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ABSTRACT

The focal point of the quality of life associated

with the United States is a strong economy. Growth in the

economy means growth in employment. The establishment of

stringent environmental legislation is now a reality. How-

ever, those responsible for enacting environmental laws,

as well intentioned as they may be, must strive to assess

the socio-economic consequences of their actions so that

the true net benefit of the environmental legislation is

established. The main effort in this research centers

around the analysis of how a particular resource, energy

(i.e., energy in the form of electric power derived from

strip-mined coal) is embedded in the economic growth of

the Southwest.

The basic econometric tool that has been utilized

is a regional input-output model which evolved from a

California-Arizona linked input-output model developed by

H. O. Carter and D. Ireri. The decision space developed,

which effectively acted as a mechanism for restricting coal-

fired power availability in future years, was based on a

schedule of electric energy capacity additions as delineated

by the U.S. Department of Interior's Southwest Energy Study.
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The regional economic analysis, described in

Chapter 5 of this dissertation, suggests there is a definite

relationship between coal-fired power availability and

regional economic growth in the Southwest. Furthermore, the

estimates of incremental decreases in regional economic

activity associated with certain levels of decreased coal-

fired power development are of such a magnitude that one

could characterize the relationship as very significant.



CHAPTER 1

INTRODUCTION

Concern for the maintenance of a quality environ-

ment and the need to sustain a vigorous rate of economic

growth are growing problems that continually confront the

decision makers of the country, at all levels of responsi-

bility, in both the public and private domain. Economic

progress, and the concomitant demographic growth it stimu-

lates, necessitate not only change in the immediate surround-

ing environment, but may also accelerate environmental change

in areas remote from the central core of economic activity.

Such is the case in several parts of the nation and more

specifically it has been and still is the case unfolding in

the Southwest area of the United States.

The energy crisis that now plagues the United

States has resulted in the exploration and, in some cases,

the rapid development of resources, that fifteen to twenty

years ago were widely considered to be of minimal value

mainly because of the then unsound economics associated

with their potential development. This is the situation

that now prevails in the more sprasely populated areas of

the Colorado River Basin. Massive reserves of coal are

now being strip mined to feed large scale power plants and

1
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are anticipated to feed more and even larger power plants

in the near future (U.S. Department of Interior, 1972).

The growing economy of the Southwest, in particular

the urban economies of Southern California, Phoenix, and

Tucson, have a power usage that has been more than doubling

every ten years for the past twenty years, and is expected

by power companies to grow at or near this rate into the

future. The net result therefore, is that these centers of

concentrated population, considerably removed from the actual

area of power generation, will receive approximately 80% of

the coal-fired power generated in the Colorado River Basin.

The stage has thus been set for a classic illustra-

tion of the complexities associated with environmental

decision making, particularly with respect to the diverse

interest groups that are involved. Considerable contro-

versy has arisen over such issues as Indian land and water

rights, air and water pollution, and a seemingly resigned

attitude that power production must double every ten years.

In February of 1972 the Southwest Energy Task Force managed

by the Department of the Interior, published a multi-volume

analysis called the Southwest Energy Study (S.E.S.). The

study is an attempt to evaluate and make recommendations

concerning the coal-fired power developments of the South-

west. The report which was developed from a wide spectrum
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of disciplines from both the public and private domain, is

the general data source for much of the research presented

in this study.

The intent here is not to overly criticize the S.E.S.

but rather to make the point that the report was a conser-

vative one, in that it assumed only one alternative, and

that was a full power development schedule. For this reason,

and further because of the sometimes vague nature of the

report, interested parties that would prefer to react to a

set of objective alternatives are effectively stymied. In

the development of our study it was therefore decided to

generate a team research project that would (1) hypothesize

a decision set that was capable of generating alternative

power development schedules, i.e., zero power development

thru full power development as specified in the S.E.S., and

(2) build basic models concerning the vital elements of the

controversy which would yield specific practical results.

The nature of this research centers on the develop-

ment of models which simulate the social, physical, and

economic effects of a wide range of decisions concerning

coal-fired power development. The main simulation models

that were employed focused on the following four major

aspects of the controversy:

(1) Air Quality -- two models were utilized to

characterize the dispersion of pollutants
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into the atmosphere at specified receptor

points within the major airsheds,

(a) a Gaussian diffusion model (Turner, 1970)

and

(h) a limited mixing model (Carpenter, 1971).

(2) Competitive groundwater use of the Navajo

Sandstone aquifer--a finite difference approach

(Prickett and Lonnquist, 1971) developed by

the Illinois State Water Survey, with some

modifications, was selected to relate aquifer

withdrawals by Peabody Coal to possible draw-

downs in the area of local Indian groundwater

use.

(3) Regional Economic growth--a modified version

of an Input-Output model (Carter, 1970) that

linked the economies of California and Arizona

was developed into a regional (region meaning

Southern California, Arizona, Utah, Nevada

and New Mexico) Input-Output model which

described how future regional economic growth

in the Southwest may be constrained by the

availability of coal-fired power.

(4) Local Indian social system--insight as to the

effects of these coal-fired power developments

on the Navajo and Hopi way of life were facili-

tated by the use of a modeling technique
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(Kane, 1972) that interrelates the manner in

which social phenomena are impacted by an out-

side stimulus such as power development.

Chapter 2 of this report is a discussion relating

the rationale for the use of the simulation approach to

assist the environmental decision-making process, and

Chapter 3 discusses the general design of the two year

program, the first year of which centered on the develop-

ment of simulation models and the second year study which

focuses on incorporation of the results of the simulation

process into a workshop.

Chapter 4, which is referred to as the Physical

Section, will concentrate on a description of the air

quality model developed and the results of the groundwater

simulation of the Navajo Sandstone aquifer. (A discussion

of the effects of the need for cooling water on the water

quality and water quantity of the Colorado River System

will be briefly summarized.)

The discussion in Chapter 5 will focus on Regional

Economics and how power from these coal-fired plants could

be a limiting factor in future regional economic growth in

the Southwest.

Chapter 6 entitled the Social System, will relate

progress in the development and use of a cross impact

modeling technique that is being utilized to provide greater
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understanding of how this power development has impacted the

local Indian population.

Chapter 7 will be a brief summary of the Managerial

Section as it was originally conceived and how with the pro-

gression of various model developments it began to change

from its original configuration and took on a new appear-

ance.

And finally Chapter 8, Review and Conclusions, will

present an analysis of the results of the simulation models,

but more importantly will discuss the potential application

of the simulation process developed to assist in environ-

mental decision-making.



CHAPTER 2

SIMULATION MODEL CONCEPT

Simulation procedures, as most modeling techniques,

are developed out of a need to address several key objec-

tives. The principal goal of this simulation process is

to model the important controversial effects associated

with decisions concerning production of power from the

strip mining of coal in the Colorado River Basin. However,

of equal importance will be the necessity to accommodate

the results of the simulation into a flexible and viable

workshop so that the participants with conflicting interest

have every opportunity to balance their input to the over-

all simulation. The net result of such activities will be

the ability of the workshop participants to gain a more

objective understanding of environmental change. Ultimately

this type of forum may be an ideal mechanism to construc-

tively direction the environmental decision-making process

with the expressed intent of avoiding extreme bias which

too often manifests itself in a manner that further confuses

the general public.

The objective of this study is to provide interest

groups whose interests may be in conflict with an under-

standing of the long term consequences of various

7
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alternative plans proposed as solutions to coal-fired power

developments in the Colorado River Basin. The range or

enumeration of alternative plans is called a decision space,

and the range of corresponding outcomes (results) is called

an effects space. A number of computer simulation models

link the decisions and effects. The decision space is

defined to include units of power plant construction con-

sidering such factors as geographic location and power

generation capacity. Interest group decisions would revolve

around various combinations of power plant sitings and

generation capacities with predicted results displayed

through the use of computer processing. The overall concept

consisting of interest groups, decision space, computer

simulation models, and effects space is a simulation of an

alternative decision making process.

While simulation is the chosen means toward achieve-

ment of the stated objective, it is readily apparent that all

aspects of the Four Corners controversy cannot be modeled.

This is a necessary conclusion based upon obvious lack of

knowledge, data deficiencies, and project time constraints.

Thus, areas of major interest are established and developed

on the basis of expected impacts from various aspects of

coal-fired power generation. A skeletal systems structure

for computer modeling is thereby created, and the effect

associated with a particular decision must have a
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corresponding skeletal support member to exist. Such a

skeletal systems approach relies upon a basic understanding

of the specific model situation (interest area), provides

a perspective toward appreciation of the overall complexi-

ties, and does not become initially tied up in a multitude

of minute details.

Figure 2-1 shows a conceptual block diagram of the

simulation model. By virtue of the intended application,

the simulation includes human participants; however, only

the major section classifications (i.e., managerial, social,

economic, and physical) have been diagrammed. Figure 2-1

indicates that user input and output occurs through the

managerial section in the form of decisions and effects.

As described earlier, computer simulation models translate

the decisions into effects. Initial specifications for each

of the major sections are found in Table 2-1. Section pur-

pose, scope, and probable implementation constitute the

basic specifications for the initial conceptualization of

the major sections.

The interpretive section identified as managerial

is included as representing a necessary bridge between

simulation models and effective workshop participation.

This observation can be obtained from an application of

simulation modeling to the public policy process as

described by Kadanoff (1972). Simplicity of operation,
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Table 2-1	 Initial Section Specifications

1. Physical Section

a) Purpose: A simulation of the essential features of
the air, water, and land portions of the
problem.

b) Scope: (1) Air -- the major airsheds associated
with the coal-fired power
plants

(2) Water -- the Navajo Sandstone aquifer
and the Colorado River System

(3) Land -- those areas affected by the
actual strip mining activities

c) Models:	 Major

Air Pollution - (1) Gaussian diffusion
model
and

(2) Limited mixing model

Groundwater -	 (1) Finite difference
approach to modeling
the Navajo Sandstone
aquifer

Minor

Surface Water - (1) simple mass balance
approach to surface
water withdrawals

Land Use -	 (1) enumeration of basic
data on strip mining

2. Economic Section

a) Purpose: To develop a model that would characterize
the role of coal-fired power in the
regional economic growth of the Southwest.
(Time permitting generate a simplified
model to relate jobs and income made avail-
able to local Indian population.)

b) Scope:	 (1) Regional -- Arizona, New Mexico,
Southern California,
Utah, and Nevada

(2) Local -- Navajo and Hopi Reservations
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Table 2-1	 Continued

c) Models:	 Major

Regional Economics - development of a
regional Input-Output
model

Minor

Local Economy - simplified description of
local Indian economy

3. Social Section

a) Purpose: A simulation of the social system of the
local Indian population

b) Scope:	 (1) Navajo and Hopi societies

(2) Various interest and decision-making
groups

c) Models:	 (1) Cultural modeling technique

4. Managerial Section

a) Purpose: An interpretive link between the simulation
variables and the alternative plan pro-
posals

b) Scope:	 (1) Limits on ranges of plan variation

c) Models: (1) Original implementation
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especially at the user input, is an essential consideration

toward achievement of the stated program objective. For

operational effectiveness, some provision for unfamiliarity

with computers, peripheral devices, computer modeling in

general, or a specific computer model in particular is

required.



CHAPTER 3

PROGRAM DESCRIPTION

The overall study contains two distinct divisions

of effort, they are: 1) the development of a flexible

computer simulation of the problem, and 2) a computer

oriented workshop involving individuals who represent

interested parties that are associated with, or affected

by, coal-fired power developments in the Southwest. Each

of the two main activities were allocated one year time

schedules for completion.

The complexities associated with large scale energy

developments, particularly those identified with extensive

strip mining procedures, necessitates that a broad spectrum

of individuals be involved in the workshop to be conducted

during the second year. Currently, it is estimated that

the following list of potential participants represents a

significant portion of the major elements associated with

the controversy:

1) Government agencies -- federal, state and local

2) Major electric utility companies in the Southwest

3) Coal companies

4) Urban dominated consumers

5) Indian tribal councils

14
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6) Other interest groups

a) Conservationists

b) Dissident Navajos

c) Hopi traditionalists

d) Underdeveloped areas of the Four Corners

region

e) Colorado River water users

First Year Plan

The main thrust of the first year plan was to develop

a set of models that were capable of simulating the vital

components of the system. The important elements that were

modeled consisted of the following:

a) Physical section -- the major emphasis here

was centered on the construction of

1) an air pollution model -- which would attempt

to describe pollutant behavior, associated

with burning certain quantities of coal, on

the ambient air quality of the Southwest and,

2) a groundwater model -- which would estimate

the effects of groundwater withdrawals, for

slurry pumping, on the existing local water

users.

b) Economic section -- in this area the main simu-

lation consisted of the modeling of the relation-

ship between regional economic growth and the
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availability of coal-fired power from the

Colorado River Basin.

c) Social section -- the essential ingredient of

this modeling process revolved around the use

of a cross impact technique to assess the

effects of power development on the important

variables of the Indian culture.

Upon completion of the individual models a managerial

section was delineated which consisted of developing the

framework for utilizing each of the individual models in a

manner that was compatible with a group interaction workshop.

Second Year Plan 

The second year's effort which will center around

the interest group workshop will present a challenging

opportunity to the continuing members of the project.

Although considerable time was spent in the first year in

the development of the overall simulation process, periodic

group meetings were held to characterize the nature of the

second year's effort. The following list of topics, not

intended to be all inclusive, specifies areas that were

felt to be of considerable importance in achieving a success-

ful workshop.

1. Selection of the participants

2. Software configuration for the data retrieval
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4. Hardware configuration for the workshop

S. Capacity to present technical data to users with

differing levels of technical sophistication

6. Methodology used to achieve effective group

interaction



CHAPTER 4

PHYSICAL SECTION

In the current development and use of fossil fuels

to generate power many important physical phenomena have

to be analyzed so that a reasonable evaluation of the

environmental impact of that power generating activity can

be achieved. To put the problems of coal-fired power gen-

eration in the Southwest in their proper perspective,

several points must be emphasized:

(a) Most of the coal that fuels these plants is

strip mined.

(b) The generating facilities are located in a

rural environment considerably removed from

the major power users.

(c) Coal for the Mohave plant in Southern Nevada

must be slurried by pipeline a distance of

275 miles.

The events associated with the development of these

coal-fired plants are a classic illustration of issues that

are of vital environmental concern to the country. Of

particular importance relative to the physical environment

of the Southwest are land use, air quality, and water

resources development.

18
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Strip mining of coal historically in the United

States has not been subject to strict laws relating to

reclamation. Although there has been considerable debate

recently over strip mining regulations, problems still

exist as to what level of reclamation is realistic, who is

ultimately responsible for reclamation procedures, what

type and amount of personnel are needed to supervise the

reclamation activities, and what are reasonable penalties

for not fulfilling the letter of the law. The issue of

land use is therefore a very real problem.

Related to the issue of land use are the trans-

mission lines that are needed to carry the power from these

rural locations to the urban centers. Given the plants are

built at considerable distances from the main power use

areas, many miles of extra high voltage (EHV, i.e., any

line carrying 345,000 volts or more) are required. The

problems associated with EHV lines such as effects on local

biota, visual pollution, corona effects, and electrostatic

interference are environmental issues that have obvious

consequences on land use in the Southwest.

Most of the underdeveloped areas of the Southwest

have historically enjoyed excellent air quality conditions

particularly with respect to visibility where it is not

uncommon to experience 50-75 miles of clear visibility.

The introduction of power plants in these areas, where
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there are no other large air pollution sources, has had

the dramatic effect of conspiciously accenting the low

level background concentrations (with the resultant high

visibility) against the more concentrated pollutants

emerging from the stacks of the coal-fired facilities.

Ambient air quality and the location of power plants in

non-urban centers (so that the likelihood of violating

secondary air standards is reduced) is a growing environ-

mental concern in the Southwest.

Another issue that surfaces in coal-fired power

generation is the need for a source of water to act as the

cooling mechanism (i.e., the "cooling water" estimated at

15 acre-feet/year/megawatt of capacity). Whether cooling

ponds, cooling towers, or a combination of both are util-

ized, the main water supply source will be various sections

of the Colorado River System. The net effect of these

cooling activities will represent an additional depletion

on the sources involved.

One final concern that exists in the Southwest is

the need for Peabody Coal Inc. to pump groundwater from

the Navajo Sandstone aquifer system to slurry the 
coal

from Black Mesa 275 miles to the Mohave plant. 
How these

withdrawals will affect the availability of groundwater for
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Navajo and Hopi community development (including stock

usage) is an issue of considerable importance.

Ideally all the above phenomena would have been

examined in as much detail as possible. However, due to

limitations of time, availability of data, range of technical

talents available, and the desire to analyze the most contro-

versial issues, the air quality problems and the pumping of

groundwater from the Navajo Sandstone aquifer were treated

in greatest detail. The intent here is not to underscore the

importance of the other problems since they will receive a

strong qualitative description (aided by simplified quanti-

tative measures) in the final group report, bur rather to be

realistic about the extreme difficulties associated with

simulating transmission line impacts, strip mining effects,

and changes in the Colorado River system. The following

descriptions therefore are brief summaries of the modeling

activities that were pursued relative to:

(1) Coal-fired power plants and air quality in the

Southwest

(2) Groundwater pumping from the Navajo Sandstone

aquifer.

Greater detail concerning these two subject areas can be

found in the final report.
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Air Quality and the Coal-Fired Power Plants 

The introduction of coal fueled power plants into

the Southwest will have the ultimate effect of producing

additional air pollution, primarily in the form of sulfur

dioxide, particulate matter, and nitrogen oxide. Although

final detailed output from this modeling activity is cur-

rently not available, the following discussion will briefly

summarize the two main modeling approaches that were uti-

lized:

(1) a Gaussian diffusion model (Turner, 1970)

and

(2) a limited mixing model (Carpenter, 1971).

Gaussian Diffusion Model 

The behavior of an effluent plume in the atmosphere

is a complicated process varying with the conditions of re-

lease, wind, turbulence and many other factors associated

with terrain and aerodynamics. Fundamentally there are

only two features of atmospheric flow important in the

dispersion of stack gases from a continuous point source,

the wind speed and the characteristics of the turbulence.

The wind speed acts directly to reduce concentrations as

the effluent leaves the stack by providing separation

between particles or gas molecules as they are released.

The turbulence of the wind acts to mix the pollutants with

ambient air from the surroundings.
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The basic feature of the Gaussian diffusion model

is that it assumes the plume constituents are normally

distributed in the vertical and horizontal directions. The

chosen standard deviation values of the normally distributed

plume concentrations, in the horizontal and vertical planes,

are functions of downwind distance and atmospheric stabil-

ity.

To simplify the treatment of dispersion, it is con-

venient to assume that dispersion begins from a fictitious

height above the actual source, instead of rising and dis-

persing simultaneously as is the case in reality. This

newly defined height at which the plume supposedly levels

off is referred to as the "effective stack height." This

variable is calculated as the sum of the actual stack

height and the incremental rise of the plume after emission.

(Its determination is based on a formula developed by

Briggs, 1969, and is calculated for both stable and un-

stable to neutral atmospheric conditions.)

The end product of this model is therefore pre-

dicted short term concentrations of SO 2 , NO2 and particu-

lates, at various receptor points downwind of the emitting

source. These short term concentrations are then con-

verted into longer time period concentrations (such as mean

annual concentrations) by using a specific function that

relates peak concentration values to mean annual concen-

tration.



24

Limited Mixing Model 

Of particular interest in the study of air pollution

problems is the special case when vertical mixing of plume

constituents is limited by the presence of an inversion

layer. The model utilized (Carpenter, 1971) deals only

with the specific case when vertical mixing is limited,

and maximum concentrations are only calculated for short

term periods, usually two to four hours.

A stable atmospheric layer in which temperature

increases with height is referred to as an inversion layer.

This layer strongly resists vertical motion, tends to

suppress turbulence and the end result is the realization

of maximum pollutant concentrations. The important vari-

ables in this equation, in addition to wind speed and

emission rate, are the height to the inversion layer and

the horizontal dispersion parameter. In certain cases when

the inversion layer is relatively low and the plume has

sufficient buoyancy to pierce the inversion lid, the model

breaks down and is no longer valid. The increased pollu-

tant concentrations associated with these inversion layers

are usually realized at receptor points relatively close

to the power plant.

Output from the air pollution modeling activity

will then give specific concentration readings at numerous
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receptor points located in the following four airsheds:

Mohave, Kaiparowits-Navajo, Huntington, and Four Corners-

San Juan.

Groundwater Modeling of Navajo Sandstone Aquifer 

Black Mesa, Arizona which is located on the Navajo

and Hopi Indian reservations, is the prime source of coal

used in fueling the Mohave power generation facility in

Nevada and the Navajo plant in Page. This low sulfur coal

is transported from Black Mesa, 275 miles to the Mohave

plant, by means of a slurry pipeline. The water required

for this slurry transportation system comes from the pumpage

of wells of the Navajo Sandstone aquifer by Peabody Coal

Inc., who obtained a 35 year lease from the Navajo and Hopi

Indian tribes. Following is an abbreviated discussion of the

the results of a modeling technique that relates Peabody

Coal withdrawals to possible effects upon Navajo and Hopi

water interests.

The Navajo Sandstone aquifer is the third member

(in ascending sequence) of an N-multiple aquifer system

(U.S. Department of Interior, 1972). This N-multiple

aquifer system is characterized by artesian conditions

under Black Mesa, and water table conditions in its

recharge or outcrop areas. The three effected areas of

major importance for this modeling activity are (1) shallow

Indian wells on top of Black Mesa, (2) Indian artesian
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wells utilizing the Navajo Sandstone and (3) Indian wells

situated in the recharge area of the Navajo Sandstone.

Most of the Indian wells to date do not draw water

from the deeper Navajo Sandstone (Cooley, Harshbarger,

Akers, and Hardt, 1969) but rather are restricted to the

upper regimes. Aquifers on top of Black Mesa (referred to

as the Mesaverde formation) display a perched water table

configuration. The Mesaverde formation is recharged from

only one source and that is from direct precipitation and

infiltration from small ephemeral streams. The Mancos Shale

is a thick aquiclude which, because of its low permeability,

acts to effectively isolate the Mesaverde formation from

the underlying aquifers. Unless there are some existing

major disruptions in the Mancos Shale configuration, leak-

age from the Mesaverde through the aquiclude will be small

and the net result would be a minimal effect on the shallow

Indian wells, (i.e., Peabody Coal well withdrawals are

significantly isolated from the shallow Indian wells of the

Mes averde formation).

A basic understanding of the isolation of the

shallow Indian wells reduced the complexity of the ground-

water modeling process from that of a three dimensional

system to a two dimensional one. The model selected

(Prickett and Lonnquist, 1971) therefore, was two
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dimensional in nature, and incorporated the finite

difference approach as the basic simulation methodology.

The final grid system developed specified artesian pro-

perties to nodes within the perimeter of Black Mesa, and

free water table features to nodes outside the perimeter

of Black Mesa. Pumpage figures were utilized for five

Peabody Coal wells and the pumpage effects were evaluated

at four points surrounding the Peabody wells.

Two pumping patterns at Peabody wells were used--

the current pumping rate of 2,000 gallons per minute (gpm)

and an accelerated pumping rate of 4,000 gpm. Results

thus obtained reflected a range of possible future pumping

patterns. It was further assumed that (1) the pumping

period was for 35 years with effects observed over a 55

year period, (2) recharge was zero and (3) leakage was

zero. The drawdown results obtained for the four monitor-

ing points outside the five Peabody wells ranged from

zero drawdown at Shonto (unconfined aquifer location) to

less than 20 percent of the artesian head elevation above

the Navajo Sandstone aquifer at Chilchinbito, Rough Rock,

and Oraibi. A further sensitivity analysis was carried

out in which storage coefficients (for the artesian

system) and aquifer transmissivity values were varied which

resulted in little change from the previously mentioned

results.
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In terms of volume of groundwater withdrawal by

Peabody Coal Inc., it was estimated that the annual with-

drawal rate of 3,264 acre-feet (U.S. Department of Interior,

1972) resulting in accumulated pumpage of 114,240 acre-

feet over the 35 year time horizon, represented substan-

tially less than one percent of the stored volume of water

under artesian conditions below Black Mesa.

From this analysis it was concluded that the shallow

Indian wells on top of Black Mesa are highly isolated by

the Mancos Shale aquiclude, and further, the drawdown

effects on Indian wells either under free water table con-

ditions or artesian conditions within the Navajo Sandstone

aquifer, range from zero drawdown to less than 20 percent

of the artesian head elevation, respectively.



CHAPTER 5

REGIONAL ECONOMICS

Introduction 

The growing viable economy of the U.S. is the main

building block upon which this nation has achieved the rep-

utation of possessing one of the highest standards of living

in the world. Sustained economic growth and the continued

dedication to a national goal of low unemployment have been,

and still are, of paramount importance to the leaders of

the country. Recently however, there has developed an

increasing national interest in the preservation of the

natural environment. This has led some parties to articu-

late the belief that projects which alter the environment,

represent a substantial source of environmental degradation

to the country. The trade off between the social benefits

due to less environmental degratation associated with fewer

power plants and the resultant social costs (possible de-

crease in economic production) are not clearly understood.

Our government bodies that control the legislative process

should therefore be certain that environmental legislation,

whether federal or state, is sufficiently realistic to in-

sure an adequate, available, power supply with regard to

29
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environmental considerations. This work is intended to

throw some light on the potential economic environmental

trade offs that could occur if certain power facilities

were not constructed.

The Southwest region of the United States is in-

creasingly relying upon coal-fired power plants to satisfy

their growing power needs (U.S. Department of Interior, 1972).

Much of the coal is strip mined, air pollution does occur

when the coal is burned, and accordingly, there has developed

substantial environmental concern. This study will focus

on the development of a regional economic model that will 6

be used to evaluate the potential regional economic impact

of not constructing certain coal-fired facilities in the

Southwest. The results of the regional economic model will

hopefully provide a better understanding of the trade off

between the social Costs of not having certain levels of

power available to the regional economy, and the environ-

mental benefits associated with fewer power plants.

For the purposes of the regional economic model two

distinct economies have been designated. The primary and

most dominant region of economic activity is the geographic

region known as Southern California, which is defined to

encompass the following eight counties; Santa Barbara, Ven-

Ventura, Los Angeles, San Bernardino, Orange, Riverside,

San Diego and Imperial. The second region to be recognized
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is referred to as the Sub-Region, which is a much smaller

economic entity than Southern California, and is composed

of the following states: Arizona, Nevada, New Mexico, and

Utah. (For geographic illustration of total region see

Figure 5-1.)

The region (hereafter region will mean the total

region unless specified otherwise) has realized considerable

economic growth in the period 1958-70, growing at an esti-

mated annual rate of approximately 5.8%, (see Figure 5-3,

p. 65). This level of regional economic development has

required the use of increasingly greater quantities of elec-

tric power. More specifically, it can be seen in Table 5-1

that during the period 1960-70 the regional power use more

than doubled, growing at the rate of 8.5% per annum. It is

this apparent link between a viable growing economy and

sharply increasing levels of power consumption that prompted

the need for the development of a regional economic model

that could portray the basic elements of future economic

growth in the region, while at the same time relate the

role of power in this growth, and more specifically the role

of power generated from coal-fired power plants on the

Colorado Plateau (Table 5-1 also illustrates the relative

dependencies of each state's future power needs on coal-

fired power generation.)
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Objectives of Regional Model 

As noted in the introduction, the main effort of

the regional economic model will center on the development

of a set of alternative future regional economies that will

reflect differing dependencies on power generated from the

coal-fired power plants in the Colorado River Basin. It is

important to realize that the decision space (see Table 5-2)

which describes the actual range of potential decisions) is

based exclusively on those plants which are currently oper-

ating, currently under construction, or anticipated to be in

operation by 1980. More specifically, the estimates pro-

duced by the Southwest Energy Study (S.E.S.) report (U.S.

Department of Interior, 1972), with some minor revisions,

forms the basis for the decision space. The S.E.S. report

categorizes four phases of coal-fired power developments:

Phase Time Period

Cumulative Installed
Generating Capacity,
Megawatts (M.W.)

Thru 1977 7,172

II 1978-1980 13,352

III 1981-1985 20,352

IV 1986-1990 30,352

Our decision space is synonymous with development thru

Phase II. The main reasons for restricting the decision

space to Phase II was that there was a definite lack of
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specific data on developments beyond 1980, data which was

required input to the various models being utilized in this

study.

Given a decision set has been developed that could

limit coal-fired power availability to the region, the next

step was to select a methodology that could use the decision

set as input to project a series of regional economies

linked to the decision space. Realizing that the first year's

effort was oriented towards constructing a set of models

that yielded practical output, emphasis was placed on the

selection of a technique that, while incorporating basic

theoretical principles, was directed more toward the prac-

tical side. On the strength of the basic criteria of

1) ability to portray the economic interdependence between

future regional economies and restricted levels of power and

2) practical nature of the output, it was decided to employ

the econometric technique known as Input-Output (I-0)

analysis. The input-output technique is able to describe

the interdependencies between different sectors in an econ-

omy, and further it can delineate how changes in production

of a particular sector (e.g., electric power) specifically

affects other sectors in the economy.

Several alternative approaches to the regional

economic model were initially explored. These consisted of

the following:
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1. Regression analysis -- it was felt here that a

series of regression equations could be utilized in defining

the relationship between power consumption and regional

economic growth. This would have consisted of regressing

indices of economic growth against power consumption and

then having established some relationship between the two,

modify the power consumption variable to delineate its

effect on economic growth. The main disadvantage of this

approach was that it would produce highly aggregated results

and would not demonstrate how each major sector of the econ-

omy would be affected. Since we were interested in how

economic output, by sector, was affected by power reductions,

this approach was not pursued.

2. Input-Output analysis -- within the general frame-

work of the input-output methodology several different vari-

ations were considered.

(a) Complete series of linked I-0 models --

The effort here would center around the development of one

large regional I-0 model that would consist of a series of

linked state I-0 models for Southern California, Arizona,

Utah, Nevada, and New Mexico. This would have been a highly

desirable approach, but it would have suffered from a number

of basic problems. In order to have a consistent model,

differences in sector definition between each state model

would have to be resolved -- this in itself would represent
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a very time consuming process. Differences in base year of

each individual state 1-0 existed -- to modify to one con-

sistent set of base year data would be a difficult task.

And, finally, the flow of goods between each state would

have to be estimated -- this analysis would have required

some form of an industrial sampling questionnaire which

would have been costly and very time consuming. For these

reasons this approach was not followed.

(b) Adopting a set of national I-0 coefficients

-- this effort would focus on the utilization of the latest

set of national coefficients, 1963, to represent the regional

I-0 model. Several difficulties existed with this possible

method. First, the national model consists of a 98 x 98

matrix which would have required developing output data for

98 sectors for each of the states involved -- this repre-

sented not only a very difficult task, but also a very time

consuming one. Secondly, one would have to accept national

input-output coefficients as synonymous with those of the

region -- although this may be true for many sectors it is

questionable if it would hold for all sectors. Finally,

not having any real basis upon which to evaluate interstate

flow of goods, some sort of estimating technique would have

been necessary -- the proper approach to this estimating

process was not readily apparent and, therefore, represented

a considerable problem. For these main reasons this pro-

cedure was not pursued.
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(c) A California-Arizona linked I-0 -- In this

particular case a California-Arizona linked I-0 model

(Ireri and Carter, 1970) had previously been developed.

Trade flows between Arizona and California had, therefore,

been estimated. Sector definitions between each individual

state I-0 model were identical. The base year for each

state I-0 model was the same. For these reasons it was

decided to adopt this California-Arizona linked I-0 to be

representative of the economic region as we have previously

defined it.

A regional input-output model was therefore developed.

Its basic framework centered around a linked input-output

model of the economies of California and Arizona (Ireri and

Carter, 1970), which was then modified to represent a linked

I-0 model of Southern California and the Sub-Region (Sub-

Region defined to mean the combined economies of Arizona,

New Mexico, Utah and Nevada). This regional I-0 model would

then address two important questions which are the basic

objectives of the regional economic study:

(1) How is future regional economic growth

(measured as the gross regional product)

affected by any element in the decision

set?



41

(2) For any given decision, what is the specific

effect on the output of the other sectors in

the economy?

In order that the input-output technique can be

better understood the following section briefly discusses

its general mathematical basis and current utility in

economics, particularly resource economics.

Input-Output Methodology 

Theoretical Mathematical Basis

The development of an Input-Output model (referred

to as an I-0 model) can be visualized as a three-stage

construction of three basic tables:

(1) Interindustry Transactions (Flow) Table

(2) Technical Coefficients Table

(3) Interindustry Coefficients Matrix

Interindustry Transactions Table. This is the

essential building block of any I-0 model. It is simply a

flow table that provides a systematic record of the sales

and purchases between each of the sectors of the economy

(however many sectors may be defined for that economy) for

a given year, usually called the "base" year. The sectors

in an I-0 table are structured in rows and columns, such

that the total value of a sector's output (sum of the row

entries) must equal the total value of that sector's inputs
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(the sum of the column entries). Row sectors are "selling

to" other sectors and can be considered producers, while

column sectors are "buying from" other sectors and can be

considered purchasers.

Input-Output models can be classified as "closed"

or "open." In a closed I-0 model all sectors are considered

endogenous to the economy, i.e., all sectors are inter-

dependent with functionally related inputs and outputs. How-

ever, most I-0 models are not closed but open, which means

that in addition to the endogenous sectors (with their

functionally related inputs and outputs) there is an exog-

enous section made up of such elements as household consump-

tion, exports, government purchases, and capital formation.

These exogenous sectors are referred to as "final demand."

For the purposes of the regional economic model, it is the

sum of the final demand of all sectors that is used as an

index of regional economic activity. In a national I-0

model the sum of the final demand sectors is called the

Gross National Product whereas for a regional I-0 model the

sum of the final demand sectors is known as the Gross

Regional Product.

Given we are discussing an open model, each endog-

enous row sector may sell goods to any other endogenous

column sector, plus it may deliver goods to final demand.
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Algebraically each endogenous row may be stated as,
n

Xi X . . + y.
1)	 1 (5.1)

j=1

where	 i = specified row

j = specified column

n = number of endogenous sectors

Xi = gross output of sector i

when i=j, Xi=Xj

Xj = gross outlay of sector j

xii= purchases of the j-th sector from the i-th

sector needed to produce X j

Yi = final or consumer demand for products of

sector i

Primary inputs, which are outside the endogenous

system, may be algebraically represented as,

n

R '	 Y,	 rj + YO	 (5.2)

where	 j = specified column

n = number of endogenous sectors

R	 total primary inputs

ri = purchases of primary inputs by the j-th

sector needed to produce Xj

yo = final or consumer demand for primary inputs
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Technical Coefficient Table. This table describes

the production coefficients known as "technical" or "trade"

coefficients, (for regional models trade coefficients is

more appropriate) and are usually only calculated for the

endogenous sectors. The basic assumption made in input-

output analysis pertains to the relation between purchases

of a sector, and the level of output of that sector. More

specifically for empirical work a linear homogenous relation-

ship is assumed:

xii	 = aij •	 Xj	 + cij	 (5.3)

where x ii and X i are as previously defined and the intercept

cii is assumed to be zero. The trade coefficient, aii, is

measured as the ratio between xij and Xj written as,

Xij  

(5.4)a--	 = Xj

where a ij represents the value of inputs required from the

i-th sector by the j-th sector to produce one dollar of

output. Following a similar procedure for all other pro-

cessing sectors (processing used interchangeably with

endogenous), provides a unit cost structure (inputs per

dollar of output) for each endogenous sector.

Interdependency Coefficient Matrix. Trade coef-

ficients only give a measure of the direct requirements for

inputs per dollar of output. However, if final demand for
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goods of sector j were to change then sector j would have to

change its input requirements (direct effects), and each of

the sectors that originally supplied sector j would have to

change their input requirements (indirect effects), and so

on. The sum of these indirect effects converge to a limit.

The interdependency matrix is able to account for both the

direct and indirect effects of one sector on others, given

a change in final demand.

The table is developed as follows: If A represents

the trade coefficient matrix, then

A =	 (a i i)
	

(5.5)

therefore by applying matrix notation to (5.1) and (5.2)

X = AX + Y	 (5.6)

and

(I-A) X = Y	 (5.7)

where	 X is an n x 1 sector of total outputs;

Y is an n x 1 sector of final demands; and

I is an identity matrix of the same dimensions as A.
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The (I-A) matrix is known as the "Leontief" matrix. The

inverse of the (I-A) matrix is the interdependency matrix

which is referred to as the "Leontief Inverse," that is

-1X = (I-A)	 Y (5.8)

Thus, given the interdependency matrix, one may cal-

culate directly (rather than going through a tedious itera-

tive process), the changes in output (both direct and

indirect) needed from every sector of the economy to meet

a particular final demand yi.

General Assumptions of Input-Output Modeling

Important in the proper understanding of the Input-

Output method is a recognition of the basic assumptions

underlying this technique. For the basic "open" static I-0

model (by static is meant a set of trade coefficients that

are not changing over time) there are three main assumptions

(Boster, 1971):

(a) Homogeneity: each sector has only one vector

of output and a single fixed input structure.

(h) Linearity: the production function that defines

the relations between inputs of resources and

output of goods or services is linear, i.e.,

for a given change in output in a sector there
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will be a linear response by each input factor

to satisfy that given change.

(c) Additivity: the total result of production

activity in any combination of sectors is the

sum of the individual effects.

Model building in economics, as in modeling efforts in most

other disciplines, revolves around a trade-off between the

desire for practical operating utility and the desire to

conform to generally accepted principles of theory. In the

usual theory of production economics it is assumed that

many alternative input combinations are available for the

production of a given quantity of output. In terms of the

homogeneity assumption one could assume that the single set

of input factors represents the "best" input structure for

a given period of time. Similarly, the assumption of a

constant linear input response to changes in the level of

output would represent a very simplified case in theoretical

production economics. The additivity assumption implicitly

means that there can be no externalities generated, and that

the effect of any combination of changes in production is the

sum of the individual effects. In current resource economics

externalities usually occur, i.e., for any increased level

of output of some industry (above and beyond direct economic

transactions), there is usually a clear class of indirect

beneficial and non-beneficial consequences.
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Utility of Input-Output Analysis

In any modern economy no single market is completely

isolated from the others. Production is highly specialized

and industries in an economy are dependent on each other.

Changes by a single individual in the economy will thus

generate a series of repercussions throughout the entire

economy. The changes in any industry may, of course, be

small, but they spread from one industry to another over the

entire economy so that their cumulative overall effect may

be considerable. Thus it is important to be able to eval-

uate the total effects, both direct and indirect, of a

change in economic behavior. The input-output technique

previously described, as first developed by Wassily Leontief

in the 1930's (Leontief, 1936), is able to trace systema-

tically and consistently the interrelations among the indus-

tries of a given economy.

Input-Output analysis is now receiving considerable

use in the area of resource allocation, especially in the

field of water resources development. The unfolding energy

crisis has now seen a further stimulation of the use of

input-output analysis (Cicchetti and Gillen, 1973; Tansil

and Moyers, 1973). The conventional use of the interdepen-

dency matrix (known as the Leontief Inverse), which measures

both the direct and indirect effects, has been to answer

questions of the following variety:
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(a) Given a change in final demand for a partic-

ular sector, how much output is required from

the rest of the economy and more specifically,

which sectors must change their output the

most to meet this new demand?

(b) If a particular industry were to collapse,

what would this mean to the other sectors of

the economy; what would it mean in terms of

jobs, both direct and indirect?

(c) How much is required of primary inputs or

resources (e.g., water) to satisfy any

specified final demand? How can shifts in

the industrial mix be directed to efficiently

utilize a finite amount of a given primary

resource?

(d) More recently in pollution abatement analysis

(Martin, 1967), the I-0 technique has been

used to analyze the trade-off between the cost

of pollution equipment to abate a particular

pollutant vs. the real economic consequences

(i.e., the direct and indirect effects as

measured by the Leontief Inverse) of reducing

output of those sectors which contribute signif-

icantly to the pollution problem?



50

It is important to keep in mind that the Input-Output tech-

nique involves both a "forward" and a "backward" linked sys-

tem. If a sector undergoes a change in delivery to final

demand, what does it need (buy) from the other sectors to

meet this change in demand, and what, in turn, do each of

these input sectors need (buy) from its own input structure,

and so on. This is the "buy" effect which will hereafter be

referred to as the "backward" linkage. However, another type

of linkage is incorporated by the input-output tables and

that is referred to as the "forward" linkage. This forward

linkage occurs due to a particular sector seeling to other

sectors and is referred to as the "sell" effect. (The back-

ward and forward linkages will be discussed in greater detail

in the section relating the formulation of the regional econ-

omic model.) In any economy almost all sectors are linked

both forward and backward to every other sector (Kelso,

Martin, and Mack, 1973).

In terms of projecting over time with an Input-

Output model, the most likely area of introducing error would

lie with the assumption of a fixed input to output structure

(i.e., a fixed production function). The stability of trade

coefficients over time has received attention (Carter and

Brody, 1968), however, the results have varied. In certain

cases the coefficients were found to vary little over time

while in other cases they changed markedly. It would seem
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that coefficient stability is dependent on many factors and

should begin to receive more research attention. However,

since the development of Input-Output tables is such a

time consuming task (it requires upwards of five to six

years at the national level), it becomes apparent that it

is quite difficult to make effective comparative studies of

current production patterns with those of the past.

It is important to realize that many theoretical

possibilities and complications are ignored in input-output

analysis. Productron is assumed to have a particularly

simple form, described by a set of linear equations. Sub-

stitution of factors of input are eliminated and external-

ities are ruled out. However, in the real world of planning

and decision making, especially in relation to energy con-

sumption (Cicchetti and Gillen, 1973; Tansil and Moyers,

1973), input-output analysis is receiving considerable

research emphasis, while the more abstract and elegant forms

of economic theory are of limited value because of the

extreme difficulty of applying them to a real world problem.

Formulation of Regional Model 

Algebraic Description

As indicated in the previous discussion the backbone

of the regional model is structured around a 1958 California-

Arizona linked input-output model (Ireri and Carter, 1970).
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The main feature of a linked California-Arizona I-0 model,

as distinct from the two separate state I-0 models, is that

the trade flows between the two states is incorporated into

a single larger I-0 model that is now referred to as a

"linked" I-0 model of the two state economies. The net

benefit of such a linked system is that one can now determine

for a given change in final demand, what output changes will

be needed from the rest of the sectors in the economies of

both California and Arizona. The general theory of input-

output analysis as described earlier for a single economy

holds for a linked system (Ireri and Carter, 1970).

The basic flows table, as described earlier,

specifies the flow of goods to each of the intermediate

buyers (endogenous sectors) and to its ultimate consumers

(final demand). In the case of a linked system the basic

flows table delineates the flow of goods to each of the

state intermediate buyers (endogenous sectors) and to ulti-

mate consumers in each state (final demand). The inter-

industry flow table for the two state models is depicted

in Table 5-3. The following notation has been adopted:

cc
Xi--j = value of output in California sector i consumed

by California sector j
aa

X-- = value of output in Arizona sector i consumer by

Arizona sector j



Cd	 Cd
U	 C..1

v-1	 CV

›••	 ›••

411

E 	4,4	 cr1

>-.

E

CV

1-1

53

Cd 	E Cd
e41	 eV	

e-I

Cd
1-1	 r•4	 1-1	 CV

›•-•

	Cd g	 cd g

	

I.) 1-1	 u
	4-3 	 4C

Cd C	•••1 E CV
•-1	 CV

4,

•-4 	E 4-1
U

4-,

g 0 g
C.) 44 	cv

U C•4	 C4
U r-4	 U CV

E g ce g	 as g
	

34 E E
L) g œ 44	 Cd CN

	
44 g

4-, 	X

Cd C	 36 CV	 CO •^4 	E CV CO
	U  E 34 44 	44 r,	 Cd	 V	E 	C>4 

	.-I 	E -1	 Cd 44 Cd
	L)  g ca 44 	ErS-J 	ca g
	X 	X 	 P.

	g  0E 0E	 0E
U g Cd	 CV	 Cd g	 g

	4 , 	4-,

1-4
1-1

U r•.1 U	 U	 U CV U

	0E Cd 441	 CV	 ‘d g
	4- , 	4-,

U 4-1
U	 1,4

X

0 I-. U
U g C 	44 	111 4,1

0 •--1 U
.1 g

Q.

v-I 0	 eq	 g

o
t4

•H

T-4



54
ca

tij = value of output in California sector i con-

sumed by Arizona sector j
ac
tij = value of output in Arizona sector i consumed

by California sector j
cc

	

Yi	 = value of output in California sector i con-

sumed by California final demand sectors
aa

	

yi	 = value of output in Arizona sector i consumed

by Arizona final demand sectors
ca

	

yi	 = value of output in California sector i con-

sumed by Arizona final demand sectors
ac

	Yi	 = value of output in Arizona sector i consumed

by California final demand sectors

P -	3	
= primary inputs in California sector j

a

	

P-	 = primary inputs in Arizona sector j

Gross output, as measured summing across rows, for

California sector i and Arizona sector i is respectively

represented as:

	

v cc K ca	 ca

	

X-	 =	 x• • + 
-,	

+ y
cc
i + yi

and

	

a	 aa Ç ac	 aa	 ac
	X-	 =x-	 +	 t• • + yi +y

. 	 .

3

Similarly gross outlays, as measured summing down a

column, for California sector j and Arizona sector j is

respectively given as:
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7 cc 7 ac

=x• • + L. t. • + P..	 .	 13

and

a	 aa	 ca	 a

X	
x.. +	 . .L t	 + P .

J	 .	 13
1	 .	 3

From Table 5-3 and the notation cited above, it is

apparent that the general development of the three basic

input-output tables will be the same except we have expanded

to a linked system. The trade patterns between California

and Arizona are described in quadrants II and III of Table

5-3. It can be seen that quadrant II represents the esti-

mates of Arizona gross imports from California sectors

while quadrant III represents the estimates of California

gross imports from Arizona sectors. In the stepwise devel-

opment of the regional model, as described in Figure 5-2,

the original linked California-Arizona model is designated

as step one. (Before proceeding further it should be noted

that in both the original California and Arizona models,

the electric power sector was embodied in one larger sector

called Utilities. This sector was disaggregated into two

sectors, electric power and other utilities in a procedure

described in Appendix A which involved the development of

a set of modified national coefficients.)

Since it is only the Southern California economy that

is to receive the benefits of the coal-fired power from the
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Colorado Plateau (the three main utilities involved being

Southern California Edison, Los Angeles Department of Water

and Power, and San Diego Gas and Electric), the next step

was to alter the California-Arizona linked model to rep-

resent a linked Southern California-Arizona system. A

further step that was developed by Ireri and Carter (1970),

was to "split" the 1958 California I-0 model into a

Northern California I-0 model and a Southern California I-0

model. The general method of construction of the North-

South tables involved splitting the purchased inputs for each

sector from the California table into two components --

Northern and Southern California -- in proportion to the

relative output for each region. (The implicit assumption

in this manipulation is that the trade coefficient matrix

is the same in each region.) The net result of that activity

was to produce two miniature versions of the California model,

one I-0 representing Southern California and another rep-

resenting Northern California.

Following a similar type of "splitting" technique

the linked California-Arizona model was scaled to represent

a linked Southern California-Arizona system, i.e., the

entries in quadrant II and III were scaled by sector, in

proportion to Southern California's percentage of total

California output. (The implicit assumption in this re-

structuring is that Southern California displays a similar
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trade pattern with Arizona as does California.) This pro-

cedure constituted step two in the process defined by

Figure 5-2.

In terms of the decision space used in this study,

the states of Nevada, Utah, and New Mexico are involved as

well as the state of Arizona. Therefore it was necessary

to construct a linked regional I-0 between Southern Cali-

fornia and the Sub-Region (sub-region defined as the states

of Arizona, New Mexico, Utah and Nevada). This was achieved

by another scaling process but in this case the entries in

quadrant II and III of the Southern California-Arizona

linked I-0 were scaled upward, by sector, by a multiplier

representing the sub-region (e.g., if Arizona sector i

constituted 50% of the gross output of the sub-region sector

i output, then a scaling factor of two would be applied to

all entries in quadrants II and III involving sector i).

Further, this same scaling factor, by sector, would be

applied to each entry in the basic flows table of the Ari-

zona portion of the Southern California-Arizona linked I-0

(i.e., see Table 5-3 quadrant IV). The multipliers used

to translate Arizona data into sub-region data is presented

in Table 5-4.

There are several implicit assumptions involved in

this final manipulation. The first is that New Mexico, Utah,

and Nevada display a similar trade pattern with Southern



Table 5-4 Arizona Output Relative to the Sub-Region

Arizona Sector .1
Sub Region Multiplier

59

3.33

4.21

2.97

2.84

1.34

1.08

1.09

1.00

3.00

2.06

2.94

4.17

3.59

Meat Animals and Products

Poultry and Eggs

Farm Dairy Products

Food and Feed Grains

Cotton

Vegetables

Fruits and Tree Nuts

Citrus Fruits

Forage Crops

Miscellaneous Agriculture

Grain Mill Products

Meat and Poultry Processing

Dairy Products

Canning, Preserving and
Freezing

Miscellaneous Agricultural
Processing

Chemicals and Fertilizers

Petroleum

Fabricated Metals and Machinery

Aircraft and Parts

2.97

2.21

2.19

60.69

1.38

1.72



Table 5-4, (Continued)

Arizona Sector Sub Region Multiplier
1

Primary Metals 3.74

Other Manufacturing 1.93

Mining 2.19

Electric Power 1.88

Other Utilities 2.97

Selected Services 3.04

Trade and Transportation 2.35

Unallocated Services 2.76

Construction 2.29

1A multiplier of 2.0 would mean that Arizona represented

50% of the Sub Region's gross output for that particular

sector.

Data which formed the criteria for the development of these

multipliers came from the following sources: 1969 Census 

of Agriculture, 1967 Census of Mining, 1967 Census of Con-

struction, 1967 Census of Business, 1971 Census of Abstracts,

1970 Statistics of Public and Private Utilities, and 1972 
Water Resources Council, Projection  of Economic Activity in
the United States (U.S. Dept. of Commerce 1973, 1971c, 1971b,
1971a, 1971d; Federal Power Commission 1971a, 1971b; U.S.
Water Resources Council, 1972).
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California as does Arizona. The second is that the flow of

goods between states in the sub-region is ignored, i.e.,

there is only one I-0 model representing the states of Ari-

zona, New Mexico, Utah and Nevada. The third assumption is

that the expanded Arizona portion of the linked I-0 is

representative of the endogenous trade patterns of Utah, New

Mexico, and Nevada combined into one economic unit called

the sub-region. Since trade flows between states in the

sub-region have been ignored there will be an overestimate

of final demand; similarly there will be an overestimate of

imports; both of these would tend to produce a downward bias

in the interindustry flows table. However, it is possible

that Southern California and the rest of the United States

may be the main trading parties with the states in the sub-

region, and that there is minimal trading between states in

the sub-region. If such is the case, the bias produced may

be of small consequence. One final point should be made

regarding this effort to produce a reasonable regional I-0

model. Trade patterns between states are often poorly under-

stood mainly because companies usually don't report detailed

records of interstate trade data. Therefore, if there is an

area of the model which would be considered subject to

greatest error it would have to be in the estimates of the

trading pattern between the various states involved.
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Projection Technique

At this point we have now generated, given certain

assumptions, a regional I-0 model that has linked Southern

California to the Sub-Region, the next step is to relate

how this basic regional model will be used in the projec-

tion process. Relatively accurate information from several

sources (U.S. Department of Commerce, 1961a, 1973, 1961b,

1971a, 1971c, 1971d; Federal Power Commission, 1971a, 1971b;

U.S. Water Resources Council, 1972) was available on the

historical growth patterns of gross output by sector for

each of the states in the region. Given a reasonable under-

standing of historical economic growth in the region it was

decided to project (according to the set of growth rates

specified in Table B-1 of Appendix B) a set of future gross

outputs to the years 1980, 2000, and 2025. (In accordance

with the Southwest Energy Study estimates, the power needs

of Southern California are projected to grow at a rate of

7.4% from 1970-1980 and at a rate of 6.5% thru year 2025;

similarly the power needs of the Sub-Region are projected to

grow at a rate of 8.5% from 1970-1980, a rate of 7.8% thru

year 2000, and a rate of 6.5% from year 2000-2025.) This

initial set of output projections implicitly assumes that
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there will be no restrictions on power availability to the

region, i.e., these projections are synonymous with full

availability of power as delineated in the Southwest Energy

Study. (It is important to realize that minimal consider-

ation was given to capacity limitations for each of the

sectors in the region, except to generally hypothesize more

conservative growth rates beyond the year 2000 as the

regional economy became larger and would tend to grow at

rates similar to the national economy.)

Having projected a set of gross outputs, by sector,

a general picture of growth in output is now available.

However, gross output double counts in that it includes

production activity by the endogenous sectors plus delivery

of goods to final demand. We are also interested in the

growth of the Gross Regional Product (G.R.P.) as measured

by the sum of the final demand sectors which avoids double

counting and only measures delivery of goods to final demand.

This was achieved for the future selected years by using

the following basic input-output relationship from the

regional I-0:

(I-A) Xi	 Y

where	 specified row

A = trade coefficient matris

I = an identity matrix of the same dimension as A
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number of processing sectors in the region

X- = set of projected gross outputs (referred to

as total gross output, T.G.0.)

Yi = set of calculated final demands

(I-A) = "Leontief Matrix" with the special properties

that the diagonal elements are positive and

the off-diagonal elements are negative or

zero

such that

= Gross Regional Product (G.R.P.)

Therefore for any set of projected gross outputs the

"Leontief Matrix" can be used to specify what portion of the

gross output will be delivered to final demand and hence give

an estimate of the G.R.P. This is the method used to calcu-

late the changes in G.R.P. for any element in the decision

space for future selected years. (Figure 5-3 illustrates

the two extremes of change in G.R.P., i.e., the G.R.P. as

it appears unimpeded by power constraints, full power

development, and the change in G.R.P. due to no coal-fired

power developments thru Phase I and II).
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Reallocation Process

The last step in the development of the model is

to calculate the gross output reductions that occur for

each sector in the region for any element in the decision

space. The computer program that was utilized, in addition

to being able to make calculations using either the Leontief

Matrix (I-A) or the Leontief Inverse (I-A) -1 , projected an

interindustry flows table for the selected years. (This

was achieved by multiplying each row entry in the trade

coefficient matrix (A matrix) by the projected set of gross

outputs.) The projected flows table will specify how much

power
1 each of the endogenous sectors is using. Knowing

how much power each processing sector uses, we then calcu-

late the percentage of power going to the endogenous sectors

that each sector uses. (Referred to as the "forward percent-

age" use.) This forward percentage is then used as the

criteria to reallocate a certain amount of power specified

by any decision, e.g., for a given year if sector i uses

10% of the power going to endogenous sectors as specified

1. It is important to realize that if the original
base year power coefficients are maintained in the projec-
tion process a disproportionately large quantity of power
would go to residential use; this was avoided by increasing
the original power coefficients (according to the "forward
percentage" use) by the quantity necessary to keep approxi-
mately 65% of power output going to the processing sectors
which is the figure used by the Southwest Energy Study
report in its power analysis.
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in a full power economy, then for any decision for that

year, sector i would absorb 10% of the power loss to be

reallocated to the processing sectors. The final problem

is to now estimate the changes in gross output for each

sector that result from the non-availability of power.

This leads back to the earlier discussion concern-

ing what was labeled "backward" and "forward" linkages.

The backward linkage was referred to as the "buy" effect,

e.g., the "mining" sector buys goods from the "fabricated

metals" sector; by virtue of this relationship, if mining

were to cut back production it would buy less from fabri-

cated metals who would have to cut their production and in

turn fabricated metals would buy less from other sectors and

so on. The forward linkage was referred to as the "sell"

effect. To illustrate the forward linkage a simple example

is chosen, e.g., the "electric power" sector sells to every

other sector in the economy (mainly because all economic

activity as described in the sectoral definitions use power);

this means that each sector requires a certain amount of

power per dollar of its output; one sector, specifically

mining, requires $.10 of power per dollar of output; so that

if 104 of power were unavailable to mining (provided mining

couldn't import power or use some other power substitute) the

output of mining would drop one dollar, similarly if one

dollar of power were denied the mining industry, it would
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suffer a decrease of 10 dollars in its output. It is

apparent the "electric power" sector is forward linked to

all sectors and it is the elements of the decision space

which when translated into these forward effects yield a

new set of reduced gross outputs for a selected year. For

each new set of total gross outputs defined by each decision

a new G.R.P. is calculated using the "Leontief Matrix,"

i.e., the (I-A) • X = Y relationship.

To help illustrate in more specific terms exactly

how a decision as defined in Table 5-2 is translated into

a set of output reductions, a simple six step process with

an example is described.

Step (1) Select a decision from the decision space

e.g., Year 1980

900 megawatt (M.W.) reduction from

full power (Kaiparowits)

450 M.W. to Southern California

and

450 M.W. to the Sub-Region

Step (2) Adjust for estimated system losses,

System losses estimated to be 10%

(U.S. Department of Interior, 1972)

Therefore,

Actual megawatt capacity reductions

are:



.90 x 450 = 405 M.W. to Southern

California and

.90 x 450 = 405 M.W. to the Sub-

Region

Step (3) Convert megawatt capacity loss to annual

energy loss (i.e., megawatts to kilowatt

hours, K.W.H.)

Estimated average plant operating effic-

iency factor of 80% (Cicchetti and

Gillen, 1973)

on an annual basis there would be

24 hrs/day x 365 days x 80%

7.0 x 10 3 hrs/yr available for

operation

since 1 megawatt = 10 6 watts and

1 kilowatt = 10 3 watts

Therefore 1 megawatt = 1000 kilowatts

(K.W.) on an annual basis, therefore

Southern California losses:

405 M.W. x 1000 K.W./M.W. x 7.0 x

10 3 hrs/yr

= 2.8 x 10 9 K.W.H./hr

Similarly, the Sub-Region losses:

405 x 1000 K.W./M.W. x 7.0 x 10 3

hrs/yr

69
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= 2.8 x 10 K.W.H./hr

Step (4) Convert annual energy loss (K.W.H.) into

annual energy loss in dollars of power.

Southern California losses;

#K.W.H. x average 1970 Southern

California price per K.W.H. (Federal

Power Commission, 1971a, 1971b)

= 2.8 x 10 9 K.W.H. x 1.444/K.W.H.

= $40.8 x 10 6 of power

Sub-Region losses;

#K.W.H. x average 1970 Arizona price

per K.W.H. (Federal Power Commission,

1971a, 1971b)

= 2.8 x 10 9 K.W.H. x 1.67¢/K.W.H.

= $47.3 x 10 6 of power

Step (5) Reallocate reductions (losses) to pro-

cessing (endogenous) sectors.,

e.g., sectors 18 and 46 (Fabricated Metals)

For Southern California,

In 1980 @ full power, processing

sectors use $1414.0 x 10 6 of power.

It is projected that sector 18 uses

$127.4 x 10 6 of power

Therefore % use by sector 18 ("forward

percentage use")
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$1414.0 x 10 6
=	 9.0% 

Therefore Sector 18 would lose

9.0% x $40.8

= $3.6 x 10 6 of power

For the Sub-Region

In 1980 @ full power, processing

sectors use $658.9 x 10 6 of power

It is projected that sector 46 uses

$28.8 x 10 6 of power

Therefore % use by sector 46

$28.8 x 10 6

$658.9 x 10 6

Therefore sector 46 would lose

4.3% x $47.3 x 10 6

= $2.0 x 10 6 of power

Step (6) Calculate resultant gross output reduction,

by sector, given the power loss, in dollars,

suffered by each sector.

For Southern California,

In 1980 sector 18 uses $0.005215 of

power per each dollar of its own

output (i.e., direct power coefficient)

Therefore a loss of $1.00 of power to

sector 18 causes its total gross

output (T.G.0.) to drop
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1 

.005215
	 = $191.7

Hence, a $3.6 x 10 6 loss of power

to sector 18 causes its T.G.O. to

decrease, 191.7 x $3.6 x 10 6

= $705.4 x 10 6

Similarly for the Sub-Region,

In 1980 sector 46 has a direct power

coefficient of $0.006348 of power per

dollar of output

Therefore a loss of $1.00 of power to

sector 46 causes its T.G.O. to drop

1 	= $152.7
.006548

Hence, a $2.0 x 10 6 loss of power to

sector 46 causes its T.G.O. to decrease,

152.7 x $2.0 x 10 6

= $316.5 x 10 6

It should be pointed out that there was a specific

reason for evaluating effects via the forward linkage. Power

buys goods and services from the rest of the economy, how-

ever the greater portion of their expenditures result from

the purchase of heavy machinery almost all of which is

imported. Therefore, the "buy" effect of power and its

consequent effects on the rest of the economy is consider-

ably reduced because the effects are felt through imports
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and not the existing economy. We were interested in eval-

uating the consequences of incremental levels of power not

being available to the economy, i.e., power not "selling"

as much electricity to the other sectors of the economy.

The essential building blocks of the entire process

have now been constructed. Briefly stated they are as

follows:

(1) Definition of the decision space

(2) Formulation of the regional 1-0 model

(3) Projections of total gross output by sector

(4) Assessment of the forward linkages

(5) Resultant new set of total gross outputs

(6) Corresponding new set of gross regional

outputs

Model Output 

Program Results

The major output that the program develops is the

change in gross output, by sector, (for ease of illustration

the agricultural and manufacturing sectors were collapsed

into single sectors) that occurs for each element in the

decision space, for a selected year. The decision space is

restricted to power developments through 1980, however the

effects of these decisions are assessed over a 50 year time

horizon. The years selected for illustration were 1980,
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2000, and 2025. In addition to estimating reductions in out-

put by sector for each decision, the change in gross regional

product (G.R.P.) is also determined for each decision for a

given selected year.

'To demonstrate specifically, examples from each of

the selected years 1980, 2000, and 2025 are illustrated in

the following sections.

Year 1980: From Table 5-1 it is apparent that the Sub-

Region's future power needs are heavily reliant upon the

electric power coming from the Colorado River Basin coal-

fired plants. On the other hand, coal-fired power plants

overall are much less important for Southern California's

future power needs, however, the absolute magnitude of this

coal-fired power is still very large (37.0 x 10 9 K.W.H. in

1980, and 82.0 x 10 9 K.W.H. in 1990). Table 5-5 is just

taken from Appendix B, Tables B-la, B-lb, and the gross

output by sector is for a regional 1980 economy that is

unimpeded by a lack of power (i.e., full power develop-

ment).

Table 5-6 is an illustration of the change in

output caused by the decision to make 900 megawatts

(Kaiparowits) unavailable to the regional economy of the

Southwest. A decrease in power output of $57.8 x 10 6 for

the Sub-Region causes a considerable decline in its total

gross output of $3.9 x 10 9 . It can be seen that the
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Table 5-5	 Gross Output by Sector,
Full Power Development

($10 6 ,	 68	 =	 100)

Year 1980

Sector Southern Sub- Total
California Region

Agriculture $	 1,944.8 $	 2,994.8 $	 4,939.6

Manufacturing 63,741.2 14,951.2 78,692.5

Mining 564.4 6,870.9 7,435.3

Electric Power 2,660.7 1,272.5 3,933.2

Other Utilities 4,022.9 2,155.5 6,178.4

Selected Services 8,818.4 2,060.0 10,878.4

Trade and
Transportation 22,765.1 5,905.6 28,670.7

Unallocated Services 46,951.2 18,296.8 65,248.0

Construction 5,507.2 1,567.3 7,074.6

TOTAL $156,975.8 $56,075.7 $213,051.7

Gross Regional Product (G.R.P.) 2 	= $136,715.7

1 Sub-Region defined as Arizona, New Mexico, Utah, and Nevada.

2G.R.P. is defined in this study as the sum of the final
demand vectors as described in the procedure on page
Unlike total gross output which double counts by including

intermediate production, G.R.P. only measures delivery of

goods to final demand.
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Table	 5-6 Reductions in Gross Output,
900 Megawatts Unavailable

($10 6 ,	 68=100)

Year 1980

Sector
Southern
California

Sub-
Region' Total

Agriculture $	 56.6 $	 215.0 $	 271.6

Manufacturing 1,839.7 1,074.0 2,913.7

Mining 16.2 493.6 509.8

Electric Power 49.8 57.8 107.6

Other Utilities 116.0 154.8 270.8

Selected Services 254.5 147.9 402.4

Trade and
Transportation 657.1 424.2 1,081.3

Unallocated Services 1,355.4 1,314.6 2,670.0

Construction 158.8 112.5 271.3

TOTAL $4,505.0 $3,995.2 $8,500.2

Change in Gross Regional Product (G.R.P.) 2

= $136,715.7 - $131,186.1
= $5,529.6

1 Sub-Region defined as Arizona, New Mexico, Utah and Nevada.

2 G.R.P. is defined in this study as the sum of the final
demand vectors as described in the procedure on page

Unlike total gross output which double counts by including
intermediate production, G.R.P. only measures delivery of

goods to final demand.
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sectors which absorb the greatest decreased production,

within the Sub-Region, are Services, Manufacturing, and

Mining, in decreasing order.

A decrease in power output of $49.8 x 10 6 to the

economy of Southern California results in a drop of $4.5 x

10 9 in its total gross output. Further, the sectors which

undergo the largest economic cutbacks are Manufacturing,

Services, and Trade and Transportation, in decreasing order.

In general, it is apparent that the overall economy

of the Southwest is strongly linked to the availability of

electric power. A decrease of $107.6 x 10 6 of power for the

entire region causes a decline of $8.5 x 10 9 in gross

regional output. When translated to gross regional product

this represents a significant loss of $5.5 x 10 9 . The

restriction in availability of 900 megawatts can therefore,

have a substantial effect on the economic well being of the

region.

Table 5-7 illustrates the change in output associa-

ted with the decision to eliminate all coal-fired facilities

through Phases I and II. The extreme effect of this decision

which includes the loss of power from currently operating

plants, is a loss of approximately $112.6 x 10 9 in gross

output to the regional economy. The economy of the Sub-

Region is almost brought to a standstill as indicated by

a total loss in gross output of $53.8 x 10 9 as compared
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Table 5-7	 Reductions in Gross Output, Year 1980
No Phase I and II

($10 6 ,	 68=100)

Sector
Southern
California

Sub
Regionl Total

Agriculture $	 732.0 $	 2,900.00 $	 3,632.1

Manufacturing 24,022.7 14,484.6 38,507.3

Mining 212.6 6,657.4 6,870.0

Electric Power 651.8 780.8 1,432.7

Other Utilities 1,516.5 2,088.3 3,604.9

Selected Services 3,324.2 1,996.6 5,320.4

Trade and
Transportation 8,581.7 5,722.0 14,303.8

Unallocated Services 17,699.3 17,728.1 35,427.4

Construction 2,075.7 1,518.5 3,594.3

TOTAL $58,817.6 $53,876.8 $112,694.4

Change in Gross Regional Product (G.R.P.) 2
= $136,715.7 - $63,368.7
= $73,346.8

1 Sub Region defined as Arizona, New Mexico, Utah and Nevada.

2G.R.P. is defined in this study as the sum of the final
demand vectors as described in the procedure on page
Unlike total gross output which double counts by including
intermediate production, G.R.P. only measures delivery of
goods to final demand.
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to a figure of $56.0 x 10 9 for a full power 1980 economy.

Within the Sub-Region the sectors that are the largest

losers are Services, Manufacturing, and Mining, in that

order.

Although the economy of Southern California is not

brought as close to economic disaster as the Sub-Region, it

still suffers a substantial decrease in gross output of

$58.8 x 10 9 . Within the economy of Southern California the

sectors that absorbed the greatest loss in gross output are

Manufacturing, Services, and Trade and Transportation, in

that order.

From Figure 5-4, p. 90, it is apparent that the decision

to eliminate Phases I and II causes the G.R.P. to drop by

a figure of $73.3 x 10 9 . This is a very large economic loss

to the region, and spells disaster for the Sub-Region and a

substantial decrease in economic activity in Southern Cali-

fornia. This decrease in G.R.P. is so great that it

effectively would produce a negative growth rate in the G.R.P.

for the period 1970-1980 (see Figure 5-3). Even though this

decision has a very low probability of occurring, it is

important to be aware of the grave economic consequences it

has for the region, especially the Sub-Region. A decrease

in power output of approximately $1.4 x 10 9 that causes a

decrease in regional output of $112.6 x 10 9 is a good indi-

cator as to how strongly the entire economy is "forward"

linked to the power sector.
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Year 2000: Once again Table 5-8 is taken from Appendix B,

Tables B-la, B-lb and represents regional output to the

year 2000 given no restriction in the availability of power.

Table 5-9 indicates the change in output resulting

from the decision to reduce the availability of coal-fired

power by 900 megawatts (Kaiparowits) to the economy of the

Southwest in the year 2000. A reduction in power output of

$57.8 x 10 6 for the Sub-Region produces a drop of $2.0 x 10 9

in its total gross output. The sectors which incur the

greatest loss in production are Services, Manufacturing, and

Mining (followed closely by Trade and Transportation), in

decreasing order.

A decrease in power output of $49.8 x 10 6 to the

economy of Southern California results in a decline of

$3.2 x 10 9 in its total gross output. The sectors that

suffer the greatest losses are Manufacturing, Services, and

Trade and Transportation, in descending sequence.

The non-availability of 900 megawatts to the economy

of the Southwest has a considerable impact on production.

A decrease of $107.6 x 10 6 in power output to the regional

economy manifests itself in a drop of $5.3 x 10 9 in total

gross output. This represents a substantial loss of

$3.5 x 10 9 in the gross regional product. These results

reinforce the hypothesis that the development of the

regional economy is strongly tied to the availability of

electric power.
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Table 5-8	 Gross Output by Sector, Year 2000
Full Power Development

($10 6 ,	 68=100)

Sector
Southern
California

Sub-
Region' Total

Agriculture $	 2,901.5 $4,831.0 $7,732.6

Manufacturing 166,904.3 42,212.2 209,116.6

Mining 838.7 18,230.6 19,069.3

Electric Power 9,094.1 5,881.4 14,975.5

Other Utilities 15,567.6 8,341.3 23,909.0

Selected Services 23,398.0 4,968.8 28,366.8

Trade and
Transportation 60,402.6 17,230.9 77,633.5

Unallocated Services 102,874.7 48,545.0 151,419.7

Construction 6,394.9 2,217.4 8,612.3

TOTAL $388,377.2 $152,459.1 $540,836.7

Gross Regional Product (G.R.P.) 2 	= $354,012.2

1 Sub-Region defined as Arizona, New Mexico, Utah and Nevada.

2G.R.P. is defined in this study as the sum of the final

demand vectors as described in the procedure on page 64

Unlike total gross output which double counts by including
intermediate production, G.R.P. only measures delivery of

goods to final demand.
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Table 5-9	 Reductions in Gross Output, Year 2000
900 Megawatts Unavailable

($10 6 ,	 68=100)

Sector
Southern
California

Sub-
Regionl Total

Agriculture '	 $	 24.4 $	 66.7 $	 91.1

Manufacturing 1,409.3 583.9 1,993.2

Mining 6.9 252.1 259.0

Electric Power 49.8 57.8 107.6

Other Utilities 131.4 115.3 246.7

Selected Services 197.5 68.7 266.2

Trade and
Transportation 510.1 238.3 748.4

Unallocated Services 868.8 671.6 1,540.4

Construction 53.9 30.5 84.4

TOTAL $3,253.1 $2,086.0 $5,339.1

Change in Gross Regional Product (G.R.P.) 2

= $354,012.2 - $350,500.9
= $3,511.3

1 Sub-Region defined as Arizona, New Mexico, Utah and Nevada.

2 G.R.P. is defined in this study as the sum of the final

demand vectors as described in the procedure on page 64

Unlike total gross output which double counts by including

intermediate production, G.R.P. only measures delivery of

goods to final demand.
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Table 5-10 demonstrates the change in output that

would occur if all coal-fired facilities through Phases I

and II were denied to the regional economy. The extreme

effect of this decision is to cause a decrease in gross

regional output of approximately $77.1 x 10 9 . The economy

of the Sub-Region would suffer an estimated loss in gross

output of $34.6 x 10 9 . The sectors that undergo the

greatest loss are Services, Manufacturing, and Mining

(followed closely by Trade and Transportation), in that

order.

The economy of Southern California undergoes a

reduction in gross output of approximately $42.4 x 10 9 or

approximately 55% of the total change in gross regional

output. Manufacturing, Services, and Trade and Transporta-

tion are the sectors that suffer the greatest loss.

From Figure 5-4, p. 90, it can be seen that the

decision to eliminate Phases I and II in the year 2000

causes the G.R.P. to drop by $50.7 x 10 9 . This is propor-

tionately less than the reduction caused in 1980, however

it is still a significant change in the G.R.P. when it is

recalled that the G.R.P. for 1970 is estimated at $73.7 x

10 9 . The strength of the "forward" linkage of the regional

economy to the power sector is again apparent when a

decrease of approximately $1.6 x 10 9 in the power sector

causes a decrease of $77.1 x 10 9 in gross regional output.
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Table	 5-10	 Reductions in Gross Output, Year 2000
No Phase I	 and II

($106,	 68=100)

Sector
Southern
California

Sub-
Region' Total

Agriculture $	 320.0 $	 1,109.1 $	 1,429.1

Manufacturing 18,407.6 9,691.7 28,099.4

Mining 92.4 4,185.9 4,278.4

Electric Power 651.9 960.7 1,612.7

Other Utilities 1,716.8 1,915.0 3,631.9

Selected Services 2,580.5 1,140.8 3,721.3

Trade and
Transportation 6,661.8 3,956.2 10,618.0

Unallocated Services 11,346.1 11,146.5 22,492.6

Construction 705.3 509.0 1,214.3

TOTAL $42,482.9 $34,615.6 $77,098.7

Change in Gross Regional Product (G.R.P.) 2

= $354,012.2 - $303,222.3
= $50,789.9

'Sub-Region defined as Arizona, New Mexico, Utah and Nevada.

2 G.R.P. is defined in this study as the sum of the final

demand vectors as described in the procedure on page 64

Unlike total gross output which double counts by including

intermediate production, G.R.P. only measures delivery of

goods to final demand.
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Year 2025:	 Table 5-11 as in the previous two cases, is

also taken from Appendix B, Tables B-la, B-lb and represents

regional gross output in the year 2025 unrestricted by power

availability.

Table 5-12 demonstrates the changes in gross output

that occur in the year 2025 due to the decision to make 900

megawatts (Kaiparowits) of coal-fired power unavailable to

the economy of the Southwest. A decline of $57.8 x 10 6 in

power output for the Sub-Region produces an overall decline

of $1.4 x 10 9 in its total gross output. Those sectors

which incur the greatest losses in output are Services,

Manufacturing, and Trade and Transportation, in that order.

A decrease in power output to the economy of

Southern California of $49.8 x 10 6 yields a reduction of

$1.9 x 10 9 in its total gross output. The sectors which

absorb the largest losses are Manufacturing, Services, and

Trade and Transportation, in that order.

The decision to restrict power generation by a fac-

tor of 900 megawatts to the economy of the Southwest has a

substantial impact. A decrease in power output of $107.6 x

10 6 produces a drop of $3.3 x 10 9 in its gross regional

output. This represents a loss of $2.2 x 10 9 in the gross

regional product. Again it is apparent that electric energy

is strongly embedded in the fiber of the regional economy
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Table 5-11	 Gross Output by Sector, Year 2025
Full Power Development

($10 6 , 68=100)

Sector
Southern
California

Sub-
Regionl Total

Agriculture $	 3,847.0 $	 6,682.2 $10,529.2

Manufacturing 456,894.8 121,843.4 578,738.2

Mining 1,144.1 43,082.8 44,226.9

Electric Power 43,903.1 28,393.6 72,296.7

Other Utilities 52,717.7 35,799.5 88,517.3

Selected Services 79,234.2 14,931.3 94,165.6

Trade and
Transportation 204,545.4 65,708.4 270,253.8

Unallocated Services 243,113.5 129,411.6 372,525.1

Construction 6,806.7 3,867.3 10,674.0

TOTAL $1,092,206.6 $449,721.1 $1,541,926.7

Gross Regional Product (G.R.P.) 2 = $1,015,004.1

'Sub-Region defined as Arizona, New Mexico, Utah, and Nevada.

2G.R.P. is defined in this study as the sum 
of the final

demand vectors as described in the procedure on page 64

Unlike total gross output which double counts by including

intermediate production, G.R.P. only measures delivery 
of

goods to final demand.
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Table	 5-12	 Reductions	 in Gross Output, Year 2025
900 Megawatts Unavailable

($10 6 ,	 68=100)

Sector
Southern	 Sub-
California	 Region' Total

Agriculture $	 6.6 $	 20.9 $	 27.5

Manufacturing 799.3 382.1 1,181.4

Mining 1.9 135.1 137.0

Electric Power 49.8 57.8 107.6

Other Utilities 92.2 112.2 204.4

Selected Services 138.5 46.7 185.2

Trade and
Transportation 357.8 206.0 563.8

Unallocated Services 425.2 405.9 831.1

Construction 11.8 12.1 23.9

TOTAL $1,883.9 $1,379.5 $3,263.4

Change in Gross Regional Product (G.R.P.) 2

=	 $1,015,004.1	-$1,012,844.5
=	 $2,159.6

'Sub-Region defined as Arizona, New Mexico, Utah and Nevada.

2 G.R.P. is defined in this study as the sum of the final

demand vectors as described in the procedure on page 64

Unlike total gross output which double counts by including

intermediate production, G.R.P. only measures delivery of

goods to final demand.
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and that the non-availability of 900 megawatts has a signif-

icant effect on the regional economy.

Table 5 - 13 illustrates the change in output associa-

ted with the decision to reduce power availability to the

region by an amount equal to all coal-fired developments

through Phases I and II. The total decrease in gross

regional output that occurs is approximately $47.5 x 10 9 .

Of this amount roughly $22.9 x 10 9 in gross output is absorbed

by the economy of the Sub-Region. The sectors that realize

the greatest loss in gross output are Services, Manufacturing,

and Trade and Transportation, in that order.

The economy of Southern California suffers a loss of

approximately $24.6 x 10 9 in gross output. The major losers

are Manufacturing, Services, and Trade and Transportation,

in that order.

From Figure 5-4, p. 90, it can be seen that the

decision to eliminate the power equivalent of Phases I and

II in the year 2025 causes the G.R.P. to drop by $31.4 x 10 9 .

This is proportionately less than the same results for the

years 1980 and 2000. The magnitude of the "forward" linkage

of the entire regional economy to the power sector is one

more illustrated, when a decrease of $1.6 x 10 9 in output of

the power sector causes a decrease in gross regional output

of $47.5 x 109.
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Table 5-13 Reductions in Gross Output, Year 2025
No Phase I and II

($106, 68=100)

Sector
Southern
California

Sub
Region' Total

Agriculture $	 87.4 $	 347.3 $	 434 • 7

Manufacturing 10,437.4 6,341.8 16,779.3

Mining 26.0 2,242.6 2,268.6

Electric Power 651.8 960.7 1,612.6

Other Utilities 1,204.2 1,863.6 3,067.8

Selected Services 1,810.1 776.7 2,586.8

Trade and
Transportation 4,671.9 3,420.4 8,092.4

Unallocated Services 5,554.0 6,736.7 12,290.7

Construction 155.5 201.1 356.7

TOTAL $24,600.4 $22,891.3 $47,491.4

Change in Gross Regional Product (G.R.P.) 2

= $1,015,004.1 -$983,561.9
= $31,442.2

1 Sub-Region defined as Arizona, New Mexico, Utah and Nevada.

2G.R.P. is defined in this study as the sum of the final

demand vectors as described in the procedure on page 64
Unlike total gross output which double counts by including
intermediate production, G.R.P. only measures delivery of

goods to final demand.
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It is important to realize that changes in gross

output, by sector, were developed for each element in the

decision space (as described in Table 5-2), and that the

two decisions were chosen only to illustrate the range of

effects for any selected year. Of further importance in

the model results is the nature of the changes in gross

output that occur for each decision.

Of particular interest in the study of the change in

gross output that occurs is the following:

(a) the effect of the change in energy to Southern

California on total gross output in Southern

California (al)

(b) the effect of the change in energy to the Sub-

Region on the total gross output of Southern

California (a2)

(c) the effect of the change in energy to Southern

California on the total gross output of the

Sub-Region (a 3 )

(d) the effect of the change in energy to the Sub-

Region on the total gross output of the Sub-

Region (a4).

For illustrative purposes (see Table 5-2) the decision to

reduce availability of power by 450 megawatts to each

region (referred to as decision 20) is compared to the

decision to reduce power availability by an additional
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increment of 1000 megawatts (referred to as decision 20),

of which 800 megawatts went to Southern California and 200

megawatts to the Sub-Region.

A series of equations can now be written:

450 al +	 450 a2 = $4505.0	 x 10 6 (1)

450 a 3 +	 450 a4 = $3994.6 x 10 6 (2)

800 al +	 200 a2 = $8005.3 x 10 6 (3)

800 a3 +	 200 a4 = $1775.7	 x 10 6 (4)

Solving for the variables yields the following results:

al = 10.01, a2 = 0.0000059, a3 = 0.0038, a4 = 8.87

The proper interpretation to be drawn from this analysis is

that for each megawatt of power made unavailable to Southern

California there will be a $10.01 x 10 6 change in gross out-

put in Southern California and an induced change of $0.0038

x 10 6 in gross output to the Sub-Region. On the other hand

for each megawatt of power made unavailable to the Sub-Region

there will be a $8.87x10
6 change in gross output in the Sub-

Region and an induced change of $0.0000059 x 10 6 in gross

output to Southern California.

It is obvious from these multipliers there is a

minimal level of interacting economic ties between the two

defined regions. However, the relative magnitude of the

effects are in the expected direction, a change in the econ-

omy of Southern California has a much greater effect on the

economy of the Sub-Region than a change in the economy of

the Sub-Region would have on Southern California.
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Output Analysis and Interpretation

There are several key points that should be made in

regard to the results that have been generated. The first

is that we are dealing with a linear system and that output

changes, by sector, for each region can be computed for a

unit decision (e.g., 100 megawatts unavailable) for any

multiple of that 100 megawatts through 13,352 megawatts

(i.e., the power equivalent of coal-fired plants through

Phases I and II would be unavailable). A second factor

to be considered is that our decision space is restricted

to developments through 1980. Since the regional economy

(particularly the Sub-Region) is so heavily reliant upon

this coal-fired power, it is to be expected that the greatest

effects would be felt in 1980 and that there would be a

gradual decline in effects to 2025, as this Phase II figure

represents a smaller percent of the Sub-Region power

supplies. A third factor that contributes to the decline

in economic effects over the 50 year horizon, is that the

direct power coefficients are increasing over time (at an

average rate of 1.25% per year from the base year through

the year 2025) so as to insure that the processing sectors

will receive approximately 65% of power output (as specified

in the Southwest Energy Study)(U.S. Department of Interior,

1972).
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An interesting side consideration that was evaluated

was the changes in gross output that would occur if the orig-

inal base (1958) power coefficients were assumed to be con-

stant over time. However, as can be seen from Table 5-17,

p. 98, the actual level of power capacity required for the

case when the base year power coefficients are held constant

is significantly less compared to the case where the power

coefficients are increasing over time. The effect of maintain-

ing a stable set of coefficients is to sharply reduce needed

generation capacity, particularly beyond the year 1980. In

terms of electrical generation it would mean a 4,600 mega-

watt reduction for the year 1980, a 49,000 megawatt reduction

for the year 2000, and a 265,000 megawatt reduction in the

year 2025. /To put these numbers in their proper perspective,

it must be realized that it is estimated that the region will

need over 100,000 megawatts of capacity in the year 1990

(U.S. Department of Interior, 1972).2

The changes in output that would occur, in each of

the selected years for the decision to make 900 megawatts

unavailable (Kaiparowits) are presented in Tables 5-14,

5-15, and 5-16. It can be seen that these output changes

differ from the results in Tables 5-6, 5-9, and 5-12 in that

they are of a larger magnitude. This is to be expected

since the original base year direct power coefficients remain

constant over the 50 year time horizon.
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Table 5 - 14 Reductions in Gross Output', Year 1980
900 Megawatts Unavailable

($10 6 , 68=100)

Southern	 Sub-
Sector	 California	 Region2

	
Total

Agriculture $	 79.8 $	 215.0 $	 294.8

Manufacturing 2,621.3 1,074.0 3,695.3

Mining 23.1 493.6 516.7

Electric Power 49.8 57.8 107.6

Other Utilities 164.5 154.8 319.3

Selected Services 362.9 147.9 510.8

Trade and
Transportation 936.1 424.2 1,360.3

Unallocated Services 1,928.5 1,314.6 3,243.1

Construction 223.9 112.5 336.4

TOTAL $6,390.0 $3,994.9 $10,384.9

1 Based on the assumption that the original base year direct
power coefficients remain stable over time.

2 Sub-Region defined as Arizona, New Mexico, Utah, and Nevada.
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Table	 5-15	 Reductions	 in Gross Output', Year 2000
900 Megawatts Unavailable

($10 6 , 68=100)

Southern Sub-
Sector California Region 2 Total

Agriculture $	 46.7 $	 127.6 $	 174.3

Manufacturing 2,670.5 1,114.8 3,785.3

Mining 13.3 482.1 495.4

Electric Power 49.8 57.8 107.6

Other Utilities 247.2 218.7 465.9

Selected Services 374.7 131.1 505.8

Trade and
Transportation 966.2 453.4 1,419.6

Unallocated Services 1,640.0 1,269.9 2,909.9

Construction 100.3 57.9 158.2

TOTAL $ 6,108.8 $ 3,913.5 $ 10,022.3

1Based on the assumption that the original base year direct
power coefficients remain stable over time.

2Sub-Region defined as Arizona, New Mexico, Utah, and
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Table	 5-16	 Reductions in Gross Output', Year 2025
900 Megawatts Unavailable

($10 6 ,	 68=100)

Southern Sub-
Sector California Region2 Total

Agriculture $	 20.0 $	 58.4 $	 78.4

Manufacturing 2,393.2 1,067.6 3,460.8

Mining 5.7 378.3 384.0

Electric Power 49.8 57.8 107.6

Other Utilities 271.8 310.7 582.5

Selected Services 416.1 130.6 546.7

Trade and
Transportation 1,071.4 572.7 1,644.1

Unallocated Services 1,258.5 1,109.3 2,367.8

Construction 33.9 33.4 67.3

TOTAL $5,520.7 $3,719.3 $9,240.0

'Based on the assumption that the original base year direct

power coefficients remain stable over time.

2 Sub-Region defined as Arizona, New Mexico, Utah and Nevada.
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Table 5-17 Differential Regional Power Requirements for
Selected Years

Regional Power Needs ($10 9 , 68=100)

Year Power
Coefficients
Increasing

1Over Time

Base Year
Power
Coefficients 2

Percentage
Difference

1980	 3.9
	

3.4	 12.9%

2000	 14.9
	

10.1	 32.0%

2025	 72.2
	

41.3	 42.5%

1
As described on page 66 the reason the power coefficients
are changing over time is to ensure that the proper amount
of power is going to the endogenous sectors (estimated at
approximately 65% by the Southwest Energy Study report),
otherwise a disproportionately large percentage of power
output would go to residential use.

2
The base year power coefficients represent the base year
(1958) power coefficients which were developed for the
original I-0 models.
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Effectively what now occurs is that for any decision

selected, for a given year, it is possible to estimate an

upper and lower range of changes in gross output that would

occur for each sector.

For any decision the effect upon a particular sector

is caused by the nonavailability of a certain amount of

power. The very strict assumption in our input-output anal-

ysis concerning the forward linkages is that power cannot

be imported from any other region, nor is there any power

substitute that can be utilized. Although these are very

rigid assumptions they are defensible. The current "energy

crisis" is not restricted to any one region in the United

States, so it is not entirely illogical to assume that if

one particular area is short of power that it would have

considerable difficulty importing power from other areas

that are also experiencing power shortages. Further, the

energy crisis is not limited to any one form of energy or

fuel, so that substituting other forms of electricity gen-

erator for coal-fired energy plants' would also pose con-

siderable difficulty.

Other substitutes or proxies for making up a power

shortage are possible. Demand elasticity studies which

attempt to analyze how power price increases can stem

electricity consumption have been made. Prominent among

these studies are Anderson, 1972; Wilson, 1971; Halvorsen,
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1972; and Mount, 1973. Considerable debate has arisen in

this area over the validity of the results. Pricing policies

conceivably could affect power demand, however, as Mount

points out it may take 20 years before the full effect

would be realized. In any event it should be realized that

any pricing policy that is specific for electricity which

effectively forces the customer to some other form of energy

does not affect the overall energy problem -- if it induced

greater consumption of oil and gas the problems associated

with the current energy crisis would be compounded.

It is conceivable that users could function with

less power through a rigorous power conservation program.

Unfortunately the actual mix of uses for power (process,

lighting, air conditioning, etc.) within any specific region

is not well understood. A few studies have been done at the

national level but these do not necessarily reflect activ-

ities at the local level. Power conservation and its

ability to stem demand over the long term, for any particu-

lar economic region, is not well understood at this time.

Another very important aspect of the results was the

need to upwardly adjust the power coefficients over the 50

year horizon. This was not, however, completely without

merit, since we were originally dealing with a set of base

year power coefficients that would most likely be changing
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positively over time (Executive Office of the President, 1972).

The period since 1958 has seen a significant growth in the use

of electric energy. The early 1960's through to the present

has seen a sharp rise in the use of air conditioning. Indus-

trial processes have, and are continuing to, shift markedly

to the development of electric drivien machinery to replace

labor. Moreover, in the current energy situation it is

becoming very evident that manufacturing processes that

currently rely on fossil fuels for process activities are

seriously, if not actively, converting to all electric opera-

tions. Growth in direct power coefficients is therefore a

very real assumption.

An interesting result that was obtained using the

main I-0 program was to compare the power output as desig-

nated by full power development, with the power output cal-

culated for the identical economy (i.e., all final demand

vectors for that year the same) except we would replace the

larger set of power coefficients with the original base year

power coefficients. The results, presented in Table 5-17,

have something very definite to say about efficiency. It is

evident that if our economic projections are reasonable,

then over the 50 year horizon, especially beyond year 2000,

considerable reductions in power capacity requirements could

be achieved.
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General Evaluation 

Much of the research presented here regarding the

use of input-output analysis in relation to the availability

of power would have to be considered relatively innovative.

Kelso, et al., (1973) in his recent book makes reference

to how some sectors in the Arizona economy are forward

linked to certain agricultural sectors that are heavy water

users (food and feed grains and forage crops). The basic

point they make is that calculations of decrease in gross

output based on sectors that are forward linked to crops

should be considered a maximum boundary. One basic assump-

tion of calculations based on the forward linkage is that

no imports of crops would occur. In the case of agriculture

in Arizona, this would have to be considered an almost un-

realistic possibility since considerable crop imports already

occur to supply those sectors that are forward linked to the

crop sectors. However, as previously noted, if the "energy

crisis" in its current form were to persist into the future,

then few regions would have excess power available to export

to others, and therefore the possibility of not being able

to import power has more potential real meaning than not

being able to import feed and forage crops.

The development of an 1-0 model is a time consuming

process that suffers from some basic limitations. The further

development of the regional 1-0 model also involves a
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considerable number of inherent assumtpions. Finally, the

use of a static set of base year trade coefficients projected

into the future should be viewed with caution. The point to

be made is that there are several areas in which the basic

analysis could be improved upon.

I-0 models for Southern California, Arizona, New

Mexico, Utah and Nevada are currently available or are near

the completion stage. If it is possible to reconcile the

differences in sector definitions, and further to estimate

(perhaps through a sample questionnaire) the trading pat-

terns between each of these economic areas, then it would

be possible to develop a more refined regional I-0 model.

It would be more refined in the sense that it would link

together all the individual I-0 models and would therefore

be a more well defined linked regional I-0 model.

In the regional I-0 model developed for this re-

search the sectors were highly aggregated and this poses

considerable problems in the evaluation of any results that

are obtained. The national I-0 tables (the latest of which

is for 1963) do contain sectors which are more highly dis-

aggregated. If one could develop sufficient criteria to

utilize a set of national coefficients for the region, this

may be an improved approach which would yield a more detail-

ed set of results. (The national I-0 tables for 1968, as

generated by the Office of Business Economics, should be

available in the very near future.)
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The decision space in this research effort pur-

posely restricted levels of power from coal-fired plants in

the Colorado River Basin. It is important to realize how-

ever, that the I-0 process was reacting to a decrease in

electric power, and moreover the I-0 model itself would

react to any power reduction no matter what the source of

that power. It is conceivable that the technique described

in this research could be applied to the potential non-

availability of power generated from nuclear power plants

in California. Public concern over possible environmental

damage from nuclear power plants is rising and it is not

completely inconceivable that legal action could delay or

eliminate proposed nuclear power plants. Although the

Southwest Energy Study report (U.S. Department of Interior,

1972) only concerns itself with power developments thru 1990,

it is anticipated that (although not clearly indicated in

the S.E.S. report) nuclear power developments will take on

greater importance in the long range power needs of the

region. If it would be possible to develop specific esti-

mates of proposed nuclear power plant developments, then the

process described in this research could be utilized to

depict the role of nuclear power plants in the regional

economic growth of the Southwest.

The "energy crisis" is a problem that will not be

solved overnight in the United States. It would seem that
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serious research should be given to the type and rate of

economic growth that this country deems desirable and

attainable. Although the work accomplished in this research

should be considered as the bare beginnings, it is felt that

the I-0 approach used could be further refined so as to make

a more definitive contribution to the analysis of the problem

of desired levels of economic growth within the reasonable

bounds of alternative sources of energy supplies.



CHAPTER 6

SOCIAL SYSTEM

The nature of current power plant siting pro-

cedures (particularly those with considerable adverse

environmental impacts) has been to increasingly locate

power facilities in non-urban geographical areas. Although

this has alleviated considerable potential problems for

the utility companies it has not totally resolved the dif-

ficulties. Currently, there is a growing concern for the

manner in which these rural power developments have

affected indigenous native population groups. Particularly

in the Southwest with the continuing expansion of strip

mining of coal resources, national attention has focused

on how these activities have affected the local Indian

populations. Specifically in the case of the Four Corners

controversy, attention has centered on how power develop-

ment activities on Black Mesa have affected the Navajo and

Hopi Indian tribes.

The simulation activity associated with this chap-

ter is geared to the development of a model that strives

to graphically relate how a social system (i.e., the

Navajo and Hopi tribes) has been impacted by power related

phenomena. This is a highly ambitious undertaking.
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However, in light of the requirements for an effective

workshop, it is genuinely felt that this type of metho-

dological approach is highly desirable. Much controversy

has arisen over this subject with two apparent extreme

positions surfacing--the utility companies (and progres-

sive elements in both Indian tribes) espousing that

increased jobs and income far outweigh any adverse impacts--

and the traditionalist element in each tribe (supported by

strong vocal non-Indian interested parties) who declare the

sacred Indian way of life has been completely destroyed.

The emphasis of these two divergent positions has resulted

in much descriptive rhetoric. The end result of such

extremes of thinking is to render the average citizen

incapable of arriving at an objective opinion as to what

is really happening, i.e., it is very difficult to digest

highly emotional, descriptive, dialogue and arrive at an

objective understanding of the problem. Following is a

brief summary of the activities to date concerning the

development of a social model of the Navajo and Hopi

tribes.

The main thrust of this modeling activity is to

provide a mechanism whereby differing interest groups may

incorporate their own subjective value judgments into a

systematic procedure that graphically relates how key

variables in the Indian cultural system are changing over
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time in response to differing levels of coal-fired power

developments. The basic technique utilized is a cross-

impact language (Kane, 1972) that has the ability to

interrelate subjective variables into a graphical quanti-

fication format with a minimum of technical expertise

required.

The first step in the proper use of this technique

is the development of a set of variables that characterizes

the main elements of the social system. This was a very

complex, time consuming task and was facilitated by the

expert advice of two Indian community members, a Navajo,

Dr. Samuel Billison, and a Hopi, Dr. Emory Sekaquaptewa.

The current list that was developed included the following

key concepts: acculturation, individual stress, tribal

government unity, federal involvement, health, population

growth, Indian income, tribal income, and Indian employment.

The second step is to assign numerical coefficient

values, ranging from zero to one, in each entry of the

variable matrix developed. (Numerical value effects are

recorded from column to row.) This system of coefficients

is then impacted by an exogenous variable which is a

function of the decision chosen (i.e., decision meaning

how many megawatts of power developed). The end result

is a graphic display of the geometry of the variables that

describe a social system changing over time.
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It is difficult to categorize any output from this

model since its real output is a function of the coeffic-

ient values chosen, which represent subjective value

judgments of the individual utilizing the methodology.

However, for purposes of the workshop, it is the graphical

representation of the variable geometry changing over time

which hopefully will lend some insight into the under-

standing of how these Indian cultures are impacted by

coal-fired power developments.



CHAPTER 7

MANAGERIAL MODEL

The managerial section of this simulation process

was designed as the focal point of the entire simulation

process. Any broadly based research activity of this vari-

ety requires a key link that functions to act as the cen-

tral control for the entire modeling activity. Although

this section of the simulation was not an explicit modeling

project in the first year (as was the air pollution or

groundwater models) it served as an important mechanism

that tried to guide the progress of each of the individual

modeling projects. Since much of the responsibility for

the development of the managerial section is appropriately

tied to the second year's effort, the following description

will only discuss several of its intended functions in the

simulation program.

As can be seen from Figure 2-1 (Chapter 2), the

managerial section acts as an interpretive link from deci-

sion input to the actual effects that are displayed for

each element of the decision space. The decision space

can take on a variety of meanings and the managerial model

must accommodate this accordingly--the decision space for

the regional economic model may be any combination of plant

110
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selections from zero power development to full Phase I

and II development -- whereas the decision space for the

groundwater model is very site specific and may only involve

pumpage for the Mohave plant, possible increased pumpage

for the planned Southern Nevada plant, or no pumpage if

the slurry and mining operation were discontinued. In this

manner therefore, the managerial section must function to

insure proper meaning is attached to the decision elements

associated with each modeling activity.

Another major effort associated with the managerial

section is the problem of translating technical pieces of

data, which represent the output from each of the models,

into a framework which is capable of being understood by

non-technical types of individuals. Successful development

of this aspect of the program will represent a significant

addition to each individual's understanding of the technical

nature of the output data generated -- this is an acute

problem in the United States today where there is a growing

demand by the general public to be actively involved in the

decision making process, and yet those intricately involved

in making decisions too often do not give sufficient con-

sideration as to how best to translate their technical

expertise into a dialogue that has meaning for the interested

citizenery. In the utility industry where a 10 year lead

time from initial planning to plant operation is frequently
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experienced (Philbin, 1973), with substantial sums of money

tied up in capital investment, the issue of public involve-

ment must be treated in a positive, cooperative manner,

otherwise extended hearings or court battles develop which

ultimately result in costly delays that eventually must be

paid by the consumer.

The overall management of the first year simulation

activities has proven to be a very difficult task. In any

group problem solving situation in which each individual

must spend considerable time in developing his own special

area of research interest, the potential for isolation from

the main program objectives is an ever present danger.

However, it is this author's opinion that the interaction

between each member of the group research team has been

relatively successful and the merits and shortcomings of

each of the modeling activities were understood by all. It

is difficult to optimize effective group communication and

the first year's activities exposed the research team to

the real problems associated with interdisciplinary team

research. Early exposure to this element has proven to be

a valuable experience, particularly in the area of environ-

mental matters, where it is becoming increasingly apparent

that the interdisciplinary approach must be taken to arrive

at balanced solutions.



CHAPTER 8

REVIEW AND CONCLUSIONS

Although one could spend considerable time analy-

zing each and every aspect of the models developed, the

effort here will attempt to (a) consolidate the results

of those models for which output was available, (b) char-

acterize problems associated with the overall simulation

process and (c) elaborate on the utility of such endeavors

in light of a growing environmental concern in this country.

The two main models that have thus far generated

output are the Regional Economic Model and the Navajo Sand-

stone groundwater model. From these two models the

following conclusions may be drawn:

(1) Pumping of groundwater from the Navajo Sand-

stone aquifer by Peabody Coal Inc. will not

appreciably affect Indian wells even under

substantial unfavorable variations in aquifer

related characteristics and overall pumping

schedules.

(2) The permanent non-availability of increasing

levels of coal-fired power produces a substan-

tial economic impact which represents a

113
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significant loss in regional output to the

projected growing economy of the Southwest.

Preliminary results from the air pollution modeling

activities indicate that, if no other major sources of

pollution are introduced into the area, the probability

of violating Federal secondary air standards is low, how-

ever, the resulting plume configuration, depending on

meteorological conditions, will be readily visible against

the existing ambient air quality conditions.

Output per se was not available from the social

modeling project in that the real output to be developed

will be the result of the use of the on-line system. The

end product therefore will be a graphic display of inter-

acting social variables which reflect the input as deter-

mined by each workshop participant as he selects alternative

decisions from the decision set. However, the formidable

task of the model use and one of its eventual basic

strengths was the development of a meaningful set of social

and cultural variables. This variable set, which strives

to characterize the Indian way of life, was the product

of many hours of group meetings with a community member

from both the Navajo and Hopi tribes.

In the development of any broadly based modeling

process, especially one which is functioning under the

time constraint of one year, compromise must and does
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evolve. Compromise occurred with the development of a

simplified approach to evaluate the effects of withdrawals

from the Colorado River -- this was due primarily to the

complex pattern of current withdrawals on the river and

the uncertainty associated with future cooling processes.

Similarly, due to the difficulty of acquiring meaningful

economic data and the actual utility of applying economic

theory to Indian reservation economic activities, the local

economic analysis was reduced to a listing of pertinent data

where available. And finally the managerial section which

originally was conceived of as being a total on-line system

evolved into a hybrid mechanism whereby portions of the

simulation process were on-line and the remainder would more

appropriately lend itself to a data retrieval system.

Power and the many faceted environmental problems

associated with its generation and distribution is rapidly

becoming one of the major areas of environmental concern

in the United States. With the passing of the National

Environmental Policy Act (1969), and notably the Supreme

Court ruling in the Calvert Cliffs decision (Calvert Cliffs,

1971), two new dimensions have been added to man's decision

making process -- social impact and environmental impact. In

keeping not only with the spirit but the actual legal basis

of the National Environmental Policy Act, it is incumbent

upon those who propose to significantly alter the environment
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to "actively involve" the general public who are to be

impacted by this project, in the decision making process.

In the case of power development those who are impacted,

i.e., either receive benefits from the project or absorb

costs (not necessarily economic benefits or costs), rep-

resent a wide spectrum of interest groups.

The major thrust of this simulation therefore has

been to introduce a participatory workshop into the decision

making process so that all interested partics can gain an

appreciation of the complexities associated with environ-

mental change and by so doing develop a more objective

understanding of the scope of the problem. As Yale economist

Charles E. Lindblom has pointed out repeatedly (e.g., in

The Intelligence of Democracy - Decision Making through 

Mutual Adjustment, 1965), good decisions are based on

consensus. This does not mean that the power industry must

accept the endless delays that might be involved in recon-

ciling the interests and values of conflicting groups with

diametrically opposed points of view. But the process of

open participatory planning does often expose the unreason-

able position of extremists and rallies the majority in

support of a sensible problem solving solution.



APPENDIX A

PROCEDURE USED TO DISAGGREGATE "UTILITIES" SECTOR

INTO ELECTRIC POWER AND OTHER UTILITIES

In the original base year I-0 models for both Cali-

fornia and Arizona there is a sector called Utilities which

by definition from Appendix C is composed of electric light

and power; natural, manufactured, and liquified petroleum

gas; and telephone and telegraph. This sector had to be

disaggregated into two sectors:

Electric Power - meaning electric power and light

Other Utilities - meaning natural, manufactured, and

liquified gas; and telephone and

telegraph.

The statistical supplement (Tijoriwala, Martin, and

Bower, 1968b) that accompanied the Arizona model was partially

disaggregated. The sectors that bought power (i.e., were

forward linked to the electric power sector) were specified

and therefore a set of power coefficients reflecting the

forward linkage was available. However, the backward effect

or what the power sector bought from the rest of the economy,
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was not specified. This set of coefficients was derived

from the 1963 I-0 tables, as developed by the Office of

Business Economics (U.S. Department of Commerce, 1969), e.g.,

From the national I-0 table it is known that, (1)

electric light and power; (2) natural, manufactured,

and liquified petroleum gas, and telephone and tele-

graph buy from sector i in the following ratio, 3:2.

Assuming the combined utilities sector (as in the

original models) buys $400 worth of goods from sector i,

then this $400 is divided into a 3:2 ratio in which

case electric power buys $240 worth of goods and other

utilities buys $160 worth of goods.

In the case of California there was no statistical

supplement available to assist in the development of a

complete set of direct power coefficients. The same pro-

cedure as indicated above was used to develop the California

direct power coefficients. In the case of the forward

linked coefficients a similar procedure was used, e.g.,

From the national I-0 table it is known that sector i

buys goods from (1) electric light and power, and (2)

natural, manufactured, and liquified petroleum gas,

and telephone and telegraph in the following ratio,
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3:2. Assuming sector i buys $400 worth of goods from

the combined utilities sector, then that figure is

broken down into a 3:2 ratio, in which case sector i

bought $240 worth of power and $160 worth of other

utilities.



APPENDIX B

HISTORICAL AND PROJECTED RATE OF GROWTH

IN GROSS OUTPUT BY SECTOR

It is evident that the region has and still is ex-

periencing considerable real economic growth. This growth

pattern was accentuated particularly by strong gains in

services, trade and transportation, utilities, and several

manufacturing sectors. The general pattern of projected

growth would have to be categorized as optimistic with

continued strong economic expansion thru year 1980, somewhat

less vigorous growth thru year 2000, and a slowing of growth

rates for the period year 2000-2025 (however still showing

considerable growth) as the regional economy becomes suf-

ficiently large so as to behave more like the national

economy.
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APPENDIX C

GENERAL SECTOR DEFINITIONS

Appendix C is a broad description of the sectors

that make up the regional I-0 model. For a more detailed

description by SIC code see Tijoriwala, Martin, and Bower,

1968a.
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Meat Animals and Products - beef, hogs, sheep and lambs,

wool and mohair

Poultry and Eggs - chickens, eggs, broilers, turkeys and

turkey eggs, other poultry and eggs, and hatcheries

Farm Dairy Products - milk, cream, and dairy animals sold

for meat

Food and Feed Grains - wheat, rye, rice, corn, barley, oats,

sorghum, sorghum silage

Cotton - cotton lint and cottonseed

Vegetables - Irish potatoes, sweet potatoes, melons, dry

beans and peas, strawberries, and all other vege-

tables

Fruit (excluding citrus) and Tree Nuts - apples, apricots,

cherries, nectarines, peaches, pears, persimmons,

plums, prunes, pomegranates, avacados, dates, figs,

olives, grapes, tree nuts, and bush berries

Citrus Fruits - oranges, tangerines, lemons, grapefruit,

limes, and satsumas

Forage Crops - hay and pasture

Miscellaneous Agriculture - legume and grass seed, vegetable

seeds, greenhouse and nursery products, on-farm

forest products, sugar beets, oil crops, miscellane-

ous crops, horses and mules, honey and beeswax,

agricultural services, and hunting and fishing



128

Grain Mill Products - flour and meal, cereal breakfast

foods, rice milling, blended and prepared flour, and

prepared animal feeds

Meat and Poultry Processing - meat packing, prepared meats,

and poultry dressing plants

Dairy Products - creamery butter, natural cheese, concen-

trated milk, ice cream and ices, special dairy prod-

ucts, and fluid milk

Canning, Preserving, and Freezing - canned seafood, cured

fish, canning and preserving food, dehydrated fruits

and vegetables, pickles and sauces, packaged seafood,

and frozen fruit and vegetables

Miscellaneous Agricultural Processing - bakery products

(including bread baked at single retail outlets),

sugar, miscellaneous food preparations, alcoholic

beverages, and tobacco products

Chemicals and Fertilizers - chemicals, plastics, synthetic

rubber, explosives, drugs and medicines, soap and

related products, paints and varnishes, fertilizers,

and animal and vegetable oils

Petroleum - crude petroleum and natural gas, petroleum pro-

ducts, coke and products, and paving and roofing

materials
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Fabricated Metals and Machinery - fabricated metals,

machinery, electrical machinery, and transporta-

tion equipment (excluding aircraft)

Aircraft - aircraft and parts

Primary Metals - steel, foundries and forgings, nonferrous

metals

Other Manufacturing - textiles, logging, wood products,

furniture, paper products, printing and publishing,

rubber products, leather products, and clay and

glass products

Mining - all mining except for liquids and gases

Electric Power - electric light and power

Other Utilities - natural, manufactured, and liquified

petroleum gas, and telephone and telegraph

Selected Services - eating and drinking establishments,

hotels and camps, laundries and dry cleaners, other

personal services, business services, auto repair

shops and garages, other repair services, and motion

picture theaters and other amusements

Trade and Transportation - railroads, trucking, warehousing

and storage, water transportation, air transporta-

tion, pipeline transportation, and wholesale and

retail trade



130

Unallocated Services - banking and finance, real estate and

rentals, medical and dental, nonprofit institutions

(including education), advertising, small arms pro-

duction, and motion picture production

Construction - maintenance and new construction
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