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ABSTRACT

In this report the results of a study of the use
of input-output analysls to evaluate the economic impact
of water resources development are presented. Blackburn
Crossing reservolr on the Upper Neches River was the sub-
ject development., and the Leontief system of input-output
accounts 1is the basic tool of the analysis.

In previcus research, unrelated to water resources
development, Carter'and Martin developed the idea of using
a matrix of primary resource coefficlents to determine
resource requirements necessary to sustaln a given level
of final demand and with it, total economic zutput. By
specifying the relationship between resource requirements
and output, total resource requirements Ean be computed
given either final demand or total output. In this study
the possibility of inverting the process and determining
final demand or total output, given the level of primary
resources, was investigated.

Data for the period 1952 were assembled to buiid
the basic input-ocubput mcdel of the economic activity of
the watershed. The functiconal relatlonship of water as a

resource and total output was then determined and the



iv
model was employed to forecast the impact on the watershed
of an increase 1n the supply of water. A check on the
forecast was provided by data assembled for the 1958 period
which were descriptive of total output following an en-
largement of Blackburn Crossing reservoilr which yielded
increased water supplies.

The results of the forecasting activity were suf-
fieient to conclude that the analytical tool employed along
with the water usefoutput relationship 1s useful in esti-
mating impact of water developments. Prpblems encountered
can be resolved so that the accuracy of.the technique 1s

acceptable.

Descriptors -- / economic evaluation / ¥economic
impact / *economic prediction / #input-output analysis /
*yater resources / ¥Texas / *Rio Grande / planning /
regional analysis / river basin development /
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CHAPTER I

INTRODUCTION

Among the basic resources essential to the develop-
ment of other resources, as well as to life itseif, 1s
water. Being only one of the essentials, water, no matter
how abundant, can neither insure survival nor create
prosperity. But a shortage of water can threaten both.
Since an adequate supply of water tends to be the critical
element in controlling patterns of development, 1t is
well, then, that we pause to take stock-of our water sup-
ply as well as our other physical resources.

Texas has a water supply the size and extent of
development of which is the envy of many other states.
Water has contributed immeasurably to the strength and
prosperity of the state and it can and should keep on
doing so. Nevertheless, a point has been reached where
growing water problems and rising water costs have cre-
ated a need for us to take a careful look at water

resources to see where we stand.l

e, L. McGuinnes, Water for the United States--~
An Analysis of the Report of the Senate Select Commlittee
on Natural Resources. Natural Resources Journal,
Vol. 2, No. 2 (August, 1962), pp. 218-224,




The Texas Economy

Up to the mid-l9“0's the ''exas economy was rela-
tively simple and largely agricultural. The pre-war
period was generally one of national abundance of agri-
cultural production and Texas was primarily a producer
of raw materials which were processed into finished
products elsewhere. Under such circumstances, water
requirements were relatively small, and the problem of
water supply was not especilally critical, Both state
and federal efforts in connection with Texas water
problems have largely reflected preoccupation with the
flood hazard present in many localities.?

Over the past decade, changes and increases in
national wants have produced a change in the rela-
tive importance of Texas water problems and the ur-
gency of actions required to solve them. This change
is occurring at an accelerating rate as water demands
for production of goods steadily mount. First, portions
of the state are rapidly converting from an agricultural

to an industrial economy. The rapid rise of industry

“Water Supply and the Texas Economy, An Economic
Appraisal of the Texas Water Problems, prepared by the
Department of Interlor, Bureau of Reclamation, Area
Planning Office, Austin, Texas, July, 1853.



with its attendant population increase creates water
demands heretofore considered improbable. Second, the
state has a large and growing national outlet for iIncreased
agricultural production, and it can profitably employ
unused water for highly productive irrigation projects,

The economic rewards to the state from industrialization,
and from expansion of irrigated agriculture can be

enormous .

.Texas Water Problems

Texas faces a multiplicity of water problems in-
cluding inadequate water supplies for irrigation, munici-
pal and industrial uses, poor drainage of millions of
acres of fertile lands, insufficient main-channel flood-
control, under-developed hydropower-electric power and
inadequate water recreation facilities., All of these
problems are interrelated; none can be dealt with inde-
pendently without affecting to some extent the solution
of the others. All affect the economy of the state.
Plans for water-resource development should be based on
full appraisal of all these problems, their interrelation,
and the relative importance and place of each in an over-
all solution.

Texas 1s a virtual warehouse of undeveloped re-

sources, many of which can be processed locally into



products in national demand. HNot the least of Texas'
resources 1is its abundant but waldistributed, and largely
unregulated and under-used surface waters. Texas borders
embrace water resources which, 1f regulated and dis-
tributed to points of potential use, could satisfy needs
much larger than those now existing. Currently, the
state is uslng only a small percentage of its available
water resources.,3 The circumstances of expanding na-
tional economic requirements and a vast Texas resource
reserve presents the state an cutstanding opportunity--
an opportunity for a considerable increaée in a per
capita income that is now materially below the national
average.

Much of the potential industrial production
obtainable from 'Texas resources and a substantial part
of the state's potential increases in agricultural
production cannot be achieved unless under-used water
supplles are further developed and redistributed to
points of potential use. The development of several
sections of the state has now reached the limit per-
mitted by available water resources. Other areas are

rapidly approaching thelr industrial and irrigated

31bid.
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agricultural limit of development since water supplies
cannot be economically increased under foreseeable con-
ditions. Provision of such supplies 1s one of the pri-
mary keys to realization of the economic opportunities
avallable to Texas and is perhaps the state's most im-
portant water problem.

As water demands grow and remalnling supplies
shrink, many decisions will have to be made as to the
use of wabter to be favored when there is not enough for
all proposed uses.‘ Studies are needed to develop gulde-
lines that can be used in making such décisions S50 as
to realize the greatest economic and social return from

use of limited supplies of water.l‘l

Problems of Water Planning

The state has a responsibility to develop water
policies and programs which 1t conceives to be in 1its
own interest in order, among other things, to provide a
means of evaluating federal proposals for water resource
development. If development of an integrated water sup-
ply plan for Texas and construction of works necessary

to implement such a plan are desired, extensive and

4c. L. McGuinnes, op. cit., p. 218.



detalled engineering and economic investigations will

be required. 1n order to provide both for prompt develop-
ment of works to meet immedlate future needs and for inte-
gration of such works into a long-range, integrated plan,
such investigations should be 1nitiated as soon as pos-
sible,.

Studies of the past and current effects of exlst-
ing projects on the local, regional, and national economy
are needed in order to develop guldes for analyzing the
effects of future pfojects. Such studies, in addition to
leading to improvements in the planning éf future projects,
might lead to modification of existing projects for greater
efficiency or productivity.5

Nearly all of the studies of needs related to
water resources have concluded that we need more basic data
on water, and this conclusion is valid. Yet, even now, we
have large collections of data which have not been ana-
lyzed, and the study of them would pay dlvidends in making
future data collection programs more effective and eco-
nomical. New analytical and computing methods are needed
both to make better use of the data and to show what
kinds of data should be collected 1n preference to

6

others.

5Tbid., p. 220.



Objectives of the Study

The needs of water resource planners for projec-
tions of economic activity by planning areas has stimu-
lated the application of new techniques of regidnal
economlec analysis. Many of these techniques rely heavily
on the computer for analysis of the large amounts of
population, employment, and industrial output data.

The regional input-output model 1s one important
new method that has been develcped by econometricians
and regional analysts for projecting regional economic
activity. The first objective of this study, therefore,
is to build an input-output model of the economic activ-
ity of the watershed under study.

Once input-output models have been built, 1t 1is
important that the.relationship between various sectors
of the economy and water use be built into these models.
The second objective of this study, then, will be to
determine the relationship between the use of water as a
resource and the economic activity of the various sectors.

A third objective is to estlmate the influence
of an additional water supply on the level of economic
activity in the watershed. Since a development of this
resource 1is underway, a method of estimatlion of impact

will be useful.



CHAPTER IT

DESCRIPTION OF THE STUDY AREA

Location

The study area, which consists of parts of
Anderson, Cherokee, Henderson, Smith, and Van Zandt
counties, 1s within the East Texas Timberland farming
area. Farming in this area has recently undergone a
transition. Where in the past there were many small
farms with emphasis on cotton, today the:farms are
larger with more engaged 1in livestock, poultry, vegeta-
bles, and horticultural specialties. Surface drainage
is from moderate to rapid. The annual rainfall has
varied from about 29 inches to 67 inches over this
portion of the Neches River basin.d Upland soills
are light-colored, acid, sandy lcams, and sands. Bot-
tomland soils are light brown to dark gray, acid,
sandy loams, clay loams, and some clays. Principal
vegetation on the upland includes loblolly and shortleaf
pine and oak with hardwoods and some pine on the bottom~

land. The study area is within about 100 miles of the

1Report on Master Plan for Water Supply Reser-
voirs. Prepared for the Upper Neches River Municlpal
Water Authority by Forrest and Cotton, Inc., Consulting
Engineers, Dallas, Texas, February 1961, p. b,

8



heavily-populated Dallas-fort Worth complex with its
highly diversified economic activities and is well located
with respect to transportation facilities. The area is
traversed by a network of highway and rail lines and the
proposed barge navigation project on the Trinity River
would provide water transportation within 15 miles of

Palestine and Athens.2

Physiography and Geology

The area of study 1in this report- lies entirely
within the Gulf Coastal Plain, a wide, gently-undulating
plain bordering the Gulf of Mexico. The Coastal Plain
owes its general features to the presence of relatively
soft, nonresistant rocks alternating with more resistant
strata, a gentle gulfward dip of beds, low elevation above
sea level, vegetation, and certain climatic conditions.

Strata underlying the Gulf Coastal Plain generally
slope seaward at angles slightly steeper than the present
land surfaces. The more resistant strata break the gentle
slope of the land with low, landward-facing escarpments.
Most of the area between main cuestas and on back slopes

of main cuestas consists of rolling hills and prairies

21pid., p. 9.
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with relief generally of 100 to 200 feet. Streams flow-
ing within the area of rollling hills and prairies have
flood plains 1 to 10 miles wide and occur about 100 to
150 feet below the general elevation of the surrounding
land. Flood plains are much narrower and are further
below the general land surface where streams cut through
cuestas.

The study area is a part of an extensive struc-
tural and deposiltional province known as the Gulf of
Mexico Basin. A maximum of about 30,000 feet of sediment
is known from the deepest part of this bésin. Formatlons
exposed in most of the area are Paleocene in age. Rocks
of early and late Paleozoic age, Jurassic age, and possi-

ble Triassic age have been encountered in the subsurface.

Water Resources

QOccurrence

Water resources are large owing to relatively high
rainfall, major streams and reservoirs and extensive pro-
ductive aguifiers. Average annual runoff for most drainage
basins within the area 1s about 400 to 650 acre feet per

square mile, but as low as 300 acre feet for some areas and



11
as much as 1000 acre feet for others.3 Ground water is
available principally from the Carrizo-Wllcox aquifiers.
Secondary, though locally important, agquiflers are sands
of Cretaceous formations and alluvial sands and gravels.
Fresh water 1s avallable from aquifiers at most places

within the study area.

Uses

Chief uses of water 1n the area are for domestic
use and industry. Seventy per cent of total consumption
was for municipal and industrial use. Ngarly equal
amounts of municipal and industrial water were taken from
surface and ground water resources. Ralnfall is generally
adequate for crops, though locally irrigation is used as
a supplement. Surface water sources supply about 65 per
cent of water used for irrigation.

Industrial use is generally classed in three main
categories: cooling, boller, and process. Cooling water
is selected for its temperature and source of supply,
though chemical quality is also significant. Any charac-
teristic that adversely affects heat exchange .surface 1s

undesirable. Process water is generally rigidly

3w. L. Fisher, Rock and Mineral Resources of East
Texas, Bureau of Economic Geology, Report No. 54,
University of Texas, Austin, Texas, June 1965, p. 15.
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controlled. Water used 1in Elay~water mixtures has been
shown to affect ceramic properties of the clay. Waler
used in the manufacture of textiles must be low in dis-
solved solids and free of iron and manganese. Manufac-
ture of high-grade paper requires water in which heavy
sollids are absent or present in only small guantitiles.
Unlike coolling and boller water, much of the process
water 1s consumed or undergoes a change 1n quality in
the process and is not available for reuse.

Relatively‘iarge quantlties of water are used
in processing and beneficiation of such materials as iron
ore, sand and gravel, and industrial sand. Considerable
guantities of water are requlred in the initial stage in
solution mining of salt. After production is established,
approximately 800 gallons of water are needed to produce
one ton of salt. Water is used in a variety of other in-
dustrial operaticns in the area (food processing, manu-
facture of wood and paper products, oll and gas refining,
and chemical industries), and though quantity and/or
guality are not always critlcal, availablility of a depend-

able water supply 1s important to most kinds of 1lndustry.

Quality

Quality of surface water is variable. Hardness,

primarily a measure of the content of calcium and magnesium,
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is generally less than 60 ppm in waters within the ares.
Waters of the areca are slightly acid with pH commonly as
low as 6.4 Dissolved solids range from 120 to 200 ppm
in mest of the area,u

Water from the Carrizo-Wilcox aquilfiler generally
1s high in content of sodium bicarbonate, low in content
of dlsscolved =solids, and soft.? In or near cutcrop some
of the water is acidic. It 1s generally scoft enough for
use 1n boilers though locally the water may be high in
gailica. In some cases, iron may be objJectlonably high,
and carbonaceous materials may give an undeslrable color.

Agquifier transmittability is low to medium.

Human Resources

Resldence of population of the area i1s 54 per cent
rural and 46 per cent urban. The trend within the
area in the past 20 years has been one of decrease 1in
overall county population but with an 1ncrease 1in the
larger towns and cities. Population patterns, based on
per cent of change in succeeding censuses, are simiiar

for the study area and the state as a whole. Within the

Bbid., p. 18.

51bid.
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area, a fairly large increase in population was recorded
for the 1940 census; this increase was due largely to
expansion of the oil and gas industry and the deurbanlza-
tion effect of the depression of the 1930's.

The working force is about 30 per cent of the
population., Distribution of basic employment is as fol-
lows: agriculture and forestry, 20 per cent; mining
(including petroleum production), 7 per cent; and basic
services, 37 per cent. Most factory workers are Anglo-
American, though Négroes and Latln-Americans are bheing
integrated into certain industrial jobs.3 Generally,
worker adaptation to Industrial routine has been satis-
factory. Strikes, unions, and labor disputes have been

relatively few.

Energy Resources and Availability

Availability of energy resources is important in
any type of industry. In the manufacture of products
from industrilal minerals, especially bulky materials that
must be processed and generally utilized 1in or near areas

where they occur, avallability of energy is critical.

Natural Gas and Petroleum Products

Principal and most available source of energy

within the area is that derived from oil, natural gas
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and assoclated natural-gas liquids.6 Not only is the
petroleum and gas industry important to the economy of the
area, but it has been and 1s a majJor attraction for other
industries seeking o0ll and gas as raw materials or as
resources of low-cost energy. Gas fields and gas transmis-
sion lines are extensive and generally accessible from most
points. Abundant supplies of shut-in gas are locally avall-

able, commonly at low relative cost, in areas distant from

gas transmission lines.

Lignite

Abundant reserves of low coal or lignite are impor-
tant low-cost energy sources. In recent years lignite was
mined at Malakoff, Henderson County, for fuel in generating

power at Texas Power and Light Company's Trinidad station.7

Electric FPower

The area 18 served by an extensive network of
power lines and generating statlons. Most stations are
hydroelectric but a few small stations generate power
through burning of gas. Most stations have a capaclty up
to 100,000 kw; Trinidad station in western Henderson
County has a capacity of 161,200 kw. The abundance of
existing and planned reservoirs, natural gas, and lignite

provides a broad base for power generation.

®1pid., p. 23. "1pid., p. 23.
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Transportation Facilities

Transportation facilities in East Texas are ade-
quate to support expanded industrialization. The Texas
Highway System is one of the best in the country} includ-
ing, in addltion to Federal and State highways, an
extenslve network of paved, well-maintained farm-to-market
or auxiliary roads,

Rail mileage was highest in the early 30's, but
has declined graduélly since that time as motor transport
over highways has replaced some of the rall lines, espe-
cially those serving lsolated lumbering operations. Chief
rail traffic is in heavy bulk commodities, including live-
stock, cotton, petroleum products, lumber and pulpwood,
sand and gravel, crushed rock, clay, and machinery and
other iron and steel products.

Major airlines serve the larger cities on a regu-
larly scheduled basis. Many communities which do not have
commercial air service provide airports sultable for

private craft. Some points have air-freight service.

Neches River Basin

The Neches River Basin, which has a drainage area
of 10,034 square miles, heads in Van Zandt, Henderson and

Smith Counties and flows southerly to southeasterly for a
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distance of about 416 river miles where 1t empties into
Sabine Lake near Beaumont, Texas. The main river system
has two main branches, the Neches River and its longest
tributary, the Angelina, which Joins the Neches River at
Mile 126.1. Above theilr confluence the Neches Ri#er has

8

a drainage area of 3,819 square miles. The watershed
divide for the main stem of the Neches River is at about
elevation 530 feet m.s.l., and it falls to elevation 290
at the Blackburn Crossing Dam in a length of about 62
miles. The principal tributary streams gbove the Black-
burn Crossing Dam are Flat and Kickapoo éreeks.

The Blackburn Crossing Reservolr, which is being
constructed to its size at the present time will be
located in Anderson, Cherockee, Henderson and Smith
Counties. The dam is located at River Mile 354 on the
Neches River about 1 1/4 miles upstream from U. S. High-
way 175 between Athens and Jacksonville. The river at
that point forms the boundary between Anderson and
Cherokee Counties. The dam will intercept runoff from
a drainage area of about 850 square miles. The initial
construction provides a storage capacity of 30,500 acre-
feet at a normal pool elevation of 317.0 and a lake sur-

face area of 4,000 acres. The design water surface willl

81bid., p. 53.
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be at Elevation 336.2 and the top of dam at Elevatilon 343.0.
The initial project yields about 45 million gallons of
water per day,9 The final development at the Blackburn
Crossing site will conslist of a concrete spillway with crest
at Elevation 345.0, which would also be the normal pool
level, The lake will have a total storage capacity of
411,800 acre-feet, of which 18,500 acre-feet would be for
sedimentation. The enlarged lake will have a surface of
25,560 acres. The design water surface will be at Eleva-
tion 355.3 and the top of dam at Elevation 364.0. The
project will produce a dependable yield éf 192.7 millien

gallons of water per day.lo

The Upper-Neches River Munlcipal Water Authority

The Upper-Neches River Municipal Water Authority,
a conservation and reclamation district, was created by
the Legislature of the State of Texas for the purpose of
storing, controlling, conserving, protecting, distribut-
ing, and utilizing storm and flood waters and The unappro-
priated flow of the Neches River and 1ts tributaries and
to prevent the escape of any such waters without first
obtaining therefrom a maximum of public benefit, by the

constructlion of a dam or dams across the Neches River and

9tbid., p. 53. 101pi4., p. 53.
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its tributaries in Anderson, Cherokee, Henderson and
Smith Countles.ll The Authorlty 1s empowered "to
cooperate and enter into contracts with cities, persons,
firms, cooperations, and public agencies for the purpose
of supplying and selling them water for municipél,
domestilec, industrial, and other purposes permitted by
law." The Authority is not limited as to the area it
may serve, but cities and areas constituting the Dis-
trict shall be accorded priority in the allocation of
the District's avéilable water. ]

The Upper-Neches River Municipél Water Authority
is constructing the Blackburn Crossing Dam and Reservolr
on the Neches Hiver in accordance with rights granted
by the State Board of Water Engineers and contained in
Water Permit no. 1832, dated July 12, 1956,12 The
Authority was granted the right to store storm and flood
waters in the Blackburn Crossing Reservoir in the amount
of 410,000 acre-feet, and divest therefrom for beneficial
use, waters in the amount of 84,000 acre-feet per year

for industrial purposes, and 112,000 acre-feet per year

llReport _on Master Plan for Water Supply Reser-
voirs. Prepared for the Upper Neches River Municipal
Authority by Forrest and Cotton, Inc., Consulting Engi-
neers, Dallas, Texas, February, 1962, p. 1.

121p14., p. 2.
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for municlipal purposes. It also has the right to use the
bed and banks of the Neches River to the confluence with
the Angelina River for transmission of the water to any

downstream point of intended use.






CHAPTER 11T

METHODOLOGY AND ANALYTICAL TECHNIQUES

Thg gspecific analytical tocl involved 1s the
Leontief system of input-output accounts. The value of
goods and services of every industry is classified and
arranged so that the sectors from which they are an out-
put and to which they are an 1lnput are immediately appar-
ent. Then using rather simple mathematical transformations,
coefficlents are derived that give quantiltative insights
into the operaticns of the economy and enable us to 1lnves-
tigate and analyze the effects of one industry on another.

Input-output, or interindustry models are capable
of specifying quite detailed economic relationships in the
geographical area under study. The matrix of interdepend-
ence coefficients, computed on the inverse of the technical
coefficient matrix, relates changes in output of any indus-
try to levels of output in any other sector. Moreover,
these coefficients can be used directly or indirectly to
estimate changes in net ilncomes of individual sectors.

Once the input-output model has been constructed for a
watershed area in the initial stage of development, this
model together with a primary resources technical coef-

flcients matrix, can be used to estimate the impact

21
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on the watershed economy of the final stage of develop-—
ment .,

Theoretical regicnal i1nput-output models defining
industries spacially as well as by type, were developed

by Isar‘d,:L Chenery,2

and Leontief. These were followed
by empirical studies for regilons of the United States
including the work of Moses at Harvard,3 the Moore and
Petersen models for Utah and California, the University
of Maryland's model for Maryland, and lowa State's seriles
of models by Heady; Peterson, Schnittker, and Carter.
With the exception of the Iowa State models, all models
of United States regions were for the year 1947. The
basic source of data for most of these regional studies
was the comprehensive 1947 input-output model for the

United States constructed by the Bureau of Labor Statistics.

In general, a reglonal input-output model differs from the

lwalter Isard, "Interregional and Regional Input-
Output Analysis: A Model of a Space Economy," The Review
of Economics and Statistics, Vol. 33, 1951, pp. 31B-328.

°allis B. Chenery, Paul G. Clark and Uera Cao
Pinna, The Structure and Growth of the Italian Economy,
(Special Mission to Italy for Economlce Cooperation), Rome,
Italy, Mutual Security Agency, 1953.

3Leon H. Moses, "The Stability of Interregional
Trading Patterns Input-Output Analysis," American
Economics Review, Vol. 45, December, 1955.
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basic model only in that another dimension--space or
location--1is included.

An input-output model is a set of linear equa-
tions describing intersector flows of goods and ser'vices.Ll
Three separate stages of analysis are involved. ' In the
first stage, a flow table is constructed in which the
output of each sector of an economy is allocated to every
sector that uses this output. This table then, shows
how the output of each industry is distributed among other
industries and secfors. At the same time 1t shows the
inputs to each industry from other induétries and sec-
tors.5 For this stage of analysis, physical units may be
used, but, to facilitate later analysis and to aggregafte
into a workable number of sectors, all flows are generally
converted to monetary units, usually the value to the pro-
ducer. A complete accounting of the flows of all goods
and services from one sector to another results. If it
is assumed that constant input-output ratios heold for
each and every sector, all éectors become endogenous and

the system 1s referred to as a '"closed model.”6 A more

Yilliam E. Martin and Harold O. Carter, A
California Interindustry Analysis Emphasizing Agriculture,
Part 1: The Input-Output Models and Results, Glonnini
Foundation Research Report No. 250, February 1962.

5Tbid., p. 5.

61pid., p. 6.
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common assumption, however, is that constant input-output
ratios heold only for those sectors normally considered as
intermediate production activitlies such as manufacturing,
while final demand activitles such as households and gov-
ernments are autonomous. Where this assumption is made
the system 1s termed open.

In the second stage, a matrix of technlical coefl-
ficients is developed. Here, the basic assumption of
input-output analysis 1s involved. A linear relationship
1s assumed to exist between the purchases of a sector and
Lthe level of cutput of that sector.

A technical coefficient describes the amount of
inputs required from each industry to produce one dollar's
worth of the output of a given industry.7 Technical coef-
ficients may be expressed either in monetary or physical
units. 7Two steps are involved in the calculation of fech-
nical coefficients: (1) gross output for each industry
is determined for the perilocd covered by the flow table,
and (2) all entries in each industry's column in the table

8

are divided by the total output for each industry. The

technical coefficient Aqj is thus derived from 2 single

TWilliam H. Miernyk, The Elements of Tnput-Oubtput
Analysis, New York, Random House, 1966, p. 2L.

81pid., p. 21.
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observation of the ratio , which is the purchase of

( %)

output of industry i by industry J, divided by the gr

o]

85

output of industry J, as shown by the equation ayj =

RN
jab) [ =
O

Each sector of the model is now described in terms of
common unit: dollar inputs per dollar ouput. The direct
dependence of each sector or any other sector is now
guantifiable.

The direct purchases that will be made by a given
industry from all other industries for each dollar's worth
of current output 1s shown by the matrix- of technilcal
coefficients. But this does not represent the total addi-
tion to output resulting from additional sales from any
one sector. An increase in final demand for the products
of an industry will lead to both direct and indirect in-
creases in the output of all industries.10 If, for example,
there is an increase in demand for the products of industry
A, there will be direct increases in purchases from indus-
tries B, C, and so on. But in addition, when industry B
sells more of its output to industry A, B's demand for the
products of industries C, D, etc., will increase alsc.

These effects will spread throughout the entire economy.

9%illiam E. Martin, op. cit., p. 7.

10yi11iam H. Miernyk, op. cit., p. 25.
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An integral part of input-output analysis is the
construction of a table which shows the direct and indi-
rect effects of changes in final demand. It shows the
total expansion of output in all industries as a result
of the delivery of one dollar's worth of output by each
industry. There are various methods for computing the
combined direct and indirect effects. One is an iterative
or step-by-step method. Another method which is shorter
and more amenable to computer adaptation involves the
use of interdependence coefflcients. The third, and per-
haps most useful, matrix summarizes not:only the direct,
but also the indirect and circular effects of one sector
on another. Each interdependence coefficient shows the
output required from one industry per dollar of output
of another industry delivered to final demand. The inter-
dependence coefficients are computed directly from the
technical coefficient matrix, being the inverse of the
difference between an identity matrix and the matrix of
technlecal coefficients. !

An important part of the study will be to deter-
mine the influence of the available water supply on the
level of economic activity in the watershed area. At a

given point in time, the avallable supply of scarce

1lyilliam E. Martin, op. cit., p. 7.
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primary resources 1s one of the determinants of output
by sectors of the econony. Avallable resources can be
viewed as imposing restrictions on output. The inter-
dependency matrix of the watershed input-cutput model pro-
vides the basls for predicting individual industry outputs
given a specific level of final demand. If the functional
relationship between resource requirements and output is
specified, total resource requirements.given final demand
may be computed.12

A primary fesources coefflcient matrix expresses
primary resources required as inputs pef unit of output by
an individual industry. In the primary resources maftrix
the coefficients are derived from a single obsarvation of

R

the ratio th = «—i where th is the amount of primary
X,

J
resource h reguired by industry j and Xj 1s the total out-
put of industry jol3 Thus by multiplying the matrix of
primary resource technical coefficients, times the matrix

of interdependency coefficients, a matrix of ccefficlents

expressing primary resource inputs per dollar of delivery

to final demand 1ls created.

121p1d., p. 14.

1
3William E. Martin, op., ¢it., p. 15-
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Assumptions

Several assumptions are impliclit in making a
study such as the one proposed, the prime one being that
of the watershed firm concept. Under this assumptlon the
watershed area is taken as an economic unit, thaf is, the
watershed can be sald to represent a center of economic
activity and a composite decision-making unit or "water-
shed firm" integrating interests of one or more private
and/or public decision-making units. The concept can be
broadened to include interests outside the watershed proper,
if such off-site Interests are measurabiy affected by
on-site decisions.

The assumptions and the valldity of assumptions of
input-output analysis have been discussed in detail by
many writers. The essential assumptions are concerned
with the nature of production: (1) input-output coef-
ficlents are assumed fixed and (2) aggregation errors are
absent in combining industries or commodities into a
manageable number of sectors.

The Tixed coefficient assumption has several 1m-
plications which are considered contradictory to actual
production possibilities. It implies that all inputs are
uniformly affected by a change in scale of productlon,

thus ignoring the distinction between fixed and variable
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inputs and between the short-and-long-run. It assumes
that substitution possibilities due to changes 1in rela-
tive prices or availabilitles are unimportant. Camer-on111
in a time series analysis of selected input coefficients
concluded that his results generally supported the assump-
tion of fixed production coefficients in the short-run.
Yet, Chenery15 in a broad review of the accomplishments
in this area only infers that because of the properties
of input-output matrices, errors in the coefficients do
not lead to cumulative errors in the solutlions, but on
the contrary tend to compensate for each other. The most
important coefficients should be discovered and additional
attention devoted to quantifying these, while assuming
small errors in the great bulk of coeffilclents will not
cause difficulties. Continulng technological changes,
however, make it advisable for complete or partial revision

of input-ocutput tables every four or five years.

Regional Impact Analyses

The primary use of regional models have been in mak-

ing local and regional impact studies. Leocal and reglonal

luB. Cameron, "The Production Function Leontief
Models," Review of Economic Studies, Vol. XX, No. 1, pp.
62-69.

15461115 B. Chenery and Paul G. Clark, Inter-
industry Analysis, New York, John Wiley and Sons, Inc., 1958.
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impact studies are designed to measure the direct, indi-
rect and induced income and employment effects of changes
in final demand in one or more sectors of the local or

regional economy.16

In an impact analysis attention is
focused on the ftotal changes in an economy which are ex-
pected to result from exogenous changes--changes in final
demand in some of the major sectors of an input-output
system. Most regional impact studies have been concerned
wlth measuring the effects of changes in final demand for

exlsting industries 1n the region. Some, however, have

been concerned with the total impact on an area.

Data Problems in Reglonal and Interregional

Input-Output Analysils

A11 the interregional input-output tables con-
structed in the United States to date, and all of the early
regional tables were based upon input coefficients taken
from the national table. The procedure in constructing
each table was to obtain (or estlimate) total gross output
figures for each industry and sector 1n the region or
regions to be analyzed. These figures, for each industry

and sector, were then multiplied by national input

16yilliam H. Miernyk, op. cit., p. 69.
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coefficients. The result in each case was a table of
inter-industry flows based on the assumption that regional
input patterns are identical to natlonal input patterns.
The lack of data on a regional basis--particularly of
accurate data on shipment from region to region--forces
researchers to turn to this expedient.

The major problem inveolved in using national
input_coefficients to construct regional or area tables
is that of variations in industry-mix and product-mix
froem region to regioh. This problem is minimized 1if a
table of national coefficients is availabie in great de-
tail. If, for example, the industrial classification used
in constructing a national table follows the four-digit
Standard Industrial Classification, and 1f the distribu-
tion of industries within the region is available in simi-
lar detail, the national coefficients may not differ
significantly from regional coefficients.

An important forward step in regional input-output
analysis was taken by Moore and Petersen when they con-
structed thelr input-output table for Utah.-! These

authors followed Isard's procedure in estimating tetal

gross output figures for the 26 sectors of thelr transactions

17prederick T. Moore and James W. Petersen, "Regilonal

Analysis: An Inter-industry Model of Utah," The Review of

Economics and Statistics, Vol. 37, No. 4, November, 1955,
p. 371.
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table from published sources. Their next step was to use
national input coefficients to determine interindustry
flows as a first approximaticon. Following this, the row
and column distributions for each sector were modified in
the light of differences in regional productive processes,
marketing practices, or product-mix. These modificatilons
were based on all the information they could obtaln about
individual industries, upon technical data, and upon esti-
mates constructed from employment and income data. The
Moore-Petersen studj served as a model for other regional
researchers and marked a major step forwa}d in regional

input-ocutput analysis.

Selection of Data

The most useful data for a study of the nature pro-
posed would include a complete record of material inputs,
labor requirements, shipments, construction, inventories,
taxes, and profits of all industrial, government, trade,
and service establishments located in the watershed area.
With such comprehensive information, it would be possible
to construct an input-output table which would indicate
accurately the interindustry flows and external relatlon-
ship of the area economy. However, the data avallable
seldom approaches the ideal and for this study fell con-

siderably short of 1t.
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The task of separating and distributing the multi-
tude of products involved is beyond the capabilitlies of
the individual researcher, even 1f complete current data
are avallable to him. .For most of the many watershed in-
dustries input information is not available for any one
given year. To develop new input information on any one
industry would require a study of major proportions. The
one source of complete information in a form usable for
input—output work is the 1958 Bureau of Labor Statistics'
Input-output medel for the United States. Dr. Kirksey's
study of the Sabine-Neches area of south—éast Texas has

18 Both the

been another valuable source of usable data.
Bureau of Labor Statistics and Dr. Kirksey's study list
technical coefficlents—--value of inputs per dollar's worth
of output--for industrial sectors for the United States
and for the general study area respectively. The input
structure of the individual industries and sectors was

derived using the individual technical coefficients from

these two sources.

180. D. Kirksey, An Interindustry Study of the
Sabine-Neches Area of 'exas, Bureau of Buslness Research,
The University of Texas, Austin, 1959.
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General Plan of the Study

The basic approach to this study has been to
construct a flow table, représenting the interindustry
flows of the watershed area economy. The procedure used
was to make an economic survey of the watershed té estab-
lish the basic economic pattern and output of the various

sectors and industries.

The Industrial Classificatlon

As a starting point for the constfuction of the
area flow table, the national interindustry relations study
for 1958 was adopted. There is considerable merit in be-
ginning the analysis with this classification system, since
it is based on the Standard Industrial Classification uti-
lized 1n the collection of federai industrial statistics,
and it allows use to be made of information developed 1in
the 1958 study. Accordingly, the economy of the watershed
area was examined for industrial activity in each of the
jndustries listed in the study; if there was any activity,
the particular industry was included in an initial classi-
fication. The industries emphasized in the aggregation
were chosen according to a priori hypotheses and prelimi-

nary evidence of their relative importance in the area.



Construction of the Transaction Table

In the preparation of the area flow table the first
step was to obtaln a monetary'control total for the gross
output of each industrial sector. 1In some cases coeffi-
cient data exlsted for direct estimation of gross‘output;
in other cases, however, data on output were scarce, and
indirect estimation procedures were used.

In filling in the body of the table, it was found
that information on the dilstribution of sales or the cost
structure (inputs) was meager, so national input coeffi-
cients were assumed to apply to the wateréhed area, The
gross output estimates multiplied by these national input
coefficients completed each sector column. The body of
the table was filled in column by column in this fashion.
After the national input coefficients were used in con-
junctlion with the estimated area industrial control totals
to fill in the body of the table, all available information
on individual industries, technical data, etc. were used
to modify the distribution of the outputs. Modifications
in the input structure were made until the resulting table
appeared reasonable in the light of all availlable informa-
tion. The checks on individual entries or groups of
entries provided by the industry studies provided a base

with which to compare the row and column distributlons.
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The estimation of the final demand sectors re-
gquired somewhat different treatment. Final demand in the
1958 Bureau of Labor Statistics study consisted of per-
sonal consumption expenditures, gross private fixed capi-
tal formation, net inventory change, gross exports and
federal, state and local government purchases. Data for
these items are not available on a local basis. Since the
distribution of the output of each sector plus final demand
is equal to the total output of each sector, final demand
was determined by suﬁming the output of each sector and
subtracting this figure from the total oufﬁut figure.
This amounts to balaneing the output equation for each

sector by adjusting the final demand 1n each sector.

Estimation Procedure

The estimation procedure for output varied for the
different sectors of the area economy. In some sectors
total output figures were avallable in detail while in
others only vague output figures were avallable. 1In the
following discussion, estimation procedure wlll be sep-
arated into two general categories; manufacturing sectors
and other sectors. The manufacturing sectors include all
sectors engaged in manufacturing of any kind. Other sec-

tors include the agricultural sectors, mining, construction,
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trade, finance, real estate, personal service and house-

holde. The estimated total output filgures for these

sectors are shown in Tables 3.1 and 3.2.

Other Sectors

For the livestock and livestock products, other
agricultural products, agricultural forestry products and
mining sectors total output figures were avallable, making
it unnecessary to estimate these output figures. For
these four sectors, the source and an explanation of what
is contained in the total output figures ére listed.

1. Livestock and Livestock Products--value of all live-
stock and livestock products sold; source, U. S.
Census of Agriculture: 1959 Final Report, Vol. 1,
Part 37, Table 5.

2. Other Agricultural Products--value of fleld crops,
vegetables, fruits and nuts sold; source, U. 3. Census
of Agriculture: 1959 Final Report, Vol. 1, Part 37,
Table 5.

3. Agricultural Forestry Products--value of forest prod-
ucts and horticultural speclalty products sold; u. S.
Census of Agriculture: 1959 Final Report, Vol. 1,

Part 37, Table 5.
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Table 3.2, Estimated Qutput in Manufacturing Sectors, Watershed Study Area, 1958
Sector Eployees,  Value-Added Value Value *  Estimated
Study Area per Added Added Cutput
BEmployee, Study Coef-
Texas Industries Area ficient

{Number) (Dollars) (Dollars) {Dollars)
1. Food & Kindred Products l,01¢C 7,906 7,985,066 . 25615 31,173,398
2. Apparel, etc. 1,235 4,254 5,253,736 38011 13,810,686
Lumber & Wood Products 551 6,708 3,696,230 .32181 11,485,396
I, Wooden Containers 370 4,510 1,668,997 . 36561 4,564,862
5. Househcld Furniture 152 €,580 1,000,244 41598 2,404,491
6. Other Furniture 78 6,302 491,616 JuuTas 1,098,951
7. UPrinting & Publlshing 33 8,094 2,468,783 7213 5,279,032
8, Chem.,, Paints, etc. 397 17,681 7,019,640 .38512 18,198,522
9. Petroleum Ref. 337 13,909 4,687,333 .20050 23,378,219
10. Rubber & Plastic Products 68 13,426 912,968 .h5535 2,004,980
11. Glass & Glass Products 267 11,132 2,972,244 .55U467 5,358,579
12, Stone & Clay Products 504 6,316 3,183,334 .4B315 6,588,707
13. Primary Metals 2,200 7,084 15,584,930  .39415 39,519,860
1%. Heating & Plumbing na7 8,653 4,214,079  .38382 10,979,308
15. Construction Machinery 58 8,684 503,672 130 1,141,336
16. Machine Shops & Metalworking 39 8,381 326,865 ,50562 6U6, 461
17. Service Ind. Machinery 589 8,760 5,159,640 L3413 15,116,725
1B8. Household Appl. 293 74251 2,124,543 .37225 5,707,299
19. Adircraft Rep. & Pts. 7 93,039 651,273 L7oon 1,385,569
20, Moteor Equip. & Mch. 79 5,293 418,162 .35902 1,164,722
21. Milsc, Mfg. 159 7,532 1,197,610 .Hp292 2,972,308
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i, Mining--value of minerals produced 1in 1958 Texas
Minerals-~Kinds and Value, by county. Texas Almanac
1961-1962, p. 138-140.

For the construction sector, it was necessary to
impute a value for total output. The total output figure
for this sector was derived by multiplying the input coef-
ficient for construction in each of the sectors in the
technical coefficient table times the output of that sec-
tor. The products represented the purchases of each sector
from the constructién sector. The sum of these purchases
gives the estimated total output for the construction sec-
tor.

Trade includes both retail and wholesale sales. In
order to eliminate the likelihood of double counting, it
was decided to use the value added figure for this total.
This was done by multiplying the total sales by the value
added coefficient taken from the Bureau of Labor Statistics
input-output table for the Unilted States. Finance and
real estate were treated in the same way. For finance,
bank deposits were used as the control or output total,
multiplied by the value added coefficlent to eliminate
double counting. For real estate the total value of prop-
erty assessed for taxation as shown by the 1958 tax rolls
was used for the total, multiplied by the value added

coefficient to give the adjusted output total.
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Personal scrvices inecludes the value of various

hotel services, amusemenis, such as theatres, automobiite

repair services, etc.

For the household sector the estimation procedure
for total output was somewhat different than for the other
sectors. The total output figure is actually a residual
figure. This residual was calculated by summing the tech-
nical coefficients for each sector and subtracting this
number from one. The technical coefficlents, as pointed
out in the estimation of construction output, represent
the portions of total output of a sector Ghich are pur-
chased as inputs by other sectors. Consequently the sum
of the technical coefficients for a sector is equal to one.
Multiplying the technlcal coefficient for households in
each sector times the output of each sector gives the input
of households for each sector. Then by summing these flg-
ures an estimate of total output for the household sector

1s obtailined.

Manufacturing Sectors

The estimation procedure for each of the manufac-
turing sectors was the same. Manufacturing industries in
each county were established along with size and number

of plants. Average employment size for each plant and
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manufacturing plant was then established. Since, however,
by using average employment size for each plant and lndus-
try for the nation as a whole resulted in an employment
figure substantially above published figures for the filve
county study area, each industry estimate of number of
employees was reduced by 10%. The resulting employment flg-
ure of 9185 compared favorably with a total of 9466 employed
in manufacturing for 1959, the nearest year for which re-
liable total employment estimates were avallable. The dif-
ference, 281, could éasily represent a 3% 1increase in
employment in manufacturing, a not unreasénable assumption.

The next step was the estimated value--added for
manufacturing sectors of the study area. Value-added-per-
employee data for Texas industries were used in the esti-
mation. They are more appropriate than like statistics
for the United States,

By multiplying value-added-per-employee times the
estimated number of employees in each industry in the
study area, the value added in each industry was estab-
lished. Taking these figures and dividing thtem by the
value added coefficient for each industry established a
fairly good estimate of total output for each industry.
These output figures were then aggregated into the sec-

tors appearing in the input-output table.
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Estimation of Water Use

The procedure for estimating the use of water,
especially among the manufacturing sectors, was very much
the same as that uéed in estimating total output. In
this case, however, it was not possible to come up with a
figure for each and every manufacturing sector, only
those that used water in one form or another 1n one or
more steps of the manufacturing process are included.

The procedure was to calculate the value added per acre
foot of fresh water used. Since only nat?onal data were
available the figures reflect national averages rather than
regional. Since, too, water use was measured in billiions
of gallons it was necessary to convert gallons to acre
feet. These acre feet totals for each industry were
divided into the value added figures to give value added
per acre foot of water used.

The estimates of use of fresh water among manufac-
turing sectors in the watershed was determined by dividing
the value added per acre foot of fresh water for industries
in the United States into the value added for each industry
sector in the study area. These estimates of wafter use
were then adjusted to reflect the use of fresh water from

public water systems. The data used in the estimation
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procedure and the estimates of water use by 1lndustry are
included in Table 3.3.

Data relative to water use were then related to
output of industry sectors in the watershed. The relation-
ships are shown in Table 3.4.

OQutsilide the manufacturing sector, there are only
two sectors considered to be water users of any significance.
These are mining which includes oilwell drilling, and agri-
culture. It was found that while a significant amount of
total water was used:in agriculture, none of 1t was pro-
vided by a public water supply source or ény other off-farm
source. For this reason no water use figure appears for
agriculture.

Mining, on the other hand, presented another case.
The only reliable figures avallable were those for the year
1962. The figures were for gallons of new water per dollar
value of production.19 By multiplying value of production
by this figure, the total use in gallons of water used by
the mining industry was derived. From thls figure 1t was
necessary to calculate the amount of fresh water used, since
not all new water used is fresh. It was determined from

published figures that 94.616% of all new water used 1is

19Alvin Kaufman, and Barbara Lloyd, Water Use in
the Mineral Industry, U. S. Department of the Interior,
Bureau of Mines, lable 4, p. 15.
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Taple 3.3. TEatimated Water Use by Manufactiring Scctora, Waterahed Sty Area, 1358

Ho. 8.1.C. Frployeen Yalue Water Upe, Water Use, Yalue Estimated Fresh Water, E=timited
Code Added A11 Purposes A1l Purpasea Aided Water Public Sources Vater
per Use - Ure
Rere Foot Watershed Public Pources
(turber) {Million Dollars} (Pillion Gallons) (Acre Fret) (follars) {hcre Feet) (Fercent) {Acre Fret)

1 2011 130,636 1,230 72 233,244 273 133 39,47 4. Bh
2 2013 6,976 91 2 6,138 14,825 1 50, 7.00
3 2ul5 11,857 60 5 15,315 3,910 145 60. 87.08
i 2023 5,61 80 11 33,159 2,169 z30 9 20,70
5 202k 5,952 129 3 9,207 1h,011 i 33.33 1.3
6 2026 53,396 T 19 58,311 10,272 128 52.63 67. 3L
i 2032 20,58 318 15 6,035 &,907 13 67.00 22.11
8 033 57,980 555 3z 8,208 5,651 170 up.62 £9.05
9 2035 6,995 76 4 12,276 6,353 5 50 2.50
10 zohz 3,h22 g2 2 6,118 13,359 19 25.15 LA
11 205t 28,071 271 3 9,107 30,359 53 67, 35.51
12 2071 30,018 315 20 61,360 5,620 56 20, 11.20
13. 2086 18,166 202 i 12,276 16,454 39 100 39.00
14, 2094 2,240 26 1 12,276 2,117 116 25 29,00
15, 2097 619 3 5 15,345 91 260 20 52.00
16. 2099 15,722 432 1% 52,173 B,z80 13 21,52 1.5
17, 23 o 0 0 o
18, 2u21 42,089 321 120 168, 280 71 971 u.16 ko, 30
19 2431 1,370 b1} 1 3,066 12,381 35 65.00 2.1
20 232 17,686 138 13 19,897 3,458 . 963 23.07 129.B8
21 24— h,034 23 1 3,069 7,090 . 176 6.00 10.5%
22 2499 3,003 25 1 3,069 8,105 35 6.00 2.10
23 2511 12,941 Bi 1 3,069 271,370 2 100 2,00
2h 2611 7,0%2 12 3 18,414 3,910 22 16.66 1.66
25 Shu3 6,158 6l 5 15,345 170 63 20 12.60
26 2711 13,597 766 5 15,345 49,918 39 bo 15.50
27 2751 31,975 i} 7 21,483 13,h05 26 B5.7: 22,028
23 2752 3,118 26 1 3,069 7,071 ]
29 2813 3,214 76 85 270,072 28 3,929 3.t09 133.93
in 2852 14,039 218 a 2,552 11,322 37,50 3.37
31 2B61 5,21% 74 34 104,346 109 151 2.90 .43
32 2873 1,422 g 2 6,130 7,331 111 4,00 b
3. 2809 1,714 154 31 95,139 1,61H 3,600 3.22 115.92
3. 2911 134,773 2,392 1,311 u,023,uUs8 [ 7,891 92.76 T70.16
35 3069 78,718 736 33 119,691 6,149 14 28.20 .73
36 3221 by, 166 hBo 2 24,552 19,550 152 37.50 57.00
37 325- 1 2 1 3,069 51 680 9, 61.20
33 3271 1, 16 2 6,138 2,606 195 9 17.55
39 3281 2,981 14 3 3,207 1,955 130 11.70
Lo 3293 3,148 22 3 9,207 2,389 86 33.33 28.56
u1 297 2,393 40 T 21,483 1,861 11h 10,26
uz 3321 h9, 223 160 20 73,656 6,215 2,480 20.83 516.58
43 3361 5,862 8 F 6,138 13,685 50.00 3,50
1] 3h32 6,610 62 1 3,069 20,202 110 T1. B4.TO
45 3433 10,913 123 1 3,069 40,078 32 100. 32.00
ug ELED 11,129 77 1 3,069 2%,089 2 g 1.50
uy a2 10,072 93 2 6,13 15,151 k] 100.00 3.00
48 3443 30,380 261 4 12,276 21,505 21 75,00 15.75
g 3481 11,213 95 2 13 15,417 3 50, 1.50
50, 3531 66,499 735 7 21,483 34,213 T 42.85 2.99
51, sh- up,786 506 5 15,3u5 32,974 60. 1.80
52 3585 34,626 188 ] 12,276 31,506 163 75 122.25
53 3999 15,599 161 3 9,207 17,486 1 66.66 13
54 3639 93,717 1,088 18 55,22 19,695 108 61,11 65.99
55 3729 143,392 1,358 12 36,828 36,81 13 75.00 13.50
56 3732 92,755 756 23 19,587 10,710 5 17.3% [
57 1811 36,922 357 2 6,138 58,162 1 54.00 50
58 39U 5,799 by 1 3,068 14,336 73 50.00 36.50
59 3901 L0 126 2 6,138 20,527 50.00 . 1.50
23,605 2,9721.2%

Ay, 5. Burcac of the Census, U, S, Census of Mapufecture: 1958 Industrial
Water Use, Subject Report M. C. 55 (1} - 11, Table 2, pege 11-10.
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Table 3.4. Estlmated Qutput per Acre Foot of Water Used, Watershed Study Area, 1958
Seclor Total Water Use Output Wnter
Oul.put per Coefflelent
Acre Foot
(bellars) (Acre Foob) {Dollars)
1. Livestock k Livestock Products 18,810,754 0
2. Other Agric. Products 6,115,495 o
3. Agric. Forestry Products 4,330,014 0
4. Mining 76,965,974 H78 161,016 .00621
5. Construction 60,852,521 o
6. Food & Kindred Froducts 31,173,397 506 61,607 01623
7. Apparel, etc. 13,801,684 0
8. Lumber & Wood 11,485,396 175 65,630 .01523
9. Wooden Containers, etc. 4,564,862 27 169,068 . 00591
10. Household Furniture 2,404,491 2 1,202,245 .00083
11 Other Furnlture & Fixtuies 1,098,951 n
12. Printing & Publishing 5,225,032 38 '}37,607 .00726
13, Chem, Palnts, ete. 18,198,522 262 69,160 L01439
14, Petroleum Reflning, etc. 23,378,219 770 30,361 03293
15. HRubber % Plastle Products 2,000,980 4z 47,737 . 020914
16. Glass &% Glass Products 5,358,579 57 94,010 ,01063
17. Stone & Clay Products 6,588,707 129 51,075 .01957
18, Primary Metals 39,539,865 520 76,038 .01315
19. Heating, Plumblng, etc. 10,979,308 137 80,10 01247
20. Constructlon & Related Machlnery 1,181,336 3 380, U445 .00262
21. Machine Shops & Metalwork, ete. 646,460 11 58,769 .nlz2c1
22, Service Industry Machlnery 15,116,725 122 123,907 .o0807
23, Mousehold Appliances 5,707,299 67 85,183 .01173
2. Alrcraft Repalr & Parts 1,385,569 14 98,969 01010
25. Moter Bgulpment & Vehlcles 1,16&:&20 0
26. Milscellaneous Manufacturilng 2,972,308 ko TU,307 .01345
27. Trade 238,501,394 0
28. Finance 86,582,540 0
29. Real Estate 155,585,427 0
30. Perscral Services 18,719,000 0
Total 870,450,529 3,400




N7
fresh water. Multiplylng this percentage figure times the
amount of new water used, which has been converted to acre
feet, gives the amount of fresh water used by the mining
industry. Only two per cent of this new fresh water comes
from sources other than self-operated or company systems,
so that only two per cent of new fresh water can be supplied
by public supply sources.zo Figures for both 1958 and 1963

were obtalned in this manner using the 1962 data.

201p14., p. 18.




CHAPTER 1V

THE WATERSHED MODEL

The watershed model was conceived to examine the
interdependence between the various sectors and industries
of the watershed economy. Basically the input-output model
is a general theory of production. The problem is to deter-
mine the levels of production in each sector which are re-
quired to satisfy the given level of total output.

The static ciosed model is based upon three funda-

mental assumptlions. These are that:
1. Each group of commodities is supplied by a single pro-
duction sector.
2. The inputs to each sector are a unique function of the
level of output of that sector.
3. There are no external economles on diseconomies.
The economy consists of n + 1 sectors of these;
one sector--that representing final demand--is autonomous.

The remaining n sectors are non-autonomous, and structural

interrelationships can be established among them.

Basic Mathematical Formulatiocon

The model may be described as in the followlng

equations in which X is the gross output of sector i,

h8
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where i1 denotes a non-autonomocus sector, xij the output of
the producing industry i purchased by the non-autonomous
sector J and Y4 is final demand for sector 1i.
Under the assumptions of input-output theory:
n
jil X § + Yy for all Xy where i=13.

An open system may be described mathematically as

follows, in which 1 and j = 1, 2, 3, - - .+ Il.
Xy = %97 t %90+ - . X4 3 + . . . X4t Y
X5 = xp1 + xpp t+ . ,-. X2 + . . . Xop t ¥2
X3 = x317 + x3p % . « . X35+ . - - x3n Y4
Xi = X417 +t X400 + - . - X4j + . . . X4 Tt ¥4
Xn = Xp1 + Xp2 t -« ¢« Xpy t . < - Xnp + Xy

Constant technical coefficients are assumed for all

Xqs
Xy industries as 1n the following equation, Ajj = -
X;
Substituting this equation into the above equation and
n
transposing we have: X; - I Aijxj = Yi.l
: j=1

This equation 1s8 representative of the distribution of out-

put of the sectors. The system may be written in matrix

lyi11iam E. Martin and Harold O. Carter, A
California Interindustry Analysis Emphasizing Agriculture,
Part 1: The Input-Output Models and Results, Giennini

Foundation Research Report No. 250, February 1962, p. 6.
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form as in X - AX = Y, in which X is a column sector of
outputs, A 1s the matrix of technical coefficlents, and ¥
is a column sector of final demands. Solving for the out-
puts required from each sector to deliver .a specified final
demand gives: X = (I - A)"l Y in which I is an identity
matrix of the same dimension as A.C

Interpretation of this sclution is as follows:
Given final demand for the area products Y, and the matrix
of interdependency cpefficients (I - A)'l, spécific outputs
are requilred of each area industry X.

Consequently, given a change in final demand for
the watershed area products, and the interdependency coef-
ficients matrix, the change in requlred output from each
watershed area sector can be determined. Each interde-
pendency coefficient (Aij) must therefore be interpreted
as showing the output required of industry 1 in response
to one dollar's worth of final demand for products of

industry J-

Definitions and Classifications

Sector Classifications

Brief descriptions of the specific sectors included

in the model follow. Although an attempt was made to

2Ibid., p. 12.
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aggregate industries that are homogenous in both input

structure and produce type, other important conslderations

were (1) the form of secondary data sources and (2) avail-

able time and funds.

Brief definitions of the commodity or industry in-

cluded in each sector are given below,

1.

Livestock and Livestock Products--beef, poultry and
poultry products, daliry products, sheep, lambs and
wool and swine.

Other Agrilcultural Products--field crops, vegetables,

fruits and nuts.

Agricultural Forestry Products--forest, horticultural
and specialty products on farms. Commercial logging,
timber operations, and forest products grown on non-
farm places are included under wood and lumber prod-
ucts,

Mining--iron ore mining, crude petroleum and natural
gas, stone and clay mining and quarrying, and chemical
and fertilizer mineral mining.
Construction--residential and nonresidential nonfarm
bullding and construction.

Food and Kindred Products--meat packing plants, pre-
pared meats, poultry dressing plants, condensed and

evaporated milk, ice cream and frozen desserts, canned



10.

11.

12.

he
fruits and vegetables, pickles and sauces, prepared
animal feeds, bread and related products, candy and
related products, bottled and canned soft drinks,
grease and tallow, manufactured ice and food prepara-
tions.
Apparel and Miscellaneous Fabricated Textlle Products--
work clothing, women's blouses, dresses, sults, coats
and skirts, women's undergarments and miscellaneous
apparel, curtains and draperies, textile bags, canvas

products, trimming and stitching and textile products

not elsewhere classified.

Lumber and Wood Products--logging camps, sawmills and
planingmills, millwork plants, prefabricated wood
products and wood products not elsewhere classified.
Wooden Containers and Paperboard Boxes--wooden con-
tainers, nailed wooden boxes, paperboard boxes and
corregated shipping containers.

Household Furniture--wooden furniture upholstered and
wooden furniture not upholstered, and mattresses and
bedsprings.

Other Furniture and Fixtures--public building furni-
ture, and furniture and fixtures not elsewhere classi-
fied.

Printing and Publishing--newspapers and periodicals,

book publishing and printing, letterpress and type-
setting.



13,

14,

15,

16.

17.

18.

19.

53
Chemicals, Paints and Selected and Allied Products-—-
industrial gases, paints and varnishes, gum and wood
chemicals, agricultural chemicals, and chemical prep-
arations.
Plastics and Synthetic Materials--plastic materials,
synthetic rubber, cellulosic man-made fiber, organic
fibers and noncellulosic filbers.
Petroleum Refining and Related Industries--petroleum
refining, paving mixtures and blocks, asphalt felts
and coatings, lubricating cils and greases, and petro-
leum and coal products not elsewhere:classified.
Glass and Glass Products--flat glass, glass contaliners,
pressed and blown glass, and products of processed
glass.
Stone and Clay Products--structural c¢lay products,
brick and structural tile, ceramic wall and floor
tile, concrete blocks and bricks, concrete products,
ready-mix concrete, cut stone and stone products,
and non-metallle minerals.
Primary Ferrous and Nonferrous Metals Manufacturing--
gaskets and insulations, gray iron foundries, and
aluminum castings.
Heating, Plumbing and Fabricated Structural Metals

Products—-non~electric heating equipment, fabricated



20,

21.

22.

23.
24,

25.

26.

27 .
28.

29.
30.

31.

54
structural steel, metal sash, doors and trim, boiler
shop products, and sheetmetal work.

Constructlon, Mining, Cllfield Machinery and Equipment.
Other Metal Products—--fabricated wire products, speclal
dies and tools and machine shop products.
Service Industry Machinery--automatic vending machines,
refrigeration machinery, and service industry machin-
ery not elsewhere classified.

Aircraft--aircraft parts and repair.

Household Appliances——household cooklng equipment,
household laundry equipment, electrié housewares and
fans, and household appliances not elsewhere classi-
fied.

Motor Equipment, Vehicles and Other Transportation
Equipment--truck and bus bodies, ship and boat build-
ing and repair, and trailer coaches.

Miscellaneous Manufacturing--scientific instruments,
games and toys and brooms.

Trade—--wholesale and retail sales.

Finance—--banks and saving and loans.

Real Estate--real estate and rentals.

Personal Service--hotel and personal services, automo-
bile repair services, amusements and theaters.
Households—-wages, depreciations, profit, etc., and

government services. Value added by manufacture.
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The Flow Tables

Table 4.1 summarizes the 1lnterindustry flows of
goods and services within the.study area by sector of ori-
gin and destination. The entries in each row of Table h,1
lists by producers' prices the amount of a sector cutput
consumed by itself and each of the other sectors 1n the
economy. For example, reading across the first row in sec-
tion 1, livestock and livestock products sold $3,027,858
worth of output to the livestock and livestock product in-
dustry, that is to itself. It sold $444,474 worth of prod-
ucts to other agricultural products, $602,911 to agricultural
forestry products, none to mining, $137,527 to the construc—
tion sector, $7,780,568 to the food and kindred products
sector, $2,241,986 to real estate, $7,488 to personal serv-
ices and $4,571,942 to final demand. The final column lists
the total output of the sector ($18,814,754). The other
rows in the table are read in the same way, each figure
represents the amount of output sold by the sector listed
on the left to each sector at the top of the column.

Fach column of Table 4.1 represents a sector's in-
put structure. Again using the livestock and livestock sec-
tor as an illustration, it 1s shown that the livestock and
livestock products sector bought $3,027,858 worth of prod-

uets from itself (row 1). It in turn purchases $4,709,898
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from other agricultural products, $2,104,807 from food

and kindred products, and $7,059,642 worth of products
was purchased from the household sector which includes
imports and wages paid for labor. The outlays of all the
other sectors may be similarly traced by examining thelr

respective columns.

Technical Coefficients

Table 4.2 shows the direct purchases of each sec-
tor from every other sector per dollar of output in 19%58.
All entries in Table 4.2 can be calculated directly from
Table 4.1. For example, other agriculfural products pur-
chased by livestock and livestock products ($4,709,898)
divided by the total output of the livestock and livestock
products sector ($18,814,754) is equal to .25033. All
other entries 1n the other columns and rows can be calcu-
lated in the same way.

Each entry in Table 4.2 shows the value of goods
and services required from the row sector per dollar
of output by the column sector. For instance, for each
dollar of output produced by the livestock products sec-
tor the following amount of goods and services were di-
rectly required: 16.0 ecents internally; 25.0 cents of

other agricultural products; 1.8 cents of agricultural
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Table .2,

Technical foefficients, Matersicd Econamy, Watershed Study Area, 1958
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forestry products; 11.1 cents of food and kindred products;
3.5 cents of trade; 1.1 cents of real estate; and 38.0
cents households. The rest, (each column of total inputs
is equal to one dollar), 1s made up of minor purchases
from the other row sectors. The other columns provide

similar information for the remainlng sectors.

Interdependence Coefficients

Table 4.3, the matrix of interdependence coeffi-
cients for the study area, was computed from Table h,2,
The unique characteristic of this matrix.is that indirect
and circular relationships between sectors, as well as the
direct relationships are summarized. FEach coefficlient
shows the direct and indirect requirements for products of
the row sector per dollar of delivery to final demand of
products of the column sector. Sc a dollar's worth of
final demand for livestock products 1s associabted with
$1.28 internally, $.359 from cother agricultural products,
$.038 from agricultural forestry products, $.0297 from
construction, $.0356 from chemicals and related products,
$.101 petroleum refining, $.08 trade, $.027 finance, $.055
real estate, and $.0866 personal services. The other
columns depict similar direct and indirect input require-

ments per dollar of delivery to final demand.



Table b.3.

Interdspendency Coefficlents, Watershed Ecomony, Matershed Study Area, 1958
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Accuracy of the Flow Table

The relative accuracy of the entries cited in the
flow table can be checked only in a crude way. As pointed
out earlier the flow tables when read horizontally indi-
cate the distrlbution of each sector's output and when read
vertically indicate the purchases or expenditures of each
sector. Then for any sector for which there 1is published
expenditure data, we have a c¢rude check of the relative
accuracy of the entries in the flow table. One such sec-
tor for which published expenditure data 1s available 1s
the livestock and livestock products seétor. Total sales
or output of the livestock and livestock products sector
to 1tself and the other two agricultural sectors can be
checked against specified expenditures by all agricultural
sectors for livestock and llvestock products. From the
flow table it is determined that sales to these sectors
amounted to $4,075,243, by the livestock and livestock
products sector. At the same time published data3 on
expenditures for livestock and livestock products by the
same three sectors amounted to $4,871,081. Total expendi-

tures are thus underestimated in the flow table by some

3U. S. Bureau of the Census. U. S. Census of
Agriculture: 1959. Vol. 1, Counties, Part 37, Texas,
U. S. Government Printing Office, Washington, D. C., 1961.
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$795,838 or by 19.5%. Thils 1s at least a reasonable
approximation.

A second expenditure item that may serve as a crude
accuracy check is animal feeds. Animal feeds, which are
made up chiefly of grain, hay and forage, are produced
almost exclusively by the other agricultural products
sector, the food and kindred products sector, and agricul-
tural forestry products sector and sold in large part to
the livestock and livestock products sector. Expendlifures
for animal feeds total $7,568,000 while sales of the food
and kindred products sector, other agriéultural products
sector and the agricultural forestry products sector to
the livestock and livestock products sector total
$7,166,164, The flow table underestimates expenditures
by 5.3% which i1s a fairly accurate approximation.

Though these few sector flows and expenditure
items are the only ones on which any kind of check for
accuracy can be made, it is expected that the other flow

entries have the same degree of accuracy.

Impact of Water Development

Once the inpub-output model has been constructed
for the watershed area for a base periocd and the func-

tional relationship between water as a resource requirement
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and total output is determined, thls model can be used
to forecast the impact on the watershed economy of in-
creases 1n the supply of water available to industriles.

A forecast of output by industry sector in the
watershed study area was made for 1963, using (1) the func-
tional relationship between water and output established
for 1958 and (2) estimates of wabter use in 1963, developed
in the same manner as were the estimates for 1958. Out-
put per acre foot of water use in 1958 for each water using
sector were mulltiplied by the estimated wabter use for each
sector in 1963. For those sectors not uéing water as a
resource requirement, estimates of output based on pub-
lished data were used. The results of the forecast are
found in Table 4.4,

Here it can be seen that total water use in 1958
amounted to 3400 acre feet and total output was $870,450,529,
In 1963, total use of water had increased to 6293 acre feet
and total output to $1,220,732,585. This forecast compares
favorably with total output estimated independent of water
use, (See Table 4.5.) As with the estimates o~ output 11
in the watershed for 1958, output by sector was estimated
from value—added data. (See Chapter 11I.) The total for
all sectors was found to be $1,124,722,532. This indi-
cates that the estimate of output based on water use was

a bit high, some $96,010,053 or 8.5%.



Table W4,

Estimated Output Pased on Water Use, Yatershed Study Area, 1963
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Sector

(=23

wooE =

10,
11.
12.
13.
14.
15.
16.
17.
18,
19.
20.
21,
22,
23.
24,
25.
26.
27.
28.
29,
30.

Qutput, Waler Oubput Water Use Fat.lmated
1558 Use, per 1963 Output
1958 hcre Fh., 1943
1958
(Dollars} (Acre Feot) (Dollars) (Acre Feet) (Dollars)
Livestock, etc. 18,814,754 16,823,739
Other Ag. Prod. 6,115,495 5,160,520
Ag. Forestry Prod. k,330,014 3,871,814
Mining - Pet. & Natl, Gas 76,965,974 u78 161,016 470 75,677,520
Construction 60,852,521 35,728,952
Food & Kindred Prod. 31,173,397 506 61,607 sha 33,267,78¢C
Apparel, ete. 13,801,684 17,857,892
Lumber & Wood 11,485,396 175 65,630 193 12,666,590
Wood Conteiners 4,564,862 27 169,068 260 43,957,680
Household Furn. 2,ho4, 491 ? 1,202,245 161 5,646,900
Other Furniture .1,098,951 17 1,206,031
Printing & Publishing 5,229,032 38 137,606 7,718,973
Chemlecals, Paints, etc. 18,198,522 262 69,460 569 39,522,740
Pet. & Natl. Gas Refining 23,378,219 770 30,361 733 22,254,613
Rubber & Plastle Products 2,004,980 42 47,737 215 10,263,455
Blass Products 5,358,579 57 94,010 g2 8,6u8,9020
Stone & Clay Products 6,588,707 129 51,075 856 43,720,200
Primary Metvals 39,539,865 520 76,038 938 71,323,640
Heatg. & Plumbg. 10,979,308 137 80,140 279 22,359,060
Censt. Machy, 1,141,336 3 380,445 7 2,663,115
Machine Shops, ete. 6U6, 460 11 58,769 13 763,997
Service Ind. Mach, 15,116,725 122 123,907 335 b1,508,845
Household Appl. 5,707,299 67 85,183 gl 34,413,932
Afrcralft Repair & Pts. 1,385,569 1k 98,969 1 98,969
Motor Equip. 1,164,720 5 884,543
Misc, Mfg. 2,972,308 uo 74,307 205 15,232,935
Trade 238,544,394 301,596,192
Finance 86,582,540 127,658,216
Real Estate 155,585,427 193,202,041
Personal Services 18,719,000 24,694,000
Total $870,450,529 3,400 6,293 1,220,732,585
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Table 4.5. Comparison of Output Estimates for 1963, Watershed Study Area

Output Basned Output Based

sector on Water Use on Value Added
(Dellars) (Lcllars?)
1. Livestock & Llvestock Products 16,823,739 16,823,739
2, Other Agricultural Preducts 5,460,520 5,460,520
3. Agricultural Forestry Products 3,871,814 3,871,818
4., Mining 75,677,520 75,735,814
5. Construction 35,728,952 35,728,952
6. Focd & Kindred Products 33,267,780 37,195,955
7. Apparel, etc. 17,857,892 17,857,892
B. Lumber & Wood Products 12,666,590 15,223,441
9. Wooden Containers, etc. 43,957,680 11,595,904
10. Household Furnlture 5,646,904 5,606,904
11. Other Furniture & Flxtures 1,206,431 1,206,031
12, Printing & Publishing 7,748,973 7,748,973
13. Chemicals, Paints, Varnish, etc. 39,522,740 16,436,459
14, Petroleum Refining, etc. 22,254,613 28,003,401
.15. Rubber & Plastic Products 10,263,455 16,859,411
16, (Glass & Glass Products 8,648,920 8,508,469
17. Stone &k Clay Products 43,720,200 13,626,523
18, Primary Metals 71,323,644 50,348,036
19. Heating, Plumbing, etc. 22,359,060 14,898,806
20, Construection & Related Machinery 2,663,115 1,375,309
21, Machine Shops, Metalwork, etc. 763,997 771,207
22. Service Industry Machinery 41,508,845 27,914,572
23. Household Appliances 34,413,932 51,081,862
24, Ailrcraft Repalr & Parts 98,969 157,099
25. Motor Equipment & Vehilcles 884,543 584,542
26. Miscellaneous Manufacturing 15,232,935 12,169,957
27. fTrade 301,596,192 301,596,192
28. Finance 127,658,216 127,658,216
29. Real Estate 193,202,041 193,202,041
30. Persconal Services 24,694,000 24,694,000
Totals 1,220,732,585 1,124,722,532
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As stated in the discussion of methodology and
analytical techniques, input-output or interindustry
models are capable of specifying quite detailed economic
relationships in the geographical area under study. It
was also established earlier in the discussion of results
that the relative accuracy of the flows of goods and ser-
vices from which the technical coefficients are calcu-
lated is within acceptable limits. Even so, because
of the properties of 1lnput-output matrices, errors in
the coefficients do not lead to cumulative errors 1n the
solutions but on the contrary tend to coﬁpensate ['or each
other.“ With these points in mind, a closer examination
of the results of the forecasted economic activity is in
order.

The method used for making the forecast was to
multiply output per acre foot of water in 1958 by the
estimated water used in 1963 for each water-using sector
and to fill in the other sectors with data estimated
independently of water-use relationships. The forecasted
economic activity using this method overestimated total
output by some 8.5 per cent. However, when the compari-

son is made between water-using sectors only, the

YHollis B. Chenery and Paul G. Clark, Interindustry

Analysis, New York, John Wiley and Sons, Inc., 1959.
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discrepency between forecasted output and actual ocutput
becomes much greater. Restriction of the forecast to
water-using sectors only maghifies the over-estimation
error. The forecasted output based on water use for the
17 water-using sectors amounts to $478,518,493, while the
actual output of these 17 sectors, estimated independently
of water use, amounts to $382,342,315. The water-use
based forecast overestimates output by 25 per cent, not

an outrageous error as far as forecasts are concerned,

but surely a significant one.

Productivity of Water

It is often useful to know what 1s happening to
resource productivity in géneral. The concept of value-
added is especially relevant and useful in the considera-
tion of economic activity because unlike final product it
is not greatly influenced by the price and volume of mate-
rials purchased from other areas. Value-added per acre
foot of water used then, is the relevant measure of pro-
ductivity in this case.

The effect that changes in productivity have on
estimated output can be illustrated by taking three char-

acteristic examples; one showing little change, one
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showing a significant increase in productivity and show-
ing a significant decrease 1in productivity of water.

In the glass and glass products sector there was
little change in the productivity of water from 1958 to
1963. Productivity in 1958 was $58,277 per acre foot.
With a total use of 92 acre feet in 1963 this would give a
total value-added figure of $5,361,484. Since value-added
in this sector is .61991 of total output, total output is
estimated as $8,648,810. Actual productivity, however,
had decreased onlyislightly to $57,331 per acre foot.
Total productivity as shown by value-added, for 92 acre
feet would amount to $5,274,452 and total actual output
to $8,508,415. Both these figures are off slightly due
to the necessity for rounding of decimals. Even so the
actual output 1is overestimated by 1.65 per cent or by the
exact amount that productivity in 1958 exceeds productiv-
ity in 1963.

The food and food products sector is one in which
the productivity of wabter increased significantly from 1958
to 1963. Productivity-actually increased from $23,938 to
$26,76% per acre foot or by 11.8 per cent. As a result
actual output exceeds estimated output by exactly 11.8
per cent.

"he chemicals, paints, and related products sec-

tor illustrates the third characteristic'change in
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productivity. Productivity decreased from $28,842 to
$12,286 per acre foot or by 135 per cent. As a result
estimated output exceeds actual output by 135 per cent .

In the Tfollowing paragraphs value-added per acre
foot of water used in each sector is discussed. (See
Table U4.6.)

Mining--In 1958 value-added per acre foot
amounted to $69,992, in 1963 this figure had increased
slightly to $70,045 per acre foot. The difference be-
tween estimated and actual output is only slight, amount-
ing to less than .5 per cent.

Food and Kindred Products—-~In this sector value-

added per acre foot rose from $23,938 in 1958 to $26,765
in 1963. At the same time water use in this sector in-
creased from 506 Lo 540 acre feet. The resulting fore-
cast of output underestimates actual output by 10 per
cent or 3.7 million dollars,

Lumber and Wood Preoducts-~-Value-added per acre

foot increased from $29,426 in 1958 to $35,366 in 1963.
At the same time water use increased only sllightly from
175 to 193 acre feet. The increase in value-added and

in water use results in an underestimation of actual out-
put by 2.6 million dollars or 17 per cent.

Wooden Containers and Paperboard Boxes--In this

sector value-added decreased from $76,035 in 1958 to
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Table 4,6, Comparisen of Value-Added per Acre Foot, by Sector, Watershed Study Area, 1958

and 1963
Value Added Value Added
per Acre Foot per Acre Foot
Sector 1958 1963
(Dollars) (Dollars)
1. Livestock & Llvestock Products 0 0
2. Other Agricultural Products 0 0
3. Agricultural Products 0 ]
4, Mining 69,992 70,045
5. Construction 0 0
6. Food & Kindred Products 23,938 26,765
7. Apparel, etc. 0 0
8. Lumber & Wood Products 29,426 35,366
9., Wocden Containers, etc. 76,035 20,057
1¢. Househeld Furniture 601,122 18,148
11. Other Furniture & Fixtures 0 4
12. PFrinting & Fublishing 71,617 0
13. Chemicals, Palnts, Varnlsh, ete. 28,842 12,286
14, Petroleum Refining, etc. 24,099 30,384
15. Rubber & Plastic Products 25,171 41,347
16, Glass & Glass Products 58,277 57,331
17. Stone & Clay Products 29,041 9,051
18. Primary Metals 40,031 28,258
19. Heating, Plumbing, etc. 38,829 25,873
20. Construction & Related Machinery 0 100,698
21, Machine Shops, Metalwork, etc. 31,409 31,706
22. Service Industry Machinery 55,478 37,308
23. Household Appliances 37,224 55,258
24, Aircraft Repair & Parts 62,233 98,786
25. Motor Egquipment & Vehilcles 0 76,856
26, Miscellaneous Manufacturing 31,792 25,399
27. Trade 0 0
28. Finance 0 0
29. Heal Estate o 0
30. Personal Services 0 0
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$20,057 in 1963. Water use in the same period increased
from 27 to 260 acre feet. The result is that estimated
output based on water use far exceeds actual output.

Chemicals, Paints, and Related Products--Value-

added decreased from $28,842 in 1958 to $12,286 in 1963.
Water use at the same time lncreased from 262 to 569 acre
feet. This results in an estimated output of $39,541,348
that exceeds the actual output of $16,836,459, by 23
million or by 135 per cent.

Petroleum Refining and Related Industries—-lIn

this sector value-added per acre foot increased from
$24,099 to $30,384. At the same time water use decreased
only slightly from 770 to 733 acre feet. The result is
that the water-use estimate of output underestimates
actual output by 5.8 million dollars or 21 per cent.

Rubber and Plastic Products—-Whlle value-added

in this sector was increasing from $25,171 to $41,347

per acre foot, water use was lncreasing from 42 to 215
acre feet. The result is that estimated output is 6.6
millicn dollars or 39 per cent less than actual output.

Class and Glass Products—--Value-added in this

sector decreased only slightly; from $58,277 down to
$57,331 per acre foot. Water—-use at the same time in-

creased from 57 to 92 acre feet. Since value-added
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changed only slightly the difference between estimated
and actual output is only slight also (less than 2 per
cent).

Stone and Clay Products--While value-added was

deéreasing from $29,041 to $9,051 per acre foot in this
sector, water use was changlng from 129 to 856 acre feet,
an increase of 660 per cent. The combination of decrease
in value-added and increase in water use resulted to an

estimated output figure far in excess of the actual out-

put.,

Primary Metals--Value-added per acre foot decreased

from $40,031 to $28,258, at the same time water use was
increasing from 520 to 938 acre feet. These two factors
combine to result in an estimated output figure of
$71,330,798 which greatly exceeds actual output of
$50,348,036.

Heating, Plumbing, and Structural Metals--In this

sector value-added decreased from $38,829 to $25,873 per
acre foot. Water use, on the other hand was increasing
from 137 to 239 acre feet. The resulting estimate of
output exceeds actual output by about 50 per cent.

Machineshops, Metalwork, etc.--Both value-added

and water use increased only slightly. This results in
an estimated output that differs from actual output by

less than 2 per cent,
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Service Industry Machines--The combined decrease

in value-added from $55,478 to $37,308 per acre foot and
increase in water use from 122 to 335 acre feet results in
an estimated output that exceeds actual ocutput by some 14

million dolliars or 50 per cent.

Household Appliances--Whlle value-added was increas-

ing from $37,224 to $55,258 per acre foot, water was also
increased from 67 to 404 acre feet. The result then is an

estimated output that is 17 millions of dollars or 50 per

cent less than actual cutput.

Aircraft Parts and Repair--This is an unimportant

sector as far as total output is concerned. While value-
added increased from $62,233 to $98,786 per acre foot water
use decreased from 14 to 1 acre foot.

Miscellaneous Manufacturing--In this sector value-

added decreased from $31,792 to $25,399 per acre foot.
Water use on the other hand increased from 40 to 205 acre
feet. Estimated output, as a result, exceeds actual out-
put by 3 million dollars or 20 per cent.

Household Furniture—--This sector is being men-—

tioned here because of its uniqueness. Water use increased
in this industry from 2 acre feet to 161 acre feet between
1958 and 1963. Value-added on the other hand decreased
from $601,122 to $18,148 per acre feet. Because of the

extreme nature of the changes in value-added and water use,
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this sector was not included as one of the water-usling

sectors in the forecast.

Source and Magnitude of Error

The source of error in the forecast shouid be
understandable at this point. In almost all sectors water
use inereased, in some sectors by as much as 900 per cent,
while at the same time value-added decreased 1ln seven sec-
tors, Ilncreased in six sectors and remalned approximately
the same in three sectors. In the seven_ sectors in which
value-added per acre foot decreased, thelrelative decrease
was much greater than the relative lncrease in those six
sectors in which value-added per acre foot increased.

In those six sectors where value-added per acre foot in-
creased, actual output was greater than estimated cutput
by $35,549,715. In those seven sectors where value-added
per acre foot decreased, estimated output was greater
than actual output by $131,639,087. In those three sec-
tors where value-added was approximately the same esti-
mated output was greater than actual output by $87,896.
The result of this, which has already been polinted out,
is that estimates based on water use overestimates output
by 96 million dollars or 25 per cent. Much of this error

could have been removed if adequate records and data on
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water use had been available for the years 1958 and 1963.
The year 1958 1s the first year that reliable data is
available on water use in manufacturing. By 1963 a sec-
ond more detailed analysis had been published. While in
1963 more complete and detalled data were published, data
for some sectors that were avallable in 1958 were not
available in 1963. In some sectors, too, part of the change
in value-added per acre foot of water used is probably due
to changes in the degree of detall for which data were
avallable for the period of the study. How much and what
effect it has on the forecast cannot be aetermined, but
in all probability it would have operated so as to reduce

the percentage of error.



CHAPTER V

SUMMARY AND CONCLUSIONS

The origin of the idea for thils study comes from
several sources. Leontief has provided the baslc work on
input-output as a tool for economic analysis. Mobre and
Peteresen in thelr study show how the national input coef-
ficients can be modified so as to be more characteristic
of the regional and subregional levels. Carfter and Martin
furnished the' idea of using a matrix of primary resource
coefficients to determine resource requigements necessary
to sustain a given level of final demand and with 1t total
economic output. Thus by specifying the relationship be-
tween resource requlrements and output total resource
requirements may be computed given elther final demand or
total output. Carter and Martin accomplish this by multl-
plying the matrix of primary resource'technical coefficients
times the matrix of interdependency coefficients.

One of the basic assumptions of input-output analy-
sis is that the technical and interdependency coefficients
are relatively fixed. This same assumption applies as well
to the primary resource technical coefficients and conse-
quently to the inverse of these coefficients. These primary
resource technical coefficients used by Carter and Martin

when inverted become the output of water per acre foot.

76
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The basic mathematical model was presented in
Chapter IV. 'The important point here is that it is possible
to determine the relationship between output and primary
resource requlrements. This relationship as stated in the
assumptions is relatively stable. If, once this relaticon-
ship has been specified, it can be used to determine the
resource requireménts given final demand or total output,
then it should theoretically be possible to invert the
process and determine the final demand or total output
given the level of brimary resources. The object of this
study has been to test just such a theoretical possi-
bility.

The input-output tables were developed ih the ear-
lier stages of this study. First, it was necessary to
develop output totals for all sectors. The flow tables were
developed from these totals by multiplying the output totals
times the national input coefficients for each sector.

These flow tables were then adjusted to reflect the local
and regional trade, and input-output patterns. The accuracy
of the flow tables and the over-all output totals were
checked against published data. The accuracy was determined
to be well wilthin acceptable limits. It was from these

flow tables that the technlcal input coefficients and inter-

dependency coefficients were derlved.
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In the second stage a matrix of primary resource
technical coefficlents was developed. The primary resource
used was water. The primary resource technical coefficient
expresses in decimal form the amount of water in acre feet
required to produce one thousand dollars of output in each
sector. When inverted the coefficients show the amount of
output produced by one acre foot of water.

In the third stage of this study a forecast of the
economic activity of the area was made. This was accom-
plished by using the results of the first two stages. The
inverse of the primary resources technicél coefficlent
(output per acre foot of water), for 1958 was multiplied by
the estimated water use for each sector in 1963. Since
there were only 17 water-using sectors it was necessary to
use estimates of output for the other 14 sectors of the
area economy. The forecast based on thils method places the
total output of the area economy at $1,220,732,585 (see
Table 4.4, Chapter IV). This figure, as pointed out in the
discussion of results in Chapter IV, exceeds actual output
of the economy by only 8.5 per cent. 1In Table h,5 a compari-
son is made between the forecasted and actual output of
the water using sectors only. The forecast based on water
use exceeds actual output by 25 per cent. This 1s not con-
sidered to be a gross overestimation error. Much of this

error is attributed to changes in the productivity of water
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from 1958 to 1963, and is explained in the dlscussion »of
source and magnitude of error. While much of the error
in the forecast is explained by changes 1in the produc-
tivity, 1t does not tell why economic activity did nof
develop or expand as estimated. Location theory can shed

light on this aspect of the problem.

Location Theory

Location theory suggests that growth in a given
area's volume of ecdonomlc activitles 1s directly related
to two factors: 1ts access at competitive costs to the
inputs of production and its access at competitive costs
to markets for the outputs of this production. The quan-
tity and gquality of a region's resources are therefore
significant for growth.

Taken by itself water does not constitute a re-
source base for the development and growth of manufacturing
activities at any particular location. The avallability
of usable water is a necessary but by no means a sufficient
condition for selecting a site for a manufacturing plant
regardless of its slze or type. In additlion to the avall-
ability of physical materials, there are other factors that
must be considered in analyzing the possibilites of growth
in a specific area. Some of these factors are resources

that are less tangible than others. For example, the quality



30

and vigor of civic and business leadership and willingness
to éccept change are all important to economlc growth.
Technologlcal developments create new requirements and mar-
kets for materials that could not previously be utillzed
economically. These and related factors affect the oppor-
tunities for economilc developmenf.

The results of this study show that the technlque
of forecasting economic development based on input-output
analysis and the water-use-output relationship is a reli-
able and reasonably accurate technigue, This technlque
can be used to evaluate the economic impact of water

resources development on small watershed area.
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