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FOREWORD 

The Association for Arid Lands Studies (AALS) is pleased to publish the 
third volume of the Forum of the Association for Arid Lands Studies. The 
purpose of this unique interdiscip11nary professional organization is to 
emphasize the importance of, and coordinate the efforts for, studying man 1 s 
adaptations to and impact on the world's arid and semiarid lands. Every year 
since its founding in 1977, the AALS has held its annual meetings in conjunction 
with the Western Social Science Association. The AALS now has a membership 
representing all of the United States and approximately twenty-five foreign 
countries. The AALS is headquartered at the International Center for Arid and 
Semiarid Land Studies at Texas Tech University in Lubbock, Texas. 

The tenth annual conference of the AALS was held April 22-25, 1987 in El 
Paso, Texas. At the El Paso meetings, there were fourteen topical sessions 
comprising forty-three papers. Over twenty manuscr1 pts were submitted to be 
considered for publication. Every manuscript was reviewed by a minimum of four 
referees to ensure consistency in quality, format and reader interest. The 
papers contained in this volume were selected for publication by this co11111ittee. 
The papers presented here have been rearranged into major subject groups which 
do not necessarily conform to the topical sessions on the meeting program. 

I appreciate the assistance of the Forum's editorial review 
co11111ittee (p. ii) and particularly past Presidents of the AALS; John Hehr, Otis 
Templer and Charles Britton. Idris Traylor, Jr., Director of the International 
Center for Arid and Semiarid Land Studies (!CASALS) deserves special thanks for 
the support that permits the publication of this volume. Marion Sanford, 
!CASALS Information Specialist, provided valuable assistance in the organization 
and typing of the manuscript, as well as proofreading. 

v 

James E. Jonish, Editor 
Department of Economics 
Texas Tech University 
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Introduction 

THE 1985 WATER LEGISLATION ANO GROUNOWATER 

MANAGEMENT IN TEXAS 

Otis W. Templer1 

In Texas, about 60 percent of the water used each year is extracted from 
groundwater reserves and about 75 percent of the water applied to the state's 
eight million acres of irrigated cropland is pumped from a number of widely 
dispersed major and minor aquifers. New surface water development, rising 
pumping costs and the gradual depletion of some nonrenewable aquifers have 
lessened reliance on groundwater to some degree, but it remains a vitally 
important resource, especially in arid and semi-arid West Texas. Texas law 
recognizes that percolating groundwater is the property of the overlying 
landowner, thus providing little basis for· control and management of 
underground water resources in the public interest. Nevertheless, since 
early in this century there have been urgent calls for stricter regulation to 
prevent overdrafting and to encourage groundwater conservation, culminating 
in the new "comprehensive" water legislation passed in 1985. 

From the perspective of a geographer-lawyer, the author of this paper: 
1) examines the nature of property rights in percolating groundwater under 
Texas law, 2) traces the slow-paced evolution of groundwater management 
institutions, and, in particular, 3) assesses the present and potential 
impact of new regulations contained in the 1985 comprehensive water 
legislation. 

Texas Groundwater Law 

A brief general summary of Texas groundwater law is necessary to show 
the problems inherent in the present system and to show the effect of recent 
changes. Historically, many western states first adopted the English common 
law rule which gives the overlying landowner the right to capture and use 
percolating groundwater beneath his land, largely because technology for 
intensive development of the resource was not then available. Soon, however, 
improved technology, greatly increased use and more accurate hydrologic 
knowledge brought change. Now the western states, except for Texas, apply 
either the prior appropriation doctrine or modified versions of the common 
law doctrine which limit individual landowner rights (Templer, 1983). 
Johnson (1982a), a leading water law scholar, observes that Texas groundwater 
law is striking in its "paucity," when compared to surface water law, and in 
its "uniqueness" compared to other western states, because only Texas and 
some eastern states continue to apply the strict common law rule. 

In Houston and T.C. Ry. Co. v. East (1904) the state Supreme Court 
firmly established the conunon law doctrine in Texas law. Generally, under 
this rule the overlying landowner can pump and use the water beneath his 
land, regardless of the impact in depriving adjacent or more distant users of 

1oepartment of Geography, Texas Tech University, Lubbock, Texas 79409. 
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underqround or related surface water (Templer, 1976, 1978, 1983, 1987). The 
East opinion, based on humid-land legal principles, deemed it impossible to 
aamTnister legal rules for percolating groundwater because its "existence, 
origin, movement and course [is] so secret, occult, and concealed." Thus, 
the court concluded: 

••• the owner of the land is the absolute owner of the soil and 
percolating water, which is a part of and not different from the soil. 

Since then a few subsequent court decisions have established that: 1) 
landowners can sell their groundwater rights, 2) underground water can be 
used either on the land from which it is pumped or elsewhere, and 3) there 
is a firm presumption that all groundwater is percolating unless there is 
proof it flows in an underground stream, a contention which has never been 
sustained in Texas cases (Templer, 1978, 1983). 

Despite much criticism by legal scholars and hydrologists Texas courts 
have made only minor modifications to the rule in subsequent decisions. In 
the most significant recent case, Friendswood Development Company v. 
Smith-Southwest Industries, Inc. (1978), the state Supreme Court reaffirmed 
the basic doctrine of the East case, but recognized that "some aspects of the 
English or common law ruleare harsh and outmoded. 11 There it was decided 
that in future cases of damage from land subsidence caused by excessive 
groundwater withdrawals, liability would be imposed for negligent pumping. 
It should be noted that land surface subsidence is a significant problem only 
along portions of the Texas Gulf Coast. In the Friendswood decision the 
court stated that substantial change of the common law rule was a more 
appropriate function for the Legi sl a tu re, rather than by the courts on a 
suit-by-suit basis. 

Though the need for some groundwater management has long been realized 
in Texas, the Legislature also has been noticeably reticent to adopt legal 
reforms. Unsuccessful legislation which would have helped prevent 
overdevelopment and waste of groundwater was introduced in 1937, 1939, 1941, 
and 1947 (Templer, 1976, 1983). However, not until 1949 was a statute passed 
(Chapter 52, Texas Water Code, 1981) providing for the establishement of 
local underground water conservation districts (UWCD's). These local 
districts exercise about the only control over landowner rights, though the 
validity of private groundwater rights is specifically acknowledged in the 
statute. ln addition to UWCD's formed under this general law, other 
districts have been formed by special legislation, some with powers and 
responsibilities considerably different from those of general law districts 
(Templer, 1978, 1983). 

Few UWCD's have been formed under the statute or by special legislation. 
Presently, there are only 12 UWCD' s in Texas, and a few proposed districts 
are in the process of formation (Templer, 1987). Nevertheless, districts 
have been formed over portions of most major aquifers and intensively pumped 
areas. General law districts have relatively broad statutory powers to make 
and enforce rules for "conserving, protecting, recharging and preventing 
waste" of underground water, but most, controlled as they are by local 
landowners, have not used all their potential regulatory authority and none 
has attempted direct control of groundwater production (Templer, 1983, 1985). 
Only the special law Harris-Galveston Costa l Subsidence Di strict regulates 
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production from wel 1 s through use of pennit fees based on the quantity of 
.groundwater pumped (Templer, 1983). 

Thus, in the past eight decades largely unregulated private rights to 
groundwater have become very firmly entrenched. Almost 30 years ago, 
Hutchins (1958) noted that Texas court decisions had welded the absolute 
ownership rule into a rule of property which would be most difficult to 
overturn. Notwithstanding recognition of their "absolute ownership" of 
underground water, Johnson (1982a, 1986) believes that Texas landowners lack 
effective groundwater rights because each has the right to pump at will from 
a common source, a point with which Thomas (1972) agrees: 

A landlord is clearly lord of his land, and he cannot be denied 
the right to drill a well in it and extract water therefrom. If he 
stops the flow of a neighbor's spring or dries up his well, the 
neighbor has no recourse; if his neighbor gets the jump on him, 
he is the loser. In the world of absolute -rights it is not easy 
to protect private interests from themselves or for themselves. 

Scholars have put forth countless proposals for revising and refonning 
Texas groundwater law (e.g., Booth, 1974; Castleberry, 1975; Cisneros, 1980; 
Hobby, 1974; Johnson, 1982a, 1982b, 1986; Patterson, 1982; Snyder, 1973). 
These suggestions range in scope from imposing a statewide appropriation 
system for groundwater to more stringent regional or local regulation, and 
all are based on various constitutional, statutory or case law precedents. 
Realistically, however, most advocates of stricter regulation admit the 
improbability of achieving sweeping change. Ultimately, the most significant 
revision in Texas groundwater law since passage of the 1949 UWCD statute 
became law in 1985. 

The 1985 Water Legislation 

In May, 1985, after a very stormy session, the state Legislature passed 
laws which affect underground water. This legislation was part of a 
comprehensive water package which will enable implementation of the 1984 
revised Texas Water Plan. The legislation was contingent on the passage of 
two Constitutional amendments which were, in turn, resoundingly approved by 
Texas voters in November, 1985 (Kramer, 1986; Schoolmaster, 1986). 

Development of this legislation began in 1981 after defeat of a proposed 
Constitutional water development referendum, the Clayton Water Trust Fund, 
which dealt only with financing water development projects and not with other 
critical water management issues. Thereafter, a newly-created Governor's 
Task Force on Water Use and Conservation and the Lt. Governor and his staff 
developed and recommended broad water resource policy reforms. Later in 
1983, a package of water legislation, based largely on these recommendations 
failed in a House-Senate conference comnittee. Subsequently, a Joint 
Committee on Water Resources held hearings around the state and the 
recommendations received led to yet another water package which was 
considered by the 69th Legislature. The resultant legislation addressed many 
longstanding surface and groundwater problems, as well as bay and estuary 
protection. This discussion focuses only on new provisions pertaining to 
groundwater management. 
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An important limitation is that the legislation, in particular Article 5 
of House Bill 2, applies only to UWCD's created under the general law and not 
to districts created by special legislation. The most significant provisions 
of the new law are as follows: 

1. It eliminates the requirement that UWCD boundaries coincide with an 
aquifer or aquifer subdivision, al lowing other factors such as political 
subdivision boundaries to be considered. · 

2. It expands the powers of genera 1 1 aw UWCD' s, as recommended by 
district advocates {Graf, 1985), to sell and distribute surface or 
groundwater and to exercise the power of eminent domain in some instances. 
Further, it expands the jurisdiction of UWCD's to smaller wells, including 
those capable of producing 25,000 gpd or more. 

3. Most importantly, it authorizes the state to designate areas with 
"critical groundwater problems" and to push for creation of UWCD's in these 
areas. The state can establish a regional advisory committee, prepare a 
report on regional groundwater problems, recommend creation of UWCD, hold 
local hearings, and eventually order an election in which local voters decide 
whether or not to establish a district. This is certainly the most limited 
of the groundwater law reform proposals mentioned previously. 

In September, 1986, the Texas Water Conmission's new Ground-Water 
Conservation Section designated 17 critical groundwater areas (See Figure 1). 
In all these areas groundwater is extensively used for irrigation, municipal 
or industrial uses and all are experiencing or are expected to experience 
overdraft problems, in some cases complicated by subsidence and/or 
contamination. Fourteen public hearings were held around the state to 
discuss the newly designated critical groundwater areas. At a hearing in 
Lubbock, officials representing High Plains UWCD No. 1, the oldest, largest 
and most active of the general law UWCD's, objected to designation of the 
Ogallala aquifer of the High Plains as a critical area contending that this 
will cause "those who might be interested in living and investing in our area 
to look elsewhere" (Is the ••• ?, 1986). It should be noted that district 
spokesmen have always contended that its enforcement, demonstration-education 
and research programs are already achieving a desired level of groundwater 
conservation for the nonrenewable Ogallala aquifer and that the local UWCD 
system is the only correct management approach (Graf, 1982a, 1982b; Wyatt, 
1982), a view apparently shared by West Texas irrigators (Shelley, 1983). 

Kramer (1986) has descrihed the groundwater management provisions in the 
1985 legislation as "the lengthiest, but perhaps the least meaninqful part of 
the 1985 water package," and others question its potential for solving 
groundwater management problems in most areas of the state (Johnson, 1986; 
Templer, 1987). There are many exemptions ~f different kinds of wells from 
these provisions, and any new UWCO's created must issue permits to existing 
wells within their jurisdictions, thus "automatically grandfathering existing 
overpumpage and depletion problems" (Kramer, 1986). New UWCD's may or may 
not be created by voters, and there is no assurance that they will operate 
effectively even if formed. The ma,ior leverage the state has to insure 
creation of UWCO's in designated critical areas is a provision which 
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prohibits any political subdivision where voters have rejected district 
formation from receiving state financial assistance for water projects. 
Thus, the 1985 groundwater legislation must be viewed as only a tentative 
first step toward more effective groundwater management and conservation and 
not as an effective end result. 

FIGURE 1. CRITICAL GROUNDWATER AREAS 

DESIGNATED CRITICAL AREAS: 

l. Houston area 
2. Parts of High Plains 
3. Dallas-Fort Worth, Waco area 
4. Orange County area 
5. Edwards Limestone Aquifer area 
6. Winter Garden area 
7. Lufkin, Nacogdoches, Tyler, 

Kilgore area 
8. Parts of Pecos, Reeves, Ward, 

Loving and Winkler Counties 
9. Parts of El Paso area 

10. Midland-Odessa area 
11. Bandera, Boerne, Dripping 

Springs area 
12. Kingsville area 
13. Rice irrigation area 

f 
' .... .... 

14. Haskell and Knox Counties 
15. Schleicher County 
16. Van Horn area 
17. Dell City area 

OWT 
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What other groundwater management changes might be expected? A new 
Water Districts and River Authorities Study Co11111ittee was created . by . the 
Legislature in 1985 to ascertain whether water district powers and duties .a·re 
appropriate for managing the state's water resources. The Comrriittee has 
recommended that the state seek authority to impose minimum criteria· for 
regulation of groundwater production on local UWCD's, and many legislative 
observers foresee a continuing push for state control of groundwater in areas 
where no local or regional agency exists. Also, the continuing fear of 
federal intervention into traditional state water management activities may 
help keep this an active issue (Smith, 1986; Templer, 1987). 

Summary and Conclusions 

This paper has briefly examined Texas groundwater law, demonstrating 
that its slow-paced evolution has produced only minor changes in more than 
eight decades. The courts have declined to significantly alter the common 
law rule and the Legislature, as evidence by previous futile attempts and by 
what must be regarded as watered-down groundwater management provision in the 
1985 water legislation, seems little more inclined to act. 

Though the new legislation may spur the formation of a few more local, 
general law UWCD's, it appears that the solution to most critical groundwater 
problems will still be achieved through special legislation designed to meet 
very specific local problems such as subsidence or protection of the unique 
Edwards aquifer of South Central Texas. Such a piecemeal approach will do 
little to solve the problem of groundwater depletion, an issue which has not 
evoked widespread concern. 
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Introduction 

GEOGRAPHICAL CONSIDERATIONS 

IN THE 

MARKETING OF WESTERN WATER RESOURCES 

F. Andrew Schoolmaster1 

Water problems in the arid and semi-arid western United States will 
intensify as already scarce resources are stretched to meet increases in per 
capita consumption, population, industrialization, mining, and irrigation 
(Anderson, 1983a; Frederick, 1986; Smerdon, 1982). These supply problems 
are further exacerbated by increased levels of groundwater contamination and 
depletion, soil and water salinity, reservoir siltation, and surface 
subsidence. Traditionally, structural approaches characterized by 
large-scale~ capital-intensive projects sue~ as reservoirs, dams, and 
diversion projects have dominated supply-side solutions to water problems. 
Non-traditional supply.;.side approaches such · as weather modification and 
desalination have proven to be either too costly or unreliable. Financial 
limitations resulting from the federal deficit, and the Reagan 
administration's policy of local, state, and regional project beneficiaries 
assuming a greater share of project costs further complicate supply-side 
solutions to meeting water demands. 

Many observers are advocating that alternatives in the demand-side of 
the water equation offer the most promising avenues to either solving, or at 
least ameliorating supply problems. Particular attention has focused on the 
need for institutional · change and the reform of water laws, policies, and 
agencies (Freshwater Foundation, 1985). One specific theme has featured 
privatization, or the private financing, operation, and ownership of water 
supply and distribution systems as an alternative to the "public" water 
utility. This proposal is rooted in the dissatisfaction over Western water 
management as currently practiced by federal agencies such as the Bureau of 
Reclamation and the Army Corps of Engineers (Reisner, 1986). 

A second theme featured as an alternative to current manaaement 
practices is water marketing (Freshwater Foundation, 1986). The remainder of 
this paper will discuss water markets and transfers paying particular 
attention to economic and geographical considerations implicit in their 
implementation. 

Water Allocation and Marketing 

Agri cul tu re presently has rights to about 85 percent of water in the 
West. Because of increased competition for water resources, many are 
advocating the reallocation of water from agriculture to higher valued uses, 
especially at a time when the capture of additional surface water supplies is 
in doubt. One projection is that if farmers yielded only 10 percent of the 
water to which they currently have rights, it would provide enough of a 

1Department of Geography, North Texas State University, Denton, Texas 
76203. 
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supply to meet urban demands in most areas into the 21st century. While many 
would argue that this transfer of water from low value to high value uses is 
important in promoting efficient use of water, the problem becomes one of 
accomplishing this transfer in as equitable and efficient manner as possible. 

Markets and their ability (at least theoretically) to apportion 
resources to the highest-value uses have traditionally been applied in 
allocating scarce resources. The increased use of water markets, according 
to proponents, would enable transfers to other higher valued uses of water, 
encourage conservation, and result in the more equitable and efficient 
distribution system (Anderson, 1983b; Gross, 1985; Willey, 1987). The 
requirements for the market process to function properly would include well 
defined property rights, that are both enforceable and transferable. If 
these conditions could be met, then the marketplace could facilitate mutually 
beneficial trades that would be responsive to price changes. Anderson 
(1983a) notes that the framework for the market process was established in 
the West through the development of the prior appropriation doctrine. This 
doctrine, however, was corrupted by increased government involvement arising 
over fears of market failure mechanisms, specifically monopolies, imperfect 
capital markets, and externalities. Anderson (1985) asserts that there is 
little historical evidence to support these fears and that the doctrine of 
prior appropriation could effectively provide the foundation for water 
marketing if the power and influence of federal agencies and bureaucracies 
were reduced. 

The political appeal of the increased use of the marketplace to allocate 
scarce resources was exhibited at a recent Western Governors Association 
meeting. Three primary conclusions reached at the meeting were: 1) water .in 
the West should be valued in an open market where it could be bought and sold 
as a fluid commodity, 2) economic efficiency could only be reached in an open 
marketplace, and 3) the mechanisms for transferring water rights need to be 
simplified. A number of water marketing experiments are either in operation 
or have been proposed. 

Water Market Experiments in Operation 

One example of water marketing is the Idaho Snake River Water Bank 
(Freshwater Foundation, 1986; Mosher, 1986). Following the 1977 drought, 
negotiations were initiated with the U.S. Bureau of Reclamation over the 
feasibility of "renting" excess water from four of their projects. 
Transferring water from the agricultural sector to power generation meets the 
requirements of beneficial use of the water, without the senior appropriators 
losing their future water rights. Although currently equitable and 
efficient, some interesting questions could arise in the future. For 
example, should long-term drought manifest itself in the area and the 
agricultural interests request the delivery of water for irrigation, could 
the Idaho Power Company meet hydropower commitments dur1 ng 1 ow fl ow? Who 
would pay for any additional surcharges that might accompany a shift from 
hydropower to some other energy source? Could at some time the long tenn use 
of "rented" water, which implies a temporary use, evolve into a permanent 
right in the eyes of the power company? While hypothetical in nature, these 
questions do have the potential to arise because rental agreements can 
sometimes lead to eviction proceedings. 
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Water ranching, or the purchase of property to acquire the accompanying 
water rights, is another experiment being practiced by Tucson, Arizona 
(Folks-Williams, Fry, and Hilgendorf, 1985). Tucson has acquired the rights 
to approximately 30,000 acre-feet of water per year by purchasing over 12,000 
acres of farmland in the Avra Valley. The groundwater level in the valley 
has continued to drop, making small-scale fanning even less favorable because 
of increasing irrigation costs. As a result, the fannland market is expected 
to increase for Tucson. Under the 1980 Arizona Groundwater ~anagement Act 
(AGMA), Tucson is required to retire fannland upon purchase and use three 
acre-feet per year per retired acre for municipal uses. 

Having purchased the property, Tucson is now faced with the problem of 
what to do with it. Under AGMA guidelines, the fannland must be abandoned 
and irrigation discontinued. Presently the land's location (25 miles west of 
Tucson) is not conducive to other types of development. The city would like 
to continue irrigation practices using rainfall harvesting as a water supply 
thus enabling the land to continue under cultivation. This would help to 
reduce soil erosion and siltation and sedimentation in local water courses. 
Tucson's interests would best be served if the AGMA were changed to allow 
rainfall harvesting to support irrigation, otherwise the city is faced with 
the problem of how to manage 12,000 acres of idle land. 

A city and its surrounding hinterland have always had a reciprocal 
relationship, with both providing goods and services to the other. The 
purchase and subsequent retirement of cropland outside of a city's 
jurisdictional boundary establishes a new, and completely different 
relationship between the city and surrounding hinterland. With cropland 
reductions, smaller agriculturally dependent comnunities could see their 
economic base 1 iterally bought out from underneath them. How will these 
communities secure their own water resources if they are unable to compete 
financially with the larger and more resourcesful city? As property is 
bought up in the smaller surrounding comnunities, how will changes in the tax 
base be compensated? When federal agencies purchase property for a 
reservoir, the local co111T1unities are provided with some type of tax 
adjustment to offset the loss of property taxes. These communities also have 
the opportunity to make up some of the lost revenues through additional 
development of areas peripheral to the reservoir. It would appear that water 
ranching provides few incentives to generate secondary types of development. 
In the future, Tucson may be able to augment groundwater supplies with 
Central Arizona Project water, but until that point in time the city 
continues to acquire more acreage and with those acquisitions the 
ever-growing problem of what to do with retired fannland. 

Potential Water Market Experiments 

Another water transfer that offers the hope of increasing municipal 
supplies while decreasing agricultural water waste involves the Imperial 
Irrigation District (IID) and the Metropolitan Water District of Southern 
California (MWD). In 1980, a suit was filed with the California Department 
of Water Resources alleging the waste of water through excessive irrigation 
by the IID (Folk-Williams, Fry, and Hilgendorf, 1986). The claimant charged 
that excessive irrigation had resulted in a three-foot rise in the Salton 
Sea, thus inundating shoreline property. The DWR concluded that IIO was 
wasting water that could be put to other beneficial uses. 
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Growing out of this controversy was an offer by the MWD to pay Imperial 
Valley farmers the equivalent of $100 per-acre-foot, or approximately $10 
million a year to help finance conservation practices, specifically, concrete 
lining of irrigation ditches. The water-that would be saved through these 
conservation practices could amount to 440,000 acre-feet a year, an amount 
capable of meeting the domestic use needs of 1.2 million customers {Mosher, 
1986). Farmers broke off negotiations with the MWD during the sumner of 1986 
over such issues as the length of the transfer agreement, inflation clauses, 
and water prices. Observers maintain, however, that the real issue 
underlying the breakdown was the farmers' fear that once the transfer took 
place they would lose their water rights to "higher valued" municipal uses 
(Mosher, 1986). Because of the DWR's ruling over water waste by 110, this 
transfer is still very much a future possibility. 

Some interesting questions also arise out of this urban/rural, 
municipal/agricultural allocation question. Although agricultural prices are 
low, making the transfer at the present time appealing to farmers, the 
uncertainty over future price fluctuations cannot be ignored. Should 
agricultural prices increase, might a long-term contract lock the farmers 
into a situation where they would not be able to increase irrigated acreage 
and subsequently not capitalize on a more favorable market? Would the MWD be 
in a position to pay for the farmers' losses in revenue should this 
hypothetical, but potential situation arise? Also, should some type of 
ceiling be placed on water prices to prevent farmers from greatly increasing 
the price of water at the end of a contract. 

It should also be remembered that while it maybe possible to substitute 
one water supply for another, there is no substitute for water itself. 
Therefore, shouldn't the MWD also pursue a policy of appropriate landuse 
planning and population control that would keep urban and economic 
development in line with a regionally safe water yield or supply? The course 
of securing additional water supplies to encourage further development, which 
in turn increases demand and justifies the need for additional supplies would 
appear to be self defeating. A program of balanced, or possibly no growth, 
dictated by the limits of a finite water supply will have to be addressed at 
some point. 

The last water market-transfer this paper examines involves the Galloway 
Group of Colorado. The Galloway Group has proposed a joint venture with the 
Upper Basin states of the Colorado Compact, to impound and eventually release 
300,000 to 500,000 acre-feet per year from a 1.1 million acre-foot reservoir 
to be constructed on the Yampa River in Colorado. Released water would use 
the Colorado River system as a natural conduit for delivery to the San Diego 
Water Authority. The Ga 11 oway Group and the proposal 's advocates cite two 
benefits: it would provide funding for other water development projects in 
the Upper Basin states, and preserve that apportioned share of the Colorado 
River until water uses are further developed {Folk-Williams, Fry and 
Hilgendorf, 1985). Opponents of the plan fear the impact of the potential 
impoundment and water sales on unused allocations under the Colorado Compact 
(Coats, 1984; Gross, 1985; Landry, 1985). Environmentalists and the U.S. 
Fish and Wildlife Service have also voiced opposition to the proposal over 
its potential to disrupt Dinosaur National Monument and certain endangered 
fishes found in the Yampa River. 
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The Galloway Group's plan is one of the most ambitious and innovative 
proposals, not to mention one of the most controversial. Literally all of 
the states involved have expressed opposition to the plan, with some 
threatening legal action should a contract between the San Diego County Water 
Authority and the Galloway Group be finalized (Folks-Williams, Fry and 
Hilgendorf, 1985). It is interesting that representatives from these states, 
while allocating the use of water markets at the Western Governors 
Association, have all vowed to take action to prevent the development of such 
a water transfer. At the present time the Galloway Proposal would appear to 
be dead, if not drowning in a sea of water law, red tape, and inter-regional 
jealousy and competition over allocations from the Colorado River. 

Conclusions 

The increased use of water markets, according to proponents, would 
enable water transfers to other higher valued uses, encourage conservation, 
and result in a more efficient and equitable di"stribution system. Opponents 
argue that a resource as vital to life as water should not be at the mercy of 
the marketplace, could be subject to market failure mechanisms such as 
monopolies and externalities, and increase, not decrease water management 
bureaucracies. Examples of water marketing discussed above, illustrate the 
promise and pitfalls of this innovative approach to water management, and 
amplify the social, economic, political, environmental and geographical 
implications inherent in the concept. What is evident is that western water 
resources management, by necessity, will have to improve and change in the 
future. What is not evident, is how the requisite institutional changes will 
be accomplished and by whom. 
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Introduction 

CURRENT TRENDS IN WESTERN WATER LAW 

James W. Moore and Robert T. Alguire1 

Historically, there have been two general water rights doctrines used in 
the United States, the riparian water doctrine used by the 31 contiguous eastern 
states and the appropriation water doctrine used at least in part by the 17 
western states. Certain concepts of both doctrines are used in some states. 
California, for example, has combined basic premises from both in their water 
law. Similarly, Iowa and Mississippi have incorporated some aspects of the 
appropriation doctrine. 

Background 

A brief review of the historical concepts of water law in the United States 
is necessary to provide a framework for discussion. The original water law in 
the eastern United States was adapted from that used in England. T.he English 
water law basically said that land ripa {adjacent) to a stream carried with it 
the right of use of some of the water in the stream. Conversely, land that was 
not adjacent to a stream has no inherent right of usage of water from the 
stream. Downstream users of water had a right to the water undiminished in 
quantity and quality. Ownership of the bed of the stream rested with the crown 
for water which was subject to variation in depth as a result of the ebb and 
flow of tides. The latter was defined as a navigable waterway. 

In the early years of development of the United States, water law was 
modified to allow certain uses of water even though they might diminish the 
quantity and/or quality of the water in the stream. This was termed the 
American law of reasonable use. For example, an individual was entitled to use 
water for individual consumption, for watering a garden, for watering livestock 
and similar uses although it might reduce the quantity and/or quality of water 
in the stream. 

Since water law is dynamic, rather than static, the definition of a 
navigable waterway also changed {and is still changing) with time. The initial 
test of navigability was whether or not the waterway was subject to the ebb and 
flow of coastal tides. If so, the stream was defined as navigable. Over time, 
the test of navigability was modified to indicate whether the stream was 
navigable in fact. That is, if it could be used for transporting commerce, it 
was navigable in fact and, thus, navigable in law. Subsequent court decisions 
modified the concept to include as navigable streams those which could be made 
navigable by construction. The use of dredging, locks and dams, and other 
activities allowed streams to be made navigable in fact. Still subsequent court 
decisions allowed the definition of navigable streams to include those streams 
tributary to a navigable stream or waterway. The navigability concept is 
included because of questions being raised concerning ownership of the stream or 
waterway. The navigability concept is included because of questions being 
raised concerning ownership of the stream bed and the right to control usage of 

1Department of Civil Engineering, University of Arkansas, Fayetteville, 
Arkansas, 72701. 
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the stream. In Arkansas, for example, a relatively recent court decision 
involving the question of stream bed ownership concerned a stream popularly used 
for canoeing. An individual owning parcels of land on both sides of the stream 
desired to limit access of the canoeists to the stream on the theory that the 
stream was non-navigable. Since he owned adjoining parcels of land on both 
sides of the stream, he presumed that he owned the bed of the stream. The court 
held that he could not limit access of the canoeist to the stream even through 
the stream did not have a historical record of transporting commercial goods. 

The appropriation water doctrine was adopted in the western part of the 
United States primarily to encourage development. Since well drilling 
capability was much more limited during the mid- and late 1800's, the presence 
of surface waters was critical to the value of land. If only land adjacent to a 
stream carried with it the usage right for water from the stream, much of the 
land would be of only limited value. Consequently, the concept of the 
appropriation water doctrine, or "first in time, first in right," was developed. 
That is, demonstrated used of certain quantities of water for specific purposes 
es ta bl i shed the right of use of the water. The concept of senior and junior 
users became an important one during periods of stress on the available water 
resources. Senior users were entitled to use of the water to the disadvantage 
of junior users during periods of time when the flow rates were inadequate for 
all users. The states usually included language in their water laws which 
established priorities for simultaneous permit applications and for other 
purposes. 

Disagreements concerning water rights frequently were resolved by the court 
system. General adjudications of water rights in a particular stream were, and 
are, used to establish the magnitudes and seniorities of water rights in that 
stream as of a specific point in time. As an example, the State of Montana is 
currently undergoing a general adjudication of all surface water rights within 
the state. These rights will, of course, be altered as they are sold, lost and 
dissolved, but the general adjudication will establish the ri9hts as of the time 
the adjudication is completed. 

One of the basic premises of the appropriation water doctrine is that water 
rights are completely separate from land ownership. That is, they can be bought 
and sold, lost through nonuse, and transferred in a manner similar to other 
property rights. Regulatory requirements ordinarily exist concerning the extent 
of the right with respect to how much water the right carries, what the water 
can be used for, how the right can be lost, the point of diversion of the water 
and similar concerns. 

Allocating Water Rights - Trends and Issues 

Several issues regarding water rights and water policy are under 
discussion. The issues include examinations of the viabilities of the basic 
doctrines, assessments of the needs and requirements for in-stream uses of 
water, questions concernin~ the impact of Federal legislation and regulations on 
state water policy. 

Although the seventeen western states basically use the prior use doctrine, 
none has a pure appropriation system. Thus, even if the prior use doctrine 
truly represented the marketplace, variations from the pure doctrine would cause 
deviations of the marketplace value of water. 
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One highly significant topical area of discussion concerns the viability of 
the water doctrines. There is some concern in the water resources comnunity as 
to whether either doctrine is adequate for allocating the nation's water 
resources as they become more scarce. Secondly, there is concern as to what 
ought to be the scale by which the water allocation mechanisms are to be 
measured. Mutually exclusive competing needs for a scarce resource are usually 
controversial because each need represents a mixture of costs and benefits. 
Additionally, a benefit to one segment of society may be considered a cost to 
another. Consequently, the choices among competing needs must be based on some 
evaluation of quantifiable economic factors and socio-political intangibles 
(Campbell, 1985). The fonn and substance of the evaluation method is also 
controversial. For example, should the test be on the basis of economic, social, 
financial, or political considerations or some combination of these and/or even 
some other considerations. If other than economic and financial considerations 
are to be involved in the allocation procedure, how should the value of these 
considerations be adequately assessed? If economic considerations are to be 
used, what method or methods should be used for assigning a market value to the 
water? 

There seems to be a trend away from the traditional appropriation doctrine 
concepts with respect to in-stream uses of water for maintenance of fish and 
wildlife, as an example. Many states now have provisions in their water laws 
for providing or maintaining in-stream flows (Trelease, 1985). Simultaneously, 
there seems to be a perceptible trend in some riparian states, such as Arkansas, 
to examine and adopt some of the prior use concepts. In Arkansas, the state 
legislature has considered various forms of groundwater and surface water laws 
in the last two biennial sessions. There seems to be little doubt that Arkansas 
legislative activities will be forthcoming in each new biennial session. The 
water policy which will ultimately be adopted is very much in doubt at this 
time. Whether it will apply to ground and surface waters or to both is, of 
course, not known. 

There also appears to be a trend away from the common law concept of the 
prior appropriation doctrine in the judicial and legislative processes (Chang, 
1985). In connnon law, interpretations by courts are used as precedents to guide 
present and future court decisions. Although occasional court decisions in past 
years have caused remarkable changes in water policy, the current trend of more 
frequent court decisions with greater impact on water users is adding a truly 
dynamic dimension to current water law. 

Increased interest in policy-oriented decision-making for allocating water 
resources is apparent. As an example, increasing questions are being asked as 
to what is held in the public trust. One viewpoint is that all waters of the 
United States are held in the public trust and that these cannot be transferred 
to the states. Re-definition of the public trust with respect to the waters of 
the United States could easily have a broad brush impact on water policy. This 
broad brush approach also includes in-stream uses of water. As an example, 
could in-stream use for fish and wildlife be a senior use compared with man's 
activities? Courts seem to be more frequently using the broad brush approach 
than in the past. For many years, it was believed that the Desert Land Acts of 
the 1860's and 1870's provided wide control of the water in the affected states. 

Still an additional trend that is apparent is the impact of Federal 
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legislation concerning environmental issues on state water law and policy. 
Regulations and decisions resulting from the National Wild and Scenic Rivers 
Act, Endangered Species Act, Federal Water Pollution Control Act, and others are 
altering the previous balance of consumptive, economically productive uses of 
water versus the in-stream nonconsumptive uses. There seems to be little reason 
to expect this trend not to continue in the immediate future. The trend is 
clearly resulting in an erosion of state control of their water resources and an 
increasing control by the Federal government. Conversely, states are assuming an 
increasing role in preserving and upgrading the nation's water supplies from a 
water quality viewpoint (Humphrey, 1987). long-tenn planning and management of 
water resources at the local level is difficult to implement, particulary for 
small municipalities with limited resources (Trauth et!]_., 1987). 

A trend towards increasing confrontation is also evident particularly in 
situations where mutuallv exclusive uses of a water source exists. This is true 
both with respect to governmental and private activities. litigation concerning 
possible diversion of water from the Upper Missouri River Basin for coal slurry 
pipelining resulted from the proposed ETSI coal slurry pipeline project. 
Similarly, litigation between Kansas and Colorado concerning water in the 
Arkansas River has occurred. Since an increasing burden is being placed on the 
nation's water resources, the increasing tendency for confrontation will 
undoubtedly continue as a function of time. legal resources are also being used 
to recover the additional costs being incurred for treating contaminated ground 
waters (Selig, 1987). 

There are tremendous differences in the value of water for the various 
uses. For example, the value of water for an industrial application may be many 
times that for marginal agricultural activities, particularly in the current 
agriculture climate. Thus, the lower economic benefit activities, such as 
irrigating marginal agricultural land, will almost certainly yield to industrial 
and municipal uses as the available resources continue to diminish with respect 
to satisfying the various needs. A 1 though there is a tendency to a 11 ow, and 
perhaps encourage, the use of the marketplace for allocating water, there are 
many factors which will prevent the marketplace from being the true determinant 
for allocating the water. Relatively recent factors such as in-stream 
nonconsumptive use, Federal legislation, social and political factors, the 
relative local, regional, state and national economic benefits, and others will 
undoubtedly continue to limit the effect of the marketplace on water allocation. 
Conversely, it is evident that the marketplace will be an increasingly important 
factor in mutually exclusive use situations. 

Finally, there is an increasing trend towards adopting water policies for 
groundwater resources. In the past, most eastern states have been relatively 
immune from groundwater quantity problems, but increased demands on groundwater 
are causing several of these states to consider adopting a policy for 
groundwater control. The mining of water is a major factor being considered by 
legislatures in adopting groundwater and/or surface water legislation. A number 
of states who have been mining groundwater for many years now find their 
resources being depleted. legal procedures for dynamic adjustment of combined 
surface-and groundwater rights will eventually be required (James, 1971). Even 
in Arkansas, which many consider to be a water abundant state, the groundwater 
in certain sections of the state is being heavily mined. 
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Trends and Issues - Sununary Comments 

As the available water resources in the United States are being 
increasingly stressed, there is a greater local, state and national focus on 
water rights, water allocation and water policy. This has been expected for 
many years by professionals in the water resources field. However, because of 
the number and importance of the issues, the conclusion can be reached that 
water law and water policy could change drastically in a relatively short time. 
Several issues could trigger these changes. Among these are redefinition of the 
public trust with respect to water rights, a stronger position with respect to 
nonconsumptive in-stream use and difficulties in satisfying mutually exclusive 
needs. 

The existing water doctrines have served us well in the states using each 
of the doctrines. The questions of their adequacy for allocating water in the 
future is a topic of much discuss ion among persons interested in the water 
resources field. Although several methods of · allocating water have been 
proposed, none appear to be clearly superior to existing policies. It is likely 
that some aspects of each of the two basic doctrines combined with the 
marketplace and Federal legislation will continue to be used in the imnediate 
future. 
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Introduction 

COMMON PROPERTY RESOURCES ANO THE RESIDENTIAL 

DEMAND FOR WATER WITH PRIVATE WELL SUBSTITUTES 

Jack McCul 1ick1 

The Ogallala ground-water formation underlies a substantial portion of 
Nebraska, western Kansas, the panhandle of Oklahoma, and the high plains of 
Texas; to somewhat 1 esser extent it is a 1 so a source of ground water for 
southern South Dakota, eastern Colorado, and eastern New Mexico. The 
Ogallala Aquifer can be thought of as a vast underground reservoir or lake of 
varying depths and accessibility. Undoubtedly, geologists would provide a 
far more sophisticated description and point out that there are "pockets" 
within the formation which tend to hold water in a given location within the 
Aquifer. These pockets are quite small. However, relative to the total 
capacity of the Aquifer and thus, for our purposes, the author can view the 
Ogallala Aquifer as a free-flowing underground reservoir. 

Recently, many users of the Aquifer, primarily i rri gators, State 
officials, and members of State Legislatures have become increasingly alarmed 
at the rate of water depletion occurring in the Ogallala Aquifer. Geologists 
have determined that the primary source of ground-water in the Ogallala 
formation comes from the rain and snow that falls on the High Plains. Given 
the present rate of withdrawal, the water level is, on average, being lowered 
approximately three feet per year, with an annual rechange from rainfall of 
only about three inches. Many studies and several doctoral dissertations 
have testified to the fact that the Ogallala Aquifer is an extremely valuable 
economic asset, the depletion of which would cause a substantial reduction in 
agricultural output, employment, personal income, and local and state tax 
revenues. 

Given the economic importance of the Ogallala Aquifer, why is it that 
this source of wealth is in jeopardy of being depleted? Typically, a 
valuable economic asset would be managed in such a way that "reserves" would 
be set aside annually in anticipation of a future date when it would become 
necessary to replace the asset. Replacement would be done in order to insure 
that the income flow from the asset might continue in an uninterrupted 
fashion. A short and simple answer to this question might be that man is 
shortsighted and venal. This response may be partially correct, but it does 
not come to grips with the question of why this particular economic resource 
is so badly overused, while other equally valuable resources are used in a 
more rational and generally socially optimum manner. 

Resource overuse is most prevalent in that category of resources 
referred to as "common property" resources. A conrnon property resource 
exists where the right to use that resource is held in common by society in 
general or by a large segment of society. Numerous examples come to 
mind--the atmosphere, large bodies of water, wildlife, etc. A conrnon 
property resource is thus available for all to use; access and/or use of the 

1Department of Economics, Fort Hays State University, Hays, Kansas 67601. 
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resource, in the absence of 1 aw to the contrary, is unrestricted. Genera 1 ly, 
the private ownership of such resources is not feasible nor desirable. 

The primary purpose of this paper is to indicate that in various High 
Plains towns and cities residents are also mining the aquifer for household 
use, rather than relying exclusively on existing municipal water systems. 
Various economic implications of this phenomenon are explored. 

Model Specification 

The community selected for this study (Hays, Kansas) has a population of 
approximately 16,000 and is located in the semi-arid High Plciins area. Time 
series data over a 61 month period (July 1980 - July 1985) was collected and 
OLS regression techniques were used. All income and price data were 
converted to real values using the Consumer Price Index, 1967=100. The model 
takes the following general form: 

where, 

Q = f(AP,Y,PW) 

Q = average monthly household water consumption from 
city wells (100 cubic feet), 

AP = average city water price {cents per 100 cubic feet 
per month), 

Y = monthly personal income per household, 

PW = estimated average monthly household water 
consumption from private wells (100 cubic feet), 

Following the above model water consumption per household was used as 
the dependent variable. Household includes single-family dwellings, mobile 
homes, and any multiple-unit housing with individual water meters. However, 
any multiple-unit housing with three or more units and only one meter is 
considered "domestic business" and is eliminated from the study. There are 
undoubtedly some housing arrangements whereby the renter confronts a zero price 
for water but the number of cases would seem insignificant and unlikely to 
contaminate the data used. Sewage charges and revenues collected from this 
charge are excluded from the study. The monthly personal income per 
household was generated from annual county income estimates provided by The 
Economic Report, State of Kansas, 1979-85. 

The price variable (AP) is an average price that is defined as the 
monthly total revenue from the sale of city supplied water divided by the 
total quantity of residential city water consumed. 

Based on Hays, Kansas residential water rate information, the city 
operated under essentially a uniform price structure (ignoring the provision 
of service charge) until June 1, 1984 when an increasing block rate structure 
was installed. The economic impact of the increasing block rates on the 
typical household seems to have been minimal to date. The width of the use 
blocks (1500 cubic feet in the first two tiers, and 2000 cubic feet 
thereafter) coupled with a mean water consumption of 10.5 ccf (standard 
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deviation- of 3.8 ccf) indicated that the typical household is generally 
subject to the initial block rate of $.75/ccf. The probability of a 
consumption level in excess of 15 ccf was .112. When consumption is broken 
down between winter months and .· summer months (June, July, August and 
September), the mean consumption is 8.5, {S.D. = 1.8) and 14.3, (S.D. = 7.3), 
respectively, with the probability of consumption being in excess 
of 15 ccf in the winter months being approximately zero, while that for 
summer months is approximately .45. Thus, what appears to be an increasing 
block rate structure is in effect a uniform price structure {again ignoring 
the provisi6n of service charge). . 

The consumption of water from private wells {PW) requires a somewhat 
lengthy explanation as to why it was selected as an explanatory variable and 
how it was constructed. 

One of the most important determinants of price elasticity of demand for 
a given conmodity is the availability of close ~ substitutes. In the case of 
the community in question, a close substitute, namely water from private 
wells, appe,ars to be increasingly used as a substitute for city-supplied 
water. Informed estimates from city officials as to the total number of 
private wells operating in the city range from 2,000 to 2,500. If correct, 
this would mean 20 to 35 percent of the city households may be operating a 
private well. It should appear that, over time, private wells are furnishing 
an increasing amount of water to households, especially during the summer 
months. 

The incentive to own and operate private wells is undoubtedly rooted in 
two major concerns, both interrelated. First, those who live on the High 
Plains have had a 1 ong time concern for a secure source of water and know 
that during times of drought there may be a temporary shortfall of available 
water from municipal water systems. Thus private wells, which to date city 
and state authorities cannot legally regulate because of a lack of 
hydrological data on how private well are impacting city wells, represents 
greater control over private decisions concerning household water 
consumption. Secondly, and perhaps more importantly, there is a growing 
concern, fueled by the exhortations of local public officials to "conserve" 
available water, centering on the long term viability of city water sources. 

As a common property resource, water has been subjected to heavy 
"mining" in western Kansas, largely by agricultural enterprises. The 
Division of Water Resources, State of Kansas, has declared the area where the 
city draws most of its water (Smoky Hill River basin) as an "Intensive Ground 
Water Use Area" which in effect restricts the maximum amount of water the 
city can pump on an annual basis to 90 percent of that pumped in 1983. The 
concern that municipalities located on the High Plains may find their water 
supplies in jeopardy has undoubtly prompted homeowners to drill private water 
wells. There is, of course, a fallacy of composition in this logic; but 
where a common property resource such as water is i nvo 1 ved, the incentives 
are perverse and often leads to behavior that is inimical to long-term 
economic welfare. 

The procedure used to quantify the amount of water drawn from private 
wells was based on the following assumptions (Jensen, Haise, 1963) and 
methodology (Hays, Kansas): 
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a) It was assumed that 2,000 wells were in operation during the 
sunnner months of 1985 (June, July, August, September), with 
approximately 1,771 wells, on average in use during the 
summer of 1980. Over the five year period, the number of 
wells grew at an annual rate of approximately 2.6 percent 
a year, on average. This growth rate corresponds to the 
private wells drilled within the city limits by comnercial 
drillers and registered with the State of Kansas. 

b) It was assumed that the private wells were only used for 
outside watering during the four su11111er months. 

c) The number of private wells and an evapotranspiration value 
(ET) were used to estimate the amount of water consumed from 
private wells. As an example for the month of July, 1980, 
the monthly net ET was 7.37, indicating a moisture deficiency 
for blue grass of somewhat more than seven inches. According 
to the local extension horticultural agent, the average home 
requires 500 cubic feet of water (3,738 gallons) to put one 
inch of water on such a lawn. Accordingly, with a net ET of 
7.37, 36.83 c.c.f. of water would be required for the month 
for the lawn size indicated. During this month, there were 
4,884 households in Hays, with 1,764 of them estimated to 
be operating private wells. Thus, on average, private water 
consumption amounted to approximately 13.3 c.c.f. per city 
household for July, 1980. 

The ET value is a "reference evapotranspiration" value whose formula is as 
follows: Reference ET = [(0.014T-0.37)xR]/58.5 where Reference ET is in mm 
per day, T is daily mean air temperature in F0 ([max F0 +min F0 ]/2), and R is 
daily solar radiation in langleys. The reference ET was then multiplied by 
.85 to convert to a blue grass daily water requirement. The resulting daily 
reference ET's, measured in inches, with monthly rainfall subtracted from 
each monthly reference ET. This "net" ET was suggested by the Department of 
Agronomy, Kansas State University. Data was supplied by the agricultural 
Experiment Station, KSU. 

This approach to estimated private water consumption probably errors on 
the side of understating the amount of water actually pumped from private 
wells; however, ET reports are made available to the general public by the 
local media on a consistent basis, and the genera 1 pub 1 i c has been urged to 
use such reports as a basis for lawn and garden watering. However, this 
attention to ET reports has only been a part of a public conservation 
awareness program over the past two years. 

Empirical Results 

The resulting estimated equation was: 

Q = 2.932 - 37.806AP + .OOlY + .320WP 

(S.E.) (8.651) (5.459) (.001) (.076) 

(t) (.34) (-6.92) (2.338) (4.18) 
R2 =.72, F =48.70 SER =2.06, D-W =1.58 
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The value of the above model is compromised by the Durbin-Watson 
statistic indicating the presence of serial correlation in the equation. 
Serial or autocorrelation is often present in time-series data. The presence 
of autocorrelation leads to underestimation of the appropriate standard 
errors which results in 11 t 11 values which are too high. In turn, this leads 
to error in the significance level of the explanatory variables. 

Under the assumption of the existence of first order, positive 
autocorrelation the Cochrane-Orcutt procedure was applied to correct for the 
autocorrelation. The autoregressive model was run in linear and double 
logarithmic equations, which are presented below: 

Q = -0.426 -36.945AP + .002Y + .215WP 

(S.E.) (7.162} {5.665} ( .001) { .073) 

( t) {-.06) (-6.25) {2.41) (2.94) 

R2=.59, F=26.38, SER=l.787, D-W=l.84 

lnQ= -16.704 - 1.5921nAP + 2.6321nY = .07541nPW 

{S.E.) {6.278) (.210) {.944) {.024) 

{t) {-2.66) (-7.57) {2.79) {3.11) 

R2=.65, F=34.23, SER=.145, D-W=l.84 

Each of the models explains over half of the variation in residential 
water use by month, is free of serial correlation, and, based on the F ratio, 
is significant. The price, private wells, and income coefficients in the 
linear equation are significantly different from zero at the .02 level or 
better. All coefficients have the expected sign. The price and income and 
private well coefficients in the log equation are significantly different 
from zero at the .01 level. 

The price elasticity of demand for residential water was estimated using 
both double logarithmic and linear equations. The estimated price elasticity 
was -1.592 in the double log model. Price elasticity in the linear model at 
the AP and Q is -1.68. These elasticity coefficients are higher than found 
in other studies. Billings and Agthe found marginal price elasticities of 
-.267 using double log equation and -.49 from a linear equation. Wong 
(1972), using 1961 cross-sectional data, estimated price elasticities ranging 
from -.26 to -.82 for cities located in northeastern Illinois, while several 
earlier studies have found price elasticities of -.69, -.77 and -.61 for 
cities in Kansas, Utah, and Georgia. Clearly the price elasticity 
coefficients found in this study are higher. 

Conclusion/Policy Issues 

Given this background it seems reasonable to hypothesize that the large 
absolute value of the price elasticity coefficient is attributable in large 
part to the substitution of private water for city water. Residential water 
users may have the expectation that the price of city-supplied water, is 
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likely to rise even further and hold the view that a private well is likely 
to provide a cheaper and/or more secure source of water. 

If the city is to deal with potential future water scarcities, then it 
must gain greater authority to regulate and/or control the drilling and use 
of private water wells. Beginning in July 1985, private well owners were 
required to register their wells with the city. If they do not do so, they 
are subject of the same city mandated water restriction as city water users. 
If the well is registered they are exempt from such restrictions. To date 
compliance appears low. 

Further attempts to use the pricing mechanism to reduce residential 
water consumption, especially during peak load periods, is likely to lead to 
the drilling of even more private wells within the city. This in turn may 
erode the financial base of the existing city water system and force city 
taxpayers to pay a larger share of the cost of any new city water sources. 
Secondly, private wells compete with city wells for a common property 
resource and, while the bulk of the city wells are located some distance from 
the city, the city does have three wells located within the city limits that 
are used in the summer months to help meet peak load demands. City officials 
argue that private wells are reducing the output (gallons pumped per minute) 
of the city wells located within the city. lastly, once the cost of drilling 
a well and installing the necessary pipe and pump is "behind" the residental 
user, the incremental "lifting" cost of 100 cubic feet of water is minimal. 
Thus private well owners may perceive water as a "free" resource and use if 
accordingly. Clearly an efficient long-tenn city water plan requires a means 
by which residential water rights are allocated in such a way so as to 
promote greater efficiency with respect to city groundwater. 
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Introduction 

STRETCHING THE OGALLALA: 

TECHNICAL ALTERNATIVES VERSUS ECONOMIC REALITIES 

Lloyd V. Urban and George A. Whetstone1 

The High Plains of Texas with their seemingly unlimited extent of flat, 
rich, fertile soil and their generally hospitable climate have lured beasts and 
men throughout their history. Accounts of early explorers dwelt on the herds of 
buf fa 1 oes, numbering in the tens of thousands, who inhabited them --- or, in 
many cases (if the explorer happened into the region in a period of drought), 
had inhabited them in previous years and left their bleaching bones as evidence. 
Quite obviously, all that the country needed was water. 

The problem was once thought to have been solved by the introduction of the 
windmill and the invention of barbed wire; the Ogallala Aquifer underlying the 
plains at a shallow depth was reputed to be inexhaustible. 

That such is not the case became painfully evident later as the water table 
dropped under the onslaught of the vertical turbine pump. And hydrologic 
studies hav.e demonstrated conclusively that the replenishment of the Ogallala 
Aquifer by means of an inverted siphon conducting the snow melt of the Rocky 
Mountains under the Pecos River is a myth. 

The popular reaction to these findings, nearly as irrational as the earlier 
rosy dreams, was a tendency to "write off" the water supply from the Ogallala 
Aquifer beyond the year 2000. Fortunately, however, solutions to the long-tenn 
water needs of the region continued to be sought through research efforts and 
major planning studies. As a result, several strategies have emerged. The most 
promising of these would appear to be importation, conservation, artificial 
recharge, and secondary recovery. This paper examines these alternatives 
briefly from both technological and economic perspectives. The results reveal 
why the bleak outlook painted only a few years ago is being replaced by a much 
more optimistic scenario. 

lnterbasin Transfer of Water 

The first alternative to reignite the excitable optimism of West Texans was 
water importation. The concept of diverting water from its natural route, which 
often led to devastating floods downstream and to wastage into the sea appealed 
strongly to a region which saw in a dependable water supply the realization of 
a 11 its dreams. 

That water diversion can be feasible had been demonstrated in the late 
nineteenth century with the Chicago Drainage Canal that diverted sewage from the 
Great Lakes to the Mississippi and with the diversion by the mining camp of 
Coolgardie, Western Australia, of 5.6 mgd through a 30-inch steel pipeline 351.5 

1Respectively, Director and Research Associate, Water Resources Center, 
Texas Tech University, Lubbock, Texas 79409. 
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miles long with a net lift of 1290 feet (Palmer, 1905). Los Angeles had 
diverted a water supply from the Owens Valley in the early years of this 
century. Denver, San Francisco, Portland, Seattle, Butte, Salt Lake City, 
Virginia City, Tombstone, and many another city of the American West had gone 
outside its drainage basin for a municipal supply. 

In the late 1960's and the 1970's the American Southwest in general and the 
Texas High Plains in particular greeted with enthusiasm a spate of proposals for 
the importation of water from the Mississippi River to West Texas and Eastern 
New Mexico, from the Columbia River to Southern California, and from Canada to 
most of the Western United States and Mexico. Water, Inc., organized in West 
Texas, encouraged political action and scholarly study of the feasibility of 
water importation. One of its projects was the funding of a bibliographic study 
of the interbasin diversion of water by the Water Resources Center at Texas Tech 
(Whetstone, 1970, 1971). The 649-page report contained abstracts of 2047 
publications, mostly in engineering and scientific journals, reporting on actual 
and proposed diversion on all six continents and many islands. 

Though the Southwest was outmaneuvered in Congress and the momentum was 
lost for a period stretching through the present, interbasin diversion remains a 
distinct possibility for some time in the future when the value of agricultural 
produce justifies the costs for acquisition of water rights and of right of way, 
for pumping from the source elevation to the High Plains including the 
inevitable head lost in such a venture, and for the storage and distribution 
facilities on the Plains. 

The water to be tapped should still be available since floods can still be 
expected and the large volumes formerly reserved for sewage dilution can no 
longer be justified for that purpose. The U.S. Corps of Enqineers, in its 
report to the Six-State High Plains Ogallala Aquifer Regional Resources Study, 
stated that for four routes analyzed quantities of water ranging from 1.260 to 
8.680 million acre-feet per year could be delivered to the High Plains for costs 
ranging from $227 to $490 per acre foot (costs based on 1981 energy prices in 
1977 dollars) (High Plains Associates, 1982). 

Conservation 

An obvious and vitally important way to stretch the water supply of the 
Ogallala is to substitute for its use, insofar as feasible, water conserved by 
utilization of rainfall, of excess flow in furrows, and of ponded water 
contained in depressions ranging from minor puddles to playa lakes. In 
practice, things are not quite this simple. When rainwater is available in 
small pools, the soil in the adjacent fields is usually at or near field 
capacity, and thus incapable of absorbing much additional water --- and while 
plants are removing the soil water, evaporation is taking an intensive toll. on 
the surface water exposed. In the case of irrigation water flowing in furrows, 
however, tailwater recovery by low-lift pumping can be highly effective. 

The subject of conservation of irrigation water has received intensive 
study throughout recorded history. The soil management technologies developed 
for its accomplishment include conservation tillage in which herbicides are 
substituted for cultivation with its exposure of the subsoil to increased 
evaporation, basin tillage to facilitate rainfall retention, terracing and 
leveling to restrict runoff, and the storage of water in surface ponds. The 
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ponds utilized in the High Plains of Texas are the playa lakes that occur with a 
distribution of one or two per square mile. It is usually advisable to deepen a 
portion of a playa to concentrate the volume of water it collects, thus reducin~ 
the loss to evaporation and exposing the fertile soil in the shallow portion. · 

Many means have been developed to save irrigation water by applying it with 
precision to the crops desired. These include the use of furrow dikes that, in 
effect, create a series of puddles in each furrow, virtually eliminating the 
soil erosion that often accompanies flow in friable channels, and maintaining a 
more nearly uniform distribution of water over gently sloping fields. Such 
dikes conserve the groundwater and the energy which would otherwise be required 
to pump it. In the High Plains it has been co11111on experience to recover the 
inHial investment in dike construction in the first season in which dikes are 
employed. 

Sprinkler systems with well designed nozzles, drop lines, and other 
appurtenances have been proven to have efficiencies of 95 to 99 percent in the 
distribution of irrigation water {Irrigators Save ••• , 1986). Surge irrigation, 
in which water is released by a system of valves to alternate sets of furrows 
for specific lengths of time, has recently been adopted by many irrigators. 
Tests have found reductions in water application of 31 percent, in tailwater of 
57 percent, and in deep percolation of 64 percent {Irrigators Save ••• , 1986). 
The testing of soil moisture to determine proper Quantities and timing of water 
application and improvements in irrigation well design has also recently 
contributed significantly to irrigation efficiency in saving both water and the 
energy required to lift it. 

Underground pipelines have conserved much of the water previously lost from 
ditches through deep infiltration and evaporation. The development and use of 
drought-tolerant strains and varieties of crops, and the use of growth 
regulators and evaporation suppressants have reduced the quantities of water 
required --- and research continues unabated to make even less water do more in 
the agricultural practices of the future. 

Municipalities have, in general, been less consistent in their dedication 
to water conservation than have farmers. There are several explanations for 
this. 

In the first place, accumulated stormwater in city streets and buildings is 
intolerable; even expensive disposal to waste has been preferred in most cities 
to storage for park and cemetery irrigation that incapacitated large blocks of 
land and threatened financial havoc in floods. 

Water supplies are normally developed at a distance from a city and often 
require the obtaining of water rights based on quantities to be used. With an 
eye to establishing the largest feasible water right, and of encouraging water 
use to help pay for the conveyance system which can seldom be enlarged in stages 
without exorbitant costs, the emphasis has historically been on overbuilding and 
then underpricing to encourage use in excess of actual need. 

With municipal growth, tightening budgets, the prospect of expensive 
development of new sources of supply or of having to parallel existing mains, 
and the threat of litigation over the quality of discharged water the easy-going 
indifferences of municipalities to water conservation is vanishing. 
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The reuse of treated effluent for park, golf course and cemetery 
irrigation, for cooling in steam-driven power plants, and for sale to farmers 
willing to adjust their operation to acconnnodate the year-round availability of 
the effluent is becoming connnonplace. 

The potential savings in water realizable by the inclusion of cisterns 
under driveways in new additions to cities is under investigation. With 
drainage from roofs being diverted by downspouts to the cistern it should fill 
without requiring city water, its treatment, or the energy to pump it. This 
latter becomes an important consideration when it is realized that lawn 
irrigation creates peak loads on the water supply system. 

Artificial Recharge 

The concept of placing excess surface water underground where it is 
sheltered from loss by evaporation and where it does not occupy otherwise 
valuable agricultural land is an enticing one. 

On the High Plains of Texas the annual rainfall, averaging about 15 inches 
along the New Mexico border and perhaps 20 inches at the eastern escarpment of 
the plains --- but varying unpredictably from less than half these figures to 
more than twice them from year to year --- tends to occur principally in the 
warmer season of the year. This is, of course, beneficial to agriculture for a 
week or two f o 11 owing the rain --- but, considering that the potenti a 1 annua 1 
lake evaporation is in the vicinity of 70 inches per year, it has inspired a 
serious study of means of sheltering accumulations of moisture. Thus artificial 
recharge from surface impoundments to the Ogallala Aquifer has had high priority 
in the research agenda of the Water Resources Center of Texas Tech University, 
of the High Plains Underground Water Conservation District (HPUWCD), and other 
agencies active in hydrologic developments on the High Plains. 

Frustrations have been frequent. Over geologic time the playa lakes, which 
typically average two to three feet in depth and which seldom exceed 10 feet in 
depth when full, and of which the most common volume of accumulated water is 
zero, have developed relatively impermeable beds. There is good reason to 
believe that the small amount of natural recharge which occurs to the Ogallala 
does so through the annulus-shaped areas above the upper limit of sediment 
deposition in the playas. 

Early attempts to induce recharge by pits or wells had short useful lives 
even when replaceable filters of cotton burrs were employed in the pits and 
periods of back pumping were resorted to in the wells. Excavated pits have been 
used to some extent in some of the playa lakes to concentrate the water in a 
smaller area to reduce the volume evaporated and to free a portion of the 
fertile lake bed for the planting of crops. A physically successful, but rather 
costly, means of recharging playa lake water to the Ogallala was demonstrated in 
the early 1970' s when engineers at Texas Tech University recharged water from 
playa lakes to the Ogallala at eight sites by pumping it, employing from 11 to 
50.5 horsepower in their operation. 

In a research proJect initiated in 1982 the Water Resources Center at Texas 
Tech, supported by the HPUWCD No. 1, the Texas Water Development Board, and the 
Texas Advanced Technology Research Program, has been studying the effectiveness 
of geotextile fabric filter materials, buried at shallow depths in playa lakes, 
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in conveying clear water by gravity flow to a recharge well located above high 
water level in the irmnediate vicinity of the lake. It has been verified that 
the concept is valid. 

Flows in the three filter patterns after the most recent filling of the 
playa lake were 165 gpm, 80 gpm, and 30 gpm; flow rates were in the same order 
as the filter costs. The daily evaporation rate during the rechange having 
averaged less than a half-inch, the recharge rate was 2.5 times as great as the 
evaporation. Had the well had the capacity to accept water at a high rate there 
is reason to believe that at least twice as large a recharge flow rate would 
have occurred. 

Questions remain to be answered. Other sites with different sediments 
and/or different vegetation will be studied. Water quality is being monitored. 
The identification of the factors and design parameters involved in the 
installation of a practical individual playa lake basin recharge system is being 
pursued. The results should be most significant for the Texas High Plains. 

Secondary Recovery of Water 

In 1981, acting on the inspiration of A. Wayne Wyatt, the HPUWCD No. 1 in 
association with the Water Resources Center of Texas Tech, began an 
investigation of the secondary recovery of groundwater from the Ogallala 
formation. Test hole drilling and core analysis indicated that the total 
potential capillary water in the Ogallala formation in Texas was about 1.46 
billion acre-feet. While only a small portion of this would appear to be 
economically recoverable at the present value of water, it should be remembered 
that water prices tend to rise, that production techniques will inevitably 
improve with continued experimentation, and that a combination of artificial 
recharge and secondary recovery would, in effect, create a water bank in 
favorable portions of the aquifer somewhat analogous to the present practice of 
storing natural gas in geologically favorable formations. 

Before and during the first series of field tests an exhaustive review of 
the existing literature was carried out in an attempt to identify available or 
emerging technologies for the secondary recovery of capillary water. No 
articles pertaining directly to the secondary recovery of groundwater were 
located --- nor have any been found in the search of the literature which 
continues at present. In petroleum practice, on the other hand, a similar 
problem has been the subject of intense study and application for at least 70 
years. Based on this model, five potential secondary recovery techniques were 
selected for investigation. Of these, the employment of an air drive would 
appear to be the only economically justifiable means for recovering groundwater. 

In successful field tests in three localities on the Texas High Plains it 
has been demonstrated that water adhering to the sand grains in the unsaturated 
upper portion of an aquifer can be driven by the pressure of injected air to the 
underlying water table. From there, it will flow to pumped wells in the manner 
conman to all groundwater recovery operations. The procedure is more effective 
if the air can be introduced under a layer of relatively impermeable material 
which inhibits the escape of the compressed air to the atmosphere. 

While much remains to be learned about the precise interaction of air, 
water, and earth, it has been determined that moderate injection rates (2000 cfm 
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or less) at pressures under 200 psi applied for a few days induces water flow 
from the unsaturated volume to the water table that continues for many months 
after the air injection has ceased. Careful accounting at the Idalou test, 
where the increase in water in storage was about 406 acre-feet 160 days after 
the test ended, indicate a cost of water recovery of about $50 per acre-foot. 
Subsequent drainage to the water table has raised the quantity of water produced 
and thus lowered this unit cost. Other sites will, of course, yield other 
performance data. 

Secondary recovery, particularly if accompanied by artificial recharge 
wh1 ch wi 11 restore the water driven out of the unsaturated portion of the 
formation, would appear to be capable of extending the economic life of the 
Ogallala indefinitely. And, with the water "produced" by an air-injection well 
remaining within a mile or so of the well long enough to be recovered 
economically by the owner of the land and the well, the legal morass of water 
rights litigation is avoided. 

Conclusions 

The future outlook for water supplies on the High Plains is sobering but 
not discouraging. While the cities and towns have nearly exhausted their 
potential of developing new surface water supplies within economic availability, 
many of the uses to which treated water has been put do not actually require 
pure water. Watering of parks, lawns, cemeteries, and golf courses can be 
accomplished by using reclaimed water or rainwater collected in cisterns. While 
pure water from the aquifer can be cannibalized by buying the land or the water 
rights attached to it, excessive use of this solution could be self defeating if 
carried to the point of undermining the agricultural base on which the economy 
of West Texas depends. 

Agriculture on the High Plains has always exhibited a policy of enlightened 
self interest. It has encouraged research and the dissemination of the 
information obtained in that research. It has supported three underground water 
conservation districts and the state and federal agencies engaged in 
agricultural research. It has persevered while feeding and clothing a sometimes 
seemingly ungrateful populace. It can be trusted to apply the accumulating 
knowledge of water conservation in the uncertain future which lies ahead. 
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WATER MANAGEMENT IN NEW MEXICO: 

AN INSTUTIONAL PERSPECTIVE 

Wilmer M. Harper, Joel Diemer and Steve Ange11 1 

Introduction 

Attitudes toward the allocation, or in many cases the reallocation, of 
water in New Mexico range from total laissez faire to authorization only of 
those reallocations consistent with the traditional, historical use of the water 
in question. These attitudes originate in a complex set of institutional and 
cultural parameters extant within the state which have no doubt contributed to 
New Mexico's status as a pioneer in the evolution of institutional structures 
for the management and control of water (Dunbar, 1978). 

Allocations of water, in particular agricultural water, are being subjected 
to increasing scrutiny because of its availability and relative value in 
alternative, nontraditional uses. If the organizations and agencies which 
constitute the allocation and distribution system are to continue to serve their 
constituents and society, they must be able to operate within an environment 
which considers the allocatfon/reallocation of water. 

This paper identifies the current institutional structure associated with 
water allocation in New Mexico and enumerates issues related to water allocation 
and the ability of institutions to respond to changes in allocation criteria. 

Foundations of New Mexico Water Management 

Legislative Base 

In general, current state water law dates to 1907, predates New Mexico 
statehood, and reflects a long standing traditional preference for agricultural 
use of water. Where state water law does not alter the territorial laws these 
latter remain in effect. The 1919 amendment to New Mexico's irrigation law 
provided for the voluntary organization of the landowners and irrigators into 
irrigation districts primarily for the management and allocation of surface 
water (Water Laws of NM, Chapter 75, 1954), and included special provisions 
authorizing cooperation of New Mexico irrigation districts with the federal 
government under the Reclamation Law of 1902. Authorized by the Conservancy Act 
of 1923 to provide flood control protection to area residents, conservancy 
districts have been organized primarily for the purpose of public health, 
safety, convenience, and welfare. When conflicts arise between conservancy and 
irrigation districts, irrigation district policy supersedes conservancy district 
policy (Water Laws of NM, article 28-2, 1954). 

Resting upon the assumption that the state, rather than private 
individuals, owned the water and could regulate the use of the water, the 
doctrine of prior appropriation was used to govern the use of surface waters in 

1Department of Agricultural Economics and Agricultural Business, New Mexico 
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New Mexico. However, prior to 1931 the English principle of absolute ownership 
was the foundation of New Mexico groundwater law. legislation passed in 1931 
established public ownership of groundwater and provided for the appropriation 
of these waters through application to the office of the state engineer. As had 
been the case with surface water, this office was thereby authorized to issue 
pennits for allocation or transfer so long as there was an available water 
supply and the allocation or transfer would not impinge upon the rights of other 
water right holders (Dunbar, 1978). 

Recent Legislative Developments 

Current water law has established beneficial use as the basis, measure, and 
limit of the use of water with all beneficial uses considered to be equal 
without regard to the economic value. Two laws signed on the same day in 1985 
appear to have significant implications for the reallocation of water. House 
Bill (HB) 192 "inserts consideration of public welfare and water conservation as 
criteria in the transfer of existing water rights." (Harris, 1985) Previously 
only those whose water rights would have been directly impaired could protest a 
proposed water rights transfer. The Bill allows any person or organization to 
protest transfers on the grounds that it would be contrary to "conservation" or 
detrimental to the "public welfare," thereby allowing for a wider range of 
protest. 

HB 399 exempts municipalities, counties, and public utilities from the 
"beneficial use" clause which would otherwise cause them to forfeit any water 
right not put to such "beneficial use" within four years. This law allows them 
to hold water unused for up to 40 years (Harris, 1985). 

Water Oversight 

Extant supervision and management entities reflect the range of New 
Mexico's historical experience. Just over half of the surface water diverted 
for irrigation is distributed by irrigation and conservancy districts which 
administer water from Bureau of Reclamation projects (U.S. Department of 
Interior, 1986). The remainder is administered through irrigation and 
conservancy districts, and hundreds of community acequias and irrigation 
companies. The latter vary in size from a few to several thousand acres. 

Diversity Among Water Management Units 

A distinction between entities which administer Bureau of Reclamation 
project water and other management entities is important. Three major areas of 
difference exist: (1) the monitoring of diversions from New Mexico streams and 
rivers, (2) the repayment of federal loans, and (3) the holding of "district 
rights" to water. 

Irrigation and conservancy districts which administer Bureau of Reclamation 
Project water are obligated to keep track of diversions and deliveries to farms. 
The management units not dealing with Bureau of Reclamation water appear less 
rigorous with respect to this accounting. 

Those entities which received federal loans for the construction of their 
distribution system are under an obligation to the federal government. This 
obligation must be canceled before any action may be taken to proceed with 
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alternative uses of the water. 

Districts vs Pre-District Rights 

When Bureau of Reclamation projects were undertaken, the district received 
an allocation of surface water. The district distributes this water according 
to established guidelines. The individual irrigators hold a right to the use of 
this water. They have no right to sell or lease this water outside the district 
or to alternative use. Only the district would appear to have the right to 
allow such transfers, and this, only after the retirement of its federal debt. 
This is in contrast to irrigation districts in which all water rights within the 
district boundaries have been adjudicated to individual irrigators. This gives 
the individual the prerogative to sell or lease the right, inside or outside the 
district, subject to the approval of the State Engineer. 

The issue of the right to use district or project water is further 
complicated by the existence within the district of water rights by prior 
appropriation (prior to the district). Pre-district rights, if they exist, 
would appear to be available for transfer to the highest bidder so long as the 
transfer meets the beneficial use criteria. Pre-district rights are confounded 
by two issues. First, did individuals cede their pre-district rights to the 
districts? Second, under what circumstances can the water be reallocated away 
from its traditional use? 

Traditional Use 

In the ruling by New Mexico District Judge Art Encinias, the reallocation 
of water away from its traditional or historical use is denied. Ruling on a 
proposed water rights transfer approved by the State Engineer's Office, Judge 
Encinias stated the following: 

Procedures 

Northern New Mexicans possess a fierce pride over their 
history, traditions, and culture. This region of northern 
New Mexico and its living culture are recognized at the 
state and federal levels as possessing significant cultural 
value, not measurable in dollars and cents. The deep-felt 
and tradition-bound ties of northern New Mexico families 
to the land and water are central to the maintenance of 
that culture. 

I am persuaded that to transfer water rights, devoted for 
more than a century to agricultural purposes, in order to 
construct a playground for those who can pay, is a poor 
trade indeed. I find that the proposed transfer of water 
rights is clearly contrary to the public interest and, on 
that separate basis, the application should be denied. 
(Drucker, 1985) 

Water Transfers 

It has been estimated that current "instruments" relating to transfers 
exceed 12,000 per year. Application for a permit to transfer water rights 
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(i.e., make a change in use, place of use, or point of diversion) is filed with 
the State Engineer. Legal notice of the permit application must be published, 
at least once a week for three weeks, in the local newspaper where the proposed 
transfer is to take place. If no protest is filed within 10 days of the last 
published notice and water is available to be transferred, the application is 
approved by the State Engineer, although he may attach certain conditions to his 
approval. 

If there is public interest, the State Engineer holds an administrative 
hearing to consider the application. The decision, whether in favor of . the 
application or the protest, may be appealed within 30 days back to the State 
Engineer. That decision may then be appealed within 30 days to the New Mexico 
District Court. The District Court decision may be appealed once again to the 
New Mexico Supreme Court which has final authority over state water law. 

Potential for Market Detennined Transfers 

Strict market transfers of water rights may be difficult to implement under 
New Mexico water law. 

In 1926 the New Mexico Supreme Court held that the 
[Constitution] "merely declare(s) the basis of the right 
to the use of water, and in no manner prohibits the 
regulation of the enjoyment of that right. 11 The New 
Mexico public control structure which specifies regulation 
rests on this conclusion supported by the general police 
power which must be exercised reasonably and for the 
general welfare. Earlier New Mexico cases upheld 
public control measures and also declared that irrigation 
was a "public purpose. 11 (Clark, 1964) 

Due to the possibility of adverse third party effects, transfers of water rights 
will most likely continue to be regulated by a public agency. HB 192 would 
appear to increase the likelihood of third party protests of proposed transfers. 

Analytic Parameters 

Economic models applied to water issues may range from perfect competition 
to monopsony/monopoly. Social implications are then drawn from the equilibrium 
resource distribution resulting from the model. The policy of allocation to the 
highest and best use rests upon the application of some variation of the 
perfectly competitive model. 

The application of a social welfare function approach continues to be based 
upon the concept of competitive equilibrium in which society attempts to 
maximize some function such as: 

where: 
W = f(Y,S) 
W = the societal function to be maximized 
Y = income variables; and 
S = social or nonincome variables. 

(1) 

If a lexicographic ordering of goals and objectives to be maximized by the 
individual is assumed, and individual functions will be aggregated to maximize 
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W, then the issue of maximizing social welfare from the allocation of water 
clearly includes more than the monetary value of the output resulting from the 
production process which uses the water. HB 192 supports this conclusion. 

Economic Assumptions 

The perfect competition model clearly should not be applied to water 
markets. On the buyer side, at the very least, the potential existence of 
large, nonagricultural buyers, such as municipalities, violates assumptions that 
no entities have market power and that the actions of one entity will have no 
impact on any other entity. 

On the sellers' side the assumption of incpme maximization may be routinely 
violated. Operators of small farm and ranch units in New Mexico have been found 
to have nonincome goals which were higher in lexicographic rank ordering than 
income from the agricultural enterprises {Harper and Eastman, 1980). Therefore, 
a case for reallocation of agricultural water based solely upon its value 
in production may vastly understate the value which is derived by the current 
user from its use in agriculture. 

Social Variables 

The finding that nonmonetary goals rank higher than monetary goals 
illustrates the need to consider the variable represented by S in equation 1. 
Quality of life {QL) benefits from the presence of a viable agricultural 
community may also be present in the nonagricultural community. These may be 
manifest in a farmer's market, the presence of open green areas, etc. If 
present, these benefits need to be added to the value of agricultural production 
in all comparisons of the value derived from alternative uses of water. 

Reallocation Issues 

District Water Rights 

Irrigation and Conservancy Districts allocate a significant portion of New 
Mexico's surface water. There does not appear to be, however, a clear 
delineation of district water rights and how individual members relate to these 
rights. If the District receives an allocation from the Bureau of Reclamation 
does Bureau in reality hold the right? If this is the case, scenarios can be 
developed in which nonagricultural users challenge allocation and use practices 
on public interest grounds. 

Management practices which explicitly address public interest objectives 
would appear to mitigate against the realization of such scenarios. Appropriate 
management should address the following issues. First, districts must insure 
that the water which is allocated is not wasted, i.e. state-of-the-art 
distribution and application practices are used. Second, districts should show 
concern for the public interest in the management and distribution of water 
saved by the implementation of appropriate practices. 

The issue of the individual's relationship to a district water right 
remains unresolved. The "right to water" is acquired at no cost except for 
annual assessments. The right to water is attached to the land and cannot be 
viewed as real property in any conventional sense. When a transaction takes 
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place between two agricultural users, the right to water accompanies the land. 
When the 1 and transfers to a nonagri cul tura 1 use, the water reverts to the 
district. 

Third Party Issues 

There has been scant discussion of the social issues and values associated 
with the reallocation of water. HB 192 provided the mechanism to challenge 
water reallocation, but water supervisory and management entities have not moved 
to define the social components of this issue. 

Irrigation systems are complex physical and social units. Is it reasonable 
to allow actions by individuals '"which may adversely affect the whole? A 
transfer of water to nonagricultural uses, if pennitted, could be compared to a 
railroad stockholder's removal of a portion of track. Diminished utility to 
remaining agricultural users would appear to justify intervention on their 
behalf and perhaps the public at large. 

Propensity to Protect Water 

Water management units which administer Bureau of Reclamation water may 
have the greatest institutional strength for holding surface water in irrigated 
agriculture. Due to their focus upon only one goal or function {irrigation), 
irrigation districts are more likely to protect the water in agriculture than 
are conservancy districts. This strength may ultimately be their downfall if 
their narrow perception prevents the consideration of broader social welfare 
goals. 

While having no direct ties to the federal government and project water, 
private water institutions, acequias, and irrigation companies are potentially 
tenacious in holding water in irrigated agriculture. Their argument would be 
the protection of a way of life and cultural identity. Judge Encinias' ruling 
demonstrates support for this position. 

Conclusions 

To date, the pressure to reallocate the water currently used in agriculture 
has been fragmented and somewhat ineffective. Most water management 
organizations were established to serve agriculture. Within this context their 
activities may be viewed as an execution of a public trust. If organizations 
continue to demonstrate management practices consistent with the public trust, 
their continued existence may be seen as in the public interest. 
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A POTENTIAL SOLUTION TO THE FUELWOOD CRISIS IN THIRD WORLD DRYLANDS: 

Introduction 

ANNUAL ROOTS INSTEAD OF WOOD AS COOKING FUEL 

Wayne G. Bragg and Eugene B. Shultz, Jr. 1 

Lack of fuel wood is a serious problem in many arid lands where native 
trees grow more s 1 owly than fue 1 wood demand, and where new trees a re not 
easily established. In such places it may be feasible to grow non-woody fuel 
crops that will out-produce wood. An example is Cucurbita foetidissima HBK 
(buffalo gourd or calabacilla loca), a native of the U.S. Southwest and 
northern Mexico (Deveaux and Sliiiltz 1985}. This relative of squash and 
pumpkins develops starch roots quickly and abundantly. The fresh roots can 
be easily harvested, cut into pieces, and sun:-dried to give a combustible 
material that we call 11 rootfuel." The combustion properties somewhat 
resemble those of wood, except that rootfuel is slower to ignite, the 
combustion rate is lower, and ash production is higher. The rate of 
production of dry biomass {as roots). from Cucurbita foetidissima is 
substantially higher than the rate of production of dry biomass (as wood) 
from mesquite, grown under similar circumstances (Shultz and Evans, 1986}. 

Fuelwood shortages are serious and urgently need attention, so potential 
solutions should ideally not require extensive research and implementation 
efforts. Because the rootfuel concept is inherently simple, it may approach 
this ideal. It was investigated by Shultz and co-workers (1985, 1986} and 
Shultz and Evans {1986}. The first field test in a Third World kitchen to 
explore cultural acceptability had now been carried out and reported in the 
present work. The authors decided the acceptance of the plant's dried roots 
as a cooking fuel in a village in the State of Mexico, some 110 kilometers 
west of Mexico C~ty and proposed to test the material under normal use 
conditions by having a Mazahua woman prepare a typical meal using rootfuel 
instead of her usual fuels. 

The Context 

The village of Dolores Hidalgo in the high plateau of south central 
Mexico is a two and a half hour drive from Mexico City, the largest 
metropolitan center in Latin America, with above 18 million inhabitants. The 
contrast between rural Mexico and the capital city is dramatic, typical of 
Third World dualistic societies. The material gap between the great 
metropolis and the more than 100,000 villages in Mexico with under 3,000 
people each, is illustrated by the contrast between the modern kitchens with 
natural gas ranges, and the three-stone open fireplace on the dirt floor in 
an adobe "kitchen" in Dolores Hidalgo. 

Mexico is a nation of poor campesinos and wealthy urban elites, 
resulting in high out-migration to the United States and internal migration 
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to the cities in search of a better life. By the year 2000, Mexico City will 
contain 24 million inhabitants, and the Central Region, 36 million. Besides 
the shantytown "belts of misery" around Mexico City that this migration 
signifies, it leaves the countryside further and further behind. Since the 
government is economically strapped by a staggering international debt, there 
is little it can do for the marginalized poor. 

The rural population, 35 percent of the nation, is putting extreme 
pressure on the trees as their primary source of fuel. The authors observed 
women and children traveling distances to find wood, carrying it on their 
backs or on burros. The authors' were told that the women of Dolores Hidalgo 
have to get up at one a.m. to go for wood in order to cook breakfast during 
certain seasons when the crop fuels are exhausted. The authors' met women 
who had traveled six hours round trip for wood. This compares with 
Hariharpur, India, where families spend close to three hours per day 
collecting fuelwood (Kotamraju, 1986). Less time-intensive sources of fuel 
are generally needed in the world, not just in Mexico. 

The depletion and degradation of the forests is accelerating in Mexico, 
as it is worldwide, since an estimated half of the world still cooks over 
open fires. The ecological crisis that accelerates desertification is 
exacerbated by cutting the scanty tree coverage. In the last 25 years, one 
half of the world's forest cover has disappeared; 45 percent of the wood 
extracted is used as firewood, and in the Third World 85 percent is burned 
for cooking and heating (Shultz and Evans, 1986). Erosion is a major 
problem. The State of Mexico is reputedly one of the worst for erosion, a 
fact that the author's quickly confirmed. Even the government's efforts to 
bulldoze terraces on the steep denuded mountainsides is too little and too 
late. Rocks and gullies scar the mountains, once covered by forests. 

The Need 

The urgent need is for low-cost, accessible, easily-managed, and 
ecologically-sound wood substitutes. A fuel is needed that will grow rapidly 
in the dry highlands where firewood is almost depleted, without the water 
requirements that reforestation would demand, even if reforestation were 
economically feasible for Mexico. The fuel needed would have to be 
sustainable by peasant farmers using the most rudimentary tools, a dibble 
stick or a pick. It would need to grow in marginal soils and on steep 
slopes, without competing for the very limited irrigation water or fertile 
agricultural land. To be readily accepted culturally such a firewood 
substitute should look like a traditional fuel and burn in a similar way in 
an open three-stone fireplace. It should not give off objectionable odors or 
smoke excessively. It should produce coals that would last longer than crop 
residues or cow chips, which produce no substantial coals, requiring constant 
feeding of the fire. 

These criteria for cultural "fit" of an innovative fuel apply equally to 
any technological intervention in a local setting, but innovations in foods 
and food preparation are particularly susceptible to cultural rejection since 
they impact on perhaps the most persistent patterns that a people develop for 
survival. Efficient cookstoves have been introduced in a number of 
situations by well-meaning Western development workers, only to be abandoned 
when the worker leaves. In one such project with the Lorena stove in Kenya, 
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the model stoves built by an expatriate volunteer were underutilized and were 
not adopted by others (Tongue, 1987). The authors were especially interested 
in the acceptability of a meal prepared over this fuel. Would the smoke from 
the rootfuel impart an undesirable flavor to the food? 

The Test at Dolores Hidalgo 

The rootfuel experience in the Mazahua village of Dolores Hidalgo, 
Mexico, is the first that the authors know of at the village level. Through 
a friend, Norbe~to Cortez, who has spent 10 years in the Mazahua area and 
speaks Mazahua, the authors went to the home of Claudia Gonzalez de Moreno 
and her husband Francisco. The cooking room was typical, about ten by ten 
feet, with adobe walls and a skimpy palm and maguey roof. The smoked walls 
were witness to the open fire technique. Claudia had not yet started dinner, 
so Norberto explained to her the project, interjecting a word or phrase of 
Mazahua when necessary, although Claudia speaks a good Spanish. The authors 
told her that she could help us try out an 7 alternative fuel, 11 una lena 
alternativa. 11 Lena is a generic word in Spanish for firewood or fue;:- --

Claudia readily accepted the challenge to prepare the rice and tomatoes 
and onions, as well as the eggs that the authors brought, along. Two of her 
children were with her, and the authors along with Norberto and his wife, 
Lisa, observed the age-old ritual. Except for her audience and the new fuel, 
there was nothing changed in the process. She was reminded to make her meal 
as usual, and to make any comments about how the "lena alternativa" behaved. 
She put some straw between the stones and placed a pottery pot on them with 
the rice and a bit of oil. 

As Cl au di a examined curiously the pieces of dried root and began to 
start the fire, Norberto and the authors chatted with her about the 
traditional fuels used. She said that they use rastrojo {crop residues like 
cornstalks and straw), bune6as de estiercol (animal dung patties), maguey, and 
lena. When asked how the unegas of animal dung were prepared, the authors were surprised to learn that it is the same as in India; they mix straw with 
fresh dung and make patties, pasting them on the wall in the sun until they 
dry and drop off. Incidentally, this is an inefficient use of manure that in 
the long run diminishes soil fertility (Kotamraju, 1986). 

Claudia blew on the cornstalks and twigs, and began to add the rootfuel 
to the small flame. She noted that rootfuel is slower to ignite than her 
other fuels, but within a few minutes had the fire burning briskly. She 
commented that 1) the fire burned less rapidly than her other fuels; 2) once 
the pot gets used to the fire, it takes on the idiosyncracies of the fire; 3) 
with aluminum pots this would be just fine. She was observing in her way the 
complex and intricate relationship of heat, distance, mass, and materials 
that goes into even simple cooking techniques. About the smoke, she said 
that it was not irritating. Later, when the rice was almost done, she said 
she liked the rootfuel because it doesn't smoke and that the smoke is better 
because it doesn't irritate me. The author noted that it burns nicely; it 
has coals, which the maguey doesn't make. Claudia wi 11 use the coa 1 s to 
prepare tortillas or fry eggs, and to heat water. 

Claudia took off the pot of rice and put a square piece of sheet metal 
across them to cook tortillas. The metal was about eight to 10 inches above 
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the coa 1 s. The tort i 11 as res ponded s 1 owly so she added more root to the 
fire. In a few minutes she remarked, "It's a little slow." She turned the 
stones on their sides and thus lowered the metal. When the tortillas were 
finished, Claudia scrambled some eggs, then we all enjoyed our first meal 
prepared on rootfuel. Claudia, her husband and children confirmed that foods 
(rice, tortillas, eggs) all tasted normal. 

The Search for Calabacilla Loca 

Upon being shown a photo of the plant, the Moreno family said that it 
grew not far to the north, at San Pablo, and that its colloquial name in 
Mazahua was tsa'to or tca'su. Although Claudia and Francisco knew the plant, 
they had been unaware that the roots would burn. In half an hour's drive we 
were harvesting roots easily. Even Claudia small son, Hugo, could remove 
foot-long roots by using a stick as a digging tool. 

When a local f e 11 ow stopped by, he laughed when told that they were 
going to plant tsa'to, and said, "It won't sell." They explained it was not 
to sell but to burn. He looked again, and Claudia lapsed into Mazahua as she 
explained how to cut, dry and burn it. Her non-verbal language was explicit. 
At the time two burros loaded with firewood passed by followed by two women. 
Someone asked them how far they had gone to get it, to which one rep 1 i ed, 
"Over the mountain." The ta 1 k then turned to renting the p 1 ot of otherwise 
useless land to plan a crop of Calabacilla loca. Claudia took some of the 
sprouting roots home to plant near her house 1f1Dolores Hidalgo. 

Thoughts on Introducing Alternative Fuel 

Calabacilla loca's characteristics make it ideal as an appropriate 
technology, which--mList be: 1) simple, 2) available locally, 3) labor 
intensive rather than capital intensive, 4) decentralized, 5) ecologically 
compatible, 6) self-reliant, 7) sustainable, and 8) culturally adaptable 
(Bragg, 1987). Calabacilla is adapted to the ecosystem, resistant to local 
diseases, proliferate, and accessible to all. There are no exogenous 
techniques required for cultivating it as a rootfuel, nor does it require 
costly or imported fertilizers. It is simple and low-cost to start up a field 
of this plant. Growing on marginal soil and sloping terrain, it can fit into 
the variegated cropping system without displacing any food or money crops. 
Further, the seedoil and seedmeal might become important sources of food for 
humans and animals. 

The test of Calabacilla loca as a root fuel suggests methodology and 
strategy for introducing this a""iiC'Tent, underutilized plant into a traditional 
society. Calabacilla's widespread availability means that no one can 
monopolize it, an important feature in a society that has been traditionally 
cooperative rather than competitive. Cooperation within ethnic groups was 
characteristic of pre-Conquest Mexico. Even after centuries of being 
exploited by the Spaniards and the hacendados through the encomienda system, 
which broke down the indigenous communal ownership of land, there is still a 
deep sense of cooperation and sharing among the Mexican people. The concept 
of the ''limited good" described by Foster (1987) in his study of Tzintzuntzan 
in Michoacan State indicates a deeply seated desire to not profit 
individually at the expense of others of the community. This concept is a 
theory of zero-sum growth (a limited economic pie): if one member prospers 
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above others it is considered evil because others are thereby necessarily 
impoverished. Calabacilla loca as an alternative fuel lends itself to the 
commonwealth; if planted in~ommunal plot it could furnish cooking energy 
for a whole village. If the co11111unity is not organized collectively, it can 
be cultivated by each household for its own use, but each neighbor could do 
the same so there would be no monopoly to create social distinction. 

Many technological interventions fail to account for the sex roles in 
traditional peasant societies. For this reason programs that introduced 
efficient cookstoves in Africa failed when they taught men, not women, to 
construct the stoves (Tongue, 1987). In rural .Mexico, while men are in 
charge of the cultivation of crops, women do help, especially at planting and 
harvesting time, leading the bullocks, planting seeds, and helping with the 
collection. But women primarily take care of the children and cooking, 
including the fuel gathering. Since women bear the burden of seeking 
firewood, they would have the motivation and the facility to encourage its 
use. Calabacilla can grow in patios along the terraces around the villages, 
and women can handily see to its propagation in lieu of the time now used in 
seeking firewood. The economy of time and energy would be great not only in 
the cultivation (nothing needed after planting until digging), but also in 
the cutting and drying. A simple kitchen knife or machete cuts the root and 
the sun dries it. Drying roots seemed to Claudia more appealing than making 
dung patties. 

Conclusion 

Cucurbita foetidissima is a potential fuel source for this typical arid 
and semi-arid region of Mexico, meeting the criteria for technological 
appropriateness and cultural acceptability. The field test showed that it 
was quickly and enthusiastically received and propagated. The test 
discovered no resistance to it as a fuel nor any local socio-cultural or 
economic reasons against its dissemination in the south-central region of 
Mexico, which we believe is likely to typify the traditional sector 1n the 
arid and semi-arid regions. However, each cultural region should be studied 
in situ. 

The implementation of rootfuel will require specific programs at the 
grass-roots level, with the participation of the local people, not just a 
"demonstration activity" carried out by development workers or ~overnment 
extension agents (Shultz and Evans, 1986). The potential for adoption will 
depend on a culturally-sensitive replication of our Dolores Hidalgo 
experiment in a larger group of representative villages. 
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INFLUENCE OF AGRICULTURAL CHANGE ON MANUFACTURING ACTIVITIES 

ON THE HIGH PLAINS, 1964-1986 

Claud M. Davidson and Thomas C. Bartsch1 

Urban demographic fluctuation, with its associated change in manufacturing 
employment, represents a dramatic area for study; however, no less significant 
is the impact of agrarian demographic and economic change upon the rural 
landscape. Perhaps because agrarian population shifts occur so subtly, 
attention is easily diverted to more readily perceptible issues. 

The study investigates the impact of changing land use upon manufacturing 
activities in small towns located within an eleven-county area on the High 
Plains of Texas. The study area is triangular in shape with its corners marked 
by the cities of Lubbock and Amarillo, Texas and Clovis, New Mexico. These 
three places have been deleted from the study because they serve as metropolitan 
centers. Although economic changes have taken place throughout this semiarid 
area for several decades, this study considers only changes which have occurred 
between 1964 and 1986. 

Agricultural Systems 

Traditionally, the agricultural economy of the study area has been 
dependent upon irrigated field crops, especially cotton. However, as the supply 
of groundwater from the Ogallala Aquifer is being depleted, a shift to dryland 
fanning is occurring. Simultaneously, the cost of pumping water has risen, 
accelerating a return to dryland agriculture (Hill, 1986). This trend is most 
pronounced in the southern tier of counties within the study area. 

The cost and availability of water for irrigation as well as changing 
market situations have produced adjustments in both landholding patterns and in 
types of crops produced. Northern counties, specifically Deaf Smith and 
Randall, have witnessed an increase in numbers of fanns due to the breakup of 
large fanns and ranches into smaller production units (Davidson, 1981). 

Reflecting greater concern over markets and increased costs of water and 
its availability, farmers have become increasingly conscious of cultivating 
profit-maximizing crops. Thus, while cotton has remained the dominant crop in 
the southern portion of the study area, total acres devoted to this crop have 
declined. Greater emphasis is being placed upon either crops which are less 
water-intensive or on those which represent a higher return for the fanners' 
investment. Similarly, an abandonment of cotton and soybeans has occurred in 
some northern portions of the study area in favor of vegetables, corn, potatoes 
and cattle. 

Such alterations 
manufacturing pattern 

in 1 and use have 
in the study area. 

precipitated changes in the 
Responding to the growth of 

1Respectively, Department of Geography and Department of History, Texas 
Tech University, Lubbock, Texas 79409. 
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specialized agriculture in the northern portion of the eleven-county area, firms 
and facilities have arisen to meet the unique needs of processing crops 
cultivated in the area as well as in fabricating equipment to meet the special 
needs of area farmers. In the southern portion of the region, 
agriculturally-oriented manufacturing has declined, mirroring a similar decline 
in available groundwater. Manufacturing employment in this region has 
experienced a shift towards a more diversified base (Davidson, 1981). 

Manufacturing Patterns 

Following guidelines established in previous studies of 1964 (Figure 1) and 
1979 (Figure 2}, all 1986 manufacturing activities (Figure 3) were classified as 
being either agricultural or diversified (Davidson, 1981). Therefore, 
manufacturing plants producing agricultural equipment or supplies and those 
processing agricultural commodities are treated as being agri-manufacturing 
activities. Any other type of manufacturing within the area is classified as 
being diversified. Only manufacturing plants operating on a year-round basis 
are considered; seasonal operations are omitted from the study. 

Classification of towns is accomplished by designating the community as 
either an agri-manufacturing or diversified-manufacturing center. If a majority 
of a towns' manufacturing employees are involved in agri-manufacturing 
activities, then the community is classified as an agri-manufacturing center. 
An identical procedure is employed for the determination of towns classified as 
diversified-manufacturing center. 

Excluding employment in Lubbock, Amarillo, and Clovis, towns within the 
eleven-county study area contained 8,661 manufacturing employees in 1986 
(Di rectory of Texas Manufacturers, 1986}. This figure contrasts sharply with 
the 1964 level when 1,688 employees were engaged in manufacturing (Davidson, 
1981), representing an increase of over five hundred percent (513%). The 
statistics are less dramatic when compared with the 1979 figures, when overall 
employment in manufacturing numbered 6,011 persons for the eleven-county area 
(Davidson, 1981). Thus, in the seven year period from 1979 to 1986 the number 
of manufacturing employees increased by 2,650, or an increase of over 40 
percent. 

Of 55 communities in the study area, 27 reported manufacturing activity for 
1986 (Directory of Texas manufacturers, 1986). The communities of Plainview, 
Friona, and Littlefield in Hale, Parmer, and Lamb counties, respectively, 
possessed the greatest concentration of manufacturing employees in the study 
area. Among these three towns were located 6,225 or 72 percent of all 
manufacturing employees. Plainview, with a population of 22,187, and the 
largest community considered, had the single greatest concentration of 
manufacturing employees at 3,984. 

These three communities are dominated by agri-manufacturing businesses with 
meat packing being predominant in Plainview and Friona (Figure 3). Sales from 
Plainview's manufacturing operations are international in scope, while those of 
Friona, population 3,809, are national. 

Agri-manufacturing activity tends to be concentrated in the northern tier 
of counties. Such concentration reflects the sustained impact of specialized 
agriculture on this area. In this region, few 1986 deviations in classification 
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Agri • Manufacturing 
( closed circles ) 

e Less than 1.61 percent 

• More than 1.61 percent 

"' No Manufacturing Reported 

Figure 1 

Diversified Manufacturing 
( open circles ) 

0 Less than 1.61 percent 

Q More than 1.61 percent 
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Figure 2 
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(open circles) 
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of towns from the 1979 study are identified (Compare Figures 2 and 3). The 
single exception to the preponderance of agri-manufacturing towns, Canyon, was 
also listed as a diversified-manufacturing center in 1979. In passing, it 
should be noted that this community is exceptional when compared with other 
towns in the area studied. Canyon's proximity to Amarillo encourages intensive 
commuter travel, relegating its status to that of a satellite suburb of 
Amarillo. Additionally, Canyon serves as host for West Texas State University, 
further enhancing the distinctiveness of this community in the study area. 

As noted previously the greatest numerical concentration of manufacturing 
employees are located in Hale, Lamb, and Parmer counties. Plainview and 
Littlefield have changed classifications since 1979. These comnunities were 
classified as diversified manufacturing centers in 1979. Since that study, the 
towns have reverted to agri-manufacturing centers, their original classification 
in the 1964 study. Seventeen percent of Plainview's population and 12 percent 
of Littlefield's are engaged in manufacturing activity (Bartsch, 1986). Friona, 
in Parmer County, retained its agri-manufacturing classification, a status it 
has held since the 1964 study. In Hale County, Abernathy returned to its' 1964 
classification as an agri-manufacturing center, but remained constant with 
earlier studies with a very small percent of its' population engaged in 
manufacturing. 

Muleshoe, in Bailey County, deviated from the 1979 study by reverting to an 
agri-manufacturing center. In the 1964 study, this town was also classified as 
an agri-manufacturing center with more than 1.61 percent of its' population 
involved in manufacturing (Davidson, 1981). In 1979, the community's 
classification changed to diversified-manufacturing, and less than five percent 
of its population were listed in manufacturing activity (Davidson, 1981). With 
four percent of the 1986 population engaged in manufacturing (Bartsch, 1986), 
the town has not expanded its' manufacturing base to offset the 174 person 
population increase since the 1979 study. 

Since the 1979 study, little deviation has been detected in the 
southernmost tier of counties with respect to classification of communities or 
percentage of population engaged in manufacturing. Ropes vi 11 e's status was 
altered to that of an agri-manufacturing center, the first time since studies 
have been conducted. 

Communities not reporting manufacturing activity for 1986, but which did 
for the 1979 study include: Anton, Edmonson, Happy, Shallowater, and Spring 
lake (Directory of Texas Manufacturers, 1986). Perhaps the most salient feature 
of the 1986 study is the increase in town populations for 1979. All counties 
posted town population gains with the exception of Swisher County which reported 
a modest decline of 1.2 percent (Bartsch, 1986). Total town populations rose 
from a 1979 level of 114,965 (Texas Almanac, 1979) to 130,000 in 1986 (Texas 
Almanac, 1986). This represents a 13.1 percent increase over the 1979 report. 
Seven counties recorded increases in their town populations of 10 percent of 
more with Randall County recording a 30 percent rise in its' total town 
populations (Bartsch, 1986). 

Conclusions 

If one draws an imaginary line between the towns of Muleshoe and Plainview, 
one may assert that north of that line agri-manufacturing activity is most 
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conmon. South of the 1 ine d1vers1fied-manufacturing activity is dominant. 
However, this dominance is being challenged as three cOfllllunities previously 
classified as agri-manufacturing center. This shift may reflect the current 
crisis in the petroleum industry as energy-impacted concerns instigate austerity 
measures to minimize losses. 

Despite distressed times in both agriculture and petroleum, each critical 
to the study area, the structure of the Texas High Plains is characterized by 
continued town population growth, more employees engaged in manufacturing than 
ever before, and the highest percentage of total town population involved in 
manufacturing activity since research began. 
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Introduction 

OPTIMUM FIRM SIZE IN THE CALIFORNIA 

WINE INDUSTRY: THE SURVIVOR METHOD 

David F. Flanagan and Charles E. Butler1 

In this paper, the authors attempt to determine the minimum efficient scale 
of operation for wine processing through analyzing the survival ability of 
different sizes of . firms in the California wine industry during 1948-85. 
Nevertheless, the implications of this study reach beyond the processing stage 
and the state of California. Consideration of freshness and quality, 
transportation costs, content and labeling issues all make the decision to begin 
wine production in a new area a double one. The prospects are poor for a winery 
without local production of wine grapes as the prospects of wine-grape sales are 
diminished if there is not a local winery to process them. Thus, economic 
factors that affect the viability of the winery, such as minimum efficient scale 
of production, affect the agricultural decision to plant wine grapes in the area 
(Flanagan, 1986). Also, the technological factors that are the chief 
determinant of the minimum efficient scale of production have little geographic 
specificity. Thus what results from studying California wineries, which 
accounted for 92 percent of U.S. production in 1983 (Wines and Vines, 1984), is 
applicable to prospective wineries in the semi-arid regions of Texas and 
elsewhere. Conversely, s i nee wine-grape growing is a hi gh-va 1 ue and 
water-conserving crop relative to many traditional crops in semi-arid regions, 
such as, for example, cotton and grain sorghum in West Texas, climatalogical and 
economic conditions are favorable for the potential availability of wine grapes 
for the wineries (Templer, 1986). Thus, determination of such economic factors 
as minimum capital costs, which, in turn are determined by the minimum efficient 
scale of production, are a part of the larger question of the economic 
viability of the entire wine industry-from grape growing to wine-making in 
semi-arid regions. 

Methods of Measuring Optimum Firm Size 

Economic theory suggests that for any industry factors such as 
specialization, the use of assembly lines, and mass production will result in 
increased efficiency and reduced unit costs as the scale of operations increases 
up to a point but beyond that point, difficulties of coordination become so 
great as to result in decreasing efficiency and rising unit costs-hence the 
concept of optimum firm size. However, empirical studies have shown very 
different behavior of long-run unit (or average) costs in different industries. 
Some conform to the U-shaped long-run average cost (LRAC) implied by economic 
theory. Others exhibit falling unit costs for small sizes of firms and rising 
unit costs for large sizes of firms, but an in-between range of sizes that are 
equally efficient (rather than a single optimum). Still others exhibit 
initially falling costs then a levelling-off, but within the range of 
observation unit costs never rise, never reflect diseconomies of scale (the LRAC 
is L-shaped). These latter two cases with multiple optima give rise to the 

1oepartment of Economics, Texas Tech University, Lubbock, Texas 79409. 
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concept of minimum efficient scales of production (MES) used in this paper. 
Knowledge of the MES in a particular industry is useful both to policy-makers 
when considering questions of monopoly, concentration, regulation, and 
efficiency in that industry and to possible entrants in the industry when 
considering questions of capital requirements. 

Several methods have been used in the empirical determination of optimal 
firm size. Briefly, the survey approach is based on the expert opinion of firm 
owners as to the optimum size firm in the industry (Bain, 1956). The technical 
approach uses engineering feasibi 1 ity studies of various sizes of plants in 
order to find the optimal size (e.g., Mathia, et al., 1977). Another method 
compares rates of return on investment of differentsize firms. Two measures 
are static in the sense that they use data of only one year. One defines the 
optimal size firm as the median size firm and the other as the average of the 
median and the largest size firm (Comanor and Wilson, 1967; Weiss, 1964). 
Stigler's survivor approach looks at the industry over time to see which size 
categories increase or maintain their share of total industry output. These 
size categories are surviving, while those with falling shares are failing, and 
the survivors are defined to be of optimum size (Stigler, 1958). The strengths 
and weaknesses of each of these methods are discussed in the literature without 
any general consensus as to which is best (Bain, 1969; Fisher and McGowan, 1983; 
Saving, 1961; Shepherd, 1967; Weiss, 1964). The business survey method involves 
subjective judgement; the technical approach assumes perfect elasticity of input 
supply and output demand; the use of rates of return fails when accounting 
practices are not uniform; the static measures lack theoretical basis; and 
Stigler's method gives descriptive rather than normative results. 

Nevertheless, Stigler's method continues to be used (e.g. Allen, 1971; 
Blair and Vogel, 1978; Burns, 1983; Saving, 1961), although it is not clear that 
it's share of empirical investigations of optimal firm size is constant or 
increasing. Thus, the conclusion is on the basis that it is the optimal 
approach. Nevertheless, it is thought that Stigler's survival method, modified 
to eliminate three particular weaknesses, is appropriate to determine MES in the 
California wine industry, particularly if the results are interpreted as the 
results in light of the valid criticisms of that method. 

The Modified Stigler Method 

Stigler's measure of firm size is a relative measure. It is the percent of 
industry output which that firm produces. Thus if both the firm and the 
industry double in size, by Stigler's measure the firm is exactly the same size 
it was before (not twice as large). The authors believe that absolute, not 
relative, size categories are more appropriate and use these in our modified 
approach. Also, Stigler uses data where the firms are already classified into 
size categories. Possibly within a size category, if the breakdown were finer, 
the authors would find one sub-category increasing its share of industry 
capacity while another is decreasing. If they are pre-classified into one 
category these movements will not be distinguished. Thus the definition of 
category size boundaries is itself part of the research problem. Putting 
together firm data helped solve this problem by experimenting with different 
groupings. Thus, use of individual firm data permits modifying Stigler's method 
to employ absolute size categories and to determine the boundaries of the 
categories so that movement of sub-categories are reasonably homogenous. 
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Finally, Stigler's method has often been applied using only two data points 
sometimes too close together, with the danger that short-tenn or random factors 
may dominate long-tenn trends. (This may be the reason that Stigler himself 
encounters diminishing returns to scale in the wine industry, using data for 
1948 and 1951). Thus a 37-year period with several intennediate data points was 
used. 

Data 

The data used in this investigation are from annual directory issues of 
Wines and Vines, a wine industry publication, and are in the fonn of total 
storage and fennentation capacity (FSC) by finn. The infonnation is obtained by 
Wines and Vines as voluntary submissions from the finns in response to periodic 
surveys that have been conducted by the magazine since World War II. The data 
were collected from the directories for the following years: 1948, 1954, 1959, 
1963, 1968, 1973, 1981 and 1985 and entered by_ finn and year into an IBM 
microcomputer using the dBase III database program. Wineries that did not use 
grapes as their primary input were excluded (e.g., apples, rice) as was FSC of 
finns whose sole business was warehousing. One might ask if it is reasonable to 
use FSC as a proxy for finn size. The rationale is a technical one. In the 
process of producing wine, there must be a certain amount of cooperage in which 
to ferment and age the wine produced (Gould, 1962). The aging requirement will 
vary with each wine type with white wines needing the least time and reds the 
longest. Therefore, if the majority of wineries specialized producing either 
red or white, the data might be expected to be somewhat distorted because for 
the same level of output the red wine finn would have a larger FSC. Both 
persual of the literature and statistical analysis indicate that this is not the 
case {Joslyn, 1974; Moulton, 1981). Most wineries produce a range of products 
including both reds and whites. 

Results 

There is a tremendous range in finn size. In 1985, the smallest finn had 
an FSC of only 300 gallons while that of the largest was 430 million gallons 
(Flanagan, 1986). However, in tenns of shares of industry capacity over time, 
experimentation with different sub-groupings reveal that wineries fal 1 into 
three relatively homogenous categories. Small finns with up to three million 
gallons FSC; Medi um fi nns with 3-29 mi 11 ion ga 11 ons FSC; and large fi nns with 
greater than 29 million gallons FSC. The movements in industry shares during 
1948-85 of small, medium, and large wineries are shown in Table 1 and Figure 1. 

As indicated by FSC, the California wine industry remained relatively 
static for the 20 years from 1948 to 1968 growing by only 21 percent, whereas in 
the subsequent 17 years, from 1968-85, it grew by 2.7 times {Flanagan, 1986). 
Over this period, the number of wineries decreased by almost 50 percent during 
the first 20 years from 289 to 154 and in the last 17 years increased by more 
than three times from 154 to 531. These changes are almost entirely the result 
of changes in the number of small firms -- though the number of large firms grew 
from 1 to 12 during 1948 to 1985. 

Both the small and medium wineries have experienced significant, and 
reasonable steady, declines in market shares during 1948-85 from 27 to 7 percent 
and from 64 to 17 percent respectively. On the other hand the share of the large 
wineries, those with FSC's of 29 million gallons, or more, increased 

63 



Table 1 

Share of small, medium and large wineries in total industry FSC {in percent) 

~ 
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Year 

1948 
1954 
1959 
1963 
1968 
1973 
1981 
1985 

*Small 

27.22 
24.95 
20.27 
18.37 
14.99 
10.39 
7.18 
7.07 

*Medium 

64.18 
67.22 
52.03 
54.95 
41.03 
34.19 
18.88 
17.43 

*Large 

8.60 
7.83 

27.70 
26.68 
43.98 
55.43 
73.94 
75.50 

Caculated from data in Wines and Vines directory issues for 
respective years. 

* Small Firm = 0 < FSC ~ 3,000,000 
Medi um Fi rm = 3 , 000 , 000 < FSC ~ 29 , 000 , 000 
Large Firm = 29,000,000 < FSC 
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Figure 1. Share of small, medium, and large wineries in total industry FSC 
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dramatically from 9 ~Q . 75 . percent over this . period. As there were no 
sub-categories in the range greater than 29 million gallons that exhibited 
declining shares, the authors concluded, that within the range of experience, 
the long-run average cost curve in wine-producing is. l-shaped, achieving its MES 
at 29 mi 11 ion gallons. Movements in some sub-periods do not confirm the 
over-all trend. For example, from 1959-63, the share of medium wineries 
increased sl1~htly while that of l~rge wineries declined. Thus Stigler's method 
applied only to 1959-63 would imply increasing returns to scale beyond 29 
mill ion ga 11 ons al though this is ·cl early not the case over a longer period. 
This suggests that the survivor method is applicable only over a long-period, 
preferably with several data points, to avoid the influence of short-term 
factors running counter to the trend. 

Although .the share of smalle~wineries has decl~ned drastically since 1948, 
in absolute tenns the total FSC provided by small firms has only decreased by 10 
percent whi 1 e their number has actually grown. However, during the period of 
modest growth of the industry, 1948-68, the number of small wineries decreased 
and their total FSC fell by about 30 percent. From 1968 to 1985, under rapid 
growth, the number of small firms and their total FSC has increased. Probably 
the major factor explaining their continued survival is product differentation 
and consumer loyalty to brand names, 

Conclusions 

The survivor approach is not a good empirical reflection · of the 
theoretically optimal firm size because its results are not ba.sed solely on cost 
but on all the variables in the economic environment including market 
imperfections, and fortuitous circumstances of all types. But, precisely 
because it shows the cumulative practical effect of all economic variables, it 
has good predictive power as to the likely success of firms of different sizes. 

The modified survival analysis applied to the California wine industry over 
the period 1948-85 concludes that the minimum efficient scale for a winery is 29 
million gallons. While smaller wineries exist, their survival is probably due 
to consumer l oya 1 ty and rapid growth of over-a 11 wine demand. A new sma 11 
winery . will not initially have i:onsumer loyalty and cannot count on continued 
rapid growth of over-all demand. The authors conclude that the probability of 
successful entry into the industry is considerably enhanced if the winery is 
built to a capacity of 29 million gallons, or more. Finally, while the optimum 
size is large firms, and the largest alone has about one-third of the California 
wine industry FSC, there are 12 firms in the large category and a winery at the 
MES would provide only two percent of industry capacity. Moreover, the market 
has available other domestic and foreign wines. Thus, there does not appear to 
be monopoly power in the industry to an extent that would call for government 
regulation. 
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My friends: 

DROUGHT .EFFECTS UPON THE AGRICULTURAL 

· ECONOMY OF THE SOUTHEASTERN UNITED STATES 

John G. Hehr and Charles R. Britton1 

I saw drought devastation in nine states. 
I talked with families who had lost their wheat crop, lost their corn crop, 
lost their livestock, lost the water in their well, lost their garden and 
come through to the end of the summer without one dollar of cash resources, 
facing a winter without feed of food - facing a planting season without seed 
to put in the ground. 

I saw cattlemen who because of lack of grass or _lack of winter feed have been 
compelled to sell all but their breeding stock and will need help to carry 
even these through the coming winter. I saw livestock kept alive only 
because water had been brought to them long distances in tank cars. I saw 
other fann families who have not lost everything but who, because they have 
made only partial crops, must have some fonn of help if they are to continue 
fanning next spring. 

Introduction 

* A Fireside Chat on Drought 
September 6, 193 

Franklin D. Roosevelt 

As one can see from the above quote, after fifty years, the situation 
remains somewhat similar. The drought of 1986 was one of the most severe 
ever to occur over the southeastern region of the United States. Because of 
this agricultural output suffered major declines. Obviously, crops were 
adversely affected but what is sometimes forgotten is the impact upon poultry 
production. The 1986 drought combined lack of moisture with high 
temperatures. This led to severe impacts upon poultry industries as 
witnessed by the transfers of feed materials from the midwest to the 
southeast. 

In this paper the authors first used the Palmer Drought Index to 
document the spatial extent and severity of the 1986 drought using the 
climatic divisions of the southeast. Next, egg production which is drought 
and particularly heat sensitive was used as a guide to drought impact upon 
the poultry industry. 

The Extent of the 1986 Drought 

The drought of 1986 in the southeast region of the United States was one 
of the most severe ever to occur over the area. The dry period was not one 
of short duration but, instead, represented a prolonged period of dryness. 
During 1984, nonnal to above nonnal precipitation occurred over the Southeast 

1Respecti ve ly, Department of Geography and Department of Economics, 
University of Arkansas, Fayetteville, Arkansas 72701. 
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and only isolated state climatic divisions experienced mild to moderate 
drought conditions as evidenced by the Palmer Drought Severity Index. The 
slow drying of the Southeast was initiated during the winter of 1984-85 when 
much of the area received less than 50 percent of normal precipitation. It 
appears that the drought of 1986 in the Southeast was associated with a 
prolonged period of dryness with absence of winter and late winter-spring 
precipitation contributing substantially to the event. 

Although the Palmer Drought Index for April 1985 indicated several 
climatic divisions with severe to extreme drought, the summer and fall of 
1985 were associated with some increased precipitation. By October of 1985 
drought conditions over much of the southeast had abated and only scattered 
climatic divisions were experiencing mild to moderate drought. The normal 
winter, late winter-spring precipitation again failed to materialize in 
1985-86, and the April 1986 Palmer Drought Severity Index for the southeast 
indicated a widespread area with severe to extreme drought. During the late 
spring and into the summer months the Bennuda anticyclone was advected 
westward over the southeastern states and the summer precipitation also 
failed to occur. The abnormally strong anticyclone also substantially 
reduced cloud cover over the southeast and record heat occurred along with 
extreme dry conditions. 

The Palmer Drought Severity Index for both June and August of 1986 
indicated widespread extreme drought over the Southeast with maximum impact 
occurring in August. Exhibit 1 displays the situation in the Southeast U.S. 
for August 1986. However, by October the Bermuda anticyclone was advected 
eastward over the Atlantic Ocean and increased precipitation occurred. The 
October Palmer Drought Severity Index indicated a dramatic reduction in 
drought conditions over the southeast, but many climatic divisions still were 
experiencing extreme to severe drought. The winter, late winter-spring rains 
of 1986-87 returned to normal to above normal over much of the Southeast and 
drought conditions have been substantially alleviated over the region. 

The Impact on Agricultural Output 

Now that the extent of the drought has been identified the authors would 
like to examine its impact upon the economics of certain agricultural states. 
Obviously there were major drought effects upon crops, such as cotton, corn 
and especially soybeans. What the authors expected to find of major 
importance was the effect upon the poultry industry. As pointed out earlier 
the drought of 1986 was one of both high temperatures and lack of moisture. 
The poultry industry is affected by major heat swings. The broiler industry 
suffered from the effects of heat primarily upon the breeder stock. Turkeys 
also suffered from the high 1986 temperatures. The authors of this paper 
hypothesized that the effect upon egg production would be severe through the 
impact of heat upon layer stock. Since layers tend to be bigger, more mature 
birds they therefore generate more natural body heat. The effects of high 
temperature are heightened by the fact that there are generally more birds 
per house than for broiler production. 

The authors, for the sake of analysis of the drought effects on egg 
production, selected four states. California was chosen as being non-drought 
affected; Arkansas was chosen as being fringe affected and the two states of 
North Carolina and Georgia were identified as being high egg-producing states 
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within the major drought area as can be seen in the exhibits. 

Exhibit 2 indicated nothing unusual in the date for egg production for 
the state of California. The 1986 data basically overlays the normal 
pattern. Arkansas exhibits some drought effect as indicated in Exhibit 3. 
As explained earlier, Arkansas suffered some high temperatures in the July, 
August, and September period. As can be seen, egg production dropped 
comniserately to well below the nonnal pattern. 

Drought ~everit~y Index lJ~Y Di\1isio11 
(Long Tern1, Palmer) 

August 1986 

~ -1 .0 -1 .9 mild drought 

m -2.0 -2 .9 moderate dr·ought 

~ -3.0 -3.9 severe drought 

• -4.0 bel0w exfreme drought 

Exhibit 1 
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Georgia, the most drought impacted of all the southeastern states, was 
hypothesized as being the most affected. As can be seen in Exhibit 4, there 
was some effect but it was rather slight. Egg production stayed barely below 
normal for only the July-December time period. The explanation of the lack 
of major effects is believed to be the location of the layer houses in the 
more mountainous regions. The higher altitudes helped keep the drought 
effects from being felt. 

Exhibit 4 

Eggs per 100 Layers per Doy 
Georvio: Normal and 198!5 
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North Carolina provides the most interesting case. As can be seen in 
Exhibit 5, drought effects upon egg production in North Carolina were 
non-existent. In fact, it ran counter to the pattern as expansion occurred 
to make up for the losses being suffered in other areas. Once again, the 
location of the layer industry offset the drought effects. The coastal areas 
are not of any major importance for egg production as the location of layer 
houses is in the higher altitudes. 

Conclusions 

Obviously there were major drought effects in 1986. The authors 
hypothesized that egg production would be most affected due to its nature. 
The hypothesis was rejected as the authors found this was not the case, 
however. The location of the layer industry in Georgia and North Carolina 
has been one designed to offset the effects of drought. It appears that the 
industry has been very successful in this endeavor. 
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ORGANIZATION OF A NEW AGRICULTURAL INDUSTRY IN THE SOUTHWEST: 

Introduction 

BUFFALO GOURD AS A DRYLAND CROP FOR FUEL ALCOHOL 

Eugene B. Shultz, Jr1 and Janice E. Arding2 

The buffalo gourd, a relative of squash, produces abundant yields of 
root starch without irrigation in the southwestern United States. The roots 
can be ground and fermented to alcohol for blending in super-unleaded 
gasoline. A preliminary economic analysis has indicated that growing buffalo 
gourd for this purpose is likely to be profitable (Deveaux, 1985). 
Therefore, buffalo gourd is a potentially attractive new dryland crop. 

Of special interest is the state of New Mexico, where the fuel ethanol 
industry is centered in the eastern part 'Of the state and is based 
significantly on grains irrigated from the Ogallala aquifer. Grain farming 
in eastern New Mexico is generally unprofitable, and the high cost of 
irrigation is a large part of the problem. The Ogallala aquifer is the only 
source of irrigation water for Curry and Roosevelt counties, and it provides 
10 percent of the needs of Quay County. Water resources in the aquifer may 
decrease by 45 percent by the year 2020 if current consumption patterns 
continue (High Plains Associates 1982). Already, some irrigated farmland in 
Roosevelt County is being returned to dryl and agriculture because of the 
increase in pumping cost as the water table drops. 

Since 1980, New Mexico has offered a tax incentive on 90 percent 
gasoline/10 percent ethanol fuel blends to stimulate the development of the 
fuel ethanol industry. With the six cents per gallon federal tax exemption 
on alcohol fuels, the total subsidy is presently 17 cents per gallon for 
ethanol-blended fuel produced in New Mexico. The state incentive program is 
scheduled to end in 1991, and the federal incentive expires in 1992. 

The literature on buffalo gourd now includes about 100 references on the 
botany, genetics, and culture, mostly published by University of Arizona 
investigators; the major work on growing the roots was written by Nelson 
et al. (1983). Deveaux and Shultz (1985) have carried out an interpretive 
review of most of the buffalo gourd literature. Recent investigation into 
buffalo gourd as a starchy root crop for fuel ethanol have been carried out 
in New Mexico, under sponsorship of the New Mexico Energy R&D Institute, and 
preliminary economics have been published (Deveaux, 1985; Shultz et al., 
1985; Deveaux et !}_., 1985; Goldstein et !}_., 1986). - -

The main objective of the present paper is to discuss concepts and 
strategies for structuring a new industry to produce roots of the buffalo 

1Department of Engineering and Policy, Washington University, St. Louis, 
Missouri 63130. 

2Microbiology and Cell Science Laboratory, University of Florida, 
Gainesville, Florida 32611. 
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gourd for fermentation to fuel ethanol. Two approaches will be considered: 
centralized and de-centralized production of ethanol. In both cases it is 
suggested that fuel ethanol production be detached from the animal feed 
industry. Instead, the stillage would be treated anaerobically to recover 
its energy content as a methane-rich gas for plant fuel use. 

Centralized Production of Ethanol 

Consideration must be given to a host of strategic questions on how the 
fanning and processing of buffalo gourd roots might be organized. For 
example, fresh roots are about two-thirds water, so costs of hauling fresh 
roots for long distances would be excessive. The roots dry and harden in a 
few days making size reduction difficult unless carried · out soon after 
harvest. Cold storage delays drying, but is costly. Therefore, if ethanol 
is to be produced in a few large centrally-located distilleries, roots will 
probably be cleaned and ground within a few days after harvest, dried to 
prevent fungal and microbial attack, and stored for shipping to central 
distilleries throughout the year. Solar drying might be employed, perhaps 
via hot air produced in a solar heater. 

Although such processing might be done on the farm, a more practical 
strategy may be to organize local "pre-processing" facilities - private 
businesses or fanner-owned cooperatives - that would wash, grind, dry, store, 
and ship. Also, pre-processors might own special harvesting for rental to 
individual farmers or provide custom root-harvesting services (Deveaux et 
!]_., 1985; Goldstein et!]_., 1986). 

Further, fanners might grow buffalo gourd under contract to 
pre-processors, or to ethanol producers, to overcome fanner concerns that a 
market for the roots may not materialize. Pre-processors, both cooperatives 
and entrepreneurs, may even bufld or buy ethanol plants, or purchase part 
interest, to further ensure that markets will exist. Alternatively, ethanol 
producers may invest in local pre-processing facilities to assure the 
availability of feedstocks through the year (Deveaux et al., 1985; Goldstein 
et!]_., 1986). --

It is possible that centrally-located distilleries may be designed to 
process both grains and roots, but it may be more likely that they will be 
specialized for one or the other. Grains and roots are not interchangeable 
feedstocks. Although fermentable starch is available in both grains and 
roots, there is a bitter material in the roots that is not present in grains. 
Therefore, the by-product (stillage) from root fermentation is bitter, so its 
value as an animal feed is problematic. 

An alternative to conventional co-production of ethanol and animal feed 
is the conversion of the wet stillage by-product to a methane-rich gas for 
plant fuel use, for example, for cooking the mash and heating the 
distillation columns. Arding (1986) and Arding and Shultz (1987) have 
investigated the technical/economic feasibility of fuel gas production by 
anaerobic treatment of stillage from grain fennentation. In brief, the 
economic outlook is promising for ethanol plants with process energy demands 
between 50,000 and 100,000 Btu/gal, such that a significant percentage of 
fossil consumption may be avoided. Further, the considerable uncertainties 
of producing by-product animal feed in competition with soybean meal and 
cottonseed meal are eliminated. 
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Accordingly, a centralized system for conversion of roots to ethanol 
will involve local pre-processing facilities that supply large central 
distilleries dedicated to root fermentation and using a simplified scheme of 
cooking, mashing, fermentation, distillation, and fuel gas production {Figure 
1). No animal feed would be produced. A variety of contractual and 
investment arrangements might be utilized to ensure that farmers have markets 
and that the ethanol producers can obtain roots. 

Pre-processing Functions 
I. Harvestlnq services (optional) 

a) Custom harvestinq, or 
b) Harvester rental 

2. Washinq 
3. Choppinq 
4. Drying 
5. Grinding 
6. storage 
7. Shippinq of root "flour" to 

central processor(s) 

LOCAL PRE-PROCESSORS 

Figure 1. Centralized Strategy 

Decentralized Production of Ethanol 

CENTRAL 
PROCESSOR 

l. Saccharification 
2. Fermentation 
3. Distillation 
4. Anaerobic Digestion 

of Whole Stillaqe 

Arding {1986} and Arding and Shultz {1987} indicated that the economic 
advantage of converting stillage from grain fermentation to fuel gas, 
compared to the conventional conversion of stil lage to animal feed, may be 
greater for smaller than larger distilleries. Further analysis is needed. 
However, it is likely that small ethanol plants providing a significant 
amount of their own fuel requirements will be economically feasible. In this 
case, the function of local pre-processing could be merged with those of a 
local distillery. Again, the operation of the distillery would be simplified 
by converting the stillage to fuel gas rather than to animal feed. 

Pollution Control and Energy Conservation Opportunities 

In addition to producing fuel gas for plant use, anaerobic treatment can 
aid significantly in mitigating serious groundwater pollution problems that 
continue to plague the fuel ethanol industry. Cost-effective methods of 
disposing of thousands of gallons of stillage daily have eluded the industry. 
Of great concern is the high content of nitrogen which leads to nitrate 
pollution of groundwater. Nitrogen in the 1 i quid effluent from anaerobic 
treatment may be removed by ammonium stripping (Skogman, 1979} and sold in 
the form of ammonium salts as fertilizer. 

The recovered raw product gas can be utilized by conventional combustion 
technology to produce heat and/or steam, and/or converted to electricity by 
cogeneration. It is likely that either approach would provide a number of 
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energy conservation opportunities. Also, in the case of the decentralized 
strategy, because pre-processing and processing operations would be '. carried 
out under one roof, additional energy conservation steps should be possible 
by using waste heat, for example, in the drying of ground root material. 

Conclusions 

Although the studies reported on here are still in early stages, it 
appears that buffalo gourd is 1 i kely to produce more starch per acre with 
less water input and at lower cost in eastern New Mexico than the grains 
currently used for making fuel ethanol. The grains show negative returns to 
land and risk, while positive returns are likely for production of buffalo 
gourd root. Buffalo gourd can probably be grown as a dryland crop in 
eastern New Mexico, with supp 1ementa1 i rri ga ti on needed in some yea rs, 
thereby helping to lengthen the life of the underlying Ogallala aquifer. 

In addition, it is suggested that a restructured fuel ethanol industry 
based on roots of the buffalo gourd as feedstock could be significantly 
simplified. It can be streamlined for ethanol production, and avoid the 
present combination of ethanol and animal feed which exposes the industry to 
the market fluctuation due to competition with soybean and cottonseed meals. 

Simplification of the production process and marketing operations can be 
achieved by replacing recovery of by-product animal feed by production of 
fuel gas. Anaerobic treatment of stillage liquids would produce a 
methane-rich gas, and also mitigate problems of groundwater contamination 
currently facing fuel ethanol producers. This simplified approach seems to 
make sense particularly when the feedstock is the root of the buffalo gourd. 
These roots are bitter and the bitterness remains in the stillage, putting 
its value as an animal feed in some question. 

The organization of the new fuel ethanol industry will depend on the 
relative cost-effectiveness of large- and small-scale ethanol plants using 
the simplified concept as the design basis. There is a possibility that such 
plants may not need to be large to be economic. If further 
technical/economic feasibility studies bear this out, a decentralized 
strategy might be followed in which pre-processing and processing would be 
combined in relatively small local distilleries. On the other hand, if 
studies confirm that large operations are still justified, a centralized 
strategy involving satellite local pre-processing facilities can be 
envisioned, in which dried, ground root material is shipped periodically to 
central distilleries. 
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Introduction 

SETTLEMENT CLAIMS IN WESTERN TEXAS: 1845-1898 

Patricia Nordyke Pando1 and Florence Coffee Gould2 

That large sweep of land which today is known as Texas once sustained 
roving groups of native Indians and those who sought to settle and plant their 
crops. Although the Indians indentified with, and depended on the land, they 
did not claim to 11 own 11 it. The Goncept of ownership came later, brought by 
Spanish. and Mexican · settlers who moved northward, fol lowed by European 
intnigra.nts who landed on the beaches of the Gulf Coast and moved inland and by 
Americans who streamed in from the east and north. Those who came found land in 
abundance, and of great variety. Some land was laced with rivers and blessed 
with rain, inviting cultivation; farther west the land was arid, hard to farm, 
more amenable to ranching. 

The governments of Mexico and, later, the Republic of Texas, were generous 
in granting to settlers ownership rights to vacant land. When the Republic 
joined the Union as a State in 1845, by a joint resolution of Congress, Texas 
retained "all the vacant and unappropriated lands lying within its limits, 11 

{State of Texas Laws, 1846). Thereafter, operating alongside federal land 
policy in all of ~other states, the State of Texas maintained its own land 
policy, with its own laws and administrative machinery. As part of a larger 
land policy, successive Texas legislatures had to decide whether, and how, to 
use public land to attract settlers. 

The evolving land settlement laws and socioeconomic development resulting 
from them offer a fertile field of investigation. Reported here is one segment 
of that larger story. This paper focuses on claims for land by women settlers, 
who sought to "homestead" in the more western, arid lands of Texas during the 
period of statehood, from 1845 until 1898, when the State Supreme court ruled in 
Hogue v. Baker { 92) TX 58, 1898, that there was no more vacant public land 
available for homesteading. Our data on women homesteaders in the arid lands is 
part of a larger survey of all claims filed by women under the Homestead and 
Pre-emption laws of the State of Texas, recorded and stored in the archives of 
the General Land Office {GLO) of the State of Texas. 

In order to understand the scope of this project and the data itself, it is 
useful to look briefly at the land laws that applied to settlers, and how the 
GLO administered them. Acts by Texas legislatures made land available to 
settlers by both sale and donation • . Under laws of "pre-emption", which were 
designed to raise revenue, an actual settler was given first preference to buy 
land at a modest price after meeting all requirements specified. "Homestead" 
laws donated land to qualified settlers. 

Upon entering the Union in 1845, Texas enacted its first pre-emption law, 

1school of Business, Albany State College, Albany, Georgia 31704. 
2 Department of Political Science, Southwestern University, Georgetown, 

Texas 78626. 
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which provided that "all individuals" who settled upon and improved the land for 
three years could claim first option on up to 360 acres at 50 cents par funds 
p_er acre ( 2 Gammel 's 1073), a 1 though maximum acreage was reduced to 160 acres 
for all claims filed after 1858. With the exception of four years between 
February 13, 1854 and February 10, 1858 land could be acquired in Texas by right 
of pre-emption from 1845 until 1889, when public lands were withdrawn from sale 
(9 Gammel's 1044-45). 

In 1854 the Legislature passed its first homestead law, which actually 
pre-dated the federal homestead law by eight years. It authorized grants of up 
to 160 acres to "all individuals" who settled for three years on and surveyed 
vacant land and made "his" or "her" improvements (3 Gammel's 1550). This 
law was repealed in 1856, but was reinstated a decade later. The Homestead Act 
of 1866 said that only "white settlers" who were "heads of families" or were 21 
years of age were qualified to file for claims (5 Ganmel's 1121-1122). The two 
groups of claimants were entitled to 160 and 80 acres respectively and these 
maximum acreage allotments continued in effect until the end of the century. In 
1870, during Reconstruction, the Legislature eliminated the words, "white 
settlers", and said land would be available to "every head of a family who has 
not a homestead" and all single men 21 years of age. The Constitution of 1876 
retained the provision for homesteading but lowered the age for single men from 
21 to 18 years (8 Gammel's 825). Under the Constitution, homesteading remained 
in effect until 1898. 

It is significant to note that from 1870 until 1898, when most of the 
claims in West Texas were filed, a woman could only "homestead" if she could 
prove she was the head of the family. By comparison, in the rest of the union a 
single woman had the same opportunity to homestead as a single man. Apparently 
eligibility under pre-emption law was the same for men and women. 

Both pre-emption and homesteading operated side by side. Procedures for 
filing a claim and receiving a patent of ownership were basically the same for 
both pre-emptors and homesteaders. One moved onto vacant land, filed an 
affidavit of claim with the county or district land office and hired a survey 
which was to be kept on file. After living on the land for at least three 
years, one filed application for a patent, appeared with two witnesses to swear 
compliance with the law, and paid fees for processing the patent. 

A General Land Office, created by the Republic in 1836 (1 Gammel's 216), 
was instructed by the Legislature the following year to survey and section as 
much vacant land as possible into tracts of 640 and 320 acres (1 Gammel's 1826). 
In the years following, the Texas Legislature fixed the boundaries for land 
districts and counties. Of interest here are the two westernmost districts of 
Bexar and San Patricio, which we have identified as containing the most arid 
lands of Texas (Exhibit 1). As early as May of 1838 the Legislature by joint 
resolution fixed the dividing line between Bexar and San Patricio (1 Gammel's 
1506), and in numerous later acts created counties within these districts and 
adjusted their boundaries. For example, as late as 1858, an act adjusted the 
boundaries between San Patricio and Nueces counties (4 Gammel's 937) and 
legalized surveys in the disputed territory between Milam and Bexar (4 Gammel 's 
1078). 

Sma 11 groups of American and European settlers had ventured into these 
western lands even before Texas independence. Rachel Hebert in The Forgotten 
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Colony: San Patricio de Hibernia, (1981) recounts how in 1828 two boat loads 
each of some 35 Irish men, women, and children were separated in the-.,-Gu-lf, 
everitually landing on the coast and -wandering overland to the Mission Refugio 
and later to a site they selected about a mile from the Nµeces River where they 
formed a town. These early colonists _ had ori-going difficulty securing land 
titles from Mexico, trouble with _Indians, and always trouble raising or 
obtaining enough food. Near starvation occured during the War for Independence. 

. ·· . . 
I . . . . . 

Over the years other innnigrants drifted west, often· to graze or round up 
cattle, but sometimes to faryn , ·. There was a surge of innn~ .gration to Texas after 
the Civil War. Accord:ing to Sewell and Rogers (1973) 1-~- these later imnigrants 
had · 

.. 
"two options when they got to Texas. They could settle on the 
abandoned plantations in the eastern regions and develop a 
tenant farmer lifestyle, or they could follow the railroads 
west. Ea·st Texas plantation land soon filled. The railroad 
companies, eager to turn their land grants (from the legis
lature) into cash, encouraged the immigrants to go into the 
arid .western plains, where there was little imnediate hope 
for prosperous farming." 

For settlers without enough cash to buy land from the railroads or 
speculators, pre-emption or homesteading on a maximum of 160 acres of often dry 
or rocky land was at least a start. It is to the record of claims filed by 
women in the land districts of Bexar and San Patricio that the authors now -turn. 

The General Land Office of the State of Texas maintains the records of land 
claims in the state from the Spanish period through the final homestead and 
pre-emption claims field in 1898. The actual land claim (affadavit) and all 
susequent material (survey notes, certificate of occupancy, etc.) are filed by 
specific claim number in the archives of the GLO. These claims are indexed 
alphabetically by surname in four undated volumes. Each entry lists the 
claimant's name, the claim size and number, county and land district. Neither 
the date of the claim nor its final disposition is listed. Claims made before 
1870 are grouped with claims made during the Republic; subsequent homestead and 
pre-emption claims are listed together in separate volumes. Pre-emptions and 
homestead claims are not differentiated. 

Because dates are not listed, researchers encounter many problems in 
working with the earlier data. Many of the claims are not classified by type so 
that in these cases it is not possible to determine if the claim was made after 
the admission of Texas to the Union. In these cases claims of 160 acres or less 
the authors counted as made after 1845. A few years of data are lost since 160 
acres became the maximum claim size beginning in 1854; however, given the data 
limitations, this seems the safest approach. 

Another difficulty with the data is determining the sex of the claimant. 
All claims with distinctly female first names are included. Claims listing only 
initials were discarded. Questionable first names were checked by direct file 
examination. Again, some claims are doubtlessly lost by discarding the 
initial-only names. 

The original study classifies the claims of women by land district, 
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comparing · these claims. to total claims. The present study focuses on the Bexar 
and San Patricio land districts. It ·examines the distribution of claims by 
county and geographic dispersion and draws some general conclusion about· the 
incidence of women settlers on the arid lands of Texas. 

Because the early data is questionable, it is analyzed separately. Twelve 
original claim~ in six counties were made by women prior to 1870. Of these, six 
were made in the San Patricio land district (two counties); six were in Bexar 
(four counties). Duval County had five claims, Atascosa three, and all others 
one each. All of the claims were for 160 acres. ·There are no estimates of. the 
total number of claims during this . period; · therefore, it is impossible to 
estimate what percentage of total claims were made by women. 

Between 1870 and 1898 women made 1,206 original . claims for land, 3.9 
percent of the 31,138 claims recorded in the GLO. Nine claims were made by 
women in San Patricio land District, a considerably smaller 2.2 percent of the 
total of 554 claims. In this district claims were·- made in the five counties of 
Bee, Duval, Jim Wells, live Oak, and Zapata. Duval County tops the list with 
four claims, fewer than in the earlier period. All affadavits claimed 160 acres 
save for the single claim of 153 acres in Bee County. 

A larger number of claims, 307, were made in Bexar Land District. Bexar 
also shows the highest number to total claims 9,791. Because Bexar land 
District is the largest in the state and because it is the farthest west and 
likely to be the last settled, this is not suprising. Women represent 3.1 
percent of the claims in this land district. This is slightly less than the 
state average. An interesting note is that one of the claimants in the later 
period, Corsilla A. Ridgeway, also made a claim before 1870. 

Claims were made in 58 counties in the Bexar land District. Of the entries 
reporting size (some do not), 104 were for fewer than 160 acres; 197 were for 
160 acres. None were for more. The claims are distributed across the district 
from the 16 claims in Hartley County in the Panhandle to the four in El Paso and 
the 32 in Atascosa. Several of the 14 claims in Bexar County are confirmed in 
Ingmire and Thompson's listing of grantees and patentees in the county (nd.) 
Over half of the claims are in the southeast region of the district stretching 
from Atascosa to Coke counties. Seventy-eight claims, about a quarter of the 
total, were made in the Panhandle (Crosby and Dickens counties and north). As 
the authors expected, the most sparsely settled area was far west Texas; 
although it is interesting to note that the only claim the authors found for 
11 town lots 11 were made by Petra Lopez of El Paso. 

What a challenge it will be for historians and genealogists to discover the 
personal and family stories of Petra Lopez and others of these pioneering women. 
For now, the authors are providing a first look at these women as a group, 
identifying the extent and patterns of settlement in Western Texas. 
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Introduction 

WOMEN'S : ROLE. IN. DEVELOPMENT: THE CASE OF ZAMBIA 

Joyce Kanyangwa1 

TMs,; paper discusses the economic roles of rural and urban women in Zambia, 
the constraints facing them and also effort made to improve their situation. 
The paper is based on a review of articles. 

Zambia is in South Central .Africa and has a population of 5.7 million with 
about sixty percent living in the rural areas. In spite of an insignificant 
contribution of Agriculture to the Gross Domestic Product (7%), Zambia is 
basically an agricultural country with the majority of people still engaged in 
agriculture. Formal wage employment is concentrated in the urban areas with the 
civil service being the largest employer, while the mining industry takes up a 
good share of the labor force. Since only a small proportion of the population 
actively seeking employment are formally employed, a lot more people go into 
self employment of the informal sector. There is a great disparity between 
opportunities in rural and urban areas. On the average, a rural household earns 
three times less than an urban household. 

Women and Work 

The rural population is mostly engaged in agricultural production which is 
highly dependent on household labor. Women are not only a source of labor but 
are also reproducers of labor and these two qualities make women very valuable. 
Tradition and custom play a very important role in determining roles of 
individual members of the household. On the average, women spend longer hours 
than men on both farm and household activities. Table 1 gives the avera~e 
number of hours spent on household and farm activities by various members of the 
household. The amount of time spent on various activities tends to change with 
season. This table is representative of a situation in the rainy season. 

Tasks performed both in homes and the field are allocated based on sex. 
For example, women plant, weed, harvest and process while men prepare the land. 
However, the allocation of tasks based on gender tends to diminish as households 
move from traditional subsistence production to improved methods and to 
relatively large scale production which is more demanding. This transition 
requires reorganization of labor within the household and has led to the 
increased workload of women and their participation in more laborious activities 
such as stumping of trees and handling of oxen which were previously done by 
men. However, activities which are less tiring such as negotiation of loans, 
inputs and managing of farms are still done by men (Mbulo, 1980). The 
traditional allocation of farm activities based on sex is an indication of low 
level adoption of improved agricultural methods of production. Since improved 
methods of production place high labor demands on households, it becomes 
difficult to assign tasks best suited to women. Women tend to rely on the labor 
of their children and this reliance creates pressure to have more children which 

1oepartment of Food and Nutrition, Texas Tech University, Lubbock, Texas 
79409. 
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Table 1. Allocation of Hours Per Day by Gender, 1982. 

Hours worked per day 

Household Member Farming Household tasks Total 

Women 6.6 4.2 10.8 

Husbands 5.6 0.4 6.0 

Children 8-11 male 0.9 0.3 1.2 

female 1.5 0.6 2.3 

Children 12-17 male 1.4 0.2 1.6 

female 1.6 1.0 2.6 

Source: Due and Mudenda, 1985. 

Table 2a. Effect of Participation on Leisure and Social Obligation 

None 

Less Time 

Uncertain 

No Response 

Total 

Social Obligation 

44.6% 

23.5% 

24.6% 

7.3% 

100.0% 

Leisure 

43.3% 

51.1% 

1.1% 

4.5% 

100.0% 

Table 2b. Effect of Participation on Child Care Responsibilities 

Percent 

No young children 

No change 

Assisted by older children 

Less time 

Uncertain 

Total 

Source: Chilivumbo & Kanyangwa, 1985. 

15.5 

38.7 

16.9 

23.2 

5.7 

100.0 
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in turn places conflictin9 demands on women since they cannot afford to disrupt 
any of these activities (Chilivumbo, 1984). Increased labor demands on women 
are often accompanied by a reduction in participation of other activities such 
as child care, leisure and social obligations such as visiting the sick. Tables 
2a and 2b show the effect of participation . of women in improved agricultural 
production methods on social obligation, leisure and child care 
responsibilities. 

A study conducted in Northern Province of Zambia found that the excess 
workload had detrimental effects on women's health. On the average, women were 
afflicted by illness twice as frequently as men and accounted for 77 percent of 
the illness in the sample. They also had longer periods of illnesses during the 
rainy season, particularly at high peak labor time {Allen, 1984). 

The introduction of cash crops has introduced management of crops based on 
sex. Women manage food crops, while men take care of cash crops although women 
are still expected to work in cash crop fields. Cash crops in Zambia are more 
valued and they are encouraged by marketing agencies which offer growers 
financial and extension services. Close monitoring is done of cash crops. 
Since women go into non-cash earning ventures, they are often not eligible for 
financial help and therefore are not able to expand their production. 

The rural provinces tend to have a higher female-male ratio and higher 
percentage of female-headed households due to a high rural male out migration. 
Female-headed households tend to be more marginalized than any type of farming. 
They have inadequate labor and do not own much equipment. They often have to 
borrow equipment from relatives and . therefore have to wait until those who 
own equipment plow their fields. As a result they often plant late and 
their crops do not perform well given the short rainy season. The national 
nutritional status survey found that areas with the highest incidence of 
female-headed households also had the most malnourished mothers and children. 

On commercial farms, most women work as unpaid family workers. There are 
more women employed as seasonal or piece rate workers as compared to women who 
are fully employed. The fact that more women are not hi red on a 1 anger-term 
basis means that they are not given any specialized training and therefore, they 
perform activities which are not yet replaced by machinery. Furthermore, they 
are not eligible for terminal pension benefits or compensation in case of 
accidents. The law requires employers to register and make contributions to 
their employees pension if they are in employment for a period of at least six 
months. Seasonal workers are in employment for less than that period. 

Women in the urban areas fa 11 into two categories; the educated and 
qualified ones who find jobs in the formal sector and those who are in the 
informal sector. Of the total labor force in the formal sector, women make up 
only 7.2 percent {C.S.O., 1980). Distribution of women in the various 
industries as shown by Table 3 indicates that women are concentrated in 
connnuni ty, soci a 1 and personnel services which often are lower paying jobs. 
About 44 percent of women employed are in the connnunity, social and personnel 
services. An examination of the types of jobs women perform indicated that 38 
percent of employed women in professional technical and related jobs are mainly 
school teachers, nurses and social workers, while only 7.7 percent were in 
production related jobs. The mining and manufacturing industries which are 
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Table 3. Distribution of Employees by Industry and by Sex in 1980 

Indus tr~ Male Female 

Agriculture, Forestry & 
Fisheries* 29,350 2,230 

Mining and Quarrying 53,630 3,080 

Manufacturing 43,080 2,600 

Electricity and Water 7,920 120 

Construction & Allied Repairs 42,040 800 

Distribution, Restaurant & 
Hotels 27,500 2,530 

Finance, Insurance & 
Real Estate 19,000 2,570 

Transport & Communication 22,140 1,260 

Community, Social & 
Personnel 89,950 11,080 

All Industries 334,000 26,370 

*Excludes farmers 

Source: c.s.o., 1980. 

production oriented tend to have particularly few women compared to any other 
industries. This is so partly because the law tends to be protective towards 
women. For example, the Employment Act Clause 13 of the Cap 505 of Laws of 
Zambia states that: 

No women shall be employed during the night in any public 
or private industrial undertaking or in any branch thereof, 
other than an undertaking in which only members of the same 
families are employed ••• 11 

This protection of women from working in night seems unjustifiable because when 
the work itself is female dominated such as nursing, the law does not find it 
necessary to protect women. 

The granting of paid maternity leave to women, although it works to their 
benefit, puts women at a disadvantage when they are seeking employment because 
most employers find it too costly to pay women during the period they are not 
working (Longwe, 1985). Women's low educational attainment further puts them 
in a disadvantaged position. Although the Ministry of Education has established 
a lower score for girls to enable them to enter secondary schools, female 
enrollment is remarkably lower in secondary schools. Furthermore the type of 
subjects that girls are encouraged to take may not be suitable to enter 
technical colleges. The Education Act under Primary and Secondary Schools 
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Regulations state that in primary schools, needlework should only be offered to 
girls. Most schools are however disregarding this rule. Girls are not able to 
compete well in education because of household chores which some mothers 
consider to be more important then homework. A lot of people still feel that it 
is a waste of time and resources to put girls in schools since they eventually 
will become housewives. Girls have been made to believe that and therefore do 
not take school as seriously as they should. 

Since women's access to formal employment is .very low and the need to have 
extra income to supplement their husbands income is a necessity for most urban 
households, the informal sector characterized by trading seems to be the only 
income-generating option. Unlike their male counterparts who go into more 
lucrative trades such as electrical or mechanical repairs, carpentry, 
tailoring and related trades, women deal in activities similar to those 
typical of rural women; selling fruits, vegetables and cooked foodstuffs 
(Bardouille, 1982; Hansen, 1980}. This kind of trade is like a transfer or 
rural activities into the urban areas. The problem with this, however, is the 
seasonality pattern. Vegetables are scarce in the rainy season and at the time 
they are in season women experience a lot of losses due to limited storage 
facilities and lack of knowledge in processing. 

Both farm and non-farm women face similar problems. They tend to operate 
in smal 1 activities which are 1 i kely to remain static or retrogressive due to 
lack of capital, credit, knowledge and skills. Although there are no written 
laws prohibiting women from applying for loans, some administrative practices 
such as having a written consent from husbands before their loan application can 
be processed tends to be discouraging to some women. Most men fear to let women 
become economically independent because they feel they can no longer control 
them. Only about five percent of agricultural loans normally granted to small 
seal e farmers have been given to women. Due to the above constraints, women 
have been confined to low level productivity which is often not profitable. 

Efforts to Improve Women's Conditions 

Efforts by the government to address women's issues have been primarily 
through establishement of women in development units in various departments such 
as agriculture, planning, and community and social services. These key 
departments plan and integrate women's issues within their programs. However, 
the approach they have foll owed has consisted primarily of projects, such as 
income-generating activities. The problem with such an approach is that only a 
few women are reached and often projects are planned without addressing their 
needs. It is, however, dHficult to get to know rural women's needs. In one 
study it was found that the rural, uneducated women had more difficulties in 
articulating their needs as compared to those who had traveled outside their 
communities. The educated and those exposed to the outside world felt unhappy 
about their present situation and more often expressed the need to change their 
situation (Kanyangwa & Shula, 1985). 

It has been recognized that rural women work longer hours than men and they 
would greatly reduce their workload if given the appropriate technology, 
Several Appropriate Technology Centers have been established in the country to 
introduce rural women to simple devices that would assist them in domestic and 
agricultural activities. Although the adoption rate is disappointingly low, the 
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use of these technologies is new to most of these rural women, and therefore, 
they need to be continually encouraged before adoption can take place. 

Agriculture remains as one sector where women could do well if given 
increased opportunities. The present strategy of earmarking special funds for 
women does not solve the problem since only the relatively well-off women are 
able to join such projects. The needy are often not reached. One · of the 
biggest cha 11 enges for extension workers and deve 1 ope rs is how to capture the 
very needy and to get them involved in programs designed for them. 

The government ratified the United Nations Convention on elimination of all 
forms of discrimination against women but laid the responsibility on women to 
bring to their attention any laws they found discriminatory. The fact that the 
government places responsibility on women, is a sign of lack of co1Y111itment to 
the whole issue of women. Unless both men and women are whole-heartedly 
committed to the issue of women, merely amending the laws won't really bring 
about the desired changes. This is where pressure groups need to put emphasis; 
to not only make women aware of their rights, but also to educate men so as to 
change their attitudes. 
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Introduction 

METHODOLOGICAL ISSUES IN GENDER ROLE ANALYSIS 

OF RURAL HOUSEHOLDS IN PUNJAB PROVINCE 

OF PAKISTAN 

Samina Khan and E. Carolyn Ater1 

This paper reviews issues related to data collection in a developing 
country. The primary purpose · is to help prepare female researchers who may 
be interested in conducting similar projects in developing nations. The 
specific ideas on interviewing, the nature of questions .one might ·ask, and 
other methodological techniques are provided for consideration, and, where 
appropriate, for use by those doing development work (research or action). 
Which ideas will be useful will depend upon the socio-cultural environment 
in which the work is being undertaken. One must consider the socioeconomic 
settf ng, barriers and opportunities, the past history of development 
efforts, the skills available, and the purpose of the work (Bruce, 1979}. 

. The factors discussed here are drawn from a project made possible 
through a 12-week Women in Development (WID) Fellowship awarded to the 
authors by the Consortium for International Development {CID), a group of 
10 western universities. The CID/WID Fellowship program was designed to 
contribute to the recognized need for women-sensitive personnel in third 
world development projects by funding qualified faculty members as 
additions to on-going projects. 

The involvement in water management projects in Pakistan by Colorado 
State University, a CID member institution, provided the opportunity to 
carry out the CID/WID Fellowship Grant in relation to women and water 
management in an Islamic country. The Pakistan On-Fann Water Management 
Project (OFWM} was being funded by the Government of Pakistan and World 
Bank through its affiliate International Development Agency under 
leadership of Colorado State University personnel. 

One of the problems of development has been lack of infonnation at the 
highest level of government and administration regarding the participation 
of women in the rural economy. Studies have been needed on the economic 
position of women in order to plan and implement rural development 
strategies which bring about equality and which make use of the full 
resource potential of the country, both men and women (Khan, Ater and 
et tl• 1979). 

Until recently, in the social sciences in general, and in development 
studies in particular, there has been limited research on rural women. The 
studies in use primarily describe the male experience and role in 
deve 1 oping countries. Women's roles and experiences have been viewed from 
the perspective of others, primarily males, outside the culture. Nonnative 
views of women and lack of direct contact with women, · especially muslim 

1oepartment of Merchandising, Environmental Design and Consumer 
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women, have resulted in distorted information on their contribution in 
national-level and in anthropological literature (Bruce, 1979). 

Several observations have been made to explain why so few studies have 
been done on rural women's roles. One is that most studies have been done 
by men who tend to perceive women's work as peripheral to important 
socioeconomic processes (Nelson, 1979). The absence of women's 
participation in the cash market promotes this attitude. 

The few women scientists tend to absorb men's biases and/or must avoid 
a 11 feminist 11 label. Practical problems for women living alone in villages 
to conduct studies in male-oriented cultures cause other barriers. Other 
limiting factors are perceptual difficulties with the definition of work, 
the invisibility of women and the "trickle down" of information from male 
head to females (Nelson, 1979). · 

A literature review by Nelson (1979) sunmarized the status of 
information on roles of rural women in Pakistan as limited in scope, 
quantity and quality. To illustrate, a conference on "the Role and Status 
of Women in Pakistan" held in Lahore for the International Women's Year had 57 
papers but only one dealt solely with rural women. 

Only six studies concentrating on Pakistani rural women and 
development were located. Anwar and Bilquees' (1976) work emphasized 
economic and farming activities. Saeed's (1966) study was more limited and 
no comprehensive data were collected on time spent on various tasks. The 
remaining four studies concerned education, 1 ists of training programs and 
more impressionistic studies. 

Some social scientists have taken the challenge to research women's 
participation in production-oriented activities · (Quizon, 1978; Evenson, 
1982; Zeidenstein, 1979; Messer and Bloch, 1985). Essential to all 
approaches is a methodology by which to study how women in different 
cultures manage time, participate in economic activities outside the home, 
and make decisions within the household and on farm management issues. 

Methodological Issues 

The selection of the Punjab province as the location of the project 
was based on the resources available to the researchers. Since Lahore was 
the home city of the Pakistani WID Fellow, her contacts and familiarity with the 
languages were a considerable asset to the project. Selection of Punjab as the 
only site for data collection, however, was recognized as one of the limitations 
of the study. It needs to be noted at the outset that Pakistan has four 
provinces, each with its own culture and sub-cul tu res and interpretation of 
findings must acknowledge that rural women are a heterogeneous group even within 
a locale. 

The fact that the researchers were an all female team gave an 
advantage in data collection since men who are strangers are not permitted 
access to rural women in Pakistan. The composition of the data gathering 
team in terms of gender is critical when working with muslim women. 

Another issue critical to the plans for the study was the necessity to 
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schedule data collection after the month of Ramadan. Ramadan is determined by 
the lunar calendar and occurs at varying times of the solar calendar. 
Most people fast which means abstaining from food and drink even in 115°F 
temperatures. The implications for the study included: (1) the daily routine 
of women would vary from the rest of the year; and (2) it would have been 
difficult to get the cooperation of the local officials to travel to the 
villages to introduce the researchers to the village l~aders or chaudharies. It 
was also learned that serious consideration should be given to the effect of 
monsoons and the resultant torrential downpour in certain regions of Pakistan 
and India. Due to the underdeveloped infrastructure, entry and exit to rural 
areas was rather limited when most .of the annual rainfall was experienced in a 
matter of days. 

The study, and especially data collection, was greatly facilitated by 
the cooperation received from the local officials working with On Farm 
Water Management Project. They guided in selec_:ting the four villages where 
water course improvements had taken place. An official from Lahore or 
Sheikhupura, the district in which the study was conducted, always 
accompanied the researchers for the first few days in each village. 

The Pakistani member of the research team arrived in Pakistan during 
the month of Ramadan, four weeks ahead of the other . member, and initiated 
contacts with the AID mission in Pakistan and other agencies involved with 
the On Farm Water Management Project. This step laid the groundwork and 
facilitated the study once the American member arrived. Though the 
Pakistani officials were most courteous and helpful to the Pakistani 
research member in making contacts and planning the logistics of the study, 
the arrival of the American research member four weeks later somehow added 
more credibility and validity to the study from their perspective. 
Nonetheless, the value of a counterpart in the host country where research 
is being conducted cannot be overemphasized for female researchers 
interested in field studies. 

A questionnaire was used to collect the data for the study. The data 
included demographic variables, formal and informal roles of respondents in 
the Water User's Association (WUA) and activities and decisions related to 
agricultural and household productivity. 

The Pakistani researcher's familiarity with the culture was an 
advantage in preparing the questionnaire while still in the U.S. since 
terminology appropriate to the culture was used in preparation. Before 
administering the questionnaire, however, it was also reviewed by 
host-country personnel after arrival in Pakistan for suitability of 
administration. 

Research questionnaires useful for highly industrialized societies are 
not always appropriate for rural areas of developing countries. As others 
have also observed (Harder, 1979), it is especially important to develop an 
awareness that certain questions definitely tend to solicit inappropriate 
answers from the interviewees if they are asked in the wrong way, or to 
evoke an incorrect interpretation of information when the data are 
processed. For example, questions on quantities, frequencies and age could 
never be asked directly. It was necessary to alter these questions 
verbally so that a connection to the women's local environment could be 
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found. To determine the respondents' age, for example, they were asked 
whether their date of birth was before or after the partition of India 
(1947) or whether it was related to particular natural calamities such as 
floods. 

Questionnaire items pertaining to cash crops, annual productivity and 
income were modified to fit the culture. Infonnation could not be elicited 
directly for several reasons. The female respondents may not have known 
the exact amount of cash crops produced. Furthermore, there was hesitation 
to reveal the exact amount, if known, for fear that i nfonnation thus given 
could be relayed to tax authorities and hence taxes might increase, and of 
course there is the mistrust of strangers i nqui ring about one 1 s resources. 
In order to calculate annual income, the purported weight of the cash crops 
sold was multiplied by the local cost price in rupees. 

In all cases, the questionnaires were administered separately to males 
and females within the same household. Initially, the questionnaire was to 
be administered only to the females. However, it was soon realized that 
accessing females of landed households and female laborers was possible 
only by interviewing the males as well. Although this tended to confound 
the manner in which data were collected, it was thus possible to compare 
male responses with female responses. With the help of the OFWM officials, 
an introduction to the chaudhry (leader) of the village was provided and 
time was a 11 owed for the observance of the proper introductory ceremonies 
among the leading males and after which the researchers were escorted to 
the female quarters for continuation of introductory processes. The 
purpose of the study was explained to the leader, and he was interviewed 
followed by the females in the household, small landowner's families and 
female laborers in that specified order. 

Collecting data from the head male and female of the same household 
provided complementary responses to several issues. For example, on items 
pertaining to activities performed primarily by women (laborers) such as 
transplanting paddy, women were observed to be more reliable sources. On 
the other hand, women who cannot move outside their biradari (a patrilocal 
group of relatives) because of existing values and nonns are unable to 
answer questions about landed property, fonnation of Water Users 
Associations (WUA) (primarily men), and percentage of irrigated land. To 
be able to classify the composition of the households, elicit information 
on the WUA and estimate annual cash crop production, it was necessary to 
include the rural household head in the study as a resource person. 

Another consideration in the design of the study was the selection of 
the appropriate female respondent in an extended household. Usually the 
oldest female in the household is the decision-maker, and is the one who 
has information on household and agricultural activities. When she is not 
available, the oldest daughter or daughter-in-law is usually the best 
informed. It is important again to keep the pecking order in mind. 
Younger women are hesitant to answer questions in the presence of older or 
more respected ones. For example, a daughter-in-law will not contradict 
the mother-in-law in the presence of outsiders, but might do so if not 
within hearing of the mother-in-law. It was necessary to isolate 
respondents from the rest of the crowd that gathered to avoid duplication 
of responses. Since the optimal time for data collection from the male 
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respondents was the early afternoons, trips to the villages coincided with 
those hours. The males were usu a 11 y out of the home in the mornings and 
therefore unavailable. The female laborers were at work during all the daylight 
hours since it was the height of the transplanting season. Most of the 
interviews conducted with them were in the fields. 

Because of the value of information gained from time budget studies, 
it was originally planned that the American researcher would observe and 
record time use by the household members for an entire day. Direct 
observation, as contrasted to - self-report diaries, though both time 
consuming and exhausting, is a more reliable technique due to the problems 
of illiteracy and lack of "clock" sensitivity (Johnson, 1975; Messer and 
Block, 1985). In the actual implementation, however, it was soon learned 
that adjustments in this plan were necessary due to the fact that many 
activities of the household were performed early in the morning before the 
research team could arrive. 

Plans were revised and informal extended open-ended interviews were 
conducted regarding the sequencing of a typical day. The interviews were 
conducted in the family courtyard and the female respondents were asked to 
show where and how tasks were performed. Time was also given to a tour of 
the housing arrangement and for taking pictures. 

The observation method is helpful to illuminate obstacles faced by 
rural women. It can yield information about how rural women accomplish 
their tasks and identify the tools and technologies used. This in-depth 
knowledge of activities and how and with what materials they are completed 
and by whom can mean the difference between acceptance and success or 
rejection and failure of modernization projects. According to Gillespie 
(1979), field observers should be encouraged to record this material in 
detail for its later review and input into policymaking decisions. 

In administration of the instrument, close attention was paid to 
non-verbal cues, and efforts were made to operate in a manner that would be 
culturally acceptable in the interest of data collection and to elicit 
cooperation. The researchers and the assistants wore attire that met the 
standards of modesty according to the tenets of Islam in the rural areas. 
In the villages women cover their heads upon leaving the home, so female 
members of the team did also. Wearing makeup would have ostracized the 
Pakistani members of the team, therefore none did. Care was exercised 
never to address the chaudhry upon the initial visit until the OFWM team 
members (males) had introduced the female researchers and described the 
purpose of the visit. To have looked at the males directly in the eyes or 
to sit on the same charpai (bed, also functions as sofa) while interviewing 
males would have seemed too forward and conveyed other intentions where 
none existed; consequently, such a posture was avoided. 

Conclusions and Recommendations 

1. Research in developing countries requires knowledge and skills not 
needed in more developed countries. As suggested in this paper, 
familiarity with the culture, flexibility and realistic expectations are 
essential. 
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2. To gain sensitive data over the course of the entire agriculture 
cycle concerning · the actual participation _ of women in .agriculture 1s 
needed. This would require that researchers prepare themselves to stay in the 
villages for a longer period of time. Comparative village studies in different 
parts of Pakistan could generate a framework for analyzing patterns of 
participation, production and distribution. 

3. A random sample of participants and seasons of the year 
strengthens the statistical design. Consideration of other data collection 
procedures are recommended. Johnson {1975) and Gross (1985) discuss 
promising methodologies for developing countries which allow for randomness 
of sample as well as season of the year. 

4. Researchers who are anticipating field visits for the first time 
need intensive orientation to the lifestyle, customs and 1ack of facilities 
in the rural areas of developing nations. Enthusiasm, excitement and zeal 
aid the process but are no substitutes for sound infonnation necessary to 
adequately prepare oneself for the harsh reality of life in lesser 
developed areas of the world. A pre-site visit of a short duration is 
highly recommended to help prepare for the research situation. 

5. Finally, it must be recognized that the prevalent socio-cultural 
environment imposes constraints on collecting data on women and the 
research methodology must take into account these constraints. The policy 
measures relevant to technological change that accrue as a result of 
research must a 1 so acknowledge the presence of these existent 
socio-cultural issues. 

REFERENCES 

Bruce, J., 1979. Introduction. Studies in Family Planning, 10 (11/12): 
361-363. 

Evenson, R. E., 1983. The allocation of women's time: An international 
comparison. Behavior Science Research, 17 (3/4):196-215. 

Gillespie, V. H., 1979. Rural women's time use. Studies in Family 
Planning, 10 (11/12), 383-384. 

Gross, D. R.', 1984. Time allocation: A tool for the study of cultural 
behavior. Annual Review of Anthropology, 13:519-58. 

Grossman, L. S., 1984. Collecting time-use data in third world rural 
communities. Professional Geographer, 36 (4), 444-454. 

Harder, G. M., 1979. How and what rural women know: Experiences in 
Bangladesh. Studies in Family Planning, 10 (11/12):406-408. 

Khan, S., C. Ater and P. Arledge, 1984. Women in Pakistani society. 
International Center for Arid and Semi-Arid Land Studies, Texas Tech University, 
Lubbock, Texas. 

Mcsweeny, B. G., 1979. Collection and analysis of data on rural women's 
time use. Studies in Family Planning, 10 (11/12):379-383. 

100 



Messer, E. and M. Block, 1985. Women's and children's activity profiles: 
A comparison of time allocation and time allocation methods. Journal of 
Comparative Family Studies, 16 (3), 331-343. 

Minge-Klevana, W., 1980. Does labor time decrease with industrialization? 
A survey of time-allocation studies. Current Anthropology, 21 (3):279-298. 

Nelson, N., 1979. Why has development neglected rural women: A review of 
South Asian literature. New York: Pergamon Press. 

Quizon, E. K., 1978 • . Time allocation and home production in rural 
Philippine households. The Philippine Economic Journal, 17 (1/2): 185-202. 

Zeidenstein, S. (Ed.), 1979. Learning about rural women: A special issue. 
Studies in Family Planning, 10 (11/12). 

101 





Introduction 

RAINFALL-RUNOFF RELATIONSHIP FROM A SEMI-ARID 

RANGELAND WATERSHED IN THE EDWARDS PLATEAU OF TEXAS 

Wakil Mikhail 1 

Hydrologists in most of the arid regions often face the difficult 
problem of assessing surface water resources using only rainfall data. In 
the majority of arid and semi-arid regions all over the world, watersheds 
are not equipped with suitable hydrometrical stations. Due to some 
specific characteristics of runoff (ephemeral, highly variables in time and 
space, high point velocities and high rate of sediment load), runoff 
measurements need a precalibrated structure which allows sediment to pass 
through it. This kind of structure is extremely expensive, especially when 
it is built in a relatively large stream. 

Thus, the estimation of runoff rates and amounts which can occur in arid 
regions necessitates recourse to indirect methods, based on regression equations 
or hydrological models, relating runoff to catchment and meteorological 
variables. 

Review of Literature 

To study rainfall and runoff in semi-arid regions, the Agricultural 
Research Service {ARS), a part of the U.S. Department of Agriculture {USDA), 
since 1954 has equipped some watersheds in the southwestern United States with 
dense networks of rain gauges and precalibrated measuring structures. Using the 
comprehensive data collected at Walnut Gulch Experimental Watersheds near 
Tombstone, Arizona, the Southwest Rangeland Watershed Research Center has 
developed and tested several runoff prediction procedures ranging from simple 
{linear regression equations) to rather difficult and complicated methods 
(kinematic cascade model). 

The regression equation model has been developed first br Schreiber and 
Kincaid (1967) for small plots (6 by 12 ft.). Osborn and Lane 1969) and later 
Osborn and Simanton (1981) used data from small catchments (0.56-11 acres) to 
relate runoff to total storm precipitation in a linear regression equation. 

The Kinematic cascase model {KINEROS) is a non-linear distributed model for 
routing overland fl ow over a cascade of plane surfaces and through channels 
(Kibler and Woolhiser, 1970; Lane et al., 1975; Lane and Woolhiser, 1977; Smith, 
1981). The application of this moael--rlecessitates the preliminary determination 
of the hydrological properties of the soil, the surface physical characteristics 
of the watersheds and the channel networks, including permeability and hydraulic 
roughness. This model has been tested and evaluated for use on very small 
rangeland watersheds (Rovery et al., 1977; Osborn, et al, 1982) where the 
hydrological properties of the soilcan be well-defined.- -

1Department of Civil Engineering, University of Aleppo, Syria. He is 
currently at Texas Tech University, Lubbock, Texas 79409. 
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This model needs to be developed for use in a large watershed (Osborn, 1984). 

The runoff equation of the U.S. Soil Conservation Service (USDA, SCS, 
1971), cormnonly called the curve number method, was applied to small catchment 
areas of Walnut Gulch. This method estimates runoff volumes using rainfall 
amounts and certain watershed characteristics such as soil cover and antecedent 
moisture conditions {Kent, 1973). The runoff predicted using this method 
underestimated actual runoff (Simonton et al., 1973). Broughton and Stone 
( 1985} found that the estimated runoff uSl ngthe curve number method averaged 
only some 12 percent of measured runoff. The differences between estimated and 
measured runoff were attributed to the very large spatial variability of 
rainfall, the effect of small differences in antecedent soil moisture and to the 
transmission losses in the drainage networks. 

The present study aims to clarify the hydrological process of runoff 
generation in the Lowrey Draw Watershed near Sonora on the Edwards Plateau in 
Texas. It presents a simple regression . model of practical use for large 
catchment areas, computing runoff using rai nfa 11 and watershed area 
variables. 

Watershed Description 

The Lowrey Draw Watershed is a typical rangeland watershed in the 
Edwards Plateau. Fi au re 1 shows the location of the Edwards Plateau and the 
Lowrey Draw Watershe • The main watershed is divided into six subwatersheds. 
The main ephemeral stream of each subwatershed flows into a separate flood 
control reservoir (Figure 2). 

Figure 1 

The average annual rainfall during the 45-year period from the Texas 
Agricultural Experiment Station near Sonora was 21.48 inches. The average 
slopes of the subwatersheds varies from 1.66 to 4.70 percent. The soil is 
residual, derived from highly calcareous limestone. Almost 99 percent of 
the land use is rangeland. Table 1 gives the detailed characteristics of the 
watersheds. 
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Rainfall was measured by a network of 14 recording and non-recording rain 
gages. The reservoirs were equipped with water level recorders for continuous 
water stage measurements. The calculation of reservoir water inflow or runoff 
discharge was done using a calibration curve. Measurements started in June 1961 
and extended through 1972 are available in USDA publications. 

Quantitative Characteristics of Rainfall and Runoff (1962-1972) 

During the 11 years of record, 93 percent of the total runoff resulted 
from storms producing 40 percent of the total precipitation. Rainfall in 
Sonora region occurs in separate events which can be called "rainy 
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Table 1. Physical characteristics of Lowrey Draw subwatersheds 

Su6watershed No. 

Characteristics ~Iil sn SIO SI2 sg SI~ 

Drainage Area (sq. m) 48 16 8.43 4.38 2.77 1.07 

Watershed Slope (%) 
0-3 54 62 67 30 96 10 
3-8 43 37 33 70 4 87 
8-20 3 1 3 

Average 3.59 3.10 2.82 4.30 1.66 5.36 

Soil type Residuel, derived from highly calcareous 
limestones. 

Range condition Moderately to severely overgrazed depending 
on climate conditions. 

episodes". The rainfall events are formed by a set of rains associated with the 
same meteorological perturbation. They can be spread over a period varying from 
one to eight days. 

It is clear from Table 2 that 33 percent of the total 11 years rainfall 
occurs in 336 one-day events and almost 17 percent of the total 11 years 
rainfall occurs in 10 five and six days events. 

Table 2. Quantitative characteristics of rainfall (Sonora Sta.) and runoff 
{Sll) - 1962-1972 

Duration o' rain,a11 events {Clays' 

Characteristic I 2 ~ ~ 5 li ' 
Number of rainfall events 336 88 23 10 6 4 3 

during the period 1962-1972 

Rainfall as percent of 11 33.21 25.62 11.44 10.32 7.01 9.78 2.62 
years total {%) 

Number of events producing 8 9 2 2 3 3 2 
runoff 

Runoff as percent of 
11 years total (%) 

2.40 4.32 12.55 15.35 31.45 31.28 2.64 

*11 years total rainfall = 236.46 inches 
**11 years total runoff = 
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During the above-mentioned rainfall events, it was noted that only 8 of the 336 
one-day events produce runoff which fonns only 2.4 percent of the 11 years total 
runoff. Six of the 10 five and six days events produce runoff which forms more 
than 60 percent of 'the 11 year total runoff. 

As is shown in Figure 3, the percentage of runoff increases as the duration 
of rainfall events increases. The high percentage of runoff for the long rainy 
episode can be explained by the increase of the precipitation amount and by the 
important role of soil moisture in the rainfall-runoff transformation in arid 
regions. Water absorbed by the soil during the first few days of the rainy 
period may reduce subsequent infiltration and increase runoff~ 

Figure 3 

10 20 30 

PERCENTAGE OF RAINFALL 
(Sonora Sto.) 

The "Total Initial Abstraction" 

40 % 10 20 30 

PERCENTAGE OF RUNOFF 
(Sii, 16,8!5 eq. miles) 

40 ,.. 

From the surface hydrology point of view, rainfall event can be 
considered as fanning one unit. The first part of this unit is lost by 
plant interception, surface detention and infiltration. When the in-site 
runoff reaches the drainage network, a second important part is abstracted 
by the dry stream channel. This second abstraction is called the 
transmission losses (Renard, 1970). The magnitude of transmission losses 
for any flow depends essentially on the channel length and width, and on 
the hydrological properties of the stream bed soil (Lane, 1983). Thus, the 
transmission losses increases with the increase of the watershed areas. 

Both initial detention and transmission losses form what can be called the 
"total initial abstraction." It is clear that no runoff occurs at the outlet of 
the watershed as long as the total amount of the precipitation during the 
rainfall event is less than the total initial abstraction (Abtot). 

Figure 4 reports the variation of the averaged total initial abstraction 
with catchment areas for the six studied subwatersheds. The value of the 
averaged total initial abstraction for each subwatershed was obtained by 
analyzing the runoff events and defining the minimum amount of rainfall needed 
for releasing runoff. Figure 5 indicated that, similarly to the transmission 
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losses, the total initial abstraction increases positively with the catchment 
areas. 

The Regression Model 

The empirical results suggest that the total precipitation in the 
rainfall event can be considered as a variable in a rainfall-runoff 
regression model. This consideration has the advantage of reducing the 
scattering of the plotted data in a runoff-rainfall axis. This scattering 
usually appears when the daily rainfall is taken as a variable in a 
runoff-rainfall representation (Rodier and Vuillaume, 1973). An additional 
advantage of this consideration is to be more expressive of the 
hydrological phenomena in arid regions. 

Figure 6 shows the rainfall and runoff data plotted for the six watersheds. 
The straight line on each sub-figure is a linear regression of the logarithm of 
runoff on the logarithm of rainfall. The trend for parallelism among the six 
straight lines is evident. This can be explained by the similar reaction of the 
six subwatersheds to the rainfall events. 

Due 
relating 
form: 

to parallelism among the six straight lines, the regression equations 
the two variable Q and P for the six watersheds had the same general 

Q=C p3.5 (1) 
where Q represents the runoff amount (in c.f.s. mean daily) resulting from 
a rainfall event producting P amount of rain (in inches) and C is a 
coefficient. 

The regression equations for the six watersheds obtained from the six 
straight lines are the following: 
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Figure 5. Runoff vs. Rainfall for different subwatersheds, Sonora, Texas. 
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Watershed No. 

Wl4 
511 . 
510 
512 
59 
513 

Runoff Equation 

Q=0.90 p3•5 
Q=0.54 p3•5 
Q=0.35 p3•5 

Q=0.45 p3•5 
Q=0.15 p3•5 
Q=0.095 p3•5 

It was noted in the above table that the value of the coefficient C 
increases with the increase of watershed area. Thus, the graph1ca 1 
solution of the value of C in function of the watershed area for the six 
equations (Figure 6) leads to the general equation of C: 

C=0.085 A0•6 {2) 
where A represents the catchment area (in sq. miles). 

Substituting the value of C (equation 2) in equation 1, it states: 

Q=0.085 A0•6 p3•5 (3) 
which represents the general equation for predicting runoff from the Lowrey 
Draw watersheds. It is evident, that for a given watershed, equation (3) 
is applicable when the precipitation amount of the rainfall event is bigger 
than the total initial abstraction {P Abtot). The value of the total initial 
abstraction can be obtained from the curve on Figure 4. 
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Evaluation of the Developed Regression Model 

Using data from the six watersheds, annual runoff volume was computed 
on a rainfall event basis, accumulated into annual total. Table 3 compares 
actual annual runoff with the computed runoff using the developed regression 
model. As it is shown in this table, the proposed regression equation gives 
acceptable results. The average difference between measured and computed runoff 
for the eleven studied years is almost ± 30 percent. This approximation of the 
annual runoff volume is acceptable when assessing water resources in arid and 
semi-arid regions. 

Conclusion 

During the 11 years of record at Lowrey Draw watershed near Sonora, Texas, 
more than 90 percent of the total runoff resulted from rainfall events producing 
40 percent of the total precipitation and lasted more than 3 days. Thus, 
considering the total precipitation of the rainfall events as a variable in a 
runoff-rainfall relationship, a simple regression equation predicting runoff 
from the Lowrey Draw watershed was developed • . When testing the regression 
equation, an acceptable result was obtained. Thus, as in the arid and semiarid 
watershed regions, it seems more adequate to use the total precipitation of the 
rainfall event than the daily amount of rainfall as a variable when establishing 
predicting runoff equation or assessing water resources. 

It is obvious that the developed regression equation can be used to predict 
runoff from rangeland watersheds in the Edwards Plateau having similar soil 
cover type and similar surface physical characteristics. 
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Table 3. Measured and computed annual runoff for the various catchment areas (c.f .s. mean daily*) 

Sl3 S9 Sl2 SlO Sll W14 

Measured Measured Measured Measured Measured Measured 
Year Computed Computed Computed Computed Computed Computed 

1962 3.45 1.85 14.84 2.81 1.17 3.68 T 5.47 9.066 5.76 12.90 10.87 

1963 2.02 2.11 1.49 3.33 T 4.40 T 6.53 T 9.84 T o.oo 
1964 25.64 52.81 119.70 412.80 203.00 221.75 437.24 616.50 566.63 757.76 1058.00 1508.00 

1965 13.83 14.54 3. 71 - 161.20 83.80 43.05 45.90 308.25 135.90 193.50 189.40 

1966 10.08 6.09 2.22 9.74 24.70 12.86 T 15.33 40.79 23.22 T 35.54 

1967 0.86 3.23 9.65 5.70 T 9.26 27.19 11.91 36.26 14.42 T o.oo 
1968 14.00 6.88 1.04 1.94 97.60 26.78 14.24 16.36 172.25 64.93 3.87 o.oo 
1969 23.72 27.86 4.23 19.77 132.70 39.10 35.56 32.78 275.'16 68.89 98.04 125.85 

1970 0.14 0.42 3.35 10.74 1.41 1.98 - - 14.50 23.80 o.oo ?1.20 

1971 36.90 32.45 16.77 54.30 61.38 61.46 128.68 113.92 272.90 295.79 25.80 

1972 6.92 15.48 16.47 - - - 157.45 285.15 430.64 569.50 1339.02 1197.27 

Tota1 137.S6 163.72 257.04 521.Il 6B3.2 465.07 B43.4I II49.B5 2126.4 1g69.B 2705.3 30BB.I 

C/M 1.19 2.03 o.6B 1.36 0.926 1.14 

*l c.f .s. mean daily = 86,400 c.f. 
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AN INCREASE IN SPRING SMALL GRAINS ACREAGE ESTIMATION ACCURACY 

THROUGH IMPROVED SPECTRAL MODELING OF CROP GROWTH STAGES 

Robert R. J. Mohler, Wesley F. Palmer1 and Robert M. Bizze11 2 

Introduction 

The multispectral scanner data provided by Landsat satellites has enabled 
scientists to develop techniques for monitoring cropland from space. Although 
many of these techniques provide useful information concerning crop acreages, 
most are labor intensive and subjective. Efforts toward more objective and 
automated decision logic resulted in a machine-based technique for estimating 
spring small grains acreage. This technique was tested during the U.S. and 
Canada Spring Sma 11 Grains Pi 1 ot Experiment at the Lyndon B. Johnson Space 
Center. Our automated spring small grains (SSG-3) technique gave comparable 
results in acreage estimation accuracy to hi-storical manually intensive 
techniques; the major source of error was attributed to the method of 
automatically selecting the Landsat acquisition for processing (Mohler et al., 
1982). - -

Foll owing the completion of the pi 1 ot experiment and subsequent 
documentation of test results, efforts were channeled towards improving the 
automated method of acquisition selection. Presented in this paper is an 
overview of the SSG-3 technique and its test results, followed by our 
improvements to the acquisition selection methodology. 

Spring Small Grains -- 3 Procedure 

Multitemporally registered Landsat acquisitions collected over 5- by 6-
nautical-mile segments are used as inputs to the SSG-3 procedure. These four 
channel data are transformed using a technique developed by Kauth and Thomas 
(1976) before the proced~ral logic is applied. The products of this 
transformation are numeric values of greenness and brightness; the temporal 
variations of these values are used to distinguish between the spring small 
grains and other crops/noncrops present in the sample segments. A standardized 
grid of every fifth 1 ine and pixel supervenes the transformation. The grid 
system enables the application of the SSG-3 crop identification logic to a total 
of 897 observations per segment. Segment-level proportion estimates of spring 
small grains are determined by computing relative frequency estimates from the 
labeled samples. 

A simple base 32 degree Fahrenheit growing degree day (GOD) equation is 
used to divide the spring small grains growing season into 10 specific time 
frames, termed windows and periods (Figure 1). GDD 1 s are used to predict the 

1Respectively Senior Scientist and Principal Scientist, Lockheed 
Engineering and Management Services Company, 2400 NASA Road 1, Mail Code C23, 
Houston, Texas 77258. 

2Technica1 Manager, Space Station Program Management Office, National 
Aeronautics and Space Administration, Mail Code PE3, Houston, Texas 77058. 
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midpoints of three fixed-length windows (windows 1, 2, and 3). For window 4, it 
proved impractical to predict a stubble/plowing time frame using a GOD approach. 
The window 4 midpoint is separated a fixed-time distance from the window 3 
midpoint (42 days}. Periods, such as 1-2, are the time frames bordering either 
side of a window. After the boundaries are established, the available Landsat 
acquisitions are automatically assigned to appropriate windows or periods 
(Palmer et!}_., 1982}. 

This seemingly simple task proved difficult to automate accurately during 
the SSG-3 development; thus, during the pilot experiment, SSG-3C was executed in 
two modes. In the first mode, termed SSG-3C, the growing degree day method was 

· used to assign the Landsat acquisitions; for the second mode, SSG-38, an expert 
image analyst designated the acquisitions to the proper time frames. Proportion 
estimation results for the two versions of SSG-3 are shown in Figures 2 and 3. 
Although the automatic SSG-3C processing results are considered comparable to 
existing manual spring small grains procedures, there is considerable variance 
between these and the SSG-38 results (e.g. standard deviation of 12.65 versus 
6.19}. The difference in the final number of segments processed per procedure 
is based on the minimum data requirements. Each segment must have at least 
three Landsat acquisitions available for processing and the acquisitions must be 
well distributed throughout the growing season. For example, if a segment had a 
period 0 and two window 1 acquisitions, it would not meet the minimum data 
requirements; a segment with window 1, window 2, and period 3A designated 
acquisitions would qualify for processing. In this case, although the same 
segments were used for both processings, the window assignments of the Landsat 
acquisitions sometimes varied. 

Improvement to the Methodology of Acquisition Selection 

Following the pilot experiment, several key research problems concerning 
crop inventory were identified (Erickson et at., 1982}. As expected, one of the 
most critical was the method of acquisition selection. To address this task, the 
authors assembled data from 58 U.S. and Canadian segments. These data included 
analyst selected acquisitions for each segment, cooperative meteorological data 
at the segment location, and USDA spring small grains proportion estimated, 
again at the segment level. Using the analyst designated Landsat acquisitions 
for comparison, the authors tested the ability of the automated method to 
correctly assign acquisitions to windows 1-4. As shown in Table 1, the overall 
window assignment accuracy is ' 55 percent. The authors were able to improve 
substantially upon this accuracy through the development of an alternative 
method. 

The alternative approach incorporated two important changes for predicting 
the window boundaries. First, GDD's are used to establish the openings and 
closings of windows 1-3; this allows the window lengths to fluctuate with 
temperature. Second, because two distinct physiographic regions, the Great 
Plains and Central Lowlands, exist within the Spring Wheat Belt, the window 
thresholds vary with the region. For example, in the Central Lowlands, window 1 
opens after the accumulation of 500 GDD's and closes after 1,000 GOD's have 
accrued. The same window in the Great Plains would open with 350 GDO's and 
close after 1,050. Test results for this alternative approach to acquisition 
designation are shown in Table 2. As depicted, overall accuracy in the Central 
Lowlands improved 20 percent while a 13 percent increase is observed for the 
Great Plains. 
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Table 1. Acquisition Designation Accuracies of Pilot Method 

Window Midpoint 

1 563 
2 2312 
3 3203 
4 Center of W3 

N = number of segments 
W3 = Window 3 

+ 42 days 

GOD = growing degree days 

Width Pilot Method 
Days N Accuracy 

23 44 57% 
21 40 58% 
13 29 56% 
15 28 39% 

overall = 55% 

As an additional test the authors processed 25 spring small grains segments 
from our 58 segment data base. The segments were processed using the SSG-3C 
procedure of the pilot experiment as well as SSG-3 incorporating the alternative 
acquisition designation method. As is demonstrated in Table 3, the authors 
achieved significant improvements in spring small grains proportion estimation 
accuracy. For the Central Lowland segments r-square rose from 0.62 to 0.86 and 
the standard deviation decreased from 9.13 to 5.53, without a significant mean 
bias. Slight visual improvements are also evident for the Great Plains 
segments. 

Table 2. Acquisition Designation Accuracies of Alternate Method 

Window 

1 
2 
3 
4 

Window 

1 
2 
3 
4 

GGD GGD 
Begin End 

500 1000 
1800 2700 
2900 3450 
center of W3 
+ 42 days 

GGD 
Begin 

GGD 
End 

350 1050 
1800 2700 
2900 3350 
center of W3 
+ 42 days 

N = number of segments 
W3 = window 3 

GGD = growing degree days 

N 

25 
21 
15 
11 

N 

19 
19 
14 

Alternate Method 
Central Lowlands Accuracy 

80% 
76% 
73% 
64% 

overall = 75% 

Alternative Method 
Great Plains Accuracy 

79% 
84% 
64% 
41% 

overall = 68% 
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Table 3. Proportion Estimation Results Using SSG-3 with Pilot 
and Alternative Acquisition Designation Methods 

Pilot Method Alternative Method 

Overall 

Mean Error 
Standard Deviation . 

r Square 
Number of Segments 

Central 
Lowlands 

Mean Error 
Standard Deviation 

r Square 
Number of Segments 

Great 
Plains 

Mean Error 
Standard Deviation 

r Square 
Number of Segments 

-0,46 + 
9.03 
0.65 

23 

-0.20 + . 
9.13 
0.62 

13 

-0.79 + 
9.39 
0.61 

10 

+ Mean not significantly different from 0 at the 0.05 level 

* Significant difference in the variances at the 0.05 level 

Summary 

-0.67 + 
7.29 
0.74 

25 

-3.03 ;t 
5.53 
0.86 

13 

1.90 + 
8.29 
0.65 

12 

The automated Spring Small Grains - 3 acreage estimation procedure produces 
crop proportion estimates comparable to historical manually intensive 
procedures. Its primary source of error was identified as the methodology for 
automatically assigning Landsat acquisitions. The authors' alternative method 
for acquisition assignment results in a 20 percent increase in accuracy, and 
when coupled with the SSG-3 decision logic, results in a significant decrease in 
error of existing spring small grain proportions. 
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