "Dust Bowl." 

Interesting solutions come quickly to mind: 1.) 
the AAA of the Federal government did not 
solve the problem; 2) the state government 
·could not solve the problem (note the 
declining tax receipts); 3) prayers for rain and 
weather modification didn't seem to work; 
while 4) packing up the family and belongings 
and joining the exodus to the "promised land 
of California" a la The Grapes of Wrath 
seemed .a popular solution. One state 
economic geographer stated that by 1960 
"basically one-fourth of the Arkansas 
population lived in California." (Venus, 1976) 
Yes, life was better for Arkansas farmers but 
they were living in California. 
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TABLE2 

Selected Agriculture Variables 1929-1940 

PDSI Gross Net Income Cash Income Cash Income Index of Ave 
Salaries & Agricultural Crops Livestock Farm Cash Weekly 

April- July- Wages Proprietors (1 ,000,000s) (1,000,000's) Prices Farm 
June Sept (Agriculture) ( 1,000,000's) $'s $'s (1935- Wage 

(1,000,000's) $'s 39=100) $'s 
$'s 

.18 -.92 15.0 150.2 160.4 33.9 162.4 8.05 

-.55 -2.57 20.1 38.8 77.8 26.8 116.6 7.65 

-2.42 .47 14.5 32.8 64.2 16.1 75.3 5.25 

-1.11 -1.10 9.3 43.l 64.0 14.0 55.4 4.05 

-.17 .53 8.3 67.6 61.6 16.9 71.2 3.75 

-1.39 -2.59 13.9 53.1 98.1 21.1 102.8 4.40 

-1.34 -1.04 14.9 76.7 79.6 30.3 111.1 4.50 

-3.51 4.16 13.7 105.8 112.4 32.6 113.1 4.80 

-.91 .34 13.7 110.7 109.1 41.1 106.8 5.31 

.01 -.55 11.2 100.7 97.3 38.6 84.2 5.25 

1.96 -.63 16.5 121.4 96.2 41.1 85.9 5.19 

.45 .66 19.1 121.1 97.0 41.2 92.5 5.19 

*PDSI =Palmer Drought Severity Index (July, August, September Average) 
Source: U .S . Department of Commerce, 1949, Historical Statistics of the United States, Washington, D .C. 
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POPULATION GROWTH AND THE TRANSPORTATION LINK: LARGE 
CITY COMPARISONS BE1WEEN THE HUMID EAST AND THE ARID 

WEST 

Peter M Piet* and Richard P. Greene** 

ABSTRACT: The study examines the 
extent to which transportation corridors 
explain the magnitude, direction, and 
shape of population growth within 
metropolitan regions. The authors 
compiled census tract data for the Los 
Angeles · and Chicago metropolitan 
regions for four decennial censuses 
(1960 to 1990). The paper first 
introduces the methodology used to map 
population change in light of tract 
boundary changes that occu"ed over 
this thirty-year period. A geographic 
information system was developed to 
analyze the interaction between 
transportation co"idors and population 
growth. Density gradient changes along 
selected transportation co"idors within 
each metro region examine bias in 
growth toward areas of improved 
access. 

KEYWORDS: Urban expansion, 
transportation routes, census tract 
comparability. 

INTRODUCTION 

The spatial expanse of American cities 
has consistently grown over time. A 
number of factors have influenced this 
growth, with advances in transportation 
technology and the development of 

*City ofElmhurst, Elmhurst, IL 60126 

** Department of Geography, Northern 
Illinois University, DeKalb, IL 60115 

suburban employment centers being 
perhaps the most influential. When · 
discussing urban expansion, the 
argument is frequently raised that the 
expansion of the transportation network 
is a prime factor in facilitating this 
growth. 

In this paper we used census tract 
population data for the period from 1960 
to 1990 to investigate population growth 
in both the Chicago and Los Angeles 
metropolitan areas. This period saw 
rapid expansion of the urbanized area as 
well as a shift in the major mode of 
urban transportation away from mass 
transit to automobiles. The percentage 
of the population living within an easily 
accessible distance of the major 
transportation routes is compared for 
each census period. Because census 
tract boundary changed over time, a 
methodology was developed to relate 
earlier census population figures to 
current census tracts. 

BACKGROUND 

As American cities have evolved over 
time, the classic urban models have 
modified to reflect these changes. The 
concentric zone model (Burgess and 
Park, 1925} postulated a series of zones 
surrounding the central business district 
(CBD). The residential zones were 
arranged such that those with higher 
incomes, and presumably greater access 
to transportation, were able to live at 
greater distances from the CBD. The 
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sector model (Hoyt, 1939) altered the 
previous model with the realization that 
there were often discrepancies in the 
growth pattern across an urban area. 
These sectors of higher growth were 
often aligned along transportation routes. 
At the time of this study {1939) the 
transportation routes were usually the 
commuter rail and streetcar networks. · 
Recognizing that cities rarely had a 
monolithic concentration of employment 
and retail activity in the CBD, the 
multiple nuclei model (Harris and 
Ullman, 1945) allowed for the 
development of specialized centers 
throughout the urban region and the 
effects these had on population growth. 
The Edge City model (Garreau, 1991) 
expanded on this model by concentrating 
on the development of suburban job 
centers in the latter part of the twentieth 
century. By definition edge cities are 
usually located at the intersection of 
major transportation routes. 

In studying the pattern of population 
growth within a metropolitan area, it' s 
desirous to subdivide the region into 
small units. Because of the availability 
of detailed data, the census tract is the 
most commonly used small unit of 
measurement. Census tracts were first 
defined for the 1910 Census (US Census 
Bureau, 1994). Initially defined for 
eight large cities, the area covered by 
tracts was expanded over subsequent 
censuses, first to other urban centers and 
their suburban peripheries and finally, 
with the 1990 census, to the entire 
country. The Census Bureau' s goal is 
that each tract contain between 2000 and 
8000 persons. To achieve this goal, 
tracts have been subdivided and 
recombined as necessary. This has been 

· most evident in the rapidly growing 
suburban areas. 

Earlier studies (Howenstine, 1993) chose 
to aggregate current tracts to the larger 
earlier tract boundaries. Given the 
explosive growth of the suburban areas 
in the second half of the twentieth 
century, the authors of this study felt that 
this method wouldn't allow the detail of 
the growth patterns to be seen. Instead, 
a method was devised to utilize the tract 
comparability tables furnished for each 
census by the Census Bureau to trace 
back the parents of the current tracts. 
Once this was known, it was possible to 
assign a proportion of the population of 
the earlier tracts to the current tracts. 

DATA 

Tract population data were obtained 
from the U.S. Census Bureau's 
published tables for the 1940 through 
1990 censuses. The data were collected 
for the currently defined Consolidated 
Metropolitan Statistical Areas (CMSA) 
for Chicago and Los Angeles. For 1990, 
figures were available for the entire 13 
county Chicago CMSA and the 5 county 
Los Angeles CMSA Prior to this only 
portions of these regions were assigned 
to census tracts. The limited spatial 
extent of the area tracted for the 1940 
and 1950 censuses precluded including 
these periods in the analysis. 

The 1990 tract boundaries were obtained 
in a digital format and utilized in a 
geographic information system (GIS). 
Similarly, limited access highway and, 
for the Chicago region, commuter rail 
systems were obtained digitally. The 
Chicago rail system was studied because 
of its stability over the study period and 
it' s early influence on the suburban 
settlement pattern. In order to study the 
effects of the existing limited access 
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highway . network on decennial 
population changes, the dates of 
construction for each major segment 
were determined using Rand McNally 
Road Atlases. 

MEmODOLOGY 

In studying population density change 
over time, it's necessary to maintain 
stable geographic units of study. The 
1990 census tracts provided the best 
detail, so a method was devised to 
proportionately assign earlier census 
populations to the current tracts. This 
was accomplished by using the tract 
comparability tables the Census Bureau 
provides for each census to construct a 
spreadsheet that related the current tracts 
to their parent tracts. Where possible the 
relationships were traced back to the 
1940 census. 

Building The Database 

Use Comparability Tables To 
· Determine Parent Tracts 

For Each Census, 
Determine Number Of Occurrences 

Of Each Tract 

For Each Row In Database, 
·Calculate It's Share Of Tract Population 

Share = Tract Population/Occurrences 

For Each 1990 Tract, 
Sum Shares 

Figure 1. 

Figure 1 illustrates the process used to 
build the database. For the 1990 census, 
the Chicago metropolitan area consisted 
of 1,964 tracts, with the Los Angeles 
metropolitan area divided into 2,588 
tracts. Utilizing the comparability 
tables, the spreadsheet was built 
backwards to incorporate the 1980 
census. Where there was a one-to-one 
relationship between the tracts for the 
two censuses, the corresponding 1980 
tract number was entered for each 1990 
tract. Where a 1990 tract consisted of 
parts of multiple 1980 tracts, additional 
rows were added to the spreadsheet to 
allow the relationship· to be expressed. 
This process was repeated for each 
census in the study period, ultimately 
resulting in a spreadsheet that contained 
3,018 rows for Chicago and 5,360 rows 
for Los Angeles. 

Tables. 1 and 2 illustrate the results of 
this process for two tracts within the city 
of Chicago. The boundaries of tract 101 
haven't changed since 1940 although the 
tract was renumbered in 1960. The area 
encompassed by the current tract 1005, 
however, has been included within a 
number of different tracts over time. 
This resulted in the current tract 
appearing 10 times in the spreadsheet. 

Once the spreadsheet was filled in, the 
population allocated to the current tracts 
was calculated for each census. First the 
number of occurrences of each tract 
were determined for each census. The 
tract population was divided by the 
occurrences, giving a share of the 
population per each occurrence. Finally, 
the shares were summed for each 1990 
tract. In the example of tract 1005 
illustrated in Table 2, the 10 entries for 
the 1960 census contained 8 occurrences 
of tract 142-Z and 2 ofNPT-85. These 
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Census 1990 I 1980 I 1970 I 1960 I 1950 1940 I 
Tract ID 101 1101 1101 I 0008 18 8 l 

Table 1. Spreadsheet Entries for Chicago Tract 101. 

1990-1980 1980-1970 1970-1960 1960-1950 1950-1940 
1005=> 1005 1005=> 1005 1005=> 142-Z(pt) 142-Z => 142 141 => 141 

7603(pt) NPT-85(pt) 141(pt) 
143(pt) 142 => 142 

7603=> 142-Z(pt) CC-6(pt) 
NPT-85(pt) 143 => 143 

NPT-85=> CC-6(pt) 

CC-6=> not 
tracted 

Year 1990 1980 1970 1960 1950 1940 
Tract ID 1005 1005 1005 142-Z 141 141 

1005 1005 1005 142-Z 142 142 
1005 1005 1005 142-Z 143 143 
1005 1005 1005 142-Z CC-6 -
1005 1005 1005 NPT-85 CC-6 -
1005 1005 7603 142-Z 141 141 
1005 1005 7603 142-Z 142 142 
1005 1005 7603 142-Z 143 142 
1005 1005 7603 142-Z CC-6 -
1005 1005 7603 NPT-85 CC-6 -

Table 2. Comparability Tables and Spreadsheet Entries for Chicago Tract 1005. 

two tracts appear a total of 16 and 4 
times respectively in the spreadsheet, 
thus half of the 1960 population of each 
tract was assigned to tract 1005. 

To study the effects of the transportation 
networks, buffers were created around 
the network to approximate a distance of 
easy access to the system. For the 
commuter rails it was decided that a 
buffer zone extending one mile either 
side of the rail line represented a 
reasonable distance for the commuter to 

walk or be dropped off at the station. In 
the case of the limited access highways, 
a three mile buffer distance was used to 
allow for the greater mobility afforded 
by the automobile. 

Overlaying the transportation buffers 
onto the tracts allowed the authors to 
determine the percentage of the 
population falling within the buffers for 
a given year. 

RESULTS 
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Figure 2. Chicago Population Density 
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The growth of the Chicago metropolitan 
area is shown in Figure 2. Initially tke 
suburban population shows a strong 
sector orientation. Over time the 
population disperses, filling in the areas 
between the transportation routes. The 
growth pattern in Los Angeles is similar 
(Figure 3), but the terrain of Southern 
California constrains the dispersion. 

Analysis of Chicago' s growth pattern 
along the commuter rail lines supports 
the pattern seen in Figure 2. 
Investigating the percentage of the 
suburban population living within 1 mile 
of.the commuter railroads,. we can see a 
steady decline over time (Figure 4). 

-........................................................................... , 
Ml--~~~~~~~~~-'j 
Ml--~~__;_~~~~~~-i 

Ml--~~~~~~~~~-i 

Ml--~~~~~~~~~-i .. 
.... .. .. 
!ft ... , .. 

Figure 4. 

, .. 
This result was expected as the 
automobile became a .more important 
transportation option, aiding in the 
dispersion of the population. This time 
period also saw great increases in 
suburban employment. This served to 
decrease the importance of the 
commuter railroads which were 
constructed to connect downtown 
businesses with suburban employees. 

In both Chicago and Los Angeles the 
changes in the percentage of people 
living within 3 miles of a limited access 
highway displays a similar pattern 
(Figure 5). In both cases the percentage 
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Figure 5. 

shows a sharp increase from 1960 to 
1970. After this rise the percentage 
remains fairly steady, declining slightly 
over time. This would appear to support 
the commonly held idea that highway 
construction will fuel a growth in 
population as people utilize the easier 
access to relocate farther from their 
place of employment. However, if we 
look over time at the percentage of the 
suburban population residing within 3 
miles of the built-out (1990) highway 

. system, a different story begins to 
emerge. As illustrated in Figure 6, the 
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Figure 6. 

share of the population living within this 
corridor is highest in 1960 and shows a 
steady subsequent decline. This would 
appear to indicate that the highways 
were built to service an existing 
population rather than simply serving as 
the conduit for growth. The story is 
identical for Chicago and Los Angeles, 
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with Los Angeles exhibiting a 
consistently higher percentage, quite 
likely due to the constraints the 
landscape imposes on growth. 

CONCLUSIONS 

This paper investigated the influence of 
the transportation network on the spatial 
growth patterns of Chicago and Los 
Angeles. A comparison of the growth 
patterns revealed no significant 
differences between cities chosen to 
represent the Humid East and Arid West. 
The importance of the transportation 
network decreased over time as 
increased use of the automobile and the 
development of suburban employment 
centers led to a dispersal of the 
population away from a transportation 
system initially built to serve the central 
city of the metropolitan area. Los 
Angeles displayed a stronger 
relationship between population and 
transportation than did Chicago, largely 
due to the constraints the region's 
topography imposed on development. 

As the 2000 census data becomes 
available, it will be interesting to see if 
the growth patterns observed for the 
1960 to 1990 period continue. 
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FARMLAND CONVERSION 
AND. 

THE SUSTAINABILITY OF ARID REGION AGRICULTURE 

Wilmer M Harper* 

ABSTRACT: The conversion of prime 
agricultural land to urban and other 
nonagricultural uses may lead to changes 
that ultimately limit the sustainability of 
agriculture in arid areas. Much of the 
conversion taking place in New Mexico is 
driven by increases in population. New 
residents may be attracted to the area by its 
rural setting, but their arrival may in reality 
alter the very environment that made the 
area attractive. As population increases 
agricultural practices may be incompatible 
with the tastes and preferences of the new 
residents. The article reviews issues that 
arise for agriculture as population increases 
and program types that are available to 
preserve agricultural land and open spaces. 
Individual attitudes toward agriculture and 
the regulation of land conversion and 
development are reported for a sample 
population in Southern New Mexico. 

KEY -WORDS: Land conversion, quality
of-life, regulation, agricultural urban 
interaction. 

INTRODUCTION 

The existing rural, agricultural ambiance is 
often enumerated as a strong drawing point 

*Department of Agricultural Economics and 
Agricultural Business, New Mexico State 
University, Las Cruces, NM 88003 

• This research is supported by the 
Agricultural Experiment Station, New 
Mexico State University, Las Cruces, NM 
88003. 

for individuals moving to areas in the 
western United States. Advertising by public 
and private community entities uses 
agricultural images in an effort to attract 
visitors, new residents, and new business. 
The question arises as to whether or not the 
same factors that attract people to the area 
may be destroyed or altered by the new 
anivals thus altering forever the character of 
the region, as well as the position of 
agriculture in the economy. 

Farmland conversion and the sustainability of 
agriculture in arid areas are inexorably linked 
to the issues of development and these issues 
arouse feelings and positions that often are 
held with passion. Much of the passion is 
associated with the concept of the 
restructuring or taking of rights. Group 
demarcations cannot be easily drawn along 
demographic lines. Some of the agricultural 
community are staunch defenders of the right 
to sell and develop while others wish to 
preserve and maintain agriculture, and some 
of the urban community advocate the 
maintenance of agriculture and open space 
while others want an unfettered right to build 
and develop. Regardless of individual 
positions on development, a growing urban 
population and the accompanying pressures 
to convert additional farmland to urban use 
mandate an understanding of certain issues. 
This article looks at five issues related to the 
sustainability of agriculture in arid regions. 
The issues are applicable to all. regions; 
however, the fragile nature and relatively 
limited quantity of prime farmland in arid 
areas exacerbates the problems. The issues 
are attitudes toward agriculture and open 
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space; an expanding agriculture-urban 
interface and its consequences; classes of 
programs used · in the U.S. to regulate 
development and/or protect agriculture; 
proposed options for dealing with the 
conflicts that arise in areas that are 
experiencing accelerated agricultural land 
conversion; and the experience of other 
countries in the management of growth in 
agricultural areas. 

WHERE WEARE 

Examples abound throughout the U.S. of 
areas in which local agricultural communities 
feel that they are under attack from all sides 
as the forward march of economic 
development converts agricultural land and 
resources to nonagricultural uses. The 
American Farmland Trust lists 10 U.S. fann 
regions threatened by development. These 
regions cover the entire U.S. and range from 
the Central Valley of California to parts of 
New England, and areas in the Southern 
Atlantic States. A recent cover story article 
in USA Today presents the case of 
California's Central Valley (USA Today). 
The article reports that from 1988 to 1998 
52,825 acres of some of the most productive 
farmland in the U.S. have been taken out of 
agricultural production by the urbanization 
and development process; however, as the 
article explains it is difficult to resist 
conversion when developers are willing to 
pay $30,000 per acre. A recent Associated 
Press article titled "Great American West 
faces suburbanization,, details the changes 
that have occurred in Colorado with an 
emphasis on Montrose. The article is 
punctuated with a picture of cattle being 
herded along a highway a8 strings of cars 
pass by (Sun News). 

New Mexico's rural, agricultural ambiance is 
a strong drawing point for individuals 

moving to the state. Advertising by public 
and private community entities uses 
agricultural images in an effort to attract 
visitors, new residents, and new business. 
The question arises as to whether or not the 
same factors that attract people to the state 
may be destroyed or altered by the new 
arrivals thus altering forever the character of 
the region, as well as the position of 
agriculture in the state economy. 

New Mexico has not yet experienced an 
unmanageable shortage of land or water for 
new residents. However, the debate has 
begun concerning the environmental 
consequences of existing uses of natural · 
resources, particularly water. As new 
residents compete with agriculture for land 
and resources that were previously in 
agriculture, they bring into play changes that 
may significantly limit the sustainability of 
agriculture in the area. The arid nature of the 
region offers limited alternatives for 
agriculture. Infrastructure, water rights, and 
land types combine to restrict the transfer of 
agriculture from one area to another. AB a 
consequence, competition for prime fannland 
and water may remove agriculture from the 
long-term development of the area. Even 
where resource competition is not a limiting 
factor, new residents may find that 
agricultural practices result in environmental 
and esthetic conditions that are not 
acceptable: dust; smells; noise and heavy 
machinery; and chemical residues. If there is 
sufficient population to carry the vote in a 
referendum the new residents may, by 
ordnance or regulation, restrict or remove 
agriculture from the area. If enough land is 
removed from agriculture efficiency issues 
may cause the remaining agricultural 
community to atrophy. The addition of 
speculative development components to 
agricultural land prices may result in financial 
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pressures that drive agriculture from the 
area. 

Attitudes Toward Agriculture, 
Open Space, and Regulation 

The fact that rapid growth of population in 
the previously agricultural areas of the arid, 
Western U.S. is not neutral with respect to 
the resource allocation and environmental 
ambiance of the areas has long been an issue 
for these regions. The situation is best 
summed up by the statement, "People come 
here _for the things we all want. And by 
coming here they destroy the things they 
came for." (Sun News) 

To detennine how individuals in one area felt 
about agriculture and open space and the 
conversion process, participants in a survey 
of agricultural land conversion in Dona Ana 
County, New Mexico were asked about the 
importance of agriculture and rural open 
space in their quality-of-life (QOL) and their 
attitudes toward development and 
regulation. In the past decade New Mexico 
had a 17.3% increase in population (US 
Bureau of the Census). Counties where 
population centers are located have had even 
greater increases. Dona Ana County is 
ranked among the top 135 fast-growth 
counties, out of a total of nearly 3, 100 
countjes in the nation and was one of 3 7 
filst-growth counties in the Southwest for the 
1970-80 decade (Vesterby and Krupa, 
1993). To be categorized as fast-growth, a 
county must increase in population by more 
than 25,000 and the percentage increase 
must be at least 25% for the decade under 
consideration. Between 1980 and 1995 the 
county population increased 66 % (from 
96,340 to 159,591) and the city of Las 
Cruces grew 63 % from 45,086 to 73,493) 
(Bureau of Business and Economic 
Research). These changes are mirrored in 

other areas of the state with varying levels of 
increase. 

The Dona Ana County survey participants 
were divided into three subsets: valley 
residents (residenis in rural areas that were 
currently or previously in agriculture); mesa 
residents (residents in nonagricultural areas 
that were currently or previously open 
space); and in-town residents. Participants 
were questioned concerning their perceived 
QOL, attitudes toward the regulation of 
development in the area, and preferences for 
a regulating authority for development and 
land conversion. 

When asked if rural-open space and 
agriculture were important in their QOL 
(Ql), 86 % of those surveyed felt that rural
open space was important to their QOL 
(Table 1 ). When considered in subsets, the 
lowest percentage was for valley residents 
(83 % ). In the aggregate, the existence of 
agriculture in the county (Q2) was important 
in QOL for 74 % of participants. The QOL
importance of agriculture was lowest for in
town residents (68 %). 

Given the potential adverse impact of prime 
farmland conversion and development on the 
sustainability of agriculture in the area, 
participants were queried for their opinions 
related to development and the control of 
development. In the aggregate 85 % of the 
participants agreed that some areas should be 
reserved for agriculture (Q3) and 68 % 
agreed that some nonagricultural areas 
should be restricted from development (Q4). 
Valley residents (79%) were least supportive 
of reserved areas for agriculture; however, 
in-town residents were slightly lower in their 
support for restricting some nonagricultural 
areas from development. 
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When asked if they agreed with unrestricted 
development of areas outside the city and 
residential areas (Q5), 84 % of all 
respondents· disagreed with this concept. In
town residents ( 68 % ) had the lowest 
disagreement with unrestricted development. 
In the aggregate 73 % of the respondents 
disagreed with the statement that no one 
should regulate the conversion of land to 
urban. uses (Q6). The lowest disagreement 
with this concept was by Mesa Residents 
(64%). 

The Agriculture-Urban Interface 

A3 in· most of the agricultural areas of the 
arid, Western U.S., the rapid population 

· growth underway in New Mexico is fueled 
by urban growth, not an increase in the 
agricultural sector population. Before the 
current round of rapid population growth, 
residents of arid agricultural areas were 
principally individuals who had a primary or 
secondary relation8hip with agriculture and 
who tended to hold similar views concerning 
agriculture and agricultural practices. As 
population in these areas grows individuals 
who depend upon agriculture directly or 
indirectly become the minority. Urbanization 
of the previously agricultural areas mixes the 
new nonagricultural population with the 
agricultural production of the area. Although 
the new residents may have romantic views 
of agriculture, they may have little tolerance 
for off-site problems that they associate with 
agriculture. Aggravating activities are no 
longer isolated incidents; they become 
community problems and issues for action. 
In irreconcilable cases, legal action may 
result. 

Some level of dust is associated with most 
Phases of agricultural production; however, 
cultivation and harvest operations are 
Particularly bothersome. Agricultural 

operators tend to see the dust as part of the 
normal production process, but the new 
residents do not see dust as part of the 
idyllic, rural setting they purchased. These 
conditions are exacerbated in arid areas 
where low humidity contributes to the rapid 
drying of the surface areas. Sufficient 
community dissatisfaction with dust has the 
potential to result in regulatory restrictions 
that significantly constrain agricultural 
practices. Like dust, smells are air borne and 
result in increasing problems as the 
population of the area grows. Smells, some 
of which may be offensive, come with the 
agricultural process (processing and 
composting), wastes (manure or 
byproducts), or agricultural chemicals. Due 
to their very nature, smells are particularly 
difficult to control and may affect a large 
area. 

The heavy equipment used in agriculture 
creates both noise and traffic congestion 
problems. Noise associated with the 
operation of this equipment is not part of the 
agricultural scene as conceptualized by most 
nonagricultural residents. The movement of 
tractors, large trucks, harvest equipment, etc. 
when the nonagricultural population expects 
a quite, serene environment can result in 
unexpected and irreconcilable conflicts. 

Agricultural chemicals pose a problem from 
various perspectives. Some of the chemical 
issues are not population dependent. Perhaps 
the most widely known issue is 
contamination of surface and groundwater. 
Agricultural contamination may occur from 
fertilizers, pesticides, and wastes. Although 
all pose health problems for the agricultural 
and urban population alike, the likelihood of 
adverse events is increased and accelerated 
as the population of the area increases. There 
are, however, certain types of problems that 
become more problematic as population in 
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an area increases. First and obvious is 
chemical drift into residential areas during 
application. This is of increased concern with 
aerial applications and the probability of 
problems increases as population becomes 
increasingly interspersed with agriculture. As 
the urban population in the area increases, 
the issue of contact with toxic compounds 
goes beyond errors during application. 
Contact with chemicals can also occur with 
the drift of dust that has been contaminated 
with the chemicals. Individuals and animals 
may wander into areas that have been 
sprayed or contaminated with drift. In these 
cases contact with the chemicals can occur 
without any initial awareness of the contact. 

Farmland Preservation Programs 

Farmland preservation has been a recurring 
issue in the US for many years. In the 1960s 
and 70s primary concern focused on food 
supplies and the long-term ability of the US 
to produce adequate food supplies for its 
population. These concerns have been 
addressed and national food supply is no 
longer seen as an issue in the farmland 
preservation debate (Castle; Borrows and 
Troutt). Preservation concerns now focus 
more upon QOL and environmental 
amenities associated with the open, green 
space of agriculture and rural areas. 

A range of programs have been proposed 
and tried in the US to support the 
preservation of.farmland. However, zoning 
regulations or land use planning efforts 
which attempt to impact the conversion of 
prime agricultural land appear to be lax or 
weakly enforced and staunchly resisted by 
some interests. Regardless of the approach, 
the programs' objectives are to alter the 
outcome that is occurring under current 
economic and legal parameters. Farmland 
and open space preservation programs may 

rely upon incentives, control, or a 
combination of the two. Early programs 
relied primarily upon incentives; however 
the current trend is more toward control or ~ 
combination. Farmland preservation 
programs include tax incentives to keep land 
in agriculture (current-use assessment), 
agricultural zoning, preservation easements , 
and transfer of development rights. The 
underlying assumption for all of these 
programs is that the free market for 
agricultural land and open space fails to take 
full account of the value of the current and. 
continued use of the land in its existing. 
Using public policy, society interVenes in the 
market outcome to preserve an interest in 
prime farmland and other open space. 

Although one generally thinks of organized 
subdivisions in the competition for 
agricultural land, as population increases 
there is also an increase in low-density 
development. This phenomenon of more land 
per house produces a vague borderline 
between farms and rural residences. This 
"new'' category of land use erodes the 
political importance of the agricultural land 
category. 

The most common incentives offered to land 
owners are tax incentives or freedom from 
some type of regulation. The major type of 
tax incentive is preferential assessment based 

. upon current use (agriculture). Current-use 
assessment programs allow agricultural land 
to be taxed based upon its value in 
agricultural use rather than basing the tax 
rate upon its value when used for 
development. This provides a direct financial 
incentive for the landowner to keep the land 
in agricultural use thereby escaping the 
higher taxes associated with the potential 
development value of the land. In reality 
these programs are more likely to merely 
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forestall development rather than prevent 
land conversion. 

While incentive programs offer financial 
inducements to land owners to preserve their 
land in agriculture or open space, land use 
control programs emphasize legal 
mechanisms to restrict land use. Zoning is 
the most widely used and least restrictive of 
the control programs. Zoning attempts to 
preserve fannland and open spaces by 
regulating the conversion of the land to 
alternative uses. In reality zoning programs 
are only as strong as the resolve of the 
agencies or bodies charged with maintaining 
the regulations. When programs focused on 
rural areas stand in the way of land 
conversion, the programs are easily 
circumvented by the relative ease with which 
local areas can incorporate or annex new 
area thereby bringing the area under new 
regulations. As the agricultural population 
becomes a minority, the political 
sustainability of agriculture and supporting 
institutions becomes tentative. In issues of 
regulation, the urban majority will have the · 
political ability to impose its will upon 
agriculture with respect to the environment 
within which agricultural practices are 
conducted. 

Preservation easements and land trusts are a 
further step in the continuum of controlling 
the conversion of agricultural land and open 
spaces. In these cases the landowner agrees 
to permanently remove the land from 
development through a legal agreement. 
Since this type of agreement is likely to 
cause a substantial reduction in the value of 
the land, the landowner may capture a 
substantial tax credit in the transaction. 
There are financial incentives to use this type 
of program in the transfer of estates where 
the owner wishes to enable heirs to continue 
the agricultural enterprise but the tax burden 

associated with the estate transfer would 
make the continuation difficult or impossible. 

The last and most market oriented control 
option for preservation is the actual purchase 
of development rights. In these cases the 
right to develop the land for urban or 
industrial uses is treated as any other 
property right, such as a mineral right. The 
landowner receives the value of the 
development right in return for the legal 
commitment that the land may never be used 
for development. The largest purchase of 
development rights in the U.S. to date took 
place recently in Maine. The New England 
Forestry Foundation located in Groton, 
Massachusetts purchased the development 
rights of more than 700,000 acres of 
northern Maine forest for approximately 30 
million dollars. Under the plan, the current 
owners will continue to own the property 
and harvest timber from the land. The land 
will no longer be available for development 
but will be open to the public (National 
Public Radio). 

A major impediment to the purchase of 
development rights is funding. In most of the 
existing cases private, nonprofit 
organizations have been the source of 
funding. However, the Southern Nevada 
Public Land Management Act passed by the 
U.S. Congress in October 1998, represents a 
new, potentially far reaching change in public 
policy (Nalder). The law authorizes the 
Bureau of Land Management (BLM) to sell 
a specified area of land with the stipulation 
that 85 percent of the proceeds from the sale 
must remain in the state to be used for 
purchase of recreational, historical, or 
conservation lands. Where BLM lands are in 
proximity to farmland or open space that is 
under conversion pressure, this type of 
program would represent a means of 
providing land for the encroaching 
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development and the funds with which to 
compensate land owners who give up their 
development rights. 

Dealing with the Conflict 

The spread of urban development into rural 
areas creates · conflicts over land use. 
Edelman, Roe, and Patton propose four 
options as a framework in which the 
discussion of policy options may be 
discussed: reestablish the free market; 
protect farmland and open space; redevelop 
central cities; and manage growth on the 
rural-urban fringe. Under the free market 
option private property owners and buyers 
would determine land use in accordance with 
their beliefs and objectives, and there would 
be minimal government intervention. The 
farmland and open space protection option 
would use government and private sector 
approaches to protect these areas from 
development. The redevelopment of central 
cities option would focus upon the 
rehabilitation of central city areas and rural 
main streets as the mechanism to relieve 
urban development pressures upon rural 
agricultural areas. The management of 
growth on the fringe option would use 
incentives and development standards to 
encourage more efficient use of public 
resources, to increase urban density, and to 
reduce farmland and rural open space 
conversion (Edelman, Roe, Patton) 

WHERE WE NEED TO BE 

International Experience 

Given the range of programs in the U.S. and 
around the world for the preservation of 
farmland, what is the record of achievement? 
Alterman presents an in-depth evaluation of 
the effectiveness of farmland preservation 
programs in six developed countries: the 

United States, Canada, Britain, the 
Netherlands, France, and Israel. These 
countries represent a wide range of 
population density (Canada with 2. 7 persons . 
per sq. km to Israel with 500 persons per sq. 
km) with accompanying pressures to convert 
land to urban uses. Alterman concludes that 
the Netherlands with the second highest 
population density in the group and no 
legislation aimed directly at limiting fannland 
conversion has been the most successful in 
maintaining agricultural land. With the 
highest population density in Western 
Europe, the Netherlands has been able to 
maintain over half of its land area in 
agricultural use. 

Based upon her analysis, Alterman concludes 
that success in farmland preservation "does 
not result from a particular type of planning 
system." (Alterman, p. 237) The key 
ingredient to a successful program of 
farmland and open space preservation is a 
strong program of urban containment. 
Success depends upon infill and wide, 
diffused public support for the concept of 
managed growth. In the US the willingness 
to implement programs is most constrained 
by the cultural aversion to the takirig of 
property rights. 

A Framework for Making Choices 

The Edelman, Roe, Patton framework 
represents a good starting point, and the 
authors emphasize that the issue of fannland 
and open space conversion is one of complex 
individual and community choices. However, 
their proposed options allow the discussion 
to move toward treatment of the problem in 
a one-dimensional fashion. The frameworks 
as presented allow the issues to be reduced 
to simplistic stances such as the free market 
allows competitive allocation of resources, 
protecting the environment through open 
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space is the right thing to do, past attempts 
at inner-city revitalization have failed, and 
managed growth adds unnecessary layers of 
government. These over simplifications do 
not adequately address such critical issues as 
externalities, hidden subsidies, social costs, 
and a myriad of social welfare concerns for 
which market values are not easily 
established. What is needed is a policy 
analysis matrix that adds a second and 
possibly third dimension to the analytic 
structure. This will allow the identification of 
uncertainties that come With the chosen 
approach and issues that will remain 
unresolved for any of the given options. 
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The Wine Industry in the United States: A Wet/Dry Comparison 

Charles R Britton, David E.R Gay, and Richard K. Ford1 

ABSTRACT: The wine industry represents 
one of the fastest growing industries in the 
United States. Its expansion encompasses 
all economic avenues: production, 
distribution, and consumption. This paper 
analyzes the wine industry from a wet/dry 
perspective. The expanding production is 
analyzed from an arid/semi-arid-humid/semi 
humid perspective. In other words, are 
vineyard expansions occu"ing in arid states 
or humid states? Once this question is 
answered, the distribution and consumption 
aspects are analyzed We use a wet/dry 
point of view to classify which states 
represent an open wine market and which 
states are restrictive toward marketing. The 
analysis includes an examination of the 
urukrlying causes for the differences in 
distribution channels exhibited by the 
individual states. 

INTRODUCTION 

States can be classified as arid/semi-arid or 
humid/semi-humid according to the 
commonly accepted 20 inch isohyet. Those 
areas which receive more than 20 inches of 
precipitation normally receive more 
moisture than is evaporated or transpired 
( evaportranspiration) and are therefore 
classified as humid or semi-humid. Those 
areas receiving less than 20 inches of 
precipitation are classified as arid or semi
arid. In the vernacular of common language 
this is usually simplified to Wet versus Dry. 

An even more common usage of the terms 
wet and dry apply to whether an area allows 
for the purchase of alcoholic beverages. 

This paper analyzes individual U.S. states to 
determine whether they are wet or dry with 
respect to access to alcoholic beverages. In 
addition, the authors will try to determine 
the reasons why an area is "wet or dry." 

PROHIBmON 

The prohibition of alcoh9lic beverage sales 
classifies an area as being dry. In the history 
of the United States there was one period 
when the entire U.S. was "dry.'' The "grand 
experiment" in the prohibition of alcoholic 
beverages began at the end of World War I 
with an amendment to the U.S. constitution. 

"Amendment xvm, January 29, 1919 -
After one year from the ratification of this 
article, the manufacture, sale, or 
transportation of intoxicating liquors within, 
the importation thereof into, or the 
exportation thereof from the United States 
and all territory subject to the jurisdiction 
thereof for beverage purposes is hereby 
prohibited." 

"The Congress and the several States 
shall have concurrent power to enforce this 
article by appr:opriate legislation." 

"This article shall be inoperative unless 
it shall have been ratified as an amendment 
to the constitution by the legislatures of the 
several States, as provided in the 
constitution, within seven years from the 
date of the submission hereof the States by 
Congress.,, 

It is interesting to note that the amendment 
does not concern itself with the consumption 

1 Charles R. Britton and David E. R. Gay, University of Arkansas~Fayetteville, Arkansas 72701; 
Richard K. Ford, University of Arkansas-Little Rock, Little Rock, Arkansas 72211 . 
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of intoxicating liquors but instead with the 
suppJY (manufacture) of liquor and its 
distnl>ution (transportation and we.) For a 
variety of reasons (many very colorful ones) 
the experiment with prohibition was 
deemed a failure and repealed: 

i'Amendment XXI, December 5, 1993 -
Section 1. The eighteenth article of 
amendment to the constitution of the United 
States is hereby repealed. Section 2. The 
transportation or importation into any State, 
Territory, or possession of the United States 
for delivery or use therein of intoxicating 
liquors, in violation of ·the laws thereat: is 
hereby prohibited. Section 3. This article 
shall be inoperative unless it shall have been 
ratified as an amendment to the Constitution 
by conventions in the several States, as 
provided in the constitution, within seven 
years from the date of the submission hereof 
to the States by the Congress.,, 

In other words, you could drink legally by 
the "importation into any state .. . in violation 
of the laws thereat: is hereby prohibited.,, 
This meant that states rights applied to 
liquor and states could remain "dry'' if they 
so wished. State legislators attempted to 
regulate the drinking alcohol market through 
state alcoholic beverages commissions. 
State regulation developed "three. tier 
marketing systems/ ' whereby the alcoholic 
product moves through the tiers from the 
producers to the wholesalers, to the retailers 
and to the final consumer. Control over the 
market comes primarily at the wholesale 
level along with licensing requirements for 
retailers. By restricting and regulating 
wholesalers, the state control agencies can 
oversee the liquor market. 

THE DEVELOPING WINE INDUSTRY 

The beer and liquor industries were well 
established at the beginning of prohibition 

and were able to re-establish their 
production levels and distribution channels 
at the end of prohibition. The U.S. wine 
industry was in its infancy in the 1930's and 
as a result not much attention was accorded 
it. Production levels were quite low and 
distribution almost non-existent. 
Economically wholesale distributors 
allocated little space to wine inventories 
since consumer demands were low. By the 
1960s however, the wine industry became a 
growth industry with per/capita wine 
consumption increasing significantly and 
wine tastes becoming much more 
diversified. These diversified states were 
not matched by increased wine inventories 
by wholesalers or retailers. Consumer, 
seeking redress from these real or perceived 
problems, sought to purchase their 
unavailable wine of choice through other 
channels - the internet or catalogs. The 
growth in non-traditional, sales (e.g., not a 
retail outlet supplied by a wholesaler) 
caused the state regulators and wholesale 
distributors to fight back against catalog and 
internet sales. 

"'Direct shipping' is the common term for 
the shipment of wine, beer, or spirits direct 
to the door of the consumer .. . it illegally 
bypasses laws requiring alcohol sellers to be 
licensed by the states. What began as a 
cottage industry catering to collectors of 
hard-top find wines has become a coast-to
coast $1 billion a year enterprise.,, (Wine 
and Spirits Wholesalers Association, 2000) 
The mark-up of the wholesale distributors is 
typically 10-25% of the retail price. In fact: 
"Wine. and. spirits have the most expensive 
distribution system of any packaged-goods 
industry by far, with margins twice those of 
the food business." (Freedman, 1999) 

Economic theory predicts that firms 
enjoying monopoly power with restricted 
output levels, higher prices and higher 
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profits will seeks to protect the monopoly 
power. The Wine and Spirits Wholesale 
Association (WSWA) did this by 
influencing state legislators to represent 
their interests. The questions is how to 
convince the legislators to restrict 
competition and insure wholesaler profits? 
The WSW A accomplished this the old 
fashioned way; by pushing the prohibition 
platform. Under a "politics makes strange 
bedfellows" approach, the WSWA found a 
common ground with the religious right. 
The Wine and Spirit Wholesalers 
Association want increased wine 
consumption (but only through their 
distribution system) and found an ally with 
the religious right seeking absolutely no 
wine consumption (but controlled through a 
state · distribution system). This joint 
objective was achieved in certain states 
when one looks at interstate wine shipments. 
There are now four categories with respect 
to legality of wine shipments: I) reciprocity 
states (shipments can be made only from 
states, to states that afford each other the 
same reciprocal privilege) 2) Limited 
Shipping States (shipping is allowed with 
various restrictions) 3) Prohibited Shipping 
States (direct shipping is prohibited and 4) 
Felony States (direst shipping of wine is a 
felony) 

DATA OBSERVATIONS 

Table I represents the data comparing 
Arid/Semi-Arid State with Humid/Semi
Humid States. The first column lists the 
individual states, while the second column 
presents the number of individuals 
(population) that live is areas of the state 
where the sale of alcoholic beverages is 
prohibited (dry). The third column gives the 
total state population for 1990 such that 
column four can be determined-the percent 
of the population living in a dry area. Per 
capita wine consumption (in 9 liter case 

equivalents for I 998) is listed in column five 
while the shipping category is given in 
column seven. Column six provides the data 
for conservative Protestants as a percent of 
total church membership. Conservative 
Protestants represent the religious right in 
the data. It should be noted that Mormons 
are not classified as conservative Protestants 
by · religious organizations. As a result the 
data for the state of Utah seems out of the 
expected. 

It should be noted from Table 1 that of the 
14 arid/semi-arid states only 5 have any 
portion of the population living in areas 
where the purchase of alcoholic beverages is 
forbidden. And, furthermore, the percent of 
the total population classified as "dry'' is 
much lower than the percent for the 
humid/semi-humid states (3.02 percent vs. 
4.50 percent). The per capita wine 
consumption (9L case equivalent) of 
individuals in arid states (1.02) is slightly 
below the humid states {1.13) and the U.S. 
in general (I. I 0). The wine shipping 
categories {1 =reciprocity, 2, =limited, 3 = 
prohibited and 4 =felony) for the individual 
states are provided in the last column of 
Table 1. 

HYPOTHESIS 

The authors of this paper employed the chi
square approach to analyze the following 
hypotheses: 

Hypothesis I: Arid/semi-arid states will have 
different restrictions on interstate wine 
shipments than humid/semi-humid states. 

Hypothesis II: Arid/semi-arid state will have 
different restrictions on sales of alcoholic 
beverages than humid/semi-humid states. 

Hypothesis III: States with higher 
percentages of conservative Protestants will 
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have more restrictions on sales of alcoholic 
beverages than states with lower 
percentages. 

DATA ANALYSIS 

The authors decided that the non-parametric 
statistic "chi square" was the most 
appropriate method to use in order to test the 
previously stated hypotheses because of the 
categorical nature of the data. Also 
considered was the lack of assumptions 
concerning the data needed to be imposed 
with ~s statistical technique. The first 
hypothesis concerned the legality of 
shipping wine into the states and the aridity 
of the states. Specifically, the state's 
~egality of shipping wine was categorized 
mto four groups while the states were 
dichotomized into two groups, arid and 
humid. Table 2 presents the results of the 
chi-square analysis on this 4 by 2 grouping 
process. Notice that the chi-square statistic 
(3.659) is not statistically significant at 
traditional levels (0.301). This lead the 
authors to reject the first hypothesis and 
conclude that any differences perceived in 
this table between the arid and humid states 
can reaso.nably be attributable to chance. 
Hence we do not conclude that aridity levels 
somehow effect the passage of laws 
effecting interstate shipping of wine. 

The second hypothesis was also tested with 
the chi-square hypothesis and the results are 
presented in table 3. Again the aridity levels 
of the states have been dichotomized while 
the state's laws concerning sales of alcohol 
has also been dichotomized. In the latter 
grouping a straight forward determination 
on whether or not the stat has any 
prohibition laws provides for the distinction 
between this grouping. As can be seen in 
the two by two table, the chi-square statistic 
is 2.617 with an associated probability of 
0.106 which can be rounded down to 

conclude that here is a .9 probability that the 
second hypothesis should not be rejected. 

TUle2 

ArW-BamW States by latentace Wiiie Shlpplq Ode&01'7 . 

Freq-.ey Arld/Seml Hamidi Total 
Pereaat Art•Stata Semi-
RowPercmt Humid 
Colama 
Percent Statel 

Reciprocity 3 9 12 
Shipping 6.00 18.00 24.00 

2S.OO 7S.OO 

21.43 2S.OO 

Limitod 3 s 8 
Shipping 6.00 10.00 16.00 

37.SO 62.SO 

21.43 13.89 

Proh!l>itcd 8 lS 23 
Shipping 16.00 30.00 46.00 

34.78 6S.22 

S7.14 41.67 

Felony 0 7 7 

Shipping 0.00 14.00 14.00 

0.00 100.00 

0.00 19.44 

Total 14 36 so 
28.00 72.00 100.00 

statiltic OF Value Prob 

Chi-Square 3 3.6S9 0.301 

The authors conclude that states with 
different aridity levels do have different 
laws concerning the consumption of 
alcoholic beverages. Although this test is 
silent on the direction of the difference, a 
careful examination of the column percent 
numbers in the upper left and lower right 
cells provides an indication concerning the 
direction. Notice that of the 14 arid states, 
about two-thirds (64.29%) have laws 
allowing all their citizens to purchase 
alcohol. Also notice that practically the 
same case can be made in the opposite 
direction for the 36 non-arid states; 
specifically about two-thirds ( 61.11 % ) of 
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these states have some form of alcoholic 
prohibition laws on their books. 
The third hypothesis was tested and the 
results presented in table 4 which is a four 
by two table consisting of the state's 
propensities of impose prohibition on its 
citizens compared to the percentages of 
conservative Protestants within the states 
church attending population. 

TUle3 
. ArW-BamW States 117 Wet/Dry Populatloo 

~MDCJ ArW/Smil- Bmalll/ Total 
Percent AdiStata Semi-
Row Percent Hamid 
CoJama States 
Pereeat 

Dry 9 14 23 
Population "' 18.00 28.00 46.00 
0% 39.13 60.87 
Wet 64.29 38.89 
Population = 
100% 

Dry 5 22 27 
Population > 10.00 44.00 S4.00 
0% 18.52 81.48 
Wet 35.71 61.11 
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Total 14 36 so 
28.00 72.00 100.00 

Statistic DP Value Prob 

Chi-tqUare 1 2.617 0.106 

Notice the chi-square value of 7.394 has an 
associated probability number of 0. 060 
which again leads the authors to not reject 
(accept) the hypothesis. The chi-square test 
for independence does not indicate how the 
factors are related, but again a careful 
reading of the column percentage numbers 
can be revealing. By adding the column 
percent numbers for the top and bottom left 
had column cells (e.g., 37.04 + 25.93 = 
62.97) one finds that about two-thirds of the 
states with some form of prohibition have 
either high or low levels of conservative 
Protestants. Now notice that practically the 
same ratio, about two-thirds, can be found 

among the states with a total absence of 
prohibition laws by adding the center two 
cells of the right hand column (e.g .. 30.43 + 
39.56 =69.56). In this case, those states that 
have less restrictive laws concerning the sale 
of alcohol tend to have moderate levels of 
conservative Protestants within their 
populations. 
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Chi-Square 3 7.394 0.060 

CONCLUSIONS 

There does appear to be an inverse 
relationship between arid/semi-arid states 
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and the prohibition of alcoholic beverage 
sales. Whereas the statistics used in the 
mialysis for this paper (chi-square) can not 
reveal the direction of the relationship 
certain conclusions can be reached. With 
respect to being able to purchase wine (and 
other alcoholic beverages) the arid states 
tended to be more "wet" while the more 
humid states tended to be more "dry.,, 
When.subjected to further analysis it appears 
that the higher the percentage of 
conservative Protestants residing within a 
state the greater the restrictions on alcohol 
sales. Prohibition seems positively related 
to the presence of the religi9us right. 
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