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FOREWORD 

The Association for Arid Lands Studies (AALS), in 
cooperation with the International Center for Arid and Semiarid 
Land studies {ICASA~), is pleased to publish the fifth volume 
of the Forum of the Association for Arid Lands studies. This 
unique, interdisciplinary professional organization emphasizes 
the importance of the study of the world's arid and semi-arid 
lands. Every year since its founding in 1977, the AALS has 
held its annual meetings in conjunction with the Western Social 
Science Association. The AA~ now has a membership 
representing all of the United States and approximately 25 
countries. The AA~ is headquartered at the International 
Center for Arid and Semiarid Land studies at Texas Tech 
University in Lubbock, Texas. 

The 12th annual conference of the AA~ was held at the 
Hilton Hotel in Albuquerque, New Mexico, from April 26-28, 
1989. There were eight topical sessions containing 35 
individual papers. In addition, the AA~ organized a 
symposium, "Novel Crops for Arid Lands: From Experiment 
Station to Market Place." Eighteen manuscripts were submitted 
for possible publication in the Forum. Each manuscript was 
reviewed by a minimum of three referees to ensure consistency 
in quality, format, and reader interest. The papers presented 
in this volume were recommended for publication by the 
reviewers. 

The assistance of the 1989 editorial review committee is 
greatly appreciated. Without their cooperation and assistance, 
the timely review of the manuscripts would not have been 
possible. Idris R. Traylor, Jr., Director of !CASALS, also 
deserves special thanks for the support that permits the 
publication of this volume. Finally, I would like to recognize 
Irma Mendoza and Melissa Rivas of the Department of 
Agricultural Economics and Agricultural Business, New Mexico 
State University, for their assistance in the preparation of 
this volume of the Forum. 

Wilmer M. Harper, Editor 
Department of Agricultural Economics 

and Agricultural Business 
New Mexico state University 
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EFFECTS OF THE USE OF COTTON MODULES 
ON HIGH PLAINS AGRICULTURAL SYSTEMS 

Thomas c. Bartsch and Claud M. Davidson1 

The cotton industry has changed dramatically since the days 
of hand-picked cotton and mule-drawn wagons. Responding to 
innovative advances in cotton handling technology, the emphasis 
today is on capital intensive, weather-defeating, labor
minimizing devices. The development of the module system for 
dealing with seed cotton from the cotton field to the gin yard 
represents one such innovation. One agricultural engineer 
considers the implementation of the module system as "the most 
important technological development in the cotton industry since 
mechanical harvesting and chemical weed control" (Mayfield, 
"Moduling and Seed Cotton," 1988). 

This study will examine the origins of the module system, 
its subsequent impact on ginning operations in general, and the 
effect it has had on the number of gins in three counties located 
on the semi-arid High Plains of West Texas--Lubbock, Lynn, and 
Gaines. 

Historical Antecedents 

First, it is necessary to clarify precisely what is meant 
when referring to the module system. The module system consists 
of 1) a module, or loaf-shaped block of cotton weighing 
approximately 20,000 pounds; 2) a module builder or module 
maker--the device which forms the modules; and 3) a Module 
Mover--a registered trademark of Reynolds, Inc., Lubbock , Texas 
(Reynolds, 1989) which transports the cotton module from the 
field to the gin yard. 

The components of the module system did not develop 
simultaneously, but rather represent specific reactions to 
definite stages of enhanced agricultural technology. The genesis 
of the modular system begins with research work conducted by 
Cotton Incorporated and Texas A&M University in the early 1970s, 
which was based on preliminary studies by the University of 
Arkansas. 

Motivation for the research grew out of a need for a device 
which could keep pace with the increasing use of two and four-row 
cotton strippers. The capability of these implements to rapidly 
fill cotton trailers resulted in a situation in which gins found 
all of their trailers full of cotton sitting in the gin yard 
waiting to be ginned. With no place to off-load, the cotton 
strippers had to wait until trailers became available, and the 
cotton harvest came to an abrupt halt. Additionally, the 
trailers afforded no protection from the elements. 

1 Respectively, Land Use Planning, Management and Design 
and Department of Geography, Texas Tech University, Lubbock, TX 
79409. 
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Attempts to resolve this impasse took several forms, none of 
which proved satisfactory. Of these efforts perhaps the most 
novel was the "Arkansas Cotton Caddy" in which workers erected 
plywood forms and off-loaded the cotton from the trailers into 
the form while laborers manually compressed the cotton by 
literally jumping up and down upon it. Obviously primitive and 
clearly labor intensive, a more realistic solution had to be 
found. 

Texas A&M University's Dr. Lambert Wilkes and Cotton 
Incorporated's "Farmer Jones" provided the answer: the module 
ma~er. Texas A&M University fabricated the first prototype in 
1972. The 1973 Texas cotton harvest saw the first use of a 
module maker, with the unit participating in the harvest all the 
way from the Rio Grande Valley of South Texas to the High Plains 
of West Texas. Progressive farmers and ginners alike readily 
accepted the idea. That same year, perceiving a potential market 
for the device, G.A. Husky of Industrial Metal crafts, Lubbock, 
Texas, became the first commercial manufacturer of module 
builders (Reynolds, 1989). 

Early module makers built the module upon a pallet of either 
wood or steel. The pallet elevated the module approximately two 
inches from the ground and minimized the fears of farmers who 
were reluctant to place their precious cotton directly in contact 
with the ground. To move this type of module a tilt-bed trailer 
and winch were employed. 

The next major development in cotton handling technology, 
however, did not have its roots in the cotton belt, but in the 
hay fields of South Dakota . There, Boyd Schiltz, a farmer and 
inventor, conceived of a better way to move large stacks of hay 
from the field to the feed lot. Utilizing a truck, the bed of 
which is equipped with specially designed roller chains with 
rollers that are larger than the links and with clips welded to 
the links, the device lifts the load over and above the chain. 
As a result, the load rides on the rollers. Moreover, the 
mechanism does not "pull" the load, but instead "lifts" it. When 
the operator commences the loading process, the forward speed of 
the roller chain is synchronized with the backward speed of the 
truck. 

A field representative for Farm Hand Manufacturing of 
Hopkins, Minnesota, spotted the device at work and immedi ately 
drove Mr. Schiltz to the Twin Cities where Farm Hand assisted him 
in patenting the invention and in buying the patent rights from 
Schiltz. In the meantime, Barry Reynolds of Blackwell, Oklahoma, 
became intrigued with the idea and obtained a license from Farm 
Hand in July of 1972 to move smaller stacks of hay with it. 

In March of 1973, Reynolds was driving one of his "Stack 
Getter" hay stack movers through the community of Enochs, Texas. 
As he passed the Enochs Co-Op Gin, Reynolds observed a number of 
palleted cotton modules sitting in the gin yard. Reynolds walked 
into the gin office and "casually commented that they looked like 
haystacks made out of cotton" ("Reynolds Keeps You Moving," 
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1989). As destiny would have it, a representative of Cotton 
Incorporated was also present . Reynolds wondered if it would not 
be possible to move the moduled cotton with one of his "Stack 
Getter" trucks. In June of 1973, Reynolds and Cotton 
Incorporated engaged in a joint project to test the feasibility 
of moving palletized cotton modules. After extensive testing it 
became obvious to Reynolds "that if we could pick up modules 
without a pallet, we were making a step forward" (Reynolds Keeps 
You Moving," 1989). 

Reynolds proceeded to modify the haystack loader into a 
cotton module mover and fabricated the first two units 
specifically built for transporting cotton in 1972. In 1975 
Reynolds sold fifteen 32-foot module movers--six in Texas and 
nine in California (Reynolds interview, 1989). Initially, the 
units were constructed for Reynolds by Specialty Products of 
Bath, South Dakota--the same firm which manufactured the Schiltz 
haystack movers. However, in 1978, Reynolds established his own 
manufacturing facility in Lubbock, Texas, under the business name 
of Reynolds Module Systems, Inc. At the end of December 1986, 
Reynolds dissolved Module systems, Inc. and consolidated his 
manufacturing and service facilities under Reynolds, Inc. 
(Reynolds interview, 1989). Reynolds has had a considerable 
impact upon the cotton industry; nationwide, Reynolds Module 
Movers transported over 25 percent of the 1988 cotton crop 
(Reynolds interview, 1989). 

The Study Area 

The module system has solved one of the most perplexing 
problems of the modern cotton industry--that of keeping up with 
increased harvesting capacity. On the one hand, farmers could 
not be expected to sustain the risks of weather-related damage to 
their crop while waiting for empty cotton trailers from the gin; 
on the other had, gins could not be expected to stand the expense 
of building adequate ginning capability to maintain pace with the 
cotton harvesters. 

Still, the acceptance of the module system has not by any 
means been uniform. As noted previously, the first farmers to 
implement modules were progressive, innovative, and usually the 
operators of fairly large cotton acreages. Much the same may be 
said of gin operators. Thus, while modules appeared nearly 
everywhere in the cotton belt, the extent of their use depended 
upon other factors. For example, when first introduced, modules 
were eagerly received in the western states of California and 
Arizona, and on the Texas High Plains (Mayfield, "Moduling Seed 
Cotton--Now or Later," 1988). By contrast, acceptance tended to 
be sluggish in the Mid-South and Southeast. The principal 
reasons for this reaction are related to the fact that acreage 
devoted to cotton cultivation had been declining for some time, 
ginning capacity exceeded the amount of cotton being grown, and a 
generous distribution of gins in the cotton producing areas 
(Mayfield, "Handling Seed Cotton From the Field to the Gin," 
1988). These developments had the effect of minimizing distance 
to local gins and promoting faster turn-around time for cotton 
trailers. 

3 



This scenario is, however, in the process of undergoing a 
fundamental change. The Mid-South and Southeast are now 
expressing considerable interest in cotton modules. The most 
prominent factors contributing to this change are larger recent 
cotton crops, favorable harvest conditions, projected increases 
in acreage devoted to cotton of between 15 and 20 percent, and 
less ginning capacity per acre of cotton than several years ago 
(Mayfield, "Handling Seed Cotton From the Field to the Gin," 
1988). 

These same conditions have also dictated the percent of the 
cotton crop moduled nationally. Thus the size of the crop, the 
extent of its distribution, and the degree of inclement weather 
have exerted substantial influence on ginning activities. In the 
three-county study area, for example, Gaines, Lubbock, and Lynn 
counties had 23, 36, and 24 gins operating, respectively, in 1975 
(1975 Ginner's Red Book). By contrast, Gaines posted 20 gins, 
Lubbock 25 (3 of which are classified as "Dormant"), and Lynn 21 
(4 "Dormant") in 1988 (1988 Ginner's Red Book). This reduction 
represents a decrease of 4.6% for Gaines County, 9% for Lubbock 
and 5.04% for Lynn County. With the exception of Lubbock County, 
Gaines and Lynn follow very closely to the national average 
decrease in active gins per year of 4.5% through 1986 (Mayfield, 
"Active cotton Gins"). 

Interestingly, the study area does not conform to general 
trends in Texas. In fact, the number of operating gins in Texas 
increased for the first time in some years, totaling 551 gins for 
1987-88 compared with 545 gins in 1986-87 ("Average Charge Shows 
Slight Increase for saw-Ginning and Wrapping Cotton," 1988). By 
and large, this increase is directly attributable to signifi
cantly higher cotton production in 1987-88 which afforded a 
greater degree of stability to ginning operations. 

Conclusions 

The module system of handling cotton is the future. While 
it is not likely to replace the cotton trailer completely, "gins 
that use only trailers will become rare in a few years" 
(Mayfield, "Moduling Seed Cotton--Making the Decision," 1988). 
On a national level, modules accounted for some 51 percent of the 
cotton ginning for the 1987-88 crop ("Average Charge Shows Slight 
Increase," 1988). This percentage represents a significant 
increase from the previous 1986-87 season ginnings of 45 percent, 
and 36 percent five years prior in 1982 ("Average Charge Shows 
Slight Increase," 1988). By comparison, when first introduced, 
moduled cotton amounted to but 2 percent of the total ginnings 
for the 1974-75 season (Mayfield, "Cotton Ginning Statistics-
United states," 1988). Interestingly, on a state-wide basis, 
over 70 percent of the 1987-88 Texas cotton crop was ginned out 
of modules. 

Cotton modules 
harvest of their 
harvested cotton, 
extended the range 

have greatly assisted farmers in the timely 
crop, minimized weather-related damage to 
provided excellent temporary storage, and 

of area cotton gins. Moreover, not only has 
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the range of gins been extended, but their capacity has increased 
due to the longer storage permitted by moduled cotton. This 
increased capacity has proven helpful to all gins, but especially 
those operating at the margin of profitability. Faced with 
higher fixed operating costs, the minimum quantity of cotton to 
be processed for economic feasibility has increased. Modules 
have allowed the ginning season to be stretched from three to 
four months instead of six to eight weeks as in pre-module days 
(Fanning interview, 1988). This expanded ginning season has had 
the consequence of elevating High Plains cotton gins from 6,000 
to 8,000 bale-per-year operations to the point where it is not 
uncommon to find 30,000 to 40,000 bale-per-year gins (Fanning 
interview, 1988). 
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Introduction 

SOIL EROSION AND SEDIMENTATION IN THE 
YELLOW RIVER REGION OF NORTH CHINA 

Otis w. Templer1 

Perhaps no place on earth is subject to more severe 
accelerated soil erosion than the Yellow River region of North 
China. This study focuses on a portion of the middle course of 
the Yellow River, the arid and semi-arid area from Middle Gansu 
Province northward into the Tengger Desert of southwestern Inner 
Mongolia (see Figure 1). The region represents in a microcosm 
many of the environmental problems which pertain to and are 
sometimes much worse in a much larger radius around the study 
area. In this paper, the author: 1) briefly summarizes relevant 
aspects of the physical environment and human activities in the 
Yellow River region, 2) discusses the many problems associated 
with accelerated wind and water erosion and sedimentation, and 3) 
examines various methods employed in this region by the People's 
Republic of China to combat soil erosion and stabilize dunes. 

Lanzhou and Middle Gansu Province 

Lanzhou, a drab industrial city of 2.5 million inhabitants 
and the capital of Gansu Province, is situated along the banks of 
the Yellow River. The region's semi-arid climate, because of its 
interior location in the huge land mass of Asia, has a distinct 
monsoon rhythm, marked by seasonal reversals in wind direction 
and pressure systems and pronounced wet and dry seasons. Winters 
are dry and a steep pressure gradient produces very strong north 
winds which can bring prolonged and bitter cold. Summers can 
have extensive periods of blistering hot weather. Lanzhou 
receives about 355 mm of precipitation annually with a marked 
summer maximum. Over 70 percent of annual rainfall is 
concentrated in the three months from June to August, and at 
Lanzhou over 40 percent falls in August alone, typically the 
rainiest month. Torrential downpours and cloudbursts are the 
norm, and as much as 150 mm may come from a single storm, 
frequently accompanied by destructive hail. 

Area terrain consists of undulating hills and broad plains 
which lie in the middle of an increasingly narrow band of 
windblown silt, or loess, deposits. Here, the surface was once 
an eroded peneplain with a few low hills and mountains rising 
above. Subsequently loess, carried by winds from deserts to the 
north, blanketed this pre-existing landscape. Wide valleys have 
been filled with loess and converted into broad rolling plains 
through which former peaks and ranges sometimes emerge (Treager, 
1980). The thickest loess deposits may be as much as 75 m to 

1 Professor and Chairman, Department of Geography, Texas 
Tech University, Lubbock, TX 79409. 
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90 m through which former peaks and ranges sometimes emerge 
(Tregear, 1980). The thickest loess deposits may be as much as 
75 m to 90 m deep (de Crespigny, 1971). Soils fonJled on loess 
are inherently very fertile and provide the bas+s for the 
region's productive agriculture. ' 

Middle Gansu Province lies at the heart of a spring wheat 
belt which largely coincides with the 380 mm isohyet. In the 
countryside, cultivation often extends to the crest of all but 
the steepest hills and slopes. Dryland grain farming 
predominates and only about one-eighth of the land is irrigated 
(de Crespigny, 1971). Northward, as the climate changes from 
semi-arid to arid, fields become more extensive and the crops 
less luxuriant, finally giving way to rangeland where pastoral 
activities prevail. 

At Lanzhou, the Yellow R~ver, which bisects the region, has 
an average flow of 1,130 m /sec., but its regime is highly 
seasonal and variable. There is a very marked summer maximum 
flow, coinciding with the concentration of rainfall and run-off 
in the summer months (Smil, 1979). Of the earth's major rivers, 
the Yellow River carries the greatest sediment load, largely due 
to silt received in its course through the loess lands of North 
China. 

soil Erosion and Sedimentation Problems 

Of all areas of China the loess region is the most 
·vulnerable to accelerated soil erosion by both wind and rain. 
During the dry winter season agricultural fields are usually bare 
and unprotected and typically there is little snow cover. This, 
coupled with strong winter winds, means that the loess lands of 
North China are subject to severe wind erosion and frequent dust 
storms, which sometimes reach to Beijing or even to Shanghai on 
the east coast (de Crespigny, 1971). In drought years, summer 
dust storms may be worse than those of winter (Tregear, 1980). 

The torrential summer rains are an even more effective agent 
of erosion. Almost imperceptible sheet erosion planes away 
denuded or cultivated land. Loess is particularly prone to 
gullying and its propensity for vertical cleavage produces 
innumerable steep-sided gullies which may rapidly become deeper 
than their width (Tregear, 1980) . Because of its porosity, water 
rapidly percolates through the soil to bedrock and there turns 
the loess into a porridge-like consistency. Thus undermined, the 
bottom layer slides downslope and upper layers sink down 
vertically. Gulleys and ravines are deepened and widened during 
summer rains with catastrophic rapidity, and deep new gullies can 
be formed almost overnight. Roads, footpaths and animal trails 
quickly cut into the unconsolidated soft soil and themselves 
become ravines. The intricately dissected surface of the worst 
affected areas makes cultivation and surface transportation very 
difficult {Tregear, 1980). 
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The loess eroded from hillsides and slopes is eventually 
carried by run-off into the Yellow River and its tributaries, 
already infamous for massive sedimentation problems. When the 
river reaches the western Gansu boundary with Qinghai Province it 
enters the loess region and begins to receive run-off and the 
flow of local tributaries, all of which greatly magnify 
sedimentation problems (de Crespigny, 1971). Rapid sedimentation 
often hampers plans for the development of hydroelectric, 
irrigation and flood control works on the river (Greer, 1979; 
Smil, 1979). One such example is Liujiaxia Dam and the massive 
reservoir that it impounds about 40 km west of Lanzhou. 

Liujiaxia Gorge, only 60 m wide at its narrowest point, 
provided an ideal dam site at the juncture of the Yellow and Tao 
Rivers. Construction initially began in 1958, but was halted in 
1960 with the departure of Russian technicians and advisors. 
Construction resumed in 1964 and the dam, 1,100 m wide and 147 m 
high, was completed in 1968 (Greer, 1979; Smil, 1979). 
Gradually, over the next several years, hydroelectric generators 
were installed and the project was declared officially completed 
in 1974. Two much smaller dams just downstream, Yenkuo and 
Papan, were begun and completed on much the same schedule. All 
three structures were built primarily for electric power 
generation, and to a much lesser degree for providing flood 
control and irrigation water. Liujiaxia Dam and reservoir 
remains as China's largest completed water development proj~ct. 
The reservoir provides maximum storage for 5.7 billion m of 
water, by far the largest in China. If only indirectly, these 
dams also have a great impact on irrigated agriculture in the 
region. The electric power they generate is used by more than 
5,000 tube wells and 1,000 pumping stations, including China's 
two largest, with the ability to irrigate 66,600 hectares of 
farmland (Smil, 1979). 

Even though soil erosion rates and the resultant sediment 
load are considera~ly less near Lanzhou, only 1,000-2,000 tons of 
soil lost per km per year (Greer, 1979), than in some areas 
downstream on the Yellow River, significant sedimentation 
problems have been encountered. Silting during high flow in 
summer is already appreciable in Liujiaxia Reservoir. Smil 
(1979) reports that LANDSAT photos clearly show a dense plume of 
sediment along the southeast shore which is traceable far beyond 
the center of the reservoir. The tributary Tao River which 
enters the reservoir near the dam contributes a great deal of 
sediment to the lower lake . If sedimentation continues at 
present rates, administrators at the power plant estimate that 
the reservoir will have a useful life of only 60 years. Also, 
sand and gravel carried by the lake waters through the 
hydroelectric generators have produced unusually rapid wear on 
the turbines, necessitating their replacement every two or three 
years (Templer, 1988). 

Despite being only a short distance below the three upstream 
dams, · the City of Lanzhou must contend with a relatively heavy 
sediment load provided by local run-off and other upstream 
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tributaries below the dams. The Municipal water Works combines 
groundwater with Yellow River water in a ratio of 1:3 in an 
attempt to improve quality. At the Water Works, a diversion 
channel brings water from the river where it is subjected to 
several screenings and passed through several settling ponds to 
remove debris and sediment. Sedimentation in the diversion 
channel is also a problem. A gate at the lower end of the 
channel can be opened to allow rapidly flowing river water to 
flush accumulated sediment from the channel (Templer, 1988). 

Soil Erosion and Sedimentation Control Practices 

Since 1949, bench terracing of steeply sloping land in the 
loess belt has been widely recommended and practiced (Tregear, 
1980). The loess mantling the slopes is unconsolidated and can 
easily be dug and the slopes converted into a series of 
stair-step benches. Almost all of this massive effort has been 
accomplished by intensive hand labor. Because of the ability of 
loess to lie in steep vertical slopes, the margins of the 
terraces are almost universally bare earth, unprotected by rock 
walls (Templer, 1988). Though erosion rates may be considerably 
reduced by terracing, any downslope run-off still carries vast 
quantities of easily eroded loess. 

Since it has become evident how rapidly major reservoirs are 
silting up, a great deal of attention has been directed toward 
mass-participation local erosion control campaigns all across the 
loess region. Hundreds of thousands of gulley head works and 
check dams have been constructed, along with thousands of 
upstream silt-precipitation dams (Smil, 1979, 1984; Tregear, 
1980). 

Afforestation and grass 'seeding have also been planned and 
applied on a massive scale . Around Lanzhou, even the steepest 
slopes are often planted with rows of trees on narrow bench 
terraces . Most of this planting has been accomplished in the 
decade of the 1980s, and is part of a nationwide government 
campaign to promote tree planting. In this semi-arid region, 
trees need considerable early attention, including irrigation, 
but once established appear to thrive (Tregear, 1980). Water 
from the Yellow River is often pumped 1,000 m or more up hill and 
mountain slopes to irrigate these new plantings (Templer, 1988). 

Multiple lines of tree shelter belts also flank roadways and 
the borders of fields where water can be supplied to aid in their 
establishment. In the dry farming areas these shelter belts 
rapidly diminish or are entirely absent. It is too early to 
accurately determine the eventual success or failure of these 
tree-planting projects. Smil (1979, 1984) warns that while the 
annual figures of afforestation accomplished look impressive, 
such projects have often been allowed to decline from lack of 
care following planting. 
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The Tengger Desert Region 

North of Lanzhou toward Shapotou and Inner Mongolia there is 
a gradual transition from a semi-arid to an arid climate, which 
has the same monsoonal character and summer precipitation 
concentration described for Lanzhou. Annual precipitation 
decreases toward the north, averaging about 180 mm at Shapotou 
and 125 mm at Alxa Zuoqi. Here, sand and dust storms are even 
more frequent, occurring on almost 150 days or 41 percent of the 
entire year. During the period from March to June, over half the 
days have blowing sand or dust (Zhu, et al., 1986). The Tengger 
Desert, China's fourth largest and the southernmost extension of 
the Alashan Plateau, is characterized as a mosaic of shifting 
sand dunes, mostly 10-20 m high, and lake basins of interior 
drainage (Chao, 1981, 1984; Walker, 1982; Zhu, et al., 1986). 

Where the north-trending parallel road and railroad leave 
the loess belt, they enter an area of stabilized desert dunes 
which support sparse, scrubby desert vegetation, much of which 
has been overgrazed. At first, herds of sheep, goats and a few 
cattle predominate, then decline in number as the range 
deteriorates and herds of Bactrian camels become more numerous. 
The only agriculture of this arid region is at a few scattered 
oases where groundwater is available. The Tengger Desert itself 
is almost devoid of human activity except around the fringes. 

Though encroachment of desert dunes is admittedly a much 
less pervasive problem than the previously described accelerated 
erosion of loess soils from productive farmlands, nevertheless, 
it is of some significance. Where the road and important 
Lanzhou-Baotou railway swing east toward Shapotou they run for 
40 km through the edge of desert dunes, which are advancing as 
much as 15 m per year (Walker, 1982). Also, the road from 
Shapotou to Alxa Zuoqi in Inner Mongolia skirts the eastern 
margin of the dunes, which are almost always in sight toward the 
west. The advancing dunes often threaten to disrupt or engulf 
these transportation arteries (Templer, 1988). 

Shapotou, once a prosperous market town on the north bank of 
the Yellow River, was ultimately buried by advancing dunes which 
extend to the river's edge (Traylor, 1988). Shapotou Research 
Station was established in 1956 on a narrow corridor of the 
Tengger dunes between the railroad and the river. Its major 
purposes were to develop and test sand fighting methods to 
protect surface transportation routes and threatened oases, and 
also to investigate methods of establishing irrigated agriculture 
in the sandy lands abutting the Yellow River (A Simple ... , 1988; 
Traylor, 1988; Walker, 1982). 

Controlling Encroachment of Desert Dunes 

Dune stabilization is easiest in the fixed and semi-fixed 
dune region on the route to Shapotou. Stabilization practices 
include: 1) paving road bed slopes with grass sod taken from 
interdune sinks, 2) fencing off sandy areas on both sides of road 
beds to protect vegetation from overgrazing, and 3) planting 
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different 
slopes of 
al., 1986). 

types of vegetation on the tops, lee and windward 
dunes and in interdune areas (Desert .•• , 1978; Zhu, et 

In active dune areas along railways and roads a very 
successful method of initially stabilizing dunes is to establis~ 
checkerboard barriers on the sand surface. These small 1 m 
straw checkerboards consist of long straw which is pushed into 
the dune surface by hand with a spade, leaving several 
centimeters of the straw protruding vertically. Even very steep 
slopes, including some approaching the angle of repose of loose 
sand, have been treated in this way. Once the checkerboards are 
in place, desert vegetation which thrives in sand-free areas or 
on anchored dunes is seeded or planted in the squares. Straw 
checkerboards deteriorate after a few years, but by then 
vegetation has become established sufficiently to anchor the 
dunes and hold back their advance. Reports show that such 
treatment greatly increases surface roughness, drops wind 
velocity by about 25 percent, and significantly lowers the sand 
content of near-surface air. Vegetation cover in the dune zone 
has increased from about three percent to as much as 25 or 30 
percent. Fine dust trapped by the vegetation drops to the 
surface, forming a soil layer which is further modified by the 
plants and their litter (Desert ••• , 1978; Zhu, 1987; Zhu and 
Lie, 1983). An irrigation system with sprinklers fed by Yellow 
River water helps initial establishment of the vegetation on the 
dunes, and also provides water for the station's experimental 
agriculture. For once, the great sediment load of the river 
becomes an asset. Silt from the water forms a surface crust, 
thus greatly speeding up the sand-fixing and soil-building 
process (Desert •.• , 1978; Zhu, et al., 1986). 

Vast areas of checkerboard straw barriers have been 
established in bands up to 500 m wide in the prevailing wind 
direction and 200 m wide in secondary wind directions along the 
road and railway at Shapotou and along the road north into Inner 
Mongolia (Templer, 1988). Tremendous amounts of manpower and 
much tedious hand labor have been expended in this effort. 

Conclusions 

Dregne (1983) refers to desertification as the 
impoverishment and reduced productivity of primarily arid and 
semi-arid ecosystems by the combined effects of man's over
exploitation and drought. In China, over 92 percent of the eight 
million hectares of non-irrigated cropland and about 83 percent 
of 370 million hectares of rangeland are affected to some degree 
by desertification. In the loess lands of the study area, 
desertification is classed as severe and in some instances is 
becoming very severe. Massive gully control, bench terracing of 
steep hillsides and afforestation efforts have attempted to halt 
or slow erosion. Only the great thickness of the loess deposits 
has allowed cultivation to continue on the eroded slopes. 
Nevertheless, accelerated erosion and gullying result in a less 
favorable soil water balance in this water-short land, and the 
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intricately dissected surface makes farming operations and 
surface transportation more difficult. Eroded sediments washed 
into the Yellow River and its tributaries continue to have a 
major impact on all surface water storage, water supply and 
irrigation systems throughout the loess region. 

Although pre-Revolution China has been characterized as a 
land of barren hills with widespread deforestation and soil 
erosion compared to today's China, Smil (1980) reports that soil 
losses in the loess region are 25 percent higher now than in the 
early 1970s, largely due to the extensive conversion of former 
range and woodlands to farmland. 

The degree of desertification decreases, from severe to 
moderate in the rangelands and deserts of Inner Mongolia. Here, 
human impacts on the environment are less evident, and many fewer 
people and productive acreage are adversely affected by the 
destabilization and advance of desert dunes. A variety of 
mechanical and biological control techniques have been perfected 
and applied to problem areas around transportation lines and 
oases, with the result that China has emerged as a world leader 
in dune fixation technology. In sum, however, progress in 
controlling environmental degradation has been minor, and the 
arid and semi-arid Yellow River region of North China does indeed 
provide an overview of the continuing problems of spreading 
desertification, accelerated soil erosion and related 
sedimentation which seriously affect much of the limited 
productive land and water resources of the world's most populous 
nation. 

ACKNOWLEDGMENTS 

Information for this paper was gathered during the author's 
five-week participation in a Faculty Study Tour of China in 
July-August, 1988. This study tour was sponsored by the 
International Center for Arid and Semiarid Land studies at Texas 
Tech University and was funded by a Fulbright-Hays grant. The 
author wishes to express his deep appreciation to Dr. Idris R. 
Traylor, Director of !CASALS, for making this research 
opportunity possible, and to give special thanks to Dr. James E. 
Jonish, Deputy Director of !CASALS, who very ably led the faculty 
tour group in the field. 

REFERENCES 

Chao Sung-Chiao, 1981. Desert Lands of China. !CASALS 
Publication No. 81-1. Lubbock: International Center for Arid and 
Semi-Arid Land studies, Texas Tech University, 41 p. 

____ , 1984. "The Sandy Deserts and the Gobi of China." 
Chap. 5 in Deserts and Arid Lands, Farouk El-Baz (ed.) . The 
Hague: Martinus Nijhoff Publishers, pp. 95-113. 

de 
People. 

crespigny, 
New York: 

R. R. c. , 19 71. .... c ...... h.,.i=n=a .... :.__ ..... T .... h=e=--_.L=a=n=d=---=a=n=d,__-=I'-'to.=s 
St . Martin's Press, 235 p. 

14 



"Desert Transformation in China," 1978. Scientia Sinica, 
Vol. 21, No. 2 (March-April), 251-278 +plates. 

Dregne, H.E., 1983. Desertification of Arid Lands. 
Advances in Desert and Arid Land Technology and Development, Vol. 
3. New York: Harwood Academic Publishers, 242 p. 

Greer, Charles, 1979. Water Management in the Yellow River 
Basin of China. Austin: University of Texas Press, 174 p. 

A Simple Introduction to Shapotou Desert Research Station, 
1988. Lanzhou, China: Desert Research Institute, Academia 
Sinica, July, 2 p. 

Smil, Vaclav, 1979. "Controlling the Yellow River." The 
Geographical Review, Vol. 69, No. 3 (July), 253-272. 

____ , 1980. "Environmental Degradation in China." Asian 
survey, Vol. 20, No. 6 (August), 777-778. 

____ , 1984. The Bad Earth: Environmental Degradation in 
China. Armonk, NY: M.E. Sharpe, Inc., 247 p. 

Traylor, Idris R., Jr., 1988. "Controlling Desertification 
in the People's Republic of China: The Shapotou Example." Forum 
of the Association for Arid Land studies, Vol. IV, F. Andrew 
Schoolmaster (ed.). Lubbock: International Center for Arid and 
Semi-Arid Land studies, Texas Tech University, pp. 96-100. 

Templer, Otis w., 1988. "China Study Tour, July 11-August 
15, 1988." Unpublished notes, 69 p. 

Tregear, T.R., 1980. China: A Geographical Survey. New 
York: John Wiley & Sons, 372 p. 

Walker, A.S., 1982. "Deserts of China." American 
Scientist, Vol. 70 (July-August), 366-376. 

Zhu Zhenda (ed.), 1987. Desert Desertification Abstracts. 
Lanzhou, China: Institute of Desert Research, Academia Sinica, 
82 p. 

and Lie Shu, 1983. Combating Desertification in 
Arid and Semi-Arid Zones in China. Lanzhou, China: Institute of 
Desert Research, Academia Sinica, 69 p. 

____ , et al., 1986. Deserts in China. Lanzhou, China: 
Institute of Desert Research, Academia Sinica, 132 p . 

15 





CLIMATE, HISTORY, AND ECONOMICS: THREE MARGINALITIES 
AND THE CONTEXT OF IRRIGATION WATER SALES IN 

CROWLEY COUNTY, COLORADO 

Kenneth R. Weber1 

Introduction 

The study of the complex and rapidly evolving rural-to-urban 
water transfer scene in the American West, and especially in 
Colorado, is yet in its infancy. Although Colorado is a center 
for water transfers and has had one of the most active water 
markets among the Western states, most of the research on water 
transfer issues has been relatively recent. The vast majority of 
this work has been done by economists, lawyers, and engineers who 
have focused on the demand side of this issue (see, for example, 
Shupe (ed.), 1986; Howe, 1986; MacDonnell and Howe, 1986; Young, 
1984). Their work, in the main, has centered upon aspects of 
water marketing, water marketing mechanisms, and regional 
economic impact projections resulting from water transfers. Much 
of this work has been done on a conceptual or theoretical level 
and little, to my knowledge, h~s been completed based on 
empirical field research (see McKean et al., 1982 for an 
exception). Sociological and historical research on the water 
selling communities and individuals themselves has been 
particularly lacking (Brown and Ingram, 1987; Weber, 1988, 1989). 

This paper discusses three important variables--clirnate, 
history, and economics--in the context of local irrigation water 
sales. These supply side variables help to explain why Crowley 
County irrigation water was among the first in the Arkansas 
Valley to be sold in an rural-to-urban water transfer. Two basic 
economic principles--marginality and competitive disadvantage-
explain the drying up of Crowley County. Although the economic 
marginality of the area can be seen in a number of contexts, it 
may be amply illustrated in a brief, selective review of local 
climate, history, and economics. 

Climate 

Crowley County is a small, rural, relatively isolated county 
along the northern margins of the Arkansas River Valley on the 
semi-arid southeastern Colorado Plains. Since the area's 
development just prior to the turn of the century, its economy 
has been almost exclusively dependent on agriculture and 
ranching. Climatological data collected near Ordway, the county 
seat, shows the county averages less precipitation, has a greater 
precipitation range, and a lower precipitation run-off rate than 
Otero, Bent, and Prowers counties, the other irrigation 
agriculture counties in Colorado's lower Arkansas Valley (Burns, 
1985). 

1 
Institute 
co 80309. 

Visiting Researcher, Environment and Behavior Program, 
of Behavioral Science, University of Colorado, Boulder, 
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A consideration of the amount and reliability of the 
irrigation water available from the Colorado Canal, the county's 
only irrigation ditch, also shows Crowley's marginality. The 
Colorado Canal was the last local ditch to receive an 
appropriation date (1890) and delivered the lowest median amount 
of water of any of the ditches in this two-county area between 
the years 1950-78. Using the amount of water available from the 
sixth worst year divided by the amount from the sixth best year, 
1950-1978, as a measure of reliability, the Colorado Canal also 
had the second lowest rate of reliability among the local 
irrigation ditches (Miles, p.c.). Water delivered through the 
Colorado canal also included approximately one acre foot of water 
per acre that had been diverted from Colorado's Western Slope. 
This diversion water greatly increased the total amount of water 
available to farmers under the Colorado Canal, vastly improved 
the canal's reliability, and also offered the water in a more 
timely fashion than would be possible if the Colorado Canal 
farmers were forced to depend solely on their appropriated 
Arkansas River rights. Yet even with this substantial 
transcontinental diversion, the Colorado Canal ranked at or near 
the bottom of a listing of local canals by amount of water 
delivered and reliability. 

The term droughty or drought-prone perhaps best 
characterizes the county and droughts have been recorded during 
almost every decade since the 1890s. During two decades, the 
1930s and the 1950s, droughts were especially severe. In the 
1930s, Crowley was one of two Colorado counties to be included in 
the Dust Bowl; in 1934 it was so dry that beet seed planted that 
year did not germinate until the following spring. During the 
seven years of drought in the 1950s, Arkansas Valley irrigation 
ditches with appropriation dates later than 1884, such as the 
Colorado Canal, were worthless. In these dry years the amount of 
water typically available from Western Slope diversions was also 
reduced, and, in sum, the drought of the 1950s was only slightly 
less severe than that of the 1930s (Markoff, 1980). The area's 
competitive disadvantage and marginality is well illustrated by 
its inadequate and unreliable water supplies. 

History 

A review of· Colorado Canal's history also indicates the 
area's marginality. Begun by a developer with a track record of 
grandiose schemes but modest completions, the construction of the 
Colorado Canal was soon taken over by private investors from 
Buffalo, New York, who bought dry, unoccupied prairie lands, 
financed the construction of the canal, and expected to profit 
from the subdivision and sales of the soon-to-be irrigated farm 
lands. As was often typical of the period, the construction of 
the Colorado Canal was over-promoted and under-capitalized. Less 
than half of the proposed canal was constructed before the 
original capital of $.5 million was expended. In addition, the 
amount of water delivered was often inadequate, the market for 
the primary crop (alfalfa) was glutted, and these conditions 
along with the Panic of 1893 all combined to produce few land 
sales for the land development speculators. As writing off the 
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initial investment would bring about personal and institutional 
ruin, the investors made an additional expenditure of $.4 million 
to complete the canal and to expand their holdings. Again, sales 
did not meet expectations and the investors were left with 
increased debt. They next sought to salvage their investment 
through the introduction of a high value cash crop that could be 
processed locally. Sugar beets seemed to be the answer to their 
problems. After being unable to induce outsiders to develop a 
sugar factory locally, the Buffalo investors formed a partnership 
with an Ohio group to finance the construction of a mill. For an 
investment of an additional $166,000 the Buffalo investors hoped 
to yet see a return on their earlier $900,000 investment. 
Although the Ohio group was unable to raise their two-thirds of 
the investment, the mill and the supporting town were built and 
the surrounding prairie was broken, leveled, and planted. The sum 
of these events left a small, greatly undercapitalized mill 
constantly struggling to survive. over the almost seven decades 
of the mill's operation, the years of profit barely exceeded the 
years of losses. Often the mill's profits were small and the 
prof its frequently were attributable to land sales rather than 
sugar production. Land sales, however, continued to be very slow 
and it took half a century before the company reported that it 
had sold all of its "best" lands. The struggles of the local 
farmers paralleled those of the sugar factory as beets continued 
to be the most profitable cash crop. When the mill finally 
closed in 1967, it left the farmers without their primary cash 
crop, it left the communities without an important employer, and 
it left the county without much of its tax base. The late 1960s 
and early 1970s saw increased sales of land to speculators and by 
1974 the first major water sales had occurred (Markoff, 1978 , 
1980; Weber, 1988). 

Economics 

Demographic data provides evidence of the socioeconomic 
impacts of an area reliant on marginal water resources. 
Population and percent change data for Crowley County from its 
first census (1920) until 1980 show a constantly declining 
population. Crowley's 1980 census was but 47 percent of the 
6,383 persons counted 60 years before. The decades of the 1950s 
and 1960s saw especially large population losses which exceeded 
20 percent per decade. 

Areas having weaker economies typically export population to 
areas with stronger economies; thus, local population change is 
one measure of the relative standing of the local economy within 
its larger demographic setting. Net migration figures for 
Crowley County, 1950-1970, clearly show the marginal nature of 
the local economy. During the 1950s and 1960s Crowley County 
experienced a net out-migration of 32.6 and 26.0 percent, 
respectively, of its population. During both decades, Crowley's 
out-migration rate was the largest among the 22 counties on the 
Colorado plains. By contrast, the state of Colorado had a net 
in-migration of approximately 10 percent during each of these two 
decades (Bowles and Tarver, 1965; Bowles, Beale, and Lee, 1975). 
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Two other measures, average farm operator debt and median 
family income, also demonstrate Crowley County's increasingly 
marginal socioeconomic status. In 1974 the average Crowley 
County farm operator debt not secured by real estate was 
approximately 50 percent larger than the averages for the other 
three Arkansas River Valley irrigation counties. This figure 
provides one cumulative measure of the effects of years of 
economic marginality. The relative decline in the county's 
median family income figures, 1950-1980, also shows the 
increasingly marginal nature of Crowley's economy. In 1950, 
Crowley's median family income was 65 percent of the state's 
average, by 1980 that figure had dropped to 56 percent of the 
Colorado average. Among the 22 Colorado plains counties, Crowley 
ranked 18th in median family income in 1950 and fell to the 
bottom rank, 22nd, in 1980 (U. s. Bureau of the Census, 1952, 
1977, 1981, 1983). 

To the local economic context of marginality and competitive 
disadvantage must be added the national agricultural economic 
context of the 1970s and 1980s. During this period the cost of 
agricultural inputs--equipment, fuel, supplies, and credit-
increased by a factor ranging from approximately 2.5 to 4.0. The 
returns to the farmers in the form of commodity prices, however, 
remained relatively unchanged. The severe economic squeeze 
brought on as a part of the national economy was compounded by a 
long term and complex interplay of variables over which local 
farmers had no control--among them a demanding climate, a water 
resource that was often both too limited and uncertain, and 
reliance on a cash crop whose price fluctuated greatly depending 
on international conditions, foreign trade quotas, and domestic 
policies. 

The sum of these supply side conditions developed a 
situation where the vast majority of ditch share holders 
willingly if not eagerly sold the water from their farms. The 
water sales had their own ironic twist. While the returns from 
the water sales allowed the farmers to get out of debt, many for 
the first time ever, the water sales would ultimately remove the 
land from production. 

Summary 

Water sales, like all other economic transactions, occur in 
a social context. In the Crowley County case, numerous supply 
side variables signaled the coming sales of irrigation water. 
Local competitive disadvantages combined with a deteriorating 
national agricultural economy left most of the ditch shareholders 
with little economic choice other than to sell their irrigation 
water. 
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NATIVE AMERICAN RELATED WATER CASES: 
ALTERNATIVES TO TRADITIONAL WATER LAW 

Peter Longo1 

Introduction 

Since the time of Publius, the role of the judiciary has 
been the focus of debate. By legislative default, the role of 
the courts have become increasingly important in defining public 
policy. As best described by Lowi (1969), lawmakers have given 
up on making laws. Legislators, presented with difficult issues 
and confronted by a number of groups, have willingly relinquished 
and abdicated their lawmaking powers to the judiciary and the 
bureaucracy (1986). Meier remarks that legislators have 
"sublimated political issues into professional, technical, and 
administrative questions" (1987: 4). The real meaning of 
deliberately vague words is left to be worked out by the 
administrative agencies and given final form when reviewed by the 
courts. Consequently, as Rosenbloom notes (1983), public policy 
has become highly "judicialized". Active participants, such as 
litigants, interest groups, and the nature of the case sheds 
insight into the policy process. Thus, the enactment of a piece 
of legislation is often the beginning, and not the end of 
policymaking. 

Water law in the United States reflects this policy process. 
Much attention has focused on the inability of legislators to 
enact meaningful water laws. It is not surprising that the study 
of the process provides little insight into the bigger picture of 
environmental policy. Often, water law policy statements are the 
outcomes of narrowly defined issues. .Issues concerned with the 
simple determination of a particular water right are the usual, 
and litigants are often nothing more than feuding neighbors. 
Although conventional wisdom suggests that water law and 
environmental policy are mutually inclusive, such is not the 
case. Despite inherent environmental questions that could be 
brought forward from water cases, judges rule on the narrowly 
defined case at bar . Horowitz observes that although judges 
might have the opportunity to blaze new policy paths, "they 
continue to act very much within the framework of an old process, 
a process that evolved, not to oversee new programs or to oversee 
administration, but to decide controversies" (1977: 54). As a 
result, the contribution of water law to overall environmental 
planning is left to chance. 

So the legislature has abdicated responsibility in the area 
of water law; and the courts, instead of seeing the big picture, 
concentrate on the edges of particular cases (which seldom 

1 Assistant Professor, Department of Political Science, 
Kearney State College, Kearney, NE 68849. 
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provide the basis for 
would seem to provide 
cases, such as the cases 
a possible alternative to 

major policy statements). This vacuum 
a perfect opportunity for the atypical 
brought by Native Americans, to serve as 
the traditional water policy. 

The particular focus of this paper will be on the questions 
asked by Native Americans in water cases at the federal district 
court level from 1965-1986, a period in which environmental 
activity heightened . While most academics and policymakers are 
fond of discussing how water policy ought to be made, I have 
chosen to concentrate on the actual process. For it is only by 
focusing on the existing process, that the relationship between 
water law cases and environmental policy process will be 
established. Second, I will offer two propositions regarding the 
scope and outcomes of Native Americans will have as much success 
as the civil liberties underdog. Third, Native American water 
cases in the federal district court from 1965-1986 will be 
analyzed in the context of legal issues. Lastly, the connection 
between environmental policy and water cases will be made, along 
with possible policy alternatives offered by Native American 
litigation. 

The Importance of Native Americans in Water Policy 

There seems to be a strong consensus that Native Americans 
are important actors in the water policy arena . As noted by 
Upite, "Indian tribes are major competitors for water in the arid 
western states where competition for this scarce resource is 
particularly intense" (Upite, 1984: 181). Brown and Ingram make 
a compelling case to include Native Americans in future water 
decisions. They observe that 

The consequence of tribes having been left out of past 
water development decisions is the increasingly costly 
and timely negotiation over Indian water rights that 
currently clog the courts and political arena. 
Everyone suffers: business and governmental leaders 
fear the extensive delays caused by protracted dispute; 
Indian leaders fear yet another assault on a valuable 
natural resource they regard as part of their heritage 
and legal right (1987: 5). 

It appears then, that the litigation involving Native 
Americans is not only critical but it should shed insight into 
the raising of environmental issues. These issues are often 
ignored by the traditional environmental voice, the 
government. Many observers believe that major environmental 
problems exist that are not being satisfactorily addressed by 
governmental actors. Belief that the government will represent 
environmental concerns appears to be a myth. M'Gonigle 
concludes that 

Government intervention does little to combat the 
continuous evasion of the few remaining areas of 
local, social and natural balance ... In a society out 
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of balance with its context, protective devices for 
preserving the remnants of ecological balance, such as 
wilderness or multiple use forests, remain virtually 
under threat (1986: 273). 

Along the same line, an analysis by Abrams (1987) suggests 
that government officials see little duty to protect 
environmental values. If this interpretation is correct, the 
role of Native Americans litigation becomes even more critical. 

The Native American position is somewhat analogous to the 
"underdog" in the civil liberties arena. It is the Native 
American, environmentalists underdog, versus the system, and, the 
civil liberties "underdog" versus the system. Ulmer describes 
the latter case and finds 

no evidence for the general proposition that, for the 
case studies, Supreme Court support for the federal, 
state, and local governments in the Court's 1903-1968 
terms has been consistently more favorable than that 
given to underdogs in cases matching these two litigant 
classes (1985: 907). 

Quite simply, Ulmer's findings suggest that "underdogs" do well 
in courts. If there is sufficient parallel between civil 
liberties and water policy, Native American's activity should 
be productive in their litigation. 

The study is limited to the federal district court cases 
involving Native Americans from 1965-1985. While state courts 
are appropriate forums for particular state questions, the 
federal court should shed insights into the bigger federal 
environmental picture. Generally, the 1908 landmark decision 
of United States v. Winters, 207 U. S. 564, opened the federal 
courts to Native American litigation. The holding of this case 
allowed for "federal reserved water rights" to be extended to 
Native American reservations. The 1963 case of Arizona v. 
California, 373 U.S. 546, extended the case to future tribal 
generations and in doing so created a variety of tensions 
between Native American users and non-Native American users. 
These tensions range from fishing rights to water dances. 
These tensions usually are resolved in federal court and my 
focus will be on narrowly defined water issues. Additionally, 
during this period many environmentalists turned to the court 
to voice their environmental concerns. Orren notes that this 
was especially true in the 1970s when standing problems at the 
federal court level were greatly reduced and "interest groups, 
frustrated with Congress, made an end run to the courts" (1976: 
723). It appears then that the federal courts are an 
appropriate forum for environmental debate. With easier access 
to the courts and with legislatures being inert in the area of 
water policy, Native American activity at the federal court 
level should be an attractive option. 
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Findings 

Proposition One held that environmental interest group 
litigation started slowly in the 1960s and rose steadily in 
the 1970s and 1980s. My findings suggest that "rose 
steadily" might be a bit too strong. In the 1960's there 
were no water cases with Native American involvement in the 
cases I analyzed. There were eight cases from 1970 to 
1986. These findings seem roughly consistent with Orren's 
claim that standing problems were lessened and with 
conventional wisdom, i.e., the increasing demand on the 
courts. 

Proposition Two maintained that environmental interest 
groups would be just as likely as their opponents to win in 
the courts in cases involving water law. This is clearly 
not the case. Of the eight cases, Native Americans lost in 
six cases. One case involved an Indian tribe pitted against 
another Indian tribe. Quite obviously, Native Americans 
fared poorly in light of Ulmer's work on underdogs. 

Environmental activity is on the rise in the judicial 
system. Native Americans have increased their presence in 
the judicial arena. This activity will be increasingly 
important in light of governmental activity or inactivity. 
The findings in Proposition One are important, especially 
since environmental activity can possibly link environmental 
policy with water law. In this study, the positions argued 
by Native Americans have yet to be linked to environmental 
policies. Proposition Two is somewhat discouraging to 
Native Americans. Some environmental victories have been 
achieved in the judicial arena and the future can hold 
potential success for Native Americans. Finally, the 
majority of these cases involved arid and semi-arid 
regions. As the drought of 1988 and 1989 continues, perhaps 
the Native American position will be taken more seriously. 
These positions are highlighted by the following legal 
analysis of the cases. 

Case Review 

The last method of dispensing with the eight Native 
American cases involves a relatively simple analysis of the 
issues and cases. Of the eight cases, two involve the use 
of water and Native American religious liberties. In four 
of the cases, Native American water rights were challenged 
by competing users. One case focused on previous arguments 
for free water and the last case involved two competing 
tribes. The freedom of religion questions represent 
interesting and important questions and clearly add to the 
big picture of water policy. Indeed, these cases do not 
present the typical issues found in most water cases. The 
following case analysis will reveal the Native American 
concerns and their addition to the water policy debate. 
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Badoni v. Higginson, 455 F. supp. 641 (D. Utah 1977}, 
centered on the Navajo Indian request for an injunction to 
stop tourist activity in the area of Rainbow Bridge National 
Monument. The Navajo Indians sought the injunction to 
prevent destruction of Navajo gods and sacred areas. 
Ceremonies have been performed in the Bridge Canyon area and 
water from the springs were used for religious ceremonies. 
Tourism has led to 

the destruction of holy sites; the drowning of 
entities recognized as gods by the plaintiffs; 
prevention of plaintiffs from performing religious 
ceremonies; desecration of holy sites .•. and by 
virtue of all this injury to the efficacy of 
plaintiffs religious prayers and entreaties to their 
remaining gods (644}. 

The Navajo's religious claims challenge the potential economic 
growth, i.e., tourist activity. Recognizing that the First 
Amendment claim constituted "a unique challenge to the projects 
and actions of the defendants" (644}, the court concluded that 
the tourist activity did not violate the Navajo's First 
Amendment rights (645} . The court clearly articulated a 
position in favor of varied use and economic growth at the 
expense of Navajo religious activity. As a result, the First 
Amendment argument does not appear to be a strong claim in 
formulating judicial water policy and law. 

In the case of Sequoyah v. Tennessee Valley Authority, 480 
F. Supp. 608 (E.D. Tenn . 1979} represents another case in which 
the First Amendment argument failed for the Native Americans . 
The Sequoyah Indians sought injunctive relief against 
impoundment of the Tellico Reservoir on the Little Tennessee 
River. They argued that the flooding of the river would 
infringe on their constitutional and statutory rights to freely 
exercise their religion. The court held that the government 
interest outweighed the Sequoyah's religious interest. Finding 
for the government, the court stated that 

The court has been cited to no case that engrains the 
free exercise clause with property rights. The free 
exercise clause is not a license in itself to enter 
property, government-owned or otherwise, to which 
religious practitioners have no other legal right to 
access. Since plaintiff's claim no other legal 
property interest in the land in question ... a free 
exercise claim is not stated here (612). 

Once again, property interests outweighed religious claims. 
Although, if Native Americans can link a property right to the 
First Amendment claim, then there might be a chance for 
success. This was not done in the case at bar. 

The next group of cases involve 
conflicting water rights. Nearly all 
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the Native American way of life in a most general manner. 
It is this latter aspect that broadens the usual water 
framework. Colville Confederated Tribes v. Walton, 460 F. 
Supp. 1320 (E.D. Wash. 1978), arose from a dispute as to 
water rights of creek and basin located within Indian 
reservation. The reservation contained federally reserved 
water rights as well as non-reserved water rights. Colville 
members argued that the questioned water, i.e., non-reserved 
water right, was essential to maintain traditional tribal 
life and customs. The court held that "Indian tribes do 
possess 'a certain degree of independent authority over 
matters that affect the internal and social relations of 
tribal life'" (1322), but the state has authority over 
non-reserved water. As a result, the states maintained 
control over the desired water at the expense of Native 
American autonomy. This case again illustrates the limited 
impact that Native Americans have in the water policy arena. 

Along the same line, Matter of Determination of 
Conflicting Rights, 484 F. Supp. 778 (D. Az. 1980), 
concerned a classification of federal rights and state 
rights. The court acknowledged that the San Carlos Apache 
Tribe and Yavapai-Apache Indians had rights under the 
McCarran Amendment, but not all water rights are federal. 
Native American concerns, concerns that promote economic 
growth at the expense of the preservation of traditional 
Native American lifestyles. The court refused to draw any 
distinctions between potential growth conflicts and Native 
American culture and concluded that "This court is compelled 
toward the opinion that the intense local concern in actions 
in this type weigh heavily in favor of the exercise of 
federal judicial restraint and non-intervention" (784). In 
other words, the state courts will be the proper venue for 
decisionmaking. 

The idea of the state courts deciding Native American 
water rights has serious policy ramifications, as indicated 
in In Re Adiudication of All Rights to Use Water, 531 F. 
Supp. 449 (D.S.D . 1982). In this case the South Dakota 
Legislature passed legislation that empowered the State 
Attorney General to bring an action for the general 
adjudication for the priority of water rights and the rights 
to use water for all persons, entities, public or private, 
on any river system and on all other sources (451). As the 
court stated "The scope of the lawsuit is, in a word, 
enormous" (451). Amicus Curiae briefs were submitted on 
behalf of the Native Americans to protect their rights, 
traditional use of water, and to hear the case at the 
federal level. The court concluded that 

Amici strenuously argue that the mere presence of 
substantial Indian rights in this case places an 
obligation on this court to retain jurisdiction 
Amicus. Rosebud Sioux Tribe devotes its entire brief 
to a discussion of the historical role of the federal 
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courts in protecting Indian Rights. It is alleged that 
the somewhat political nature of the lawsuit and what 
the Rosebud Sioux Tribe calls the 'traditional 
hostility of state courts to Indian Rights' makes it 
impossible for the Indian claimants to get a fair 
hearing anywhere but in the federal court ..• This court 
cannot agree with this position (emphasis added) (454). 

Reluctant to settle the dispute, the court remanded the 
case to the state court. Again, a setback to the Native 
American position of preserving a traditional use of water. 
Obviously, this case has the potential of lessening traditional 
lifestyles . 

Finally, Joint Board of Control of Flathead Mission v. The 
United States CBureau of Indian Affairs and the Confederated 
Solish and Kootena: Tribes of the Flathead Reservation>, 646 
F. Supp. 410 (D. Mont. 1986), represents another case where 
Native American rights are secondary to traditional water 
uses. In this case the Bureau of Indian Affairs was challenged 
by Montana irrigators after the BIA allocated water to protect 
traditional tribal fisheries. The court concluded that 

The effect of the Court's order in 1985 was to advise 
the Secretary that he would not be permitted. to suck 
dry the streams of the Flathead Indian Reservation in 
derogation of tribal treaty rights. Here I conclude 
that neither should the BIA be allowed to seriously 
injure 2,600 irrigators by totally disregarding their 
rights. The actions of the Secretary are legally 
wrong .•• if not inexcusable (426). 

Like the preceding cases, the courts are reluctant to accept 
traditional tribal uses over development claims and in this 
case seem quite hostile to traditional claims. 

The final two cases represent less significant concerns 
than the previously discussed cases. In Choctaw Nation v. 
Cherokee Nation, 393 F. Supp. 224 (E.D. Ok. 1975), the conflict 
focused on a boundary dispute in the Arkansas River Bed. Of 
importance to this study, is the court's view of treating 
Native Americans as Nations in resolving the dispute. Indeed, 
the sovereignty of Native Americans was conveniently 
disregarded in cases involving 'outsiders' in the previous 
cases. But, in this case, the court claimed "in truth and in 
fact (the tribes) were political bodies which were treated as 
independent nations sovereign in many of their rights ... " 
(243). If this was the view in other cases, then the Native 
Americans as sovereigns might have been in better positions in 
the First Amendment cases and conflicting rights cases. 

The final case Kiowa Tribe v. City of Lawton, 644 F. Supp. 
1051 (W.D . Ok. 1986), represents a case in which 
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Native Americans have limited success. In this case, the 
City of Lawton promised free water to the Tribe. The Court 
agreed, but limited the Tribe's victory by claiming that 
"for so long as the Ft. Still Indian Boarding School is 
maintained as a Government Institution .• . free water will be 
provided" (1055). The decision cannot be broadly 
interpreted as providing a victory for traditional Native 
American lifestyle, but is merely a victory for a government 
program related to Native Americans. 

Conclusion 

Native Americans do indeed bring questions to the water 
policy arena that otherwise would not be brought. These 
questions, particularly regarding the preservation of 
culture and protection of religious liberties have the 
potential of increasing the depth of water issues and 
linking water policy to the larger environmental picture. 

However, the Native Americans have yet to have great 
success in the judicial arena. Consequently, their concerns 
are not met and the contribution to environmental policy is 
muffled by the demands of economic growth and development. 
Perhaps with increasing demands on water and heightened 
environmental concern, policymakers will pay closer 
attention to the issues raised by Native Americans. When 
the policymaker chooses to conserve the precious resource of 
water, the Native American cases will offer a framework from 
which decisions can be made. As the Arid West is faced with 
devising policies during times of drought, the Native 
American's message of the sacredness of water and the need 
for conservation should be of particular importance. 
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VITICULTURAL RENT SEEKING AND PUBLIC POLICY IN ARID LANDS 

D.E.R. Gay1 

Introduction 

Textbook discussions depict truth-in-labeling as being 
straightforward, if they mention it. A narrower aspect of 
truth-in-labeling would be truth-in-origin. By reading the 
label, consumers would know where the product was produced. 
Superficially, there would not be an economic issue involved by 
listing the geographic origin of a product produced in the U.S. 
for our consumption. 

The economics of "what's in a name" can be illustrated in 
the establishment of the U.S. viticultural appellations. In 1978 
an apparently straightforward procedure by the Bureau of Alcohol, 
Tobacco, and Firearms established a procedure whereby interested 
parties could establisq a viticultural area, using the guidelines 
in Rule 53. For geographic areas smaller than counties and 
states, petitioners could request geographic delimitation after 
identifying the historical name, the soil characteristics, along 
with appropriate maps. The petitioners file with BATF and their 
intent is published in the Federal Register. The BATF can 
solicit responses from interested parties and decide whether to 
hold public hearings. 

The interest group theory of regulation seems appropriate in 
this case. It has developed largely since Stigler's (1971) 
investigation of occupational licensing. It has been generalized 
to virtually all aspects of governmental activity. Interest 
groups lobby regulatory agencies and Congress to restrict 
competition. They may try to seize monopoly returns or to create 
such returns through lobbying. considerable resources may be 
devoted to influencing public policies. Interest group theory 
has not been applied to viticultural appellations in arid lands, 
or elsewhere. There is a well-developed set of research into the 
demand and supply of wealth transfers, as found in Landes and 
Posner (1975), Peltzman (1976), McCormick and Tollison (1980), 
and Becker (1983). 

Some Economic Issues for Arid Lands 

The interest group perspective is illustrated in the 
activities of interested parties to secure favorable treatment. 
One early case involves the potentially lucrative issue of the 
apparently innocuous issue of what constitutes Napa Valley. In 
the original petition (1981), it included the watershed of the 
Napa River. That seemed straightforward. Excluded growers could 
sell grapes for use under the general designations of Napa (for 

1 Professor of Economics, University of Arkansas, 
Fayetteville, AR 72701. 
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the county) but not as part of Napa Valley. Napa Valley is a 
worldwide recognizable name. Growers in five nearby valleys 
appealed to be included since they had traditionally sold grapes 
to vintners in Napa Valley. The petition was amended to include 
them. Thus, in an early test of truth-in-origin, the BATF 
process failed its primary objective of promoting truth in 
labeling. One valley cannot be six valleys. 

Another dispute developed over the Shenandoah Valley. The 
California petitioners produced wine in a valley settled by 
Virginians who named it Shenandoah Valley after their home in 
Virginia. After a lengthy deliberation, BATF courageously 
decided to approve both petitions. Each appellation carries 
their respective state name after the designation of Shenandoah 
Valley. 

One of the clearest cases of interest group behavior 
involves the Stags Leap petition, which was settled in January 
1989 after a bitter dispute. Unlike some of the earlier cases, 
it did involve some rent seeking by the petitioners. The case 
underscores the potential for distortive behavior by petitioners 
throughout the existing process of appellation approval. 

Rent Seeking Behavior 

The interest group behavior illustrated in the preceeding 
examples led to rent seeking. The standard economic definition 
of rent involves a return higher than the minimum necessary (the 
opportunity cost) to keep a resource in its present use. In the 
process of seeking profits, entrepreneurs will devote resources 
to obtain both profits and rents. But through time the profits 
will be dissipated in a competitive market. They will fall to a 
"normal" level reflecting opportunity cost in open entry 
markets. Firms which cannot garner their opportunity costs will 
depart the industry. Thus the pursuit of profits and rents 
provide a normal incentive within the market economy. 

As analyzed by Tullock (1967) and coined by Krueger (1974), 
rent seeking distorts economic incentives and promotes waste. 
The rules of the system can provide monopoly returns and 
petitioners lobby for the political rights to capture monopoly 
returns. Costs are incurred to obtain special monopoly privilege 
reflected as economic rents . 

In economic discussions, the social cost of monopoly can be 
illustrated in Figure 1 by the net loss of value (labeled BAD). 
Under conditions of constant long run costs, the social loss 
represents the excess of value above cost which is foregone with 
restricted markets. The rent represents the monopoly return 
(DAMN) in excess of opportunity costs (along LRMC = LRAC = S). 
Not only can the rents be dissipated, they can be dissipated by a 
whole multiple due to the multiplicity of lobbying efforts 
expanded by many parties to gain the rent. Many of the 
viticultural areas in arid lands are relatively newcomers. For 
example, southern New Mexico is being replanted, along with 
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California's San Diego County. Both had substantial plantings 
during the Spanish occupation. Wineries and vineyards are 
returning to arid lands. Drip irrigation ties wineries and 
vineyards to the politics of water rights. 

To the extent that there are many new wineries in arid 
lands, they should differentiate their product with specialty 
wines, or encourage local pride, or market their wines to 
~dentify a special niche. By doing that, they may be able to 
increase the relative inelasticity of demand. They would want to 
make their customers less price sensitive. 

Consumer and industry information about various wines is 
costly . It requires substantial testing. Choosing a wine is 
personal. Discerning differences between wines can be 
challenging. Newer wineries in arid lands should try to 
differentiate their product through marketing, labeling, naming, 
quality control, and skilled vintners. 

Many new wineries have been established in arid lands. In 
New Mexico, there have been many new wineries, as listed in Table 
1 (along with wineries in Arizona and Colorado). This set of 
wineries excludes those in Texas and California. 

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

The potential for problems is illustrated by developments in 
the Napa Valley, as indicated in Gay and Hutchinson (1988). A 
number of wineries have already used the term Stags Leap Area in 
publicity releases regarding their wineries or wines, and the 
term Stags Leap has appeared in some form or another on some wine 
labels other than those of Stag's Leap Wine Cellars or Stags' 
Leap Winery, who made the name famous. The wineries which are 
engaging in these practices are taking advantage of the fame 
created for the name by the successes of Stag's Leap Wine Cellars 
and Stags' Leap Winery. The possibility for consumer confusion 
of these wines with those actually produced by Stag's Leap Wine 
Cellars or stags' Leap Winery is pronounced, as is the potential 
for damage to the reputation (the problem of the commons) of 
Stag's Leap Wine Cellars and Stags' Leap Winery, as well as for 
reduction in the sales of these two producers. 
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Table 1. Some Wineries in Arid Lands. 

New Mexico 

Location 

Alamosa Cellars 
Anderson Valley Vineyards, Inc. 
Balagna Winery co. 

Elephant Butte 
Albuquerque 
Los Alamos 

Binns Vineyard & Winery 
Chateau Sassenage 
Devalmont Vineyards, Inc. 
Demaine Cheurlin 
Gallup Sales Co. 
La Chiripada Winery 
La Vina Winery 
Mountain Vista Vineyards 

& Winery 
Rio Valley Cellars 
Sandia Shadows Vineyard 

& Winery 
St . Clair Vineyards 
Santa Fe Vineyards 
Sun Vineyards, Inc . 
Vina Madre 

Arizona Vineyards 
Hacienda Del Coronado 

Vineyards and Winery, Inc. 
San Dominique 
Sonoita Vineyards 
R.W. Webb Winery, Inc. 

Pikes Peak Vineyards, Ltd. 
Plum Creek Cellars, Ltd. 
Vintage Colorado Cellars 

Las Cruces 
Engle 
Albuquerque 
Truth or Consequences 
Galleys 
Dixon 
Chamberino 

Albuquerque 
Bosque 

Albuquerque 
Deming 
Espanola 
Las Cruces 
Dexter 

Arizona 

Location 

Nogales 

Florence 
Scottsdale 
Elgin 
Vail 

Colorado 

Location 

Colorado Springs 
Larkspur 
Palisade 

Founded 

1987 
1984 
1986 
1982 
1989 
1987 
1985 

No date 
1981 
1977 

1987 
1985 

1984 
1984 
1984 
1987 
1978 

Founded 

1985 

1987 
No date 

1983 
1980 

Founded 

1984 
1985 
1978 

The petition was initiated by fifteen wineries (which did 
not include among their number either Stag's Leap Wine Cellars or 
Stags' Leap Winery) located along the Silverado Trail on the 
eastern side of the Napa Valley. The establishment of a 
viticultural area to be named stags Leap (1987) raises serious 
issues. Applying the name Stags Leap to any viticultural area 
would appear to set a precedent for attempting to formulate a 
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basis for a viticultural area wherever a geographic reference had 
acquired commercial value and could end by the arbitrary drawing 
of lines on a map and the exploitation of any commercially 
successful user of a geographic name. 

Continued Rent seeking 

Rent seeking behavior is encouraged in the BATF regulatory 
process. The initial advantage from an appellation belongs to 
petitions from "any interested party," according to Rule 53. one 
need not establish a uniqueness of the soil and climate but only 
describe the existing technical properties of the soil. The 
historical sketch should provide evidence that the proposed name 
could characterize the geographic location. Even the term "area" 
could be interpreted as providing a unifying commonality to the 
location. In short the process is open to political influences. 

U. S. practices differ from those used in France, Germany, 
and Italy. In addition to designating the origin of wines, the 
Europeans have also developed quality rankings. These have been 
compared to U.S. laws of origin, in Gay and Hutchinson (1987). 
If Americans are unfamiliar with the differences between u.s., 
French, German, and Italian practices this can add to their 
confusion. Likewise, foreigners unfamiliar with U.S. practices 
can be easily misled, as explained in Gay, Hutchinson, and Waters 
(1984). 

Another contributing factor is that the BATF appears to 
follow a policy of including any interested party who wants to be 
added to a petition. Such a "squeaky wheel" rule led to the 
amendment of the Napa Valley petition (1981) to include five 
nearby valleys. Similarly, the Stags Leap petition (1987) faced 
several amendments. Beckstoffer (1987) argued that extending 
boundaries should have to be supported by evidence that such 
extensions include wines that share the distinctiveness of the 
area. Furthermore, the proof should rest with those seeking 
inclusion. It should not be the obligation of the original 
petitioners to "prove or disprove the case of those who wish to 
extend." And such a burden of proof "should be significant." 
There will probably be some common elements of a neighboring 
site. Thus for all petitioners to create or extend the 
boundaries of a potential viticultural site they should have to 
make a strong case for commonality. 

The existing institutional constraint requiring a detailed 
examination of the effects does not apply in cases of 
viticultural regulation. The BATF routinely declares in its 
rules published in the Federal Register that the Regulatory 
Flexibility Act (5 u.s.c. 604) does not apply because "it will 
not have a significant economic impact on a substantial number of 
small entities." Similarly, Executive Order 12291 is not invoked 
since the final rule establishing any viticultural area on a case 
by case basis will not result in an annual effect of $100 million 
or more, no major increase prices or costs, and no significant 
impact on U.S. firms to compete with foreign products in U.S. or 
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export markets. Since the approval process is handled on a case 
by case basis, any further consideration is precluded. However, 
if the aggregate set of appellations had to be considered, then 
both the Regulatory Flexibility Act and Executive Order 12291 
might apply. 

There are private, market alternatives to the patchwork 
establishment of the U.S. viticultural areas. In fact, many 
European arrangements were the result of private agreements. 
However desirable, such private market arrangements, the BATF, 
along with growers and vintners, will not likely abandon the 
current administrative process. Rents will continue to be 
generated. 
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Introduction 

ECONOMIC VERSUS PHYSICAL CRITERIA FOR 
TARGETING WIND EROSION CONTROL 

Paul c. Huszar1 

In addressing erosion problems, it has been argued that 
targeting will increase the efficiency of soil conservation 
programs. It has been observed that, while U.S. Department of 
Agriculture (USDA) conservation efforts have been spread rather 
widely and uniformly throughout the country, resource problems 
are concentrated in limited geographic areas. In response to 
this argument, a national program to target conservation efforts 
was initiated by the USDA in 1981 (Stults et al., 1987). 

Currently, the major criterion for targeting is tons of soil 
lost, with moderate emphasis on productivity and practically no 
emphasis on environmental and economic factors (Nielson, 1986). 
The purpose of this paper is to compare the returns from 
targeting conservation measures for reducing wind erosion based 
on economic versus physical criteria. The analysis is conducted 
for the state of New Mexico. 

The major costs of wind erosion occur off-site. For 
example, the on-site costs of wind erosion in New Mexico are 
estimated to be only $10 million annually (Davis, 1985), compared 
with the estimated off-site costs of approximately $466 million 
annually (Huszar and Piper, 1986). For this reason, the analysis 
is conducted in terms of reducing the off-site costs of wind 
erosion. 

Off-Site Benefits of Conservation 

An empirical study of the off-site costs of wind erosion in 
New Mexico was conducted in 1985 (Huszar and Piper). The 
estimated off-site costs by county are shown in Table 1. This 
appears to have been the first and, to date, only study to 
measure the off-site costs of wind erosion. 

A recent study utilized the data from the 1985 study to 
estimate the off-site benefits from reducing on-site wind erosion 
rates (Huszar, 1989). The off-site benefit function derived is 
shown in equation (1): 

TB = B - e 
[A - 0.14("w;o - R)-2 ] 

where: A = 2.98 - 0.09 Y2 + 0.01 Y3 + 2.40 Z - 0.02 W 
Y = household income level, 

(1) 

1 Department of Agricultural and Resource Economics, 
Colorado State University, Fort Collins, co 80523. 
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COUNTY 

BERNALILLO 
CATRON 
CHAVES 
COLFAX 
CURRY 
DE BACA 
DONA ANA 
EDDY 
GRANT 
GUADALUPE 
HARDING 
HIDALGO 
LEA 
LINCOLN 
LUNA 
MCKINLEY 
MORA 
OTERO 
QUAY 
RIO ARRIBA 
ROOSEVELT 
SAN .1UAN 
SAN MIGUEL 
SANDOVAL 
SANTA FE 
SIERRA 
SOCORRO 
TAOS 
TORRANCE 
UNION 
VALENCIA 

TABLE 1. NEW MEXICO COUNTY EROSION RATES 
AHD orr-SITE COSTS PBR ACRB 

EROSION RATE 
(TONS/ACRE) 

13.9 
o.• 
•.2 
o.o 

10.7 
0.6 
6.2 

10.0 
0.7 
0.8 
7.0 
2.6 
7 . 5 
1.0 
7.4 
0.8 
0.2 
5.7 
7.7 
0.5 
•. 2 
3.0 
1.0 
3 .• 
0.3 
1.8 

10.7 
0.1 
3.6 
5.8 
6 .• 
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OFF-SITE COSTS/ACRE 
($ MILLION) 

172.28 
0.47 
4.51 
o.oo 

24.•3 
1.08 

11.79 
8.39 
5.•7 
1.12 
0.99 
l.•1 
9.54 
2.02 
•. 15 
5.75 
1.00 
3.90 
3.89 
1.59 
4.75 
8.29 
2.•• 

10.80 
12.03 
l. 21 
l. 70 
2.16 
2.67 
1.59 

33.18 



z = dummy variable for home ownership, 
W = years at present residence. 
B = current level of off-site costs 
z = dummy variable for home ownership, 
W = years at present residence, 
B = current level of off-site costs, 
R = reduction in wind erosion rate, and 
'Xw;o = wind erosion rate with no reduction. 

Equation (1) indicates that off-site benefits increase at an 
increasing rate when the amount of wind erosion is reduced up to 
an erosion rate near zero . That is, small reductions in wind 
erosion rates yield relatively small off-site benefits, but the 
off-site benefits increase more than proportionately as the 
reduction in the wind erosion rate increases. Contrary to most 
conventional benefit curves, the off-site benefits of wind 
erosion reductions demonstrate significant increasing returns. 

Optimal Economic Level of Erosion Control 

The optimal economic level of erosion control maximizes net 
be~efits. The off-site benefits of varying levels of erosion 
control are estimated by equation (1). 

The costs of reducing erosion on such a broad scale, 
however, may be impossible to determine. Reducing wind erosion 
on rangeland, for example, may cost practically nothing or as 
much as $20 per acre (Dawson, 1983; scs, 1986). Conservation 
tillage for reducing erosion on cropland may actually cost less 
than conventional tillage on an annual basis and the initial 
conversion costs may be covered in as little as one year 
(Crosson, Hanthorn and Duffy, 1986; Troeh, Hobbs, and Donahue, 
1980). Moreover, the available cost estimates cannot be 
expressed in terms comparable with the benefits estimated by 
equation (1). 

The costs of controlling wind erosion likely increase at an 
increasing rate with the level of control. That is, the marginal 
cost curve for reducing wind erosion is likely upward sloping. 
But the marginal benefit curve is also upward sloping, so that 
the conventional method of equating marginal benefits to marginal 
costs may not maximize net benefits . Due to this possibility, it 
is easier, especially with a computer, to determine the optimum 
level of control in terms of total benefits and costs, rather 
than in marginal terms. 

For simplicity in illustrating the nature of the optimal 
level of erosion control, it is assumed that the cost of 
controlling wind erosion is the same for all counties and 
increases at a constant rate. Initially, the cost of erosion 
control is assumed equal to $2 per ton per acre. 

Figure 1 shows the total, off-site benefit (TB) curves 
derived from equation (1) for five representative counties and 
the total, control cost (TCC) curve when the cost of erosion 
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FIGURE 1. OFF-SITE BENEFITS OF REDUCING WIND EROSION 
IN SELECTED NEW MEXICO COUNTIES 
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control is assumed equal to $2 per ton per acre. Total costs 
(TCC) exceed the off-site benefits for all levels of erosion 
control in Roosevelt and Lea counties, but benefits eventually 
exceed the costs in San Juan, Valencia and curry counties. 

The breakeven level of erosion control is 2.7 tons per acre 
in San Juan County, 5.9 tons per acre in Valencia County and 10.5 
tons per · acre in Curry County. Erosion control levels less than 
the breakeven level cost more than the benefits produced. 
Without a budget constraint, the optimum level of control would 
be near the maximum possible in each county: 3.0 tons per acre 
in San Juan County, 6.4 tons per acre in Valencia County and 10.7 
tons per acre in curry County. 

With a budget constraint, the optimum level of control is 
the maximum level greater than the breakeven level which can be 
afforded, or, if the breakeven level cannot be reached, then no 
control is optimal. Unless the budget is sufficient to control 
wind erosion up to at least the breakeven level of 5.9 tons per 
acre in Valencia County, for example, the optimum level of 
control is zero. If the budget is sufficient to reach or exceed 
5.9 tons per acre of control in Valencia County, then the optimum 
level of control is the maximum, affordable level up to nearly 
the current level of 6.4 tons per acre of wind erosion. 

Economic Versus Physical Criteria 

As can be seen from Figure 1, targeting wind erosion control 
to areas with the greatest amount of erosion may not maximize net 
benefits. Lea County, with an erosion rate of 7.5 tons per acre, 
has a greater level of wind erosion than Valencia County, with an 
erosion rate of 6.4 tons per acre, but, at a cost of $2.00 per 
ton per acre to control erosion, erosion control at the 
economically optimum level will yield greater net benefits in 
Valencia County. 

This finding holds true for the state as a whole and for 
different control costs. The economic breakeven levels of 
erosion control for each of New Mexico's 31 counties and for 
different, hypothetical control costs are summarized in Table 2. 
The simplifying assumption of linear cost curves is maintained, 
but the slope of the curve is changed. At a control cost of 
$2.00 per ton, wind erosion control is economically feasible in 
15 of the counties; at $1.50 per ton, it is feasible in 16 
counties; at $1 . 00 per ton, it is feasible in 18 counties; and at 
$0.50 per ton, it is feasible in 27 counties. 

By comparing Tables 1 and 2, it can be seen that the 
counties with the highest levels of erosion are not necessarily 
the best targets for controlling erosion. For example, if 
control costs average $2.00 per ton per acre, then targeting 
conservation measures to Eddy County, with an erosion rate of 
10.0 tons per acre, or soccoro County, with an erosion rate of 
10.7 tons per acre, will yield negative net returns at all levels 
of erosion control. On the other hand, targeting erosion control 
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TABLE 2. BRBAJCEVEN LEVBL OP EROSION CONTROL 
POR DIPPERBNT CONTROL COSTS 

COUNTY BREAKEVEH LEVEL OF EROSION CONTROL 
IF CONTROL COSTS EQUAL: 

S0.50/TOH Sl.00/TON $1.50/TON $2.00/TON 

(TONS/ACRE) 

BERNALILLO 12.0 12 . 6 12.9 13.0 
CATRON 0.1 0.1 0.1 0.1 
CHAVES 3.7 4.0 HONE NONE 

COLFAX NONE NONE NONE NONE 
CURRY 10.0 10.2 10.4 10.5 
DE BACA 0.1 0.1 0.1 0.2 
DONA ANA 5.5 5.8 5.9 NONE 
EDDY 9.6 NONE NONE NONE 
GRANT 0.1 0.1 0 .1 0.1 
GUADALUPE 0.1 NONE NOHE NONE 
HARDING NONE NONE NONE NONE 
HIDALGO 2.4 NONE NONE NONE 
LEA 7 . 0 NONE NONE NONE 
LINCOLN 0.1 0 . 4 0.6 0.7 
LUNA 7.2 NONE NONE NONE 
MCKINLEY 0.1 0.1 0.1 0.1 
MORA 0.1 0.1 0.1 0.1 
OTERO 5.4 NONE NONE NONE 
QUAY 7.5 NONE NONE NONE 
RIO ARRIBA 0.1 0.1 0. l 0.1 
ROOSEVELT 3.7 4.0 NONE NONE 
SAN .JUAN 2.1 2.4 2.6 2.7 
SAN MIGUEL 0.1 0.3 0.5 0.6 
SANDOVAL 2.4 2.8 2.9 3.0 
SANTA FE 0.1 0.1 0.1 0.1 
SIERRA 1. 5 NONE NONE NONE 
SOCORRO NONE NONE NONE NONE 
TAOS 0.1 0.1 0.1 0 .1 
TORRANCE 3.3 NONE NONE NONE 
UNION NONE NONE NONE NONE 
VALENCIA 5.2 5.6 5.8 5.9 
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to Sandoval County, with an erosion rate of 3.4 tons per acre; 
San Juan County, with an erosion rate of 3.0 tons per acre; or 
Valencia County, with an erosion rate of 6.4 tons per acre, will 
yield positive net returns, if sufficient erosion control is 
implemented. 

Conclusions 

Targeting erosion control practices based upon the amount of 
erosion does not guarantee economic efficiency. Economic 
efficiency exists when net benefits are maximized, so that 
targeting should be based upon the expected economic returns. 
Depending upon the costs of wind erosion control, targeting areas 
with high levels of erosion may yield negative net benefits, but 
positive net benefits can be realized by targeting areas with 
smaller erosion levels. 

These are admittedly crude approximations. Further research 
is needed to improve the reliability of these results. But the 
implication is clear: economic rather than physical criteria 
should be employed to target wind erosion reduction measures in 
order to insure that net returns are maximized. 
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IMPACTS OF PROPOSED GRAZING FEE FORMULA CHANGES ON NEVADA'S 
LIVESTOCK AND NON-LIVESTOCK SECTORS 

William o. Champney, Rangesan Naraya¥an, Thomas R. Harris 
and Wilhelm Maui 

Introduction 

The livestock industry is the largest industry in Nevada's 
agricultural sector, a?counting for 50 percent of total state 
agricultural receipts in 1985 (SRS, 1985). In Nevada and many 
western states, livestock production occurs on public as well as 
private land. A typical Nevada producer owns private land and 
leases public lands on a permit from the Bureau of Land 
Management (BLM) and/or the Forest Service (FS). Most permits 
require commensurate property and restricts the number of animals 
on public range. In Nevada public rangelands are important 
because 36 percent of all animal unit months (AUMs) for cattle 
and 43 percent of AUMs for sheep come from them. 

A grazing fee ($1.54) is also charged for each animal for 
each month that the grazing allotment is used. Congress is 
studying the possibility of raising grazing fees for one cow or 
five sheep grazing the range for one month. The grazing fee has 
been debated since PRIA was first passed and has continued to be 
debated since the legislation expired in 1985. New grazing fee 
formulas have been proposed but not officially accepted. A 
sunset clause existed on the grazing fee formula. Congress 
required that the agencies involved study the fee, make proposals 
about grazing fee alternatives, and report back to Congress by 
1985. In 1981, a task force was established for evaluating 
various alternative fees including the PRIA formula. 

The BLM and 
compared them to 
objective of this 
livestock industry 
fee formula changes. 

FS investigated alternative fee proposals and 
the current fee system. Therefore, the 
paper was to estimate the impacts on Nevada's 
and the state's economy from proposed grazing 

The impacts were measured by two methods: (1) by the change 
in permit value and its influence on debt service capacity for 
the ranch and (2) impacts to the non-livestock sector in the 
state's economy. 

The Current Fee Formula and Alternatives 

Fees are collected on a monthly basis and are determined 
annually by formula which is based upon the difference between 
operational costs of public grazing and private grazing. Since 

1 Associate Professors and Graduate Assistant, 
respectively, Department of Agricultural Economics, University of 
Nevada, Reno, NV 89557. 

49 



1966, this base (difference) has been $1.23 per AUM. The current 
PRIA formula is: 

(1) AUM Fee = $1.23 • (FVI + BCPI - PPI)/100 
where: FVI is the forage value index: 

cattle price index for the 11 Western States, 
production items cost index. Each index series 
this formula have 1964-68 values as their bases. 

BCPI is the beef 
and: PPI is the 
and the $1.23 in 

The 1985 report included a single index formula as one of 
the options for Congress. From a policy standpoint, any index 
which is responsive to changes in the forage market might be 
considered an adjuster of the base value. The lack of response 
or the lag time which an adjuster demonstrates is also an 
important consideration. Previously, the private forage index 
was slow to respond to market conditions and created mistrust by 
grazing interests--one reason why the current PRIA formula is 
touted by the grazing industry. 

The base price for PRIA was established from a 1966 survey 
using both private and public rangelands in the sample (USDA, 
USOI, 1977). Base values for the latest set of alternatives were 
established from a base value for an AUM derived from an 
appraisal of the forage market, by computing a five year average 
of calf prices and from an adjusted appraisal value with an 
indexed base from the 1966 survey. All alternatives created 
estimated fees higher than the current PRIA formula. This would 
cause more money to leave the industry, local and regional 
economies and the state. An alternative, the Modified Market 
Value Fee System, was selected for this paper as a representative 
fee system for measurement of that impact (USDA, USDI, 1986). 
The formula for that alternative was: 

(2) MVF = (BV * FVI)/100 
where: BV is the base value determined from an appraisal 

survey, and: FVI= the forage value index on a 1983 base. 

The base value was an appraisal value taken from the 1983 
study. This base value is to be periodically adjusted from the 
private forage lease rate index. Thus, both bases were 1983, the 
year the survey was conducted (USDA, USDI, 1986). Conceptually, 
the formula and the index reflect forage values in the market 
place and so incorporate opportunity costs to ranchers. It 
implies that only a single market exists for forage and that 
prices used adequately represent the market. 

Impacts on the Ranch 

An estimated fee under Modified Market Value Fee system 
would be $4.63 per AUM (Table 1). First, an increase of this 
magnitude ($3.28) would mean a smaller bank balance with all 
other factors remaining constant. A sample of ranches indicates 
an avera~e of 4930 AUMs per firm (Obermiller, 1984). Currently, 
the grazing bill would be $6650 at $1.35 per AUM. Choosing the 
sample alternative of $4.63, grazing payments would increase to 
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$22,800. The bank balance thus decreases by $16,150. A loan for 
10 years at 11.75 percent with an income stream of $16,150 will 
handle another $92,193 of debt. 

Ranchers face a longer term effect from fees increases. The 
collateral value of the ranch declines as permit value of AUMs 
fall. Loan institutions indicated ranch permit value was $30 to 
$60 per AUM. The range of capitalized values was taken from bank 
personnel who worked on appraisal and loans of ranches in the 
State of Nevada. If interest rates range between 8 and 15 
percent, then a return of $4.80 per AUM will maintain these 
capitalized values. Given a $4.63 estimated fee, the capitalized 
value drops by $23 to $41, leaving $7 to $19 as a residual permit 
value. A fee of $4.80 would drive this permit value toward zero, 
with only speculative values which periodically remain. 

Historically, financial institutions have loaned 60 percent 
of appraised market value on ranches for long term loans (over 10 
years). If markets reflect earnings of property, the property 
value drops. In the future, ranchers will face operations with 
less equity and less debt capacity, and lower sales prices for 
ranches. 

Impact on Nevada Economy 

Using the four proposed grazing fee formulas in Table 1, the 
impacts to Nevada's livestock industry and non-livestock sectors 
of Nevada's economy were derived. With each formula the number 
of AUMs are calculated from the demand equation estimated by a 
maximum likelihood model by Champney and Rangesan (1987): 

(3) LnAUM = 16.357 + 0.231 LnPPI - 0.405 LnFVI - 0.145LnF 
(19.162) (3.566) (-3.592) (-3.911) 

+ 0.54 LnHd + 0.161 LnHy 
(0.502) (2.574) (t-values) 

R2 = 0.85 Rho = -0.263 

Where: AUM is the number of animal unit months: PPI is 
prod~cer price index: FVI is the forage value index: F is the 
grazing fee values: Hd is number of cattle representing cows two 
years and older: and Ph is the price for hay. 

From the AUM demand equation a one percent increase in the 
grazing fee would result in a 0.145 percent decrease in AUMs. 
Using this relationship, percentage decreases in cattle herds in 
Nevada were derived for each suggested formula. Numbers and 
decreases in Animal Units are shown in Table 1. 

Interdependencies and interrelationships of the livestock 
sector with other sectors of the state's economy are shown in 
Table 2. Because a raise in the grazing fees would reduce the 
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Table 1. The Impact on AUMs and Herd Size from Four Selected 
Grazing Fee Formulas. 

Change in Decreases in 
Fee/Mo. AUMs Taken Animal Units 

Formula {$) Cnumberl Cnumberl 

Updated Base 2.22 205,628 17,136 

Combined Value 3.95 614,519 51,210 

Modified PRIA 4.45 732,696 61,055 

Modified Market Value 4.63 765,785 63,816 

output of the livestock sector, impacts to the Nevada economy can 
be derived through interindustry or input-output analysis. 

In earlier analysis, sector changes in final demand were 
required before the impacts from fee changes were derived. With 
the ability to exogenously derive output values for the livestock 
sector from alternative grazing fee formulas, the impacts to the 
nonlivestock sectors of the Nevada economy from the proposed 
changes and the returns of 8100 funds to the local communities 
can be estimated. 

From Table 1 the changes in the number of head of livestock 
from different grazing fee formulas were derived. From these 
values, decreases in value of output for the livestock sector 
were estimated. From these estimations values in the livestock 
sector production, nonlivestock sector production, employment, 
and value added impacts were derived using equations 9, 10, and 
11. 

Table 2 shows the impacts to the nonlivestock sectors of the 
Nevada economy from grazing fee formula changes. The 
Agricultural Crops and Agricultural Services Sectors (Sectors 2 
and 3) were impacted from proposed fees. The crops sector 
realized a loss of $722,545 (16%) with the Modified Market 
formula. Large impacts occurred in Finance, Insurance, and Real 
Estate Sector; Wholesale and Retail Trade Sector; and the Food 
Products Sector. The FIRE Sector realized output loss of 
$591,904, the Wholesale and Retail Sector lost $448,406, and Food 
and Kindred Products Sector lost $514,535. Almost all the 
economic sectors of the state of Nevada were impacted by changes 
in the grazing fee formula. 

Estimated Nevada nonlivestock sectors · employment impacts 
from the proposed fee formula changes are shown in Table 3. The 
interdependencies between the livestock and nonlivestock sectors 
can be noted. Note the impact of the loss of employment in the 
Wholesale and Retail Sector, the Repair and Maintenance Sector, 
and the Federal Government Enterprise Sector. Because of the 
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Table 2. Net Changes In Value of Sector outputs From Four 
Proposed Grazing Formulas. 

Sectors Updated Combined Modified Mod. Market 

Other Ag Pro -194004 -579805 -691282 -722545 
Ag Serv -98116 -294810 -352037 -368031 
Coal Mnng -2 -3 -4 -4 
Oil Extr -3 -10 -12 -13 
Metal Mnng -48 -159 -195 -204 
Nonmetal Min 5790 11855 12257 12555 
Construction 618539 1358725 1451250 1493826 
Food & Fiber -138079 -412833 -492265 -514535 
Apprl & Tex Prods 0 0 0 0 
Paper Prod -12 -68 -93 -99 
Print & Pub 7015 14550 15139 15521 
Chems & Prods 154 377 359 370 
Petrm & Coal -42 -134 -163 -170 
Tobacco Manuf -13 -42 -51 -53 
Rub & Plstcs -9824 -32719 -40167 -42142 
Leather Prods -311 -1115 -1394 -1466 
Lumber & Wood -15574 -53637 -66392 -69728 
Furniture -315 -945 -1128 -1180 
Primary Metals 10377 21384 22220 22777 
Fab Metals Prods 3811 7862 8158 8361 
Machinery 6161 11563 11427 11621 
Electronic Comp -6275 -20222 -24615 -25798 
Trans Equip 2035 3581 3408 3444 
Motor Vech Equp -109 -343 -405 -435 
Stone & Glass -1840 -5741 -6929 -7254 
Instmnt Prods 370 622 575 578 
Misc Mnft Indrt -189 -1383 -1931 -2056 
Trans Wrhsng -60678 -193068 -234227 -245371 
Commnction -9972 -36189 -45346 -47697 
Elctrc & Gas -59280 -185327 -223771 -234275 
Whlsl & Retl Tr -102756 -346841 -427215 -448406 
Fin, Ins & R.Est -154509 -471721 -565846 -591904 
Hotl & Repr srv -11750 -37698 -45836 -48030 
Busnss Serv -32762 -115550 -143841 -151177 
Auto Repr -15353 -47874 -57765 -60470 
Amusmt Rec Serv -3019 -9580 -11613 -12164 
HEW -21951 -65814 -78539 -82102 
Fed Gvt Entrp -2898 -9321 -11341 -11885 
State, Lcl Gvmt -198 -730 -918 -996 
Net Changes -285630 -1493163 -2000528 -2121137 
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Table 3. Employment Impacts to Non-livestock Sectors From the 
Four Proposed Grazing Fee Formula Changes. 

Sectors Updated Combined Modified Mod. Market 

Oth Ag Prod -4 -13 -15 -16 
Ag Serv -4 -12 -14 -15 
Coal Mnng 0 0 0 0 
Oil Extr 0 0 0 0 
Metal Mnng 0 0 0 0 
Nonmetal Min 0 0 0 0 
Constrctn 51 111 119 122 
Food & Fiber -2 -5 -6 -6 
Apprl & Tex Prods 0 0 0 0 
Paper Prods 0 0 0 0 
Print & Pub 0 1 1 1 
Chems & Prods 0 0 0 0 
Petrm & Coal 0 0 0 0 
Tobacco Manuf 0 0 0 0 
Rub & Plstcs 0 0 0 0 
Leather Prods 0 0 0 0 
Lumber & Wood 0 0 0 0 
Furniture 0 0 0 0 
Primary Metals 1 1 1 2 
Fab Metals Prods 0 0 0 0 
Machinery 1 1 1 1 
Electronic Comp 0 -1 -1 -1 
Trans Equip 0 0 0 0 
Motor Vech Equp 0 0 0 0 
Stone & Glass 0 0 0 0 
Instmnt Prods 0 0 0 0 
Misc Mnft Indrt 0 0 0 0 
Trans Wrhsng -2 -7 -9 -9 
Communications -0 -2 -2 -2 
Elctrc & Gas -1 -2 -2 -3 
Whlsl & Retl Tr -5 -16 -20 -21 
Fin, Ins & R.Est -2 -7 -8 -9 
Hotl & Repr Srv 0 -1 -1 -1 
Busnss Serv -1 -2 -3 -3 
Auto Repr 0 -1 -1 -1 
Amusmt Rec serv 0 0 0 0 
H E W -2 -5 6 6 
Fed Gvt Entrp -4 -12 -15 -15 
State, Lcl Gvmt 0 -2 -2 -2 
Net Changes 25 27 17 15 
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Table 4. Value Added Changes for the Non-livestock Sectors 
From the Four Proposed Grazing Fee Formulas. 

Sectors Updated Combined Modified Mod. Market 

Other Ag Prod -98,101 -293,188 -349,558 -365,366 
Ag Serv -57,573 -172,990 -206,570 -215,955 
Coal Mnng 0 0 0 0 
Oil Extr 0 0 0 0 
Metal Mnng 0 0 0 0 
Nonmetal Min 2,848 5,830 6,028 6,175 
Constrctn 334,516 734,822 784,861 807,886 
Food & Fiber -30,710 -91,818 -109,485 -114,438 
Apprl & Tex Prods 0 0 0 0 
Paper Prods -3 -19 -26 -28 
Print & Pub 2,376 4,928 5,127 5,256 
Chems & Prods 59 130 138 142 

. Petrm & Coal 0 0 0 0 
Tobacco Manuf 0 0 0 0 
Rub & Plstcs -3,772 -12,561 -15,421 -16,179 
Leather Prods 0 0 0 0 
Lumber & Wood -996 -3,431 -4,247 -4,461 
Furniture - 127 -382 -456 -477 
Primary Metals 4,192 8,671 9,010 9,236 
Fab Metals Prods 1,113 2,295 2,382 2,441 
Machinery 2,588 4,858 4,801 4,882 
Electronic Comp -3,028 -9,757 -11,876 -12,447 
Trans Equip 793 1,396 1,328 1,342 
Motor Vech Equip -33 -104 -126 -132 
Stone & Glass -799 -2,493 -3,009 -3,150 
Instmnt Prods 186 312 289 290 
Misc Mnft Indrt -86 -632 -883 -940 
Trans Wrhsng -29,850 -94,977 -115,224 -120,706 
Commnction -6,741 -24,464 -30,654 -32,243 
Elctrc & Gas -25,340 -79,220 -95,653 -100,143 
Whlsl & Retl Tr -68,128 -229,957 -283,246 -297,295 
Fin, Ins & R.Est -111,607 -340,740 - 408,730 -427,552 
Hotl & Repr Srv -6,202 -19,897 -24,192 -25,350 
Busnss Serv -24,871 -87,719 -109,195 -114,764 
Auto Repr -7,984 -24,897 -30,041 -31,448 
Amusmt Rec Serv -1,431 -4,542 -5,506 -5,767 
H E W -13,708 -41,101 -49,048 -51,272 
Fed Gvt Entrp -1,512 -4,862 -5,916 -6,200 
State, Lcl Gvmt 428 1,579 1,986 2,090 
Net Changes -143,503 -774,929 -1,043,111 -1,106,572 
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interrelationships of these three nonlivestock sectors with the 
livestock sector and the size of their sector employment, 
employment reductions for these three sectors under each proposed 
formula change is large. Under the Modified Market Value 
formula, the Wholesale and Retail Sector would realize a gain of 
approximately 15 jobs. More were gained by the lesser fees 
because of higher labor utilization in construction activities. 

Table 4 shows the estimate of Nevada value added sector 
impacts for each of the four proposed grazing fee formula 
changes. The Finance, Insurance, and Real Estate Sector had the 
largest loss of 27 percent of the state value added loss. 

summary 

This analysis demonstrated the impact of fee increases on 
both the firm and the economy of Nevada. With the livestock 
sector exogenized from the model, impacts from changes in 
livestock sector output on nonlivestock sectors in Nevada from 
changes in grazing fee formulas were shown. All four grazing fee 
formula changes resulted in a decline in livestock sector output 
which translated by interindustry relationships to decreased 
nonlivestock sector output. The most severe was the modified 
market value approach in which the nonlivestock sector activity 
declined by $2.1 million resulting in the state of Nevada losing 
approximately 145 jobs and $2 million in value added. 

·Individual ranchers will also realize the impacts of higher 
grazing fees in lower income streams. The permit value will 
decline. The proposed fee levels could come close to eliminating 
this asset and ranch equity would fall. 

This study also demonstrates that agriculture policy which 
has been concerned with product prices and farm income may be 
only one facet of policy affecting Nevada agriculture. Policies 
which affect input prices and which are not always within the 
United States Department of Agriculture still have important 
economic consequences. 
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ENFORCING THE ARIZONA GROUNDWATER MANAGEMENT ACT: 
IMPLICATIONS FOR EFFICIENCY AND EQUITY 

Bruce E. Peacock and Dennis c. Cory1 

Introduction 

Arizona has an estimated "dependable supply" of surface 
water and groundwater of 2,600,000 acre feet (Johnson, 1981). 
Dependable supply is the amount of water which can be used 
annually over a long period of time without lowering water 
storage levels. However, Arizona consumes 4,800,000 acre feet 
annually, resulting in an annual groundwater overdraft of 
2,200,000 acre feet. Even with the importation of approximately 
1,200,000 acre feet each year via the Central Arizona Project 
(CAP), present levels of water use would result in an annual 
groundwater overdraft of 1,000,000 acre feet, over 25 percent 
more than the total dependable supply available from the CAP, 
surface water, and groundwater. In fact, overdraft of 
groundwater aquifers has become the major component of water use 
in Arizona's most urbanized areas (Arizona Department of Water 
Resources, 1984). In 1980, groundwater overdraft in the Phoenix 
area was approximately 1,365,000 acre feet, 40 percent of the 
total water use in that area. Of the total use of 3,410,000 acre 
feet in the Phoenix area, 70 percent was used by agriculture and 
20 percent was used by municipalities and industry: system losses 
and natural basin outflows accounted for the remaining 10 
percent. 

The Groundwater Management Act (GMA) was passed by the 
Arizona Legislature in 1980 as a response to these concerns. The 
distinguishing feature of the GMA is its requirement of zero 
groundwater overdraft in specific areas of the State to include 
the Phoenix area by the year 2025. To implement the GMA, a new 
Arizona Department of Water Resources (DWR) was created. It was 
empowered to require compliance with the GMA's mandatory 
conservation program through various enforcement activities and 
to condemn privately held irrigation groundwater rights in order 
to achieve zero groundwater overdraft. This paper examines the 
effectiveness and efficiency of these enforcement and 
condemnation activities in achieving zero groundwater overdraft. 

Groundwater Rights vis-a-vis the GMA 

Concern for Arizona's overdraft problems was manifested by 
the proposal of the CAP, a system of aqueducts designed to 
transport Colorado River water from Lake Havasu on the 
Arizona/California border for delivery in central and southern 
Arizona. Implementation of the CAP represented the supply 
augmentation that would relieve the demand pressure on Arizona's 
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groundwater aquifers. However, concern for the continuing 
groundwater overdraft led the Secretary of the Interior to inform 
Arizona that passage of a strong water conservation law was a 
prerequisite to continued funding of the CAP. The Secretary 
argued that federal tax revenues should not be spent to augment 
Arizona's water supply without a corresponding local commitment 
to restrict groundwater withdrawals. Thus, the Arizona 
Legislature passed the GMA in 1980. The GMA established four 
active management areas (AMAs) in which intensive groundwater 
management was needed because of a large and continuous 
groundwater overdraft. The four AMAs included approximately 80 
percent of the State's population, 70 percent of the State's 
groundwater overdraft, and 60 percent of the State's groundwater 
pumping. 

The DWR director has been given broad enforcement powers to 
require compliance with the GMA. These powers include mandatory 
reporting by individuals withdrawing groundwater, the right to 
conduct investigations without notice if there is cause to 
believe that notice would frustrate enforcement, cease and desist 
authority, and the power to levy civil penalties for violations. 
Additionally, the director can apply to Superior Court for a 
temporary restraining order or injunction if a violation 
continues after a cease and desist order is issued. Criminal 
penalties are provided by the GMA for individuals who knowingly 
violate the law. Finally, DWR is empowered with the authority to 
collect fees in the form of a pump tax to be used for 
condemnation of irrigation groundwater rights if the enforcement 
of conservation measures fails to achieve the groundwater 
overdraft target. 

Efficient Implementation of the GMA 

Efficient use of Arizona's natural and human resources 
within the legislated framework of the GMA requires the 
maximization of the discounted stream of net benefits obtained 
from it over time. In that Arizona has expressed its legislative 
will and determination to achieve the GMA goals, the GMA benefits 
are fixed. Therefore, the problem becomes one of social cost 
minimization. That is, efficiency requires DWR to allocate 
resources such that the discounted sum of all GMA implementation 
costs accruing to society through time is minimized, subject to 
the hydrologic realities associated with overdraft reduction and 
the mandated zero overdraft by 2025. 

Obviously, one portion of the social cost associated with 
the GMA is a resource cost. Resources in the form of capital, 
labor, and energy must be diverted to enforcement activities away 
from other productive activities in the economy. Without such 
enforcement, no incentives would exist for individual groundwater 
users to comply with the GMA. 

A second portion of the social cost associated with the GMA 
is the foregone agricultural income resulting from enforcement of 
the GMA conservation measures. Demand for groundwater by the 
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agricultural sector can be reduced in a variety of ways in order 
to achieve GMA goals. The second management plan will require 
all agricultural groundwater users to achieve the maximum 
possible irrigation efficiency by the year 2000. Beyond this 
requirement, DWR is empowered to reduce irrigation water duties 
of farms with water duties in the top 25 percent of the AMA. The 
water duty is the per acre water allotment assigned by DWR and 
applies to all sources of water (groundwater, surface water, and 
CAP water). Finally, as already mentioned, DWR can condemn 
groundwater rights by the purchase of irrigated farm land. To 
achieve zero groundwater overdraft through such condemnation 
procedures, approximately 102,263 acres of irrigated acreage 
would have to be removed from agricultural production. The 
combined impacts of agricultural land conversion, enforcement of 
conservation measures, and condemnation of irrigation groundwater 
rights could reasonably be expected to result in an agricultural 
sector in the year 2025 being one quarter or less of the sector 
operating currently in the Phoenix AMA. 

While the GMA imposes conservation measures on all 
groundwater uses, the restrictions on agricultural uses are the 
most stringent . The above mentioned conservation measures do not 
apply to industrial or municipal uses. Hence, the foregone 
income associated with GMA restrictions on industrial and 
municipal users, while not trivial, can be expected to be much 
less severe than that associated with agricultural conservation 
measures. Therefore, the two principal elements of the social 
cost associated with the GMA are the resource cost of enforcement 
activities, and the foregone agricultural income resulting from 
those enforcement activities. 

To study GMA enforcement, the Phoenix AMA has been chosen 
primarily because of the challenge presented by the GMA to 
achieve zero groundwater overdraft in the largest and most 
populous urban area in the state. The demand pressure exerted by 
the various competing water using sectors in the AMA combined 
with the restrictive water conservation measures imposed by the 
GMA on irrigation uses indicate major changes in the size and 
compositon of the agricultural sector in the AMA. 

Phoenix AMA Enforcement Program 

GMA enforcement in the Phoenix AMA involves a four stage 
program. The first stage is the identification of possible 
violations. Such monitoring activities include internal file 
reviews, third party complaints, remote sensing to include aerial 
photo analysis and Landsat satellite imagery analysis, and random 
field inspections. The second stage in the Phoenix AMA 
enforcement program is the verification of possible violations 
identified by one of the monitoring activities. Verification 
activities include field inspections and formal audits. If a 
possible violation is not verified, the case is dismissed. 

The third stage in the enforcement program is adjudication. 
once a possible violation has been verified, subsequent 
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enforcement action, such as the imposition of a fine, 
on the nature of the violation. The final stage is 
of the sanctions placed on verified violators. 
activities involve the monitoring of violators to 
required corrective actions have been completed. 

will depend 
a follow up 

Follow up 
ensure that 

A total of 592 cases have been initiated in the Phoenix AMA 
as of October, 1989, 73 percent of which are closed. Of the 
closed cases, 45 percent resulted in assessed penalties. The 
history of GMA enforcement activities in the Phoenix AMA is 
short; however, one trend may be suggested. Violations in the 
annual reports, illegal acreage - irrigation, and over 
allotment non-irrigation categories appear to be subject to a 
learning process on the part of groundwater right holders. The 
number of violations in these categories is relatively low in the 
early part of the period, peaks midway in the period, and then 
declines. This trend may be suggestive of DWR gearing up its 
enforcement activities in the early stages of the period, and the 
right holders learning about violations and the seriousness of 
DWR enforcement in the later stages of the period. For other 
violation categories, the temporal distribution is generally 
increasing in number from the beginning through the end of the 
period. This pattern is not necessarily inconsistent with the 
learning trend suggested above if one allows for different 
learning rates and different times required for DWR to gear up 
its enforcement activities. Further, this pattern suggests that 
DWR placed more emphasis on enforcement of violations in the 
annual reports, illegal acreage - irrigation, and over allotment 

non-irrigation categories in the early years than other 
violations. 

Enforcement Issues 

DWR is attempting to achieve reductions in groundwater 
overdraft by applying enforcement of the GMA mandated 
conservation measures. The effect of enforcement is to reduce 
overdraft over time subject to diminishing marginal 
productivity. It is reasonable to assume that a threshold level 
of enforcement effort exists for which overdraft is not reduced. 
Levels of enforcement less than this threshold are insufficient 
to achieve a reduction in overdraft, but rather allow overdraft 
to increase. Levels of enforcement greater than this threshold 
do achieve reductions in overdraft over time. This would suggest 
that some minimal level of enforcement resources must be adminis
tratively committed if progress toward achievement of zero 
overdraft by 2025 is to be made. 

Three factors can be expected to impact on the effectiveness 
of enforcement: public acceptance of the GMA, public awareness 
of the GMA, and adoption of improved enforcement technologies. 
As with any public policy, public acceptance of the GMA will 
impact on its effectiveness. Additionally, public awareness of 
the GMA and its enforcement, a learning process, will futher 
impact on its effectiveness. Public acceptance and public 
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awareness are related in that one can be neither accepting nor 
rejecting of a policy until the nature and implications of the 
policy's provisions are made known. The level of acceptance or 
rejection can then be expected to converge to its true value as 
more complete information about the policy is obtained. 
Therefore, the net effect of public acceptance and public 
awareness (here termed cooperation) will impact on the 
effectiveness of enforcement. For a given level of enforcement, 
increasing cooperation will increase the effectiveness of 
enforcement (i.e., cause overdraft to decline at a faster rate) 
and decreasing cooperation will decrease the effectiveness of 
enforcement (cause overdraft to decline at a slower rate). 

over time, given sufficient levels of enforcement effort, 
the level of overdraft will be reduced. As the available supply 
of overdraft is reduced, the effectiveness of a given level of 
enforcement effort would be expected to diminish if improved 
enforcement technologies were not adopted. Assuming DWR is 
prompted to adopt improved enforcement technology as the 
available supply of overdraft is reduced, the effectiveness of 
enforcement is improved as the level of overdraft is reduced. 
Such a trend is likely if initial pverdraft reductions can be 
obtained with existing enforcement technologies, but further 
reductions require the use of more sophisticated, capital 
intensive procedures. 

Enforcement, cooperation, and technology effects are issues 
that impact on the physical problem of enforcing GMA provisions 
over time. These three effects capture the major aspects of the 
production function encountered by DWR. In addition, economic 
issues of efficiency and distributive equity must be addressed. 
These issues are driven by the requirement of the GMA to achieve 
a zero level of overdraft by the year 2025. For any given 
reduction in overdraft achieved through enforcement activities, 
the relevant economic problem is to choose that combination of 
inputs which minimizes the cost of achieving the reduction. Of 
particular interest is the identification of the least cost 
combination of the short run enforcement of conservation measures 
and the more long run possibility of groundwater irrigation 
rights condemnation. 

Beginning in 2006, DWR is empowered to condemn a sufficient 
number of groundwater irrigation rights to achieve zero overdraft 
by 2025 if it is apparent that enforcement of GMA conservation 
measures alone will not achieve the target. The two inputs, 
enforcement effort and rights condemnation, can be expected to 
have different income distribution effects. Enforcement of GMA 
conservation measures requires reductions in groundwater use by 
all users, hence a reduction of income for all users. Depending 
on how the compensation for rights condemnation is to be 
calculated, the distribution of income may be different for 
individuals whose rights have been condemned as opposed to 
individuals who continue to enjoy their rights. If compensation 
equals the discounted stream of future income based on the same 
conservation measures applied to those who keep their rights, 
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then no systematic difference in income distribution should 
obtain. This result requires the knowledge of any future change 
in conservation measures. For example, suppose conservation 
measures for those who keep their groundwater irrigation rights 
must become more stringent in the future in order to maintain a 
zero level of overdraft in the face of a growing municipal water 
demand. Then, if rights condemnation compensation is based on 
the conservation measures at the time of condemnation, 
individuals may be better off having their rights condemned, 
depending on how far in the future the more stringent 
conservation measures become effective. 

A second economic issue deals with the resulting efficiency 
of various possible scenarios for the employment of enforcement 
effort and rights condemnation. Until now, it has been assumed 
that the location of the marginal benefit curve relating to 
overdraft was exogenously fixed by the GMA mandate of a zero 
level of overdraft by 2025. However, this marginal benefit curve 
depends on the groundwater level itself. As the groundwater 
table is lowered, the benefits obtained from a given level of 
overdraft are lower due to higher pumping costs. Different 
levels of groundwater will obtain from different combinations of 
enforcement effort and rights condemnation. Two extreme 
scenarios with respect to irrigation groundwater use can be 
envisioned. First, the GMA mandated irrigation conservation 
measures are enforced to the extent allowed by resource 
constraints, then irrigation rights condemnation is utilized just 
prior to 2025 to achieve zero overdraft by 2025. Second, 
irrigation conservation measures are not enforced at all, but 
sufficient irrigation rights are condemned just prior to 2025 to 
achieve zero overdraft by 2025. Clearly, more irrigation rights 
will have to be condemned in the second scenario than in the 
first. Also, the resulting groundwater level can be expected to 
be lower in the second scenario because no irrigation 
conservation measures were enforced prior to the condemnation of 
rights. Therefore, the benefits from zero groundwater overdraft 
are lower in the second scenario than in the first scenario, but 
agricultural income is higher in the second scenario because no 
irrigation conservation measures were enforced prior to the 
condemnation of rights . 

Before efficiency implications can be made, two 
considerations must be weighed . First, the change in net 
benefits of zero overdraft resulting from the first scenario as 
opposed to the second must .be calculated by accounting for the 
total cost of achieving zero overdraft in the two scenarios. 
Second, this change in net benefit must be compared to the 
increase in agricultural income resulting from the second 
scenario. The annual loss of the total benefits of zero 
overdraft resulting from the lower groundwater table will simply 
be the sustainable yield of the groundwater aquifer times the per 
unit increase in pumping costs. In the Phoenix AMA, the 
sustainable yield is approximately 31,000 acre feet per year. 
Assuming little or no difference in the total cost to achieve 
zero overdraft between the two scenarios, it may be that the 
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second scenario is more efficient than the first if the increase 
in agricultural income is sufficiently high. 

In summary, the following enforcement issues appear to be 
particularly important if Arizona, through DWR administration, is 
to achieve zero groundwater overdraft by 2025 at minimum social 
cost. 

1. Investment in public awareness and acceptance 
programs may provide significant benefits with 
increased cooperation among constituents and 
resource requirements for enforcement activities. 

education 
respect to 
decreased 

2. Training programs for DWR person~el to increase enforcement 
productivity and investment in improved enforcement 
technologies will become increasingly important since more 
sophisticated, capital intensive technologies will likely 
become necessary as overdraft levels decline. 

3. More information is required about the optimal combination 
of short run agricultural conservation measures and long run 
agricultural rights condemnation required to minimize the 
social cost of achieving zero overdraft. Particularly 
important in this respect are estimates for the efficiency 
cost and distributional implications of alternative 
condemnation scenarios. 
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EFFICIENCY IN IRRIGATION WATER DISTRIBUTION 

Tom Clevenger, Wilmer M. Harper, ioel Diemer, 
and Longino Bustillos 

Introduction 

The Elephant Butte Irrigation District in southern New 
Mexico obtains its water from the Rio Grande River for 
distribution as surface water to irrigators. There are 133,427 
acres in the district and of those 90,540 acres have water 
rights. A water right entitles the landowner to use the amount 
of surface water specified by the irrigation district each year. 
The surf ace water right may be sold to another district member 
for irrigation use inside the district. Irrigators may also have 
wells and irrigate with groundwater which is not a part of the 
district. 

The Elephant Butte Irrigation District receives its 
allocation of water from the Rio Grande Compact Commission. The 
commission consists of four members: a Colorado commissioner, a 
New Mexico commissioner, a Texas commissioner and a federal 
representative. Recent annual water allocations to the district 
have been 478,037 acre feet. 

The Problem 

The district allocates water to farmers for delivery 
whenever they desire during the irrigation season. Water is 
diverted from the river into main canals that remain filled most 
of the time throughout the irrigation season. From the main 
canals the water is delivered to the farmers through smaller 
canals called laterals. The canals and laterals are dirt lined. 
Water is delivered to individual fields through the farmers' 
ditches which are connected to the laterals. 

The district's ability to satisfy the farmers' requests for 
water upon demand provides for maximum user flexibility. 
However, the present allocation management system does not 
address the efficiency involved in the use of the physical 
distribution system. The laterals incur water loss each time 
they are filled due to carriage, seepage and evaporation. For 
example, one farmer may order water for use on a given day. 
Within 12 hours of when he is finished, another farmer on the 
same lateral may order water. There is considerable water lost 
as lateral is filled, emptied, refilled and emptied again. 
Irrigation district data indicate that for the 1980 through 1987 
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irrigation seasons, an average of 55 percent of the water 
allocated to the district actually reached the farmers' fields. 

A number of previous studies have investigated maximizing 
efficiency in irrigation scheduling from a crop demand point of 
view (Dudley et al., 1971; McGuckin et al., 1987; and Yaron and 
Dinar, 1982). Dudek, Horner and English (1981) examined the 
irrigation scheduling question from a district perspective. 
However, they maintained the view of previous authors by 
letting soil moisture content and crop production coefficients be 
the driving forces in their model and only aggregated the results 
for the district. 

This paper reports the investigation of a controlled access 
allocation system to determine if this type of system would 
result in water savings before the water is delivered to farmers' 
ditches. The interest was in minimizing water loss in its 
transportation to farmers' ditches without aff.ecting crop 
output. The economic impact of the Elephant Butte Irrigation 
District using alternative, but simple, schemes for distributing 
water to the farmers was examined. 

Methodologv 

The Elephant Butte Irrigation District administrators 
selected a representative lateral and provided data on that 
lateral for the 1986 irrigation season. The lateral was judged 
to be representative of those in the district in terms of crop 
mix, length and size. The crops produced on the representative 
lateral in 1986 included alfalfa, barley, chile, cotton, grain 
sorghum and onions. The lateral is 10,000 feet long and 10 feet 
wide. At the end of the lateral, there is no drainage system to 
return water left in the lateral to the system. There were eight 
farmers utilizing this lateral in 1986. 

The 1986 irrigation delivery schedule and water delivered 
was the basis against which the alternative irrigation schedules 
were compared. The first alternative against which the current 
schedule was compared was a twice-a-week irrigation schedule 
which would limit farmer access to water to twice a week. Those 
who wish to irrigate would place their orders· prior to the 
scheduled irrigation water availability. A schedule would then 
be produced by the district based on the irrigators positioning 
on the lateral. Those ordering water and closer to the headgate 
would irrigate first and scheduling would continue on down the 
lateral. 

A second alternative irrigation water availability schedule 
considered was to limit irrigator access to water from the 
lateral to one period per week. Those farmers ordering water 
would be scheduled in a sequence starting from the lateral 
headgate. A third alternative irrigation schedule was a crop 
demand schedule. The crop demand schedule was constructed using 
planting dates, harvest dates, and number of irrigations for each 
crop. Irrigation dates were then approximated based upon visits 
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with agronomists. A crop demand schedule was constructed for 
irrigating these crops. 

The current and alternative district irrigation schedules 
were compared on two criteria. The first criterion was a 
comparison of water losses from each alternative with estimated 
losses for the current district irrigation schedule. The second 
criterion was how adequately the irrigation schedules met the 
water demands of the crops. 

The main reasons for water loss in the laterals are seepage, 
evaporation and carriage water left in the lateral after 
irrigation. The carriage water left after each filling of the 
lateral is subsequently lost through seepage and evaporation. 
The Elephant Butte Irrigation District has conducted studies to 
quantify these losses. The following formula permits an 
estimation of water loss from seepage, evaporation and carriage 
each time the lateral is filled: 

W = 1.1 CCX* n fti> * CClO c.fjs + Z)/35 c.f.s)) 
43,560 ft 

where: 
w = acre-feet of water lost; 
x = distance in feet from lateral headgate to 

turnout of lost irrigator that irrigated; 
10 c.f .s. = the cubic feet of water per second needed 

for carriage down the lateral; 
z = the cubic feet of water per second turned 

into the irrigators field; 
35 c.f.s. = the maximum water carrying capacity of the 

ft2 
lateral; 

n = the cross-sectional area of the lateral at 
maximum capacity; 

1.1 = factor to account for the 10 percent water 
loss due to seepage and evaporation; and 

43,560 ft3 = one acre-foot of water. 

The formula permits an estimation of the amount of water 
lost in transportation each time the lateral is filled. This is 
done by multiplying the amount of water left in the lateral after 
an irrigation by 1.1 to account for seepage and evaporation 
losses during irrigation. For an irrigation the lateral flow may 
vary from 14 to 35 c.f.s. Adding 10 c.f.s. for carriage to the 
irrigation flow, z, and dividing by 35 yields how high the 
lateral was filled for a particular irrigation. The area of the 
lateral is determined by length multiplied by cross section. 

The second evaluation criterion, ability to meet crop water 
demands, was accomplished by comparing the alternative schedules 
to the actual 1986 schedule. The comparison revealed that the 
crops could receive water at approximately the same times as with 
the current schedule. 
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The Results 

A comparison of water losses among the irrigation schedules 
is shown in . Table 1. The current scheduling system yielded an 
estimated water loss in 1986 of about 165.64 acre-feet. This was 
28.89 percent of the total amount of water distributed through 
this lateral during the 1986 irrigation season. 

The twice-a-week irrigation schedule would maintain the 
total amount of water delivered to the farmers' fields at 407.69 
acre-feet . However, since the lateral would be filled fewer 
times, the amount lost from the fillings would be about 18.29 
acre-feet less. 

Table 1. A comparison of water uses for alternative irrigation 
schedules on one lateral, Elephant Butte Irrigation 
District, New Mexico, 1986. 

Total amt. 

Amount Amount1 
used for 

irrigation Water2 % 
delivered lost & delivery savings water 

Schedule (acre-ft} (acre-ft} (acre-ft} (acre-ft} loss 

current3 407.69 165.64 573.33 o.o 28.89 

Twice a week 407.69 147.35 555.04 18.29 26.55 

Once a week 407.69 111.19 518.88 54.45 21.43 

Crop demand 407.69 120.29 527.98 45.35 22.78 

1. Derived using formula in methodology section of paper. 
2 . Amount lost with current schedule minus Amount lost for each 

respective schedule. 
3 . Saad, 1987. 

The once-a-week irrigation schedule would result in the 
greatest water savings over the current schedule, 54.45 acre-feet 
per season. As with the twice-a-week schedule, farmers would 
still receive the same total amount of irrigation water. 

demand schedule would have a water saving of 45.35 
season for the lateral over the current schedule. 

schedule would have a water saving of 9.1 
season for the lateral over the crop demand 

The crop 
acre-feet . per 
The once-a-week 
acre-feet per 
schedule. 

The 
compared 
that the 
schedules 

irrigation dates of the alternative schedules were 
for the potential to result in more crop water stress 
current irrigation schedule. None of the alternative 

appeared to create the potential for stress 
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substantially different from the current system. The crop demand 
schedule would have 40 irrigation dates. The current 
irrigation schedule had 45 irrigation dates. The once-a-week 
irrigation schedule had 41 irrigation dates, while the 
twice-a-week schedule offered 71 dates. 

Implications 

The implications of the once-a-week water schedule for the 
Elephant Butte Irrigation District would be that the district 
would have considerably more water available to it. 
Implementation of a once-a-week irrigation schedule could reduce 
water loss in this lateral from 165.64 acre-feet to 111.19 
acre-feet. This represents a 32.87 percent reduction in the 
amount of water loss. This additional water for each lateral 
could be distributed among present members by the Elephant Butte 
Irrigation District, additional land could be declared to have 
water rights, or the water could be sold to non-members. 

The impact of the once-a-week schedule on Elephant Butte 
Irrigation District members would be that they would be directly 
affected in that they would not be able to irrigate whenever it 
is convenient to them. They would irrigate when the water was 
scheduled to be in their lateral subject to distribution 
priorities within that lateral. Furthermore, the members could 
also be affected by whatever distribution policy the irrigation 
district chose for the water saved by the policy. 

Conclusions 

All of the alternative irrigation schedules used less water 
to distribute the same amount of water to farms than did the 
current irrigation schedule. The once-a-week schedule minimizes 
the amount of water lost to seepage and transportation while 
maintaining crop production potential. The once-a-week schedule 
could also be easily implemented because each lateral would be 
using a once-a-week strategy, whereas the crop demand schedule 
would require building a different schedule for each lateral due 
to the different crop mixes and acreages on those laterals. 
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THE FINANCIAL IMPACT OF RETIREES ON ARID 
AND SEMI-ARID AREAS OF THE WESTERN UNITED STATES 

Charles R. Britton and John G. Hehr1 

Introduction 

Almost three of every four people in the United States live 
in a location classified as urban. To most, rural America is a 
broad expanse of sparsely populated land area filled with some 
livestock, oil wells, and well tended row crops and neat 
well-painted barns and homes. This idealized view of a 
homogeneous rural America is obviously not correct upon closer 
inspection. Rural America is very heterogeneous with various 
economic bases, the most important of which is actually 
manufacturing. This is followed by farming, trade, government, 
and retirement. In other words, farming is not the dominant 
source of income, or employment in rural America and its 
influence continues to decline. With respect to economic growth, 
rural areas in the United States grew faster than metropolitan 
areas for the 1969-79 time period. However, since then rural 
areas have definitely lagged behind the growth rates for metro 
areas such that the 1980's were a time of consistently poor 
economic performance for rural economies. It should be noted 
that some select rural counties are enjoying economic growth 
well in excess of not only other rural areas but metropolitan 
areas as well. The authors of this paper have attempted to 
determine the cause and impact of these high growth rural areas 
using the state of Arkansas as an example. 

Retirement as an Industry 

According to the United· States Department of Agriculture 
there are approximately 515 counties designated as retirement 
counties out of 2,443 nonmetropolitan counties in the U.S. 
(Bendee et al., 1985). These counties are highly concentrated in 
a band from the Ozarks southwestward through Texas. There are 
also a significant number of retirement counties located in the 
arid and semi-arid areas of the Western United states. The 
sunbelt areas of Texas, New Mexico, Utah, Nevada, California, 
Colorado, and particularly Arizona can now more properly be 
referred to as the "prune juice" belt. The Ozarks region of 
Arkansas still has the highest concentration of retirement 
counties in the U.S. Because of this the authors analyzed this 
region in hopes that it represents a microcosm of the U.S. in 
general and Western U.S. in particular. Exhibit 1 indicates the 
counties in Arkansas which are classified as retirement by the 
u.s.o.A. The major metropolitan areas are also identified with 
the remaining counties being classified as nonmetropolitan, 
non-retirement. According to this classification, 36 of 

1 Department of Economics and 
University of Arkansas, Fayetteville, AR 
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Arkansas' 75 counties are retirement. In the past, according to 
conventional wisdom, retirees were viewed as a drain on an area's 
resources. Retirees moved into an area and demanded utilities 
and roads but voted against bond issues and increased taxes. 
Furthermore, many areas gave property tax relief to the elderly. 
Obviously, retirement was not an industry to pursue but instead 
was viewed as a curse. More recent data indicates the reverse 
with projected population growth and projected income growth for 
Arkansas retirement counties for 1987-92 being high. Existing 
data also indicates that recent retirees are better educated than 
the indigenous elderly population (Glasgow and Beale, 1985). 
They also, as a study of Garland County, Arkansas shows, have 
higher average annual incomes ($35,000) and net worth ($215,000) 
than the general population and not just the indigenous elderly 
(Ott, 1987). It would seem that retirees bring in resources and 
talent which can be the basis of economic development for rural 
areas. summers and Hirschl (1985) state "Retirees with their 
deferred incomes are the equivalent of a major new basic industry 
for some communities." In a major study of Arkansas, Schneider 
and Green (1989) propose that these affluent, educated, wealthy, 
and politically active retirees constitute "A development option 
for the nineties." They propose policies which would increase 
the attractiveness of a potential retirement area to capitalize 
on this economic development strategy. Retirement as an industry 
can be viewed as an alternative to declining agriculture and as a 
diversification strategy to supplement other economic bases such 
as light manufacturing. 

Retirement-Attractive Characteristics 

If a policy is developed to take advantage of retirement as 
an economic growth industry, it first must be determined what 
characteristics a region must have to qualify as retirement 
attractive. There is ample literature on this but the authors of 
this paper wish to emphasize three major non-socio-economic 
characteristics. First, is climate. Under the climate 
classification system developed by Koppen, the Ozarks regi on o f 
Arkansas is described as humid subtropical. This generally means 
four months of summer sandwiched by three months of both 
beautiful spring and fall with two months of mild winter. This 
is highly attractive to retirees from the major midwestern urban 
centers. 

Second, the proximity of federally owned recreation lands 
seems to have a strong positive influence. Retirees do not want 
to live in the forest but instead want to exist in communities 
with the requisite bi-modal services such as physicians, 
dentists, lawyers and waitresses, cooks, etc. While they want to 
live in communities with professional services, they also want to 
live near natural areas. 

Third, and most importantly for arid and semi-arid regions, 
is the importance of water based recreation areas for retirees. 
It is interesting to note the importance of proximity of water to 
recreation. Many studies (Bianchi, 1969; U.S. Department of the 
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Interior 1982: and Vaughan and Russell, 1984) comment and attempt 
to measure water based recreation resource availability on 
recreation participation rates. Bianchi, in his University of 
Kentucky Water Resources Institute survey, found that 91 percent 
of fishermen travel less than 30 miles to fish. Similarly, the 
U.S. Department of Interior provided data which Vaughan and 
Russell analyzed to determine a geometric mean of 31.6 miles of 
travel distance for fishing. Furthermore, Vaughan and Russell 
suggest that the "availability of recreation resources such as 
lakes and other water projects is a measure of assessability and 
proximity (travel distance cost) and also the number of projects 
captures a congestion influence." Obviously, retirees with 
significant recreation time will be attracted to amenity areas 
such as lakes which represent water based recreation sites. 

Financial Impact of Retirees 

Considering the plight of commercial banks in arid and 
semi-arid lands in the 1980's, the authors sought to analyze the 
financial impact of retirees upon retirement counties. Banking 
in arid and semi-arid lands has not been exceedingly profitable 
in the 1980's. Hopefully, the problems hit their zenith in 1988 
when the FDIC closed 200 banks, the majority of which were 
located in arid and semi-arid areas. Bank closings in 1988 
included Texas (113), Oklahoma (23), Colorado (10), and Kansas 
(6), with other arid states providing one or two. It should be 
noted that the above does not include the Savings and Loan 
Associations which most view as being in worse shape than 
banks. If retirees provide deposits which can be used to 
generate prof its for capital enhancement, then they become an 
even greater resource to be pursued·. 

The authors of this paper used banking data to analyze the 
financial impact on previously identified retirement counties in 
Arkansas. Table 1 provides the total deposit data for commercial 
banks located in the state of Arkansas. once more, the 75 
counties were combined according to the classification of: 1) 
metropolitan (8 counties): 2) nonmetropolitan and non-retirement 
(31 counties); and 3) retirement (36 counties). As can be seen 
in 1960, total deposits in commercial banks located in retirement 
counties were the smallest of all three categories. By 1970, 
commercial bank deposits in retirement counties exceeded those of 
nonmetropolitan non-retirement, and by 1980 they exceeded those 
of metropolitan counties. By 1987, they had the largest 
deposits. The growth of deposits in retirement counties easily 
exceeded those of the other two classifications. The third part 
of Table 1 is particularly revealing. The compound growth rate 
in total deposits for retirement county commercial banks were 
nothing short of phenomenal in comparison to the other counties 
in Arkansas with 14.1 percent for 1970-80 and 9.2 percent for 
1980-87. After adjustment for inflation, the component growth 
rates might be consistently higher throughout the total 1960-87 
time period. 
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Table 2 gives even more important information. It lists the 
mean value of savings and IPC (individual, partnership, and 
corporate) .time deposits as a percent of total deposits for the 
same three categories of counties. Note that these savings and 
time deposits as a percent are higher for commercial banks in 
retirement counties. This is a double edged sword. Interest 
costs of obtaining deposits is therefore higher but the stability 
is also higher. All a commercial bank has to do is find a higher 
interest yielding security for investment purposes than the 
interest it pays to obtain savings and time deposits and it is 
guaranteed a positive net interest margin which is required for 
profitability. 

Table 1. Total Deposits in ~rkansas Commercial Banks (includes 
interbank and government deposits, and uninvested trust 
funds) (in thousands). 

~Qmm~i;:g;ial ~ank 
LocatiQns lliQ 1970 lifil! 1987 

Metropolitan 
Counties (8) 458,128 1,027,342 2,915,762 5,162,688 

Nonmetropolitan, 
Non-Retirement 
counties (31) 371,678 863,382 2,727,628 4,358,430 

Retirement 
Counties (36) 319,817 875,685 3,271,503 6,059,472 

Arkansas-
State (75) 1,149,623 2,766,416 8,914,893 15,580,590 

Absolute Change and Percentage Change 

~ommercial 
Bank Locations 1960-70 1970-80 1980-87 

Metropolitan 
Counties (8) - change 569,221 1,888,413 2,246,926 

- percent 124.2 183.8 77.1 

Nonmetropolitan - change 491,704 1,864,246 1,630,802 
Non-Retirement 
Counties (31) - percent 132 . 3 215.9 59.8 

Retirement 
Counties (36) - change 555,868 2,395,818 2,787,969 

- percent 173.8 273.6 85.2 

Arkansas-
State (75) - change 1,616,793 6,148,477 6,665,697 

- percent 140.6 222.3 74.8 
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Table 1. (continued) . 

Annual compound Growth Rates 

Commercial 
Bank Locations 1960-70 1970-80 1980-87 

Metropolitan Counties (8) 8.4 11.0 8.5 

Nonmetropolitan, 
Non-Retirement Counties (31) 8.8 12.2 6.9 

Retirement Counties (36) 10.6 14.1 9.2 

Arkansas-state (75) 9.2 12.4 8.3 

Source: Board of Governors of the Federal Reserve System, 
Distribution of Bank Deposits by county and Standard Metropolitan 
Areas, June 15. 1960; and Federal Deposit Insurance Corporation, 
Summary of Accounts and Deposits in All Commercial Banks, Memphis 
Region, Dallas Region, June 30, 1970; Summary of Accounts and 
Deposits in all commercial and Mutual Savings Banks and Domestic 
Branches of Foreign Banks (Washington, D.C.). 

Table 2. Savings and Other IPC Time Deposits As A Percent of 
Total Deposits. 

Metropolitan Counties in Arkansas 
1960 1970 1980 1985 

Mean 27.6 42.5 56.8 72.3 

Nonmetropolitani Non-Retirement Counties 
1960 1970 1980 1985 

Mean 25.5 46.0 63.l 78.6 

Retirement c~unties 
1960 1970 1980 1985 

Mean 23.0 44.8 66.1 81.1 

Arkansas-State 25.1 42.9 60.1 76.3 

Source: Board of Governors of the Federal Reserve System, 
Distribution of Bank Deposits by County and Standard Metropolitan 
Areas, June 15. 1960; and Federal Deposit Insurance Corporation, 
summary of Accounts and Deposits in All Commercial Banks, Memphis 
Region, Dallas Region, June 30, 1970; Summary of Accounts and 
Deposits in all commercial and Mutual Savings Banks and Domestic 
Branches of Foreign Banks (Washington, D.C.). 
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The conclusion of these authors is that commercial banks 
located in retirement counties find themselves in the best of all 
possible worlds. They receive a higher growth in deposits than 
commercial banks located in other counties. Furthermore, the 
deposits they receive are stable in nature and not subject to as 
much capital flight. Retirees with their inflow of financial 
resources are highly beneficial to commercial banks. 

Conclusions 

It appears that retirement as an industry is highly 
beneficial to areas with respect to population and income growth 
but even more important are the financial flows. Commercial 
banks located in retirement counties enjoy greater growth in 
total deposits and also in the more stable savings and IPC time 
deposits. This should help these commercial banks avoid the 
insolvency facing many of their fellow institutions. These 
deposits also help finance further development of the local area. 

The authors further conclude that retirement as a strategy 
for economic development is highly appropriate for many arid and 
semi-arid areas of Western United States. The hill and lake 
country of Texas exhibits the same pattern as the Ozarks which 
were analyzed here. Arkansas would appear to be a good model for 
many other regions. Policies which enhance retirement 
attractiveness of an area should be developed and followed. 
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REFLECTIONS ON THE ECONOMIC DEVELOPMENT OF A SEMIARID CITY: 
LUBBOCK, TEXAS, 1945-2005 

Lewis E. Hill1 

History is a chronological continuum which began in the 
past, and which continues through the present and into the 
future. The most important reason for studying history is to 
learn from the past experience of humankind how to solve 
practical problems in the present for the purpose of improving 
the future quality of life. In order to achieve this objective, 
it is necessary to extrapolate socioeconomic experience from the 
past into the future and to anticipate the organization and 
operation of the social and political economy in the immediately 
foreseeable future. The purpose of this essay is to summarize 
the recent economic history of Lubbock, Texas, and to induce the 
probable future course of this historical experience in order to 
anticipate the problems which may threaten the economic progress 
of this semiarid city. 

In 1945, Lubbock was an agricultural trade center of about 
45,000 population, but the city was on the threshold of a period 
of extremely rapid agriculturally based economic growth. This 
economic growth was based partly on rich natural resources and 
partly on favorable governmental policy. The resources included 
fertile soil and a flat terrain, suitable for large-scale 
mechanized agriculture. An abundance of water in the Ogallala 
aquifer underlay the land at a shallow depth, and inexpensive 
natural gas was available to fuel the irrigation pumps. The 
governmental policy supported the price of staple crops at 90 
percent of parity, a relationship between the price of an 
agricultural commodity and non-farm prices which was thought to 
be fair to farmers. For the first time in the history of the 
United States, efficient commercial farmers were absolutely 
guaranteed a very favorable price and virtually guaranteed a 
substantial profit. These resources and this policy came 
together in such a manner as to cause the emergence of an era of 
bountiful prosperity and generous affluence. The boom originated 
in agriculture and spread first to agricultural support 
industries and then throughout the regional economy. By 1965, 
this unprecedented growth had pushed the population of the city 
to 165,000 (Hill, 1986; Janish, 1986; Mason, 1986; Walker, 1962). 

Then, about 1965, the rapid agriculturally based economic 
growth that had characterized the previous two decades stopped as 
suddenly as it had begun, and a period of economic stagnation 
ensued for the next five years. The explanation can be found in 
changes in the price-cost relationships for agricultural 
products. The concept of parity price was being phased out. 
Price supports were decreased from the 90 percent level that had 

1 Department of Economics, Texas Tech University, Lubbock, 
TX 79409. 
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been mandated since World War II. For some crops, the concept of 
price supports was abandoned entirely in favor of direct payments 
to farmers and export subsidies. Cost chanqes came from several 
sources: the Oqallala's fallinq water table increased pumping 
costs; the abandonment of the bracero program deprived American 
farmers of cheap contract labor from Mexico; and the tiqht money 
policy of the Federal Reserve Open Market Committee increased the 
cost of credit. The combination of lower prices and higher costs 
transformed the assurance of profits into a real risk of loss; 
therefore, the rapid agricultural growth of the previous 20 years 
came to a close. 

The effect was devastatinq on the economy of Lubbock and the 
South Plains region of Texas. For the first time in history, 
Lubbock County experienced net out-migration and the population 
of Lubbock declined from 155,000 in 1965 to 149,000 in 1970. The 
effect was especially severe on agricultural support industries. 
The number of irriqated acres decreased in Lubbock County, and 
the irrigation equipment industry was greatly damaqed as its role 
changed from expansion to maintenance (Hill, 1986; Mason, 1986). 

During the decade of the 1970s, the Lubbock economy not only 
recovered, but also entered into a new phase of development. 
Whereas the previous economic growth had been simple, 
undiversified, and agriculturally based, the new economic 
development was complex, well diversified, and based on a wide 
range of industrial categories. The renewed growth and 
diversified development was the result of three unrelated 
events. The first event was the tornado which struck Lubbock May 
11, 1970. Tragically, 26 people lost their lives and property 
damage totaled more than $100,000,000. But the tornado gave the 
people of Lubbock a unity of purpose and a special incentive to 
overcome this qreat adversity. Moreover, more than $59,000,ooo 
of federal tornado relief and undetermined millions of insurance 
benefits poured into Lubbock to provide the stimulus for moving 
the Lubbock economy off dead center (Brown and Uselton, 1972; 
Hill, 1986). 

The second event was the founding of the Texas Tech 
University School of Medicine, which established Lubbock as the 
most important center of the health-care industry in West Texas 
and Eastern New Mexico. The medical school capital and operating 
budget for the 1970s was more than $200,000,000. Additionally, 
there was more than $100,000,000 in medical construction during 
each of the next two decades (Hill, 1986; Janish and Rouse, 
1982) . The third event was the development of high technol ogy 
industry in Lubbock. The harbinger of this development was Texas 
Instruments, which initiated a high technology operation in 
Lubbock in 1973 and employed over 1,000 people by the end of that 
year . In 1977, Lubbock became the headquarters of Texas 
Instruments' Consumer Products Division. The corporation's 
Lubbock operations continued to grow until Texas Instruments 
became the city's largest private enterprise employer with more 
than 3,500 employees by the end of the decade. The population 
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increased from 149,000 in 1970 to 174,000 in 1980 (Hill, 1981 and 
1986). 

Manufacturing employment peaked in 1977, and most of the 
economic indicators had turned down by 1980. Prosperity was 
continued by an oil boom which followed the Iranian Revolution of 
1979 and the decontrol of petroleum and gasoline prices in the 
United States during 1980, but the boom collapsed when an oil 
glut developed during 1982. Meanwhile, the agricultural economy 
was depressed, and trouble at Texas Instruments during 1983 
caused a substantial reduction of high-tech employment in 
Lubbock. A statewide budgetary crisis forced reductions in the 
instructional and research programs at Texas Tech University, 
which had become the largest employer in Lubbock County. The 
Lubbock economy sank into a deep recession during the middle 
years of the decade (Hill, 1986). 

During 1987 and 1988·, the Lubbock economy was recovering in 
all industrial sectors. World petroleum prices increased into 
the range of magnitude of $18 to $20 per barrel. Farmers in the 
Lubbock trade area harvested cotton crops worth more than 
$1,000,000,000 in both 1987 and 1988. Texas . Instruments 
responded to improved market conditions by calling back some 
unemployed workers and expanding semiconductor production in the 
Lubbock plant. The 1987 appropriations bill restored the 
previous reductions to the budget of Texas Tech University. 

The Lubbock Planning Department foresees an optimistic 
future for the city. According to their projections, Lubbock 
will become a thriving metropolis of 240,000 population by 2005. 
Trends are already evident which are capable of perpetuating 
Lubbock's recovery and accelerating it into a long wave of 
prosperity. But if this favorable outcome is to be achieved, 
then certain very serious problems must be solved. Some of these 
problems concern resources; other problems involve technology; 
and still others are related to institutions (Buckberry, 1989). 

The resource problems are concerned with water and energy-
problems which are especially important in agriculture. 
Irrigation has been the basis of agricultural prosperity on the 
South Plains since the Second World War, but the water in the 
Ogallala aquifer is an exhaustible resource which the farmers 
have been mining. Moreover, the cost of energy has increased 
substantially during recent years, and these cost increases are 
certain to continue throughout the foreseeable future. As the 
water table falls and the saturated zone of the aquifer becomes 
thinner, not only will more energy be required to pump the 
irrigation wells, but also the energy will become increasingly 
expensive. 

Clearly, a new basis for agriculture must be developed if 
the Lubbock economy is to experience economic growth and 
development during the immediate and intermediate future. The 
cultivation of field crops must revert to dry land agriculture. 
This transition may require not only the conversion to other 
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crops, but also the development of drought resistant strains of 
these crops. Cotton will be replaced as the optimal crop by 
small food and feed grains. Horticultural crops, such as 
vegetables, fruit, and especially wine grapes, have enough value 
that irrigation may continue to be practical, but the feasibility 
of these crops may require the development of new water 
conserving techniques of irrigation, such as drip irrigation or 
watering from buried pipes. The · thriving viticulture and 
wine-making industry which is already prospering in Lubbock 
County will surely expand in the future to twice or three times 
its present size (Hill, 1986: Mathis, 1989) . 

There are three clearly identifiable trends which are 
impacting on the nonagricultural industrial sectors of the 
Lubbock economy. These trends have created problems which 
threaten economic progress, but if these problems are solved, 
then the trends can be used to facilitate and to promote the 
economic development of Lubbock. The first trend is the 
transition from basic manufacturing to high technology industry. 
The economic stagnation in Lubbock during the period from 1965 to 
1970 was exacerbated by the decline of the old fashioned 
agricultural support industries: the economic revival of the 
1970s was accelerated by the emergence of high technology 
industry. If this new wave of scientifically based industry is 
to support continued growth and development in the regional 
economy, then Lubbock must create an infrastructure which is 
oriented toward scientific and technological innovation and 
progress. Texas Tech University has earned a valid reputation 
for leadership in high technology electronic research. Moreover, 
researchers at Texas Tech believe that the university will 
experience a significant increase in research funding as a result 
of the location of the super collider in Texas . Valuable 
opportunities have been created in electronic high technology 
industry; even more valuable opportunities may be created in the 
biological high technology industry which will be emerging in the 
future. Texas Tech University and the Board of City Development 
should work together to attract high technology industry to 
Lubbock (Hill, 1986: Kiesling, 1989). 

The second trend is the phenomenal growth of service 
industries, which produce intangible services rather than 
tangible goods. Virtually all service industries have grown in 
Lubbock, but the greatest growth has been in the health-care 
sector, which has become the most important industry in Lubbock. 
The growth of the health-care industry led the economic recovery 
during the 1970s and sustained the economy during the bad times 
of the early and middle 1980s. But rapidly escalating 
health-care costs threaten to price the miracles of modern 
medicine beyond the ability to pay of many patients and beyond 
the willingness to pay of their third-party payers. If the 
health-care industry is to enjoy the same degree of success in 
the future that it has enjoyed in the past, the efficiency of the 
industry must be greatly increased and rapidly accelerating 
health-care costs must be controlled (Hill, 1986; Powell, 1989) . 
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The third trend is the increase of the public sector, 
relative to the private sector. The public sector of the Lubbock 
economy has become increasingly important both quantitatively and 
qualitatively. Quantitatively, Texas Tech University, the 
Lubbock Independent School District, Reese Air Force Base, and 
the City of Lubbock are among the half dozen largest employers in 
Lubbock County. Qualitatively, the public sector provides the 
infrastructure which not only contributes bountifully to the 
quality of life, but also becomes the basis for economic growth 
and development. The failure of the state of Texas to fund the 
public sector adequately has been a serious threat to the future 
economic development of the Lubbock economy. Since 1987, 
however, the legislature has been attempting to overhaul the tax 
system of the State to make it both more stable and more 
productive of revenue. The actions of the current session of the 
legislature will have far-reaching effects on the future economic 
growth and development of the State of Texas. 

Lubbock 
development. 
problems and 
solve their 
opportunity 
which will 
city. 

has a history of vigorous economic growth and 
The future of Lubbock will include both difficult 

great opportunities. If the people of Lubbock can 
problems, then they will be able to seize the 

for the continued economic growth and development 
surely improve the quality of life in this semiarid 
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MARKETING POLICY AND DEFORESTATION IN ARID AND 
SEMI-ARID ENVIRONMENTS: AN EXAMPLE FROM SUDAN 

Mark Speece1 

Introduction 

Environmental degradation is a very serious issue in most 
countries of the arid and semi-arid Third World. Fragile desert 
biospheres are easily damaged, while developing nations rarely 
have sufficient resources to even begin coping with problems such 
as desertification which may result. Socioeconomic and 
institutional factors invariably lurk behind a great many cases 
of environmental degradation. Often the · real problem lies in the 
kinds of choices people must make concerning the environment. 
surveying a variety of different environmental issues Speece and 
Wilkinson (1982) show that very similar choices were basic to 
very different kinds of problems. These choices involve conflict 
between long-term, environmentally sound decisions on resource 
use, and the short-term economic necessities that inhabitants 
face. Many people, from policy makers to small producers, often 
recognize beneficial environmental policy, but they may not have 
the luxury of following that policy. Food and fuel are 
requirements for survival today, even if the environment may be 
harmed tomorrow. 

In some cases the detrimental policy may not be recognized. 
It is useful to point out these policy issues. A striking case 
exists in Sudan, which suffers from severe desertification. In 
central Sudan the battle against the desert is being fought and 
lost (Speece 1982), and extensive deforestation is a very 
important contributing factor. Conflicting economic benefits are 
behind much of the deforestation. Long-term ecological (and 
ultimately economic) benefits of leaving trees and shrubs 
standing are apparent to Sudanese scientists. These long-term 
benefits are just as apparent to local farmers and herders. They 
know, perhaps better than the scientists, that fuel and forage 
get more difficult to find every year. However, immediate 
economic needs conflict; firewood or forage may be critical to 
the subsistence producer's survival. Unfortunately, the tendency 
to choose immediate use of some resources can be reinforced by 
bad policy, as the case of marketing policy for gum arabic shows. 

Although it may be difficult to devise coherent policy that 
simultaneously meets both short- and long-term needs, situations 
that are clearly influenced by policy initiatives can be 
identified. Then it is less difficult to formulate policy. 
Acacia senegal, which produces gum arabic, is an example of a 
species of scrub tree found in arid environments which can 

1 School of Management, University of Alaska-Fairbanks, 
Fairbanks, AK 99701. 
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provide immediate economic benefits whether left standing or cut 
down. If the trees are left standing, small producers can gather 
and sell the gum arabic annually; if they are cut down, they can 
be used or the wood sold for fuel. Clearly, this is a case where 
marketing policy can shape local producers' actions. The 
environment would clearly benefit if the short-term economic 
value of leaving such a tree standing exceeded the value of using 
it for firewood. Unfortunately, the government does not seem to 
recognize this. The benefits to small producers do not seem to 
have been considered in policy formation. 

Gum Arabic and Government Policy in Sudan 

Sudan is the world's major producer of gum arabic, 
accounting for approximately 80 percent of world supply. About 
half of Sudan's production comes from Kordofan. Very little gum 
arabic is utilized domestically. It provided nearly 10 percent 
of Sudan's foreign exchange in 1981. Gum arabic is generally 
regarded as superior in most applications of water soluble gums, 
since it is much more soluble than its natural competitors. 
Solutions with 50 percent gum can be prepared, compared to 
maximum of about five percent for other natural gums. Synthetics 
also constitute part of the important competition for gum arabic, 
which currently holds only 20 percent of the world market for 
water soluble gums. Key issues in the world market are price and 
the reliability of supply. On both of these issues, Sudan 
acquired a reputation as unreliable, especially after world 
shortages resulted from severe drought in 1972-1973 (Louis 
Berger, 1983; D'Silva, 1985). 

Gum arabic is actively cultivated in some regions of Sudan, 
especially in the Gezira area. In other areas, including 
Kordofan, it is used as a fallowing crop or in intercropping in 
Kordofan. The majority of gum arabic, however, is collected from 
non-cultivated trees. Recently, growing areas in Kordofan have 
been declining. Land has been cleared for more profitable cash 
crops, and the role of the trees in the fallow cycle has declined 
as fallow periods are reduced for more intensive cropping. This 
has contributed to more rapid soil erosion and soil depletion. 
Outside of cropped areas, gum arabic trees are cut for locally 
needed firewood, charcoal, and building materials. Since the 
trees are an important component of the barrier against the 
desert, decline not only depresses productive capacity for gum, 
but also aggravates the severe desertification problem. 

The Gum Arabic Company was created in 1969 and given a 
monopsony over the purchase and export of gum arabic. Merchants 
do participate in the movement of gum from rural areas to Port 
Sudan, where it is sold to the Gum Arabic Company. Government 
purchase prices are set very low relative to the world market 
price in order to collect large margins on export sale. There is 
very little room between the government floor (farm gate) price 
and the low purchase prices in Port Sudan. As a result, the 
prices producers receive stay well below free market prices, and 
the economic gain from producing gum arabic remains small 
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relative to the gain from shortening fallow and producing grain 
crops, or using the trees as firewood, for charcoal, or for 
construction. Louis Berger (1983) asserts that this policy is 
the major factor behind the clearing of this tree from rangeland 
and agricultural areas. Speece and Gillard-Byers (1986) show 
that exactly this kind of government monopsony on export crops 
has nearly ended cotton production in Kordofan, which was once a 
major cotton producing area within Sudan. 

The government is primarily concerned with government 
revenues, not producer prices. Over the 1970s and early 1980s, 
an average of 37 percent of the export price value of the gum 
arabic has gone to the government. In 1981, the government's 
share reached about 54 percent. This compares to about 33 
percent of export value to producer, and 13 percent to 
merchants. The producers care for the trees (not a very 
extensive task for these arid environment trees, but guarding 
against cutting is important), tap trees, collect gum over wide 
areas over several weeks time, and transport the gum to lower 
level markets. Merchants buy and collect or bulk gum, clean, 
grade, and sort it, and transport gum from rural areas to Port 
Sudan. They also pay taxes. It is difficult to see what the 
government does for its huge share. In the case of cotton, the 
government also took the short-sighted view of maximizing its 
share of export price, and ended up with no exports from Kordofan 
and thus no revenues (Speece and Gillard-Byers, 1986). 

The situation is not nearly as drastic with gum arabic. 
Nevertheless, there is tremendous capacity to expand gum arabic 
production in Sudan, since many trees are not even tapped. 
Farmers do not tap them because the price of gum arabic gives no 
incentive relative to alternative unregulated crops or 
alternative activities. Producer response to events in the early 
1970s shows that this substantial additional capacity exists. 
The farm gate prices nearly tripled immediately after the world 
shortages caused by the 1972-1973 drought. The higher prices 
immediately led to substantial increase in production. These 
increases had to come from existing trees, because it takes about 
five years for a newly planted tree to begin producing. 

Observers are in agreement that low farm gate prices 
resulting from government attempts to maximize its own share of 
export prices have retarded production (Louis Berger, 1983; 
D'Silva, 1985). If this declining production simply meant that 
the trees were not tapped when prices were too low, this would 
not be a serious problem from an environmental standpoint. In 
practice, though, low gum arabic prices mean that the tree is 
worth more as firewood than it is for its gum production, so it 
may be cut rather than left standing. If prices remain 
continuously low over a number of years, so that the tree 
produces no revenue, it is very likely to be cut. 

It 
Pallme 

is interesting to note that the problem is not new. 
(1844) discussed gum arabic production in Kordofan in the 
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early nineteenth century. He found then that production had 
suffered greatly since Muhammad Ali of Egypt (the colonial power 
of the day in Sudan) had imposed a government monopsony. 
Producer prices fell, and it made no economic sense for producers 
to worry about the trees which produced gum arabic, because the 
return was far less than they could obtain from unregulated 
crops. They cut the trees for firewood and planted grain crops 
on the cleared fields. 

Policy Recommendations 

There are a number of obvious policy recommendations for 
situations like this where environmentally valuable trees also 
have potential economic value if they are left standing. Most of 
the policies discussed here are not totally original. Throughout 
the 1980s, various observers have recommended variations of these 
policies for crops in Sudan, often citing gum arabic specifically 
(Hunting, 1981; World Bank, 1982, 1985; Louis Berger, 1983; 
D'Silva, 1985; Speece, 1985; Speece and Gillard-Byers, 1986). 
The aim of the policies must be to make the ongoing production of 
gum arabic more valuable to local producers than the one-time use 
of the wood for fuel. Sudan's policies do not do this, and 
reviews of many other countries in similar situations show that 
their policies do not do this either. 

Elimination of the government monopsony would have a major 
impact on producer prices and on quality, which is important in 
holding international markets. Prior to 1969, gum arabic exports 
were dominated by five large merchant firms competing to buy the 
gum for export. Even in this oligopsonistic situation, the farm 
gate price was usually 20 percent above the government floor 
price. Since the formation of the Gum Arabic Company, farm gate 
prices have rarely been more than a few percent above floor 
price. Before 1969, the quality of gum was an important factor 
in prices paid. After 1969, there was little regard for quality, 
since there are no price incentives for higher quality (Louis 
Berger, 1983). The re-entry of private merchants into formerly 
government controlled markets for groundnuts and for sesame did 
lead to substantial increases in producer prices (World Bank, 
1982; Louis Berger, 1983; D'Silva, 1985). Analysis of various 
scenarios for the re-entry of private merchants into cotton 
marketing in Kordofan also shows that for any set of reasonable 
assumptions about merchant buying practices, cotton farm gate 
prices would rise substantially (Speece and Gillard-Byers, 
1986). Exchange rate reform is a second major requirement for 
improved producer incentives. Overvalued currency has reduced 
the domestic price the producer receives for a variety of 
exported crops, such as cotton, groundnuts, sesame, and gum 
arabic. In effect, this artificial exchange regime is another 
hidden tax on producers. Speece and Gillard-Byers (1986) show 
for cotton that allowing the Sudanese pound to fall to its real 
value would increase producer prices substantially under a number 
of different assumptions about how the market would react. Louis 
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Berger (1983) has suggested that gum arabic prices would benefit 
similarly. 

For privatization and free exchange rates to work well, a 
third reform is required. This involves relatively free entry 
into marketing channels for gum arabic. Our research in Sudan 
found very little evidence that private merchants in Sudan can 
usually exploit producers with low farm gate prices. Competition 
is simply too intense. There is nearly always someone willing to 
bid prices up a little in order to gain entry into the market. 
The only exceptions to this were in cases where licensing policy 
restricted entry into the market. The Sudanese government has 
often maintained very restrictive licensing policies for many 
cash crops. In practice, only a few private merchants are 
allowed to trade in a particular commodity even if trade is 
privatized. In such cases, collusion is much easier (Speece, 
1985; Speece and Gillard-Byers, 1986). 

Floor prices for gum arabic exist, but they are so low that 
they provide little incentive to producers. A trigger price 
would be more appropriate in a free market. The government would 
step in and buy gum arabic if the market price fell below the 
level needed to encourage production rather than cutting. In 
conjunction with this, the government should also build a buffer 
stock of gum arabic. This is necessary if Sudan is to become a 
more reliable supplier. Reliability of supply is essential so 
that gum arabic does not continue to lose market share to its 
substitutes. After the disruption of supply in the early 1970s, 
Sudan failed to supply many of its customers, and charged 
drastically increased prices to many others. Many customers 
switched from gum arabic to substitutes. Later, many did not 
switch back when production improved. A buffer stock would 
enable Sudan to avoid disruption of supply and high price 
variability. 

A final recommendation is the provision of credit for 
expenses associated with the collection of gum arabic. Producers 
must hire assistants, purchase water, and travel in remote desert 
areas to reach many trees. Most of these producers are living at 
the subsistence level, and cannot afford to finance very 
extensive activities. Therefore, many trees, especially in some 
of the most critical areas subject to desertification, cannot be 
tapped even if prices are good. If trees are not tapped 
periodically, they produce no revenue flow to the producer. A 
one-time trip to bring back firewood becomes more likely. 

Conclusion 

The policy recommendations suggested here focus on a fairly 
narrow situation: the case of environmentally valuable arid lands 
vegetation which can produce revenue if left in place. Marketing 
policy may have no impact on the cutting of other species of 
trees. However, there are a number of species like Acacia 
senegal which are widespread in arid regions. They can certainly 
produce enough annual revenue so that exploiting the living tree 
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makes more economic sense than the one-time gain from cutting the 
tree for fuel or building material. The list of these species is 
likely to grow as non-traditional arid lands crops are 
developed. If proper policies are implemented, producers will 
become enthusiastic allies in preserving such vegetation. 
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AN EXAMINATION OF PLANT SPINESCENCE IN THE MANAGEMENT 
OF A RANGELAND IN KENYA 

Derek Madden, A.V. Milewski, and Truman P. Young1 

Wildlife ranching in much of Africa is based on the premise 
that the native fauna is well-adapted to prevailing environmental 
conditions and that their exploitation in a sustainable manner 
may help preserve natural systems in economically poor regions 
(Pratt and Gwynne, 1977; Hopcraft, 1980; Stelfox, 1984). 
Indigenous large herbivores inhabiting semi-arid grassland 
environments in East Africa migrate to some extent when food and 
water become scarce or difficult to obtain in sufficient amounts 
(Delany and Happold, 1979; Jarman and Sinclair, 1979). Over
grazing can result when the normal ranging patterns of these 
animals is restricted, and key forage species are not allowed 
time to recover (Norton-Griffiths, 1979; Eltringham, 1979; 
Crawley, 1983). 

Dense populations of large herbivores such as giraffe and 
elephants can cause significant damage to woody vegetation in 
Africa (Pellew, 1983). Some native plants appear to respond to 
prolonged, intensive herbivory with the increased production of 
sharp prickes which may function as plant defense (Abrahamson, 
1975; Young, 1987). Spines may reduce the amount of herbivory an 
individual plant experiences; however, such a defense probably 
drains valuable plant resources and retards plant productivity to 
some extent (Rosenthal and Janzen, 1979). 

With heightened plant defenses in the form of prickles and 
spines, some browsing mammals appear to suffer. Spines may 
affect the feeding rate of some browsing mammals by hooking the 
lips and ears, or by causing damage to the lining of the mouth 
and esophagus (Hassel, 1982; Cooper and Owen-Smith, 1986). Woody 
spines tend to contain high concentrations of lignin, a substance 
that is relatively indigestable for many large herbivores 
(Rosenthal and Janzen, 1979). The low digestibility and tendency 
to hamper feeding rates are features of spines which may be forms 
of plant defense, encouraging some herbivores to range and browse 
the tender shoots of individual plants rather than remain and 
defoliate an individual. 

This paper examines a relationship between the feeding 
height range of large African herbivores and the spinescence of 
Acacia seyal (family Leguminaseae). Acacia spines may be 
deterrents which drain plant resources, thus canopies beyond the 
reach of browsing mammals may exhibit lush foliage at the expense 
of spinescence. Paired stipular spines of A. seyal are 
associated with the base of leaf petioles, the flowers are in 
yellow heads which mature into brown, curved legumes (Brenan, 
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1959; Dale and Greenway, 1961). Plants in the genus Acacia are 
widespread in semi-arid Africa where many of the spinescent 
species are included in the diet of the giraffe (Pellew, 1983, 
1984; Ngongnje, 1985). The spinescence of many species of Acacia 
may be a form of plant defense resulting from a long coevolution 
with large browsing mammals occupying Africa (Brown, 1960; Young, 
1987). 

study Site 

Wildlife Ranching and Research (WRR) is an 81-hectare 
wildlife ranch situated at aproximately 1600 meters elevation on 
the Athi-Kapiti Plains in southern Kenya. According to Pratt and 
Gwynne's (1977) ecoclimatic classification system, WRR is located 
in Zone IV, semi-arid climate with moisture indices from -30 to 
-40. The bimodal rainfall (approximately 510 m/yr) and high 
potential evapo-transpiration rates (1500-2000 ml/yr) are major 
factors influencing vegetational patterns on WRR. Natural 
vegetation on much of the Athi-Kapiti Plains is typically dry 
savanna and bushland of marginal agricultural potential (Pratt et 
al., 1966). Dominant grasses are red oat (Themeda triandra 
Forsk.) and bamboo grass (Pennisetum mezianum Leeke). Major 
woody plants include several species of Acacia and the Desert 
Date (Balanites glabra). The attractiveness of WRR as a study 
site included its availability of adequate research facilities 
and the pristine nature of the ranch which supported free-ranging 
herds (approximately 5.4 kg/HA) of giraffe (Giraffa 
camelopaardalis) which feed heavily on the study species. 

Methods 

Plotless transect lines originating at random points along 
pathways on WRR were used for sampling Acacia seyal. Each 100 
meter long transect line was established with a measuring tape 
laid perpendicular to the direction of pathways, and the nearest 
individual study plant to random points along each transect line 
was selected for measuring (Cottam and Curtis, 1956; Barbour et 
al., 1987). The habitat type of the sampled plant was described 
qualitatively as grassland, shrubland, or woodland. Plant 
heights (m) according to the living main canopy were taken with a 
flexible tape measure from ground surface to upper-most living 
branch. Trees over two meters tall were measured with a 
hand-held clinometer which gave optically determined heights. 
Living branches were randomly selected from the canopy; trees 
over 2.5 m tall were climbed, and mountaineer carabiners and 
nylon webbing secured the researcher making measurements to 
follow. The maximum length (mm), measured with a metal ruler, 
was recorded for mature spines and leaves growing at a o, 20 and 
40 cm distance from the tip of the sample branch. Measurements 
were from the tip of the leaf or spine to its point of origin on 
the sample branch. Only hardened spines and fully mature, 
undamaged leaves were measured. A count was made of all spines, 
regardless of condition, that occurred along 40 cm of the sample 
branch tip. Spine and leaf data were grouped for analysis 
according to habitat type and tree height. In the analysis, a 
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relative leaf length value for each sampled plant was obtained by 
subtracting spine length from leaf length. 

Results 

A total of 128 A. seyal were sampled over 5 months of the 
late rainy and early dry season in 1988. In the analysis of data 
according to both habitat type and canopy height, only canopy 
height revealed significant differences. The most noticable 
break in spinescence with canopy height occurred around six 
meters. Plants with canopies above six meters had 
significantly reduced overall spinescence (Table 1.). 
Approximately 9 spines and leaves were measured and 120 cm of 
branch length examined in the thorn count for each tree or N 
value presented below. 

Table 1. Spine measurements of A. seyal. Standard deviation 
(+/-) and signficance (P <) are shown for sampled 
plants with canopies under 6 meters tall (N = 101) 
and for those over 6 meters tall (N=27). 

Under 6m +I- Over 6m 

Mean leaf length (cm)• 2.5 0.88 3.6 0.62 

Mean spine length (cm) 3.1 1.04 0.9 0.57 

Relative leaf length (cm) -0.5 1.37 2.6 0.99 

Spine count per 20 cm 23.3 5 . 95 12.1 3.6 

*P < 0.05. All other values P < 0.01 . 

Discussion 

The lack of spinescence difference between A. seyal growing 
in different locations on WRR suggests that the spines of this 
species are not influenced by relative differences in the abiotic 
environment. The degree of spinescence may be reflective of 
relative browsing pressure. Spinescence was greatest for the 
study plants with canopies between o.o to 6.0 meters, which 
coincides with the maximum feeding height range for giraffe on 
WRR. The low relative leaf length (-0.5) for canopies in this 
zone suggests that .much of the plant's resources are being 
diverted into the production of defensive spines. 

Plants with canopies beyond the normal feeding height range 
of giraffe may be at a distin9t advantage over smaller plants. 
The haven from large browsers existing beyond six meters allows 
A. seyal to safely divert resources in favor of leaf production, 
energy that might otherwise be used for heightening plant 
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defenses. The spiny when young feature of A. seyal may be an 
adaptive trait enabling this plant to stave off potentially 
destructive browsers until the main canopy attains a sufficient 
height. 

The spinescence index presented in this paper provides an 
indication of leaf length in relation to its associate spine 
length, and the relative abundance of spines along a branch. It 
is designed to quantify spinescence with implications for range 
management on enclosed wildlife ranches . Means exist for the 
determination of forage quality based on the concentration of 
tannins and other naturally occurring substances that reduce the 
nutritional quality of leaves. Spinescence is a parameter which 
may also affect a plant's palatability to certain herbivores, and 
as such, may be measured to supplement chemical analyses for a 
more complete description of a plant's worth from the browser's 
standpoint. 

While much of the expertise gained through livestocking in 
Africa is applicable to wildlife ranching, novel approaches may 
supplement the more traditional techniques in range management. 
If sustained yield programs which exploit indigenous animals are 
to succeed in semi-arid East Africa, they may require examination 
as ecologically balanced rather than as slight modifications of 
long-standing domesticated systems. Future studies which examine 
the spinescence-herbivore relationship further might observe the 
extent to which the length and abundance of spines pre cisely 
affect the feeding rate of various browsers in East Africa . 
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FROM "LAND OF MILK AND HONEY" TO "LAND OF MISERY"; 
THE CREATION OF THE IMAGE OF NORTHEAST BRAZIL 

Roger L. cunniff1 

The current debates over changes in the earth's climate 
remind one again of how little is understood about the weather 
even with sophisticated modern technology, and how easily 
economic and political factors can cloud our understanding of 
meteorological phenomena. It seems that weather is what we make 
it--or at least what we make of it. One illustration of this 
human tendency is the political use of droughts in Northeast 
Brazil. The regional image is one of droughts: but the droughts 
did not so much create the image a$ it was created to fit the 
droughts . This essay will explore how the image evolved during 
the 19th century, and how it changed at specific times to serve 
political and economic interests. 

In the early 19th century, after three centuries of 
settlement, the backlands of Northeast Brazil were still 
dominated by huge, loosely organized cattle ranches. Only 
slightly over 400,000 persons inhabited the vast area between the 
San Francisco and Parnaiba rivers, most of them near the coast 
(Capistrano, 1960). Droughts were troublesome but not disastrous 
for cattle and herdsmen, who usually could cope by migrating to 
upland regions or to the coast, and the resources of the 
latifundia were sufficient to prevent much loss of human life. 
The prosperity, thin population to share resources, and general 
lack of governmental supervision combined to fix this period in 
the memories of Brazilians as the "leather civilization", a "land 
of milk and honey" (Capistrano, 1960; Camara, 1955). 

Refugees from the coastal sugar regions, encouraged by 
imperial homesteading laws, swelled the population of the arid 
interior after 1821. By 1850 the population of the region had 
increased five-fold (Alden, 1968; Pompeu, 1864). By then, rapid 
fragmentation and multiplication of ranches had filled the low 
pastures with millions of cattle. High beef prices persuaded 
ranchers to expand their herds onto marginal pastures and wooded 
slopes, where they came into conflict with subsistence peasants 
and small-scale commercial farmers. Slash-and-burn agriculture 
rapidly destroyed much of the timber on the slopes and threatened 
the crowded pastures of the pastoral entrepreneurs (Pompeu, 
1867) • 

Expansion was interrupted by a severe drought in 1845. 
Migrations of cattle and people to the hills and coast reached 
proportions never seen before, and the loss of livestock and farm 
produce was unprecedented. Forced to acknowledge the harshness 

1 Department of History, San Diego State University, San 
Diego, CA 92182 . 
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their climate, Northeasterners looked back nostalgically to 
colonial cattle culture. , With no meteorological data, and 

a thin human record to inform them, they came to believe 
they had created the aridity themselves. 

Geographers agree that the climate of Northeast Brazil has 
not changed in historic times. Moreover, despite the undeniable 
denudation of many slopes, the basic pattern of scrub vegetation 
over most of the area now is what it was for the earliest 
settlers (Czajka, 1963). After the drought of 1845, however, 
Northeast Brazilians seem to have believed almost universally 
that the parched brushland had once been heavily wooded and well 
watered. Remembering wanton destruction of forests in their own 
times and dredging up further evidence from oral tradition, they 
agreed that the backlands had once been covered with luxuriant 
forests to provide evaporation for regular rainfall. They 
believed that the destructive capacity of man had altered the 
climate of the backlands and changed their "land of milk and 
honey" into a "land of misery" (Macedo, 1871; Alencar, 1850). 

The intellectuals who pondered the nature of Northeast 
Brazil during the third quarter of the 19th century were united 
by their faith in the ability of science and technology to 
control nature. Many of them were military engineers trained at 
the Polytechnic Institute of Paris or · the Imperial Military 
School in Rio de Janeiro. Most of them subscribed to the theory 
that arid climates could be rendered more humid by planting trees 
and constructing reservoirs to cool the ground surf ace and induce 
evaporation. This theory, now discredited, was widely 
disseminated throughout Europe and the Western Hemisphere by the 
middle of the 19th century (Emmons, 1971). In Brazil, it left an 
indelible impression on regional perceptions and public policy. 

The positivistic engineers were more optimistic about nature 
than they were about their fellow man. They regarded the 
landless, nomadic lower classes of the interior as the inferior 
natural products of a benevolent climate (Alencar, 1850). 
Alternatively, they argued that backlanders were inferior not 
because of an undemanding environment but because their weak and 
cowardly Indian ancestors had been pushed into a harsh region by 
superior peoples, or because their state of racial evolution 
fitted them only for a primitive, herding existence (Theberge, 
1869). Thus, they convinced themselves that the people of the 
backlands were beyond redemption and that the problems of the 
Northeast could be solved only through the application of 
technology to the environment. 

The belief in climatic change was held most strongly by a 
group of native Northeastern intellectuals and by persons with 
long enough residence in the area to identify with its 
characteristics and problems. The leading members of this group 
mixed local weather lore with slightly outmoded meteorological 
opinion from Europe and the United States. Almost without 
exception they were "rainmakers" who believed that the proper 
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application of technology could restore the climate to what they 
thought it had been. 

Their leader was Tomas Pompeu de Souza Brasil of Ceara, a 
prominent rancher educated entirely in the Northeast whose 
diligence had gained him a national reputation as a geographer 
and statistician (Saraiva, 1960). Pompeu shared the general 
feeling that the climate had changed for the worse but was 
unwilling to accept the condition as permanent; he believed that 
he and his fellow Northeasterners could modify their environment 
to suit themselves (Pompeu, 1864). Through three decades he used 
his reputation as a geographer and his influence as an imperial 
senator and head of Ceara's Liberal party to argue for reservoirs 
and reforestation to fight the droughts. His ideas were cited 
and quoted freely by other Northeastern intellectuals and their 
sympathizers. Influential among these was the Chief Military 
Engineer for the Court, Henrique Beurepaire Rohan, who circulated 
the "rainmaker" hypothesis within the fashionable intellectual 
and social circles to which he was privy (Goes, 1938). 

A second set of opinions was identified with a scientific 
expedition sent by the imperial government in 1859 to explore the 
province of Ceara. Generally with more recent scientific 
training than the Northeastern "rainmakers", and from their 
residence in Rio more in touch with intellectual currents from 
Europe, this group rejected the idea that the climate could be 
changed. However, as engineers they endorsed both reforestation 
and reservoirs as means of reducing the effects of future 
droughts. Even more than the Northeastern elite they expressed 
their contempt for the natives of the region and their dependence 
on their environment. Notable in this group were Giacomo Raja 
Gabaglia, a professor at the Imperial Maritime Academy, and 
geological engineer Guilherme Capanema, a leading member of the 
Brazilian aristocracy and a close friend of Emperor Pedro II 
(Braga, 1962). 

Most of these mid-century op1n1ons were a priori, based on 
little or no research and only cursory acquaintance with current 
meteorological knowledge. But they circulated among the most 
influential persons in the tight and inbred Brazilian 
aristocracy. As a group they established at least four points of 
"informed opinion": 1) that human activity had desiccated the 
climate of the Northeast backlands during the 19th century; 2) 
that droughts were the central problem of the region and could be 
eliminated or ameliorated through human action; 3) that the 
ordinary inhabitants of the Northeast were inherently inferior, 
probably the cause of the droughts; and 4) that action for 
regional development would have a better chance of success if it 
were aimed at modifying nature rather than human institutions. 

To transform this debate into effective action for regional 
assistance would have required cooperation among the politicians 
and bureaucrats of the various Northeastern provinces or strong 
motivation by the central government to pour imperial resources 
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into the region--or both . Neither existed in the middle of the 
19th century. The arid Northeast had no clear regional identity 
and no unified voice in the imperial parliament. Economic and 
political power resided in Salvador and Recife, the traditional 
capitals of the sugar-oriented Atlantic litoral. The provincial 
leaders there were concerned only marginally with the arid 
interior regions of their provinces. stimulated into a brief 
flurry of action by the imperial interest in the backlands 
following the drought of 1845, many of the interior 
municipalities enacted ordinances policing the use of wood and 
water, and several provinces followed imperial advice to 
encourage the building of storage reservoirs. These pieces of 
local legislation may be properly viewed as indicators of an 
awakening regional sense and a growing belief that climatic 
problems could be solved by government action, but they had 
little immediate effect. Municipalities and provinces had almost 
no money to spend on public works and little power to enforce 
their laws. The actions were more symbolic than practical and 
more bureaucratic than political . Any really effective measures 
for the region would have to wait for strong imperial motivation, 
and that would not come before the tragedy of 1877 crystallized 
regional sensibilities and created a coherent political lobby for 
the drought region. 

The willingness to experiment with transformational schemes, 
as weak as it was, was eroded in the 1860s and 1870s by a period 
of unprecedented prosperity. British free trade policies after 
1846 and the cotton shortage in British mills as a result of the 
U.S. Civil War initiated a , cotton boom in the Northeast. 
Backlanders turned pastures and f oodlands to cotton and created 
new fields by destroying more trees. The population of the 
interior experienced explosive growth (Branner, 1885). 

The years of the cotton boom were abnormally rainy and 
Northeastern planters enjoying their most prosperous years were 
able to believe that the moisture was more reliable than it was. 
The lone meteorological station at Fortaleza showed that 1864 was 
a very dry year, a fact that went virtually unnoticed in the 
bonanza climate of high prices and liberal standards (Pompeu, 
1909). 

Having convinced themselves during the hard times 20 years 
earlier that their climate had changed for the worse, 
Northeastern leaders were persuaded easily by the cotton 
prosperity that by debating about the weather and passing a few 
poorly implemented laws they had miraculously restored their 
climate to its normal benevolence (Pompeu, 1877). Individual 
entrepreneurs took risks in developing new lands for cotton and 
coffee culture; they went into debt to construct new roads, 
railroads and ports; and they persuaded the provincial and 
imperial authorities to do likewise. 

The elites were motivated to accept any scant evidence that 
might show an improvement in the climate. If (as many of them 
had argued earlier) the poverty of the region was linked to the 
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climate, the prosperity they were experiencing would be short if 
the normal climate was perverse, and their investments were 
doomed. If, on the other hand, the climate had permanently 
changed, their investments were secure. 

The boom began to weaken after 1865, and it died in the 
depression years of the 1870s. With the United States supply 
restored, and with new sources in Egypt and India, Britain bought 
much less Brazilian cotton, and at much lower prices. 
Entrepreneurs and provincial governments were faced with ruin, 
but the population drawn into the interior by the boom remained 
there. Many of the recent converts to cotton farming hung on 
tenaciously through years of deepening crisis. Independent and 
stubborn subsistence peasants before the boom, they were now 
marginal commercial farmers and agricultural laborers in a very 
precarious situation (Derby, 1880). The rains continued to be 
reliable through 1876, and then in 1877 disaster struck. 

Between 1877 and 1880 the Northeast was devastated by an 
almost total lack of rainfall. Drought and disease killed nearly 
300,000 persons, and as many emigrated and did not return. 
Pre-drought agricultural, pastoral and demographic levels in the 
drought provinces were not restored for a full generation, while 
much of the rest of Brazil was undergoing rapid development. It 
can be argued that the region--and Brazil--have never recovered 
from the resulting imbalances (Leff, 1982). 

From the earliest days of the Great Drought of 1877, 
Northeastern leaders searched for ways to turn relief efforts to 
their own advantage. Provincial and municipal relief commissions 
built thousands of roads, churches, jails and reservoirs with 
drought refugees and relief funds. Entrepreneurs persuaded the 
imperial government to use funds and refugees to finish railways 
which had been started during the cotton boom and were now near 
bankruptcy (Albuquerque, 1878). 

The representatives of the Northeastern provinces to the 
imperial parliament used the emotional circumstances to lobby to 
good effect. Before the crisis had ended, the imperial 
government had spent over 37 million dollars in emergency funds 
in the Northeast--more than one-fifth of the total imperial 
revenues during that period. Much of the money went to 
commercial interests within the Northeast for food, 
transportation and other "services" to the refugees. Although 
exports from the drought region dropped almost out of existence, 
imperial relief funds more than compensated for the loss, 
totaling over 40 percent more than the value of exports lost 
during the drought years (Cunniff, 1974). 

As tragic as the drought was, it revealed the economic 
potential of the "rainmaker" hypothesis: intellectuals argued 
more strongly than ever that the climate could be changed or 
restored through the actions recommended 25 years earlier. The 
debates of the 1850s were staged once again, and with many of the 
same participants. Tomas Pompeu died early in 1877 but his 
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disciples and adherents carried the day. 
region" was defined (Reboucas, 1877). An 
headed by the old "rainmaker", Beaurepaire 
program of drought-fighting works that have 
incarnations to the present time. 

A specific "drought 
imperial commission, 
Rohan, recommended a 
persisted in various 

The Great Drought taught the Northeastern elites that a 
"land of misery" was a more reliable source of income than a 
"land of milk and honey", which they banished to the realm of 
nostalgia. The horrors of 1877 profoundly affected the regional 
image of the Northeast. Over the past century it has been 
compulsory for every regional history to show its effects 
(Menezes, 1965; Castro, 1961); drought novels are so numerous as 
to form a distinct genre of Brazilian literature (Queiroz, 1930; 
Ramos, 1939). The complex characteristics of the Northeast were 
reduced to one: a "land of misery", a "polygon of drought". 

The Empire of Brazil gave way to a Republic in 1889, but the 
drought lobby formed in 1877 was by now a permanent feature of 
the Brazilian political structure. Using the memory of 1877 and 
adroitly using the leverage provided by every major drought 
(notably 1915, 1938, 1958, 1970 and 1979) they brought into being 
and nurture still a huge federal bureaucracy specifically 
dedicated to fighting droughts through reservoir-building 
projects, the National Department of Anti-Drought Works (DNOCS) 
which by the 1930s was guaranteed an annual percentage of the 
national budget and became a major source of patronage for 
Northeastern politicians (Rech, 1984). When a disastrous drought 
in 1958 demonstrated once again that numerous reservoirs had done 
little to ameliorate the human suffering of major droughts, DNOCS 
was placed within a regional development agency with a wider 
vision, the Superintendence for the Development of the Northeast 
(SUDENE), but the "rainmaker" legacy remained powerful. 
Northeasterners continued to benefit from the money spent on 
ineffective anti-drought works, and they continued to talk about 
the need to reverse the "desertification" of their region and to 
change the climate through 20th-century technology (Hall, 1978; 
Hirschman, 1963). The droughts had become the property and 
sustenance of a bureaucracy: definitions and solutions were 
political rather than empirical. The solidity of their position 
is demonstrated by Article 21, Clause 28 of the new Brazilian 
Constitution of 1988, which lists as a responsibility of the 
federal government a "permanent defense" against droughts 
(Brazil, 1988). More than a century after the Great Drought of 
1877 the "rainmaker legacy" remains the controlling image of the 
Northeast, not because it better reflects the social and 
climatological realities of the region, but because it better 
fits the purposes of the image-makers. 
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