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International river basins management exercises great influence

upon agricultural, urban and rural life on, not one, but both sides of

the border between the United States and Mexico. Moreover, commerce

relationships and immigration issues play key roles in the setting of

river basin policies.

In spite of the numerous treaties between the U.S. and Mexico,

controversies still remain regarding the management of three major

rivers which form part of our international boundary--The Rio Grande,

The Colorado River and the Tijuana River. The purpose of this paper is

to present an economic perspective concerning such prevailing manager-

ial controversies in order to suggest policy improvements to the Mexi-

can government if and where needed.

In support of this perspective, a survey conducted by the

author has been performed to measure the degree of public concern re-

garding water in a desert region. Because water is so scarce in the

Southwest region of the U.S., the attitude of the people, both in-

dividually and collectively in managing this resource affects their

well-being, both socially and economically.
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ABSTRACT

International river basins management exercises great influence

upon agricultural, urban and rural life on, not one, but both sides of

the border between the United States and Mexico. Moreover, commerce

relationships and immigration issues play key roles in the setting of

river basin policies.

In spite of the numerous treaties between the U.S. and Mexico,

controversies still remain regarding the management of three major

rivers which form part of our international boundary--The Rio Grande,

The Colorado River and the Tijuana River. The purpose of this paper is

to present an economic perspective concerning such prevailing manager-

ial controversies in order to suggest policy improvements to the Mexi-

can government if and where needed.

In support of this perspective, a survey conducted by the

author has been performed to measure the degree of public concern re-

garding water in a desert region. Because water is so scarce in the

Southwest region of the U.S., the attitude of the people, both in-

dividually and collectively in managing this resource affects their

well-being, both socially and economically.
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CHAPTER 1

INTRODUCTION

Antecedents 

International river basins management involves questions of

both equity and efficiency. In the particular case of an interna-

tional drainage basin, cooperation between the countries involved is

essential. International law mandates that each nation furnish infor-

mation regarding the water within its territory and also notify proper

authorities in case of any event that may affect the basin. If there

is any problem or potential area of conflict, the nation or nations

shall refer the dispute to a joint agency or send the case to the

International Court of Justice)

An example of an international river basin agency in which

the U.S. participates is the International Joint Commission (IJC).

The IJC was established in 1911 to investigate boundary management

issues referred by either the U.S. or Canadian government or both.

The IJC is comprised of six commissioners, three appointed by each

country.
2 

Another example is the International Boundary and Water

Commission (IBWC) which was created in 1944 to deal with disputes

along the U.S.-Mexico boundary.
3 

The IBWC is comprised of Mexican

and U.S. sections each headed by an engineer-commissioner.

In the Mexican case, it is useful to discuss the evolution of

Mexican water law. Private ownership of surface and groundwater has

1
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never existed in Mexico either under Spanish rule or during its existence

as an independent nation. The government has always reserved ownership

and can cancel land and water use rights after proper hearings if it so

desires. The ultimate ownership of all natural resources in Mexico rests

with the national government. Riparian rights have never existed in

Mexico.

The Mexican Consitution of 1910 federalized Mexican water re-

sources. The power to grant corporations or individuals the right to

use water resources was vested in the central government in Mexico City.

In 1929, this power was vested in the office of the President of Mexico.

The basic water law that still governs the use and allocation of water

resources in Mexico was passed by the Mexican Congress in 1934. Final-

ly, in 1956, a law governing the use of groundwater was approved by the

Mexican Congress and signed by the President.

At the present time, individuals or corporations desiring to

utilize water in Mexico must present a proposal providing data on the

origin of water, the purposes for which water is desired and other data

deemed relevant by the central government. In the cases of household

water, as well as the above mentioned, petitions must be submitted to

the local agency of the Ministry of Hydraulic Resources. After proper

study, the government may grant or turn down the request. However, the

right is provisional and may be revoked by the government at any time.
4

Mexican water law influences U.S.-Mexico political controver-

sies. As mentioned earlier, these two countries share three important

rivers. The Rio Grande, known as Rio Bravo del Norte in Mexico,

originates high in the San Juan Range of the Rocky Mountains in
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southern Colorado. The river flows through New Mexico to El Paso,

Texas, where it forms the boundary between the U.S. and Mexico for

1,200 miles before it empties into the Gulf of Mexico. The Colorado

River, which also originates high in the Rocky Mountains, forms 20

miles of the boundary between Arizona and Sonora, Mexico. The

Tijuana River, which originates in Mexico, southwest of San Diego,

California, forms 17 miles of the boundary between California and

Mexico.
5

The U.S. and Mexico have a long history of struggle over the

use of the waters of the Rio Grande, For example, in 1889 a crisis

arose when increased irrigation in New Mexico reduced the Rio Grande

to a trickle at Ciudad Juarez. The Mexican goveniment sued the U.S.

government for $35 million in damages. The U.S. replied with an of-

fer to supply Mexico with 75 million cubic meters of water annually

in lieu of the monetary damages that Mexico had requested, The

Mexican government rejected this offer since it failed to account for

future Mexican development along the Rio Grande.
6

Legal negotiations started again in 1933. They had been

interrupted because of the Mexican Revolution in 1910, the First

World War in 1914, and an unstable Mexican government until the decade

of the thirties. Finally, in 1940, both nations agreed to cooperate

in an agreement to build dams to impound the waters of the Rio Grande,

the Colorado River, and the Rijuana River. This accord took the form

of the Treaty of 1944, which, in addition to its provisions for inter-

national dams and reservoirs, established the IBWC to handle disputes
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along the three aforementioned rivers. 6 Finally, agreements on the

delivery of specific quantities of water (for instance 1,500,000 acre

feet of water in the limit section of the Colorado River) were ac-

corded to preclude future Mexican claims. 7

However, the conflict regarding the quality of the water de-

livered to Mexico via the Colorado River started a new struggle.

Water with high saline content from the W. -Mohawk irrigation and drainage

district in southwestern Arizona had drained into the Gila River,

which is also a tributary to the Colorado River. Mexican farmers

claimed that the saline content of the water was excessive and there-

fore threatened their crops.
8

Conversely, discharge of drainage from irrigated Mexican

lands using Rio Grande water averaged 14.4 tons of total dissolved

solids per acre foot. This drainage problem resulted in a 1.4 mil-

lion international expenditure to construct a 23-mile drainage chan-

nel to the Gulf of Mexico. The U.S. and Mexico shared said

expenditure on a fifty percent basis.

Water deliveries and flood control also have been problems

since the 1944 treaty. For instance, Falcon Dam in Texas was unable

to meet water demand because politicians altered the scientifically

determined dimensions of the lower Rio Grande and lower San Juan irri-

gation districts.
9 

Furthermore, the Colorado River floods of the

summer of 1983 provoked enormous damages both in the U.S. and in the

Mexicali Valley in Mexico.

The question of the development of the resources of the

Colorado River is already the subject of numerous studies in the U.S.
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The Colorado and its tributaries drain a 244,000 square mile region

in seven southwestern states--Colorado, Nevada, Utah, Wyoming, New

Mexico, Arizona and California. The Colorado stretches about 1700

miles and consists of three river drainage basins. These basins are

the upper basin, which is located east of the Rocky Mountains, the

plateau section, which runs from Lee's Ferry, Arizona, to Grand West

Cliffs, Nevada, and the lower basin, which stretches through Mexico

into the Gulf of California. 10

In southern California, to the west of the Colorado, lies an

agricultural region known as Imperial Valley. This valley's irrigation

is dependent upon an international canal which starts in Mexico and

flows north to the Salton Sea in Southern California.
11 

Mexico and

the United States share the volume of water that passes through this

canal on a fifty percent basis. Thus, the Colorado waters are used

not only as a border line but also for agricultural purposes before

it flows into the Gulf of California.

As far as the Tijuana River is concerned, the situation is

more tranquil. The total drainage area of the Tijuana River is 1731

square miles of which 27 percent lies in the U.S. and 73 percent in

Mexico. This river is formed by two principal tributaries. These

two tributaries are Cottonwood Creek, which originates in the United

States and Rio de las Palmas, which originates in Mexico. From the

confluence of these tributaries, the Tijuana River flows northwester-

ly 5 miles to cross the land boundary into the U.S. near San Ysidro,

California and Tijuana, in Baja. It then flows westerly 6 miles to
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discharge into the Pacific Ocean just 2 miles north of the

international boundary.
12

• The International Boundary 
and Water Commission 

The International Boundary and Water Commission (IBWC), by a

series of treaties between the U.S. and Mexico, is charged with the

application, regulation, and exercise of the rights and obligations

which the two governments have jointly assumed for the solution of

boundary and water problems. The principal actions undertaken are:

1) Distribution between the two countries of the waters of the inter-

national rivers; 2) International flood control operations; 3) Joint

operation of international reservoirs for conservation and regulation

of the waters of the Rio Grande; 4) Improvement of quality of waters

of international rivers; 5) Solution of border situation problems;

6) Development of hydroelectric energy; 7) Maintenance of the river

boundary and; S) Demarcation of the land boundary. The objective is

to carry out these actions in such a manner that will benefit the

people on both sides of the boundary and improve relations between the

two countries.
13

The organization chart of the U.S. section is

presented in Figure 1. 14

As mentioned earlier, one of the tasks performed by the IBWC

is to study and recommend works for flood control. If the recommen-

dations are approved, each government pays for the works contributed

by itself. Furthermore, the cooperative spirit is further emphasized
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by the provision which gives the IBWC the power to authorize temporary

diversion and use by one country of water belonging to the other, when

the latter does not need it or is unable to use it.
15

For instance, the irrigated areas shown in Figure 2 =prise

the areas in the U.S. and Mexico which are served by diversions from

the Colorado River at or below Imperial Dam. The areas in the U.S.

are: 1) Those within the U.S. Bureau of Reclamation Projects and in

the Gila Valley located near Yuma, Arizona, the data for which are

furnished by the U.S. Bureau of Reclamation; 2) Those within the

Coachella Valley, California, data for which are furnished by the

State of California Department of Water Resources, and; 3) Those

within the Imperial Valley, California, the data for which are fur-

nished by the Imperial Irrigation District. The areas in Mexico in-

clude those in the Mexicali Valley located in the states of Baja

California and Sonora, the data for which are furnished by the

Ministry of Hydraulic Resources of Mexico.
16

In the engineering activities, the goals and objectives of

the IBWC are: 1) to plan, manage, and supervise jointly with the

Mexican section, the engineering, construction, operation and main-

tenance activities of the international boundary and water projects;

2) to carry out surveys, studies and investigations delegated by the

two countries for the analysis and control of on-going boundary

water problems, and 3) to find solutions to new problems arising

along the boundary such as the problems of salinity of the waters of

the international rtvers.
17
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Point of Diversion from Colorado
River and Designation of Areas

Total Irrigated Areas
Acres

IN UNITED STATES:

Imperial Dam

Yuma Valley Division 44,865
Reservation Division 11,415
Yuma Mesa 17,697
Yuma Aux. Project Unit "B"

(Yuma Mesa) 3,116
South Gila Valley 10,245
North Gila Valley 5,995
Wellton-Mohawk 62,351
Coachella Valley 52,787
Imperial Valley 444,713
Warren Act 80
Non-Project lands adjacent

to Colorado River 10,000

Total in United States 663,364

IN MEXICO:

Morelos Dam

Mexicali Valley 423,936*

Total in United States andMexico 1,087,300

*An estimated 40% of total acreage is served by pumping ground water
in Mexicali Valley

Figure 2. Colorado River Irrigated Areas 16



CHAPTER 2

THE ECONOMIC & POLICY APPROACH

Analytical Techniques 

Economists and other technical specialists have to interact

at all stages in the project planning process in order to carry out

an economic analysis based upon the physical input-output information

generated from the project itself. Therefore, it would be worth-

while to spend some time and effort in bringing together such informa-

tion in a form that is understood by general project planners and

decision makers.
18

However, most of economic theory is concerned with relation-

ships among variables. The quantity of a given commodity demanded by

an individual is related to his income and the price of the commodity;

the cost of producing a commodity is related to the quantity produced

and to the prices of the factors involved in producing it; national

consumption expenditure is related to national income, etc. According

to this, most econometric theory is concerned with measuring rela-

tionships among variables, in other words, with methods of quantifying

the relationships of economic theory.
19

For instance, planning in a real world setting indicates

that one alternative may not always be preferred over another just

because it has a higher expected value. Thus, for a given project

10



11

which is to be measured by benefits, the spread of possible outcomes

around the expected value as indexed by the corresponding standard

deviation of the probability distribution is also important. If two

different projects, A and B, are compared, and if both distributions

have equal expected values but different standard deviations, the one

with the smaller standard deviation is usually preferred.
20 

This ex-

ample is hypothetically illustrated in Figure 3.
21

The need for testing economic feasibility of a given project

has proven to be avery important one. Therefore, in the case of water

resources planning, the public sector is, in some significant ways, a

prominently favored investor. The main constraint remaining in the

evaluation of public projects is choosing the appropriate magnitude

of the discount rate used to measure benefits and costs in all stages

of the project.
22 

For example, the relationship between potential

and realized benefits may be illustrated by dividing project life

into four stages: construction, buildup, maturity and decline.
23

This is shown in Figure 4
• 24

In order to maximize benefits, a realistic economic evalua-

tion ought to be accomplished in every single stage of the project.

On the other hand, it is well known that the public sector, in under-

taking investments, often seeks the attainment of goals other than

economic efficiency and creates a controversy when the social dis-

count rate is not equal to the real efficient rate of interest. If

an inefficient public project is undertaken, it should be recognized.
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Figure 3. Comparison of Benefit Patterns of Two Hypothetical
Projects A and 321
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Figure 4. Stages of Project Life
24
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It serves no useful purpose to bias the efficiency evaluation of such

a project through the manipulation of the social discount rate.
22

The Benefit-Cost Ratio 

A criterion extensively employed for the evaluation of proj-

ects in the United States is the benefit-cost ratio. A benefit-cost

ratio is a discounted measure of project worth obtained when the

present worth of the benefit stream is divided by the present worth

of the cost stream, as illustrated by the following formula:

t=n Bt

*Vo = 
E
t=1 (1+i)

t

t=r1 	Ct
E --f
t=1 (1+i)

whereas:

*Vo = Present worth
Bt = Benefit in each year
Ct = Cost in each year
t = 1, 2 . . . n
n = Number of years
i = Interest (discount) rate

The decision rule to accept or reject the project is:

Accept if *Vo >1
Reject if *Vo <1

25

However, in water resources planning, computing benefits and

costs may not turn out to be all that easy. Concerning flood control

measures, difficulties are caused by problems of quantity and problems

of value. Quantity problems include prediction of flood peak by

frequency, area and depth of flooding and prediction of damageable
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property within the flood plain by time, place and kind.
26 

This was

the case for the 1983 Colorado River Flood which damaged an extensive

zone at both sides of the US-Mexico border.

Evaluation of economic projects through the use of the benefit-

cost ratio is widely used in institutions such as the World Bank. How-

ever, if not used properly, it may present some constraints. This is

because the value of the ratio will change depending on where the net-

ting out in the cost and benefit stream occurs. The benefit-cost

ratio discriminates against projects with high gross returns and oper-

ating costs, even though such projects may be shown to have a better

wealth generating capacity than that of alternatives with a greater

benefit-cost ratio.
27 

Thus,development economists may use different

discounted cash flow measures instead.
25

The Role of Water Pricing Policy 

In a simplistic manner, let us define policy as the criteria

by which a decision maker decides what to do or what not to do in a

given factual situation.
28 

A rational planning of the uses of water

will place emphasis upon its price, since price is a fundamental fac-

tor of the market. The methods of assessing the prices of water can

be very different for every country according to the part that water

plays in the country's economy. Therefore, the determination of a

water pricing policy is difficult. 29

Some methods for determining the price of water are the

following:
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A) Method of setting the price of water on the basis of the

marginal cost (the cost per supplementary unit supplied). This method

is closely linked to economic logic since marginal cost constitutes the

supply curve of the water supplier. Therefore, the consumer has to

pay the marginal cost for the quantity consumed and the water supplier

obtains the maximization of his profit. Thus, larger consumers pay

higher per unit prices per cubic foot. As a consequence, this method

may be used in low water industrial uses but for agricultural purposes

unit prices become elevated and farmers may not be able to pay for the

water.

B) Average cost method. In this case, the price results from

the assessment of the amortization of the investment (including in-

terest) plus the annual operating costs. Thus, the method permits

the recovery of the investment, together with the interest if the cap-

acity of the plant is fully used. Otherwise, it may lead to prices

even higher than those of the marginal cost, unless the interest rate

is diminished.

C) Market price. This price is set according to the law of

supply and demand. The price results from the equilibrium point. It

is rarely used since certain uses cannot be subjected to market laws

such as the case of civil uses. The difference between this method

and the method of marginal cost is that the producer may not optimize

his profit, but the price will be the one dictated by the equilibrium

point.
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D) General taxation method. In this kind of method, the water

supply, conveyance and distribution works are considered to be on a

level with other infrastructures, such as roads, schools and hospitals.

Therefore, water is distributed free of charge, because it has been

paid already through taxation upon every citizen.

E) Special taxation method. This method is used in order to re-

cover the original investment by imposing special taxes. It is parti-

cularly used in agriculture where special taxation is levied per unit

of irrigated surface or surface covered by the corresponding irriga-

tion plant. 30

Differentiation in the Price of Water 
According to the Type of Use 

In the United States, the US Bureau of Reclamation differen-

tiates between municipal-industrial water and irrigation water. As a

result, charges for agricultural water traditionally have been less

than those for either domestic or industrial use. For instance, a

locally established differential would favor local agriculture if the

proportion of agricultural water to industrial-domestic water use is

low or the land use pattern is characterized by high value nonagri-

cultural land use. This stems from the following relationship: 1)

the larger the quantity of higher priced water for nonagricultural

purposes, the lower the price for a given revenue target.
31

This assumes that the ratio of unit price for nonagricultural

water to that for agricultural use exceeds unity and also exceeds the

ratio of average variable unit cost of "producing" nonagricultural
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water service to that for agricultural service. If the allocated

fixed cost per time period were A, the quantities of water used for

both agricultural and nonagricultural purposes, ga and gn respectively,

and unit prices, pa and pn, then

pa =	 (A. - pn), with 211- = a constant for the region wherega	 pa
applied 32

Concerning the pricing policy in Mexico, the price of water is

differentiated in 4 consumption groups according to its use. These

consumption groups are: 1) households, 2) commercial institutions,

3) industrial businesses, 4) public and government facilities. 33 
The

main criteria for pricing water are installation costs, maintenance

and the use of it. For instance, the price of water used for agricul-

tural purposes may vary if there are government facilities (a dam or

a reservoir) or if the farmer has to excavate his own well.

In all of the cases, the government charges per cubic meter.

The government fixes the prices through the Ministry of Hydraulic

Resources, according to the criteria mentioned above. Furthermore,

the government reserves the right to change the prices anytime if

required and also the redistribution of water from zones where it is

plentiful, to regions where its insufficiency constitutes a hindrance

to development.
34

Suggestions for Implementaion of Public 
Policy to the Mexican Government 

Concisely speaking, policy analysis is finding out what

governments do, why they do it, and what difference it makes. Public
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policy then, is whatever governments chose to do or not to do. 35

Implementation is the carrying out of a basic policy decision, usually

made through a statute, executive orders or court decisions. Such a

decision identifies the problems to be addressed, stipulates the ob-

jectives to be pursued and structures or composes the implementation

process.
36

In terms of planning, the author suggests that the Mexican

government follow the principles of the Economic Commission for Europe

for the development of water resources. This is to place emphasis on

long-range economic planning on an international (i.e., US-Mexico

International Rivers), national and regional basis. The need for

comprehensive water resources managment comes from the following

factors: 1) the continuous growth of water demand and modernization

of technology, 2) the need to balance water supply and demand, 3) the

continuing deterioration of water, related land resources, and the

environment in general, 4) serious flood damage in river basins call-

ing for better planning and operation of flood control measures, 5)

growth of investments throughout the river basins and 6) schemes for

multi-purpose and integrated development.
37

Another suggestion made by the author to the Mexican govern-

ment is the modernization of equipment and methods for river basin

management utilizing current scientific and technological development.

This is a well justified expense to implement rational management to

avoid unforeseen events like the last flood of the Colorado River in

the summer of 1983. Measures like flood warning control, modern
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communication system, efficient transport facilities, 38 etc. would

help to minimize unwanted events and maximize performance. Further-

more, international seminars with American and Mexican officials should

be carried out more frequently to exchange data and opinions.

The third and last suggestion regarding Mexican policy has to

do with the need for additional agricultural research. The Nobel

Laureate Theodore W. Schultz
39 

lists a series of arguments on paying

for agricultural research since every country has unique requirements.

He states that: 1) international agriculture research centers are not

substitutes for national research enterprises, 2) large agricultural

research institutions in high income countries do not serve the speci-

fic requirements of Latin America, 3) industrial firms within any

country will undertake only strictly applied research from which they

can make a profit. Therefore, their expenditures on agriculture re-

lated research are very small portions of the total agricultural re-

search that is required. It is the author's viewpoint to increase

government spending in agricultural research in Mexico. Water in

this case plays an important part in a country with extensive arid

regions, a fact that Mexico shares with the Southwestern United States.

The management of this resource depends upon the people's attitude and

perception of water as an economic good.

Therefore, the next chapter presents a survey performed in

Tucson, AZ in order to illustrate how the people perceive this natural

resource. However, it must be emphasized that this is more of a

pilot survey the format of which could be actually used for the
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decision making process. Because of the small simple size, the

actual data obtained from this particular survey should not be used

in making any decisions. Tucson, being an arid zone itself, provides

an excellent environment to perform a survey of this kind.



CHAPTER 3

A REAL LIFE SURVEY: MEASURING THE DEGREE
OF PUBLIC CONCERN REGARDING WATER

IN A DESERT REGION

Statement of Purposes of the Survey 

The aim of this survey is to measure the degree of public

concern regarding water in a desert region. Since this natural re-

source is very scarce in the Southwest region of the U.S., the author

developed a questionnaire to measure the degree of concern of every

interviewed individual. Supporting the importance of water for eco-

nomic and social change, the survey was performed as follows:
40

1. Target Population: The author (from now on called "we") sampled

people attending the University of Arizona in the spring semes-

ter of 1983. (This survey was performed on April 29, 1983).

2. Sampled Population: We took two subpopulations from the

target population: the people visiting the University of

Arizona Main Library between 1:00 pm to 3:30 pm and the

people visiting the most popular bar in the University of

Arizona area (Gentle Ben's) between 4:00 pm to 7:00 pm.

3. Sampling Units: Individuals (questionnaires were used to

obtain information).

4. Population Frames: Individuals entering: a) the U of A Main

Library, and b) Gentle Ben's Bar.

22
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5. Specification of the variable of interest: Degree of concern

regarding water, i.e. the higher the score, the greater the

concern. The questionnaire was designed in such a way that

A = 4 points, B = 3 points, C = 2 points, D = 1 point, E =

Neglect or O.

6. Population Parameter: to estimate average score on the var-

iable p = Ysy where	 p = estimator of the population mean

—
Ysy = sample mean Y

sy = systematic sampling was used

Description of the Coverage

The population covered by the survey was the University of

Arizona community. The procedure used was systematic sampling, in-

terviewing one person out of ten. The sampling units (individuals)

were interviewed in the entrance of the U of A Main Library and the

Gentle Ben's Bar on April 29, 1983. As expected, a different degree

of concern was obtained for each subpopulation, even though the group

of people interviewed belonged to the same community.

Time Table Specifying the Phases
of the Survey

This schedule helped to control the necessary time that was

required to accomplish our project.

Planning: The planning phase included April 1 to April 28, 1983.

This phase included the planning of the project, topic,

goals, survey project drafts and guidance provided by

the instructor.
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Execution:

	

	 The field work was performed on the afternoon of

April 29, 1983

Analysis:	 Executed after appraisal phase, May 5th.

Appraisal:	 There was not significant difference to prove

the author's hypothesis (in any group) that the

subpopulation A (of the U of A Main Library)

would score higher than the subpopulation B

(of the Gentle Ben's Bar). This is further dis-

cussed in the conclusions of the survey.

Date of Report:	 May 6th, 1983. Information used for author's

Master's Report.

Collection of the Information

This task was performed by the author. The number of selected

sampling units was 50 for each subpopulation. However, it was neces-

sary to interview 57 people in the case of the library and 54 people

in the case of the Bar, because of non-respondents. A table of ran-

dom numbers was used in order to determine the sequence which turned

out to be 1, 11, 21. In other words, our K factor was equal to 10.

The means for gathering information was a questionnaire formu-

lated as follows: a brief set of instructions, the questions that we

were interested in, plus a set of auxiliary questions in order to dis-

tinguish by groups and make comparative tables of their average scores

and their variances. Furthermore, we present the questionnaire 
used

in the survey, emphasizing that each question was considered to 
have

equal value.



QUESTIONNAIRE

Thanks for cooperating by giving us your time and opinions.

The purpose of this survey is to evaluate the degree of concern for

water in the University community. This is a project performed for

academic purposes and therefore all information shall be kept confi-

dential.

Please mark your answer as follows:

A. If you agree completely with the item.

B. If you agree to a certain extent.

C. If you disagree moderately with the item.

D. If you disagree completely with the item.

E. If you don't know.

1. I think that water is very important for the University of

Arizona area and therefore the university community.

A.	 B.	 C.	 D.	 E.

2. I think that the quality of the water that I use 
should be

improved, even if I have to pay extra money.

A.	 B.	 C.	 D.	 E.

3. I think that politicians do not care 
about future water

shortages in the area of Tucson.

A.	 B.	 C.	 D.	 E.

25
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4. I think that ordinary people should meet with the Water

Resources Administration Department in Tucson to discuss

.water problems.

A.	 B.	 C.	 D.	 E.

5. I am willing to pay extra money if necessary in order to keep

our present water supply.

A.	 B.	 C.	 D.	 E.

Additional Information

Are you male	female?

Are you a Tucson permanent resident yes	no?

Are you a U of A student, faculty, staff member, other?

THANKS AGAIN FOR YOUR TIME



Numerical Interpretation and
Statistical Analysis

The degree of concern was estimated according to an additive

system, the higher the score, the higher the degree of concern. Each

question, as we can see, had five possible choice and the places values

were A = 4 points; B = 3 points; C = 2 points; D = I point; E = neglect

or O. Our variable Yi, in this case, is the score of each individual.

The values obtained were as follows:

27
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Table 1. Scores of 50 Individuals Interviewed at the University of
Arizona Main Library (subpopulation A)

Indi-	 Indi-	 Indi-	 Indi-
vidual	 Score	 vidual	 Score	 vidual	 Score	 vidual	 Score

1 2.2 14 2.6 27 3.4 40 1.8
2 2.4 15 2.6 28 3.4 41 3.8
3 3.0 16 2.8 29 3.2 42 2.8
4 3.4 17 3.2 30 3.2 43 2.8
5 3.0 18 2.0 31 3.2 44 2.4
6 2.8 19 2.4 32 3.4 45 3.0
7 3.0 20 3.0 33 2.8 46 3.2
8 3.4 21 2.6 34 3.2 47 2.2
9 2.8 22 3.4 35 3.0 48 1.6

10 2.4 23 2.8 36 3.0 49 2.0
11 4.0 24 3.2 37 2.6 50 3.4
12 1.6 25 2.6 38 2.8
13 3.4 26 1.4 39 1.6
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Table 2. Scores of 50 Individuals Interviewed at Gentle Ben's Bar
during April 29, 1983 Csubpopulation B)

Indi-	 Indi-	 Indi-	 Indi-
vidual	 Score	 vidual	 Score	 vidual	 Score	 vidual	 Score

1 2.6 14 2.6 27 2.4 40 3.0
2 4.0 15 1.0 28 3.2 41 2.0
3 2.6 16 3.0 29 3.6 42 2.8
4 3.8 17 2.4 30 2.2 43 3.2
5 3.0 18 2.8 31 3.4 44 3.0
6 3.0 19 2.2 32 2.2 45 2.0
7 2.2 20 2.8 33 1.8 46 3.2
8 2.8 21 1.2 34 3.0 47 0.4
9 3.2 22 2.8 35 3.2 48 3.4

10 3.0 23 2.2 36 1.6 49 2.4
11 1.0 24 2.6 37 3.2 50 1.8
12 2.6 25 4.0 38 3.8
13 3.6 26 1.8 39 1.4
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Table 3. Comparative Table Showing the Different Means and Variances
of the Individuals' Scores (According to their Given Groups)
in the U of A Main Library (subpopulation A)

Overall	 = 2.7960sy S
2 
= .3436

24 males average score = 2.7916
	

S
2 
= .3460

26 females average score = 2.800
	

S
2 
= .3552

27 residents average score = 2.8518
	

S
2 
= .3402

23 non-residents average score = 2.7304
	

S2 = .3549

Students (41) average score = 2.7756
	

S2 = 2.7756

Faculty (3) average score = 3.0666
	

S
2 

= 3.0500

Staff (4) average score = 3.0500
	

S
2 
= 3.0500

Other (2) average score = 2.3000
	

S
2 
= 2.300
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Table 4. Comparative Table Showing the Different Means and Variances
of the Individuals' Scores (According to their Given Groups)
in the Gentle Ben's Bar (subpopulation B)

Overall Y = 2.6200
sy S

2 
= .6420

34 males average score = 2.5823

16 females average score = 2.700

36 residents average score = 2.6555

14 non-residents average score = 2.5282

Students (35) average score = 2.5714

Faculty (5) average score = 2.1600

Staff (5) average score = 2.8400

Other (5) average score = 3.2000

S2 = .6829

S
2 

= .5760

2
S	 = .5819

S2 = .8406

2
S	 = .6144

S2 = 1.2800

S
2 
= .1480

S
2 
= .4400
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According to systematic theory, K = 10 in our case (for both

subpopulations) where: K = one in K' systematic sampling (one every

other ten)

N = estimator of population size

n = sample size

	and we know that K =	 so we can solve for N as follows:

=-
-171. 

= 10

= 10n = (10)(50) = 500

Then we look for our variable of interest and we place a bound on the

error of estimation, i.e., at the bar:

n Y.
=	 = E —=2.6200sy 

i=ln

	V(Y )	 (N -n)( s
2

) Note: (
N - n

) - (1 -
1

	

sy	 N	 n

(
500 - 50 .642)(

 50
0 

-	 500
) . .0115

2)*(7 ) = .2149
sy

Therefore, our bound on the error of estimation is 0.2149.

On the other hand, we followed the same method for the Uni-

versity Library:

= —
n 

= 10

= 10(n) = (10)(50) = 500

n Y.
=	 = E —=2.796Osy i=ln

.	 ) (N n\ Z)
 N ''nV
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(

500 - 50, .3436 
)(500	 50) - .0061

2AT(i- ) = .1572
sy

Therefore, our bound on the error of estimation is 0.1572.

Hypothesis Setting

Secondly, the author's hypothesis was that the overall average

score of subpopulation A is greater than theone fromsubpopulation B. Fur-

thermore, for each distinguishing group, a higher average score was

expected from those belonging to subpopulation A when compared with

their counterpart in subpopulation B.

Method of Testing

The chosen method of testing was a statistical test of signi-

ficant difference. In the case of comparing the overall average score

of subpopulation A versus the one from subpopulation B, a Z statistic

test was performed since the size of these samples is considered to

be large. A similar t test was chosen for the various distinguishing

groups since their size is considered to be small. A complete and

thorough description of the tests of significant difference carried

out is shown in Appendix A in page 41.

Results

Briefly summarizing, 9 tests of significant difference were

carried out. Table 5 shows the results as follows:
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Table 5. Statistical Tests of Significant Difference between the
Two Subpopulations A and B

Hypothesis Test
a = .05
	

Outcome	 Conclusion

Z computed < Z
tabular
.9712 < 1.64

t computed < t
tabular
1.0639 < 2.00

t computed < t
tabular
.4757 < 2.00

A) Overall average score
of subpopulation A is
greater than the one
of subpopulation B

Ho: 7Y-sya ‹ 7syb

Ha: Tisya > Tisyb

B) Average score of
males in subpopula-
tion A is greater
than the one from
males of subpopula-
tion B

Ho: Tma V.mb
—Ha: Yma > —Ymb

C) Average score of
females in subpop-
ulation A is greater
than the one from fe-
males in subpopula-
don B

There is not signifi-
cant difference, there-
fore we fail to reject
Ho

There is not signifi-
cant difference,
therefore we fail to
reject Ho

There is not signifi-
cant difference,
therefore we fail to
reject Ho

Ho: Yf- a 7fb

Ha: Y- fa > Yfb

D) Average score of res- t computed < t

idents from subpopula- tabular
tion A is greater than 1.1175 < 2.01
the one from subpopula-
tion B

Ho: Yr- a Yrb

Ha: 7Y-ra > Yrb

There is not signifi-
cant difference,
therefore we fail to
reject Ho
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Table 5.--Continued 

Hypothesis Test
a = .05
	

Outcome	 Conclusion

t computed < t
tabular
.5423 < 2.03

t computed < t
tabular
.6653 < 1.995

t computed < t
tabular
.9161 < 2.45

t computed < t
tabular
.7915 < 2.36

E) Average score of
non-residents from
subpopulation A is
greater than the one
from subpopulation B

—
Ho: Yna Ynb

Ha: Yna Trib

F) Average score of
students from sub-
population A is
greater than the one
from subpopulation

Ho: 7sa Tsb

Ha: 7isa > Tsb

G) Average score of
faculty members
from subpopulation
Ais greater than
the one from sub-
population B

Ho: Tpa

Ha: 7ipa 7pb

H) Average score of
staff members from
subpopulation A is
greater than the
one from subpopula-
tion B

There is not signifi-
cant difference,
therefore we fail to
reject Ho

There is not signifi-
cant difference,
therefore we fail to
reject Ho

There is not signifi-
cant difference,
therefore we fail to
reject Ho

There is not signifi-
cant difference,
therefore we fail to
reject Ho

Ho: —Yca —Ycb

Ha: Yca Ycb
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Table 5.--Continued 

Hypothesis Test
Œ = 0.5
	

Outcome	 Conclusion

I) Average score of
group called others
from subpopulation
A is greater than
the one from sub-
population B

Ho: 7oa Yob

Ha: Yoa Yob

t computed < t
tabular
1.1937 < 2.57

There is not signifi-
cant difference,
therefore we fail to
reject Ho
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Discussion

Tables 3 and 4 represent the values obtained by the two

subpopulations and their respective groups. In this specific survey,

we performed a Z statistic test for each subpopulation, coming up to

the conclusion that there is not a significant difference among the

overall scores of A and B. A similar t test was performed in each of

the distinguishing groups in both subpopulations. This is thoroughly

shown in Appendix A and summarized in Table 5.

As is known, these groups are males, females, residents, non-

residents, students, faculty, staff and others. We compared the

average score of each group in subpopulation A versus the average

score in subpopulation B. The result for all of the tests showed

that there is not a significant difference between A and B. The

author also concludes that given the fact that the target population

(U of A community) is about 40,000 people, the samples used for the

survey were too small.

The aim of this survey was to measure the degree of concern

regarding water in a desert region. The scores obtained vary but

overall the people shows a highly positive attitude. Therefore, a

community program to improve the management of water is possible.

Thus, water resources decision makers could use this type of survey

as a positive feedback and information.

Comments on the Non-Respondents

In the Library's case, the non respondents were 7 people or

approximately 147, a figure which is acceptable.
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In the Bar's case, the non respondents were 4 people or

approximately 8%, still an acceptable number. The refusals were be-

cause they were too tired to fill out a survey. Overall, the people's

cooperation was excellent.

Cost

A rough estimate of the cost for this particular survey could

be estimated as follows:

1. The professor's time

2. The time of the student making the survey in the field, and

the time spent in planning and analysis of the project.

3. The materials of the survey (questionnaires).

Assessment

The purpose of this survey was successfully achieved. The

field work shows very interesting results and overall the project

was worthwhile. See discussion above.

Responsibility and Acknowledgments

The student accepts all the responsibility for this parti-

cular project. However, I would like to express my thanks to all of

the people who have cooperated with me on this project.



CHAPTER 4

CONCLUSIONS

It is clear that the United States and Mexico have their

differences concerning history, law, water rights and management

techniques. Throughout centuries, US-Mexico political controversies

inherent from being neighbors have influenced the lives of millions

of people on both sides of the border. The Rio Grande, the Colorado

River and the Tijuana River have been the center of disputes, strug-

gles and finally amiable arrangements.

The International Boundary and Water Commission, which is in

charge of the solution of boundary and water distribution problems,

is an example of cooperation among both countries. The role of inter-

disciplinary teams of technicians, economists and administrative per-

sonnel working for this institution in both sides of the border makes

possible the good standing of the IBWC.

The economic approach concerning the planning process for the

different stages of a water resources projects is closely linked to

the public policy of both governments. The benefit-cost criterion is

briefly discussed since it is a useful tool if used properly. The

role of water pricing policy is mentioned to emphasize water as an

economic good.
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The suggestions to the Mexican government for implementation

of public policy provided by the author emphasize long range economic

and technical planning, modernization of available equipment in the

Mexican side and the need for agricultural related research in Mexico.

The survey performed by the author tries to measure the degree

of public concern regarding water in an arid zone, since both the US

and Mexico have extensive desert regions. The statistical test per-

formed for both subpopulations chosen do not show significant differ-

ence regarding the averages scores obtained, neither as subpopulation

or compared groups. However, the people's attitude toward the survey

was very positive.

In synthesis, closer cooperation between Mexican and American

counterparts is essential in order to solve the common problems inher-

ent in being neighbors. Policy improvements by the Mexican government

regarding the management of international rivers along the US-Mexican

border should be undertaken. Areas of vital concern include: long range

planning, modernization of facilities, research of agricultural and

water resources and close tactful diplomacy.

Recognizably this report has dealt only briefly with the

issues above. The problems and the complexity of international rivers

management provides a challenge for both countries. Nevertheless,

mutual cooperation and amiable relationship will greatly enhance the

future economic, social, and political well being of both Mexican and

American people.



APPENDIX A

STATISTICAL TESTS OF SIGNIFICANT DIFFERENCE

Test of significative difference between the two subpopulations

A and B (overall).

A) Test the hypothesis that the overall average score of subpopula-

tion A (people attending the U of A Main Library) is greater than

the one from subpopulation B (people attending the Gentle Ben's

Bar).

Ho: Vsya < 71-syb	 Ho: null hypothesis
Ha: alternative hypothesis

Ha: 7isya > 7syb 	 A: stands for subpopulation A
B: stands for subpopulation B

We take a = .05 (the probability of
making an error by rejecting the
null hypothesis when it is true)

Since the G
2 

and the 11 of the target population are unknown and

we have n = 50 (large sample) for each subpopulation, we perform

a Z statistical test as follows:

1/(
STsya - 7'2-syb =	

;--7i;
n2

= / 3436 .6420 
50 4- 	50

S7i-sya - Vsyb = .1812 (A "pooled" standard deviation)
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(lYsya = Y'sybl) - 444.e.--,71.77= (2.7960 - 2.6200) = .176 Z -	 - .9712SYsya - 7-syb	 .1812	 .1812

Z one tail = 1.64	 Z computed < Z tabular
right a = .05	 There's no significant differece,

therefore we fail to reject Ho.

Test the hypothesis that the average score of males in subpopula-

tion A (people attending the U of A Main Library) is greater than

the one from males in subpopulation B (people attending the Gentle

Ben's Bar).

Ho: Yma Ymb	 Ho: null hypothesis
Ha: alternative hypothesis

Ha: Yma	 YMb	 m: stands for males

Since the a2 and the p of the target population are unknown and

we have nma = 24, nmb = 34 (small sample) for each group in both

subpopulations, we perform a t statistic test as follows:

nma = 24	 S
2
ma = .3460 Yma = 2.7916 df = degrees of freedom

nmb = 34	 S
2mb = .6829 Ymb = 2.5823 df = 58 - 2 = 56

We "pool" the standard deviation:

sp 	/(24-1)(.3460) + (34 - 1)(.6829) 
23 + 33

a = .05 (previously de-
fined)

We assume Do = (pa -
pb) = 0 under 1 tail .

null hypothesis

Sp = .7379

t=
 12.7916 - 2.58231 - Do _ 1.0639 = t computed
/ c 1 4. 1

"4) 24 ' 34

then we find t tabular = 2.00
a =.05

56 d.f.

t computed < t tabular
Therefore we fail to reject Ho.
There is no significant differ-
ence.

*0 under 1 tail null hypothesis.



C) Test the hypothesis that the average score of females in

subpopulation A (people attending the U of A Main Library) is

greater than the one from females in subpopulation B (people at-

tending the Gentle Ben's Bar).

Ho: Yfa < 7ifb	 Ho: null hypothesis
Ha: alternative hypothesis

Ha: Yfa Yfb	 f: stands for females

Since the a
2 

and the 11 of the target population are unknown and

we have nfa = 26 nfa = 16 (small sample) for each group in both

subpopulations, we perform a t statistic test as follows:

nfa = 26	 S
2
fa = .3552	 'Tfa = 2.8	 df = 42 - 2 = 40 Do = 0

nfb = 16	 S 2fb = .5760 Vfb = 2.7
	

a= .05

As in the last case (B), we perform the same test:

_ /  (26 - 1)(.3552) + (16 - 1)(.5760) 
25 + 15

Sp = .6618

12.8 - 2.71	 - Do 
t -	

.
4757 = t computed

, J/1 , 1v

Then we find t tabular = 2.00
a = .05

40 d.f.

t computed < t tabular
Therefore we fail to reject
Ho. There is no significant
difference.

D) Test the hypothesis that the average score of residents in sub-

population A (people attending the U of A Main Library) is

greater than the one from residents in subpopulation B (people

attending the Gentle Ben's Bar).
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Ho: YraYrb ‹

Ha: --Yra > --Yrb

Ho: null hypothesis
Ha: alternative hypothesis
r: stands for residents

Since the a
2 

and the p of the target population are unknown and

we have nra = 27 nrb = 36 (small sample) for each group in both

subpopulations, we perform •a t statistic test as follows:

nra = 27	 S
2
ra = .3402	 i-ra = 2.8518	 df = 61 - 2 = 59

Do = 0
nrb = 36	 S 2rb = .5819	 Y'rb 	 = 2.655	 a = .05

»	
26 + 35

27 - 1)(.3402) + 35(.5819) Sp =/	 - .6920

12.8518 - 2.6551 - 
t=   D° - 1.1175 = t computed

1
Sp )4117 +

t tabular = 2.01
a = .05

df = 59

t computed < t tabular
Therefore we fail to reject Ho.
There is not significant difference.

E) Test the hypothesis that the average score of nonresidents in

subpopulation A is greater than the one from nonresidents in sub-

population B.

—
Ho: Yna ‹ Ynb

Ha: -z-na >

Ho: null hypothesis
Ha: alternative hypothesis
n: stands for nonresidents

Since the a
2 

and the p of the target population are unknown and

we have nna = 23 nnb = 14 (small sample) for each group in both

subpopulations, we perform a t statistic test as follows:

nna = 23	 S
2na = .3549	 7na = 2.7304	 df = 37 - 2 = 35

Do = 0

nnb = 14	 S
2nb = .8406 Ynb = 2.5282	 a = .05

/(23 - 1)(.3549) + (14 - 1)(.8406) 
Sp - /
	 7316

22 + 13
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- 12.7304 - 2.52821 - Dot - .5423 = t computed
1 4. 1

-P	 28 ' 14

t tabular = 2.03
	

t computed < t tabular
a = .05
	

Therefore, we fail to reject Ho.
df = 35
	

There's no significant difference.

F) Test the hypothesis that the average score of students in subpop-

ulation A is greater than the one from students in subpopulation

B.

Ho: 7sa < 77isb	 Ho: null hypothesis
Ha: alternative hypothesis

Ha: Tsa > Tsb	 s = stands for students

Since the a2 and the ji of the target population are unknown and

we have nsa = 41 and nsb = 35 (small sample) for each group in

both subpopulations, we perform a t statistic test as follows:

nsa = 41	 S
2
sa = 2.7756	 7sa = 2.7756	 df = 76 - 2 = 74

Do = 0
nsb = 35	 S

2
sb =	 .6144	 Tsb = 2.5714	 a = .05

»41 -1)(2.7756) + (35 - 1)(.6144) 	1.335
p -	 40 - 34

t =	
12.7756 - 2.57141	 - Do = .6653 = t computed

SP / 1 4. 1
41 35

t tabular = 1.995
	

t computed < t tabular

a = .05
	 We fail to reject Ho. There's no

df = 74
	 significant difference.

G) Test the hypothesis that the average score of faculty members in

subpopulation A is greater than the one from faculty members in

subpopulation B.



Ho: Ypa Ypb

Ha: —Ypa > —Ypb

Ho: null hypothesis
Ha: alternative hypothesis
p: stands for faculty members
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Since the a
2 

and the p of the target population are unknown and

we have upa = 3 and npb = 5 (small sample) for each group in both

subpopulations, we perform a t statistic test as follows:

npa = 3	 S
2
pa = 3.05 -- pa = 3.066

npb = 5	 S
2
pb = 1.28	 pb = 2.16

df = 8 - 2 = 6
Do = 0

= .05

)/3 - 1 (3.05) + 5 - 1 (1.28) Sp =	 - 1.367
2 + 4

-
13.066 = 2.161 - Do 

t	 - .9161 = t computed

t tabular = 2.45
a = .05
df = 6

t computed < t tabular
We fail to reject Ho. There's no
significant difference.

H) Test the hypothesis that the average score of staff members in

subpopulation A is greater than the one from staff members in

subpopulation B.

Ho: 7ca Ycb	Ho: null hypothesis
Ha: alternative hypothesis

Ha: -7ca > .7cb	 c: stands for staff members

Since the a
2 and the p of the target population are unknown and

we have nca = 4 and ncb = 5 (small sample) for each group in both

subpopulations, we perform a t statistic test as follows:

nca = 4	 S
2ca = 3.05 7ca = 3.5

ncb = 5	 S
2 cb = .1480 7-Lob = 2.84

df = 9 - 2 = 7
Do =

c. = .05

7 (4 - 1)(3.05) + (5 - 1)(.1480) 
Sp -)
	 - 1.1797

3 + 4



t=
 3.05 - 2.84 - Do

Sp /+

t tabular = 2.36
a = .05
df = 7

- .7915 = t computed

t computed < t tabular
We fail to reject Ho. There's no
significant difference.

47

I) Test the hypothesis that the average scores of the group called

others in subpopulations A is greater than the one

from subpopulation B.

Ho: Yo- a ‹ Yob	 Ho: null hypothesiss
Ha: alternative hypothesis

Ha: Yo- a > Yo

- 

b	 o: stands for others

Since the a
2 

and the p of the target population are unknown and

we have noa = 2 and nob = 5 (small sample) for each group in both

subpopulations, we perform a t statistic test as follows:

noa = 2	 S
2
oa = 2.300 Yoa = 2.300

nob = 5	 S
2ob = .440 Yob = 3.2

Sp = 
1/(2 - 1)(2.3) + (5 - 1)(.440) _ . 9011

1 + 4

12.3 -.3.21 - Do _
t =	 1.1937 = t computed

.9011
1	 1

df = 7 - 2 = 5
Do = 0
a = .05

t tabular = 2.57
a = .05
df = 5

t computed < t tabular
We fail to reject Ho. There's no
significant difference.
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