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MEMORANDUM 

TO: Members of the Association for Arid Lands Studies ~ 

Idris Rhea Traylor, J r., Executive Dire ( FROM: 

It is with pleasure that we enclose your copy of Forum for 1992. We regret the delay in distributing 
this volume. It is our custom, as you know, to mail the proceedings of the annual meeting at the end 
of August or by early September. Unfortunately, this year there were a variety of problems with the 
press resulting in the delay. However, we believe that you will be pleased by this volume of 
professional papers and we will soon be forwarding the 1993 edition of Forum, as well. 

We would again like to encourage everyone to attend the annual meeting of AALS in Albuquerque, 
New Mexico, April 20-23, 1994. As is our custom, we will hold the meeting in conjunction with the 
annual conference of the Western Social Science Association. This year's program for both 
professional societies will again be outstanding and we invite your participation. 

The officers of the Association for Arid Lands Studies wish to take this opportunity to extend to you 
our best wishes for the holiday season and for the New Year. 

IRT:gr 
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FOREWORD 

This is the eighth volume of the Forum of the Association for Arid Lands Studies, 
published by the Association in cooperation with the International Center for Arid and Semiarid 
Land Studies (ICASALS). The Association for Arid Lands Studies (AALS) is dedicated to the 
interdisciplinary study of the world's arid and semiarid lands. It is headquartered at ICASALS 
in Texas Tech University, Lubbock, Texas. Since its founding in 1977, the AALS has held its 
annual meetings in conjunction with the Western Social Science Association. 

The 15th annual conference of the AALS was held at the Radisson Hotel on the Mall, 
Denver, Colorado, April 22-25, 1992. The AALS program included nine topical sessions (32 
papers) produced by AALS members. Six of our nine sessions were cross-listed by other groups 
of the Western Social Science Association, Agricultural Studies, Geography, History, Resources 
and Public Land Use, and Urban Studies, an indication of the diversity and wide applicability of 
the research activities of AALS members. In tum, AALS cross-listed a session from Agricultural 
Studies, and another from Borderlands Studies for a total program of 11 sessions. 

This volume of the Forum consists of 14 of the papers presented at the 15th annual 
conference. The fIrst three parts of the volume are based on the three sessions on Rationalizing 
Water Use in the West organized by Kenneth R. Weber of the Department of the Interior. The 
last four parts of the volume include contributed papers on early agriculture and recent commerce 
in the western United States, rainfall in Los Angeles, and developments in utilization of arid 
lands in Africa 

Approximately half of the papers presented by AALS members at the 15th annual 
conference were submitted to the Forum. Each was reviewed by a minimum of three referees, 
and those papers accepted for publication were arranged into subject groups that do not 
necessarily conform to the topical sessions on the meeting program. 

The [me work of the 1992 Editorial Review Committee members and Editorial Assistant 
Jean L. Shultz is greatly appreciated. Special thanks goes to Idris R. Traylor, Jr., Director of 
ICASALS, for the support that permits the publication of this volume. 

Eugene B. Shultz, Jr., Editor 
Program in International Mfairs 
Washington University in S1. Louis 

Vll 
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PART ONE 

WATER AND THE MAKING OF THE ARID WEST 
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BROAD BRUSH STROKES OF COLORADO WATER mSTORY 

James E. Sherow! 

One can picture Anasazi priests overlooking Chaco Canyon from a great kiva, today 
called Rinconada. Over a thousand years ago they could see a well-irrigated valley, thriving 
towns, and an elaborate educational center. Their trade networks extended into Central America 
and their own empire embraced the Four-Corners area of the American Southwest. In many 
respects, these people lived better lives than Europeans of the same time, and the priests must 
have been thankful for the bounty brought to them through irrigation. 

These priests, however, were overlooking some serious maladaptive practices. The people 
of Chaco Canyon had cut nearly all of the trees on the surrounding plateaus for building their 
pueblos. This eventually had serious repercussions for their irrigation practices. The denuded 
plateaus no longer retained precipitation and the runoff streamed quickly down the slopes cutting 
deep arroyos through the canyon, which disrupted flood irrigation practices. In short, the manner 
in which the Anasazi supported themselves became self-destructive. The Anasazi's worldview, 
whatever it was, failed to give them an accurate picture of the environmental transformations they 
had wrought, and what those changes would mean for their way of life. By 1400 the Anasazi 
civilization had collapsed. 

Today, Coloradans can stand on heights like Flagstaff Mountain just west of Boulder and 
take in a grand view of what the development of water has wrought. To the east great reservoirs 
shimmer in sunlight and green fields mark the extent of irrigation. At night the floor of the High 
Plains is ablaze with lights illuminating the sprawl of Front Range cities, each thriving because 
of the elaborate water systems feeding them. For nearly 120 years, Coloradans have employed 
sophisticated technologies and economics to overcome the problems of surviving in a semi-arid 
environment. The question is, "Has the worldview of Coloradans' given them an accurate 
understanding of their place in their environment and have they gained insights about maintaining 
their infrastructure in the face of the environmental changes swirling around them?" Are 
Coloradans atop Flagstaff Mountain blindly looking across the hills and plains not seeing in their 
great achievements the seeds of self destruction? Have Coloradans become unaware like the 
priests at Rinconada overlooking Chaco Canyon? 

Contemporary ecologists teach that life is the environment. Scholars like Daniel B. 
Botkin, in his Discordant Harmonies, speaks to how people are a part of nature, not apart from 
nature. People can no longer afford to treat the Earth as a mere commodity to be engineered at 
whim. Rather, people must come to understand how 

... to engineer nature at nature's rates and in nature's ways; we must be wary when we 
engineer nature at an unnatural rate and in novel ways. To conserve well is to engineer 

! Assistant Professor in the Department of History at Kansas State University at Manhattan. 
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were not bashful about expressing their aims. The Arkansas Valley, so one fellow boasted, could 
wave "with the products of field and garden" if its "wanting" nature were transfonned by 
irrigation. The Arkansas River compared favorably to the Nile, so a newspaper editor 
rhapsodized, and it could be diverted to create an inland agricultural empire similar to the one 
in Egypt (Sherow, 1990, 11). In 1873, President Grant caught the fever and recommended to 
Congress "a canal for the purpose of irrigating from the eastern slope of the Rocky Mountains 
to the Missouri River." He believed this "arid belt [was] perfectly valueless for occupancy of 
man for want of sufficient rain to secure the growth of any agricultural products" (Sherow, 1988, 
2). Cyrus Thomas, a biologist with the Hayden Survey of 1872, recommended joining the 
Arkansas and Platte Rivers with a 200 mile canal to create irrigation reservoirs, and also to 
modify the climate and to increase rainfall. 

Each person who began digging a small ditch to tap some stream or river did so dreaming 
of profits through the domination of nature. In the early 1870s, people like George Washington 
Swink on the Arkansas River near present-day Rocky Ford developed successful small-scale truck 
farming for supplying local ranchers. William and Jonas Brantner, lured to the Denver area by 
the gold rush of 1858, dug a small ditch drawing from the Platte and grew staples for hungry 
prospectors. Many, like the Brantners, found mining the miners easier than mining the gold . 

. .'. 
The initial high profitability of irrigation stimulated truly large private undertakings. But 

here the stretch to dominate nature fell short. Weak technology and capital guided by market 
culture values created unstable irrigation systems throughout the state. Theodore C. Henry, the 
one-time acclaimed "father of irrigation" in Colorado, built several frail, over-extended projects. 
Wracked by nature and investors, Henry died penniless in 1914. Edwin S. Nettleton, a renowned 
civil engineer in Colorado, designed the High Line Canal in the Denver area and created an 
inefficient system liable to frequent breakdowns and costly repairs, which was eventually 
absorbed by the city of Denver to supplement its water supplies. The story of large-scale 
irrigation building in Colorado is replete with such stories. 

Many irrigation refonners, like those supporters flocking to the Farmers' Irrigation and 
Protective Association in the 1880s and early 1890s, believed turning over ownership of a system 
to the farmers using the main canal would promote efficiency and democracy. In some respects 
this happened as irrigation systems in the state became governed by mutual stockholding 
companies. Still, irrigators had not changed their faith in the domination of nature or in the 
market culture. The droughts of the 1890s, 1900s, and 1930s along with chronic water shortages 
among most companies revealed weaknesses in Coloradans' approach toward water development. 

Second Phase 

In order to make such systems work required the contribution of government at both the 
state and federal levels. The state engineer's office, later supplemented by the Colorado Water 
Conservation Board in 1936, came to guide water development at the state level, and the U.S. 
Geological Survey followed by the Reclamation Service (later renamed the Bureau of 
Reclamation) and the Anny Corps of Engineers directed the federal effort. 

5 
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Third Phase 

A large part of modem water confrontations stems from the schizophrenic demands from 
rapidly growing Western urban areas. The water needs of Western cities, both in Colorado and 
in other states, have resulted from the development of a consumer-based economy as described 
by the historian Samuel Hays (1987). Not only do these urbanites demand water for their lawns 
and homes, and for the service industries in modem high rises, but also water left in rivers for 
rafting, fishing, and landscape aesthetics. This sort of water development is still governed by 
market considerations and is not a part of fundamental shifts in social values toward water or 
nature. 

Conclusion 

The overall results of water use in Colorado has been a mixed bag of blessings. Without 
the infrastructure of dams, irrigation works, aqueducts, pumping stations, and transmountain 
delivery systems, modem Colorado would simply not exist. But the environment of Colorado 
continues to degrade and the costs are mounting. Fonner irrigated fields stand impregnated with 
alkali and weeds as the water rights have been removed to cities. Beautiful canyons have been 
lost to reservoirs with others like Two Forks and the Upper Arkansas around Buena Vista are still 
threatened. Riverbeds have deteriorated and the salt cedar has taken over large sections of the 
Arkansas River bottoms. Groundwater under Denver is being pumped to exhaustion and so is 
the Ogallala Aquifer underlying the eastern plains of the state. As growth continues the air 
quality along the Front Range worsens, and more water to the cities means more urban pollution.:, 

Charles F. Wilkinson in The Eagle Bird has built on the thinking of Aldo Leopold to 
illustrate the crux of the problem. 

We will not have done right on our western waters until we broaden the inquiry and give 
a fair say to economics, conservation, good science, Indian people, Hispanic subsistence 
farmers, canyons, animals, beauty, magic, and even the Spirits (Wilkinson, 61). 

If modem ecology is correct, and people are a part of nature, then people must come to 
terms with how past views of water development are dangerously out of step with ecological 
reality. In destroying the environment around themselves Coloradans are destroying themselves. 
Hopefully they can see their place in nature more clearly than did the priests atop Rinconada; for 
failing this Coloradans will leave monumental wastes far larger than those in Chaco Canyon 
today. 

References 
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THE DITCHRIDER: WATERHERDER OF THE IRRIGATION SYSTEM
THE FLATHEAD IRRIGATION PROJECT IN WESTERN MONT ANA, 

CIRCA 1910 - 1960 

Roger M. Batyl 

Introduction 

Water is the "blessed tie that binds" neighbor to neighbor on an irrigation community. 
Water can also be a devilish source of discord that can set neighbor against neighbor. Irrigation 
fanners must depend on one another. Their survival dictates that they live as close to the Golden 
Rule as is humanly possible. Irrigators are, however, only human. If their water doesn't come 
when they need it, or if they don't get what they think they are entitled to, they get upset 

When water is plentiful, it is taken for granted. When water is scarce, however, 
controversy ensues over its use. Mark Twain summed things up when he quipped, "Liquor is for 
drinking; water is for fighting." In an irrigation community, the task of rationing scarce water 
among competing uses becomes a source of community tension. Tempers flare and patience 
wears thin. Meanwhile, the irrigation system must continue to operate as best it can. 

On the Flathead Irrigation Project (FIP) in western Montana, the task of managing the 
storage and delivery of irrigation water falls to the Irrigation Superintendent and his workers. 
Reporting to the Superintendent are several watennasters. Each watennaster has several 
ditchriders working for him. The ditchriders patrol the canals and ditches during irrigating season. 
They virtually herd the water along. When necessary, they ration the water among the users. 
During the rest of the year, some of them hire on to help with construction and maintenance tasks 
required to ready the system for the following year. 

This article is about the ditchriders on the Flathead Irrigation Project. After describing the 
legislative origins of the project, the author reviews the connections between the FIP and the 
region's farming history, and mentions the physical structures used in the course of the 
ditchrider's rounds. On that foundation rest the ditchrider narratives, based on oral histories 
collected during the summers of 1985-1987. 

Legislative Origins of the FIP 

Two governmental policies led to construction of an irrigation system on the Flathead 
Reservation: 1) Indian Policy, and 2) Reclamation Policy. As guardian of the Indians, the national 

IProfessor and Chair, Department of Sociology and Anthropology, University of Redlands, 
Redlands, California. 

9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a good price and actually be settled and reclaimed. The Reclamation Service was responsible for 
the construction, operation, and maintenance of the system until 1924 when the U.S. Indian 
Irrigation Service assumed responsibility. 

The FIP and the Farmers 

Most of the fanners who moved into this area were inexperienced. Few of the experienced 
fanners knew how to irrigate. A regular refrain in the annual reports of the project was the need 
for progressive fanners who understood irrigation. The fIrst project manager, E. F. Tabor, 
complained in 1914 that "many irrigators do not apply water while there is a rain cloud in sight 
or until the land is thoroughly dried out after a rain." The fanners were left pretty much on their 
own to discover what methods would work best for them. 

Commercial development of the project looked more optimistic with the completion of 
the Flathead Branch of the Northern Pacillc Railway in 1918. This branch extended from Dixon 
north to Polson on the lake. Rail service cut down considerably on the twenty-mile hauls fanners 
had been making in order to get their produce to shipment points. 

More farmers arrived during 1919 and land values rose one third. Some of the newcomers 
were experienced irrigators from Yakima, Washington. Irrigated farms surged to 1,077 units 
compared to only 833 the year before. The value of irrigated crops increased 43 per cent. 

The prosperity did not last. Depressed market conditions hit the country toward the end; 
of 1920. The market for hay disappeared. Wheat prices were so low fanners refused to sell at 
prevailing levels. In 1921 conditions worsened. The total value of irrigated crops was down from' 
more than one million dollars in 1919 to $456,588 in 1921. Total crop value per irrigated acre 
was only $15.84. Moreover, fanners who had homesteaded on 20,000 acres of land some ten 
years earlier were not yet receiving the water they had been promised. 

Concern for the plight of the fanners was widespread as were proffered solutions. The 
Director of the Montana Agricultural Experiment Station at Bozeman believed remedies would 
be found by improving irrigation practices through State-supported technical assistance. The 
message he sent to Governor Dixon in February, 1923 was based on Canadian experience. They 
have concluded, he wrote, that "to turn a settler loose with 160 acres of raw land in a raw 
country does not make for the maximum of results in land settlement." 

By 1922 the Reclamation Service shared this view. Mr. A. C. Cooley, Agriculturist in 
charge of demonstrations on Reclamation projects, visited the Flathead in the fall. The next 
spring an arrangement with the Department of Agriculture led to the arrival of Mr. L. B. Miller, 
the fIrst resident agriculturist on the project. By this time 82 per cent of the fanners were 
experienced irrigators. 

In 1926, Indian Commissioner Frank Knox noted in his report that only one year out of 
the previous six were good crop years. There was also too much reliance still on grain growing. 

11 
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Checks regulate water velocity. Each check has flashboards that fit between upright posts. 
A cat-walk across the canal pennits the ditchrider to get close enough to pull the boards or add 
them, as necessary. 

When the water finally reaches the farmer's land it is regulated by a take-out, or turn
out. This is analogous to the headgate of the main diversion works on the creek. The turn-out 
allows a measured amount of water into the farmer's ditches for his irrigation needs. Once the 
water enters the farmer's land he must control it He gets no further assistance from the Project 

The FIP includes 16 dams, several large feeder canals which connect the reservoirs, and 
108 miles of main supply canals. The supply canals connect to 1,077 miles of distribution canals 
and laterals. Included in this network are 10,000 minor structures. The project employee closest 
to the farmer's needs on a daily basis during the irrigating season is the ditchrider. 

Ditchrider Narratives 

The ditchrider herds the water along to the individual users. As the spring thaws begin 
in the Mission Mountains, so does his work. He regulates the water into the feeder canals, 
controls water leaving the storage reservoirs and measures the water delivered to the farmers. 
He opens and closes gates, inspects checks, and controls turnouts to distribute the waterflow 
through the intricate system of canals and laterals. 

Every day during the irrigating season the ditchrider receives orders for water from the 
farmers, calculates the requirements for his area and arranges the quantity, time, and duration of 
water delivery. He maintains daily records of water measurements and deliveries. 

Anything that blocks water delivery is the ditchrider's business. He looks for leaks, breaks 
or weak areas in the ditches, spots and corrects obstructions, removes debris and makes 
emergency repairs. Patrolling his area by foot, horseback or motor vehicle, the ditchrider repairs 
those breaks he can and reports any misuse of the system to the watermaster. 

When everything is functioning properly, the work day is straight forward -- almost 
janitorial. But moments of real drama can punctuate the routine. Talking with old timers about 
their work one hears about physically challenging rescues, near drownings in turbulent streams 
as well as close calls with angry fanners. 

Al Barnier recounted some adventures when interviewed by the author at his home in 
Dixon, where he retired in 1974 after twenty nine years as ditchrider and watermaster for the 
Project. 

"I was coming down about noon one day, went to turn some water in. I was hauling 
gravel for the slick spots along the Moise canal. I would bring back a jag of gravel each time. 
I was unloading the gravel and I heard this 'help!' I stopped shoveling, but couldn't see a thing. 
That happened a couple of times. Finally, I figured I'd hurry up and unload the gravel and act 

13 
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cattle in the fall. But that wasn't too bad. You forget what a dollar could buy in those days. A 
pound of beefsteak for 25 cents or less; a fifty pound sack of flour for a dollar." 

"I used a car to go out," Art related. "In the spring it was pretty busy, just turning on 
water and shutting it off. I'd leave home at 8 o'clock. If I didn't have any trouble I'd be home 
by five. Sometimes I'd have trouble and wouldn't get home before six or seven. My area was 
a half mile below Revalli to Revais Creek." 

Troubles caused by "mother nature" along Art's route were relatively minor. Ditch breaks 
and gopher holes presented typical problems. Left unattended, water would go through the breaks 
or holes and wash the ditch out. Whenever possible, Art made immediate repairs. Where breaks 
were too big, he would have to shut the water. off and alert the main office. (Normally the 
ditchrider would alert his supervisor, the watermaster; but this area had no watermaster at the 
time. Art contacted the main office directly.) 

One challenge was due to the fact that the Revais "R" lateral was stream fed and not 
connected to a reservoir. "The other ditchriders had a better deal than I did," Art continued. 
"They knew how much water they had. I didn't I had to divide that up even between those 
farmers, without knowing how much water was comin' down that cree.k:. Sometimes it would run 
through August; sometimes the first or fifteenth of July. It was hard to divide it when you didn't 
know how much you had!" 

Indian water rights made it even harder to judge the flow. During the early years of the 
Project, surveys determined who had rights to use the water. Indians who had been diverting 
water with their private ditches before the construction of the Project had prior rights. On Revais 
Creek there are two Indian water rights up ahead of the farmers. "They could take out water any 
time they wanted to," Art explained. This could cause the supply to change without notice. 

Other problems surfaced through interaction with the farmers themselves. Art got his job 
because his predecessor could not get along with the farmers along the lateral. "They were all 
mad at him." Art recalled. "He didn't get fired, he just quit. I had to have a job, so I took it. 
They got mad at me too. Mostly they'd think that I gave somebody else more water than I did 
them. Some of 'em thought I cheated them, and some I did, but I couldn't help it. It was a pretty 
hard deal before they put the pumping plant in." 

Each ditchrider has to decide how he will work with the farmers in his territory. In the 
spring, when water was plentiful, Art would allow the farmers to tell him when they wanted 
water. Later on when it was time for the second irrigating, he would tell the farmers when they 
would get water. Bad ditchriders would get in a fight with the farmers. Art's formula was this: 
"You have to take bawlin' out and everything and not pay attention to it. Just walk on and leave 
'em." 

Another ditchrider, Lewis Palmer, elaborated his experiences with farmers who got too 
greedy. "If there is a shortage of water," he explained, "the neighbor above the farmer you are 
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Lucille, his wife, added "He lost his glasses and his cap." After a pause, she shivered, 
"The runoff in spring was always a very dangerous time. In the night time they used to have to 
go out Sometimes I used to go with him in case something happened; then I could call for help. " 

It is clear from their stories that a good ditchrider is almost a deputy sheriff in addition 
to knowing his technical job. The author asked Mud Axtell, retired Project Engineer, to tell me 
his criteria for a good ditchrider. Mr. Axtell has close to forty-five years of government service 
related to irrigation engineering and twenty-five years with the PIP. He emphasized certain 
personality attributes. 

"Dedication," Mud said. "I mean real dedication to the job. A good ditchrider is a fellow 
who doesn't let the weather bother him, whether he is going to go out or not." They must be 
good with farmers and good observers. "A good one," he continued, "is alert to what can be seen 
in the field just driving down the road. If there is a trickle of water that shows up where it 
shouldn't be, the good ones will notice it. They are also alert to notice if there is a different 
color. If the water suddenly shows up murky or cloudy from silt or from washing someplace, 
they are pretty sure that something is wrong. Maybe not wrong to the extent of danger, but 
possibly it is indicating that there is a washout, that the canal or ditch has given away some 
place, or it might be just a farmer that has started something in his ground and has let a stream 
of water get away and it started washing. Or there might be animal activity. Maybe cattle are 
tearing up the banks of the ditch because they are crowded in their pasture and perhaps the flies 
are raising cane with them. Maybe the whole herd will be over in the ditch trying to protect 
themselves from the flies and in the process they may be wearing down the ditch bank to the 
point of endangering the structure. Those boys will notice all of those things." 

As important as being a good observer and being alert to the signs of water, the good 
ditchrider must be caring enough to follow up. "It doesn't matter whether it is quitting time, so 
called, at 4:30 or whether it is 8:00 in the morning or noon or in the middle of the night that 
things like that show up. Good ditchriders will respond to it and check into it then, and not say, 
'Well, I'll come back tomorrow. Next time I'm on that shift I'll go look at it then.' No," Murl 
concluded, "the good ditchriders follow up on it right away." 

Waterherder, farmer's helper, deputy lawman, ombudsman, skilled communicator, 
disciplined observer, all these attributes are the hallmark of a good ditchrider. Often the job 
seems janitorial and routine. However, as the author has shown, there are times of high drama 
as the job gets done far beyond the view of the casual observer. It is the ditchrider who ensures 
that the water is delivered to the farmer, the water that is essential for raising crops that 
contribute to the economic livelihood of the valley. "Progress" may mean more automation and 
centralized control of gates and turnouts. Meter readers may replace the ditchriders; but, for the 
FIP, that time is still beyond the horizon. 
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REALLOCATING COLORADO'S WATER 
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AN OFFER I CAN'T REFUSE: SOCIAL CONSEQUENCES OF WATER TRANSFERS 
TO THE TRANSFERRING AREA 

Kenneth R. Weber 

The making of the Arid West in the latter 19th Century was predicated on the 
development of its water resources; now, just one century later, parts of the Arid West are "de
developing" and "unmaking" themselves through the sales and transfer of irrigation water, the 
critical element that fostered their existence. This is an analysis of one such community that was 
a part of the Great Plains boomer attitude general in the late 1800s, the numerous specUlative 
irrigation developments across Colorado and other states, and to a lesser extent, railroad land 
promotion (see Emmons, 1971; Van Hook, 1932; Sherow, 1992; Markoff, 1980; Hudson, 1985; 
Weber, n.d.). It is a community that became dependent on an over-committed water resource; that 
tried to persevere in an economically marginal niche; and, less than a century after the area's 
settlement, that found that its water resources alone were worth a multiple of what the land and 
water were worth together. 

This is an account of one group of water rights owners caught in the seeming paradox of 
selling their basic resource--of almost literally "selling the family farm"--and being happy to do 
so. For almost all of those having irrigation water rights to sell, it was an offer they could not 
refuse. For those without water to sell, the net impact to themselves and the local communities 
will be both negative and far-reaching. This is, in short, a community that is "unmaking" itself. 

Setting and History 

Crowley County is located in southeastern Colorado along the northern margin of the 
Arkansas River V alley at an elevation of about 4,300 feet. A semi-arid continental climate 
marked by low humidity, clear skies, and great seasonal temperature variation characterizes the 
region. Annual precipitation averages 11.2 inches and is both irregular and highly variable. Just 
over half the annual precipitation falls during the growing season. Approximately 9 percent of 
the county's 520,000 acres was irrigated under a single ditch structure, the Colorado Canal 
system, and the remainder is in range land. Crop production is dependent on irrigation (Abbott 
1985:7; Burns 1985:6: USBC 1954:28,29). 

The Colorado Canal system delivers water for two interlocking companies: the Colorado 
Canal Company and the Twin Lakes Canal Company. The former diverts direct flow water from 
the Arkansas River; the latter provides trans-mountain diversion water from Colorado's Western 
Slope (Abbott 1985:33, 49-51). 

ISociologist, Minerals Management Service, U.S. Department of the Interior, Camarillo, CA, 
93010. The views expressed here do not reflect those of the Minerals Management Service or 
the Department of the Interior. 
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capital requirements of beet cultivation and the attractiveness of alternative crops reduced sugar 
beet acreage to the point where regional processing plants were jeopardized. 

For the sugar beet processing plant on which both the farmers and the county depended, 
the disastrous years of the 1950s and 1960s fmally resulted in the plant's permanent closure in 
1967. With its closure, the county lost what had brought about its development, what had once 
been its primary cash crop, one of its most important employers, and an important part of its tax 
base (Markoff 1979:172-6; Markoff 1980:325-358). Shortly thereafter, non-local speculators 
formed the Crowley Land and Development Company (CLADCO) and began to buy irrigated 
farms to acquire the water rights. 

Farm operator debt figures for 1974 give testimony of the weak economic position of 
Crowley County farmers. Data from farms with sales of at least $2,500 show that Crowley's 
average farm debt secured by real estate was 21 per cent higher than the next highest county 
(Bent) of the four irrigation agriculture counties (Bent, Crowley, Otero, and Prowers) in 
Colorado's Arkansas Valley and 61 per cent higher than the average of the other three counties. 
Similarly, Crowley County's average farm operator debt not secured by real estate was 39 per 
cent higher than the next highest county (Bent) and 52 per cent higher than the average of the 
other three counties. For these same two debt categories, Crowley's average debt figures were 
138 per cent and 50 per cent higher, respectively, than those from Otero, the county located just 
across the river to the south and irrigated with ditches having earlier appropriation rights (USBC 
1977:ll-38). 

Just as personal economic conditions suggested many farmers should leave the business, 
the prices offered for shares in the canal companies provided positive motivation. Prices offered 
in each of these sales were considerably higher than contemporary land prices. In 1950, for 
example, better than average Crowley County land was selling for about $100 an acre. By 1968, 
that land sold for about $200 an acre; CLADCO offered $380 an acre. Twin Lakes Canal 
Company shares (with no land) sold at $1,050 (1972) and Colorado Canal Company shares sold 
at $1,500 each in 1986. Presently, land without water rights is offered for about $150 an acre but 
there is no market for this land (Weber 1988:17-18). 

Land and Water Sales 

Three major land and water sales occurred in the period between the late 1960s and the 
early 1980s: the CLAD CO purchases, the Twin Lakes Canal Company sales, and the Colorado 
Canal Company sales. One major feature distinguishes between the CLADCO and the two canal 
company sales. In the CLAD CO sales, farms (i.e., land, associated water rights, buildings, and 
improvements) were sold. In the sales of the Twin Lakes and Colorado Canal companies, only 
shares in the irrigation companies (Le., water use rights) were sold. The water rights sellers 
retained their land, buildings, and improvements. In the sales of the canal companies, sellers in 
effect separated the water rights from the land. 

By 1972, approximately four years after its organization, CLADCO had acquired 55.0 per 
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on both economic and lifestyle considerations. 

Effects 

Just as the sales of canal company shares brought economic gain (or at least debt relief) 
to most of the water-selling farmers, it brought de-development to the community. In the Crowley 
County case, it is clear that local businesses, social institutions, and non-water selling families 
have or will be especially affected by the water transfer. As ones who had no water for sale and 
thus received nothing in the transfer of the county's basic resource, they are the ones most 
severely affected by negative impacts. Their economic opportunities were directly linked to the 
county's continuing economic production potential. Water rights, the basic resource upon which 
their businesses and jobs were built, have been sold and transferred. They received nothing 
directly from the sale yet much of their long term future was determined by the sale. Many of 
those involved in the service and support sectors have seen or likely will see the value of their 
local investments drop drastically; some enterprises may not be marketable. 

For those caught in this predicament, their ability to relocate may be determined by their 
age, their personal savings, and the transferability of their occupational skills. The proceeds from 
the sale of local real estate and business enterprises in this depressed market will provide very 
modest nest eggs for those seeking to relocate. That the cost of these severe personal and 
community disruptions are externalities and are not included in the calculations of net change 
help to make the net change figures appear more positive. 

The Crowley County case also illustrates difficulties in an analysis of the distributional ~ 

effects of rapid changes to the economic resource base. Water transfers which may, for example, 
result in a positive net change in value in a state level analysis may also result in profound and 
severe negative changes to the local area (Weber 1989:24). Although the removal of irrigation 
agriculture from Crowley'S economy will be devastating locally, it will be almost unnoticed in 
Colorado's agriCUltural statistics. Then again, removal of Colorado's agricultural production from 
the national agriCUltural statistics would cause a relatively small net change to the national 
figures. As in other cases of resource sales, rapid resource development, or resource exhaustion, 
the distributional effects of the event may be determined in large part by the level of analysis. 

Tax-based institutions provide one clear illustration of the local impact of water transfers. 
In a county historically reliant on irrigation agriculture and the tax revenues it produced, the 
drying of the land has had sharp tax consequences. Irrigated land previously taxed at $5.35 an 
acre becomes, without water, range or waste land to be taxed at $0.25 an acre. Tax revenues 
which once supported county government and schools are no longer present As one economizing 
measure, the county's schools have gone to a four day week. For county government, the county 
assessor has observed that bankruptcy is "a probability down the line" (Van de Voorde 1990:20). 

Additional, less immediate impacts may also be envisioned for these small and declining, 
water exporting communities. As the majority of the water-selling farmers have reached or 
exceeded retirement age and have chosen to remain in Crowley County in retirement or semi-
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Introduction 

REVEGETATING ABANDONED CROPLAND: 
PROSPECTS FOR LAND TAKEN FROM IRRIGATION 

P. L. Sutherland, 1. A. Knapp, K. L. Conrad, 
B. P. Berlinger and D. A. Miller1 

Colorado's rapidly growing front-range metropolitan entities have turned to agricultural 
water sources to meet future projected water supply needs. Revegetation has been decreed as 
legal instruction by Colorado water courts as part of water-transfer agreements in recent litigation 
proceedings. However, highly erodible soils modified by a century of irrigation coupled with low 
precipitation and high consumptive-use rates present new challenges for effective revegetation. 
Our paper describes a five-year revegetation research and demonstration project that we have 
concluded. In this study, we identified Best Management Practices which integrate adaptable 
plant species, weed control methods, cover crop residues and timely initial water applications 
into potentially sustainable livestock-grazing systems. 

The Arkansas Valley of Colorado 

Colorado has five primary river drainage basins; the Platte, Colorado, Arkansas, Rio 
Grande, and Yampa/Snake. The Arkansas River drainage basin has historically been one of 
Colorado's richest agricultural areas yielding a wealth of vegetables and grains for decades. The 
river basin originates at the highest point in Colorado at an elevation of 14,433 feet above sea 
level. The basin consists primarily of the entire southeastern region of the state east of the 
Continental Divide (Figure 1). The Arkansas River leaves the state at an elevation of about 3400 
feet, the lowest point in Colorado. The basin encompasses approximately 26,000 square miles and 
is characterized by three general physiographic areas: the upper reach (Leadville to Canon City), 
foothills (Canon City to Pueblo), and the irrigated-plains region east of Pueblo. 

The river flows approximately 360 miles on its way to the Colorado-Kansas border. From 
its origin to Canon City the river gradient averages 40 feet or more per mile. From Pueblo east 
to the state line the gradient is about 9 feet per mile. 

The climate varies widely in both precipitation and temperature. Average annual 
precipitation is highest in the upper mountainous reach of the basin and lowest in the valley and 
plains areas. Most of the irrigated region receives between 11 and 15 inches of precipitation 
annually. 

1 Respectively, Conservation Agronomist, Area Conservationist, District Conservationist, 
Range Conservationist, and District Conservationist, U. S. Department of Agriculture - Soil 
Conservation Service, La Junta, Colorado. 
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The earliest record of irrigation and farming in the basin is 1847. A settlement of 
French-Canadian hunters and their Indian wives were reported farming in the Greenhorn Valley 
near present day Colorado City. In the same year an irrigation ditch was dug by the Bent family 
of Bents Fort downstream from present day Trinidad on the Purgatoire River. In 1853 a report 
by Lieutenant Beckwith traveling with Gunnison's exploration party showed that six Mexican 
families were diverting water out of Greenhorn Creek. The earliest appropriation date in the basin 
is March 31, 1859 in the name of Hicklin Ditch on Greenhorn Creek (Taylor, 1963; Abbot, 
1985). 

The ftrst water right on the main-stem of the Arkansas was decreed in 1861; the last was 
decreed in 1933. By the middle 1880s the main-stem and tributaries of the Arkansas were fully 
appropriated. Water-right decrees later than 1887 are little more than flood rights providing water 
only during snowmelt and after summer rainstonn events. 

Junior water-right appropriations (those with later adjudication dates) that did not provide 
a dependable supply during the irrigation season, began to develop water-storage rights and to 
construct storage reservoirs to capture flood flows. The concept has been extended to storing 
"winter water" by senior appropriators. In 1969, representatives of each of the canal companies 
diverting water below Pueblo reservoir began discussions regarding storage programs. Following 
the completion of the Pueblo dam/reservoir in 1975, an agreement was reached to begin a 
voluntary winter storage program. In 1987, an interlocutory decree was approved by the water 
court. The water court signed the fmal decree in 1990. !; 

As legend has it, a placer miner established the fIrst transmountain diversion in the 
Arkansas River Basin resulting from frustration over having no water to run a sluice box. As the 
story goes, he dug a ditch through a saddle to bring a full, flowing stream from the west side of 
the Continental Divide and made claim. Systems developed by the Twin Lakes Reservoir and 
Canal Company in the 1930s diverted water from the west side through the Continental Divide 
via a four-mile tunnel. In 1962, Public Law 87-590 authorized the construction and operation of 
the multipurpose project called the Fryingpan-Arkansas Water Project which consisted of 
sophisticated transmountain diversion techniques. The project was completed in 1984. 

Large-volume wells were developed following the exhaustion of inexpensive, 
gravity-flow surface water sources. About 25 percent of the irrigated acres in the basin are served 
by wells, some of which also have surface water rights. 

Adjudicated direct flow rights, non-tributary to the Arkansas River, total 7,326.1887 cubic 
feet per second. The basin includes eight transmountain diversions, two electrical generating 
plants, and 15 major storage reservoirs with a total capacity of about 1,861,830 acre-feet 
Average annual yield native to the basin between 1968 and 1972 (post-1965 flOod/pre-winter 
storage program period) was about 943,500 acre-feet. Since 1972, the Fryingpan-Arkansas Water 
Project has developed and allocated an excess of 400,000 acre-feet. 
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and certainly limit plant adaptability. There are two simple rules regarding salinity. First, 
regardless of the river system in question salinity is a result of both salt loading from mineral 
weathering and dissolution of soluble salts, and salt concentration. The second rule is that 
irrigation increases salt concentration. Salt concentration occurs from a plant's uptake of water 
driven by evapotranspiration leaving the salts behind. The next irrigation comes along, displacing 
the salt along the wetting front 

Water salinity, as indicated by electrical conductivity measurements, increases about 50 
fold as one travels from the headwaters of the Arkansas River to the state line separating 
Colorado and Kansas. Table 2 shows salinity levels for selected canals, listed in order from west 
to east The volume-weighted average is calculated by dividing the total salts diverted by the 
quantity of water diverted for a given period. This usually does not reflect the severity of a 
salinity problem. The maximum salinity level probably more accurately represents reality since 
many of the canals divert more saline water most of the time. The reach of the Arkansas River 
between La Junta, Colorado and Garden City, Kansas is the most saline water course of its size 
in the nation, second only to the Pecos River. Only 14 percent of the total salt load can be 
attributed to agriculture; the remaining 86 percent occurs from inherent non-agricultural geologic 
sources. 

Assessing the Prospects for Successful Revegetation 

General land abandonment occurred prior to the most recent water-right transfers in which • .c 

the district water court decreed performance of specific revegetation requirements. Included in T 

the decrees is the stipulation that irrigation water will be available for 1 year, the year of seeding, 
to insure a favorable soil moisture regime and provide the ability to leach salts away from 
sensitive germinating seeds. Unfortunately, information regarding appropriate grass species and 
seeding techniques was limited. 

A cooperative agreement creating a research and demonstration project was implemented 
in December of 1985. The project duration was five years. The purpose of the project was to 
address both technical aspects of revegetation and sociological impacts. The project was directed 
at finding an economically viable alternative to irrigated agriculture, specifically, a livestock 
industry to partially replace the income from irrigated cropland. 

Specific objectives were to identify species that effectively control soil erosion, are well 
adapted to the region, have high value for livestock grazing, and provide wildlife habitat. 
Individual goals were the development and demonstration of the best management practices for 
perennial plant establishment. 

Test plots and field demonstrations were directed at factors associated with seeding/site 
preparation procedures, weed control techniques, and irrigation practices. Much of the land 
affected by the water-right transfers has a history of 50-100 years of irrigation. Soil surface 
textures range from sandy loam to clay loam. To account for soil variability a total of 18 studies 
were conducted on 13 different soils (Table 3). 
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root development 

Secondly, grazing damage can be avoided by exercising control over the grazing season, 
the period during the year when plants are grazed, grazing intensity or the height to which plants 
are grazed, and grazing frequency, the number of times that plants are grazed per season. Season 
of grazing should be varied each year so that periodic defoliation of the key forage grasses does 
not occur when the growing points have been elevated above the soil surface exposing them to 
potential defoliation. A general rule is to allow livestock to take half the biomass and leave the 
remaining half (by weight) of a key species in each pasture annually. 

Thirdly, repeated severe defoliation of the grass plants in a pasture can be reduced by 
decreasing the livestock density or number, and reducing the time livestock are grazed in any 
given pasture. The key is concentrating animals, rather than allowing livestock access to one 
large pasture for the entire season. 

This is achieved by splitting large pastures into small pastures and by putting all of the 
animals into one smaller pasture for shorter time periods. The animals are then rotated into the 
other smaller pastures, one at a time, resulting in the deferment or resting of a grazed pasture. 
This is illustrated in Figure 2 with examples of three- and five-pasture rotation systems. These 
types of grazing systems will not only insure sustainable grass stands but will improve animal 
harvest efficiency, resulting from the ability to allow sustained, slightly-higher animal stocking 
rates. 

Summary 

The prospects for land taken from irrigation resulting from water-right transfers include 
successful revegetation and use for livestock enterprises. The success of revegetation is dependent 
on careful planning of site-specific recommendations which consider the adapted grass species 
to be used, weed control, seedbed preparation, and irrigation timing during seedling development 
It is the goal of grazing management following revegetation to optimize animal performance 
while maintaining or improving the forage resource. This goal can be achieved through utilization 
of a planned grazing system tailor-developed to individual producers. 
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TABLE 1 

Land Removed and Potential Land Removal from Irrigated 
Agricultural Produ~tion in the Arkansas Valley of Colorado 

Land Removal Prime Potential Prime Irrigation from Inigtion Land Land Removal Land Canal System from Irrigation (acres) (%) (acres) (%) 

Booth-archard-Grove 1,500 29 
Huerfano-Cucharas 5,000 0 
Bessemer 18,500 95 
Rocky Ford Ditch 4,600 40 
Rocky Ford Minority 3,000 64 
Otero Canal 4,500 40 
Holbrook 14,944 95 

Colorado Canal 40,500 65 3,289 '. 65 

Las Animas Thwn Ditch 1,950 35 
Consolidated Ditch 4.950 60 
Fort Lyon 56,633 88 

Fort Bent/Keesee 6,801 19 
Amity 27,827 75 

Total 58,000 59 135,994 72 
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TABLE 4 
GRASS AND SHRUB SPECIES SELECTED FOR EVALUATION 

COMMON NAME YEABTEmD COMMON NAME YE,l,Rrurm 

~6TTVE tQQt. ~~~Q:-: ~eE~ 1916 1917 19£1 :-:6JJ~ w6R~ W~Q~ ~eE~~ 1956 195' 19" 

Indian Mpt,SI f'Gl«na z z z Sand bll1CSltm WotJdword z z 
Indian riC:PUl JS20J Z Sldc:ow pama £JRtW> Z z 
Wenem "WIPUS ArriIHI It z z Sidcow pama HiM, It It 

Cin:CJI _dltpu. LodDnn z z Blue p-ama HocJ.iJo It It It 

B11IC~ T-I4169 It It It 

Pnirlc S&IId=4 COJMII It 
IWOOUC£D COOt. SEASON SPECIES 

O&1ltll& \five " It It 

<:Dual panic p-Jl' A,lonJjc It 
~Jlc4 .. -hulpur £p/vWn It 

S .. iachp-Jls l.Iomo r r 
~S1c4 .. 'btolpur H,.cru, It BIGchoyll It It 
Pubc:sccnt .. i>ul..,ur l.uM It 

S .. ;ach~r 

Russian .. '-l4.")'e BG:.oiJl:y S .. ilChpus CTtIl,illt It 
It It 

RlIssiu. ";ld.~ ViM/ S"ilCh~s 1't:1¥n:!cr It It 
It 

S .. ilChp-us T-OS4JI It 

$-.ilChp-us T-OSd9 It 

I'J:BQI2J.;al2 w6RM ~EA~Q~ ~f!,Cln UnIt blutJltm ClmorrGII It 

YcDow indl&npus HoI, It 

Yellow blutJIem Cc"",, It It Yellow indI&npus HtbS4 It 

weepin, 100'tpus Stn:! It Alkali Uc:llo.'l SGIodD It It z 
\\'ccpin, lO\'tpur Ncb. 21 It AlUll ualOll SG/zGII: It " " AIhlI ualOQ T-OSS71 ,,' 
~ 1956 19£7 19U 

Fo"",in, UJlbNSb Rilltofl It It 
FOUNin, ullb."IIUa ~7U37 It 

FOIU'Voin, wlbnuh 4'7&831 
\\r"l1Itc:f&t HGzell It 
Winlcnal n&&40 It 

TABLES 
HERBICIDE TREATMENTS AND APPLICATIONS RATES 

Herbicide 1Ieatment 
Application Ratemming 

Thtal 
Treatment Number aVA prd/A Unit Timing 1986 1987 1988 Sites 

Check 1 • • • 12 
Chlorsulfuron 2 0.125 0.167 ozloz pre • • 4 
Chlorsulfuron 3 0.250 0.333 ozloz pre • • • 10 
Metsulfuron 4 0.060 0.100 ozloz pre • • 7 
2, 4-D(amine) 5 0.750 1.500 lb/pt post • • 3 
Glyphosate 6 0.375 0.750 lb/pt pre • 1 
Bromoxynil 7 0.500 1.000 Ib/pt post • • 3 
Atrazine 8 1.000 2.000 Ib/pt pre • 1 
Dicamba 9 0.125 0.167 ozloz post • 3 

+2,4-D 0.750 1.500 lb/pt 
Chlorsulfuron 10 0.125 0.167 ozloz pre • 1 

+2,4-D 0.750 1.500 lb/pt 
Clomazone 11 0.500 1.000 lb/pt pre • 3 
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FEDERAL AGRICULTURAL POLICY AND WESTERN WATER USE: 
PROSPECTS FOR THE FUTURE 

Raymond J. Supalla1 

A perceptive Alien from another world viewing the Western United States for the first 
time would undoubtedly observe many strange anomalies concerning the use of water. It would 
quickly observe that water was essential to life on earth and very scarce, but that most of the 
scarce water was consumed in agriculture where it had the lowest economic value. It might also 
observe that water was being moved to where the people were rather then the people moving to 
where the water was, despite high economic and ecological costs of storage and transport. Upon 
closer inspection such an Alien might also observe that scarce water was being used to produce 
products which were not needed, in order to permit people to live in relatively barren regions, 
while relatively abundant water and other resources existed in more hospitable areas. This 
observant Alien is sure to wonder about the future for such a civilization! 

Although such a snapshot view of water allocation in the West is surely unimpressive to 
our Alien observer, as indeed it depresses and worries many earth bound observers, a time series 
view is likely to be cause for much more respect and optimism. Evolving environmental, water 
development and agriCUltural policies during the past two decades are slowing changing water 
use patterns in the West Water is being used with more environmental sensitivity, conservation 
is receiving greater emphasis, and the system is coming closer to meeting efficiency criteria. 

These water use trends are being driven by many factors, one of which is federal 
agriCUltural policy. This paper focuses on the water use implications of evolving agricultural 
policies and embraces the theme that an Alien observing the West 20 years hence is likely to see 
much less inefficiency, higher productivity, less environmental degradation and fewer public 
policy inconsistencies. 

Historic U. S. Agricultural Policy 

U. S. agricultural policy is multifaceted, encompassing everything from food stamps to 
conservation. However, this review addresses only those aspects which have the potential for 
significantly impacting water use. The major impacts of agricultural programs on water use are 
from those programs which change the absolute or relative profitability of different agricultural 
entetprises and/or which affect the implementation of direct water conservation or water quality 
measures. 

Agricultural policy as we know it today has its heritage in the depression and drought of 
the 1930s. Agricultural price and income maintenance programs were first implemented in 1933 
in response to the wrenching impact of a general economic depression. The impacts of the 

iProfessor of Agricultural Economics, University of Nebraska-Lincoln. 
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Future Agricultural Policies 

The environmental emphasis present in recent Ag Policy legislation is expected by many 
observers to continue unabated, perhaps increased, in the decades ahead (Youngberg, 1991; Batie, 
1988). This growing emphasis appears to be driven by two primary forces: increased 
environmental concern and the political reality that support from environniental interest groups 
is necessary in order to secure passage of other agricultural programs. The precise direction that 
future legislation will take is obviously unknown, but the present emphasis on water quality 
(including salinity), wetlands and water conservation is expected to increase. 

Another expected characteristic of future agricultural policy is reduced price and income 
subsidies. Federal budget deficits and political pressure for free world trade have led to gradual 
reductions in the direct subsidies for most program crops since about 1985 (pollack and Lynch, 
Appendix V, 1991). This trend is expected to continue, with some observers suggesting that there 
may be a new "free market" agriculture as an outcome of trade regulation (Dunmore, 1991). 
Essentially the U.S. trade position is that free trade in all commodities is a desired long term goal 
and that agriculture could compete very well in international markets if agricultural subsidies 
were reduced or eliminated by all nations. 

One of the most important implications of reduced government subsidies to agriculture 
is that as production subsidies are decreased the incentive to implement environmentally sensitive 
programs also decreases. To date the hammer behind the new environmental emphasis has been 
the threat of losing farm program benefits. Unless significant farm program income benefits are: 
maintained, or direct environmental incentives are enhanced, the "new" environmental emphasis 
could become less effectual in the years ahead. 

Impact of Agricultural Policy on Historic Water Use in the West 

U. S. agricultural policy effects western water use through impacts on irrigation water 
demand. Irrigation demands are impacted by ag policy through effects on: (1) the amount of 
irrigated acreage, (2) the irrigated crops grown, and (3) the amount of water or other inputs 
applied to each crop. The significance of these potential impacts for western water use depends 
on the importance of irrigation relative to other uses and on the role of economic incentives as 
a determinant of irrigated acreage, crops grown and water applied. Irrigation still accounts for 
about 85 percent of the consumptive use of water in the 17 western states, down from 93 percent 
in 1960 (MacKichan, 1961). This means that even rather small changes in the demand for water 
for irrigation can materially affect total water use and, especially, the amount of water available 
for other purposes. 

Impact of Agricultural Policy on Irrigated Acres. Since the mid 1930s agricultural 
policy has significantly affected the profitability of irrigation and, hence, the incentive to develop 
irrigated lands. Extensively subsidized farm program crops, including feed grains, food grains and 
cotton, account for nearly 50 percent of all irrigated crops (Table 1). The impact of irrigation 
incentives on irrigation development, however, depends substantially on whether the development 
was public or private. Private development is generally quite responsive to the profitability of 
irrigation, whereas public investments may occur for other reasons. 
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The impact of agricultural policy on private irrigation development in the west has 
certainly been greater then in the case of public projects, but still relatively small. The impact 
on private development appears to have been small, because: (1) less then 50 percent of all 
irrigated land in the west is used to grow subsidized crops; (2) slightly over 50 percent of the 
23.6 million acres in the west that are irrigated with private on-farm sources was developed for 
irrigation prior to the presence of major agricultural subsidies, and (3) a large proportion of the 
remaining privately developed land was brought into irrigation during periods when profits were 
high without subsidies (Table 2). Over 80 percent of the new development which has occurred 
since the mid 1960s in the plains states, for example, occurred during the 1970s when returns to 
irrigation were very high and most direct agricultural subsidies were not in effect. On the other 
hand, the presence of agricultural subsidies has clearly reduced the risk from irrigation 
investments and probably prevented some land from reverting to dryland during prolonged 
periods of depressed agricultural prices. 

Impact of Agricultural Policy on Irrigated Crops Grown. Another way in which ag 
policy can affect the demand for water is by affecting what crops are grown on irrigated land. 
Incentives to produce high or low water using crops could increase or decrease the demand for 
water. In this instance the impact is very location specific. There is evidence, for example, that 
in the cotton growing areas of the southwest the demand for water would be less without the 
extensive cotton production subsidies (Lacewell, 1991). In contrast, com production in much of 
the northern plains has very high water demands, but com is so much more profitable then any 
other irrigated crop (Jose et al., 1991), that it is unlikely that cropping patterns would be much 
different in the absence of present agricultural subsidies. The irrigated wheat areas of the 
northwest present still another situation. Agricultural wheat subsidies have induced more wheat 
acreage in the northwest, leading to lower water demands, since wheat has relatively low 
irrigation requirements. These differential impacts make it impossible to generalize regarding the 
net effect of agricultural policies on the water demand changes resulting from cropping pattern 
adjustments in the western states. 

Impact of Agricultural Polley on Crop Water Use. Different agriCUltural policies have 
affected crop water use in conflicting ways. Crop subsidies have made it profitable to use water 
more intensively, but other agricultural programs have simultaneously encouraged conservation. 
The net effect, however, has probably been positive. Conventional management practices 
generally call for irrigation to meet crop water demands irrespective of crop prices or water costs 
and, thus, ag policy induced price improvements have done little to increase water use. Cost share 
and technical assistance programs to encourage conservation, however, has reduced both gross 
irrigation applications and consumptive use in many parts of the west. Conservation tillage 
techniques have led to more effective use of rainfall, thus reducing consumptive use of irrigation 
water, while improvements in scheduling and water application techniques have reduced gross 
irrigation applications. 

Total Water Use Impacts. The net effect of agricultural policy on western water use 
appears to have been surprisingly small. There is probably more privately developed irrigated 
land in the west than would have been the case with a free market agriculture. On the other 
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caused a modest increase in irrigation water demand. 

Increased irrigation demands have generally led to increased total water use rather then 
to significant decreases in the amount of water used for municipal and industrial pmposes. Either 
the supply has been adequate for all pmposes, or when scarcity situations develop competing uses 
easily out bid irrigation for the needed water. Over time water markets and other kinds of 
institutional arrangements have evolved to facilitate transfers from agriculture to meet non
agricultural needs. However, significant legal institutional barriers to the transfer of water still 
exist in some Western states. 

Impact of Agricultural Policy on Water Quality 

Water quality impacts are difficult to discuss in a general context, because of the many 
different kinds of water quality effects. The major problems include salinity, sedimentation, 
nitrates and pesticides. The salinity and sedimentation problems are probably less severe then 
they would have been without our historic agricultural policies. Although agricultural subsidies 
have encouraged more irrigation and, thus, exacerbated the salinity and sedimentation problems, 
the soil and water conservation component of agricultural policy has probably more than 
compensated for the adverse impact of subsidies. Soil and water conservation programs have 
reduced runoff and sedimentation from much of the irrigated land base and have also been 
instrumental in helping producers cope with salinity problems. 

The most negative impact from historic agricultural policies has probably been nitrate and 
pesticide pollution. Until very recently agricultural policies were focused on maintaining 
agricultural productivity, farm income and cheap food, while giving very little attention to off
farm environmental problems. Crop subsidies and technical assistance programs encouraged the 
application of nitrates and pesticides and there were no off-setting research or incentive programs 
to discourage chemical use in agriculture. Nitrate and pesticide contamination problems are 
pervasive throughout the western states, but it is difficult to say how much less significant the 
problems would be had our agricultural policies been different. What is clear, however, is that 
these water quality issues were largely ignored by the agriCUltural policy process until the last 
half of the 1980s and, thus, the present problems are much worse then they could have been. 

Prospects for the Future 

Two key things have been happening in agricultural policy, both of which have very 
positive implications for water use and water quality in the years ahead. Agricultural subsidies 
are trending downward and environmental objectives are being increasingly emphasized. The 
emphasis in the 1990 legislation on environmental quality and on discouraging further land 
development, either irrigation or wetlands, is nothing short of phenomenal when one recalls that 
10 years earlier such objectives received almost no attention. 

Future Implications for Water Use. Irrigation development incentives were materially 
reduced in the 1985 and 1990 agricultural policy legislation and the present policy direction is 
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improvements in water management. Declines in irrigated acreage frequently mean an opportunity 
to reallocate water rights to higher value uses. The availability of cost share, easement and 
conservation reserve programs present an opportunity for dealing effectively with localized water 
quality and other environmental problems. However, taking full advantage of these opportunities 
will require aggressive government and much institutional change to facilitate water right 
transfers and to further encourage agricultural producers to take advantage of the emerging 
environmental emphasis in agricultural policy. 
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ALTERNATIVES TO MAJOR WATER STORAGE PROJECTS: 
STRATEGY, DATA ANALYSIS, OPTIONS 

Daniel F. Lueckel 

The Role of Water in Regional Development 

Investments in water supply systems, whether for irrigation or municipal and industrial 
purposes, are often justified on the basis of their positive impact on economic growth. 
Government institutions, political leaders, international agencies, and ordinary citizens all seem 
to accept the implied relationship, or at least they behave as though they do (Marston, 1987; 
Postal, 1992). In the West, the growth theory of water supply investments has been favored for 
more than a century (Foss, 1978). It is embodied in the region's public institutions (CWCB, 
1952), in the rhetoric of its leaders, and in the plans of the private sector (CASI, 1987). Even 
those who challenge the benefits of rapid growth and all that goes with it invariably concede the 
immutability of the water-growth relationship (Lamm, 1985). 

Few would contest the assertion that the availability of natural resources has a role in 
facilitating regional economic growth. Certain resources may even have to be available at 
"threshold" levels for growth to occur. This notion is reinforced, to some extent, by the opinion 
that, in third-world countries at least, water shortage is a medium-term constraint on 
development (Falkenmark, 1987). Common sense supports this opinion, but testing the hypothesis 
that water (or some measure of investment in the water supply infrastructure) contributes to 
regional growth reveals a different picture. The majority of empirically based studies of the 
relationship between investment in water resources and regional growth, several of which are 
discussed below, contradict the conventional wisdom. 

Empirical Findings on Water and Growth 

An early study that questioned the growth model investigated the relationship between 
water availability and industrial location patterns (Bower, 1964). The study reported that macro
location decisions (Le., comparing and balancing interregional advantages) are little affected by 
water availability. A short time later, an analysis of regional economic growth in the United 
States from 1950 to 1960 (as measured by employment growth on a county basis) found that 
water was not a good explanatory variable in assessing relative growth rates (Howe, 1968). Yet 
another study compared personnel income per unit of water use in agriculture and manufacturing 
in Arizona and reached essentially the same conclusion (Martin, 1969). 

lSenior Scientist, Rocky Mountain Office, Environmental Defense Fund, Boulder, CO 
80302. 
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In the intennountain states the value of water in irrigation can be as low as $10 per acre
foot in the Colorado River basin, though it is probably higher in drainages like the South Platte 
(Krutilla, 1983). In the lower basin of the Colorado River, its value in irrigation is approximately 
$30 per acre-foot (Howitt, 1980). In other parts of the Southwest, similar variations within the 
above-cited range are found. For example, in the Texas rice growing region, the value of 
irrigation water is probably less than $40 per acre-foot (Ellis, 1984; Griffin, 1984). In the 
municipal sector, though the value is greater, it seldom compares with the rhetoric in which it 
is draped. 

The Status of Western Water Economies 

Western water economies have passed from their "expansionary phase" in to what might 
be called their "mature phase" (young, 1984). In the fonner, new supplies were readily available, 
few interdependencies existed among users, and--after accounting for federal subsidies--projects 
were relatively inexpensive. In the latter, costs of new supplies are rapidly escalating and are less 
abundant, water users are linked by elaborate physical systems, they are increasingly 
interdependent economically, and federal subsidies have evaporated. The systems have reached 
their present state under rules based primarily on technical feasibility, i.e., water management has 
traditionally been reviewed as a technical or engineering problem. Thus, the solution of problems 
rather than the efficient allocation of resources has been both the guiding principle and the basis 
for rewarding achievement (young, 1986). As a consequence, structural options favored by 
engineer-managers have led to elaborate physical systems. It is probable, as well, that the belief " 
in the hypothetical relationship between investments in water supply and economic development c; 

influenced the selection of these solutions. Finally, it is certainly true that the federal 
government's willingness to finance these structural schemes allowed them to move forward 
without careful examination of their true economic worth (Martin, 1989). 

Now, however, circumstances have changed. Subsidized development is a artifact of the 
past, and real, as opposed to hypothetical, economic relationships are emerging as the basis for 
regional investment decisions. Given the maturity of the water supply systems, the relative value 
of water in agricultural and municipal applications, and the increasing recognition of 
environmental values, one is led to question how efficient and equitable it is to continue 
allocating the resource and augmenting supplies in the same way we have in the past. Applying 
a Pareto optimality criterion (i.e., a system state is said to be Pareto optimal if one entity can be 
made better off only at the expense of another), decisions that involve supply expansion are 
wasteful and inefficient. On the other hand, using the same criterion, individual irrigators, 
residential water customers, and commercial and industrial users are very likely to be making 
appropriate water use decisions. The apparent contradictions between system allocation decisions 
and individual user behavior is the residual of a paradox of overvaluing (but sometimes 
underpricing) water in certain applications while ignoring its value completely in others. 

These contradictions have encouraged the development of manmade structures at the 
expense of natural systems. However, as a result of the changes described above, groups 
concerned with protecting rivers and other aquatic habitats have begun to employ sound 
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storage project in the West. This hydrologic inefficiency translated into both economic 
inefficiency and, in relation to the water supplied, massive environmental damage. Moreover, the 
project's reliance on interbasin transfers meant that the environmental losses would be 
widespread. Finally, the ratio implied that the reselVoir would be less than half full more than 
half the time, thus making it an unattractive recreational resource. 

Two Forks Dam and the Colorado Environmental Caucus 

To participate fully in the water supply debate, the Caucus involved itself in the 
Environmental Impact Study (EIS) conducted by the U.S. Anny CoIpS of Engineers in 
anticipation of making a dam permitting decision (a Section 404 permit under the Oean Water 
Act). Caucus representatives, serving as members of a technical review committee established 
by the CoIpS, concentrated their attention on population projections, demand forecasts, end-use 
efficiency, supply options, and changes in system management. The center piece of the Caucus's 
technical input was a hydrologic simulation model of Denver's supply system that it constructed 
as the basis for analyzing the full range of options for meeting the metropolitan area's needs. (For 
a thorough explanation of Caucus's technical involvement see EDF [1987] and for its strategy 
see Luecke [1990].) . 

Based on the economics of water described above and using its simulation model and the 
same hydrologic record as that employed by Denver's engineers, the Caucus developed an 
alternative long range plan for the region. It included non-structural components, efficiency' 
improvements, water purchases (on a permanent basis) from systems outside Denver with excesS' 
capacity and from agriculture, joint use of surface and groundwater systems, integration of water 
rights not now being used, enlargement of an existing dam, and development of small new 
projects. The nonstructural elements include the cooperative use of existing dams and exchanges 
with downstream irrigators and end-use efficiency improvements were limited to residential, 
commercial, and industrial users. (For a complete explanation of one of the versions of the 
Caucus plan see EDF [1987].) In total, the Caucus plan would meet the region's anticipated 
demand through at least 2035. The portion that would selVe as an alternative to Two Forks would 
supply about 20 percent more water for less than half the $600 million (1985 dollars) estimated 
as the lower bound cost for the big dam. 

At the time the U.S. Environmental Protection Agency reviewed the Final EIS in May 
1988, its regional staff prepared a memorandum that concluded that Two Forks should not be 
permitted under the Clean Water Act, both because of the magnitude of the impacts and the 
availability of alternatives (many elements of which were taken from the Caucus plan) (EPA, 
1988). The alternatives that the staff reviewed included the construction of small supply projects, 
the implementation of system management changes like water exchanges, the improvement in 
end-use efficiency, and the diversion to the Denver metropolitan area of water from projects with 
excess capacity. Based on this memo and other evidence of damage and of the existence of 
alternatives, and following a one and a half year review initiated in early 1989 and concluding 
in November 1990, EPA found that the dam would violate Clean Water Act regulations and was, 
therefore, not eligible for a 404 permit (EPA, 1990). 
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THE IMPACT OF THE ENVIRONMENT ON THE DEVELOPMENT OF 
EARLY MORMON SETTLEMENTS IN THE LITILE COLORADO RIVER BASIN 

William S. Abruzzi1 

Introduction 

During the last quarter of the nineteenth century, hundreds of Monnon pioneers labored 
under the direction of Church leaders in Salt Lake City to establish several agricultural 
communities in the Little Colorado River Basin of northeastern Arizona. While some of these 
towns prospered, others barely swvived. Still others were abandoned within a few years of their 
founding. This paper examines the critical role the environment played in the differential success 
of these early Monnon towns. Emphasis is placed on topography, length of the growing season, 
soil quality and, most importantly in this arid region, the availability of suitable water for 
irrigation. 

Mormon Colonization 

Monnon colonization of the Little Colorado River Basin began in 1876 when 500 pioneers 
were sent by Church leaders to establish four settlements--Sunset, Brigham City, St. Joseph and 
Obed--in the lower valley of the Little Colorado River (see Figure 1). Additional towns were 
founded shortly thereafter along the upper reaches of the Little Colorado and along Silver Creek, 
its principal tributary. By 1900, some two dozen Monnon agriCUltural communities existed 
throughout this 5,000 square mile region. 

Colonizing the Little Colorado proved exceedingly difficult and was achieved only at great 
personal and community expense. Early pioneers suffered recurring crop losses due to heat, frost, 
drought and flooding (frequently to more than one of these causes during a single year). They 
also had to cope with hailstonns, destructive winds, insect infestations, dams that washed out 
with frustrating regularity, and two devastating droughts that destroyed crops and caused the 
death of thousands of head of cattle. More than half the years between 1880 and 1900 witnessed 
either poor harvests or complete crop failures. Sunset, Brigham City and Obed had all become 
ghost towns by the early 1880s, and more towns would likely have followed these settlements 
into extinction had it not been for repeated Church subsidies and for the strategic availability of 
non-agricultural employment. However, despite the Church's best efforts, emigration remained 
high, and Church leaders were frequently forced to recruit new settlers in order to continue the 
colonization effort. 

In the end, Monnon colonization of the region was a success; most of the towns swvived. 
However, tithing records indicate that considerable variation existed in the degree to which 
individual towns developed and prospered. For example, mean annual tithing collected at 

1 Penn State University, Ogontz Campus, Abington, PA 19001. 
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Snowflake and St Johns between 1887 and 1900 was more than six times that received at either 
Showlow or Alpine (see Table 1).A Similarly, the annual tithing paid at Snowflake and Eagar was 
considerably less variable than that paid at most other towns. Mean annual tithing paid by field 
crops (hay and grain), which is a more direct indication of farming productivity, shows an even 
greater range of variation. Annual tithing in field crops at Snowflake between 1887 and 1900 was 
nearly eight times that collected at Showlow. Population size and stability also varied 
considerably among these early towns (see Table 2), as did the diversity of occupations and 
businesses recorded in each town at turn of the century (see Table 3). 

Table 1 
Annual Tithing by Town 

1887 - 1900 
(in dollar values) 

Total Tithing by 
Tithing Field Crops 

Town X V X V 

St Joseph 1124 .435 249 .342 

Woodruff 915 .389 187 .371 

Snowflake 3025 .195 960 .122 

Taylor 1463 .217 617 .137 

St Johns 3561 .230 835 .439 

Eagar 1810 .180 953 .443 

Showlow 431 .335 121 .559 

Alpine 449 .327 176 .530 

SOURCE: (Abruzzi 1993:37-38). 

Significantly, by whatever criteria are used for pwposes of comparison, four early 
Mormon towns--Snowflake, St. Johns, Taylor and Eagar--were clearly more successful than the 
others. They were consistently the largest, most productive, most stable, and most functionally 
diverse Mormon settlements in the region. Furthermore, two of these towns--Snowflake and St 
Johns--stood apart from all the rest. Not only did they contain the largest populations and the 
most productive agricultural systems, they also developed the greatest occupational and business 
diversity and the most complex Church organization (see Abruzzi 1993: Chapter 1). More than 
any other Mormon settlement in the region, these two towns--especially Snowflake--most clearly 
approached the nineteenth century Mormon ideal of self-sufficient agricultural communities aloof 
from the non-Mormon society around them. 
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and Eagar; and (3) the regional preeminence of Snowflake and St. Johns. In order to present an 
environmental explanation, it is necessary to describe some of the more prominent physical 
characteristics of the region. 

Environmental Factors in Community Development: 
The Little Colorado River Basin 

The Little Colorado River Basin is located along the southern periphery of the Colorado 
Plateau and appears as an undulating plain sloping to the north and northeast. Elevation increases 
from 5,000 feet in the north near St. Joseph to over 8,000 feet along the Mogollon Rim, a steep 
escarpment that defines the southern boundary of the region some 75 miles to the south. 

Climate throughout the region is arid to semi-arid. Annual precipitation ranges from 9 
inches in the north to over 25 inches in parts of the southern highlands and results from distinct 
winter and summer storm systems. Winter precipitation is the more important of the two for local 
agriCUlture, because it is more evenly distributed geographically and is released gradually as 
runoff. It can, therefore, be more effectively collected into storage reservoirs. Summer 
precipitation occurs largely in the form of intense storms which deposit heavy amounts of water 
within highly restricted areas in the basin. As a result, most summer precipitation is lost to local 
agricultural systems. In addition, because they are highly erosive, summer storms increase the 
sediment load in streams at lower elevations. At times, sediment concentrations approach 20% 
(Bureau of Reclamation 1950:3). 

A direct relationship exists between precipitation and elevation which is reflected in a 
clear regional plant community gradient. Northern desert vegetation predominates in the lower 
valley of the Little Colorado River near St. Joseph and is succeeded southward by grassland, 
juniper-pinon woodland and montane forest communities. Grasslands cover 40% of the total land 
area in the basin, with bare ground accounting for more than half the surface cover in the 
grassland community (Dames and Moore 1973 [section 4]:201). Due to increasing moisture at 
higher elevations, tree size and density increase southward within the juniper-pinon woodland 
community, and juniper and pinon are replaced by forests of ponderosa pine at about 6,000 feet. 
Ponderosa pine is, in turn, succeeded by aspen and Englemann spruce at about 8,000 feet and by 
alpine meadows above 9,000 feet. 

In contrast to precipitation, length of the growing season varies inversely with elevation. 
The mean number of frost-free days ranges from 87 at Alpine to 179 near St. Joseph, and the 
variability in the length of the growing season increases with decreases in the mean. 
Consequently, dry farming has consistently been a marginal agricultural strategy in the area, and 
successful farming on any scale has necessarily been confmed to river valleys below 6,000 feet 
(see Abruzzi 1985). 

While soils throughout the basin are generally thin and loamy, specific soil characteristics 
and overall soil quality vary significantly between local areas. Soils at lower elevations are 
generally of low fertility, being low in organic matter and deficient in both nitrogen and 
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intennediate elevations. Differences in community development among individual Monnon towns 
during the nineteenth century depended largely upon their sub-regional location and on the 
consequences that this had for the ability of early pioneers to overcome critical limiting factors 
imposed by the local environment Settlements in the southern highlands were uniformly 
constrained by an inadequate growing season. The length of the growing season, which is a 
limiting factor beyond effective human control, was simply too short and too variable at towns 
such as Showlow and Alpine to yield reliable harvests. Consequently, by the tum of the century 
settlements in the southern highlands remained the smallest, least productive and least complex 
of all the Mormon towns in the region. 

While farmers in the lower valley settlements enjoyed adequate growing seasons, they 
endured the negative consequences of high summer temperatures, recurring dust stonns, and a 
spring dry season, all of which imposed a stress on crops and reduced agricultural productivity 
throughout this subregion. They also suffered the worst effects of the region's two droughts. In 
addition, they had to irrigate relatively infertile soils with the poorest quality, least reliable water 
in the region. In addition, soil and surface water quality deteriorated as settlements became 
established upstream, reducing streamflow through irrigation and increasing the sediment load 
in streams through overgrazing. Lacking suitable reservoir sites, lower valley settlement were also 
never able to overcome the inherent instability of their water supply. Finally, St Joseph, 
Woodruff and the other towns in this subregion suffered substantially more dam failures than any 
other town in the basin. Consequently, whatever positive effects their higher annual agricultural 
productivity may have had for community development in this subregion relative to settlements 
in the mountain valleys to the south was largely offset by the variability associated with that 
productivity and by the substantially greater costs required to achieve it. Indeed, no other portion 
of the basin produced as many failed settlements as did the lower valley. 

In contrast to settlements at both higher and lower elevations, those in river valleys at 
intermediate elevations suffered neither an inadequate growing season nor an unreliable water 
supply. All of the towns located at intennediate elevations enjoyed average growing seasons in 
excess of 120 days, while proximity to perennial streams and suitable reservoir sites spared these 
towns the degree of surface water variability that plagued communities in the lower valley. The 
four intermediate towns--Snowflake, St. Johns, Taylor and Eagar--were also situated in the largest 
and most fertile valleys in the region and were able to irrigate their fields with abundant, reliable 
and silt-free water. While not without problems, irrigation systems at intermediate settlements 
suffered significantly less destruction than those at lower elevations and required less repair. 
Moreover, when damage did occur, these settlements contained the largest populations in the 
region among which to distribute the burden of repair. Consequently, instead of consuming 
excessive amounts of time and resources just to maintain existing levels of productivity--a 
chronic problem at St. Joseph and Woodruff--intermediate settlements were able to generate 
surpluses that allowed the expansion and improvement of existing irrigations systems. This, in 
turn, increased agricultural production and popUlation growth, which together provided the basis 
from which more complex communities evolved. 
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THE FAILURE OF DRY FARMING IN THE NEVADA DESERT 

Marshall E. Bowen I 

Few places in the American West seem less-suited for dry farming than the desert flats of 
the northern Great Basin. Here, low rainfall and unpredictable temperatures conspire against all 
farming endeavors, and make those attempted without benefit of irrigation particularly precarious. 
Yet in the first part of the twentieth century, thousands of settlers occupied dryland homesteads in 
the Basin, with the largest number gathering in southeastern Oregon, northeastern Nevada, and 
western Utah. Predictably, most of these endeavors ended in failure, as farmers found it nearly 
impossible to obtain satisfactory yields. Conventional wisdom holds that drought was the 
principal cause of crop failure, but careful analysis of the cultivation records of the farmers 
themselves, kept as part of their homestead patent applications, reveals that this was not always the 
case (U.S. General Land Office, 1913-1921). This paper, based largely on records kept by 114 
dryland homesteaders living in five settlements near the small town of Wells, Nevada, describes 
rates of success and failure from 1912 through 1918, and examines the causes offailure in 1912 (a 
wet year) and 1915 (a dry year). These records provide information about crop production on 
sixty-three dry farms at Metropolis and Afton, northwest of Wells, and for fifty-one farms on 
Tobar Flat, in Independence Valley, and at Decoy, all located southeast of Wells, with the 
overwhelming majority describing conditions on Tobar Flat (Figure I). 

Dry farming began in northeastern Nevada in the early 1900s, and developed rapidly after 
1910, largely in response to publicity generated by promoters about the area's potential for 
unirrigated agriculture. By 1912, settlers in the vicinity of Metropolis, Afton, and Tobar Flat had 
more than 3000 acres under cultivation, and some were already harvesting good crops of dryland 
wheat and other grains (Bowen, 1989; Nevada State Herald, October II, 1912). By coincidence, 
1912 was one of the wettest years in the area's history. The Metropolis weather station recorded 
more than eighteen inches of precipitation, including a record 5.14 inches in April and more than 
five additional inches from May through September. To the south, at a ranch near Tobar Flat, 
more than fifteen inches were recorded, with nearly two inches falling in July and substantial 
amounts occurring in all of the other warm months (U.S. Dept of Agriculture, 1932). Ordinarily 
insignificant creeks filled to overflowing, and the Mormon Bishop of Metropolis declared that the 
area was "a perfect location for the dry farmer" (Metropolis Chronicle, September I, 1912). 
Indeed, dry land agriculture was thriving in his neighborhood. Near Metropolis, a half-dozen 
people from Cache Valley, Utah, where dry farming had been welI-established for years, harvested 
an average of eighteen bushels per acre from freshly-planted fields of small grain, while at Afton, 
fifteen miles to the north, a pair of experienced farmers obtained yields of more than twenty 
bushels to the acre. 

But to the southeast, success was much more limited, despite an abundance of 
precipitation. Homestead records show that on Tobar Flat, twenty percent of the settlers enjoyed 
satisfactory harvests, forty percent suffered partial failure, and another forty percent harvested 
nothing at all. Examination of the causes of failure shows that five settlers saw their crops 
destroyed by invading jackrabbits, with four of them losing everything, while the fifth salvaged a 
few potatoes but lost every bit of his grain and alfalfa. All of these people were recent arrivals 
from the Salt Lake City area, and with one exception, had never farmed before. None had 
apparently anticipated threats to their crops from this source, for two of them had absolutely no 
land fenced in 1912, while the others had erected fences with just two or three thin wires, which 
kept out marauding livestock but offered no defense whatsoever against the rabbits. Another 

IProfessor, Department of Geography, Mary Washington College, Fredericksburg, 
Virginia, 22401. 
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settler, unluckier than most, lost all of his grain because water from a nearby creek overflowed into 
his fields and drowned the crop (Scott, 1913). 

Conditions remained about the same in 1913, and actually improved in 1914 on Tobar 
Flat, where nearly half of the farmers enjoyed satisfactory yields and only one man suffered 
complete failure. But in 1915 the bottom dropped out. Only a shade more than five inches of 
precipitation fell at Metropolis during the entire year, with less than 2.5 inches recorded from April 
through August. Conditions southeast of Wells were a little better, but during the critical months 
of June, July, and August, this area received a total ofless than one inch of rainfall (U.S. Dept. of 
Agriculture, 1932). To make matters worse, the summer was unusually hot, with temperatures 
approaching one hundred degrees on several occasions (Nevada State Herald, August 6, 1915, and 
September 3, 1915). It is not surprising that homestead records show crop failures in excess of 
ninety percent, an accounting confirmed by the Wells newspaper, which estimated in late August 
that "fully 95 percent of the [area's] dry farms did not produce any kind of a crop" (Nevada State 
Herald, August 20, 1915). 

Clearly, drought dealt a devastating blow. But closer analysis shows that even in this 
dreadful year, it had to share the blame with other factors. On Tobar Flat, only three of the ten 
farmers who recorded crop failures cited drought as a cause, although it is probable that dry 
weather did account for losses suffered by some of their neighbors who did not specify a reason. 
But once again, rabbits were also part of the problem. In 1915 they were responsible for the 
complete failure of crops planted by a butcher from Salt Lake City, in his first full year on the land, 
and by a newcomer from Colorado. Like their predecessors, these men had neglected to protect 
their fields, and they paid dearly for their oversight. An indication of how seriously the jackrabbit 
menace was perceived is provided by the man from Colorado, who declared that despite the 
drought, his thirty acres of wheat and oats "would have done well but for the rabbits. As it was 
the crop was a failure" (Beals, 1916). 

At Metropolis, only two of twenty-five dry farmers escaped unscathed in 1915. Both of 
these men, farming property adjoining an irrigation project, probably benefitted from seepage from 
a nearby canal, but none of the others was as fortunate. Slightly more than half lost all of their 
crops, while the remainder reported partial failures. Surprisingly, no one laid the blame entirely on 
drought, and only three people even mentioned drought as a factor, in each case citing it in 
conjunction with damage caused by jackrabbits. Here, the rabbits were even more numerous than 
they were on Tobar Flat. Thousands swarmed into the area, and it was said, without much 
exaggeration, that there was a rabbit under every clump of sagebrush. This unprecedented upsurge 
was closely tied to the dry winter of 1914-1915, with little snow accumulation, which lowered the 
usual winter attrition rates, and the severe summer drought, which made feed scarce in the 
surrounding sagebrush country. With more rabbits competing for a reduced amount of feed, it 
was only a matter of time before they discovered the fields of Metropolis, and attacked them 
relentlessly. The citizens fought back, first with poison, which killed six thousand rabbits in one 
two-week period, and then with clubs, which brought down thousands more, but the invaders' 
reinforcements seemed limitless, and the war continued for years, with the rabbits, on balance, 
always outlasting the people (Bowen, 1980). 

The most severe damage to dryland crops caused by the rabbits occurred right on the 
fringes of the irrigated land, and probably represents spillover from an area of even greater rabbit 
infestation below the canal, where more feed per land unit, and a greater variety of feed, was 
available. Although it did not seem at the time that the rabbits were exercising much selectivity, it 
is now generally agreed that they were much more numerous below the canal, where they could 
nibble grain, burrow into haystacks, eat garden vegetables, and feed on weeds growing beside the 
ditches, and it was here that the war between settler and rabbit was being waged even more fiercely 
than on the drylands (Bowen, 1980; Hepworth, 1976; Jensen, 1981). 
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A FEASffilLITY STUDY OF ESTABLISHING AND MAINTAINING A RETIREMENT 
INDUSTRY IN A SEMI-ARID CITY: THE CASE OF LUBBOCK, TEXAS 

Lewis E. Hill and Eleanor T. von Ende1 

Introduction 

It is well documented that the emergence of a retirement industry can be extremely 
beneficial to any city which seeks to achieve economic development. As the senior citizens have 
become not only more numerous but also more affluent, the cash flow of expenditures that can 
be generated by a community of retired people has increased dramatically. This purchasing power 
will be spent and respent throughout the community until the total increase in income becomes 
some multiple of the original expenditures. Moreover, the development of a retirement 
community does not cause the external social costs or the economic problems that are frequently 
associated with the development of a manufacturing industry. This has led Bernal L. Green and 
Mary Jo Schneider (1989) to conclude that a retirement community is more desirable as a source 
of economic development than a manufacturing industry that would create an equal increase in 
community income and employment. 

Advantages of a Semi-Arid Region as the Location of a Retirement Industry 

Charles R. Britton and John G. Hehr (1989) have argued that the development of a 
retirement industry is a strategy which is especially well suited for cities, such as Lubbock, 
Texas, that are located in semiarid regions. A bright, dry climate with warm summers and mild 
winters is a great advantage in attracting retirees into an area. Moreover, a retirement industry 
does not make unreasonable demands on the limited water resources of a semiarid city. For these 
and other reasons, a semiarid city may very well have a comparative advantage in creating a 
retirement industry, but a comparative disadvantage in efforts to develop manufacturing industry. 
Consequently, the quest of a semiarid city to develop a retirement industry is much more likely 
to be successful than an equivalent effort to attract a manufacturing industry into the area. 

The Case of Lubbock, Texas 

Introduction. The purpose of this essay is to demonstrate that Lubbock, Texas, has a 
strong comparative advantage in developing a retirement industry and that this comparative 
advantage has created a great opportunity for the economic development of the city. That 
Lubbock is an excellent place to retire has been confirmed by Money Magazine, which ranked 
the city to be the fifth best place to live in the entire United States (Smith and Englander, 1991; 
Walls, 1991). Lubbock's high ranking has resulted from very good scores in three categories of 

lRespectively, Professor and Assistant Professor of Economics, Texas Tech University, 
Lubbock, Texas 79409-1014. 
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Center, which includes schools of Medicine, Allied Health Services, and Nursing. Seven hospitals 
with a capacity of 1750 beds and 85 clinics are located in Lubbock. The health-care sector of the 
Lubbock economy employs approximately 9,000 people and disburses an annual payroll of 
$112,000 (Lubbock Board of City Development, 1992). 

Transportation systems, also, are very important to senior citizens, and Lubbock ranks 
high among the best places to live with respect to the quality of this service (Smith and 
Englander, 1991, p. 134). Intra-city automotive travel is facilitated by a well-designed system of 
limited access thoroughfares. This system secures easy and quick access to all parts of the city 
for the people of Lubbock. The Citibus transit authority provides public transportation, and 
moderately priced taxicabs serve the people of the city. With respect to inter-city travel, Lubbock 
is the hub of an excellent network of highways and is served by the Texas, New Mexico, and 
Oklahoma Motorbus Company. Five commercial air carriers serve the city with 30 daily arrivals 
and departures. Lubbock provides numerous conveniently located business establishments in 
retailing and a wide variety of service industries; these businesses are much more than adequate 
to meet the needs of a retirement community (Lubbock Board of City Development, 1992). 

Cultural and Recreational Activities. A rich and varied assortment of cultural events 
are available to the senior citizens of Lubbock. The city is the home of a symphony orchestra, 
a ballet company, a repertory theater, and a chorale. The municipal auditorium-coliseum hosts 
a variety of entertainment events, including concerts, rodeos, circuses, and athletic competitions. 
Texas Tech University, which is located in Lubbock, adds to the abundance of variety of cultural 
events. The Theater Department presents full programs of both traditional and experimental 
productions, and the Music Department features more than 300 performances each year. The 
University Center sponsors a variety of cultural events, including the Speakers and Artists Series 
of lectures and musical performances. A unique museum complex, which includes a planetarium, 
an outdoor ranching heritage exhibit, and an archeological site, an art gallery, and several 
libraries enhance the cultural environment (Lubbock Board of City Development, 1992). 

Money Magazine ranked Lubbock very low in the category of recreation primarily because 
there are no professional athletic teams in the area, but intercollegiate sports provide a close 
substitute for professional competition. Texas Tech University belongs to the highly competitive 
Southwest Athletic Conference and offer a full range of National Collegiate Athletic Association 
Sports. Three private country clubs serve their members with golf, tennis, and swimming, as well 
as dining facilities and social events. Moreover, the municipal Parks and Recreation Department 
provides for all of the people of Lubbock excellent recreational facilities, including a 36 hole golf 
course, five swimming pools, and 64 tennis courts. Lubbock has more neighborhood parks per 
capita than any other city in Texas with 62 parks covering more than 3,000 acres. Many of the 
parks surround natural lakes, and the Yellow House Canyon Project, which includes a system of 
six lakes, winds its way 10 miles diagonally through the city. Lake Ransom provides the 
centerpiece of the Lake Ransom Canyon suburban residential community. Lubbock County owns 
and operates the nearby Buffalo Springs Lake recreational facility, which provides the site for 
summer cottages for several hundred families and all kinds of aquatic recreation for all of the 
people of Lubbock county. Additionally, MacKenzie State Park offers a wide range of outdoor 
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counties. A similar aggregate trend can be found in the three classes of counties in Texas during 
this period. Growth in bank deposits in Lubbock County has been much slower than the state 
average. For example, between 1975 and 1985, deposits in Texas banks grew at an annual rate 
of approximately 13.7 percent per year, whereas growth in deposits in Lubbock county banks 
averaged only about 8 percent per year. During the same period, Texas retirement counties 
averaged an annual growth rate slightly higher than the state average--almost 14 percent. In 
1985, the component share of non-demand deposits in Lubbock county banks was 74 percent, 
slightly less than the state average of 77 percent. Time deposits in commercial banks in 
retirement counties accounted for almost 85 percent of total deposits. Since these funds may also 
help [mance further development in the local area, it seems clear that Lubbock's commercial 
banks could benefit from the inflow of funds associated with a retirement community. 

Another measure of the economic impact of a retirement community has to do with job 
creation. At least one community has credited its retirement industry with creating one job for 
every 3 residents (Richards, 1988). The direct economic effects to a rural community of attracting 
a new manufacturing plant which employed 100 employees with those of attracting 100 new 
retiree households may be analyzed for a community such as Lubbock, following the work of 
Green and Schneider (1989). Previous work by Wadsworth and Conrad (1965) has demonstrated 
that a not insignificant portion of industrial wages typically leave the .immediate local area, and 
hence leakages from the local economy tend to be much greater for plant workers than for the 
retirees. For example, residents from surrounding towns may work at the new manufacturing 
plant (resulting in a net outflow of income) or Lubbock residents who had worked outside 
Lubbock (like in Plainview) may opt not to commute any longer (resulting in no net increase in 
income). Even though Lubbock is a metropolitan area and is a center for retail trade for a large 
geographic area, the majority of the incomes of non-resident commuters would be spent in their 
home communities on food and housing, and so these leakages are still likely to occur. The 
application of this analysis to Lubbock produces the following result: if we assume that each 
retiree household has an annual income comparable to average earnings in manufacturing of 
$17,680, then after leakages have been taken into account, it would take 3.4 manufacturing jobs 
to have the same economic impact as one retiree household. This suggests that the establishment 
of a retirement community in Lubbock is not only an attractive alternative to manufacturing 
industry, but is, in fact, a superior option. 

Implications for Public Policy. The best opportunity for the economic development of 
Lubbock is to create a large retirement community and a prosperous retirement industry. 
Therefore, if the people of Lubbock aspire to achieve economic growth and development, they 
should plan and implement an effective campaign to attract immigrant retirees into the city in 
order to enlarge the retirement community and to develop a retirement industry. Such a campaign 
to create a growing retirement community and a booming retirement industry would be both more 
feasible and more beneficial than any other plan or proposal for the economic development of 
Lubbock. 
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FEEDLOT OPERATIONS ON THE SOUTHERN HIGH PLAINS: 
WHERE AND WHY 

Claud M. Davidson1 

The Southern High Plains leads the nation in the production of fed beef. According to 
recent state and federal estimates, the Texas portion of the plains accounts for 84 percent of the 
2.11 million head in Texas feedlots and 24 percent of the 7.35 million head being fed in the 
seven major feeding states (Howell, 1991). In addition, Texas feedlots hold more cattle than 
those of any other state, topping the 1.75 million head in No.2 Nebraska and exceeding the 
1.49 million in No.3 Kansas as well as the 800,000 in No.4 Colorado (Howell, 1991). 

The purpose of this research is two-fold: (1) to identify the locations of the fed-cattle 
industry on the Southern High Plains, and (2) to determine locational advantages for feedlot 
operations within the area. 

Location of Southern High Plains Cattle Feedlots 

The most concentrated cattle-feeding portion of the Southern High Plains is a 
triangular-shaped area with corners at Lubbock and Amarillo, Texas and Clovis, New Mexico. 
This area of intense feeding contains 54 of the 90 feedlots on the Texas High Plains, and all 
five of New Mexico's regional lots. 

These feeding facilities have an annual one-time capacity of 1,444,000 animals for the 
Texas lots and 70,000 for New Mexico, representing a total one-time capacity of 1,514,000 
head within the triangle. In addition, 36 feedlots located in the northern portions of the Texas, 
High Plains and 12 feeding operations in western Oklahoma have a one-time capacity of 
1,334,500 head. Thus, the Southern High Plains contains feedlots with a total one-time 
capacity of 2,848,500 animals (Cattle-Feeding Capital of the World, 1990). Since most 
animals are on feed for a period of 100-180 days (Crofoot, 1991), total cattle fed within the 
area is now approximately 5,560,000 per year (The Texas Cattle-Feeding Industry, 1991). 

During the past decade, the total one-time capacity within the area increased from 
2,500,000 in 1981 to 2,900,000 in 1990; the total cattle fed during the period increased from 
4,000,000 to 5,560,000 (Cattle-Feeding Capital of the World, 1991). The number of cattle fed 
represent a higher rate of growth than does the one-time capacity of area feedlots (Table 1). 
This pattern results from improved feeding techniques which not only promote faster weight 
gain but also reduce the number of days that the animals are on feed. 

Table 1 
Growth of the Fed Cattle Industry: 

The Southern High Plains 
(millions) 

Source: Southwestern Public Service Company, Cattle-Feeding Capital of the World: 1991 
Fed Cattle Survey. 

1 Professor of Geography, Texas Tech University, Lubbock, Texas 79409. 
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Favorable climate appears to be one of the most significant advantages for livestock 
feeding on the Southern High Plains. The better the climate, the less environmental stress on 
cattle, and the greater the weight gain. According to Stalcup and Fields (1991), the area has an 
ideal feeding climate with average daily temperature highs of 51 0 in winter, 700 in springtime, 
890 in summer and 700 in autumn. Average mean low temperatures range from 640 in summer 
to 450 in autumn, 240 in winter and 420 in spring (Stalcup and Fields, 1991). The average 
relative humidity is also very moderate, ranging from a high of 47% in winter to a low of 34% 
in spring. These climatic conditions contribute greatly to the successful local livestock feeding 
operations. Average daily weight gain on the South Plains is approximately 3.25 pounds for 
steers and 3 pounds for heifers (Crofoot, 1992), compared with a Texas state average of 2.88 
pounds for steers and 2.55 pounds for heifers (Stalcup and Fields, 1991). Furthermore, 
because of reduced environmental stress, both feed consumption per pound of gain and animal 
death loss are lowered when compared with areas of less favorable weather conditions. 

Available fmancing has also been a positive factor in local feedlot location. It has been 
estimated that feeding four million head of cattle per year costs over $250 million in feeding 
facilities, $850 million for feed, and $1.6 billion for cattle (The Texas Cattle Feeding Industry, 
1991). Recent estimates place the number of cattle fed on the Southern High Plains at 5.56 
million head annually (Cattle-Feeding Capitol of the World, 1991), representing an annual cost 
of approximately $3.8 billion. This multi-billion dollar industry is able to obtain fmancial 
backing from institutions across the country. 

Market availability is always a major consideration in the location of production 
facilities such as cattle feed lots, just as the availability of cattle is necessary for the successful 
operation of meat-packing operations. A number of packing plants have been attracted to the 
Southern High Plains (Table 2). The High Plains portions of Texas and New Mexico currently 
contain 13 packing plants with a total annual capacity of 5,095,520 head (Cattle-Feeding 
Capitol of the World, 1991). Thus, using existing facilities, local packing plants can now 
process 91.6% of the total feedlot capacity of the area. 

In addition to those slaughtered locally, some of the fed cattle are shipped outside of the 
region. A number of cattle from Mexico also utilize Texas feed lots for fattening, then are 
returned to Mexico; this practice seems to be especially common for Brahman cattle. 

Production facilities such as livestock feeding operations require a wide range of 
management expertise. The feeding industry in Texas currently employs more than 2500 
person (The Texas Cattle Feeding Industry, 1991), demanding management of all phases of 
personnel activities. In addition to the day-by-day operations of the lot, each feeding operation 
is also concerned with purchasing, marketing, financing, insurance, nutrition, health, and 
numerous other matters on which decisions must be made. This means that proper 
management and the availability of persons with management skills are a prerequisite to all 
phases of feedlot operations. Individuals with developed skills in livestock feeding are 
available within the area 

93 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

Concluding Remarks 

Modern cattle feed lots are no longer the seat-of-the-pants operations that they were in the 
early part of this century. The lots have evolved into highly-managed business enterprises serving 
a variety of clients through scientifically-managed feeding programs. 

Although the literature stresses the availability of local grain as a determining factor in the 
location of livestock feed lots on the Southern High Plains, the concentration of feeding facilities is 
the result ofa combination of location advantages. In addition to grain availability, the favorable 
climatic conditions for livestock health and gain must not be underestimated. Nor, should other 
advantages such as availability of cattle, ftnancing, markets and management be overlooked. In 
fact, local grain production may not be the most signiftcant location factor within the area Clary, 
Dietrich and Farris (1984) stated that their study showed that "West Texas-West Oklahoma cattle 
feeding and slaughter levels would not be substantially affected even if grain supplies in that region 
were decreased 50 percent below the 1980 estimated level. If feed grain supplies were to decrease 
in the Southern Plains ... total costs in the cattle feeding-fed-beef economy would be minimized by 
feed grain being shipped from surplus production areas into the Southern Plains. " 
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COMMERCIAL BANKING CONDITIONS 
IN THE WESTERN UNITED STATES: AN ARIDINON-ARID COMPARISON 

Charles R. Britton, John G. Hehr, and Richard K. Fordl 

Introduction 

Recent economic perfonnance of individual states in the Western United States indicates 
disparity. It would appear that the arid and semi-arid areas suffered considerably while the coasts 
participated in the expansion of the 1980s (an oreo effect). The experience of the current 
recession seems the reverse. The recession is affecting the coastal regions much more than the 
arid lands of the west. Since regional economic bases are obviously influenced by the 
topography and climate, the authors sought to analyze economic performance within the 
framework of these physical conditions. The authors used employment and income data to help 
analyze economic performance during the 1980s, but relied primarily upon commercial banking 
data. 

There has been a long record of the study of climatic events and their impact upon 
economic activity dating back at least as far as Joseph's interpretation of the Pharaoh's dream 
concerning seven good harvests followed by seven years of famine presented in Genesis. 

In 1801, the relationship of climatic events and commercial activities was suggested by 
the astronomer, Sir William Herschel, who called attention to a correlation between sunspot 
activity and the price of wheat. Later, Dr. Hyde Clarke of England pointed out an eleven year 
cycle in trade and speculation and suggested that there may be a physical cause. Obviously, the 
most famous individual seeking to fmd a causal relationship between economics and 
meteorological data was the British economist, William Stanley Jevons. In "The Solar Period 
and the Price of Corn" (1875) he stated: 

If the planets govern the sun, and the sun governs the vintages and harvest, and thus the 
prices of food and raw materials and the state of the money market, it follows that the 
configurations of the planets may prove to be the remote causes of the greatest 
commercial disasters ... , the variation of the solar activity, which is just of the nature to 
affect the produce of agriculture, and which does vary in the same period, it becomes 
almost certain that the two series of phenomena, credit cycles and solar variations, are 
connected as effect and cause (Jevons, 1909). 

The connection of agriCUltural harvests to cyclical commercial activity is still regarded 
as tenuous at best but there seems little doubt that weather influences agricultural activities. Arid 

IRespectively, Professor of Economics, University of Arkansas, Fayetteville; Professor of 
Geography, University of Arkansas, Fayetteville, 72701, and Professor of Economics, University 
of Arkansas, Little Rock, 72203. 
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Table 1 presents commercial bank failures for the 1981 through 3rd quarter 1991 time 
period. As can be seen in Exhibit 1, commercial banking in the western United States was a 
disaster during the economic expansion of the 1980s. First, there should be some clarification. 
The Texas, Oklahoma and Louisiana banking situation reflects the economic bust associated with 
the "oil patch." Oregon suffered from the effects of high interest rates at the beginning of the 
time period and as a result lost almost 26 percent of the total banks located within the state. 
Other than the exceptions of Oregon and Louisiana, no other humid or semi-humid state lost 
more than 8.2 percent of its banks during the decade. In the arid/semi-arid states the situation 
was much different In addition to Texas and Oklahoma, six additional arid/semi-arid states lost 
banks in double digits. Arizona, Utah, Wyoming, Colorado, New Mexico and Kansas all lost 
over ten percent of their commercial banks during 1981-91. Financially, the arid West and 
Midwest did not fare well during the 1980s. The information provided in Table 1 concerning 
individual state laws for state branch banking and interstate branching indicate that differences 
in regulations can not explain differences in failure rates. It must be attributable to other factors, 
such as general economic conditions. 

Further evidence of the problems of the commercial banking industry is provided in Table 
2. The number of bank failures per state, per year is provided. Obviously the arid/semi-arid 
states were experiencing more bank failures than the humid/semi-humi9 states but more important 
is the fact that all of the western United States were suffering. For example from the year 1985 
on, western states suffered 85, 90, 90, 93, 93, and 84 percent of all the bank closings. The 
twenty-six eastern states (of the contiguous 48) never accounted for more than 16 percent of bank 
failures during 1985-90. As can be seen the more arid areas were under severe fmancial stress 
in the late 1980s when they accounted for 71.5 percent of all bank failures in this country. 

Recent Economic Conditions of the Arid United States 

Whereas the arid West suffered considerable financial stress in the late 1980s, it appears 
to have run its course. For the three quarters ended September 30, 1991 arid western states had 
only 38 percent of bank failures versus a high of 82 percent in 1989. It appears that banking in 
the arid/semi-arid western U.S. was recovering at exactly the same time that the total U.S. 
economy was slipping into a recession. 

Table 3 provides the data on employment losses for the current recession. States are ranked 
from high to low in job losses after adjustments for population were made. As can be seen 12 
arid/semi-arid states were ranked in the lowest quintile for job loss and none was ranked in the 
highest three quintiles. In other words, this recession is occurring in the non-arid areas of the 
U.S. If this is so, then it should be reflected in the commercial banking data concerning failures. 
Nationwide bank failures for the first three quarters of 1991 are presented in Table 4. As can 
be seen the arid states (excluding Texas and Oklahoma) had a total of 7 bank failures (Arizona-I, 
Colorado-2, Kansas-l and New Mexico-3). The total assets affected were $415 million. The 
state of Texas continued to exhibit some trouble with 27 bank failures, but this is considerably 
less than the state average of 119 failures during 1988-90. The 27 bank failures in Texas 
accounted for only 0.63 percent of all bank assets within the state. The humid/semi-humid states 
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Moore, H.L. 1914. Economic Cycles: Their Law and Cause. New York: Macmillan. 

Pantalone, C.c. and Platt, M.B., 1987. Predicting Commercial Bank Failure Since Deregulation. 
Federal Reserve Bank of Boston. New England Economic Review. July/August (4): 37-47. 

United States Department of Agriculture, Economic Research Service. 1985. The Diverse Social 
and Economic Structure of Nonmetropolitan America. RDRR No.49. 
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Table 2 

I Insured Bank. Requirina Disbursement. by the Federal Deposi t 
Insurence Corporation by State end Year 

I 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991* 1981-91 

Arid and Semi -Arid 

I Arizona 1 1 6 5 1 14 
Colorado 1 1 2 6 7 13 10 7 7 2 56 
Idaho 1 0 0 0 1 
Kansas 1 7 13 16 9 8 5 1 1 61 

I Montana 1 1 4 1 2 0 9 
Nebraska 1 5 13 6 6 1 1 0 33 
Nevada 1 0 0 0 1 
New Mexico 3 2 1 0 2 3 11 

I 
North Dakota 2 1 2 3 8 
Oklahoma 3 1 5 13 17 33 25 12 10 1 120 
South Dakota 1 1 1 2 2 0 0 7 
Texas- 7 3 6 11 26 62 119 134 103 27 498 

I 
Utah 1 1 3 3 3 0 0 11 
Wyoming 1 2 5 7 4 1 0 0 20 

Total 2 10 11 29 65 87 138 173 169 131 35 850 

I Humid and Semi -Humid 

Arkansas 3 1 2 1 1 0 1 1 10 

I 
California 2 5 6 7 8 8 3 1 4 3 47 
Iowa 2 3 11 10 6 7 0 0 39 
Louisiana 1 9 15 13 21 4 4 67 
Minnesota 1 1 4 6 5 10 8 1 1 37 

I 
Missouri 2 1 2 9 10 5 2 1 1 33 
Oregon 2 5 5 3 1 1 0 0 0 17 
Washington 1 1 1 0 0 3 

Total 2 11 13 23 37 44 45 35 24 11 8 252 

I Total 
Western US 4 21 24 52 102 131 183 208 193 142 43 1107 

I Total US 

Western US/ 

10 42 48 79 120 145 203 223 207 169 91 1347 

Total 40% 50% 50% 66% 85% 90% 90% 93% 93% 84% 47% 82% 

I 
Source: Federal Deposit Insurance Corporation. 

I *Through September 30, 1991 

I 
I 
I 

103 



I 
I Table 4 

I 
Banks That Failed Nationwide Through Third 

Quarter, 1991 by State 

Number Percent of Assets 1 Percent of 

I 
Failed Total (millions) Assets 

Western United States 
Arid/Semi-Arid 

I Arizona 1 2.50 81 0.23 
Colorado 2 0.45 21 0.08 
Kansas 1 0.18 200 0.69 

I New Mexico 3 3.57 113 0.96 
Oklahoma 1 0.24 34 0.13 
Texas 27 2.32 1,087 0.63 

Total 35 1,536 

I 
Humid/Semi-Humid 

I Arkansas 1 0.39 33 0.15 
California 3 0.49 72 0.02 
louisiana 4 1. 76 312 0.84 

i 
Total 8 417 
Total-Western 43 1,953 

I 
Eastern United States 

Connecticut 9 7.26 10,354 14.77 
District of 

I Columbia 1 3.70 529 3.25 
Florida 7 1.46 13,393 8.97 
Illinois 3 0.26 178 0.07 
Maine 2 5.26 2,228 15.52 

I Maryland 1 0.96 44 0.08 
Massachusetts 11 3.55 16,618 11.32 
New Hampshire 3 4.29 217 1.24 

I 
New Jersey 4 2.88 1,832 1. 70 
New York 1 0.18 9,909 0.80 
Ohio 1 0.34 71 0.06 
South Carolina 1 1.18 72 0.29 

I 
Vermont 1 3.13 39 0.51 
Virginia 2 1.14 208 0.30 
West Virginia 1 0.58 48 0.27 

Total-Eastern 48 55,741 

I Total U.S. 91 57,694 

I 1 Asset data as of 12/31/90. 

I Source: Federal Deposit Insurance Corporation. 

I 
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DROUGHT IN LOS ANGELES: FACT OR FANTASY? 

Joseph Earley! 

Introduction 

The purpose of this paper is to investigate whether or not the on-going drought in Los 
Angeles and Southern California is atypical or, when viewed in a long-tenn context, merely an 
expected periodic downturn. Numerous statistical techniques are used to investigate this 
hypothesis. Forecasts are calculated with commerits and conclusions. The time period used for 
the Los Angeles series is 1878 to 1991. Comparisons are made for Los Angeles precipitation, 
the state of California, the Pacific region and the United States. The data used for these 
comparisons is from 1931 to 1989. An arima (autoregressive-integrated moving average) 
procedure is the principal statistical tool used for the analysis. A univariate arima model of this 
series is identified and estimated using infonnation from the autocorrelation function (ACF), the 
inverse autocorrelation function (IACF) and the partial autocorrelation function (PACF). 
Forecasts are then calculated using the estimated model. In addition to the arima procedure, 
elementary ordinary least squares regression analysis is used to derive and assess the significance 

. of a possible trend in Los Angeles precipitation over time. 

Profile of Los Angeles Rainfall 

An idea about the past history of rainfall in Los Angeles is seen from the following 
statistical presentation. The usual descriptive statistics such as mean, standard deviation, 
measures of kurtosis, etc., are shown. 

Momenta 

N 114 Sum Wgts 114 
Mean 14.82035 Sum 1689.52 
Std Dev 6.872131 Variance 47.22618 
Skewness 0.994744 Kurtosis 1.365399 
USS 30375.84 CSS 5336.558 
CV 46.36955 Std Mean 0.643634 
T:Mean-O 23.02605 Prob>ITI 0.0001 
Sqn Rank 3277.5 Prob>ISI 0.0001 
Num "':or 0 114 
W:Normal 0.937731 Prob<W 0.0001 

lAssociate Professor of Economics, Loyola Marymount University, Los Angeles, California 
90045. 
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Extremes 
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Univariate Ariaa Modeling 

A univariate ARIHA (p,d,q) model may be represented as: 

wheres 

a (B) At 

; (B) -

a (B) ... 1 - alB -

d > 0 -
d • 0 

- ~ Yt -k 

are random shock. (error.) 
assumed to be normally and 
independently distributed 
with mean zero and constant 
variance 
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Figure 2. Los Angeles Rainfall: 1878 - 1991 
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Autocorrelation Check for White Noi.e 

To Chi Autocorrelations 
Lag Square DF Prob 

6 6.89 6 0.331 -0.034 0.064 0.057 0.061 0.183 -0.106 
12 16.07 12 0.188 -0.159 -0.061 -0.034 -0.148 -0.008 -0.143 
18 20.31 18 0.316 0.121 -0.049 -0.084 -0.074 -0.009 -0.047 
24 25.23 24 0.394 -0.090 -0.122 -0.033 0.035 -0.097 0.007 

Regression Analysis Modeling of Los Angeles Rainfall 

An alternative method used to detennme whether or not there is a trend in a time series 
is to perform an ordinary least squares regression between the variable in question, i.e., rainfall, 
and time. By observing the appropriate t-value and the coefficient of determination, R2 it is 
possible to determine if the trend is statistically significant. The R2 of 0.0077 and the t-value of 
0.934 indicate that there is no statistically observable trend in rainfall over the time period. 

Dependent Variable: Lo. Angele. rainfall 

Analysis of Variance 

Source 

Model 
Error 
C Total 

Root MSB 
Dep Mean 
C.V. 

DF 
Sum of 

Squares 
Mean 

Square F Value 

1 41.22229 41.22229 0.872 
112 5295.33590 47.27978 
113 5336.55819 

6.87603 R-square 0.0077 
14.82035 Adj R-sq -0.0011 
46.39586 

Parameter Estimate. 

Parameter Standard T for HO: 
Variable DF Estimate Error Parameter-O 

INTERCEP 1 50.169978 37.86337846 1.325 
YEAR 1 -0.018273 0.01956986 -0.934 

Durbin-Watson D 
(For Number of Obe.) 

2.076 
114 

-0.041 1st Order Autocorrelation 

Geographic Comparison 

Prob>F 

0.3524 

Prob > ITI 

0.1879 
0.3524 

In order to determine whether or not the Los Angeles rainfall time series is unique, the 
arima and regression models were also used to investigate the pattern of rainfall for the state of 
California, the Pacific region and the entire United States. Table 1 illustrates the results of these 
procedures. The data used starts in 1931, the earliest time frame available for comparable data. 
The results show that even on a decade basis, there does not seem to be a significant trend in the 
pattern of precipitation. Arima results verify this conclusion. 
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Figure 3. Diagrarm for the City of Los Angeles, the Slate of California, 
the United States, and the Pacific Region 
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PART SEVEN 

AFRICA: NEW DEVELOPMENTS 
IN THE UTILIZATION OF ARID LANDS 
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NEW TOWNS IN THE DESERT: EGYPT'S SADAT CITY 

James E. Jonish1 and Otis W. Templer2 

Introduction 

It is a well known fact that over 90 percent of Egypt's 56 million people are crowded into less 
that five percent of the country's area along the Nile River Valley and Delta. The remainder of the 
the country is comprised of largely unoccupied, extremely arid, barren desert. Egypt desperately 
needs to fmd a way to relieve this great population congestion, especially in urban areas. The 
country's urban population is increasing two to three times faster than its rural population. Most of 
this urban growth pertains to the Greater Cairo and Alexandria conurbations on the lower Nile, 
which together contain about two-thirds of the total urban population (Beshara, 1981). Greater 
Cairo alone accounts for approximately one-quarter of the urban population and one-half of the 
rural to urban migration (Antoniou, 1981). This has resulted in significant problems of 
overcrowding, inadequate housing, and pressures on the infrastructure of these cities. 

As Egyptian cities grow, they can expand vertically through high-rise buildings and apartment 
complexes, an extremely expensive method unsuited to developing countries, or horizontally onto 
surrounding agricultural lands (Morris, 1983). Thus, an additional problem associated with 
Egypt's rapid urban growth involves the expansion of urban sprawl onto very valuable irrigated 
agricultural land along the Nile. Though the growth of Cairo and Alexandria is taking place mainly 
on non-agricultural land, in many places there is serious conflict between urban expansion and 
agriCUltural land preservation. It has been variously estimated that urban sprawl is swallowing up 
productive agricultural land at rates of from 6,000 ha to over 10,000 ha per year, and this trend of 
losing productive land to non-agricultural uses seems likely to accelerate (Antoniou, 1981; Chiri, 
1985; Parker, 1980). 

One partial solution might be found through planning new development regions outside the 
Nile Valley and Delta in the unoccupied areas of desert. Egypt has developed two separate 
programs addressed to these ends: 1) the expansion of agricultural development in the desert, and 
2) the expansion of existing cities into the desert margins or the creation of entirely new desert 
settlements (Morris, 1983). The authors have previously reported on the progress and problems of 
desert agricultural development, specifically dealing with the New Valley Scheme of Egypt's 
Western Desert (Jonish and Templer, 1991). This paper focuses on one facet of the second avenue 
of desert development and population relocation, Egypt's "New Towns" program. In this paper, 
the authors: 1) examine the development of Egypt's policy to establish and attract surplus 
population from the Nile Valley and Delta to new towns in the desert, and 2) analyze the spatial, 
social, and economic problems confronting these desert urban resettlement schemes, as exemplified 
by the case of Sadat City. 

Egypt's New Towns Policy 

The expansion of agriculture in the desert was initiated during the planning and construction 
of the Aswan High Dam in the 1950s and 1960s. Planning and development of desert urban 
centers did not begin until the decade of the 1970s, and, except for several suburbs of Cairo, no new 

IProfessor, Department of Economics, and Deputy Director, International Center for Arid and 
Semi-Arid Land Studies, Texas Tech University, Lubbock, Texas 79409. 

2Professor and Chairman, Department of Geography, Texas Tech University, Lubbock, Texas 
79409. 
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development of Egypt's desert new towns was initially expected to be able to absorb some 18 
million people by the year 2000 (Antoniou, 1981), an overly optimistic projection and one not likely 
to be achieved or even approached, as will be seen from the case of Sadat City. 

Sadat City, Egypt 

Sadat City, the second of Egypt's new independent cities (after Tenth of Ramadan City), was 
planned as a major component of the government's national strategy to relocate population from the 
Nile Valley and Delta It is situated 30 Ian west of the Delta and about 93 km northwest of Cairo 
(See FiglUe 1). The city is 2.3 Ian east of the Desert Highway linking Cairo with Alexandria, and 
is about midway between the two cities. The city was allocated 625 km2 of desert land owned by 
the government. which was deemed to have no other potential use (Chiri, 1985). Papachristou 
(1980), one of its principal planners, described the inhospitable Western Desert site as follows: 

The site was treeless, hard-packed, stony desert, 360 degrees of unbroken horizon. It was 
hard to imagine any kind of human habitation on this spot, not to speak of apartments, 
schools, shops, streets, cars, trees, and whatever else we associate with modern civilization. 

The area's climate is similar to that of the extremely arid American Southwest, with clear 
skies, low humidity, and mean daily temperatures ranging from between 14°C (58°F) in January to 
29°C (85°F) in July and August. Annual precipitation averages only 6 cm, while the annual 
evapotranspiration rate averages about 3 m (Chiri, 1985). Prevailing winds for most of the year are 
from a general northwesterly direction. The Sadat City site was thought to have several advantages 
for city establishment. First, it was served by an existing regional transportation system and 
national power grid from which sufficient power can be supplied to support development. It was 
located far enough from Cairo and Alexandria to discourage daily commuting, but close enough to . 
benefit from its proximity to them (Tipple, 1986). Also, the site was underlain by an extensive, 
high-quality, unconfined groundwater aquifer with a thickness of more than 300 m, which is 
recharged by infiltration from the Nile and from existing irrigation and drainage canals to the 
northeast. The urban water supply, which can be pumped from relatively shallow wells at 
economical cost, is thought to be capable of supplying an urban population of one million or more 
(Morris, 1983; Tipple, 1986). 

Planning for Sadat City began in 1976, and the master plan was approved by the Prime 
Minister and Cabinet in 1978 (Papachristou, 1980). The Egyptian government provided these 
essential specifications for the planners: 

1) The planned city must be a self-sufficient, independent urban center, with a full array of 
internal services and facilities. 

2) The planned city must be capable of accomodating a target population of 500,000 by the 
year 2000, with capacity for an ultimate population of one million or more. 

3) The planned city will have a mainly industrial economic base (featuring metallurgical, 
transportation, and textile sectors), supplemented by some central government agencies, a university, 
research and training centers, a communication center, recreation facilities, and a construction 
industry. 

4) Initially, the project will be financed by the government, with private investment from 
Egyptian and foreign sources to follow as quickly as possible (Chiri, 1985: Papachristou, 1980; 
Tadross, 1978; Tipple, 1986). 
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With its largely industrial economic focus, five main types of industry have been planned for 
Sadat City ranging from air and/or noise polluting heavy industry (iron and steel, chemicals, autos, 
glass, bricks, concrete pipe) to small-scale industries in the service sector (bakeries, tailor shops, 
etc.). The manufacturing industry was expected to provide at least 60,000 jobs by the 25th year of 
the plan's implementation. The government also expected to encourage a significant volume of 
service employment, which, together with the seIVice employment generated by the city itself, was 
expected to total another 85,000 jobs. In addition, 20,000 construction jobs were projected. This 
resulted in a combined total of 165,000 projected jobs as the employment base for the target 
population of 500,000 (Chiri, 1985). 

Actual construction of Sadat City was begun in 1980 by Arab Contractors, a government
owned construction company (Papachristou, 1980). The projected urban area, about 4.5 km wide, 
extends for 7.5 km in a northeast direction. The first construction began in the southwest comer of 
the site, protected behind a shelterbelt of trees from the hot desert Khamsin winds which are 
prevalent in spring. A new regional highway through the city's main industrial zone east to the 
Delta has been completed, as has a nucleus of Ministerial buildings. The Desert Development and 
Training Center, an affiliate of the American University in Cairo, has been established nearby to 
undertake applied research into alternative, economically viable, integrated approaches to arid lands 
agricultural and community development (Chiri, 1985). The industrial infrastructure for one million 
m2 of building space is also complete, equivalent to the space of 59 factories, though only a few are 
under construction (Morris, 1983). Any heavy industry is to be located to the east and southeast of 
the urban area so that pollutants will be swept away to the southeast by the prevailing northwest 
winds. 

A first residential neighborhood of over 3,000 low-rise apartment units has been constructed 
(Morris, 1983). Eventually, most residents will occupy single-family homes of a type common to 
most Egyptian villages on small 7 m x 20 m lots (Warg, 1981). The economies of low-rise 
construction and the constraints of the desert environment (almost no rain, hot sun, and occasional 
dust and sand storms) influence dwelling design to be low in height and dense in ground coverage 
to provide optimal shade and minimize unirrigated open space (Chiri, 1985). Street orientation is 
northeast and northwest to catch the northwest winds and streets are narrow to make optimal use of 
shade generated by the two to three-story buildings (Tipple, 1986). Architects and planners hoped 
to remedy perceived housing design problems in the Tenth of Ramadan City, where high-rise 
apartments have been described as being too European, with nothing of the traditional Islamic 
architecture and its open, breezy courtyards (Warg, 1981). The plan stresses proximity of housing 
to the workplace, and thus walking, cycling, and public bus transportation are expected to be the 
major means of intercity transportation, with private autos playing only a minor role (Papachristou, 
1980). 

The availability of jobs and housing in Sadat City were expected to guarantee the attraction of 
blue-collar workers to supply the industrial, service, and construction employment sectors. The 
planners recognized that it would be more difficult to attract middle and upper income Egyptians 
away from Cairo and Alexandria (Papachristou, 1980). 

Factors Inhibiting the Development of Sadat City 

Actual growth of Egypt's planned new towns, and of Sadat City in particular, in terms of: 1) 
population relocation, 2) the development of infrastructure, and 3) the establishment of industry, 
have all fallen well behind initial expectations. Some the factors deemed responsible are discussed 
below. 

Physical Problems of the Desert Environment. The hot, barren character of the site of 
Sadat City imposed obvious constraints on development; however, these factors were largely taken 
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... the government's helplessness in managing, organizing, and staffing such a large project. 
It has paid too much attention to construction and has often neglected the promotional, social, 
economic, and administrative activities that must parallel, if not precede, construction. 

Some doubt that the new towns can ever solve the problems of Cairo and other major cities, 
because there are no complementary and effective controls on the growth of these existing urban 
centers, unlike the case of the British New Towns scheme (Tipple, 1986). 

Economic Viability. Fundamental to the success of Sadat City and other new towns will be 
their economic viability based on industrial development (Parker, 1980). This means not merely 
selling factory sites, but also getting industrialists to follow through with factory construction, then 
bringing them into production. Only then will enough jobs be generated to support such an 
ambitious city development. To make the Egyptian government's gamble in the New Towns 
program payoff, there must be massive investment in the new cities in the form of job-creating new 
industries. Earlier, it was noted that plans called for the private sector (domestic and foreign) to step 
in and assist the government with investment. To date, industrial development has attracted only 
minimal foreign investment. This has been attributed to the weakness of the private sector in Egypt, 
itself a legacy of President Nasser's experiment with socialism, and further thwarted by legal 
obstacles and the government's inability to understand the business mentality (Papachristou, 1980). 
Government officials claim that investor interest in the new cities has been high, but it has not 
proceeded nearly as fast as planners hoped, nor has it kept pace with the employment needs of the 
desert cities' modestly expanding populations (Warg, 1981). 

The divergence between planned development and actual growth at Sadat City is summarized 
in Table 2. Column 1 provides targets or goals for the city based upon the 1978 master plan, while 
column 2 provides estimates of performance indicators in late 1991 (Personal Communication, 
1991). As indicated earlier, the actual estimated population is lagging far behind targets to be 
achieved by the year 2000, and a popUlation increase of some 480,000 over the next eight years 
does not seem likely. 

Table 2. Sad at City: Projected vs. Actual Estimates. 

Population 

Employment 

Industries: 

Manufacturing 

Services 

Construction 

lEstimated by authors (see text). 

Projected (2000) 

500,000 

165,000 

Heavy 

Retail, Government 

Local 

Source: Papachristou, 1980; Personal Communication, 1991. 
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Actual (991) 

20,000 (daytime) 
12,000 (nighttime) 

10,6001 

Light, Small-Scale 

Retail 

NA 
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adjacent to the Helwan iron and steel complex, have the greatest prospects for success. 

Whatever its future may be, Sadat City does offer lessons for arid lands urban and regional 
planners. Careful study Iplanning must precede construction. Key or essential components of the 
plan must be delivered (i.e., infrastructure, attraction of industry, and the relocation of appropriate 
government facilities to attract employment opportunities). Even in the unlikely event that Sadat 
City's development accelerates appreciably, this still appears to be a relatively expensive way to 
disperse population from existing urban areas within a country where population growth exceeds 
1.2 million per year. 
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GIS AND COMMUNITY RESOURCE MANAGEMENT IN THE DRYLANDS OF SUB
SAHARAN AFRICA: 

OPPORTUNITY LOST? 

Scott G. Haase1 

There have been many initiatives aimed at developing geographic information system 
(GIS) technologies in African countries, particularly in the Sahelian region. Pilot GIS/resource 
management projects have been carried out throughout sub-Saharan Africa (SSA), largely 
through the aid of donors such as the United States Agency for International Development 
(USAID), the United Nations Environment Programme (UNEP), the United Nations Food and 
Agriculture Organization (F AO), the World Bank and many others. These projects have shown 
that, given enough technical and financial support, GIS does have the potential to address 
environmental issues at national and regional levels (Falconer 1990; Falloux 1989; Justice et al. 
1991). 

The overall extent of current GIS activities in sub-Saharan Africa is difficult to quantify. 
There are international, regional and national efforts being coordinated and funded by various 
international organizations. Additionally, many sectoral projects of individual countries often 
have GIS or environmental information as components of a larger effort. The results of these 
projects are rarely published or accessible. 

This diversity of on-going activity coupled with the size of Africa makes it difficult to do a 
complete survey of all GIS and remote sensing (RS) activities in the region. Nevertheless, enough 
material has been written and published that broad trends can be identified. This paper analyzes 
those trends, not from a technical point of view, but from the perspective of the end-use of GIS 
activities. The paper is not as concerned with the specific activities of particular GIS projects, as 
it is with the outcome of those activities. GIS will not be discussed in isolation, but within the 
overall context of its potential to improve community participation in the design, development and 
implementation of a truly sustainable and people-centered approach to natural resource 
management and development. An alternative model for GIS deployment, stressing 
decentralization, low-technology and community participation, is proposed as an option to present 
initiatives. A list of acronyms not defmed in the text appears just before the references section. 

Background 

Natural resources and small-holder agriculture form the basis of the national economy in 
the majority of sub-Saharan African countries. There is considerable evidence that the entire 
region is undergoing rapid ecological change. Forest cover, range productivity, per capita food 
production, and investment flows have declined steadily over the past two decades. Flora and 
fauna are being driven to extinction, soils are eroding, water shortages are common and land 
degradation is increasing. Meanwhile, human and livestock populations are increasing rapidly. 
Despite decades of effort and the expenditure of billions of dollars on development programs, 

1 Research Engineer specializing in biomass energy development with NEOS Corporation, Lakewood, Colorado. 
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There are now thousands of NGOs and individuals working tirelessly for environmental 
protection and self-reliant economic development throughout Africa and the rest of the 
developing world. Many of these groups can serve as models for democratic, broad-based, 
participatory development. Community-based movements such as these, not the donor-inspired 
development projects, represent the true vanguard of sustainable development. Yet in today's 
interrelated world, it is absolutely necessary for the two levels to work together. In countries 
where grassroots NGOs are successful, there must be support from above (Durning 1989). 

For sustainable development projects to succeed, it is essential that local people have a 
means of communicating their needs and knowledge to those institutions, both national and 
international, which have financial resources and political power. National governments must 
coordinate the local activities of various community groups to meet national goals of sustainable 
development. GIS could have a significant role to play in this process, providing a mechanism for 
communities to communicate their needs and knowledge about the local environment to national 
decision-makers. 

Overview of GIS Activities in SSA 

Since the mid 1970s, there has been a tremendous amount of activity in the RS\GIS arena 
in sub-Saharan Africa, mostly concentrated at the regional or national levels and supported by 
various aid projects, universities, or private vendors. Many researchers and decision-makers in 
SSA are increasingly turning to RS and GIS to implement resource management policies and to'~~ 
provide early warning of drought and famine (Falconer 1990; Falloux 1989). Table 1 highlights: 
the major GIS programs in the region. By no means all inclusive, the table does show the extent 
of GIS work in SSA. Some of the major donor GIS programs are discussed below. 

UNEP\GEMs\GRID, Nairobi, Kenya 

UNEP is involved in a number of activities in Africa at the regional, sub-regional and 
national levels. GEMS was established to develop global environmental monitoring capabilities, 
one component of which is GRID. GRID has established the Programme to Strengthen Natural 
Resource Monitoring Capabilities in Africa This long-term program is now working with eleven 
countries and will provide technical support in the form of: training new personnel; updating 
hardware, software and information on new GIS methods and technology; providing GRID 
datasets; and, conducting annual technical visits to assist current projects and evaluate new ones 
(UNEP 1989). 

World Bank 

Proeram on Enyironment Infonnation Systems in Sub-Saharan Africa. This World Bank 
program, started in early 1990 supports African countries in assessing their needs for 
environmental and land information. Special attention is devoted to disseminating country case 
studies; coordinating with other donor GIS initiatives; establishing training guidelines; assessing 
[manciaI sustainability; disseminating information; and coordinating research and pilot-GIS efforts 
(World Bank, 1991b). 
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LAPIS Project. Lesotho. The Lesotho Agricultural and Institutional Support Project uses 
GIS to support the Range Management Division in its efforts to improve the use of Lesotho's 
range resources. The GIS is presently used to create base maps for Range Management Areas, 
which will be used in the future to re-adjudicate grazing rights throughout the country. The 
Institute of Natural Resources, in South Africa, is the developer of the GIS software and provides 
training and support (Weaver 1992). 

Analysis of GIS Programs in SSA 

Although there has been no measure established by which to judge the success or failure 
of GIS development, within the context of this paper, GIS is being analyzed against the following 
criteria: 

1) Improving the ability to stop and reverse environmental degradation. 
2) The potential to provide a link between micro and macro levels of development 

In this view, installing GIS hardware and software, collecting and entering data, providing 
training, and then working to improve the management of a centralized "command and control" 
development project is not enough, because it is likely that a GIS program based on the 
command-and-control model will not be sustainable in the long run. It is too early to determine 
whether the numerous initiatives aimed at developing techniques and methodologies to improve 
national GIS capacities have succeeded or failed, as most SSA GIS programs are less than five 
years old. However, evidence indicates shortcomings with many of these programs. 

Case Study - Lesotho 

Lesotho is the recipient of a large number of donor projects. In 1990, there were 60 aid 
projects, from various donors, in the Ministry of Agriculture alone (World Bank 1989,5). Each 
of these projects typically generates resource and environmental data and information, yet access 
to this information is difficult for those outside the project Lesotho is a relatively advanced 
country, especially with regard to infrastructure, access to hardware and software, and technical 
support (through South Africa and donors). At least two GIS programs have been started in 
Lesotho. 

USAIDILAPIS. GIS is being used in the Government's Range Management Division 
(RMD) to combat Lesotho's problems of overgrazing in the mountain areas. Results of the GIS 
effort, started in 1989, have been mixed. To date, other than producing maps, no meaningful GIS 
analysis has taken place and there are considerable questions about the accuracy of the socio
economic and livestock databases developed. The training of technicians has been under-funded 
and restricted to one or two week courses, there has been no long-term commitment from USAID 
or the South African GIS consultants, and several personnel have left the project due to the poor 
salaries paid to civil servants. It is doubtful that this GIS could function without donor and South 
African support. All GIS activity occurs in the capital, with no input from the affected community 
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Figure 1. EIS/GIS Linkages in SSA 
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Previous development efforts often failed because they did not include the input of the 
ultimate resource-users in project development, and it appears that the same is happening with 
GIS. Despite policies that state otherwise, little effort has gone into the development of needs
driven, village-based GIS programs. The major development agencies have neglected to consider 
the possibilities of implementing small-scale, technologically simple, and inexpensive systems. (As 
proof that such an approach can work, a recent study of deforestation in Madagascar (Sussman et 
al. 1992) was able to achieve significant results using an AT computer, satellite images, and 
village-based surveys. The total cost of the study was less than $5,000.) The following section 
lays out an alternative approach to GIS implementation in the region. 

An Alternative Approach 

There is a profound gap emerging between the potential uses of GIS and the current uses. 
The main question to ask is how can GIS bridge the gap between the macro-level and micro-level 
Figure 2 shows a conceptual model of this approach. Notice the differences between this model 
and the command-and-control model. Here, activities at the grassroots level are just as important 
as those at the top, and the rural resource user has a central role. The roles of the key players are 

137 



I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 

Multilateral and Bilateral Agencies, Regional Agencies, International NGOs 

The major role of these institutions is seen to coordinate, facilitate, and fInance. They can 
oversee data exchange standards and technology transfer, regulate access to and subsidize the 
cost of remotely sensed data, develop educational and training guidelines, and provide funding for 
these efforts. Individual, small-scale private researchers, with private funding, may also playa 
role. 

Current Research 

Of all the GIS actiVIty in SSA, very little research is being devoted towards the 
development of these small-scale systems; however, two examples stand out. Both of the efforts 
described below are on-going, and have so far met with very positive results. 

PRNGIS. Kenya. USAID is funding research conducted by Clark University in 
Massachusetts, Egerton University in Kenya, the Institute for Development Anthropology, and 
WRI. This research involves designing a method of incorporating village-level data, through a 
technique called Participatory Rural Appraisal (PRA), with national-level data in a GIS (IDRISI). 
The program has only been underway for two years, but initial results are very encouraging (Ford 
1992). This program has tremendous potential to link local and national decision-making 
procedures regarding natural resources. PRA is a systematic approach used to help communities 
defIne problems, evaluate local capacities, prioritize opportunities and prepare a village resource 
management plan (NES et al, 1991, 5-6). In this particular project, the village based 
methodology of PRA is combined with the analytic power of GIS to develop village based 
resource management plans. The ultimate goal is to improve both local and national management 
of natural resources. 

Remote Sensin& and Ethno&raphy in Mada&ascar. This study (Sussman et al, 1992, 10-
13) utilized Landsat data to assess the extent and location of major deforestation in southern 
Madagascar, and ethnographic studies, conducted at the village-level, to determine the primary 
reasons people in a certain area were clearing the forest. Anthropological research indicated that 
the primary reason for deforestation was the low fertility of some wet-season agricultural fields 
along with the desire to deprive cattle rustlers of hiding places. The response of the USAID 
project in the area, which studied the problem in the dry season, was to build an expensive canal 
in an attempt to provide irrigation for rice production during the dry season. This response 
completely ignored the real causes of the problem, and attempted to develop a solution which had 
no support from the local people. The local population had no experience with rice fanning, and 
had little interest in learning. Sussman found that only through a combination of satellite imagery 
and ethnographic research could the locations, patterns, processes and real motivations behind 
deforestation be identifIed. The study was done for less than $5,000, and showed that low-tech, 
decentralized applications of GIS and ethnography are cost effective and efficient methods of 
assessing the true causes of land degradation in a given locale. 
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discussed in this paper may be able to address this two-fold agenda, by developing GIS 
capabilities, but doing so through a process which involves the local population and thus has the 
potential to yield short-term, visible results at the village level 

Recommendations for Future Work 

Research projects are needed to help bridge the gap between centralized, highly technical 
GIS facilities and rural development methodologies. As part of this research, greater attention 
needs to be given to small-scale pilot projects aimed at achieving immediate, highly visible results. 
These small-scale projects must be done in-country, and include community leaders, national 
universities and other local institutions from the very beginning. Training must be a major factor 
and major donors should be involved, but only as a source of funding and to disseminate the 
lessons learned in the research efforts to other countries. Further research is also needed to 
develop cultural and site-specific methods to incorporate data and knowledge rooted in oral 
culture and tradition into modem computer systems, which depend on exactness and precision. 
Along similar lines, more research is needed into how villagers perceive and use spatial data in the 
forms of maps or computer screens. 

The introduction of GIS technology in SSA needs to occur simultaneously on three 
planes: the international and regional; national; and, local. Currently most GIS activity is taking 
place at the first and second levels only. These levels are important and must not be ignored, but 
the local level is where most GIS work will run into a dead-end. A systematic methodology needs 
to be developed on a country-by-country basis to bridge the gap between the top and grassroots. 
Greater donor coordination is needed at the upper levels. Donors must work out a strategy for 
ensuring data standardization and compatibility of systems across countries and continents, but 
within this context, there is the need to nurture Mrican capabilities, and Mrican-based GIS 
systems. Fair and affordable access by developing countries to RS data and fair technology 
transfer mechanisms must be worked out by the international community. 

List of acronyms and abbreviations not mentioned in the text 

ADMADE 
ARTEMIS 
CIDA 
EIS 
EOSDIS 
EPA 
FEWS 
GEMS 
GRID 
GTZ 
IGADD 
IGBP 
IUCN 
LAPIS 
NASA 

Administrative Management Design for Game Management Areas (USAID) 
Africa Real TIme Environmental MOnitoring Using Imaging Systems 
Canadian International Development Agency 
Program on Environmental Information Systems in SSA (World Bank) 
Earth Observing System Data and Information System (NASA) 
US Environmental Protection Agency 
Famine Early Warning System 
Global Environmental MOnitoring System 
Global Resource Information Database 
German Agency for Technical Cooperation 
Intergovernmental Authority on Drought and Development 
International Geosphere-Biosphere Program 
International Union for the Conservation of Nature 
Lesotho Agricultural Production and Institutional Support Project 
National Aeronautics and Space Administration (US) 
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