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Abstract

REGIONAL INPUT OUTPUT FORECASTING
A SYSTEMS APPROACH

by

Ira A, Silver

Advisor: Professor Malcolm Galatin

This study describes an application of systems techniques to
a real world problem; that of forecasting output by industry for
1980, 2000, and 2020 in the North Atlantic Region. These forecasts
were developed in a regicnal input output forecasting system which
incorporated both technological and spatial change in the input
output coefficients. In addition to producing forecasts, the
sysctem allows for multiple scenario analysis. A number of general
algorithms for input output coefficlent sensitivity testing were
formulated to simplify following efforts in the same area of

analysis.
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PREFACE

This study developed out of a path breaking project done by the
North Atlantic Regional Water Resources Study Group of the North Atlantic
Division, U.S. Army Corps of Engineers. The original project presented
the first full application of sophisticated methodologies to a large
Corps of Engineers study. Although similar work had been done by
university research teams, this project was the first to be done by

a regional office for actual implimentation to the construction stage.

My work to extend and improve the methods utilized in the initial
study was financed for the first two years by the dissertation fellow-

n

ship program set up by the Corps of Engineers to introduce state of

the art" theory into practical planning.

1 am indebted to the principal framers of the initial study,
Harry Schwarz, the chief engineer, and Dr. David Major, the chief
economist, both of whom gave me enccuragement and support in my tenure
at the North Atlantic Divisional Office as a dissertation fellow and

employee.

Dr. Major, in addition to his help as my supervisor, served
as dissertation committee chalrman for almost three years. In this
period guidance was invaluable both at the technical and personal

level. His interest and advice have helped me throughout the seven year

span of my study.



The present chairman of my dissertation committee, Professor
Malcolm Galatin, has for the past seven years provided continued advice
and constructive criticism of the highest quality. Particularly in the
area of trading pattern projection, his help and work have allowed me

to clarify a subject that heretofore was never fully examined.

For the past four years Dr. Robert Ortner and the Bank of New York
have kindly allowed me to use many of the Bank's resources. Without this
help, much of the computer analysis would have taken substantially

more time and effort.

Throughout this project, my wife, Lynn, has provided encouragement,
advice, keypunching aid, typing services, editing assistance, company
on long nights at the computer center, and much personal support
when my resolve wained. Without her effort, this digsertation could

have not been completed.

Lastly, I would like to express my thanks to the late Professor
Alfred Conrad, my original advisor, and the individual who first

introduced me to the subject of input-output analysis.
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CHAPTER 1
INTRODUCTICN

1. Introduction

This study will present a systemsa approach to the problem of
forecasting regional economic activity as a step in the process of
determining future resource demand. It will be shown that the systems
approach makes it possible to construect and manipulate a consistent,
relatively sophisticated forecasting model with limited time and staff.
This approach is particularly useful to state or regional groups that
have in the past decided to use simplified forecasting models in the
belief that more sophiaticated aystems were beyond their resources. In
addition to the greater realism possible with a systems approach, the
ease in which forecasts may be altered or updated i1s significantly
incereased. This ease of manipulation is invaluable to ongoing planning

studies that must interact with the public.

The term systems approach, which has many definitions, will he taken

to mean the utilization of mathematical models in a computerized system,

Mathematical models are utilized to force the researcher to clearly
present the full extent of his information about the subject being
examined. Clear underatanding of a phenomenon impllies the ability to
formalize its structure in a mathematical model. This does not mean
that the model functions and relationships must be smooth, continuous,
or linear in nature as they are in most simple aystemsa. New
methodologles, such as simulation, make it possible to describe any form

of interaction.



Programming of the models for computer solution is an integral atep
in the systems approach since it allows for the use and manipulation of
sophisticated mathematical modelsa. This may seem merely a quantitative
difference from the hand hewn results of previous years. But when it is
realized that the computer makes 1t possible to handle tens of thousands
of variables as opposed to perhaps five or ten, the difference seems to
be one of almost a qualitative nature. In fact, the advent of the
computer has made possible the solution of problems that were unsolvable
by non-automated means. In studies that are limited in terms of time
and staff the computerization of the solution algorithms is a cruclal
element of the systems approach. A small staff is able to work with

very complex models if these modela are part of a computerized system,

Mathematical models programmed for computer solution compel an
explicit presentation of the underlying assumptions of a forecasting
system. Methodologies not utllizing the systems approach may never face
their basic assumptions since at no time is it necessary to formalize
their structure. In addition, the systems approach provides for

reproducibility which makes it amenable to varied applications and easy

modification.

The benefits eminating from the systema approach to forecasting are
particularly relevant to water resources planning efforts. Water
resources planning studies are typically done by contract to private
engineering firms or in civil service offices predominately staffed by
engineers. Due to this predominence cof engineering input, the =studiea
tend to be imbalanced. That is, while sophisticated hydrolic simulation

models and detailed construction costs are formed, the demand forecasts



that determine the need for project construction are derived from highly
simplified models. 1In many cases the projection models merely reflect
freehand curve fitting combined with judgement factors. The rationale
for such an approach is that the marginal cost of improving the
forecasting methodology is leas than the marginal benefit ylelded by the
improvement. Considering the inflexibility of the typlcal models used
in many studies it is not clear if the above rationale is valid.
Freehand curve fitting and judgement factors are impossible to update,
reproduce, modify or even examine systematically, except possibly, by
the individual who did the work. Despite this, if the rationale for
limiting the input into forecasting is accepted as valid, the only
approach to improving the methodology 1s the construction of more
sophisticated models that are implementable with limited resources. The
aystems approach utilized in the present study will show that this is

poasible.

In order to illustrate the power of the systems approach an actual
problem will be considered. Since the staff and time allotted to this
task 1s3 significantly smaller than in even the most modest real world
study, not all aspects of the problem will be examined in complete
detail. 1In addition to the consideration of the general systems

problem, a number of theoretical areas will be investigated.

The remainder of thils chapter will describe the actual real world
problem, scme possible approaches to regional forecasting, a description
of the prime methodological deficiencies of the projection approach
originally used, an outline of the following study and a short summary

of its major conclusions,



2. Real World Problem

The need for water demand forecasts by the North Atlantic Region
{NAR) study group provides the real world problem that will be utilized
to illustrate the power of the systems approach. By water demand we
refer to the level of water used that will exist in the future assuming
no changes in water price, unit consumption, or relative supply
conditions. The projections are thus conditional forecasts and not
demand in the strict sense of the term. Changes in utilization levels,
due to variation in the factors assumed constant, can be dealt with by

altering the parameters defining the system.

The North Atlantic Region stretches from Maine to Virginia and
includes at least some portion of each of the original thirteen states.
It lies eastward of the Ohio River Basin and north of the deep South.
Its physical boundaries are defined on a hydrolic basis as encompassing
a relatively independent water supply area, For the actual NAR study

the area has been broken up into 21 river basins and 50 sub«basins.

The primary purposes of the NAR study are to identify areas in the
region where projected demands for water exceed projected supply, and
suggest methods of eliminating these shortfalls, The firast model, the
Demand Model [1] - a regional input output (I0) forecasting model -

yielded future water needs. The asecond mcdel the Supply Model (2] - a
linear programming optimization model - generated alternative ways and

costs of meeting the projected demand.

The Demand Model was combined with the Supply Model to create a water

resource forecasting and evaluation system. The system is simultaneous



in nature, in that inputs into the Demand Model can be altered in
response to output from the Supply Model., For instance, if the Supply

Model indicates high costs (e.g., due to ecological constraints) of

meeting a high level of demand, industrial growth rates could be altered
to reduce the level of demand. Thus the complete system can act as a

policy tool to assess the costs of particular policies. Schematically

figure 1 describes the complete NAR system.

Since both the NAR and the present study utllize a regional input
output model, the next section will consist of a discussion of the
practicial and theoretical justification of the decision to use IQ

analysis.
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3.Approaches to Regional Forecasting

In the previous section the Demand Model was described as a regional
input output model. Both the NAR project and the present project (RIOFS

- Regional Input Output Forecasting System) utilize the input output

approach to forecasting. The decision to employ input output is a
function of the basic nature of resource utilization. The methodology
is just as valid for oll, electricity, labor or any general input as it
is for water. Although the remainder of the study will consider water
as the relevant varliable, the RIOFS is applicable to most general

inputs.

Baaic to forecasting of water demand is the assumption that

industrial water use is related to economic activity in some systematic

way. Water is used both as an input in the processing of certaln goods

(e.g., cooling for steel production) and as an integral part of other
goods (e.g., soda bottling). In either case it is reasonable to
expect, other things consatant, that an increase 1ln economlc activity

will increase the need for water. This assumption makes it poasible to

project economic activity as an intermediate step in the forecasting of

water demand.

There are four types of models that are usually used to project
regional economic activity; aggregate simultanecous equation models,
dissaggregated independent equation models, dilsaggreated simultaneous
equation mcdels and regional input output models. Water requirements
per unit of economic activity vary extensivly among industrial sectors,
thus any aggregated model can mask the effects of differential growth

rates in different industries. Independent equation systema suffer from



the fact that they do not incorporate the interdependencies between
sectors that exist in an economy. Thls can lead to inconsistencies
between sectors (e.g., chemicals may be forecasted to reach a level that
is not consistent with the growth of the industries utilizing chemicals
in their production process). Disaggregated simultaneocus equation
systems, incorporating equations for each industry, do not suffer from
the above theoretical drawbacks, but are very difficult to implement due
to their extreme data requirements. Reglonal input output models
provide an implementable, consistent, disaggregated structure that is

ideally suited to projecting industrial economic activity.

Athough regional input cutput models are sultable for water demand
forecasting, there are theoretical problems with their application.
Following 1s a short description of regional input ocutput forecasting

and the problems existing in its implementation.



4. Regional Input Qutput Forecasting

The regional input cutput model utilized in the NAR study was static
in nature. It was constructed using data from a single point in time
and then assumed to remain structurally constant over the future. As
shown later in this atudy, a static system such as the one developed for
the NAR implies identical growth rates for all regional indusatries.

This result provides little information as to the future resources
requirements of a region and 1lgnores existing data that can be used to

better define the eventual structure of the region.

There are three forecasting tasks existing in the regional input
output context: (1) final demand projection; (2) technology projection;

and (3) trading pattern or industrial location projection.

Final demand projection has been subject to the most extensive
consideration of the three areas. There are generally accepted
approaches to final demand projection, and numerous projections are
available [3]. Thus rather than construct a copy of previous final
demand forecasts the RIOFS will adopt the NAR figures and concentrate on
technology and trading pattern projection. These two areas, especially
the latter, are areas in which little theoretical and practically no

empirical work has been done.

The second forecasting task, that of technology projection, must be
considered in relation to the length of the projection period. The
target years for both the NAR and this study are 1980, 2000, and 2020,
Forecasts of thirty and fifty years into the future are needed because

of the long life of typlcal water supply projects. Rather than assume
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constant technology through 2020, as was done for the NAR, the RIOFS
makes use of available information on technological change in a simple

but reasonable model.

The last area of analyslis, trading patterns, relates to the
characteristic that distinguishes regional from national IO analysis.
This refers to the fact that while the U.S. can be assumed to be a
closed economy (4], a region such as the NAR will import and export
significant amounts of commodities. The external trade results from the
excess or absence of productive capacity in certain industries in
relation to the input requirementa of their customers. This trading
makes it impossible to simply utilize the national input coeffeient
matrix to represent the regional structure. Thus, unless it is possible
to compile the maasive amounts of data needed to produce a survey
regional I0 table, an adjustment procedure requiring limited amocunts of
primary data must be found. This procedure must yield regional input
coefficients that give the amount of output produced in the region
needed to manufacture a dollars' output from some industry. In essence,
this means that the input coefficients must be given a spatial compconent
in addition to the technological component which can be represented by

the national coefficienta.

In addition to providing regional input coefficients the adjustment
procedure must lend itself to projzction with a minimum of independent
variablea., This characteristic is essential to a long term study in the
same way that technology projection is. The assumption of constant
trading patterns is possibly less justifiable than the corresponding

assumption about technology.



1l

The RIOFS will thus concern itself with the forecasting of technology
and trading patterns in the context of a regional input output model.
More important than the speciflc methodology is the ease in which the
projection system is formed and manipulated. This characteristic
results directly from the utilization of the systema approach to solve

this forecasting problem.



5. Study Gutline

The structure of the study will follow the operational flow of the

RIOFS. Aa shown in figure 2 the system consists of four steps.

Technology projection is the initial step in the forecasting
procedure. In order to extrapolate technological change far into the
future, a simple two point model is used. The observations consist of
the 1947 and the 1963 I0 tables. Although these tables are only 16

years apart they are the most widely separated studles done on a

consistent basis. As more 10 tables are available the satructure of long
run technologlcal change will become more amenable tc analysis. Since
the observation period is shorter than the forecast periods, care was
taken to assure that the projected tables were reasonable in an economic
sense. For instance, column sums were constrained to be less than one

and individual coefficients prevented from becoming negative. This was
accomplished by tranaforming coefficlient column sums into probability

values and forecasting their change along a normal disteribution

function. This methodology, although not theoretically justifiable in

most applications, provides the only reasonable procedure in an area of
such limited data availability. Other approaches requilre extenaive
research and do not clearly produce superior results. Chapter 11 will
present this methodology in detail and also examine the practical and
theoretical advantages and disadvantages of the procedure vis-at-vis

other approaches.

The projected input coefficient matrices derived in step one nmust
then be adjusted for changing trading patterns., Since direct

information about regional trade is not avallable, the forecasting

12
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Figure 2
Operational Flow of the RIOFS
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scheme makes use of data on industrial location. The basic assumption
underlying this approach is that the relative concentration of different
industries in a region as compared to their concentration in the natlon
will determine the amount ¢of external trade. Due to the lack of data on
output by industry for individual regions over any time span, employment
is utilized as a proxy variable. Lack of a computerized regional data
base limited the number of observations considered to ten over a 21 year
time span. Expanding the aize of this data base would be relatively

easy for a full study team.

The projected cocefficient tables were adjusted row by row through the
use of a set of location quotients, These location quotients were
calculated as a function of projected regional and national employment
and the future input coefflcients. Under a number of rigid, but
necessary assumptions, the projected location quotients show the
relative ability of each regional industry tc supply the needs of its

customera. When the quotients indicated less than sufficient production

capacity, the lnput coefficient row for that industry was reduced to

reflect the fact that the necessary output to fill the gap between
regional production and regional needs was being imported into the area.

Industries showing excessive productive capacity were assumed to be

exporters and, therefore, thelr input coefficienta were not altered.

Despite the need for a restrictive set of assumptions to apply this
methodclogy, the acheme makes use of data that in many cases show clear
indications cof future changes in industrial location. Assumption of
conatant trading patterns leads to wholely unrealistic forecasts that

are merely blown up versions of the original situation.
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Chapter three considers the theory of location quotients in detail
since a literature search has shown the area to be cne of great
confusion. In this discussion the invalidity of most other approaches
is clearly shown. Practical considerations of time and staff make the

remaining alternatives not viable. The distinct limitations of the

RIOFS approach are explicitly stated in this chapter.

The last step in the RIOFS consists of the integration and evaluation
of steps one and two, It is in this step that the use of the systema
approach clearly shows its advantages. Without the computerized system
it would not be possible to examine more than one scenario, The RIOFS
provides for the eaay treatment of an almost unlimited number of
alternatives. This study will only ccnsider alternatives that highlight
the effects of the forecasting procedures discussed in chapters two and
three. 3Simple modifications of the system can be made tc examine the
consequences of changes in the exogenous variables, such as variations

in GNP, population growth or final demand distribution.

The resulting cutput of four alternative conflgurations are examined

in chapter four. These alternatives are:

1) No projection of either technology or industrial
location

2) Technological change with no locational change

3) Location forecasts combined with constant technology

k) Both location and technology projections

Alternative one is the NAR Demand Model case and illustrates the

consequences of assuming static conditiona. The second and third
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alternatives show the independent effects of each projection
methodology. Alternative four 1s the solution case that yields cutput
forecast that can be used with resource coefficients to provide

projections of resource demand.

Neither of the forecast procedures preclude the independent
estimation of rows, columns or individual coefficients. In certain
cases information may be avallable that can be used to provide more
reliable forecasts of technological or spatial change. Usually such
forecasts are complex and time consuming. Chapter V consists of a set
of algorithms that test the sensaitivity of industry output variations to
changes in rows, columns or individual coefficients. The results
obtained from these algorithms can minimize the effort put into
independent forecasts by pinpointing critical elements of the
coefficient matrix. They also indicate elements of the RIOFS3 that
should be most closely monitored. Since the major portion of most
resource utilization typically occurs in a subset of the total industry

group, the number of critical elements is less than in the case where

all ilndustries are equally important. Due to time limitations the
sensitivity routines were not applied in this study. The detailed
presentation in chapter V is included to fill a gap in the literature on
input output analysis. The only work done in this area, in connection
with the Korean War [5], was discontinued in the 1950's due to lack of

funds.



6. Conclusions

The system described in this study was developed and applled to an
actual problem by one individual. This fact points to the potential of
the systems approach since it proves that the application of
sophisticated methodologlies is not beyond the rescurces of even small
study teams. Hence, in this sense the study must be considered a
successful endeavor.

The actual results indicate that the assumption of no change in
technological or spatial relationships leads toc quite a di;;;;;nt
situation than would exist if changes are incorporated in the
forecasting procedure. The RIQFS scenario (incorporating both types of
change) resulted in significantly smaller gross output levels needed to
support the given level of final demand, than the NAR alternative
(incorporating the no change assumption). This result has lmportant
implications for water resource projecta which in addition toc costing
millions of dollars have certain negative environmental effects. If the
results of the RIOFS are accepted as valld, the cost benefit ratios
developed under the NAR assumptions overstate the benefits, and sc lead

to non-optimal decisions,

Since the methodologies utilized to form the system were often only
approximate, the results should be viewed as an indication of the need
for further study. When the costs of a project are as high as they are
in water resource development, large divergencies in results must be

acknowledged as requiring additional examination, before decisjons based

on these results can be made,
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CHAPTER 1I

TECHNOLOGY PROJECTION

1. Introduction

The projection of regicnal technology is the initial step in the
formation of a regional input output forecasting system. 1In this
context technology refers to the productive structure of an economic
system as represented by a matrix of input coefficients. The 1input
coefficlient matrix can be thought of as a set of column vectors, each
column representing a linear homogenous production function with fixed

factor proportions. Hence, input coefficient projections are in effect

forecasts of future production functions.

Section two of this chapter considers empirical and theoretical
evidence on the effects of input coefficient change upon the level of
industrial output. Since input coefficlents change in response to
forces other than pure technological breakthrough, the thecretical

discussion clearly differentiates the casual factors.

In as much as a directly compiled regional coefficient table is
beyond the rescurces of most study groups, the national relationships
are assumed to hold for the region. Section three presents a discussion
of the basic assumptions that must be made to utilize the national

table.

Section four develops the criteria that will be used to evaluate the
projection methodologies, These criteria consist of resource

limitations and a number of logical consistency constraints.
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The next section is made up of a discussion of previous work on
coefficient projection. Two approaches, the expert approach, and the
RAS (row and column adjustment) approach, are presented. Since the
latter methodology is closely related to the RIOFS method it ias

considered in some detail.

The form of the RIOFS methodology 1s examined in section six. It is
essentially a two peoint forecasting scheme utilizing a transformation

into probability space in order to satisfy the projection criteria,

The last part of the chapter (sections seven and eight) presents an
analysis of the theoretical justification for the acceptance of a two
pecint model. This discussion details the long term diffusion process
that underlies most technological change (section seven). MAlso included
in the section 1s an examination of the distinct limitations of the

chosen methodology (section eight).



2. Empirical and Theoretical Evidence On the

Importance of Coefficlent Change

Before proceeding with any discussion of ccefficlent change it is
important to consider the significance of possible changes in input
coefficients on industrial output. Ccefficient projection would only be
necessary if empirical or theoretical evidence indicates that
significant variations in cutput result from the coefficlent changes

that conceivably could occur over the atudy time frame.

Empirical evidence

Empirical studlies have shown that, while certailn of the coefficlents
are relatively stable, in general the changes that occur in the
coefficients over time will effect the level and distribution of gross
output given any level of final demand. For example, Beatrice N.
Vaccara {1] compared the ocutputs required from each industry to produce
a fixed set of final demands with the 1947 as compared to the 1958
inverse coefficient matrix. She found that, cn the average (ignoring
signs), there was a 16 percent difference in the output required from
each industry to produce the 1958 bill of goods with the 1958
technology, as compared to the 1947 technology. Although the average
impact on an individual industry's production requirements was 16
percent, for a few industries, the differences in output requirements
exceeded 75 percent. Since a fixed level of final demand was utilized,
industries selling primarily to final demand show smaller percentage
changea in total output than industries selling primarily to
intermedlate demand. In conslderation of thias, Ms. Vacarra repeated the

experiment concentrating on changes in intermediate rather than total
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output requirements. The average change (ignoring signs) under these
conditions was almost 30 percent. Changes in intermediate cutput
necessary to support a given level of total ocutput under different
technologies were also examined. This test was done using the 1958
level of total output and the 1947, 1958, and 1961 direct coefficient
matrices [2]. Input requirements varied an average (ignoring signs) 28

percent over this time span.

Ann Carter [3] found similar results for the 1939, 1947 and 1958

input output tables.

These studies show that even in the relatively short period between
1947 and 1958, coefficient variation has been large enough to result in
significant changes in the levels of industry output necessary to
suppert a given set of final demands. 3Slnce the time frame for the
RIOFS is much longer than that available for historical analysis,
examination of the actual character of coefficient change helps clarify

the long term outlock.

Theoretical evidence

There are two primary causes of coefficient variation: (1) changes in

technology; and (2) changes in the composition of sectoral output.

Changes in technolegy refer to changes in the actual production
functiona. QObserved vectors of output coefficients change 1n responae

to variations in factor prices and changes in productive technique.

Factor price relationships are the underlying cause of any change in

the production function as represented by a c¢olumn of 1nput
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coefficlents. Changes in productive technique are only adopted, and,
therefore observable in the input coefficients when they result in lower
costs. However, breakthroughs in production techniques are not
necesasary for varlations in factor costs to result in new columns of
input coefficlents. These columns can change when new input prices
cause the adoption of existing productive techniques that were not least
costly at previocus factor prices. Thus changes 1n the observed
production function either cecur when new techniques are less costly at

existing prices or existing techniques are least costly at new prices.

Since factors include both intermediate and primary inputs it is

reasonable to expect varlations in their relative prices as factor
supplies and demands vary over time., Physical exhaustion of many
natural resources promises to cause large changes in factor prices.
Also, the continuing drive towards more leisure and better living
standards will alter the relationship between primary labor and
intermediate input prices. These changes will induce technical

innovation and adopticn of new and exiating techniques less intenaive in

the use of relatively expensive labor inputs. Hence, over time,
alteration in input coefficients will occur as a result of the
continuation of long term trends 1n resource supplies and the relative

cost of labor.

In addition to technological change, whether due to changing factor
prices or genuine breakthrough, input coefficlients may vary in responae
to changes in sector composition. In theory an I0 sector should consist
of a number of plants producing an homogenous product using identical

technology. In actuality, an input output sector is made up of a
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heterogeneous group of planta each producing similar but not identical
products using different input structures. Thus the input coefficient
column for any sector is a weighted average of the input coefficients

for the original reporting units comprising that sector.

Any change in the distribution of cutput among the plants making up a
sector will lead to variations in the coefficients for that sector.
Such changes in distribution can result from alterations in the
composition of final or intermediate demand for the products comprising
a sector. Changes in sector composition over time must be expected
since industries contract and expand their product lines in response to

many factors such as demand changes and pollution control legislation.

From the preceding discussion it is c¢lear on both empirical and
theoretical grounds that an assumption of constant lnput structure would
be unjustifiably naive. Hence, a model for the forecasting of
coefficient change was formed for the RIOFS. The next section will
present the basic assumptions required in order to forecast regional
technology under the constraints put on most resource forecasting

projects.



3. Assumption Required for Utilization of

National Coefficlents

There have been few directly compiled regional input coefficient

matrices, and even those have been based on limited surveys. The inputs

needed to compile the necessary data for such a matrix are beyond the
resources of almost all study teams; hence, the RIOFS utilizes the

national 10 table. Three basic assumptions are required to adopt the

national matrix for regional use. First the national economy must be
assumed to approximate a closed aystem, and that system must be

representative of regional technology.

Since foreign trade makes up a amall portion of national economic
activity, the published I0 table closely approximates national

technology. Although not utilized for this study, unpublished data is
avallable to remove imported inputs from the flow matrix to form what is

called a domestic base table. Succeeding studies utilizing the RIQFS
could easlly base their analysis on domestic base data. Limitations on

the avalilability of a domestic base table for 1547 made it impossible to

adopt such matrices for the present study.

The second assumption i3 that the production function for any product
is the same in the region as in the nation. Although there are regional
differences in production, it is reasonable to assume that for large
areas the production functions will tend to be similar to those holding
for the nation. In an area such as the NAR which produces almost one
third of the total national output, the assumption of identical
technology should be approximately vallid since the national coefficlients

are highly influenced by the regional relationships.
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As mentioned earlier, input output industry groupings are aggregrate
categories encompassing many similar but not identical products. Thus,
although the producticon function for a particular product in the region
may be identical to that in the nation, the input atructure for the IO
sector containing that product may differ. This can occur when the
distribution of products in any regional sector 1s not identical to the
product composition for the corresponding national sector, The last
assumption, therefore, is that the regiocnal distribution of products in

any industry category is identical to that existing in the nation,

The second and third assumptions assure that the use of national I0
matrices will provide valid representations of regional technclogy. In
as much as significant differences between regional and national input
structures would make reasonably sized regional input output studies
impossible, these assumptions are of prime importance. The validity of
the assumptions increases with the size of the region studied since the
national coefficilents are in effect weighted averages of regional
coefficients. As the welght of any reglon approaches one, its input
structure becomes increasingly close to that for the nation. Hence, the
assumption should be reasonably valid for a large and varled area such

as the NAR.

The relatively closed nature of the U,.S. economy combilned with the
size of the NAR makes 1t possible to utilize published IO tables to form
a forecasting model for regional technology. In the next section the

criteria for selection of this model will be discusasaed.



4. Projection Criteria

Any forecasting methodology must meet certain criteria. Some of
these criteria will be specific to the study while others will be
general statements of logical necesasity. The input coefficient
forecasting approach utilized in the RIOFS will be designed to satisfy
two sets of criteria. The first set ls derived from the specific nature
of the NAR study. The second set are general mathematical constraints
that would apply to any forecast of technology in an input ocutput

context.

The systems approach utilized for this study requires that the
projection models be implementable by a small staff with limited time
and resources. Since coefficient forecasting is only one step in the
RIOFS, the chosen methodology must be limited in its requirements of
study resources. Therefore, set up and solution ease is the first

criteria used to evaluate alternative forecasting models.

Long run proJjection problems differ from those faced in short run
forecasts, since over time many functions tend to either blow up or
produce negative results. The target years of 1980, 2000, and 2020 make
the RIOFS long run in nature. Thus any methodology used in the RIOFS
must have stable long run characteristica. This requirement is stated
in specific input output terms in the following set of mathematical

criteria.

There are two logical contraints on a long rum input coefficient

forecasting procedure. These are:

27
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1) the projected coefficient matrix should be
nonnegative

2) column sums of the projected matrix should obey

certain apriorli constraints,

Negative coefficients would imply that output from a particular
sector also results in output of goods belonging to some other sector,
This situation, referred to as joint production, is impossible in the
input output context used in this study. Hence, an acceptable
projection methodology must insure the nonnegativity of future

coefficients.

The last criteria is assymetrical in that it only requires the column
sums to obey apriori constraints. This is justified from economic
theory since the column sums represents the amount of intermediate
output needed to produce one dollara' worth of output, while the row
sums have no particular economic meaning. In a profit making industry

the column sum must be less than one

The rest of this chapter considers alternative coefficient

forecasting models and how well they meet the criteria presented in this

section.



5. Previous Work

Previous werk on input coefficient projection has been limited to two
general approaches. The first approach was adopted by the Harvard
Economic Research Project (HERP). Their methodology consisted primarily
of detailed analysis and projection of individual rows, columns or
single coefficients. The second forecasting model was developed by the
Cambridge Growth Project. Their approach, the RAS or biproportional
matrix model, is essentially a row and column extrapolation procedure.
Since it is very similar to the RIOFS coefficient forecasting scheme, it
is presented in some detail. Both ¢of these methods have significant

drawbacks and do not meet the criteria mentioned earlier. In addition

to the discussion of the specific methodologiles, the weaknesses of each

apprcach is presented.

Expert approach

The HERP forecasts were based on studies of individual industries

over time., Industry experts were questioned as to expected changes 1in

input requirements. The expert opinions were used primarily to project
individual coefficients. This approach, whatever its strengths may be,
is not practical for a limited study. The time and staff needed to
examine individual industry production patterns and single coefficlents
is beyond the resources of all but the largest study groups. An example
of the magnitude c¢f such an undertaking is the work done to determine
the future of the steel sector [4]. Thia study, only a small portion of
the total project, took one man year of effort. In addition to the
excesaive time and staff requirements, the HERP methodology dces not

lend itself to long term forecasting. The original work was done in the
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early 1960's with 1970 as the target year. Further extrapclations of
the HERP approach, even if the resources were avallable, would probably
lead to inconsistent and explosive situations. This type of problem is
typlcal with procedures that use widely varled methodologles for

different sectors.

Hence, the forecasting approach utilized by the HERP does not meet
two of the RIOFS c¢riteria. 1t cannot be used by relatively small study
groups, and as an intermediate term model, does not lend itself to

consistent long term forecasting.

RAS approach

The RAS (or biproportional) forecasting model was initially
formulated to provide an estimated input coefflcient matrix for a
nonfuture year, for which no actual matrix existed. This was the
problem faced by the Cambridge Growth Project in that a central purpose
of the project was to estimate a detailed and comprehensive sccial
accounting matrix for 1960. The most recent matrix was for 1954. 1In
addition no earlier matrices existed which, together with that for 1954,

could form a comparable time series that could be extrapolated to 1960.

The project was being completed after 1960, thus although no actual
input coefficient matrix for 1660 existed, certain other relevant data
items could be derived from available officlal statistica. These items
were the levels of intermediate input, intermediate output, and final
demand by sector for 1960. These figures combined with the existing
matrix for 1954 provided the data set needed to estimate an input

coefficient matrix for 1960. In addition to the formation of a
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coefficlent matrix for a nonfuture year, the methodology suggested a
procedure for coefficient projection utilizing the existing 1954 and the

estimated 1960 matrices.

The summation of intermediate output and final demand yielded grosa

cutput by industry.

X=U+Y (2-1)
X - gross output vector
U - intermediate vector
Y - final demand vector

This was used to calculate vectors representing the row and column sums

of the 1960 coefficient matrix,

<x>[U=u (2-2)
<X = y {2-3)
U - intermediate autput vector

u - coefficient row sum vector

V - intermediate input vector

v - coefficient column sum vector

Where (<X>) represents the diagonalized gross output vector which when
inverted and multiplied by any conformable vector results in an element

by element division of that vector,

Given the sum vectors, the problem was one of adjusting the 1954
input coefficlent matrix to fit the known row and column sums, The
study group decided that the adjustment process should exhibilt certain
desirable characteristics. These criteria were; (1) the estimated
matrix should be nonnegative, (2} the estimated matrix should be a
simple functional form of the given matrix, and (3) the estimated matrix
should minimize a distance criterion, i.e., be nearest to the given
matrix, in the class of matrices satisfying the row and column

constraints.
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In this form the adjustment process fits intoc the category of a
biproporticnal constrained matrix problem [5]). The general
biproportional constrained matrix model yields a nonnegative matrix that
satisfies row and column conatraints and is a simple transformation of a

given matrix.

B20 (2-4)
BJ =u , JB =V (2-5)

J = the unit vector
u,v - row and celumn sum vectors

B= KR>ALS5> (2-6)

A - a given matrix
&R>, <52 - diagonalized vectors

Vectors R and S ¢can be esatimated by an iterative approximation
process [6], where the matrix A is alternately pre and post multiplied
by <R> and <8>, each time constraining the row and column sums to equal
the given u and v vectors. The process can be shown [7] to approach a
unique solution that results in a matrix, B, which 1is "near" the given
matrix, A, in the sense that it minimizes a distance function [8). This
function i3 a positive linear transformation of the chl squared

distribution function. That is,

B =LRDALSD (2-7)
minimizes
2
(bij - aij)/aij all 1,3 (2-8)
bij - 1,jth element of matrix B
a - i,3th element of matrix A

1]

for the clasa of matrices satiafying the row and column constraints.



33

For the specific case of estimating the 1960 coefficient matrix, it

was assumed that the 1960 matrix was biproportionally related to the

1954 matrix.

Al960 = R A1954 S>> (2-9)
A1960 > 0 (2-10)
Al960 - input coefficient matrix, 1960
Al954 - observed input coefficient matrix, 1954
«<R> - diagonalized vector of row multipliers
« S » - diagonalized vector of column multipliers

Given the coefficient row and column sum vectors for 1960, u and v,
the appropriate row and column multiplier vectors, R and 3, were derived
utilizing the iterative process mentioned earlier. This process
constrained the 1960 matrix to have coefficients row and column sums

equal to u and v, and be "near" the 1954 coefficient matrix. That is,

JA1960 = u (2-11)
Al960J = v (2-12)
and
2
( a1j1960 a111954) //aij all 1,j (2-13)
aij1960 - 1,jth input coefficient for 1960

3111954 - i,jth input coefficient for 1954

was minimized.

Since the Growth Project required a transactions matrix for 1960, the
coefficient matrix was postmultiplied by the inverted diagonalized gross
output vector for 1960,

T1960 = A1960 <X> ! (2~14)

T1960 - transaction matrix for 1960

The row and c¢olumn multipliers, R and S5 can be interpreted to have
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meaning in an economic sense. Taking the biproportional relationship

B= £RD>ALSY

(2-15)
the i,j,th element may be written,
b = r a, s
ij 174373 (2-16)
ri - ith element of vector R

8. — jth element of wvector S
The r, can be Jonsidered a measure of the extent to which product 1

i
has substituted for other inputs or has been replaced by other products
in the production process. This substitution effect is uniform across
all industries in the biproporticnal formulation. The column multiplier sj
is interpreted as a measure of a fabrication effect, i.e., the extent to
which industry j has increased or decreased its consumption of all

intermediate inputs per unit of gross output. This effect 13 uniform

over all industries selling to industry j.

The projection methodology suggested by the biproportional estimation

procedure was based on the assumption that the trends observed during
the interval between two coefficlent matrices would continue. That is,
4
B2 = <R>" BLCSD> (2-17)
B2 - projected coefficient matrix, time,2

Bl - observed coefficient matrix, time 1

where R and S are calculated from,
Bl = <R2>BOLS D (2-18)

BO - base coefficient matrix, time 0

This amounts to an exponential extrapolation with t representing the

number of time periods of length (0,1). For instance, the 1966

coefficient matrix would be,
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Al1966 = < RDAL960LS D> (2-19)

Al1960 - projected coefficient matrix for 1966

where R and S satiafy

ALO60 = € RD>ALI54CS D> (2-20)
JAL960 = u (2-21)
A1960J = v (2-22)

The biproportional constrained matrix estimation procedure has become
a widely accepted approach to coefflcient estimation for nonfuture years
{9). The projection methodology suggested by the procedure was utilized
by the Cambridge Group to forecast one period (six years) into the
future. For short-term projections such as this, the scheme produces
reasonable results. Under long- term conditions such as exist for the
RIOFS study, exponential functions are inadequate since they are
unbounded from above. This characteristic leads to "explosive"

situations, in that the columns sums may exceed unity.



6. RIOFS Procedure

As mentioned earlier the chosen methocdology had to be appropriate for
long term forecasting, where other methods tend to ™blow up™. 1In the
context of input output projection this problem refers to the situation
where forecasted coefficlent column sums take unreasonable values, that
is, values less than zerc or greater than one. In order to constrain
future coefficient column sums to be within the reasonable range (0,1) a
transformation of cobserved data points to a bounded function was
applied. The transaformed values were linearly extrapolated within this
context and then transaformed back into coefficient column sums. Since
the function utilized is bounded from below by zeroc and above by cne,
the procedure insured against the projected sums taking unreasonable
values. This approach is a modified version of an algorithm suggested
by Michael Bachrach [10] for use by the Cambridge Growth Project. It
belongs to the general claas of half constrained matrix models in which
only the row or column sums are held tc some predetermined level. This
is in contrast to the biproporticnal matrix models discussed in the

previous section where both row and column sums are constrained,

The standard normal distribution function was utilized for the

transformation. Thia function has a range between zero and one. It
approaches these limits at a decreasing rate and hence exhibits the "S%

shape sometimes assumed to be representative of long run economic

change.

In more detail, let C1 and C2 represent observed coefficient column

sum vectors one period apart, vectors T1 and T2 are defined by

k1
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probability ( z<Tl) = Cl (2-23)
probability ( z<T2) = C2 (2-24)

with z being a vector whose elements are standardized normal variables.
The forecasted column sum vector, CF, p perliods in the future is equal

to

probability (z << TP) (2-25)

where

TP = T2 = p(T2 - TIl) (2-26)

That 1s, the rate of change during period (1,2) will continue into the
future. Since the probability that the standard normal variable is less
than or equal to any value lies between zero and one, the projected
coefficient column sums are thus restricted to that range., It is
poasible to alter the upper limitas for TP on an element by element basis

by defining a vector k such that

probability ( z < Tl) =<k>"' cl (2-27)

probability ( z < T2) =<k> ' c2 (2-28)
and

CF =<k >probabllity (x< TP) (2-29)

with TP being derived in the same manner as before. In non-matrix
terms, each columns sum is divided by the assumed upper bound and the
resulting forecasted sum 13 multiplied by the same value. The value of
this upper bound was assumed equal to one for the RIOFS. The
poasibility of using alternative values is discussed in the next

section.

Since the matrix notation tends to obacure the operational procedure,

the following example is stated 1in terms of a single industry. The data
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is taken from the work done by the Cambridge Growth Project. For

industry one,

Cl954 = ,613 - sum of intermediate input coefficients, 1954

Cl960 = .519 - sum of intermediate input coefficients, 1960
k is assumed equal to 1. Now Tl and T2 are calculated from
probability ( z<Tl ) = .613 (2-30)
probability ( z«T2 ) = .519 (2-31)

Using the standard normal distribution function

Tl = .29

T2 = .05

The target year, 1966, is 1 period into the future; thus, the

projected column sum for industry one is

TP = .05+ 1 ( .05 - .29 ) (2-32)
= -.19
CF = probability ( z-.19 ) = .425 (2-33)

Thus in order to derive column one for the 1966 matrix,
column one from the 1960 matrix is reduced uniformly so that its

elements sum to .425.



7. Theoretical Justification of

RIOFS3 Approach

The basic assumption underlyling the preceding methodology is that

coefficient change is a slow moving process,

This section discusses the validity of this assumption. In addition
the RIOFS coefficient forecasting model 1s evaluated with respect to the

selection criteria presented earlier.

Technical input coefficlents, as menticned in the beginning of this
chapter, represent a welghted average of the technologies embodied in
the eatablishments contalned in any particular I0 sector. At any point
in time there exists a temporal spectrum of plants, each plant embodying
the best practice technique available at the time of its construction.
Technologlcal advance, either resulting from changing factor costs or
new production methods, will lower the costs of fabricating the product.
But adoption of the new process requires construction of plant and
equipment, which only becomes feasible when the return from new process

exceeds the return from the existing plants. This occurs when the
reduction in operating costs due to the technological change 13 large
enough to make up for the capital cost of producing plant and equipment
embodying the advance. Since the existing plants vary in their costs,
the least efficlent ones will be replaced first. In time, reduced prices
due to output expansion will lead to further scrappage of inefficient

planta. This process 1s illustrated in figure 1.

Cn is the capacity ocutput of plants built in the current period n.

The current price Pn is composed of operating coats, AC, and capital

39
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Figure |
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costs including normal profits, CD, of the best practice plants
constructed in period n. That 1is, plants built in period n-t have
coperating costs, BF, which are only slightly below the current price.
As technical knowledge or relative factor prices change, new beat

practice plants with operating cost, A Cl’ and capital cost including

1
normal profits, CIDI’ are built thus expanding ocutput until price
declines to Pu+1. At this price, planta bullt in perliod n-t are no
longer profitable and are acrapped. Equilibrium output at price Pn+1 is
then Alﬁl. The equilibrium is only momentary since technical advance
and changes in factor prices provide a continuous stimulus producing a

dynamic process that adjusts capital stock to the flow of technological

change.

This process of continual adjustment in the mix of capital stock, in
response to technical advance and relative factor price variation, is
usually referred to as the diffusion of technological change. The
extent of the time lag assocliated with the diffusion process is
evidenced by the fact that even a highly profitable innovation, such as
the basic oxygen steel furnace, introduced in 1954, only accounted for

one third of the steel output in 1967 [11].

The input coefficients, which reflect the spectrum of plant and
equlpment existing at a particular moment, will change in response to
the diffusion process. Since technological diffusion is by its very

nature a slow moving long term process, changes in input coefficients

will tend to occur slowly over long periods of time. This
characteristic makes the utilization of a two point projection model to

define the direction and approximate magnitude of coefficlent variation



a reasonable approach.
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8, Critical Discussion

Earlier in this chapter a number of selection criteria were

mentioned. These criteria required that the RIOFS technical projection

methodology should:

1) be implementable by a small study group with
limited resources,
2) have stable long run properties,

3) produce nonnegative forecaated matrices,

4) retain existing zero elements in the forecasted

matrices,

5) have coefficient column sums that obey certain

apriori constraints.

The two point forecasting methodology chosen for this study can be
set up and solved within the resource limitation of a small study group
since it requires only two observed coefficlent matrices and a
relatively simple computerized algorithm. The actual structure of the
computer program used to calculate the projected matrices is described

in the fourth chapter.

Long run properties of the RIOFS model are stable since the
forecasted coefficient column sums are bounded from above by one. Thus

the explosive results observable with exponential extrapolations [12]
are impossible. The procedure alac produces smooth changes in the

coefficients since the forecasts are constrained to lie along a smooth

continucus function.

The lower bounds of the transformation function insure against
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negative coefficient projections since the column sums must be greater

than or equal to zero.

Zero elements in the base matrix will be maintained since the
procedure utilizes column multipliers applied to the base year matrix

uniformly across all industries.

The upper bounds of the probability distribution function insure that
the projected coefficient column sums obey certain apriori constraints,
Since the sum of a column of input coefficlents represents the value of
intermediate input per dollar of gross output, it must be less than one,
{some part of the dollars'! worth of output will be allocated for labor,
profit, depreciation, and taxes), As discussed in the previous section,
the upper constraint on the the forecasted sums is determined by the
value of k. In this study k was assumed equal to one. Alternative
values for k could be derived from observations on historical column
sums. This would require detailed analysis by industry as to the

minimum amounts of labor, profits, depreciation, and taxes that could

exist under future conditions. Such analysis, although beycnd the

resources of this study, would be an area for further refinement in

future studies.

In addition to fulfilling the above criteria, the half-conatrained
model also exhibits a minimum distance property similar to that

discussed in connection to the biproportonal model,

Although the RIOFS forecasting model satisfies all the selection
criteria, it still represents a rather gross approach to coefficient

projection in that technological diffusion is assumed to uniformly
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affect coefficlents along any column and this effect 13 constralned to

conform to the shape of a normal distribution function.

This problem does not necessarily invalidate the projection
procedure. Under the present extreme data limitations the two point
methodology described in this chapter provides an acceptable alternative
to the untenable assumption of constant technology. In time the
existence of additional IO matrices will allow for more detailed

analysis of the character of technological change.

The RIOFS methodology does not preclude the adoptlion of independent
forecasts of columns, rows, or industrial cocefficients. Chapter V will
present a number of procedures designed to highlight areas in which
independent estimation could result in significant effects on the

overall cutcome of the study.

Projection of trading patterns or industrial location, the second
task in the RIOFS operational sequence, is discussed in the next

chapter.
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CHAPTER III
TRADING PATTERN PROJECTION

1.Introduction

Although the national economy can be thought of as a closed syatem,
the same assumption cannot be made for a regional econcmy. This
difference results from a number of factors that tend to cause national
econcmies to be more cleosed than regional economles. Obvicus
impediments to international as opposed to interregional trade are;
monetary differences, language differences, cultural differencea and the
high level of transportation costs. Less obvious factors such as
political differences and the need for self-sufficiency for security
reasons alsc tend to cause national economies to be more closed than the

regional economies that comprise the nation.

The relative opennesaa of regional econcmies makes an analysis of the
spatial structure of production an absolute necessity. The national
production relationships, if utilized in a regional context, would

overstate regional economic activity, since some part of the product

consumed in the region is produced outsaide the region. This chapter
presents a procedure designed to adjust the national relationships to

more accurately reflect regional productive structure.

Section two of this chapter consists of an analysis of the
consequences of interregional trade on IQ input coefficlents. Also
discussed 1s the evidence that these spatial effects must be projected
in order to accurately estimate future regional output. Since no time
serlies studles on regional I0 coefficlents has been done, the evidence

presented is taken from empirical and theoretical work on indusatrial
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location.

Sections three and four present critical discussions of exiating
approaches toc the problem of adjusting national technological
relationships to reflect regional trading patterns. All but one of the
studies were not designed for forecasting purposes. In order to assess
their potential for regiocnal 10 projection, modifications are suggested
that would allow their use in forecasting. This discussion is segmented
into two parts because of the divergence between the approaches to the
problem. Part one, in section three, ccnsiders two procedures that do
not utilize location quotients. The second part of the discussion on
existing work, continued in sectlion four, initially covers the general
theory of location quotients in order to clarify an area in which a
great deal of confusion seems to exist. This initial presentation
simplifies the subsequent analysis of the adjustment procedures that

utilize location quotients.

The projection methodology used in the RIOFS is presented in section
five. It utilizes location quotients which are functions of projected
industrial employment and the input coefficient discussed in Chapter II.
The complexity of the problem of forecasting regional 1nput output
relationships over long time spans makes it necessary to adopt a number
of relatively strong assumptions. To the extent that these assumptions
do not exactly reflect reality, the projection methodology will only
approximate the true situation. In spite of this, the projection
procedure provides important information on the structure of the spatial
changes that effect regional I0 relationships. Secticn two shows that

the alternative assumption of noc change ia completely untenable. In
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addition, the methodology makes use of the large body of existing

industrial location data and so adds information to the final ocutput

forecasts.

The last section of this chapter consists of a critical discussion of
the RIOFS spatial forecasting methodology. This procedure, just as the
coefficient projection scheme, relies on the slow moving character of
change. Hence the nature of spatial change will also be analyzed in
this section. It is shown that locational variation as reflected in the

regional coefficlenta conforma to a diffusion process in a similar

manner as technological change.



2.Importance of Regional Trade

Whereas input coefficients observable in a closed economy represent
material requirements in an engineering sense, those observed in an open
economy also have a spatlal element. That is, if a direct regicnal IO
flow table was formed by surveying the input requirements of regional
industries, the input coefficients derived from this table would not
accurately reflect intraregional flows. Some part of the inputs
reported by the respondents would be materials imported into the region
and hence produced elsewhere. These imports would distort the IO
matrices derived from a direct survey, in that gross output calculations
would overstate actual regional production since they would include that
output fabricated outside the region and imported. For some industries,
excess output exists and exporting thusa occurs. Exports do not distort

IO relations since they are included in final demand.

Since estimates of future regional gross output are necessary in
order to forecast resource demand, the regional input cutput matrices
must reflect productlon within the regilon. Assuming that the national
technological relationships reflect regional technology, the national
input ccefficients can be thought of as having two components; one, an
intra-area flow element and the other a spatial element representing

imports. That is,

= + 3-1
B33 T Tay T My 3-D
aj, = amount of product i to produce one dollar's output
J of product }J
r - amount of product i produced in the region necessary to

= produce one dollar's output of product j in
the region

m - amount of product i imported into the region necessary
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to produce one dollar's output of product j in the
region

The product produced in the region need not be consumed within the
region since some portiocn of it may be exported. Gilven final demand
{including exports) for products produced within the region, it is the rij
« or regional input coefficients, that will yield gross reglonal cutput,

Let YR be the regional final demand vestor, then

XR= (I-R )-1 YR (3-2)

XR - regional gross output vector

I - identity matrix
R - regional input coefficient matrix

R consists of the rij repreasenting the within region production

necessary to produce any output. The Leontief inverse ( I - R )_l thus

yields the output produced within the region necessary to support any

level of final demand including export demand. It is the matrix, R,

that must be estimated and projected. The procedure outlined in Chapter
II yeilds the technological coefficient matrices which consist of the aij
. These aij coefficient must be adjusted to reflect the imported

portion of regional input requirements.

Since there is no direct information on the amocunt of reglonal trade
by industry, some proxy must be utilized. Industrial location, as
reflected by measures of economic activity such as employment or value
added, is commonly used to provide information on external trade. The
relative spatial concentration of certain industries in an area implies
that the area will export the commodities produced by those induatries.
Conversely, if a region has a relative lack of capacity for production
of a particular product, 1t would tend to be an importer of that

commodity. Hence shifts in industrial location can be considered as
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indications that the structure of reglonal trade is altering and so also
the regional input coefficients. The next part of this section will
provide empirical and thecoretical evidence that this process of changing

industrial location has been occurring and can be expected to continue

throughout the forecast perlod.

Empirical evidence

A great deal of descriptive work has concentrated on the character of
changes in industrial location. Two particularly comprehensive studies
were done by Fuchs [1] and Perloff [2]. Fuchs used shift analysis which
measures the difference between the actual regional change and the
change that would have occurred had the region grown at national rates.
This difference is referred to as comparative gain or loss. Table 1
shows the comparative gain or loss in employment over two historical

periods for the paper and allied products industry [3].

The results shown for this sector are indicative of the situatlon for
most other industrlies. The cobserved shifts even over the short period
from 1947 to 1954 are large enough to provide a strong indication that
regional trading patterns have also changed. The Perloff study shows
shifts of the same general magnitude for most sectors. The empirical
evidence thus argues strongly against the assumption of no change in
regional trading patterns and concomitantly, regional input

coefficlienta.

Theoretical evidence

In addition to the empirical evidence of paat apatial industrial

change, there are theoretical reasons to expect this change to continue.
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TABLE 1

Paper and Allied Products

Comparative gain or loss 1929-54

Value Added Total Employment
Division (5 millions) {percent) (thousands of (percent)
employees)

New England - 470 -47.6 -46 -39.5
Middle Atlantic ~ 360 -26.3 =27 -17.6
East North Central - 250 -17.9 =21 ~13.4
West North Central 118 41.5 10 30.9
South Atlantic 385 60.4 30 47.2
East South Central 177 75.4 19 75.4
West South Central 189 66.2 20 67.7
Mountain 13 71.7 1 49.8
Pacific 190 40.5 15 35.3

Total net shift 1,072 95

Comparative gain or loss 1947-54

Value Added Total Employment
Division ($ million) (percent) (thousands of {percent)
employees)

New England - 114 -18.1 -11 -13.9
Middle Atlantic - 183 -15.7 -15 -10.6
East North Central - 89 -~ 7.2 - 7 - 4,7
West North Central 86 30.3 6 19.6
South Atlantic 139 21.9 9 13.9
East South Central 48 20.6 7 26.6
West South Central 37 13.1 3 11.4
Mountain 10 56.8 1 40.3
Pacific 65 13.9 3 18.2

Total net shift 387 33

U.S. total, 1954 4,580 530
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Standard regional economic analysis [U] shows that the primary variables
affecting industrial location are; base price on inputs, tranaportation
rates on inputs and final products, the geographical position of
materials and markets, production functions, and demand functions.
Changes 1n these variables occur in response to; technological changes
in the input and transportation industries, the discovery, exploitation
and exhaustion of natural rescurces, technological changes in the
product industry, and variations in the tastes of consumers. All of
these items that cause change in the varlables relevant to industrial
location have altered significantly. Thus industrial location and
reglonal input coefficient variation can be expected to continue into
the future. These changes must be factored into the regional cutput

projections that are the primary results of this study.

The rest of the chapter will consider alternative approaches to the
problem of incorporating projections of regional trading patterns into a
general 10 forecasting system. The next section presents a discussion

of two methodologles that do not rely on the location quotlent approach

to the solution of the regional trading adjustment problem.



3.Previcus Work Not Utilizing

Location Quotients

Two apprcoaches to the regional input output forecasting problem are
presented in this section. In contrast to the procedures considered in
the next section, neither approach is based on the utilization of
location quotients. Since the second procedure discussed was not
initially designed for forecasting purposes, a modified version more

sulted for projecticn is also presented.

Tiebout approach

The only attempt at projecting regional trading patterns was done by
Charles Tiebout in his study of the state of Washington [5]. His
approach depended on the validity of two assumptions; (1) that as a
region's use of a product grows, relatively more will be produced
locally, and (2) the future trading pattern of a region will be similar
tc the present trading pattern of a larger region. In this case the
larger region was San Franclisco Bay area for which an actual coefficient
matrix existed. With the two assumptions, socme actual Washington data,
the San Francisco matrix and a "good deal of judgement™ [6], a regional

input coefficient matrix for Washington was formed.

Although the Tiebout approach is the only previously existing
procedure specifically designed for spatial projection in an I0 context,
it is the least suitable for the RIOFS. The reliance on the
avallability of a regional input coefficient matrix for a larger area
makes the methodology not generally applicable., For the NAR region the

only available matrix for a larger area would be the national matrix. As
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discussed earlier, the national economy will tend to be more closed than
any reglonal economy, hence the national matrix cannot be validly used
to represent the future regional 10 relationships for the NAR. In
addition, the heavy reliance on judgement factors further limits the

Tiebout approach to very specific circumstances.

Moore and Peterson approach

The second methodology discussed in this section, although not
relying on location quotients, 1s an adjustment routine. The approaches
presented in the next section also belong to the class of adjustment
procedures. Adjustment procedures refer to the modification of national
coefficlents to reflect regional trading patterns. Since export demand
1s included in the total final demand that must be fulfilled, the
coefficlents need only be modified for imports. The adoption of the
national technological structure constrains the regional input
coefficients from above. That is, the regional ccefficients can be at
most equal to the national coefficlents which reflect engineering
relacionships. In the case where some portion cof the lnputs are
imported into the area, the regional coefficients will be smaller than
the corresponding national coefficlients. Hence the adl]ustment
procedures are designed to lower certain national coefficients to

reflect imports.

The adjustment procedure considered below was developed by Moore and
Peterson [7] and utilized in the original NAR study. Ita application
relies on the validity of two assumptions; (1) that regions first supply

internal intermediate and final demand, and (2) that imports are

distributed among buyers in relaticn to thelr relative importance in
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terms of size of purchase, Data requirements for this model consist of
a national coefficlent matrix, eatimated regicnal gross cutput and
estimated final demand for regional product. The national coefficients
are assumed to reflect regional technology. Utilizing the coefficient
matrix and the estimated regional ocutput, an IO transactions table is
formed. This table represents the regional flows that would exist if
the region were closed. The level of intermediate ocutput necessary to
support the regional gross output is then derived as the row sums of

this flow matrix. Total demand, both intermediate and final, for

commodities produced in the region is calculated by summing the derived
intermediate output and the estimated regional gross output to determine
industries in which reglonal production is greater than or less than
total demand for products produced within the region. Negative balances
represent imports while pesitive balances indicate exports. The importas
are distributed across the rows in relation to the relative size of the
flows in the transactions table derived earlier. These distributed
imports are then subtracted from the original flows. The resulting
adjusted regional transactions matrix reflects the flows between
industries within the reglon. This matrix is easily transformed into an
adjusted regional input coefficient matrix using the estimated regional
gross output. The inverse coefficient table calculated from these
adjusted regional input coefficients will yleld the output produced
within the region necessary to support any level of demand for regional
final products. In the original NAR study this adjusted matrix was
assumed to be invariant over the forecast perliod. Regional final demand
forecasts were combined with the inverse matrix to form projections of

regional gross cutput.
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This methodology can be extended to provide projections of the
regional coefficients. The national input coefficients (aij) when used

in a regional context, can be thought of as being the sum of a regional

coefficient (rij) and an import coefficient (mij). That is,

aij - 1:1_1 + mij (3~3)

Applying the NAR procedure for two time periods yilelds two estimates

for the m These import coefficlents can then be projected using the

ij°
two polnt methodology presented in Chapter II. The forecasted mij must
be greater than or equal to zero and less than the projected technical

coefflicients. A simple subtractlion produces a set of regional input

coefficients.

The NAR methodology as modified for forecasting purposes suffers from
the same drawbacks described in connectlon with the two point projection
procedure discussed in Chapter II. Essentially the limitations of this
approach are a consequence of having to postulate the shape of the curve

on which the extrapolated values lie. 1In the case of technical input

coefficient projection the need to adopt this assumed curve results from
the lack of historical information about the structure of technological
change. This is in contrast to locational change, where there is a good
deal of employment data available. Changes in industrial regional
employment over time provide information on the character of industrial
locational change. Hence any procedure that ignores this data set would
yleld forecasts containing much less information than is available. The
ad justment procedures discussed in the next two sections all utilize

location quotienta which are projected as functions of the extensive
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employment data set. As such they are optimal in terms of information

content.



4, Previous Work Utilizing

location Quotients

This section considers two procedures designed to adjust national
input coefficientas to reflect regional structure. Beth utilize forms of
location quotients. Although neither was used to form projections,
simple extentlons of the methodologies can be made for forecasting

purposes.

In a regional input output context, the location quotient is utilized
in two ways. First, it indicates which industries require imports to
satisfy final demand. Secondly, it 1s used to adjuat the input
coefficient for those industries to reflect the effects of external
trade. The theoretical implications of the locatlon quotient approach
to regicnal I0 analysis have not been fully examined in the literature.
The work that has been done seems confused and incomplete. To remedy
thia situation the initial part of this section will cover the character
and significance of the locatlon quotient as an indicator of external

trade. Its use as an adjustment factor will be considered in the

discussion of the approach taken in the present study.

Character and asignificance of location quotients

Location quotients have been used extensively in regional economic
analysis to identify the orientation of regional industries engaging in
external trade. Operationally they are utilized in basis-service models
[8] to determine the export or basic industries whose activity levels
are then forecasted. The service induatries that serve these exporting

groups can be projected as a function of the output in the basic
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sectors. The quotients have also been used in descriptive studies [9]

to clarify industries as import, export, or local market oriented.

The general form cof the location quotlient is

7
Lo, = -1,:“1'7-';- (3-4)

LQi_ location quotient, industry {i

ei - regional activity measure, industry 1
b - base measure for the region
F.i - national activity measure, industry i

B - base measure for the nation

Employment, or value added, is usually the industrial activity measure
adopted for location quotient analysls due to its wide availability on a
detailed regional basis. Typical base measures are; total employment
(10]), total population [11] and total personal income [12]. Since the
present study deals with interindustry relationships which are most
closely related to employment rather than income or population, the
analysis will be made in terms of base levels of regional and national
employment. Employment will alsc be utllized to measure regional and
national activity by industry since more temporal data points are

avajlable than for value added.

Most of the studies utilizing location quotients to ildentify
induatrial orientation 1ist a number of assumptions that must hold for
the measures to be operationally valid., A typical list of assumptions
[13] consists of; (1) the benchmark (national) economy must be closed,
(2) consumption patterns in the subject (regional) economy must be
simjilar to those in the benchmark economy, and (3) the community must
first draw from ita local production. Assumption two is expanded in
some of the better discussions to jinclude intermediate as well as final

consumption patterns.
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The ldentification of trade orientation is considered to be dependent
on the value of the location guotient. Typically the critical value
will be 1, although other values have been used [14]. Industries with

quotients greater than one are identified as exporters while those with

quotients less than one, importers,

In order to examine the validity of the location quotient as an
indicator of trade orientation the following analysis is done within the
context of a regional input output model. This will help clarify the
limiting assumptions that are required to utilize location quotients to

ldentify and adjust for lmporting.

Previous location quotient studies have implicitly assumed that it
was sufficient to state that a value of lesa than one for the location
quotient would imply import orlentation. This is not logically complete
since industries with locaton quotients greater than one may also
import. That 1is, while a location quotient less than one implying
importing is a sufficient condition, it is not a necessary condition.

The necessary condition requires that importing imply that the location

quotient is less than one. The assumptions required to make the

necessity condition hold are much more stringent than the ones required
for the sufficlency condition. It is coverage of this divergence
between necessity and sufficlency that is completely lacking in the

literature,

In input cutput terms the sufficient condition can be stated as,

LQigzl implies jxjaij + yiszi {(3-5)
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LQ1 - location quotient, industry 1

X, - reglonal gross output, industry i

]
yi - internal regional final demand, industry i

That is, a location quotient with a value less than one implies that the
total regional internal demand for the output of the industry is greater
than regional production for that industry. For the necessary condition

it must hold that,

3-6
jxjaij + Y >x, implies LQ1<1 ( )
or if internal demand is greater than regional output the location

quotient must be less than one.

The proceding discussion will describe the steps needed to derive the
necessary and sufficient conditions, mentioned above, from a typical
location quotient. In corder to move from the location queotient to the
above conditions, it is necessary to make a number of assumptions. The
prime assumption required is later shown to be generally false; hence,
demonstrating the lnvalidity of the typical location quotient as an
indicator of industrial trade orientation. 1In addition to highlighting
the limlitations of typical location quectients, a more valid form of

quotient is derived.

The locatlon gquotient most suited to I0 utilizes employment as a
proxy for economic activity for both the subject and benchmark economy.

It has the form

e e
Lq; = Ei_/'"z" (3-7)
1/
e, - reglonal employment, industry i
e” - total reglonal employment
l:‘.1 - national employment, industry 1
E - total national employment
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Employment 18 a proxy for economic activity - in this case gross output.
In order to transform the above location quotient into an expression in
gross output terms, an assumption must be made about the relationship
between employment and grosa output. For this analysis it is assumed
that gross output is proportionally related to employment, with the
industry proportions being identical in both region and nation. In
addition, the relationship between total employment and total gross
output in the region is assumed tc be identical to that existing in the

national economy. That is,

Xy = byeyr Xy T byEy (3-8)
X, - reglonal gross output, industry i
X, - national gross output, industry i

bi - constant, industry 1

and
x = ce, X = cE (3-9)
x - reglonal total gross output

X - national total gross cutput
c - constant

then the locaticn gquotient can be expressed as,

*1/* (3-10)
X, /X

Industries for which this measure has a value leas than 1 are

LQ, =

considered to be import oriented. Letting LQi be leas than 1 it follows

that

(xi/")<lxi/x) (3-11)

Since total output is equal to the sum of the output of all

industries,
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- - 12
X ﬁgjxj, X jxj (3-12)
it follows that
X
e U < i (3-13)
2%y 2 4%y

In order to continue the derivation it muat be assumed that the
inequality will continue to hold if each denominator element is

multiplied by its corresponding input coefficient.

* (3-14)
s <3 O
b iJ J b 1J J

This assumption, which is not generally true, will be covered in greater
detail later con in the chapter. For the present it will be assumed to

hold generally.

Inequality (3-15) implies
xiz jaijxj< xi zjai_‘]xj (3-15)

Since zja represents the intermediate output of industry's i's

1353

product, 1t can be substituted for in the inequality by, X _Yi' grosas

i

output minus final demand.

xi(xi—Yi)<xi Zjaijxj {3~16)
xixiczx 3 ijxj + x Y1 {3-17)
Let
. - VAL (3-18)
i xi;‘Yi
thus
x. Y (3-19)

i¥y " By X%y

substituting this into expression {3-17) yields
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3-20
xixi<xizjaijxj + gy X, ( )
or
3-21
This statement is identical to the sufficliency condition (3-5) except

for the term By Examination of the values of g, that must hold to

satisfy the sufficiency and necessity conditions, (3-5) and (3-6),
results in a clarification of the limitations of location quotient

analysis.

In order for (3-23) to imply the sufficiency condition (3-5), 849,

must be less than or equal to Yie or gi nust be less than or equal to

one. Thus if LQi":l and,

x1 Xi {(3-22)
21815%y < Ejaijxj
with

gidrl (3-23)
it will be true that
+ 3-24
xiti iaaijxj Yy ( )
For necessity, the conditions are more stringent since
+ 3-25
x < Zyay e+ Yy (3-25)
must imply
+ 3-26
LQ1<1 or x, < zjaijxj 847, ( )
which 13 only true when g, = 1

The preceding derivation rests on the validity of the assumption that
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X, xi (3-27)
2% < 24%,
implies
X, Xy (3-28)
31%15% < 2.4a4%,

A simple counter example suffices to demonstrate the invalidity of this

assumption in a general sense. Let

x, = 2 X, = 20 a.. = .1
x; -2 X, = 60 ai; = .5
x3 = § X3 = 10 313 = ]
then
o ile® K (3-29)
10 50 X
25, 5.'3 3
but
xl 2 20 Xl (3-30)

Zjaijxj 1.8>_3§ “ Ejaijxj

Essentially the typical location quotient is inadequate because it
relates the employment or ocutput of a particular industry to total
employment or total output in the area. It 1s intermediate demand for
output of the relevant industry rather than total output that is
important in determining trade requirements. Going from ijj to zjaijxj
represents a movement from total output to intermediate output. Thus
the assumption that (3-27) implies (3-28), also implies that the
relationship between intermediate and total cutput be the same in both
the regional and national econcmies. This is not generally true since

the distribution of output among regional induatries differs from that

in the nation.
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In addition to illustrating the limitations of typical location

quotients, the preceding discussion suggests a modified quotient that

correctly identifies trade orientation., It was shown that if

X x (3-31)
i <: i
X
2jag%y 2y
and
X, Xi 1 (3-32)
8" v Y =1
i 1 J
then it will be true that
x, < zjaijxj +yy (3-33)

This suggests a location quotient of the form

1 / %4 (3-34)
Lq, = -
LT/ 22055,

Since this quotient is the basia for the methodology adopted for the

RIOFS a critical discussion of its characteriatics is contained in the
last two sections of this chapter. The remainder of the present section
considers two location quotlent approaches to the regional adjustment

problem.

CONSAD approach

The methodology used by the Consad Research Corporation [15] involved

a location quotient of the form

Xy / Xy (
1q, = 3-35)
D NERA S

with the summations over all industries purchasing from industry 1.

This quotient was used to uniformly reduce coefficienta along the rows

of the national input coefficient matrix. The adjustment procedure is
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applied to sectors that are identified as importers. Sectors with
quotients leas than one, are assumed to be unable to supply their
customers and hence must import. For example, if the location quotient
has a value of .7, it is assumed that the selling industry in the region
can only supply 70% of the purchasing industries requirements. The
appropriate row of national coefficients is then multiplied, element by

element, by .7 to account for the level of importa,.

Since groass output 1is not available over time, further assumptions
are necessary to form a projection methodeology. One approach would be
to use a similar quotient based on employment data. With the assumption
that this quotient approximates the quotient based on gross output, a
time series of quotients could be formed. Thisa series could then be
projected cver time. An alternate approach would be to derive the gross
output location quotients for two temporally distant points and apply
the two point forecasting methodology suggested in Chapter 11. These
projected quotlients would be constralned to take values between zero and

one.

The CONSAD location quotient suffers from the same problems mentioned
in connection with the typical location queotient used in many reglonal
studies. That 1s, it relates the economic activity of a particular
industry to the total activity of some group of industries rather than
tc the intermediate demand for the products of the particualr industry.
As shown earlier it does not follow that the relationship between groas
ocutput of a sector and total gross cutput is identical to the
relationship with intermediate demand. Since it is intermediate demand

that determines (under certain assumptions) trade orientation, the
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CONSAD approach is invalid and therefore not considered for the RIOFS.
Connecticut Planning Program approach

The last example of a prior appreoach to the use of location quotients
to adjust for regional trading patterns is contained in the work done by
the Connecticut Interregional Planning Program [16] for their
Soclo=-Economic Growth Model., The location quotient used in the

Connecticut Model was of the form

VG (3-36)
s Ei/EJ

LQ - location queotient, originating induscry i,

13 receiving industry j

e, - regional employment, originating industry
e, - regional employment, receiving industry
Ei - national employment, originating industry
Ej - national employment, receiving industry

The location quotient is used to adjust individual coefficients when
it has a value of less than one. This application assumes that when the
originating industry is relatively smaller as compared to the receiving

industry in the region, than in the nation, imports are required. For

instance, if LQij = ,7 it 18 assumed that regional industry i, can only
supply 70% of industry j's requirements of it's product. The national

input coefficlent, aij' is then multiplied by the location quotient LQij

to account for the imported commodities,

This approach is easily adapted for forecasting purposes by deriving
a time series cof location quotients that can be projected using standard

regresaion techniques.

The invalidity of the Connecticut location quotient is easily
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demonstrated by examining the loglical implicatons of the adjustment
procedure. For any given row certain receiving industries will be
relatively more important {(as compared to the originating industry) in
the region than in the nation. The coefficients for these industries
will be reduced, implying imports. But the location quotients for other
recelving industries in the same row may be greater than one indicating
export potential that could be used to supply the industries whose
quotient values indicate import orientation. Thus the method may reduce
national input coeffilcients in a regional industry that is a net
exporter. This inability to correctly identify trade orientation by

sector makes the Connecticut Model inappropriate for the RIOFS.

The next two sections conaider the adjustment procedure used in the

RIOFS.



5.RI0OFS Approach

The regional adjustment methodology adopted for the RIOFS is
presented in this section. A c¢ritical discussion of the approach
follows in the next section. Since the assumptions required for the
procedure tc be completely valld are stringent, the critical discussion

will be rather detailed.

The RIOFS approach utilizes a modified location quotient that is
amenable to projection. It will be shown to be approximately valid
under the typical situation existing in most resource demand projection

systems.

In the preceding secton, a location quctient of the form

xi / Xi (3-37)
LQ, = -3
1 2485%5 /0 Zy244%;

was shown to provide a valld determination of induatrial trade

orientation under certain assumptionsa. This gquotient forms the basis
for the study procedure. A number of further assumptions must be added
to form a location quotient that can be used to adjust the national
input coefficients to validly reflect regional relationships. These

assumptions are covered in this and the next section.

The initial set of assumptions required to insure that the above
quotient correctly identifies trade orientation are; (1) the region
draws first from internal production to satisfy intermediate and final
demand, and (2) the ratio of groass output to final demand for any
industry is the same in the region as in the nation. The latter

assumption 1is needed for the validity of both the necessary and
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sufficient conditions discussed in the previous section. Since it is a
rather strong assumption, the consequences of 1its validity are covered

1n detail in the next section.

In 1ts present form location quotient (3-37) is not useful for
forecasting purposes since it 13 a function of the true values of

regional gross output. For a future point in time the quotient would be

- x P

LQip - =t 1 (3-38)
P, P P, P
Zjaij X3 2425 %y

where the superscript p indicates projected values. This quotient

¢ould be used te uniformly reduce those rows of the projected national
input coefficient matrix that are identified as being importers. The

form and valldity of this adjustment procedure ias examined in the

following section.

Since, as mentioned above, this quotient requires knowledge of the
true future values of gross output it must be transformed into a
quotient that is a function of available or easily forecasted data. In
order to make this transformation, an assaumption about the equality of
the ratio of projected gross output to projected employment in the
reglon and in the natlion 1s required. The exact validity cof the
assumption would provide an alternative means of forecasting regional
gross output. However, thls alternative procedure would lack the
internal consistency of the input output apprcach. In addition, any
invalidity of the assumption would cause much greater errors in the
results using the alternative procedure, than would occur using the
input output methodology. Thisa is due to the bounded nature of the

location quotientsa. The projected queotients are restricted to values
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between zero and one and are only utilized to adjust industries

identified as importers. Hence, the reglonal IC approach is not as

sensitive as would be any procedure based on a single assumption of the
equality of gross output to employment ratics. The exact form of the

required assumption i3,

X x P (3-39)

i.e., the projected regional gross output to employment ratio is assumed
to be equal to the projected naticnal gross ocutput to employment ratio

for all industries. Under this condition, a locaticon quotient of the

form
P,. P p P,y P sp P
" b _ e, (x1 //e ) E (Xi //E ) (3-40)
i P P, P p P, P P P
225570 Ky /oY Zyry By KD
reducesa to
p p
Q. P X4 Xy (3-41)
1 P, P
zfij 2,2 X

which has been shown to correctly identify regional trade organization

under certain assumptiocns.

Hence, location quotient (3-40) is utilized to identify trade
orientation and to adjust the projected national input coefficients for
imported commodities. Industries whose location quotients have values
less than one are considered importers. The rows of the natlional
coefficlient matrix corresponding to the sectors designated as requiring
imports, are multiplied by the appropriate location quotient. That 1s,

a diagonal matrix whose ith diagonal element is
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a diagonal matrix whose ith diagonal element is

p 1 i
ef — EP
EP i ef
LQ, = (3-42)
' X" %P
P. P P P
a et
242448y e 28,4, g P
3 h|
1f 1, P<
=1
1f I.Q1P>l

is postmultiplied by the projected input ccefficient matrix to form the
regional input coefficient matrix (RA),
P _ P,P
RA™ = LO"A (3-43)
RAP - projected regional input coefficient matrix

LQP — projected location quotient matrix
A" - projected national input coefficient matrix

This adjustment procedure, which is examined mocre closely in the
following section, implicitly assumes that all imports go to

intermediate demand.

The projected regional input coefficient matrices are then
postmultiplied by the corresponding projected regional final demand

vectors to form the forecasted gross output vectors.

P - raPyrP
XRY = RAPYR (3-44)

XrP - projected regional gross output vector
YrP - projected regional final demand vector

Although thils approach requires many stringent conditions 1n order to
insure its thecoretical validity, it is shown in the next section that
for most applications the procedure provides a reasonable approximation

to the true ghape of locational change.



6. Critical Discussion

This section contains a detailed discussion of the strengths and
weaknesses of the forecasting procedure introduced in the previous
section. Initially, the characteristics required of the projection
methodology will be covered. The discussion continues with an analysis
of the validity of the coefficient adjustment scheme, The consequences
and significance of each condlition imposed on the procedure are
presented next. The section concludes with a statement on the general
philosophy of the RIQOFS. In addition a numerical example, highlighting
the magnitude of error resulting from the invalidity of the principal
assumption adopted for the implimentation of the adjustment scheme, is

presented as an appendix to this chapter.

Project criteria

Assuming that the projection model is thecretically reasonable, the
principal criteria is the ease of implementation. Since the RIOFS was
designed for use by small study teams, data requirements must be limited
and solution procedures relatively simple. The long term nature of the
study also requires that the projection procedure have stable long run
properties. In addition, the methodcology should be amenable to scenario
analys=sls ;i.e., it should be easy to factor alternate assumptions,
parametera, and exogeneous variables into the model. As mentlioned in
Chapter I these characteristics are to some extent more important than
the exact theoretical validity of the methodoclogies, if strict adherance
to theory causes the study team to adopt models that do not make optimum

use of available information.
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The approach outlined in this chapter fulfills the above criteria.
Employment by industry, for both the region and nation, over some
historical time perliod is the principal raw data set required for the
procedure. The remaining data inputs are derived directly from other
steps in the system. Since employment is the only available proxy for
industrial locaticon that exiats on an indusatry and regional basis for
more than cne point in time, its use in the RIOFS represents a full
utilization of avallable information. The location quotient estimation
procedure, when programmed for sclution by computer, 1s relatively
simple. Employment forecasts are the output of a special program which
is discussed 1in detail in Chapter IV. Essentially the forecasts are
formed using simple multiple regression techniques, The exact form of
the forecasting equation is tallored to prevent the type of problems

that can occur in long term extrapolations.

In its computerized form the RIOFS regional adjustment model is
ideally sulted to scenarlio analysls since alternate values for any
variable used to define the location gquotient can easily be
incorporated. This is particularly relevant in the case of the

employment projections where alternative forecasts are often available,

Hence the adjustment procedure covered in this chapter fits the

general requirements for use in limited resource forecasting studies,.
The remainder of this section considers the theoretical reasonableness

of the approach. It is shown to be quite acceptable on this criteria.

Ad justment routine

The adjustment routine used to modify the national input ccefficient
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for trading has, up to this polnt, been assumed to be valid. Its

validity can be tested by applying a location quotient whose value ia

less than unity to a row of input coefficients.

r - LQia s all j (3-45)

ij
rij - adjusted (regional) coefficients
Multiplying this coefficient row by the appropriate levels of
regional gross output and adding regional final demand ylelds an
estimate of regional gross output. The equality of this estimate with

the known output proves the valldity of the procedure. In performing
this test, regional gross outputs are assumed to be given, and the
industry has peen validly identified as an importer. Let xi*be the
estimated regional gross output, which is equal to

*
- - -
Xy erijxj Yy (3-46)
= LQ:[ jaijxj + ¥yq
#
X - estimate of x

i i

LQiis equal to

(3-47)

a,,x ff a, X
ZJ 13 ] J i3]
under the assumptions stated earlier. The estimate xi* then becomes

X X

* i i
X = | == J..x.a, X (3-48)
: 25715%y /0 Zycay¥y | T
or
x % = ———z—-—— +y (3-49)
1 (Xf&gy%) 71
1j Jis national intermediate output, or'xi - Yi; hence,
X
¥ = 1 +y, (3-50)

1 -
X, (xi Yi)
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As discussed earlier in this chapter the valld determination of trade
orientation using location quotient {3-36) requires that the ratio of
internal final demand to gross output for each sector be the same in
both the region and the nation. That is

By ~ —;if;;f“ =1 (3-51)

This assumption was required to insure that insufficient or excessive

internal final demand did not invalidate the determination of trade

orientation yielded from examination of the value of the location
quotient (which only compares relative levels of gross output to
intermediate demand). Substituting this condition into the expression

for estimated gross output,

* _ ii (3-52)
i X * Yy
i
xi//yi or x Y, = X .y (3-53)
G Y 7Y 1 b B | i71
i// i
hence
X,y
* i1
- — — -
Xy x, xi Y4 (3-54)
-xi

Thus, when g, = 1, location quotient (3-37) will provide correct
identification of trade orientation and a valid row multiplier to adjust

the national input coefficients for this trade.
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The following discussaion considers the assumptions made to derive

this adjustment procedure.

Before considering the assumptions adopted to inaure the theoretical
validity of the regional adjustment and forecasting model, it is
important to reconsider its application within the total RIOFS.
Regional adjustment and forecasting represents a single step in a four
atep rescurce forecasting system consisting of technology projection,
trading pattern projection, final demand projlection and resource
coefficient projection. The first two areas, which are examined in this
study, have had almost no coverage in previous studies. Data
constraints have made it impossible to use other than approximate
methodologies. Despite these limitations, the models adcpted make use
of avallable information and produce reasonable estimates of future
conditions. The regional adjustment procedure, since it only is
utilized to modify certaln rows of the projected national input
coefficient matrices, must not be evaluated a= if it were the only step
in a conventional modification of an existing approach. Hence the
approximate nature of many of the assumptions discussed below does not
invalidate the entire approach which certainly is more tenable than

previous studies that assumed conditions of no charge.

Expliclit assumptions

The model described in the previous section rests on the validity of
five assumptions, four explicitly stated earlier and one implied in the
discussion. The four explicit assumptions are: (1) the region draws
first from internal production to satisfy intermediate and final demand;

(2) imports go exclusively to intermediate demand; (3) regional gross
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output to employment ratios by industry and total area are ldentical to
corresponding national ratios; and (4) the regional ratios of gross
output to final demand by sector are identical to the national ratios.
The one assumption implied, but not explicitly stated, in the
presentation of the RIOFS model, is the assumption that locational
change and thus trading pattern change is a slow moving long term

process,

The first assumption precludes the phencmenon known as cross hauling;
that is, the simultaneous exporting and importing of a commodity by a
particular region. 1In large well defined regions, such as the NAR, this
assumption should be approximately valid. Even if this were not true,
the data necessary to establish cross haullng patterns over a
statistically significant time period is not available. Even one time
point would be prohibitively expensive for all but the largest atudy

teams.

Assumption two relates to the adjuatment procedure, in that the
location quotients are applied to the intermediate input coefficients.
Alternate schemes would require explicit assumptions about the
relationship of regional final demand to intermediate output. Use of
national relationship of regional final demand to intermediate output
would constitute an approach to modifying the adjustment procedure.
Time constraints have made this additiconal work impractical for the
present study. Applications of the RIOFS c¢ould easlly incorporate
modifications of the ad justment process to reflect the proportion of

imports going to final demand.
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The third assumption was discussed in detail earlier in the chapter

in connection with the use of a location quotient of the form

P E P -
W ST e o
i j_.‘pL J 13 j_ll?_
as an estimate of xj xj
LoP = z":p T zx:" -, (3-56)
3713 3 J 13

Although the exact equality of xiif'eipto xig//Eipprovides knowledge

of x P

4! given the values of eip, X

7+ and E.”, the assumption is only
used in an approximate sense. Since the regional adjustment process is
utilized to provide an estimate of the shape of future trading patterns,
errors in this assumption are not as important as they would be if the
entire projection process depended upon the strict equality of regional
and national quasi-productivitiea, 1In addition, the adoption of this
assumption in the context of an lnput output system retains the
consistency between sectors that would be lost in an alternative
approach utilizing only the guasi-productivity ratios. Even 1f the
regional and national ratios are not identical, on the average they
should be approximately equal, since large divergences would produce
forces tending to reduce the differencea. Higher relative
quasi-productivity would produce higher relative wages which would
attract labor, thereby reducing quasi-productivity and equalizing the
ratios. Also the size of a region such as the NAR reflects itself, in
that national ratios of groas output to employment are significantly

affected by the regional ratios.
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The fourth explicit assumption requires that 31, which is defined by,

g, = —% E (3-57)

be equal to unity in order for the study location guotient to correctly
identify trade orientation and adjust for that trade., This condition
insures that the location quotient, which compares the ratios of gross
output to intermediate demand in the region and the nation, is not
invalidated by relatively high or low levels of regional internal final
demand. Although regional levels of internal final demand should be
distributed in a similar manner as national final demand, in general,
regional gross output will not be distributed in a similar manner as
national gross output. Hence 8y will not be unity in many sectors,
leading to estimation errors 1in those sectors. This problem, although
unsolvable in the context of the present study limitations, will in most
cases not cause significant errors in the output estimates of the high
resource using basic industries. The basic industries such as
chemicals, metals, textiles, and paper are primarily oriented towards
intermediate demand, and as shown below the estimation error is8 a
function of the national ratio of gross output to final demand. This
can be seen by reconsidering the expresasion for estimated gross output
(3-50).

x,Y (3-58)

1 (3-59)



84

Hence d1 will be smaller for industries that sell a relatively small
portion of thelr output to final demand. For industries selling
completely to intermediate demand di becomes zero and the estimation
error disappears. Table 2 presents, for the high water using
manufacturing sectors, data on the proportion of total output going to
final purchases. Except for food products, all of sectors sell less
than half theilr cutput to final demand. Since a significant portion of
the water used by food products goes into soft drinks and beer, both
local operations due to high transportation costs, the value of 8y for
this sector should be close to cne and the estimation error relatively
amall. Hence, although the identification and adjustment progess 1s not
an exact procedure, it will provide a close approximation for the basic

processing sectors,

TABLE 2
HIGH WATER USING SECTORS
RIOFS Industry National Final Demand
Sector as a percent of
National Gross Cutput
10 Food Products 72%
12 Textile Products 14%
16 Paper and Allied Products 149
18 Chemicals and Allied
Products 32%
19 Petroleum Refining 46%
23 Primary Metals 3%

Source: Department of Commerce

Implicit assumptions

Throughout the preceding discussion it has been ilmplicitly assumed
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that the locational change occura relatively slowly over extended
periocds of time. This allows it to be projected as a function of basic
demographic and economic variables. Many regional economists hold that
this assumption is true. For instance Borts and Stein [17] refer to
locational change as "glacler-like movements of reglional economic
development™. Harry Richardson [18] contends that "locational movement,
both of groups of individuals and of firms, tends to be long drawn out."
Perloff, Dunn, Lampard, and Muth [19] base a major portion of their
analysis on the assumption that "economic growth 1s an evolutionary
process where the seeds of future development are to be found in past

and present activities and deecisions",

The assumption that locational change 1s a slow moving process can be

examined in light of the earlier discussion as to the causes of
locational movements. Locationally important variables are: input
prices, transportation rates on inputs and final products, the
geographical location of material sources and final markets, production
functions, and demand functions. As mentioned at the beginning of this
chapter, varlations in these variables individually will occur slowly
since they depend on: the diffusion of technology in the input and
transportation industries, the discovery, explcitation and exhaustion of
natural resources, the diffusion of technology in the product industry,
and changes 1in consumer tastea. All of these factors tend to change
slowly. Hence the total effect on relative costs and revenues of

reglonal firms will be of a long-term nature.

Even if the net locational effect due to variations in the above

variables waa significant in the short run there are reasons to believe
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that the manifestation of this effect, in termsa of actual locational
change, would occur over a long period of time. Locational change for
individual firms is actually spatial adjustment to changes in factors
that alter the relative profitability of a particular location., In a
sense this ad justment 1s similar to the variation in productive
technique made by individual firms, to technological changes that alter
the relative profitabllity of a particular production method. In both
cases, the aggregate change will depend on the rate of diffusion of the
individual changes. That is, in the same way that existing technology
(as measured by the technical input coefficient) is actually a weighted
average of a temporal spectrum of techniques, existing industrial
location (as measured by the location quotient) is actually a weighted
average of a temporal spectrum of location decisions. More specifically,
as locationally important variables vary the relative profitability of
different locations will also change. The change in the relative
profitability of individual plants will depend on thelr present
locations, Plants will only change their location when the increased
profits resulting from the mcve more than offsets the initial cost of
the new plant. The first plants to move will be those with the worse
locaticns in terms of the present conditions. As the locationally
important factors continue to change, plants that had been profitable to
operate at their old locations are no longer profitable. Hence they are
scrapped, and the new plants relocated. This process of locational
change is similar to the diffusion process discussed in connection with
technological change. Hence even if the locationally relevant varliables
change significantly in the short-run, the location quotients, which

reflect the average location of an industry, will change =slowly over a
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long timespan.

The above discussion neglects the possibility that technological
change may alter the spatial adjustment procesa. That is, technological
change may make 1t profitable to inveat in a new plant before variations
in spatial factors neceasitate such investment. In this case the
locational adjustment will be speeded up, since once the investment
decision 1s made, the firm no longer has any ties to a particular
location and will build its "state of the art" plant in the locationally

optimal site.

Similarly, the earlier analysis of technological change neglected the
effect of locationally important factors. 1If a firm is induced to
change location, its new plant will not only be optimally located but

will also utilize "state of the art" equipment.

The similarity in the character of technological and locational
change allows both to be subjected to the same sort of sensitivity
testing. Chapter V considers the theory of the application of a number
of sensitivity routines to the problem of evaluating the importance of
technological and locatiocnal change. Time constraints made actual

empirical solution impossible,

The remainder of this chapter will consist of a statement on the
general philosophy of the present study under the existing conditions of
limited resources. In addition, a simple numerical example of the study
ad Justment procedure considered in this chapter is presented as an

appendix to this chapter.
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General philosophy

The models described in this and the previous chapter have many
limitations, These limitations have been explicitly stated and
discussed in detall. Despite the problems associated with the
forecasting procedures, the total project represents an advancement of
the atate of the art in regional analysis. As mentioned previously, no
existing study combines both technological and locational projection
into a regional forecasting system. This systems approach makes
scenario analysls possible, Examination of alternative long run
situations 1s particualarly vital when cne is making declsions on
projects that cost hundreds of millions of dellars and last for decades.
The RIOFS makes it possible to check the consequences of changes in any

part of the aystem whether positive or normative,

Since the study team in this case was limited to one individual, the
methodologies are necessarily only approximate in a theoretical sense.
The project must be considered as a demonstration case, in that an

attempt was made to use theoretically advanced theory in a computerized

forecasting system. Rather than limit the methodologles to crude
engineering estimates of eccnomic quantities in a static structure, the
RIOFS provides an example of the poasibilities that exlist when the

systems approach is combined with advanced economic theory,

This approach i1s continued in the last chapter where a number of
sensitivity procedures are presented., These routines allow one to
identify elements within the RIOFS that are critical to the final
results of the study. In this way a atudy team can apply its resources

in an optimal way. Time limitations have made it impossible to actually
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implement the procedures cn the RIOFS data setsa. Future atudies can

easily utilize these routines in their own analysis.

The next chapter details the entire RIOFS as it was run to test the
system. In addition, a discussion of the implicationa of both

forecasting models 1s discussed.



APPENDIX

This appendix illustratea the application of the study methodology to
a simple numerlcal problem. In addition the consequences of the

relaxation of certaln of model assumptions ia examined.

Let A be the national input coefficlient matrix,

0.2 0.2 0.2
A= 0.2 0.1 0.1 {3a-1)
0.0 0.2 0.1

A - national input coefficient matrix

Also let X and x represent national and regional levels of gross output

200 40
X = |400 X = 20 (3a-2)
200 20

X - national gross output vector

X - regional gross output vector

The gross output levels were chosen to represent significantly different

output distributions.

With this data and the assumption that the national eccnomy 1s

closed, national final and intermediate demand, and regional
intermediate demand can be derived. This is done by forming dollar flow
tablea for both the nation and the region. Assuming that the national

lnput coefficlents represent regional technology, it is true that,

= ¥ -
1y " Xyy/%y 7 %y % (3a-3)
aij - 1, jth national input coefficient
xij - national dollar flow from sector 1 to }
xj - national gross output,sector }
X - regilonal dollar flow from sector 1

1} to sector } from all sources

90
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xj ~ reglonal dollar gross output, sector J
hence
*13 7 2137 (3A-4)
X1 7 2% (3A-5)
and
40 80 0
FN = 40 40 20 {3A-6)
0 80 ZQJ
-
8 4 0
FR = 8 2 2 (3A-7)
0 4 2 |

FN - naticnal dollar flow table
FR ~ regional dollar flow table

Intermediate demand is formed by summing across the rows of the flow

tables,
120 12
Z =}100 z = |12 (3A-8B)
100 6

Z - national intermediate demand vector
z - regional intermediate demand vector

In a closed economy intermediate plus final demand will equal gross

output; hence national final demand is simply,

200 120 80
Y =X-2 400 - 100f = | 300 (3A-9)
200 100 100

Since the regional economy is not closed, a regional internal final

demand vector must be assumed. The sectoral distribution of this vector

is assumed to be similar to the national distribution.
18
yn = 15 (3A-10)
14

yn - regional internal final demand vector
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Given this vector, regional gross ocutput and intermediate demand, it is
possible to derive a regional trading vector. This 13 done by adding
intermediate demand to internal final demand, subtracting the result
from gross cutput, with negative balances representing imports and

positive balances representing exports.

x-(z+yn) = t

40 12 18 10
20 6 14 0 ( )

t - regional trading vector

Regional gross output is generated by total final demand from
whatever source. Hence regional final demand is equal to the sum of

internal final demand and export demand. Thus

28
yr = |15 (3A-12)
14

yr - total regional final demand vector
With the information derived above, it is possible to examine a
number of alternative sjituations. In order to evaluate the consequences
of the invalidity of the assumption that 32 is equal toc one, three
sjituations are considered., The gross output necessary to support total
regional final demand is derived using; (1) the national input
coefficient matrix, (2) the adjusted input coefficlent matrix with § =1,

2

and (3) the adjusted input coefficient matrix with S?-l.

(1) To derive the gross cutput necessary to support total regiocnal final
demand given the national input coefficlient matrix, the Leontief inverse

must be formed.
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1 1.3255 .3020 .0336
(I-A) - .3020 1.2081 L1432 (3A-13)
L0671 .2685 1.1409
(1-—A)—1 - Leontief Inverse

Sclving for gross output,

(I-A)-lyr = x

1.3255 .3020 .033¢6 28 42.1141
. 3020 1.2081 1432 15| = | 28.4564 (3A-14)
0671 .2685 1.1409 14 21.8792

The calculated gross cutputs are tooc high especially for industry
two, the aector known to be an importer. This results from the use of
the national input matrix which assumes a closed economy. Since the
regional economy in this example is not closed (industry two imports 7
units), the gross cutput estimates are blased upwards. In order to
adjust for this bilas, the input coefficients must be reduced to reflect
the extent that demand for products of sector two are met by imports;

that is, production in other reglons.

(2) The section location quotlients must be calculated in order to

identify the trade orlentation of each sector. The form of this

quotient 1s

X X
LQ i i (3A-15)

i - a,. x a,. X
25%15% 25155
Although this quotient is not available directly, it was shown earlier

that it can be estimated from employment and national gross output. To

aimplify this example the quotient will be used in its present form.

_ 40 12 (3A-16)
Ly " 102 /120 2.000
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20 12
LQ2 -1—2 /100 4167 {(3A-17)
LQ, = gg/__e_ = 1.6667 (3A-18)
3" 76 100

Industry twec, with a quotient less than one, 1s identifled as an

importer. To adjust the input ccefficlent matrix soc that 1t reflects
these imports, row two is multiplied byLQ1 , element by element. In
this sector the ratio of final demand to gross ocutput for the reqlon 1is
equal to the corresponding ratio in the nation. Hence the estimated
output levels should be identical to the actual levels. The regiocnal
ad justed matrix becomes

0.2000 0.2000 0.0000

AR = 0.0833 0.0417 0.0417 (3A-19)
0.0000 0.2000 0.1000

AR - regional 1input coefficient matrix

The regional internal flow table implied by this coefficlent matrix is

then,
8.0000 4.0000 2.0000
FRI = 3.3320 0.8334 0.8334 (34-20)
0.0000 4.00G0 2.0000

FRI - regional internal dollar flow table

Summing across the rows yields the intermediate cutput levels produced
within the region necessary to support total final demand for products

fabricated in the region.

zr = 5 (3A-21)

zr - intermediate output ( demand )
within the region

Adding total reglonal final demand to this vector should yield regional
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gross output if the adjustment procedure is working properly.
X 28 12 40
X = yr + zr 159+ | s]= |20 (3A-22)
4 6 20
To test this procedure, regional gross ocutput can be calculated
directly from the regiconal input coefficient matrix and total regional
final demand. Forming the Leontief inverse for the adjusted matrix and
postmultiplying it by total regional final demand results in esatimated
regiconal gross cutput,
~ -1 1.2780 0.2693 0.0125 28 40
x = (I-A) yr 0.1122 1.0773 0.0499 I15|=] 20 (3A-23)
0.0249 0.2394 1.1222 14 20
The regional adjusted input matrix AR ylelds gross ocutput estimates
that are identical to the actual assumed gross output levels. Hence,
this matrix is the appropriate matrix to utilize in deriving regional

gross output projections.

{(3) The consequences of the inequality of regional and national ratios
of gross output to final demand is examined under conditions of changing
levels of final demand for products of the importing sector. This
alters the ratio of regional gross output to¢ final demand and sc the
value of 82' without changing the location quotientsa. Each final demand
vector 1s premultiplied by the regional Leontief inverse to form a gross
ocutput vector. Table A-1 presents the results of this operation for
seven final demand vectors. Percentage errors are shown for each case.
The gross output to final demand ratios vary from 50% to 100% with the
value for which gz-l being 75%. 1In all cases the errors observed for
nonad justed sectors are insignificant. For the adjusted importing

industry the errors are larger, but tend to be less than the change in
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TABLE A-1

ALTERNATIVE ERROR SCENARIOS

Final Final Demand Z Change Gross

Cage # Demand Gross Output From 75% Output Error %
28 38.6533 - 3.4

1 10 .500 ~33.3 14,6133 - 2.6
14 18.8030 - 6.0

28 39.1920 - 2,0

2 12 . 600 -20.0 16.7680 -16.2
14 19.2818 - 3.6

28 39.7307 - 0.7

3 14 . 700 - 6.7 18.9227 - 5.4
14 19.7606 - 1.2

28 40.0000 0.0

[ 15 .750 0.0 20.0000 0.0
14 20,0000 0.0

28 40.2693 0.7

5 16 .800 6.7 21.0773 5.4
14 20.2394 1.2

28 40,8080 2.0

6 18 .900 20.0 23.2320 16.2
14 20.7182 3.6

28 41.3467 3.4

7 20 1.060 33.3 25.3867 26.9

14 21.1970 6.0
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gross ocutput to final demand ratios. Since the intial ratio of 75% is
very high, the magnitude of the observed errors represents an upper

limit.

This example does not show the exact consequences of By not being
equal to one. Such an exerclse would be very complex and beyond the
time constraints of this study. Despite this, it does indicate that the
invalldity of the assumption that gi-l will not necessarily produce

estimates of gross output that are significantly in error.
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CHAPTER IV
RESULTS

1. Introduction

This chapter presents a detalled discussion of the RIOFS in the
context of an actual forecasting problem., In contrast to the
thecretical analysis of chapters 1II and III, this chapter covers data
considerationa, computer programs and actual results of a practical

application of the models discussed in the study.

As mentioned numercous times in the preceding chaptersa, this study is=s
chiefly a test case of the efficiency of the systems approach to small
group forecasting efforts. Any weakness in the projection models used 1in

the present study dcoes not invalidate the overall meaning of the work.

The fact that a one man research effort could result in a complex
interrelated computerized aystem utilizing large amounts of primary data
in sophisticated forecaating models, is the prime result of this satudy.
Hence the actual numerical results are not as relevant to an evaluation
of the RIOFS, as ia the form of the system itaself, As discusaed
earlier, other projection models could have easily been substituted for
the present models. This would only change the actual results and not
the flexiblility of the system to test alternate parameters and
assumptions, Since the structure of the system is conaidered to be of
paramount importance, the data conslderations and numerical results are
discussed principally in relation to their position in the overall

atructure of the RIQFS,

The remainder of this chapter containa a step by satep presentation of

the RIOFS. Section two presents a summary of the overall structure of
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the system, The next section discusses the implimentation of the
technological projection model covered in chapter II. Section four
detalls the system and data utilized to project employment. The fifth
section presents a detailed discuasion of the program that accepts the
forecasted national coefficient matrices and employment vectors to form
projected location quotients and gross output vectors, Section six
demonstrates the flexibility of the RIOFS by presenting and comparing a
set of output vectors based on alternative assumption patterns.
Following these results is a summary section which discusses the overall
meaning of the RIOFS in relation to the requirements of a study of its
type. In addition, two appendices are included at the end of the next
chapter. The first is a data appendix, and the second contains the

principal computer programs conprising the RIOFS,



2. Overall Structure

The RIOFS was designed in a modular {sub-system) format to faciliate
alterations in its structure. Essentially the system can be considered
to consiat of three modules., Module one contains the programs for
forecasting technological change in the direct coefficients. The second
module represents the trading pattern projection routines. Module
number three consists of the sclution and evaluation procedures that
combine the ocutput of the technological and trading pattern projection
sub-systems. Figure 1 displays the modular atructure of the RIOFS.

Each module contains a number of computer programs that manipulate large
quantities of data according to the theoretical models discussed in
chapters two and three. Since the detailed structure of the RIOFS is
somewhat ccmplex, the remainder of this sectlion conaists of an outline
of the cperations and flows for each sub-system. Relevant data

conaiderationa are covered in latter sections.

(1) In order to project technological change two widely separated

input coefficient matrices had to be formed. Since the sectoral

aggregation used for the RIOFS 1a different than that published by
the Office of Business Economics (OBE), the OBE matricea had to be
aggregated. In order to do this the OBE coefficlient matrices were
tranaformed into dollar flow tables, reaggregated, and then
retransformed into direct coefficient matrices. Since one of the
OBE matrices was not available on a constant dollar basis, it had
to be deflated. The resulting direct coefficlient matrices were
then used to form three projected coefficient matrices according
to the forecasting methodology described in Chapter 1I. Figure 2

displays the operational flow of sub-system one.
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(2) Sub-system two is concerned with trading pattern projecticen.
As discussed 1in Chapter III, relative levels of employment are the
primary determining variables in forecasting locational change and
the structure of regional external trade. The actual location
quotients, since they are a function of variables formed in module
one are derived within the third module. The employment data
which is available on a cross sectional basis by industry and
state for a number of time periods, is first aggregated tc the
regional level and then transposed into time serles form. Each
time series represents regional employment in a particular
industry for a number of time periods. Similar data is derived on
the national level. Regional and naticnal employment, by industry
is then forecasted as a function of a number of basic economic and
demographic variables, Figure 3 illustrates the operational flow

of module two.

(3) The results of modules one and two are combined in the third
module to form a number of alternative forecasts. The location
quotients are calculated as an intermediate step in the production
of these forecasts. The alternative forecasts which are detailed
later in the chapter are based on a spectrum of assumptions that

clarify the effect of each step in the RIQOFS projection procedure.

This clarification is facilitated by the cross comparisons made
between the alternatives. Figure 4 illustrates the structure of

thia sub-system.

The next three sectlons present detailed discuasions of the
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sub-systems outlined above. The princlpal concern of these sections is
the practical aspects of applying the RIOFS to an actual problem. To
illustrate the flexibility of the RIOFS, suggestions as to alterations

in the system are included in each section.



3. Technologlial Change In

Direct Coefficlents

Figure 2 describes the operational flow of the forecasting sub-sysatem
in Chapter 11, The primary output of the module is a set of three

direct coefficient matrices: one for each of the three target years,

1980, 2000, and 2020.

The principal input matrices to the projection model are the 1947 and
1963 national direct coefficient matrices. These two years represent

the longest time span available for two consistent coefficlent tables.
The 1947 matrix was obtained from the offices of Ms. Beatrice Vicarra at
the Census Bureau. It is a reworked version of the original 1947 study
[1], made consistent with the 1958 study [2], in both sectoral
aggregation and base prices. The 1963 coefficient matrix was taken

directly from the published article. This matrix is aggregated in a

manner consistent with the 1958 study and hence is also consistent with
the 1947 table. The 1963 table was only available on a current price

basis and thus required deflation for complete consistency with the 1947

matrix. A set of unpublished sectoral deflators was obtained from the
OBE to accomplish the adjustment from 1963 prices to 1958 prices. Since
these prices were only available on a two diglit Standard Industrial
Classification (SIC) (3] basis, the price adjustment routine was applied
after the coefficlient matrices were aggregated toc the scheme used in the
RIOFS. The RIOFS sector categories and the aggregation routine utilized

to derive them is deacribed below.

Since the final goal of the atudy was to forecast water intake, the

sector aggregation utilized had to be consistent with the sources for
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data on water usage. The only source for industrial water intake
figures by state for a number of time points {4] is organized on a two
digit SIC pasis. These two digit categories provide the primary sector

categories for the RIOFS. Table 1 displays the RIOFS industry

categories with cross references to SIC and OBE input output groupings.

Aggregation of the coefficient matrices requires a number of simple

tranaformations. Initially each matrix was transformed into flow form.

Since,
X
a = _—11
1] xj (4-1)
a .- input coefficient, sector 1 to sector J
xij - deollar flow, sector 1 to sector j
xj-1 - gross dollar output, sector j

the flow matrix elements are simply,

X = a

i3 %137y (4-2)

Given flow tables for 1947 and 1963 on an 81 sector OBE basis, the
aggregation routine was used to transform each into a 37 sector RIOFS
basis table. To illustrate the aggregation process, assume that the
original flow table consists of three sectors. A new table with two
sectors, sector one being the sum of sectors one and two, i3 deaired,

The aggregation is a two step procedure,

1 2 3 X

i 10 20 30 60
2 20 10 40 70
3 10 30 50 90
STEP I
1 2 X
J
1 30 30 ol
2 30 40 70
3 40 50 30




RIOFS
Sector

1

2

10

11

12

13

14

15

16

17

18

19

20

21

22

OBF
Sector

1
2

3,4

5,6

9,10

11,12

13
14
15
16,17
18,19
20,21
22,23
24,25
26
27-30
31
32

33,34

35,36

S1C
Sector

1,2

7-9

10

11,12
13

14

15-17

19
20
21
22
23
24
25
26
27
28
29
30

31

32
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TABLE 1
SECTOR DEFINITIONS

Deacription

Livestock and livestock products
Other agricultural products

Foreatry and Fishery products and
services

Iron, Ferroalloy and nonferrous
metal ore mining

Coal
Crude petroleum and natural gas

Stone, c¢lay, chemical and fertilizer
mining

New Construction, maintenance and
repair construction

Ordinance and accessories

Food and kindred products

Tobacco manufacturing

Textile products

Apparel

Lumber and wood products

Household furniture

Paper and allied products

Printing and publishing

Chemicals and allied products

Petroleum refining and related industries
Rubber and miscellaneous plastic products

Leather tanning and industrial related
products

Glass and glass products, stone and
clay products



RIOFS
Sector

23

24
25
26
27
28
29

30

3l
32
33
34
35
36

37

OBE
Sector

37,38

39-42
43-52
53-58
59-61
62,63
64

68

65-67
69
70,71
72-77
78
79

81
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TABLE 1 {(Con't)

S5IC
Sector

33

34
5
36
37
38
39

49

40-49
50-59
60-67
70-89
NA
NA

NA

Description
Primary iron and steel and nonferrous
metal manufacturing
Fabricated metal products
Machinery, except electrical
Electrical machinery
Transportation equipment
Scientific and Controlling instruments
Miscellaneous manufacturing

Electric, gas, water, and sanitary
services

Communications

Wholesale and retail trade

Finance, insurance and real estate
Services

Federal Government enterprizes

State and Local Government enterprizes

Business travel, entertainment and gifts
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STEP 11

1 2 X
60 70
2 40 50 90

After both matrices were aggregated tc 37 sectors they were

e

retransformed into coefficient form by dividing each flow element by the

gross output of the corresponding column. That is,

a - Xy (4=3)
ij —;1
|
As mentioned, the 1963 matrix was not available in 1958 prices.

Since price deflators were available on a two diglt level, 1t was
possible to deflate the aggregated 1963 matrix. The deflated input

coefficient is derived according to

4, 4
13 7 fup (4-4)
a, d- deflated input coefficient
aiJ - input coefficient in current period
Pi'1 - price deflator, sector 1
Pj - price deflator, sBector j

All the above operations are simple matrix transformations which were
done in a computer program called ADJUST, ADJUST 1s3 a modified form of
a multi~purpose matrix manipulation program developed at the Lawrence
Ration Laboratory computer center [5]. Since the program is similar to

programs available on moat systems it is not included in the appendix.

The two 3T sector constant dollar input coefficient matrices
conatituted the principal inputs toc the coefficlent projection program,
PROJECT. This program produces coefficient matrices for 1980, 2000, and

2020 in 1958 dollars (included in the data appendix). It operates
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according to the prejection procedure discussed in Chapter II. Given

input matrices for 1947 and 1963. Let

C47 - column sum vector, 1947 input coefficients

C63 - column sum vector, 1963 input coefficients

prob (z:ngg) - ng (4-5)

prob (z<T ") = C (4-6)
z - vector of standardized normal varilables

TA?- vector of values satisfying (4-5)

T63— vector of values satisfying (4-6)

The projected value of T is

™ = 147 & t(T63—T4?) (4-7)

t = (future year - 1963)/16 (4-8)

Equation (4-7) represents a linear extrapolation of the changes
occurring during the period of actual observation. The value of t 1s a
linear function of the number of time periods making up the forecast
span. Since the basic time perlod defined by the observations is 16

years, the values of t are,

1980 _ y7/16 = 1.0625 (4-9)

72000 © 37,16 = 2.3125 (4-10)

72020 | 57/16 = 3,5625 (4-11)
Hence

71980 o 147 4 10625 (1®3-1%7) (4-12)

72000 _ 47 4 5 3125 (r®3-1%7) (4-13)

72020 | 187 4 3 5625 (1®3-1%7) (4-14)

Given the T values, corresponding values for c are derived from the
normal distribution function as the probability of obtalning these

values are; i.e.,

C80 = prob (zngBD) (4~15)
c% = prob (ze1%9) (4-16)
20 20

C = prob (z<T ) (4-17)
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ng = ¢column sum vector, 1980 input coefficients

C20 = column sum vector, 2000 input coefficients
C - column sum vector, 2020 input coefficients

These projected column sum vectors are used to adjust the 1963
coefficlient matrix so that the column suma of each forecasted matrix are
equal to the sums derived in (#-14) to (4=16), Letting < > represent a

diagonalized matrix, the projected matrices are then,

ASO - A63<C80><(:63>-1 (4-18)
00 63 00 63:>-1
A0 = 463K C20 2<Ce32 ) (4-19)
AT = A T DL (4-20)
Agg - input coefficient macrix, 1963
AOO ~ input ccefficient matrix, 1980
A20 - input coefficient matrix, 2000
A - input coefficient matrix, 2020

If 1 represents the unit vector, it is true that

Aggi - cgg (4-21)
Ayol = Cyp (4-22)
A“"y = ¢ (4-23)

The three matrices nBO ’ AOO , and A?O form the cutput from module

one of the RIOFS. With the projected employment vectors from module
two, which 1s discussed in the next section, they comprise the primary

input data set for module three.



4, Regional Trading Projection

Sub-section two which is described in this section, does not itself
produce projections of regicnal trading patterns. The location
guotients that are utilized to adjust the coefficient matrices for
trade, are functions of projected levels of national gross output and
projected levels of national input coefficients as well as relative
employment levels. Hence the actual projection of regional trading as
represented by location quotients is accomplished in module 3 (see
figure 4). Figure 3 displays the principal operations performed in
module 2, The output of this sub-system consists of two sets of
projected employment vectors; one for the region and one for the nation.
As discussed in Chapter III the total output of this module or any

subset of the output could be substituted for by 1ndependent forecasts.

In order to form employment projections that corresponded to the
RIOFS sectors, a sultable data source had to be found. The only source
consistent with the requirements of the RIOFS is County Business

Patterns [6]. Data was available by state and two diglt SIC sectors for

ten data points between the years 1948 and 1969. This data base can

easily be extended aa more years become available.

The employment data was compiled into 43 two digit SIC groups by

atate (see table 2), which w=re then aggregated first across states and

then into the 37 RIOFS categories. Although the following discussion

will proceed as if data existed for all 37 sectors, it was possible to
only obtain information for 32 sectors. Data for sectors one and two

{livestock and agricultural products) and sectors 35, 36, and 37 (state

and local, and federal enterprises, and business travel, entertainment

llé
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TABLE 2

STATES IN THE NAR

Maine

New Hampshire
Vermont
Massachusetts
Rhode Island
Connecticut
New York

New Jersey
Pennsylvania
Delaware
Maryland

West Virginia

District of Columbia
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and gifts) was not available on a consistent basis with sectors 3
through 34. In addition, ranching and farming have special
characteristicas that make resource, especially water intake, estimation
more appropriate for independent study. Sectors 35, 36, and 37 also are
not typical in that the government enterprise sectors have no clear
measures of output, and business travel, entertainment and gifts is a

proxy industry for estimation errors in the cother sectors.

The aggregation from 43 to 37 sectors was done for each of the ten
cbservation years in the program AGG, whose output consisted of 20, 37
element vectors, ten vectors for regional employment and ten vectors for

national employment.

The rest of the projection procedure is accomplished in the program
entitled EMPROJ. Essentially this program first transforms the 37
element vectors, cne for each year, intoc 10 element time series vectors,
one for each sector, These time series vectors; 37 for the region and
37 for the nation, make up the dependent variable set. This set of
dependent variables and a set of independent variables is then
transformed into a form that prevents the projection process from
becoming explosive. Regreasions are then run and the resulting
parameter estimates are utilized to produce employment forecasts. These
results are then tested for consistency. Since the actual program 1s
more complex than the above description, a detailed flow chart is shown

in Figure 5.

Box 1 refers to the employment vectors that are the output of program

AGG. At this point in the program they are in cross sectional form; two
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FIGURE 8
PROGRAM EMPROJ
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37 element vectors by sector for each year, one for the region and one
for the nation. Boxes 2 and 3 represent the transformation procedure
that yields 74 time series vectors of dependent variables suitable for

regression analysis. This data set 1s included as Table A-1 and A-2 in

appendix A.

The independent variables utilized to estimate forecasting equations
for employment are shown in boxes 4 and 5. This independent variable
data set consists of past and future values of population, personal
income and time for both the region and the nation. Although many other
variables might influence future employment trends, it is important in
forming a forecasting model to choose independent variables that can be
projected with reasonable confidence., Particularly when projecting far
intoc the future only the broad aggregate economic measures can be
forecasted with any confidence. In addition toc the above rationale,
regional and naticnal projections of population and perscnal income were
made by the OBE for the original NAR study. Hence the choice of
population, personal income, and time as independent variables are
justifiable on both practical and theoretical grounds. The historical
variables are included as table A-«3 and the projected variables, table

A-U4 in appendix A.

Boxes 6§ through 10 refer to the variable transformations that were
necessary to prevent the employment projections from taking unreasonable
valuea, Although the employment forecasts could have been done on an
individual industry by industry basls, the limited nature of the study
made a consistent forecasting methodology esaential. Due to the

excessive computation cost and general 1inavallability of nonlinear
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regreasion programs, ordinary least squares regressions were utilized.
Within the context of the above restrictions, a number of nonlinear
forma can be eatimated by the use of appropriate transformations,
Initial tests utilizing simple least squares without variable
tranaformations yielded negative forecast results for a number of series
that exhibited relatively sharp declines over the observation pericd.

In addition the estimated relationships for industries that showed
relatively sharp increases over the historical period produced
extraordinarily high projected employment levels for 2000 and 2020. 1In
essence, the untransaformed simple least squares regressions were

explosive, both upward and downward.

To remedy the situation a number of transformations were tested.
Semilog. double log and reciprocal transformationas ameliorated the
problem, but a small number of sectors still had negative employment
levels in 2020. The problem was solved by the adoption of a
logarithmic, reciprocal tranaformation. In this tranaformation the
independent variable was replaced by ita log value while the dependent
variables were substituted for by their reciprocals. In addition to
alleviating the explosive character of the projections, the test ratios
represented in boxes 15 and 16 and discussed below, took on more

reasonable values than in previous cases.

Since it was impossible to estimate each of the 74 relaticnships on
an industry by industry basis within the given time and staff

limitationa, a stepwise regression was adopted. The operation of this
routine is shown in boxes 1%t and 12. In addition to the maintenance of

a high level of automation, the step-wise regression approach eliminates
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the difficult judgmental decisions required in ordinary regression
programs. As mentioned numerous times, the preceding approach does not

preclude the incorporation of outside estimates for certaln sectors,

although care must be taken to maintain consistency.

Since all of the independent variables contain positive long term
trends they tend to be colinear. Test runs using low mininum
significance requirements for variable inclusion tended to produce
unstable results in certain cases where more than one variable was
included. In order to eliminate this problem, the final runa only
accepted variables that were significant at the 98% level. Hence in
most cases only one independent was included in the eatimated
relationship. In cases where no varlable is significant, the average
value over the observation perlod 1s assumed to hold for the forecast

period.

Boxes 13 and 14 refer to the projection process in which the
projected independent variables are combined with estimated

relationships to form employment forecasts., Since the dependent

variable is in log form 1t must be tranaformed back into employment
form. Tables 3 and 4 display the employment levels for regional and

national industries in 1963, 1980, 2000, and 2020,

The last two boxes, 15 and 16, are concerned with the consistency of
the employment projectiona. In order to test the results of the
forecast procedure for overall reasonableness, the ratioc of total

regional employment to total national employment was compiled over both

the historical and forecast period. The results of this calculation are

shown in table 5. Over this historical period the ratios exhibit a
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TABLE 3

PROJECTED EMPLOYMENT-REGION

Reglonal
Employment
1963

0.

0.
33813.
4941.
86179.
8357.
19141.
839471,
21486.
427311.
25454,
279984.
680685.
93981.
112917.
221103.
3810Q76.
303534,
29026.
162171.
198967.
192785.
442976.
367085.
497180,
601373.
370230.
174380.
202126.
188746.
g861810.
3792733.
1105405.
2631463.
0.

0.

0.

Regional Regional
Employment Employment
1963 2000
0. 0.
0. 0.
58407. 95755.
6565. 6565.
32602, 13646.
4488, 2706,
20669, 20669,
921379, 992608,
35487. 35487.
421628, 421628.
16760. 11716.
174133. 106632.
627920, 568889.
74579. 58555.
116514, 116514,
240585, 226445.
455902, 493049.
319488, 319488,
15253. 8351.
270080. 417006.
175456, 151568.
189439, 180405,
499125, 499125.
394221. 394221,
543260. 543260.
B04244 . 914964,
377263. 377263.
220219. 234590.
179777. 147877.
176140. 165696.
B62711. B62711.
4540000. 4906693.
1462745, 1681994.
5022242, 8867244,
0. 0.
0. 0.
0. 0.

Regional
Employment
2020

0.

0.
156574.
6565.
5738.
1635.
20669.
1027609.
35487.
421628.
8206.
65467 .
515678.
46034,
116514.
196124,
511353.
319488,
4587.
642378.
131034.
171845,
499125,
394221.
543260.
971567.
377263.
241594,
121763,
155922.
862711.
5087300.
1794950.
15608817.
0.

0.

0.
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TABLE 4

PROJECTED EMPLOYMENT-NATION

National
Employment
1963

0.

0.
141093,
71767.
140346.
223147,
106001.
2571423,
242942,
1538558.
75243.

857328.
1279624.
565328.
380044.
583678.
925385.
748293.
150581.
417365.
325985.
563427.
1151851.
1080182,
1527567,
1465767,
1627597.
310537.
369608.
586047,
2470762,
11900935.
2914936,
7288254.
0.

0.

0.

National
Employment

1980

0.

c.
265163,
67288,
63896.
251380.
108443,
3181969.
414049,
1700212.

61472,
704810.
1382122,
455424,
431497,
709134,
1149958,
854225.
110281,
749496,
298881.
619383,
1244786,
1125158.
1641075,
2296868,
1681994,
424446.
424732,
635194.
2480748.
15339601,
4269492,
15908863.
0.

0.

Q.

National
Employment

2000

0.
0.
368724,
55863.
55863.
251830.
108804.
2597965.
515059,
1861596.
55947.
366336,
1162122,
253470,
322520.
770393,
1269986,
676282.
787139.
1003605.
261698.
646382.
1244786.
1125158,
1641075.
2831442,
1681994,
474034,
424732,
657691.
2480748,
13881840.
5196765
35016177.
0.
0.
0.

National
Employment
2020

0.

0.
427293.
48703,
14570.
251830.
108966.
2000920.
583892,
1990289.
53641.
200121.
953205.
147745,
232295.
799469,
1327632,
518604,
61424,
1143568,
237284,
658831.
1244786,
1125158.
1641075.
3109130.
1681994,
498042,
424732,
668006.
2480748,
11680616.
5674139,
62758833,
0.

0.

0.
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TABLE 5

REGIONAL TO NATIONAL EMPLOYMENT RATIOS

YEAR REGIONAL EMPLOYMENT
NATIONAL EMPLOYMENT

1948 0.3849

1951 0.3761

1953 0.3679

1956 0.3551

1959 0.3542

1962 0.3494

1964 G.3443

1965 0.3416

1967 0.3338

1969 0.3242

1980 0.3155

2000 0.3006

2020 0.2966
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downward movement. This corresponds to above average growth of the West
and Far West over the period. The forecasted ratios show a continuation
of this downward trend reflecting the expected relative decline of the

NAR as a center of employment.

The employment vectors derived in the sub-system described above are
combined with forecasted national input coefficients formed in module
one and the projected quasi-productivities, to compute location quotients
which are then utilized to adjust the coefficient matrices for changing
patterns or regional trade. This process 1s described in the next

section.



5. Module Three

Module three 1s described in this section. It detalls the
operational flow of this subsystem. Since this study is primarily
a test of the suitability of the systems approach to complex forecasting
problems in the context of stringent time and staff constraints, the
presentation of the results in the next section is somewhat limited.
Inictially the overall structure of module three will be discussed.

A detalled discuasion of the operational flow of the module follows.

Overall structure

Module three consists of one computer program. This program, FINAL,
is a complex FORTRAN routine consisting of over one thousand statements,
and requiring 140 thousand words of central core memory. It is
structured sc that modifications allowing it to be run on smaller
computers can easily be made.

The general operational flow of program final is shown in Figure 4.
Essentially the program utilizes the projected coefficlent matrices and
employment vectors formed in Modules 1 and 2 to form a number of
regional gross output vectors. In order to derive these vectors,
regional final demand vectors are computed from given levels of total
regional and national gross output, employment, and input coefficients.
The location quotients are combined with projected coefficient matrices

to derive the adjusted or regional input coefficient matrices.

Five alternative scenarios are examined within the program. The

alternatives are designed so that cross comparisons between the

127
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scenarios provide information on the consequences of the projected
changes in technoclogy and industrial location. Three of the
alternatives are formed utilizing the regional input coefficient
matrices while the remaining two are calculated from the unadjusted
matrices. Detailed descriptions of the assumptions underlying each

scenario are presented in the next section.
Detailed operational flow

Figure 6 shows a detailed flow chart of program FINAL. Boxes (1)
through (6) refer to the procedure utilized to compute the national and
regional final demand vectors. As mentioned in Chapter I, extensive
research has been done in the area of final demand forecasting. Rather
than reproduce these efforts, the RIOFS accepts the total regiocnal and
national final demand (gross national product) projections made by the
OBE for the original NAR study {box 1). Total final demand figures must
be distributed across the relevant 1lndustry sectors to form the regional
and national final demand vectors. To conserve time it was assumed that
the naticnal final demand industry proportions observed in 1963 (box 2)
would continue to hold throughout the forecast period for both the
region and the nation. Hence for any year (box 3)

Y = GNP * YPCT (4-24)
YR = RGNP * YPCT (4-25}

* - multiplication symbol
Y - national final demand vector

GNP - tota&cﬂ§tional final demand (gross national

pro
YPCT - 1963 industry proportion vector

YR - regional final demand vector
RGNP -

total regional final demand (gross national
productg
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Boxes (4) and (5) refer to the vectors Y and YR. Alternate assumptions
about the levels or distribution of final demand can easily be
incorporated into this formulation. The actual data set is iIncluded as

Table A-5 and A-6 in the data appendix.

The location quotients are formed in the routine represented by boxes
(6) through (11). Each quotient is & function of projected national
gross output by induatry (box 8), projected regional and natjonal
employment by industry (box 9), and the forecasted input coefficients

(box 6). The quotient for industry i in year p has the form,

P p

1 Ey (4-26)

xjp X P

PP _J p.p _J

SNLIS K 25%5 % T
j

LQ -

I

This formulation allows any set of employment forecasts to be tested by

a simple input substitution.

Table 6 displays the location quotient vectors for 1963, 1980, 2000,
and 2020 (box 11). Since no data was avalilable, sectors 1 and 2, and 35
through 37 were assumed to have quotients equal to unity. Industries
showing import orientation at some time during the study time frame are
shown in table 7. Starred sectors have location quotients significantly
different from one. Petroleum production in the NAR, both at the crude
(sector 6) and the refined (sector 19) stage, is shown to be
particularly inadequate ag compared to the needs of the region. This
gap continues to grow during the forecast pericd. Recent evidence of
0il and natural gas reserves off the Atlantic Coast could influence the

rate of decline of the location quotients for sectors 6 and 19.

Textiles (12) and paper (i6) exhibit continued movement of productive

facilities out of the region during the study time frame. Due to the
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TABLE 6
LOCATION QUOTIENTS

Location Location Location Location
Quotient Quotient Quotient Quotient
Sector 1963 1980 2000 2020
1 1.0000 1.0000 1.0000 1.0000
2 1.0000 1.0000 1.0000 1.0000
3 0.9819 0.9298 0.9378 1.0000
4 0.2009 0.2707 0.3242 0.3680
5 1.0C00 1.0000 1.0000 1.0000
6 0.1748 0.1033 0.0561 0.0362
7 0.5200 0.6009 0.5546 0.5467
8 0.9188 0.8868 1.0000 1.0000
9 0.3388 0.13634 0.3322 0.32631
10 0.9446 0.9361 0.9149 0.8933
11 0.9997 0.9979 0.9929 0.9842
12 0.7672 0.6790 0.7193 0.6866
13 1.0000 1.0000 1.0000 1.0000
14 0.5923 0.6133 0.7242 0.8964
15 0.8822 0.8840 1.0000 1.0000
16 1.0000 1.0000 0.9108 0.7761
17 1.0000 1.0000 1.0000 1.0000
18 1.0000 1.0000 1.0000 1.000606
19 Q.5957 0.4545 0.3226 0.2237
20 1.0000 1.0000 1.0000 1.0000
21 1.0000 1.0000 1.0000 1.0000
22 1.0000 1.0000 0.8704 0.8054
23 1.0000 1.0000 1.0000 1.0000
24 1.6000 1.0000 1.0000 1.0000
25 1.0000 1.0000 1.0000 1.0000
26 1.0000 1.0000 1.0600 1.0000
27 0.9570 0.9789 1.0000 1.0000
28 1.0000 1.0000 1.0000 1.0000
29 1.0000 1.0000 1.0000 0.9870
30 0.9647 0.9119 0.8734 0.8213
31 1.0000 1.0000 1.0000 1.0000
32 0.9311 0.9444 1.00600 1.0000
33 1.0000 1.0000 1.0000 1.0000
34 1.0000 0.9999 0.8531 0.8584
35 1.0000 1.0000 1.0000 1.0000
36 1.0000 1.0000 1.0000 1.0000

37 1.0000 1.0000 1.0000 1.0000
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Sector

10
11
12
14
15
16

19

22

27
29

30

32

34
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TABLE 7

SECTORS SHOWING IMPORT ORIENTATION

Description
Foreatry and Fishery Products

Iron, Ferroallow and Non-
Ferrous mining *

Crude petroleum and natural
gas *

Stone, clay, glass and
fertilizer mining *

New construction, maintenance
and repair construction

Ordinance and accessories *
Food and kindred products
Tobacco manufacturing
Textile products %

Lumber and wood products *
Household furniture

Paper and allied products

Petroleum refining and related
industries *

Glass products, stone and
clay products *

Transportation equipment
Miscellaneous manufacturing

Electric, gas, water and
sanitary services *

Wholesale and retail trade

Services

LQ263
0.9819

0.2009

0.1748

0.5200

0.9188

0.3388
0.9446
0.9997
0.7672
0.5923
0.8822
1.0000

0.5957

1.0000

0.9570
1.0000

0.9467

0.9311

1.0000

LQ280
0.9298

0.2707

0.1033

0.6009

0.8868

0.3634
0.9361
0.9979
0.67%0
0.6133
0.8840
1.0000

0.4545

1.0000

0.9789
1.0000

0.9119

0.9444

0.9999

L.Q200
0.9378

0.3242

0.0561

0.5546

1.0000

0.3322
0.9149
0.9929
0.7193
0.7242
1.0000
0.8704

0.3226

0.8704

1.0000
1.0000

0.8734

1.0000

0.8531

LQ220
1.0000

0.3680

0.0362

0.5467

1.0000

0.3263
0.8933
0.9842
0.6866
0.8964
1.0000
0.8054

0.2237

0.8054

1.0000
0.9870

0.8213

1.0000

0.8584
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large amount of water used by these sectors the movement shown has

important implications for future water supply project construction.

Although the mining sectors, metals (4) and the stone, clay and glass
group (7), display strong import orientation, both become less dependent

on the imports during the forecast pericod.

Cther major sectors showing significant movements towards strong
import orientatlion are the public utilities (30) and the stone, clay,

and glass group (22).

Two related sectors, lumber and wood products (14) and household

furniture (15), become less import oriented in the future.

The effects on regional gross output of the extent and changes in
import orientation,as represented by the location gquotients is described
at the end of this section. But at thls time,it is clear that these

effects will be sirsnificant for both water supply needs and other basic

resource requirements.

Boxes (12) and (13) represent the formulation of the projected
adjusted or regional coefficient matrices, The regional coefficient
matrix for any year is calculated as,

RA = LQ*A (4-27)

RA - regilonal (adjusted) input coefficient matrix

LQ - diagonal matrix with ith diagonal element
being LQ,

A - national input coefficient matrix

The last two number boxes in Figure 6, (14) and (15}, refer to the

calculation of the gross output vectors. Box (14) shows the computation
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process utilized to form the three alternate gross cutput sets that
assume some type of adjustment for regional trade. These vector sets
are designated as A, C, and D. The remaining two vector sets, B and N,
which are formed in process box {(15), utilize the unadjusted national

coefficient matrices.

The five scenarios examined in program FINAL were chosen to test the
consequences of applying the projection methodologies discussed in
chapters II and IIl to a test case. In addition to this type of
teating, the aystem is suited to the examination of a particular
methodology under alternative forecasts of general economic activity.
Since long run projections of even relatively stable variables such as
pcpulation are subject to significant errors, it is vital to forecast
under a number of assumed conditions. This provides a range of
scolutions that allows cost benefit evaluations tc be made in a more

realistic setting.

The five alternative gross output data sets and the comparison

routine shown at the bottom of Figure 6 are discussed 1n detail in the

next section.



6. Results
Intreduction

Table 8 displays the computation formulas for each alternative gross
output data set. The general formula for the scenarios utilizing input
coefficient matrices adjusted for reglional trade is,

XZ_.= RA_X YR (4-28)
RA __= (I-Ra__)"1 (4-29)

with Z representing the scenario type, either A,C, or D. and the last

two places of each neumonic indicating the time period (full dates are
included in data tables), i.e.;
63-1963
80-1980
00=-2000
20-2020
For scenarios using the unadjusted input matrices the general

formulation is,

XZ_._= A_L* ¥R (4-30)
-1
A__= (I-a_) (4-31)

with Z being either B or N, representing the national input

coefficlent matrices,

Since the quantity of output produced by program FINAL 1s

particularly large, this section is divided into two parts to simplify

the presentation. Initially the assumption set utilized to fbrm each

scenarlo is discussed. In as much as 1t is difficult tec interpret the
meaning of a set of vectors in level form, the actual output are not

discussed and are only included in the data appendix.
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ADJUSTED FOR REGIONAL TRADE

SENARIQ

XA63 = RA63

XA80 = RAS80
XAQ00 = RAQO
XA20 = RAZ20

SENARIO

XC63 = RA63

XCBO = RAS80
XC00 = RAOO
XC20 = RAZ20

SENARIO
XD63 = RA63
XC80 = RA63
XCO0 = RA63
XC20 = RA63

* * ¥ X0 * * X FiD>

* 3+ 3 %02

YR63
YR80
YRGO
YR20

YR63
YR63
YR63
YR63

YR63
YRBO
YROO
YR20
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TABLE 8
SCENARIO DESCRIPTIONS

UNADJUSTED
SENARIO B
XB63 = A63 * YR63
XBBO = A63 * YR80
XBOO = A63 * YROO
XB20 = A63 * YR20
SENARIO N

XN63 = A63 * YR63
XN8D = A80 * YR80
KNOQ = AQ0 * YROO
XN20 = A20 * YR20
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In order to faclilitate the evaluation, absolute and percentage
differences were calculated for a number of logical paired alternative
scenarios. 1In one case growth rates were computed over the forecast
periods, 1963 to 1980, 1963 to 2000, and 1963 to 2020, A discussion of

the above comparisons is included in the second part of this sect%pn.
Scenarlo description

Senario A incorporates the projections of technological and
locatlonal change desacribed in chapters II and I1I. As such, it is the
alternative that would be used to form a forecast of resource

utilization, given a set of resource coefficients.

Senaric C was designed to facliliate the analysis of the consequences
of both projection procedures. By holding the final demand vector
conatant, the changes over the forecast periods due to the technological

and locational projections are isoclated.

The approach taken in the orliginal NAR study is examined in Senario
D. In this alternative, the natlional input coefficlent matrix 1=
ad justed for regional trading in a base period. This adjusted matrix is
then asaumed to remain stable with reapect to both technological and
trading change. The growth rates asscciated with this approach clearly

illustrate the limitations of the assumption of no shange.

Senario B is included principally as a control in that it assumes
nelther regional trade nor technological change; hence, it 1s useful in

isolating the effects of the adjustment and projection procedures.
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The last scenario, N, assumes technological change without adjustment
for regional trading. It 1a useful for isolating the effects of both

regional adjustment and technological change.

The projected vectors for each alternative are included in tables A-7

through A-11 in the data appendix,

Scenario compariscns

As shown in table 4 the scenarios are loglcally divided into: (1)
alternatives using the adjusted regional matrices; and (2) alternatives
solved using the unadjusted national matrix. Since the adjusted input
coefficients are bounded from above by the national coefficients, gross
output vectors derived from national matrices will (everything else held
constant) always be larger, element by element, than gross output

vectors derived from the adjusted matrices. Hence no comparlsons between

the adjusted and the unadjusted groups are presented.

Two scenaric comparisons are discussed below. The first was made to
examine the effect of projecting locational and technelogical change.
This was accomplished by evaluating the differences between scenarilo A,
the RIOFS forecast, with scenario D, the NAR-type forecast. The
difference between these alternatives is the presence of technological
and locational change in scenario A (see table 8). Technological change
alone is covered in the second comparison, which was made between
alternative B and N. The only divergence between ocutput vectors XB and
XN is the utilization of projected coefficient matrices in the fomation

of the XN vectors. (see table §).
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Before presenting the above cross comparisons, two alternatives are
examined individually. 1In order to completely isolate the effect of the
RIOFS projection methodology from the final demand forecasts, scenario C
is evaluated with respect to itself. That is, XC63 is compared with
XC80, XCOO with XC20 (see table 8). Since Y63 is used in the
calculation of each of the XC vectors any differences are the result of
the changing input coefficient matrices. The second individual analysis
is concerned with the logical consequences of not forecasting elther
technological or locational change. These consequences are made clear
by presenting forecast period growth rates for the vectors formed in
scenario D, which assumes no change from the base period adjusted

matrix.

The vector comparisons are displayed in tabular form using a
consistent format. The first and second column of each table contaln
the gross output vectors to be analyzed. The element by element
difference between each vector 1s shown in column 3. Column 4 presents
percentage differences using the column one vector as a base. In

addition, summary statistics were computed to allow analysis of the
overall divergence hetween any two vectors. These saummary measures are
then utilized to assess the magnitude and direction of overall
differences over time. The statistics shown, consist of simple sum,
simple average, standard deviation and a weighted average of the
absolute percentage differences. Let X1 be the vector displayed in
column one and X2 the vector in column two; then the summary statlstics
are defined as;

Sample Sum: SX1 = é;x11 (4-32)

S5X2 = j;

< xz1 (4-33)
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SD = IDi , D1 = XIi - x2i (4-34)
- - * - -
SP = £&P. , P =100 [(xli x2)) / XIi] (4-35)
Simple Average: AXl = SXl/n (4-36)
AX2 = SX2/n (4-37)
Standard Deviation: SDD = 5;012 n {4-38)
iz
2
SPD = i%\?i n (4-39)
Weighted Average: WA -IDil *| Pil///}gl Dil {4-40)

The notation used in the above expresaions to designate each summary
statistic was adopted as the standard notational system for the tables

discussed below.

Cto C

Tables 9A, B, and C display comparisons of gross ocutput vector

XC63,with XC80, XC00, and XC20. These vectors are defined, as in table

8, by:
XC63 = RA63 * Y63 (4-41)
XCB80 = RABC * Y63 (4-42)
XCO0 = RAOO * Y63 (4-43)
XC20 = RA20 * Ye3 (4-44)

Hence any changes in the output vectors are due to the forecasting

procedures described in Chapters II and III.

An examination of the vector asums and averages indicates a clear
decline in the total regional output needed to support a given level of
final demand. With the 1980 matrix, the region required 1% less total

gross output to produce the 1963 level of final demand than with the
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TABLE 9A
C TO C
1980

Billions of 1958 Dollars Percent

Sector XC1963 XC1980 D D/XC1980
1 7172.13 7111.51 60.62 0.85
2 7548 .89 7487 .55 61.34 0.82
3 988 .47 982.41 6.06 0.62
4 222.69 267 .80 -45,12 -16.85
5 638.09 630.40 7.69 1.22
6 407 .86 227.88 176.98 78.98
7 434,17 489.64 -55.48 ~11.33
8 28221.61 27989.45 232.16 0.83
9 1942.83 1046.41 ~-3.58 -0.18
10 23749.74 23644 .29 105.45 0.45
11 2434 .21 2433.44 10.78 0.44
12 3511.05 3142.47 368.58 11.73
13 6940.84 6912.17 28.67 0.41
14 1504.98 1604.87 ~-99,89 -6,22
15 1894.19 1895.45 -1.27 -0.07
16 4610.25 4557.10 53.15 1.17
17 4427 .81 4386.50 41.31 0.94%
i8 9665.51 9550.33 115.18 1.21
i9 5486.36 4978.03 508.33 10.21
20 2750.22 2740.34 9.88 0.36
21 1433.29 1426.27 7.02 0.49
22 3209.58 3154.86 54.72 1.73
23 11445.31 11428.57 16.75 0.15
24 7067.57 7002.98 64 .60 0.92
25 11522.05 11544.55 =22.50 -0.19
26 10032.99 10026.95 6.04 0.06
27 18722.90 18849.56 -126.66 -0.67
28 2094.95 2088.56 6.39 0.31
29 2109.85 2101.00 8.84 0.42
30 8253.83 7938.68 315.15 3.97
31 16623.35 16464 .56 158.78 0.96
32 37600.25 37647 .81 -47.56 -0.13
33 48853.82 48608.11 245.72 0.51
34 34030.25 33834. 24 196.00 0.58
35 1985.88 1960.21 25.67 1.31
36 2262.98 2197.84 65.13 2.96
37 2355.31 2327.75 27.56 1.18
SXl= 331801. SX2= 32943, SD= 2558. SpP= 88,97

AXl= 9216.69 AX2= 9145.63 SDD= 147,93 SPD= 13.92

WA= 8.47281
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TABLE 9B
C TO C
2000
Billions of 1958 Dollars Percent
Sector XCl1963 XC2000 D X/XC2000
1 7172.13 6078.40 1093.74 17.99
2 7548.89 6696.04 852.85 12.74
3 988.47 831.96 156.51 18.81
4 222.69 312.67 -89.98 -28.78
5 638,09 589.53 48,56 8.24
6 407 .86 38,86 369.00 949.58
7 434.17 314.03 120.14 38.26
B 28221.61 26999.99 1221.62 4,52
9 1942.83 1942.52 0.31 0.02
10 23749.74 22232.66 1517.09 6.82
11 2434.21 2236.77 197 .44 8.83
12 3511.05 2671.02 840.04 31.45
13 6940.84 6455.63 485.21 7.52
14 1504 .98 1377.62 127.36 9.25
15 1894.19 1861.57 32.62 1.75
16 4610.25 1388.69 1221.55 36.05
17 4227.81 3566.05 861.76 24.16
18 9665.51 8441.40 1221.11 14.50
19 5486.36 4091.17 1395.19 35.10
20 2750.22 2566.69 183.52 7.15
21 1433.29 1298.139 134.90 10.39
22 3209.58 2015.23 1194.35 59,27
23 11445.31 11222.26 223.06 1.99
24 7067.57 6055.29 1012.28 16.72
25 11522.05 11915.15 =-393.09 -3.30
26 10032.99 9973.30 59.69 0.60
27 18722.90 19371.24 -648.34 -3.35
28 2094.95 1965.72 126.23 6.57
29 2109.85 1947.65 162.19 8.33
30 8253.83 6600.15 1653.67 25.06
31 16623.35 14160.76 2462.59 17.39
32 37600.25 36207.97 1392.23 3.85
i3 48853.82 45159.82 3694.00 8.18
34 34030,25 28576.57 5453.67 19.08
35 1985.88 1577.11 408.77 25.92
36 2262.98 1650.18 612.80 317.14
37 2355.31 1878.45 476.86 25.39
SXl= 331801. SX2= 302390. She 29411. SP= 1436.78

AXl= 9216.69 AX2= 8399.72 SDD= 1398.64 SPD= 159.60

WA= 29,18549
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CTo C

2020
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Billions of 1958 Dollars

XC1963

7172.13
7548.89
988.47
222.69
638.09
407.68
343.17
28221.61
1942.83
23749.74
2434 .21
3511.05
6940.84
1504.98
1894.19
4610.25
4427 .81
9665.51
5486.36
2750.22
1433.29
3209.58
11445.31
7067 .57
11522,05
10032.99
18722.90
2094.95
2109.85
B253.83
16623.35
37600.25
48853.82
34030.25
1985.88
2262.98
2355.131

SX1= 331801.

AXl= 9216.69

SX2=

XC2020

5004.34
5753.24
712.35
359.89
561.24
16.52
213.79
25936.93
1943.71
21021.46
2098.25
2109.06
6088.94
1160.26
1813.74
2429.50
3059.130
7590.29
3697.79
2436.83
1206.47
1382.10
11302.31
5444 .84
12326.65
10029.54
19628.27
1890.89
1753.13
5724 ,88
12773.70
34904.93
42302.35
26344.43
1302.88
1272.58
1579.12

AX2= 7877.79

283600.

Sb=

b

2167.79
1795.65
276.12
-137.21
76.85
391.34
220.38
2284.68
~0.88
2728.29
335.96
1402.00
851.89
344,72
80.45
2180.75
1368.51
2075.22
1788.57
313.38
226.82
1827.48
143.00
1622.74
-804.59
3.45
-905.37
204.06
356.71
2528.94
3849.65
2695.32
6551.48
7685.82
679.99
990.40
776.19

48200.

SDD= 2221.42

WA=

Percent
B/XC2020

43.32
31.21
38.76
-38.12
13.69
2368.85
103,08
8.81
-0.05
12.98
16.01
66.48
13.99
29.71
4 .44
89.76
44.73
27.34
48.37
12.86
18.80
132.22
1.27
29.80
~6.53
0.03
-4.61
10.79
20.35
44,17
30.14
7.72
15.49
29.17
52.07
77.83
49.15

5P=3394.94

SPD= 397.19

51.98065
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1963 matrix. With the 2000 matrix it was 9% less and with the 2020
matrix, 15% less. Although this is a hypothetical situation the
magnitude of this reduction 1n internal gross output has significant
implications for the level of future regional rescurce requirements and

concomitantly, investment in resource production.

Although the total percentage change due to¢ technological and
locational change is 15% in 2020, many of the sectors exhibit much
larger differences. This 1s evident in the weighted average figures
which provide a more representative measure of the amount of individual

sectoral dlvergence between vectors,

The most atriking decline in grosa output occurred in Sector 6, the
¢rude petroleum and natural gas industry. As mentioned earlier in this
chapter, the location gquotients for this sector exhibit sharp secular
declines over the forecast period. Other sectors showing significant
declines in gross output levels required to produce a given level of
final demand were; 12 {(textile products), 16 (paper and allied

products), 19 (petroleum refining) and 35 and 36 (government

enterprises). The results for the service sectora 30 through 37 are
less reliable than the figures for the other sectors due to the

difficulty in measuring the output of industrles providing services,

Three industries showed significant lncreases in their gross output
levels over the projected periocds. These were 4 {(metal mining), 25

(nonelectrical machinery), and 27 (transportation equipment).

D toD
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Alternative D presents a NAR type of scenario in that a base perilod
ad justment is made for regional external trade. This adjusted
coefficient matrix is then assumed to be constant over the study

forecast period. In the notation of table 8, scenario D is described

by,
XD63 = RA63 * Y63 (4-45)
XD80O = RA63 * Y80 (4-46)
XDOO = RA63 * YQO (4-47)
XD20 = RA63 * Y20 (4-48)

Table 10 displays the compound annual rate of growth over the periods
1963 to 1980, 1363 to 2000, and 1963 to 2020 for the D alternative.
This table is included to highlight the problems with the assumption of
constant technology and conatant regional trading patterns. Since under
these assumptions the forecasting system is essentially a linear system,
the growth rates shown in table 10 are the same for each industry during
a given projection periocd. The growth rate slows down from 4.11% during

the first period, toc 4.00% over the second period, and to 3.94% for the

whole 1963 to 2020 period.

The above results clearly illustrate the need for trading pattern and
technology projection. Under no foreseeable conditions would each

industry be expected to exhibit identical rates of output growth.

D to A

Alternative A incorporates both technology and regional trading

pattern projection. In comparing it to the NAR type scenario, D, the

effect of the projection methodologies is examined within the context of
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TABLE 10
DTOD
(Annual Rate of Change,¥)

Sector DEL1980 DD2000C DD2020
1 4.1087 4.003 3.9401
2 4,1087 4,003 3.8401
3 4,1087 4,003 3.9401
4 4.1087 4.003 3.9401
5 4.1087 4.003 3.9401
6 4.1087 4.003 3.9401
7 4.1087 4.003 3.9401
8 4.1087 4.003 3.9401
9 4,1087 4.003 3.9401

10 4.1087 4.003 3.9401
11 4.1087 4.003 3.9401
12 4.1087 4.003 3.9401
i3 4.1087 4.003 3.9401
14 4,1087 4.003 3.9401
15 4,1087 4,003 3.9401
16 4.1087 4.003 3.9401
17 4.1087 4.003 3.9401
18 4,1087 4,003 3.9401
19 4.1087 4.003 3.9401
20 4.1087 4,003 3.9401
21 4.1087 4.003 3.9401
22 4.1087 4.003 3.9401
23 4.1087 4.003 3.9401
24 4.1087 4,003 3.9401
25 4.1087 4,003 3.9401
26 4.1087 4.003 3.9401
27 4.1087 4,003 3.9401
28 4.1087 4.003 3.9401
29 4.1087 4.003 3.9401
30 4.1087 4.003 3.9401
31 4.1087 4.003 3.9401
32 4.1087 4.003 3.9401
33 4,1087 4,003 3.9401
34 4.1087 4.003 3.9401
s 4.1087 4.003 3.9401
36 4.1087 4.003 3.9401

37 4.1087 4,003 3.9401
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an actual forecast. The computational formulas for alternatives A and D

are:

A D
XA63 = RA63 * Y63 XD63 = RA63 * Y63 (4-49)
XA8C = RABO * Y80 XD80O = RA63 * Y80 (4-50)
XA00 = RAOO * Y0O XDOO = RA63 * YOO (4-51)
XA20 = RA20 * Y20 XD20 = RA63 * Y20 (4-52)

Tables 11A through 11D display the vector comparisons between vectors
XA and XD. On an overall basis the changing productive structure used
in saolving alternative A enables the same amount of final demand to be
satisfled with less total gross output. The difference in total groas
output necessary to produce a given level of final demand, is only 1% in

1980, 9% in 2000, and 15% in 2020,

These differences are identical to the ones described in the initial
analysis involving scenario C. In addition, the percentage columns and
percentage summary statistics are identical for the corresponding years.
This peculiar situation is a result ¢of the linear nature of the input
output approach and the constant final demand distribution. For
instance, the comparison between XC63 and XCOO shown in table 9B

involves:

XC63 = RA63 ® Y63, XCO0 = RAQO ® Y63 (4-53)
while that betwsen XAQQ and XDOO involves
XDOO = RA63 ® YOO, XAOCO = RACO ® YOO (4-54)

Since YOO is proportional to Y63, XDOO will be proportionally related
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TABLE 11A

D TO A
1963

Billions of 1958 Dollars

XD1963

7172.13
7548.89
988.47
222.69
638.09
407.86
434,17

28221.61
1942.83
23749.74
2434.21
3511.05
6940.83
1504.98
1894.19
4610.25
4427.81
9665.51
5486.36
2750.22
1433.29
3209.58
11445.31
7067.57
11522.05
10032.99
18722.90
2094 .95
2109.85
8253.83
16623.35
37600.25
48853.82
34030.25
1985.88
2262.98
2355.31

SX1l= 331801.

XA1963

7172.13
7548.89
988.47
222.69
638.09
407.86
434.17
28221.61
1942.83
23749.74
2434.21
3511.05
6940.84
1504.98
1894.19
4610.25
4427.10
9665.51
5486.36
2750.11
1433.29
3209.58
11445,31
7067.57
11522.05
10032.99
18722.90
2094,95
2109.85
8253.83
16623.35
37600.25
48853.82
34030.25
1985.88
2262.98
2355.31

SX2= 331801.

AXi= 9216.69 AX2= 9216.69

D

D000 O0O0DO0O00O000OODOO0O0CO0OCOO0O00000D OQOD0O0000

SD=

SDD=

WA=

.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
»00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

0.

0.00

Q0.00000

Percent
D/XA1963

0.00
.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

SP= 0.00

SPD= 0.00
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TABLE 11B
DTO A
1980

Billions of 1958 Dollars

XD1980

14220.82
14967.85
1959.93
441,54
1265.19
808.70
860.87
55957.47
3852.22
47090.71
4826.53
6961.68
13762.21
2984.06
3755.77
9141.14
8779.41
19164.66
10878.29
5453.10
2841.91
6363.92
22693.64
14013.50
22845.79
19893.29
37123.54
4153.85
4183.38
16365.59
32960.58
74553.33
96866.79
67474.77
3937.57
4487.00
4670.08

SXi= 657891.

XA1980

14
14
1

1

55
3
46
4
6
13
3
3
9
8
18
9
5
2
6
22
3
22
i9
37
4
4
15
32
74
96
67
3

100.62
846.22
947.91
531.00
249.95
451.83
970.86
947.15
859.33
881.63
805.16
230.86
705.36
182.11
758.28
035.76
697.51
936.28
870.37
433.51
828.00
255.42
660,43
885.42
890.40
881.32
374.68
141.18
165.84
740.72
645.75
647.63
379.58
086.14
886.67

4357.86
4615.43

SX2= 652819.

120.20
121.63
12.02
~-89.46
15.24
356.87
-110.00
460.33
=-7.11
209.08
21.37
730.82
56.85
-198.05
-2.51
105.38
81.90
228.38
1007.91
19.59
13.91
108.49
33.20
128.08
=-44.61
11.97
-251.14
12.67
17.54
624 .87
314.84
-94.30
487.21
388.63
50.90
129.14
54.65

SD= 5072.

AX= 18274.74 AX2= 18133.85 SDD= 293,32

Percent
D/XA1980

0.85
0.82
0.62
6.85
1.22
78.98
-11.33
0.83
-0.18
0.45
0.44
11.73
0.41
-6.22
-0.07
.17
<94
.21
21
.36
.49
.73
.15
.92
.19
.06
.67
.31
42
.97
.96
.13
.51
.58
.31
.96
.18

[
—NEFO0000WODOOoOOoO0000O L0000, 0O~

SP= 88.97

SPD= 13,92

WA= 8.47281
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TABLE 11C
D TO A
2000

Billions of 1958 Dollars

XD2000

30614.28
32222.44
4219.30
950.53
2723.67
1740.96
1853.25
120464.01
8292.97
101375.84
10390.45
14986.94
29626.98
6424.01
8085.34
19678.84
18900.12
41257.25
23418.53
11739.30
6117.99
13700.10
48854.36
30167.96
49181.91
42825.84
79918.74
8942,31
3005.88
35231.48
70956.81
160496.76
208532.68
145258.19
8476.72
9659.52
10053.64

SX1l= 1416292,

AXl= 39341.45

XA2000

25945.65
28582.07
3551.23
1334 .62
2516.42
165.87
1340.45
115249.53
8291.65
94900.15
9547.68
11401.25
27555.87
5880.37
7946.11
14464.64
15221.71
36032.14
17463.15
10955.94
5542.16
8602.03
47902.24
25847.03
50859.84
42571.06
82686.20
8390.67
8313.56
28172.78
60445.23
154553.80
192764.81
121979.18
6731.88
7G43.80
Bol8.18

SX2= 1290753,

AX2= 35834.24 SDD= 5970.09

D

4668 .
3640,
668.
-384.
207.
1575.
512.
5214,
1.
6475.
842.
3585.
2071.
543,
139,
5214,
3678,
5225,
5955.
783.
575.
5098,
952.
4320.
-1677.
254,
-2767.
551.
692.
7058.
10511,
5%942.
15767.
23279.
1744,
2615,
2035,

SD= 125540.

63
37
06
09
26
09
81
48
i3
69
77
70
10
64
23
21
41
10
38
36
83
07
12
93
92
78
46
64
32
71
58
95
87
01
84
72
46

Percent

D/XA2000

17.99
12.74
18.81
~-28.78
8.24
949,58
38.26
4.52
0.02
6.82
8.83
31.45
7.52
9.25
1.75
36.05
24.17
14.50
34.10
7.15
10.39
59.27
1.99
16.72
-3.30
0.60
-3.35
6.57
8.33
25.06
17.39
3.85
8.18
19.08
25.92
37.14
25.39

SP= 1436.78

SPD= 159.60

WA= 29,.18549
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TABLE 11D
DTO A
2020
Billions of 1958 Dollars Percent
Sector XD2020 XA2020 D D/XA2020
1 64907.20 45288 .88 19618.32 43.32
2 68316.78 52066.34 16250. 44 31.21
3 8945.59 6446.74 2498.85 38.76
4 2015.28 3257.02 ~-1241.73 -38.12
5 5774.63 5079.14 695.49 13.69
6 3691.11 149.51 3541.60 2368.85
7 3929.19 1934.81 1994, 38 103.08
8 255403.12 234726.95 20676.76 8.81
9 17582.44 17590.42 -7.98 -0.05
10 214933.14 190242.38 24690.76 12.98
11 22029.42 18988.98 3040.45 16.01
i2 31774.74 19086.78 12687.96 66.48
13 62813.97 55104.43 7709.54 13.99
14 13619.95 10500.28 3119.67 29.71
15 17142.23 16414.17 728.05 4.44
16 41722.32 21986.74 19735.58 89.76
17 40071.30 27686.37 12384.92 44.73
18 B7472.02 68691 .46 18780.56 27 .34
19 49651.07 33464.71 16186.36 48 .37
20 24889.22 22053.11 2836.10 12.86
21 12971.14 10918.43 2052.70 18.80
22 29046.42 12507.89 16538.53 132.22
23 103579.12 102284.96 1294.15 1.27
24 63960.94 49275.30 14685.64 29.80
25 104273.59 111555.08 -7281.50 -6.53
26 90797.69 90766.47 31.22 0.03
27 169440.62 177634.18 -8193.56 -4.61
28 1B959.13 17112.44 1846.70 16.79
29 19093.92 15865.69 3228.23 20.35
30 74696.43 51809.70 22886.73 44 .17
31 150439.88 115600.90 34838.98 30.14
3z 340279.01 315886.62 24392.39 7.72
33 442122.91 382832.58 59290.32 15.49
34 307970.79 23B414,81 69555.99 29.17
35 17972.01 11818.13 6153.88 52.07
36 20479.74 11516.71 8963.03 77.83
37 21315.34 14290.91 7024 .43 49.15
SXl= 3002768. SX2= 2566559, SD=436209. SP= 3394.94

AX1= 83410.22 AX2= 71293.31 SDD= 20103.65 SPD= 397.19

WA= 51.98065
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to XC63, and XAOO similarly related to XC00, Hence in computing
percentage differences between XAOO and XDOO the proportionality
constant cancels out, and the differences in percentages terms are
identical to those between XC63 and XC00. The same holds for 1980 and

2020.

Hence the previocus discussion involving scenaric C applies to the
comparisons between alternatives A and D, with the XD vectors in place

of the XC63 vector and XABO, XA00, and XA20 in place of XD80, XDOO, and

XD20 respectively.

Since the detailed sector comparisons were covered earlier, the

remainder of this discussion consists of some general observations on

the effect of the projection procedures.

The tables {11A through 11D) illustrate the distortions that the
assumption of no change cause. The manufacturing sectors (10 through
29) which use a high proportion of most natural resources (e.g., water,
wood, petroleum) in almost all cases show significantly lower levels of
gross output when technological and regional trading change 1s taken
into consideration. 3ince most resource supply projects involve very
large expenditures, it is vital to consider the efrect of structural

change on the needs for long term investment.

N to B

The last set of vector comparisons concerns scenarios N and B. Both
alternatives are formed with unad justed input coefficient matrices. B
is computed under the assumption of constant technology while N allows

for changing Iinput coefficients. Hence the comparison between the two
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vector sets isolates the effect of technological change from trading

change. The XN and XB vector sets are calculated from,

XN63 = A63 * Y63 XB63 = AH63 * Y63 (4-53)
XNBO = A80 * Y80 XB80O = A63 * Y80 (4-56)
XNGO = AQ0 * YOQO XBCO = A63 * Y00 (4-57)
XN20 = A20 * Y20 XB20 = A63 * Y20 (4-58)

Tables 12A through 12D displays the resulta of the above
calculations. There is a c¢lear decline in total output neceasary to

support the projected final demands. In 1980 the difference in total
output requirements is less than 1%. By 2000 it is 9%, and in 2020 it

becomes almost 15%.

Only two sectors show any significant 1lncrease in cutput requirements

due to the projected coefficient change. Metal mining (sector #)
produces 12.8% more in 2020, under the 2020 technology, than under the

1963 technology and nonelectrical machinery (sector 25) 6.7% more,

While all the remaining sectors show negative or very small positive

differences, a number of industries exhiblit particularly large gross

output declines using the projected technology. These sectors are crude
petroleum (sector 6), stone, clay and glass mining (sector T7), textile

products (sector 12), lumber and wood products (sector 14), stone, clay

and glass products (sector 2}, and state and local government

enterprises.

These differences indicate that, even without adjustment for and
projection of regional trade, the changes in productive structure due to

alternations in technology will result in significant varlationa in
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TABLE 12A
N TO B
1963
Billions of 1958 Dollars Percent
Sector XN1963 XB1963 D D/XB1963
1 7351.32 7351.32 0.00 0.00
2 7805.39 7805. 39 0.00 0.00
3 1157.29 1157.29 0.00 0.00
4 777.76 177.76 0.00 0.00
5 657.77 57.77 0.00 0.00
6 2917.76 2917.76 0.00 0.00
7 840.07 B840.07 0.00 G.00
8 28930.40 28930.40 0.00 0.00
9 2089.38 2089, 38 0.00 0.00
10 24285.56 24285.56 0.00 0.00
11 2436.55 2436.55 0.00 0.00
12 4832.54 4832 .54 0.00 0.00
13 6977.29 6977.29 0.00 0.00
14 2896.75 2896.75 0.00 0.00
15 1945.42 1945.42 0.00 0.00
16 4730.93 4730.93 .00 0+00
17 4473.04 4473.04 0.00 0.00
18 10060.49 10060.49 0.00 0.00
19 7196.53 7199.53 0.00 0.00
20 2814.98 2B14.98 0.00 0.00
21 1437.10 1437 .10 0.00 0.00
22 3320.57 3320.57 0.00 0.00
23 11743.70 11743.70 0.00 0.00
24 7259.06 7259.06 0.00 0.00
25 11687.67 11687.67 0.00 0.00
26 10133.91 10133.91 0.00 0.00
27 19201.27 19201.27 0.00 0.00
28 2116.74 2116.74 0.00 0.00
29 2126.30 2126.30 0.00 0.00
30 8684.68 8684.68 0.00 0.00
31 17104.14 17104.14 .00 0.00
32 38585.64 38585.64 0.00 0.00
33 49882.57 49882.57 0.00 0.00
34 34480.64 34480.64 0.00 0.00
35 2029.27 2029.27 0.00 0.00
36 2345.24 2345.24 0.00 0.00
37 2440.07 2440.07 0.00 0.00
SXl= 347319. SX2= 347319. SD= O, SP= (0,00
AXl= 9647.74 AS2= 9647.74 SDD= 0.00 SPD= 0,00

WA= 0.00000
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TABLE 12B
N TC B

1980

Billions of 1958 Dollars

XN1980

14487 .58
15412.55
2274.74
1544.67
1299.40
5473.91
1639.62
57168.21
4144 .55
48034.85
4811.07
9460.66
13784.38
5647 .47
3848.54
9288.66
8788.49
19804.20
14121.29
5560. 30
2835.49
6484.19
23229.20
14267.64
23201.21
20078.47
38097. 38
4182.87
4199.59
17085.86
33636.87
76280.01
98464.24
68000. 31
13979.65
4586.58
4785.49

SX1= 685205.

XB1980

14576.10
15476.44
2294.66
1542.14
1304,22
5785.30
1665.68
57362.86
4142.79
48153.13
4831.16
9581.90
13834.48
5743.65
3857.36
9380.43
8869.09
19947.83
14275.14
5581.50
2849.47
6583.98
23285.27
14393.17
23174.28
20093.41
38072.06
4197.04
4216.00
17219.89
33913.88
76507.16
98906.57
68367.80
4023.61
4650.12
4838.14

SX2= 688659, SD= -3455.

D

-88.52
-63.89
-19.92
2.53

-4 .82
-311.39
-26.06
-194.65
1.76
-118.27
-20.10
-121.24
-50.10
-96.18
-8.82
-g1.77
-80.60
-143.63
-153.85
-21.20
-13.98
-99.79
-56.07
-125.53
27.03
-14.94
25.32
-14.17
-lv.42
-134.03
-177.01
-227.15
=442 .32
-367.49
-43.96
-63.54
~52.66

AXl= 19033,46 AX2= 19129.43 SDD= 145.54

WA= 1.09901

Percent

D/XB1980

-0.61
~0.41
-0.87

0.16
~0.37
-5.38
-1.56
-0.34

0.04
~-0.25
~0.42
-1.27
-0.36
-1.67
-0.23
-0.98
-0.91
-0.72
~1.08
~0.38
-0.49
-1.52
-0.24
-0.87

0.12
-0.07

0.07
-0.34
-0.39
-0.78
-0.82
-0.30
~0.45
-0.54
-1.09
~-1.37
-1.09

SP= -26.67

SPD= 1,18
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TABLE 12C

N TO B
2000

Billions of 1958 Dollars

XN2000

26639.86
29401.88
4001.87
3495.78
2639.18
2896.04
2582.52
115952.03
8998.39
97664.25
9558.73
15599.61
27665.01
8633.48
7963.29
16557.90
15883.16
37272.6)
25227 .49
11184.98
5563.99
10306.64
48650. 20
26260.30
51425.90
42885.91
83207.09
8495.00
8406.22
31938.54
62002.77
155684.89
195278.90
132548.22
6934.42
7536.63
8359.62

SXl= 1346944.

AXl= 37415.10

XB2000

31379.11
33317.34
4939.89
3319.89
2807.69
12454 .46
3585.85
123489.50
8918.51
103662.98
10400.42
20627.69
29782.56
12364.80
8304.04
20193.98
19093.18
42943.25
30731.21
12015.73
6134.28
14173.84
50128.01
30985.30
49888.87
43256.64
81960.69
9035.30
9076.12
37070.59
73009.05
164702.92
212923.86
147180.69
8661.94
10010.67
10415.45

SX2= 1482531.

AX2= 41181.4]

D

-4739.25
-3915.46
-938.02
175.90
-168.51
-9558.42
-1003.33
~-7537.47
79.88
-5998.73
-841.69
-5028.08
-2117.55
-3731.32
-340.75
-3636.07
-3210.03
-5670.62
-5503.72
-830.74
-570.29
-3867.20
-1477.81
-4724.99
1537.03
-370.73
1246.40
-540.30
-669.90
-5132.05
-11006.29
-9018.03
-17644.96
-14632.46
-1727.52
-2474.05
-2055.83

SD= 135587.

SbD= 5683.86

WA= 17.03193

SPDw=

Percent

C/XB2000

~15.10
-11.75
-18.99
5.30
-6.00
-76.75
-27.98
-6.10
0.90
-5.79
-8.09
-24.38
-7.11
30.18
~4.10
-18.01
-16.81
13.20
17.91
-6.91
-6.30
-27.28
-2.95
-15.25
3.08
-0.86
1.52
-5.98
-7.38
-13.84
-15.08
-5.48
-8.29
-9.94
-19.94
=24.71
-19.74

SP= -470.65

19.09



157

TABLE 12D
N TO B
2020
Billions of 1958 Dollars Percent
Sector XN2020 XB2020 D D/XB2020
1 46509.24 66528.78 -20019.54 -30.09
2 53339.71 70638.11 -17298.42 =24.49
3 6810.16 10473.36 -3663.20 -34.98
4 7940.79 7038.69 902.10 12.82
5 5362.85 5952.76 -589.91 -9.91
6 2823.16 16405.46 ~23582.30 -89,131
7 4207 .83 7602.57 =3394.74 -44.65
8 235937.87 261817.65 -25879.77 -9.88
9 19231.78 18908.68 323.10 1.71
10 196398.58 210782.24 -23383.65 -10.64
11 19014.74 22050.57 -3035.82 -13.77
12 25253.97 43734.03 -18480.06 -42.26
13 55284,32 63143.83 -7859.51 =12.45
14 13368.89 26215.37 -12846,47 -49,00
15 16445.62 17605.89 -1160,28 -6.59
16 29836.27 42814 .49 -12978.,21 -30.31
17 28912.45 40480.63 -11568.18 ~28.58
18 709566.98 91046.61 ~20049.63 =-22.02
19 47991.01 65155.11 -17164.10 ~26.34
20 22582.61 25475.28 ~-2892.67 -11.35
21 10961.78 13G05.66 -2043.88 -15.72
22 16918.70 30050.84 ~13132.14 -43.70
23 104052.26 106279.47 ~2227.22 «2.10
24 50111.64 65693.83 ~15582.19 -23.72
25 112850.88 105772 .44 7078.44 6.69
26 91445.40 91711.05 ~-265.65 -0.29
27 178948.05 173769.87 5178.17 2.98
28 17323.36 18156.29 -1832.93 -9.57
29 16842.94 19242 .84 -2399.90 =12.47
30 60954, 64 78595.63 -17640.99 =22.45
3l 118566.52 154790.97 -36224.45 -23.40
32 318012.82 349196.76 ~31183.94 ~8.9)
33 390852.40 451432.92 -60580.,52 -13.42
34 261036.34 312046.80 ~-51010.46 -16.35
35 12203.,06 18364.71 -6161.64 -33.55
36 12472.09 21224.25 -8752,.15 -41.42
37 14939.65 22082.44 -71.42.79 ~32.35

S5X1= 2681802, 8X2= 3143204. SD= -461403. SP= -739.32

AX1= 74494.49 AX2= 87311.23 SDD= 19420.78 SPD= 28.00

WA= 24.50998
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gross output and hence rescurce demand,



7. Summary

The RIOFS as described in this study jillustrates the problem solving
power of the systems approach. The system formed utilizes sophisticated
forecasting models in a flexible modular computerized structure. This
modular flexibility allows for the incorporation of alternate
assumptions, independent forecasts, and forecasting models. This is in
contrast to traditional appreoaches where one, basically hand hewn,
alternative 1s formed. Since long term projections are particularly
difficult to make, the ability to examine more than one scenarioc 1is

vital.

Since the RIOFS was constructed by one individual, the study also
proves that the systems approach to aophisticated economic forecasting
is not beyond the smallest study teama, This is of particular
importance since the rationale for the use of simple models in a
traditicnal framework is often lack of manpower. In the last few years
advances in data base management technology has made the construction of
complex forecasting systems less resource intensive., While the RICFS
was formed in a batch process, fortran environment, similar studies done
in the present time sharing, high level language environment, would

reqguire less resources.

In addition to illustrating the feasibility of the syatems approach,
the RIOFS provided useful insights about the future structure of the NAR
economy. Despite the many limitations of the modeling procedures,
mentioned throughcout this atudy, important conclusions from the results
can be formed. The output vectors discussed in this chapter clearly

indicate that the assumption of no change in either technology or
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trading patterns produce substantially different results. All the
results peoint to significant changes in the gross output reguirements
necessary to support projected levels of final demand. These differences
are due to the structural variations in trading patterns and productive
technology. Changes of the magnlitude shown in this chapter have
important implications for the size of planned resource supply projects.
In the area of water supply, where investment 1is very expensive, and
often disruptive, such variations in output forecasts must be considered
in order to arrive at valid cost beneflt calculations. Hopefully future
studies willl adopt the systems approach to their economic projections so

that only truely necessary investment is made.

This chapter concludes the dlacussion of the cperational aspecis of
the RIOFS. Chapter V, which follows, presents the sensitivity testing
routines mentioned earlier in the study. Although it was not poasible
to incorporate these procedures in the RIOFS for this study, they are
included to bridge a gap in the literature. Sensitivity teating holds

potential for substantial improvement in input output forecasting

projects since it provides an optimal allocation of limited time and

manpower. These routines can easily be applied to future studies.
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CHAPTER V

SENSITIVITY TESTING

1. Introduction

Sensitivity testing is an integral part of the systems approach to
problem sclving. The system presented in this study reliea on a number
of mathematical models. These models must, necessarily, be
simplifications of reality. The extent of these simplifications should
depend on the ilmportance of particular system elements to the output of
the study. Critical elements of the system should be subject to more
extensive research than elements that are not critical in terms of the
study results. For instance, in projecting water demand the primary
processing sector utilizes far more water per unit of output than the
retail sector. Hence more time and effort should be utilized to
estimate primary processing output than to estimate retail output In
order to make decisions on the comparitive importance of system elements
to the final system outputs, it is necessary to have information about
the relative sensitivity of these outputs to varlation in the system

elements, This chapter presents a theoretical discussion of a number of

sensitivity testing routines suited to input output type procblema,

There are two general approaches to sensitivity testing: (1) system
simulation, and (2) algebraic sclution. Simulation in this context
refers to numerical aclutions with varied system elements. Algebraic
solution results in mathematical relationships between system elements
and system ocutputs. Ease of computation is the usual criteria utllized
to declide between simulation and sclution. Algebralc sclutions usually

provide more efficient sensitivity testing procedures, Simulations are
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for situations where it i3 either 1mpossible, or prohibitively expensive
to derive relationships between system elements and system cutputs,
Since they require a complete system solution for each ¢hange in a

system element, they are generally inefficient.

These general statements about the relative efficiency of simulation
and solutlion are detailed further on in the discussion of the actual
testing problem. This discussion follows in the next section. In
addition, that section describes the particular system elements to be
tested and the general approach taken in the testing. The third section
contains a derivation of a formula common to the individual teating

routines presented in sections four through aix.

As mentioned earlier, time limitations have made it impossilble to
proceed with the actual application of the sensitivitiy testing routines
in the RIOFS. Desplte this, their inclusion in the present study is
Justifiable, as the routines are unavailable from other sources. Other
studies utilizing the systems approach will be able to make good use of

the testing routines presented in this chapter.



2. Sysatem Elements and General Approach

There are two primary procedures or elements in the RIOFS, The
first, described in Chapter 11, was the technical 1input coefficient
projection procedure. The second element consists of the trading
pattern projection sacheme covered in Chapter III. Essentially each
procedure varies input coefficients. The former changes whole columns by
a uniform percentage, while the latter varies complete rows. Hence the
senaitivity tesating routines must be able to evaluate the consequences
of errors in the estimation of input columns and rows on the system

outputs.

This type of approach ia particularly appropriate in water resource
demand studies where the system outputs consist of water demand levels,
and less than ten I0 sectors account for more than $0% of the industrial
self supplied water intake. Thus sensitivity routines could be used to
ldentify industry ccefficlent vectors or matrix elements that are
critical to water usage., These vectors can then be subjected to more
extensive analysis than is given to the less critical items. This can
increase the reliability of the results by allowing more intensive

research to be done on the most c¢ritical elements of the system.

The coefficient projection and adjustment procedures described in the
last two chapters do not preclude the independent estimation of
individual coefficient rows, columns, or matrix elements, In certain
cases data is available for detailed estimation of technical or
locational variation of certaln coefficlent vecteors or matrix elements.
A sensitivity testing routine can identify the vectors or matrix

elements which are most critical to the study results and should be

lo4
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subjected to independent estimation or c¢lose monitoring.

The testing routines discussed in the remainder of this chapter
provide partial tests in that they only evaluate the results of errora
in one row, or one column, or one element of the relevant matrix. This
is the only practical approach since the number of possible error
combinations letting more than one row, column, or matrix element vary

is huge.

Three routines form the testing package described in this chapter,
The first two, covered in sections four and five, are designed to yield
the variation in each induatry's groas output due to erroneous
eatimation of a particular column or row. 3Sectlon six presents a
similar procedure that evaluates the change in each 1lndustry's ocutput
due to an error in the estimation of an individual coefficient. This

last routine jis easlly applied to identify coritical coefficients,

Utilization of the simulation approach to perform the above tests
would require a matrix inversion for each system item examined. For the
row and column tests 2n (n being the number of industry groups)
inversions would have to be made. While this number of inversions might
not be prohibitively large, the individual coefficient tests, which
would require n2 inversions, are not practical since inversions are
among the moat costly computer routines, Hence the algebraic solution

approach presented in this chapter 1s the only reasonable alternative,

The next section presents a derivation of a general expression that

is utilized in each tesating routine.



3. Common Formula

This section presents the derivation of a formula that forms the
basis of each of sensitivity routines desacribed in sections four, five,
and six. The derivation stems from work done by Frederick V. Waugh [1]

on the effect of an equal absclute change in every direct coefficlent.

Let A* be a givan input coefficient matrix, and A another coefficient
matrix that differs from A in either a single row, column, or element.
Also let B* stand for (I-A*) and B be equivalent to (I-A), with I being
the i1dentity matrix. Define E to be a matrix of differences between A*

* *
and A; i.e., E = A =A, which 138 equivalent to B-B . 1In addition let D

. - -
be the difference between B 1 and B 1, and F be equal to EB l. In
equation form,
* *
B = (I-A) (5-1)
B = (I-A) (5-2)
* *
E = A -A = B-B (5-3)
*-] -1
D =B "-B (5-4)
-1
= EB -
Now F (5-5)
*-1 -1 -1 -1 -1 -1 _-1
D=B -B (B-E) "-B [(I-EB )a] -B (5-6)

- [(I-—F)B] “1g7l o g irepy g

Since A* and A only differ in a single row, column, or element, the
matrix E will be sparce. If the differences between A and A* are not
too large, each column of the matrix F will have a sum of absolute value
of its elements less than one [2]. The validity of this assumption can
easlly be checked numerically in any particular case. Then (I-F)hl can

be expressed as an infinite series

(1-1-‘)'l = (I +F + 2+ F 4 ces) (5-7)
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Substituting (5-7) into (5-6) yields,

p=Blax+r+rl+ 4 .-B71

- B'I(F + F% 4 4 val) (5-8)

In the case of input coefficlent sensitivity analysis it is possible to

determine a scalar, 8 [3], for a matrix such as F, such that

2

F° = gF (5-9)
Hence

3
F~ = FZF = gFF = st -52F (5-10)
and
t p—
Pt = 55l (5-11)

This scalar multiplier, s, can be found in each of the three relevant

cases. Its specific value depends on the assaumed changes made in the

coefficlent matrix.

Factoring out F from expression (5-8) for D yields

D=Blra + F+ 2+ P2+ ... (5-12)

Substituting (5-11) into (5-12) gives

D = BﬁlF(l + 8 + 32 + 53 + ...) (5-13)

But

1 +s8 + 32 + 33 + ... = 1
l-s

1f |aj=<l (5-14)

The absolute value of s is assumed to be less than 1 in each of the
three cases. This assumption can be checked numerically to insure its

validity; hence,

-1 1
D= B F (T:;) (5-15)
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Since I}-B’k"l-n-1 . postmultiplying it by the final demand vector, Y,
yields a vector, DX, that represents the change in gross output
resulting from the difference in direct coefficlent matrices defined by
E in (5-3).

1 -1
(1-s) B FY (5-16)

DX =

Expression (5-16) forms the basis for each of the three routines
derived below. Since the procedures are relatively complex, they are
described in full detall as well as 1in matrix notation. Column errors
are evaluated in the next sector, row errors in section five, and

individual coefficient errors in section six.



4. Column Errors

The methodology described to Chapter II, which is designed to
forecast technological change in the input coefficients, operates
uniformly on matrix columns, The sensitivity routine derived in this
section evaluates the effect of errors in this projection procedure on

the gross ocutput of each industry.

Define E to be the difference between two matrices, one differing

from the other only along a single column. That 1is,

o ... cllc A
o ... d 4]
* 2¢
E=A -A= T ) (5-17)
0 B A d - L
nc

Column ¢ 1s assumed to contain the error, hence
*

dic =a,. - a. all 1 (5-18)

Now following the general procedure outlined in the previous section,

0 L] L ] +* B ...
0 glc g Ell D12 :ln
-1 2¢ "7 21 22 77 2n
R T . . (5-19)
0 anm d R 0 b b - b
L nc — L nl nz nn |
b = i, jth element of B—'1
i}
hence
dlcbcl s le cn
£= ) : (5-20)
d e d
|_nc cl nc cn _
=
d, b
ralcbcl o lcbcn r--]Lc cl lc en
2 ’ . . .
o : ) ) ¥ (5-21)
.—dnc C]. ] dnch'n_‘ fnc Cl - a0 ncbclﬂ
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or

- -
n n

e d
dlcbcidicbcl § lcbcidicbcn

Flm . (5-22)

d .
i) dncbci icbcl ii nc ci ic cn

4]
Scalar :;dicb can be factored out from the expression for Fz. Thias
't

ci
is the scalar, s, mentioned in equation (5-9).

o r Bty 5-23)
Hence

2 4 (5-24)

F* = b
§ dic ciF
or

2

F° = gF (5-25)

Using the procedure followed in equations (5-9) through (5-11) the
expression for Ft is derived,

Ft o« gt lF (5-26)

In order to proceed further, the assumption that each column of F has
a sum of absolute value of its elements less than 1 must be valid.
Although this is not necessarily true in the general case, it probably
holds in this case since each column element is a product of a
difference between input coefficients and an inverse coefficient.
Fig ™ dicPey (5-27)

F = glement of F, row i, column jJ

1]

*
As long as the difference between A and A is small,dic will be



171

small enough to insure that the sum of the absolute values of the

elements in each of the columns of F is less than one [{2]. As mentioned

in the previous section the assumption is easily checked using actual

data.

It then follows from equations (5-6) through (5-13) that

D-B_IF(l+s+ 82

+33

+ .04)

(5-28)

n
Since aqﬁ;d b in this case, and the d, are assumed to be relatively
i 1c el ic

small, the absolute value of s should be less than 1.

This assumption

can also be checked using actual data. Then according to (5-14) and
(5=-15).
1 1
D B F ( I-a (5-29)
and
pr— — — =ity
bil " bln lcbcl et dlcbcn
-1 .
B = (5-30)
b - & & b
B nl nn dncbcl dncbcn
or _
[ . . n
i% bli ic ¢l : iz“blidicbcn
B lF= ) . (5-31)
. n
d . d
izl bni icbcl i;. bn:l ic ¢cn

Postmultiplying matrix D by the final demand vector yields the vector

X which represents the errors in each industry's gross ocutput due to the

assumed errors in column c.

* -
DX = X =X = "l—B lFY
* l~s

x
X - gross output vector corresponding to A

X =~ grosgs output vector corresponding to A

or

This vector can be expressed as

(5-32)
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— o= —
g,'bmdicbci gbudicbcn 4
B lFy - i . ) (5-33)
- n L] -
» u» b
il b ni 1cbc1 Ebni ic cn y
! - D
that is
lc 1ic ¢l 1 e + zblii
B lFya

(5-34)

E;b d b .Y <+
2

n
+ - +
bnidicbclYn Z

il iiccnn

The error in any sector's gross output is the product of the

appropriate element of D(B_IFY)

and the quantity(l/l—@ . Hence the

output estimation error in sector g due to the errors in column ¢ of the
input coefficient matrix is

[ibdby+

[ + -

inn gql & 1 %bqidicbcnY ] (5-33)
4]

This can be simplified by factoring out E‘b d, ,

- + * & W +
xq (_5) 2.5 4, [bclwx1 b Y]

*
X -x -
q

cnn

(5-36)
The expression in the brackets is equal to Xc, hence (5-36)

simplifies to,
n
o [

or in percentage terms,

* 3
X -
KX X &Pqrdic (5-38)
X X l-s
q q

Since s is equal to b, d, 1in this case,
ic ic

X —X
q - _j% qi ic

(5-39)
¢ *q z Pietic

{5-38) in final form becomes
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Given any column estimation error vector d(=d, , all 1), the resulting

ic
output error in any sector can be calculated from (5-39). This
procedure can be applied to each column individually to identify columns
whose accurate estimation is eritical to the cutput level of important

sectors,

The sclution of (5-39) requires only one matrix inversion as compared
to the simulation approach which would require n inversions, Hence
expression (5-39) provides an efficient testing procedure for evaluating
the sensitivity of gross ocutput forecasts to errors in the projection of
technological change. The next sectlion describes a similar, but

slightly more complex result, for the trading pattern problem,



5. Row Errors

The reglonal trading pattern forecasting model described in Chapter
III varies individual rows of the input coefficient matrix according to
the value of a projected location quotient. Hence, a routine to test the
sensitivity of gross output to errors in the estimation of individual rows
is needed to identify sectors that should be monitored closely. This
routine, which 1is described below, is similar in its form to the preced-
ing analysis done for column errors. Hence the exposition will be some-
what more sketchy.

The basic equations (4-1) through (4~5) still hold. Since the
matrices A* and A differ along a single row, matrix E is a transposed

version of (4-11). Letting r be the relevant row, matrix E has the form,

0o ... o
E= drl e dl’.’l‘l (5-“0)
| 0 ... 0]

The rest of the derivation, except for the last few steps follows
directly and 1s analogous to the analysis of the previous section (equat-
ions 4-19 through 4-35). Therefore the relevant equations are presented

without intervening discussion.

0 ... 0]
» L] r iy
L - bll W oa bln
FaEB~l=ld ) dey _ G—41)
. ) bnl bnn_‘
0 0
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0 0
1 n . n .
F=EB g d_;byy ... .21 d_sbi,
0 L 3N B 0

n . n
F- (g dribyy 2, dribil)

F2= idribir téribil

(5-42)

(5-44)

(5-43)

(5-46)

(5-47)

(5-48)

G -43)
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(5-49)
— —_—
0 ves 0
bll - . bln " -
-1 . . . .
B F= . g dribil “aw E dribin (5 ‘50)
bnl R bnn L] .
0 0
. —
— . . —
b, IZIZ d b1y .- blra,dribin
B lr = . ) (5-51)
n « |, T
L_bnr E deibyy ... bnrgdribin |
— " n iy p— -
I:'lr % dribil v blr E}dribin ¥
B~ lry= n . n . 5- 52)
bm: Edribil e bnr ‘z';-dribin Yn
T p— - —
— ] .
bir¥y lEdribil t e ¥ bpa¥y Edribin
B~ lFy= n - n . (5-53)
Partn E'dribil AERERTRL A E’ driPin
1 n n
Xg* - Xg= (1_5) barYy g,dribil £ e+ boY E,dribm (5-54)

At this point the derivation diverges. In the previous deriva~

tion, it was possible to simplify the expression in the brackets (equations

5-36 and 5-37). The bracketed expression in (5-50) can only be simplified

to the extent of factoring out b . The finalized form is

qr
Xq* - Xq bqr ;Yt #-:ld“bit
Xq X, 1- ﬁ"‘rib ir (5-55)
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Despite the greater complexity of (5-55) than (5-39) only one matrix
inversion is required to test error in the estimation on any row. Hence
{(5-55) is computionally efficient compared to the simulation approach

which required n inversions.



6. Individual Coefficient Errors

The procedure used to evaluate the effect of errors in the estimation
of individual coefficients is somewhat different from the previous two pro-
cedures. The initial derivation of a formula relating gross output varia-~
tion to coefficient errors is almost identical to the_preceding derivations.
But given this formula an analogous testing routine to those used for column
and row errors requires more computation. In the previous problems, n gross
output variation calculations had tc be made for each row or column change.

Hence to examine all rows or columns of the coefficient matrix n2 calcula-

tions must be done. In the case of individual coefficient analysis, n gross
output varlation calculations are necessary for each coefficient error.

Since there are n? coefficients, n3

calculations must be made. The problem
is not as serious as it may seem since the calculations for each coefficient
are much less complex than those for rows or columns. Because of its

similarity to the analysis in sections 4 and 5, the derivation is presented

directly without intervening discussion.

Let the estimation error be in row r and column ¢, then

E= 0 ... d e.. O (5-56)

-.1 L] L] - bll LI bln
F=EB 2[00 ... dpg ... O : . (5-57)

- » - bnl LI bnn

| 0 0 0 - -
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0 s 0
F = dr%bcl T drc:cn
K ;
o0 ... o | [ o
FZ = dr%bcl - drébcn drébcl .-
R R
o .. o ]
F2e dzécbcrbcl e dzrcfcrbcn
T
0 .. 0o
F2= d  bop drc%cl .- drébcn
s ;|

8 = deebeyr

F2 = sF
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(5-58)

(5-59)

(5-60)

(5-61)

(5-62)

G-63)



B-lF =

B~ FY=

X .* - X

9

1

Y, +
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Ft - st-lF
- L p-1
(l1-8
. 0 0 —_—
- . .
bll L bln - »
* - drcbcl e dtcbcn
bnl LR ) bnn . .
0 0
drcbclblr et drcbcnblr
drcbclbnr e drcbcnbnr
r — —
drcbclblr T drcbcnblr F&I
drebe1Pnr d benPor LYEJ
- -
drcbclberl + .- * drcbcnbern
drcbclbnrYl o f drn::bc'::bn1'.""nl_I

1

1
* - -
xq xq (l-s)drcbqr ECI

l..+b Y]
cn'n

(5-64)

(5-65)

G -66)

(5-67)

G -68)

(5-69)

(5-70)

6G-71)
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w
x¥-x = ( L )d b X (5-72)
q q l1-8 rc gqr c
*
X - X Xc d b .
q a_ . rc q (5-73)
X X 1-d b
q q Ic cr

For each coefficient tested, equation (5-73) must be calculated for
each sector. Although this requires n3 computations, each is relatively
simple. Hence the increased number of calculations does not require n
time as much computation time as the row or column analysis.

As mentioned at the beginning of this chapter time limitations have
made it impossible to implement the above sensitivity testing procedures.
Despite this, they are an ilmportant element of the systems approach as
envisioned in the RIOFS since they provide for an optional allocation of

limited resources.
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APPENDIX A
DATA



1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

[e—

COO0O000QCO0O0OO0O0O

18174
15633
15383
11105
8866
8629
8357
7075
7236
6982

11l

45781
38853
37511
34028
30511
24980
25454
21156
22654
22614

N

joleNololeNol el ool

20582
21611
20016
23802
22142
20482
19141
19328
18007
22228

12

697641
609558
531835
433277
334303
305172
279984
297666
285422
290539
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TABLE A-1

REGIONAL EMPLOYMENT

14992
17766
19615
22389
25162
29535
33813
37792
36934
40601

8

613323
749584
714687
769153
711772
710528
839471
798777
824008
875001

13

785962
825553
810095
765729
710471
722481
680685
714926
708988
651146

8216
7672
8399
7322
5654
5134
4941
7607
7752
4536

20357
32125
38876
49003
59130
68014
21486
21625
32002
42515

14

139906
149497
120409
120507
98475
92533
93981
99985
99985
95358

3

341496
297168
239500
170769
123409
92425
86179
83947
61075
74897

10

394259
404914
400269
399825
461103
452472
427311
427848
427214
426442

15

108459
120399
118974
117814
109796
109923
112917
124489
124489
125067



1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

16

208112
224564
219434
227019
223029
226276
221103
223579
238818
241629

21

255075
252078
243690
239469
222880
220535
198967
203757
201954
191431

26

470241
461269
546517
504928
525452
607582
601373
606175
734928
735109

17

315312
333727
335866
349785
419825
364975
381076
391120
413729
420221

22

211429
223880
211781
210508
197673
196473
192785
198793
205448
201970

27

287471
319706
447126
399170
364349
358683
370230
386375
445057
427940

185

TABLE A~1 cont.

18

338304
320366
325409
316955
293627
329859
303534
311242
323203
335163

23

521405
510679
552951
543069
495582
475337
442976
487690
499270
4721336

28

167509
171286
185793
176156
174700
193732
174380
198410
210245
218807

19

76546
65132
62877
55451
35956
31293
29026
27493
26298
26073

24

387007
419445
414668
392356
379882
372467
367085
378130
414108
422047

29

289073
310221
297371
283532
206703
210157
202126
252379
225303
214243

20

92145
93205
99559
95743
140900
154987
162171
175144
192060
199741

25

547492
562629
612586
554346
473275
501333
497780
522228
602440
576078

30

210034
200057
203405
203159
193981
186121
188746
181897
189354
187983



1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

31

978603
73563
769969
809360
835862
704468
861810
940268
1010517
1004003

w
=)

COCOO0QO000O0

32

3289611
3398376
3470548
3429050
3524137
3654081
3792733
3927735
4224338
4442790

[¥N )
=

OO COOOOQ

186

TABLE A-1 cont.

33

789117
822837
878756
942998
1002901
1068551
1105405
1129926
1195230
1306277

34

1239952
1248438
1292215
1372817
2119599
2424600
2631463
2754216
3150751
3478445

W
L

QOO OOOOoOOoO
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TABLE A-2
NATIONAL EMPLOYMENT

1 2 3 4 3
1948 0 0 50474 95665 538384
1951 0 0 65671 101335 451553
1953 0 0 75802 106351 355157
1956 0 0 30999 109867 260719
1959 0 0 106196 85191 194914
1962 0 0 126424 79482 151355
1964 o 0 141093 71767 140346
1965 0 0 148428 76507 135432
1967 0 0 169275 80054 123635
1969 0 0 182873 78784 124970

6 7 8 9 10
1948 226950 B5645 2007291 129482 1375453
1951 259799 89900 2345535 157542 1293938
1953 293568 96610 2367098 165251 1379627
1956 328783 116035 2501050 187599 1390355
1959 272531 113181 2483283 227215 1607370
1962 254760 104996 2410014 234980 1578305
1964 223147 106001 2571423 242942 1538558
1965 232192 107961 2799410 213159 1545154
1967 223898 1408500 2933745 302089 1586182
1969 223796 109332 3162500 409204 1588882

11 12 13 14 15
1948 101705 1336283 1182356 789262 352548
1951 B9434 1273334 1269820 826956 377590
1953 87608 1184845 1267446 735750 372037
1956 81985 1057579 1234868 688550 374438
1959 80744 892769 1189431 578771 358438
1962 74557 874577 1252443 526622 364166
1964 75243 857328 1279624 565368 380044
1965 71929 883120 1333663 572562 407298
1967 68304 925159 1290846 570820 439118

1969 70547 965579 140785 586887 455456
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TABLE A-2 cont.

16 17 18 19 20
1948 458978 714762 700140 247826 256120
1951 508545 762327 720822 222606 256407
1953 519889 781217 775839 226429 271516
1956 558085 B24974 794265 210648 258587
1959 560078 857556 732656 176605 359294
1962 587882 904208 772169 161367 387997
1964 583678 925385 748293 150581 417365
1965 595988 955345 775530 147001 448519
1967 641409 1029091 867201 138512 506611
1969 662625 1065503 880050 136804 560323

21 22 23 24 25
1948 416666 498770 1223188 393305 1537849
1951 400950 533253 1243298 1083326 1608621
1953 391730 520025 1314901 1110781 1751921
1956 380377 530770 1325983 1088543 1693454
1959 350006 555967 1203353 1087672 1401761
1962 352919 548058 1168110 1062096 1445558
1964 325985 563247 1151851 1080182 1527567
1965 334502 577591 1246441 1132134 1635558
1967 337577 586422 1303067 1271085 1943140
1969 329853 602624 1280964 1291834 1962236

26 27 28 29 30
1948 868629 1273672 249110 462123 523574
1951 916193 1471754 259748 495772 549685
1653 1113660 1942771 296934 491013 572313
1956 1060676 1786136 296397 488358 583162
1959 1183155 1646335 195424 368761 565213
1962 1405382 1541618 341796 369071 578767
1964 1465767 1627597 310537 369608 586047
1965 1540040 1708842 322894 389453 591586
1967 1905171 1953384 384954 413256 611232

1969 1930967 2020619 409989 429548 616808



1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

31

2591564
2106231
2170606
2228268
2354850
2431865
2470762
2627123
2914235
3086536

(W]
L=

OO0 O0O00OC

TABLE A-2 cont.

32

9488147
10002827
10271512
10730853
10836151
11284721
11900935
12398667
13535368
14627141

[¥~)
b |

SO0 OCDO0O0O0
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33

1749395
1894633
2055096
2284956
2505432
2723335
2914936
3814243
3201271
3509168

34

3493848
3490540
3678763
3960454
5795905
6615266
7288254
7709154
8938459
99743135

(W]
Ln

OoDOoOOQOoOOOOO



YEAR

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969

1948
1951
1953
1956
1959
1962
1964
1965
1967
1969
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TABLE A-3

HISTORICAL INDEPENDENT VARIABLES

POPULATION (MILLIONS)

47,312
48,660
49,988
51,888
54,250
56,412
58.001
58,711
59,638
60,206

146,045
154,060
159,035
168,043
177,131
185,890
191,371
193,815
197,859
201,306

REGIONAL
PERSONAL INCOME (BILLIONS,$58)

89,769

99,920
167,895
120,210
127,956
141.020
154,068
162,913
180,288
196,995

NATIONAL

253,791
285,812
311,286
348,607
376,071
419,628
158,674
492,591
546,756
602,809

TIME
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TABLE A-4

PROJECTED INDEPENDENT VARIABLES

REGIONAL
YEAR POPULATION (MILLIONS) REGIONAL INCOME (BILLIONS,$58) TIME
1980 68,150 312,540 33
2000 81,291 667,410 53
2020 10¢,583 1,415,220 73
NATIONAL
1980 234,193 963,000 33
2000 306,757 2,169,648 53

2020 397,562 4,934,146 73



Sector

O = Ovln B N

Y63

725
2105
115
103
173
10

38
23305
1871
17520
1812
723
5190
169
1589
684
1323
3298
3342
838
1007
297
426
901
6565
5842
12370
1110
1380
3687
7570
29294
34857
20548
422
284

192

TABLE A-5
REGIONAL FINAL
DEMAND

(Billions of 1958 Dollars)

Y80

1437
4174
228
205
342
19

76
46208
3710
34739
3593
1433
10291
335
3152
1357
2623
6539
6626
1661
1996
589
B44
1787
13017
11583
24528
2201
2737
7310
15009
58085
69113
40742
836
563

0

YOO

3094
8986
491
442
737
41
164
99477
7988
74785
7734
3085
22154
720
6785
2922
5647
14076
14265
3576
4297
1269
1817
3846
28022
24937
52803
4739
5892
15738
32310
125043
148785
B7708
1800
1211
0

Y20

6559
19052
1041
937
1562
87

347
210906
16935
158557
16397
6541
46970
1527
14384
6194
11972
29844
30243
7583
9109
2689
3852
8155
59411
52869
111951
10046
12493
33366
68503
265112
315448
185954
3817
2568

0



Sector

WO~ BN -

YN63

2196
6379
349
314
523
29
116
70621
5671
53092
5490
2190
15728
511
4816
2074
4009
9993
10127
2539
3050
901
1290
2731
19893
17703
37486
3364
4183
11173
22938
88771
105626
62266
1278
860

0
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TABLE A-6
NATIONAL FINAL
DEMAND
(Billions of 1958 Dollars)

YNSO

4355
12649
691
622
1037
58

230
140026
11244
105270
10886
4343
31185
1014
9550
4113
7949
19814
20079
5034
6048
1786
2557
5414
39444
35101
74327
6670
8294
22153
45481
176014
209434
123460
2534
1705

0

YNQO

9374
27230
1488
1339
2232
124
496
301444
24209
226622
23436
9350
67134
2182
20559
8854
17112
42656
43226
10838
13020
3844
5506
11656
84915
75566
160010
14359
17856
47690
97910
378919
450864
265782
5456
3670

0

YN20

19875
57733
3153
2839
4732
263
1052
639110
51318
480476
49688
19823
142334
4627
43589
18771
36280
90438
21647
22977
27605
8150
11673
24713
180034
160211
339246
30444
37857
101111
207586
803370
955904
563500
11568
7782

0



XC1963

7172.13
7548.89
988. 47
222.69
638.09
407.86
434.17
28221.61
1942.83
23749.74
2434.21
3511.05
6940.84
1504.98
1894.19
4610.25
442781
9665.51
5u86.36
2750.22
1433.29
3209.58
11445, 31
7067.57
11522,05
10032.99
18722.90
2094.95
2109.85
8253.83
16623.35
37600.25
48853,82
34030.25
1985.88
2262.98
2355.31
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TABLE A-7
OUTPUT VECTORS
SCENARIO C

(Billions of 1958 Dollars)

XC1980

7T111.51
T487.55
982.41
267.80
630.40
227.88
48g.64
27989.45
1946. 41
23644 .29
2423.44
314247
6912.17
1604.87
1895.45
4557.10
4386.50
9550.33
4978.03
2740,34
1426.27
3154.86
11428.57
7002.98
11544 ,55
10026.95%
18849,.56
2088.56
2101.00
7938.68
16464 .56
37647.81
48608.11
33834.24
1960.21
2197.84
2327.75

XC2000

6078.40
6696.04
831.96
312.67
589.53
38.86
314.03
26999.99
1942.52
22232.686
2236.77
2671.02
6455.63
1377.62
1861.57
3388.69
3566.05
B441.40
4091.17
2566.69
1298.39
2015.23
11222.26
6055.29
11915.15
9973.30
19371.24
1965.72
1947.65
6600.15
14160,76
36207.97
45159.82
28576.57
1577.11
1650.18
1878.45

XCz2020

5004 , 34
5753. 24
712.35
359.89
561.24
16.52
213.79
25936.93
942,71
21021.46
2098.25
2109.06
6088.94
1160.26
1813, 74
2429.50
3059.30
7590.29
3697.79
2436.83
1206. 47
1382.10
11302.31
54uY .84
12326.65
10029.54
19628.27
1890.89
1753.13
5724.88
12773.70
34904.93
42302.35
26344 .43
1305.88
1272.58
1579.12

@R~ EWN =



XD1963

T172.13
7548.89
988.47
222.69
638.09
407.86
43y,17
28221.61
1942,83
23749.74
2434,.21
3511.05
6940. 84
1504,98
1894.19
4610.25
by27.81
9665.51
5486.36
2750.22
1433.29
3209.58
11445, 31
7067.57
11522,05
10032.99
18722.90
2094.95
2109.85
8253.83
16623.35
37600.25
48853.82
34030.25
1985.88
2262.98
2355. 31

TABLE A-8

195

OQUTPUT VECTORS
SCENARIO D
(Billions of 1958 Dollars)

XD1980

1422082
14967.85
1959.93
441,54
1265.19
808.70
860.87

55957 .47
3852.22
47090.71
4826.53
6961.68
13762.21
2984 ,06
3755.77
G141, 14
8779.41
19164.66
10878.29
5453,10
2641.91
6363.92
22693.64
14013.50
22845.79
19893.29
37123.54
4153.85
4183.38
16365.59
32960.58
74553.33
96866.79
6TUTH.TT
3937.57
4487.00
4670.08

XD2000

30614.28
32222.44
4219.30
950.53
2723.67
1740, 96
1853.25
120464 .01
8292.97
101375.84
10390.45
14986 .94
29626.98
6424.01
8085. 34
19678.84
18900.12
41257.25
23418.53
11739.30
6117.99
13700.10
48854, 36
30167.96
49181.91
42825, 84
79918.74
89u2.31
9005.88
35231,48
70956,81
160496.76
208532.68
145258, 19
8476.72
9659.52
10053.64

XD2020

64907.20
68316.78
8945.59
2015.28
5774.63
3691.11
3929.19
255403.12
17582, 44
214933. 14
22029.42
317T74.74
62813.97
13619.95
17142.23
y1722.32
40071.30
87472.02
49651.07
2u889,.22
12971.14
29046,42
103579.12
63960.94
104273.59
90797.69
169440.62
18959.13
19093.92
TU696,43
150439.88
340279.01
442122.91
307970.79
17972.01
20UT7G. T4
21315.34

WO~ EWwio o
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TABLE A-9
OUTPUT VECTORS
SCENARIO A
(Billions of 1958 Dollars)

XA1963

T7172.13
7548.89
g88.47
222.69
638,09
407.86
34,17
28221.61
1942.83
23749.74
2u34,.21
3511.05
6940. 84
1504.98
1894.19
4610.25
Ly27.81
9665.51
5u486.36
2750.22
1433.29
3209.58
11445, 31
7067.57
11522.05
10032.99
18722.90
2094.95
2109.85
8253.83
16623.35
37600.25
48853.82
34030.25
1985.88
2262.98
2355.31

XA1980

14100.62
14846.22
1947.91
531.00
1249.95
451.83
970.86
55497 .15
3859.33
46881.63
4805.16
6230.86
13705.36
3182.11
3758.28
9035.76
8697.51
18936.28
9870.37
5433.51
2828.00
6255.42
22660.43
13885.42
22890,40
19881.32
37374.68
4141.18
4165,.84
15740.72
32645.75
TU6U4T .63
96379.58
67086.14
3886.67
4357.86
4615.43

XA2000

25945.65
28582.07
3551.23
1334.62
2516.42
165.87
1340.45
115249.53
8291.65
94900.15
9547.68
11401.25
27555.87
5880. 37
T946.11
14464, 64
15221.71
36032. 14
17463.15
10955.94
5542, 16
8602.03
47902, 24
25847.03
50859, 814
42571.06
82686,20
8390.67
8313.56
28172.78
60445.23
154553, 80
192764 .81
121979.18
6731.88
7043.80
8018.18

XA2020

45288.88
52066.34
64U6.TH
3257.02
5079.14
149.51
1934.81
234726.95
17590.42
190242, 38
18988.98
19086.78
55104, 43
10500.28
16414.17
21986.74
27686.37
68691.46
33464.71
22053.11
10918.43
12507.89
102284.96
49275.30
111555.08
90766.47
177634.18
17112.44
15865.69
51809.70
115600.90
315886.62
382832.58
238414.81
11818.13
11516.71
14290.91

W10 FWwhy =
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TABLE A~10
OUTPUT VECTORS
SCENARIO N
(Billions of 1958 Dollars)

AN1963

7351.32
7805.39
1157.29
T77.76
657.77
2917.76
840,07
.28930.40
2089, 138
24285.56
2436.55
4B32.54
6977.29
2896.75
1945,42
4730.93
4473.04
10060.49
7199.53
2814,98
1437.10
3320.57
11743.70
7259.06
11687.67
10133.9
19201.27
2116.74
2126.30
8684,68
17104, 14
38585.64
49882.57
3LUBO. 64
2029.27
2345,24
2440.07

XN1980

14487.58
15412.55
22T4.74
1544.67
1299.40
5473.91
1639.62
57168.21
414y,55
48034.85
4811.07
9460.66
13784.38
5647.47
3848.54
9288.66
8788.49
19804.20
14121.29
5560.30
2835.49
6484,19
23229.20
14267.64
23201.21
20078.47
38097.38
4182.87
4199.59
17085.86
33636.87
76280.01
98u64 ., 24
68000, 31
3979.65
4586.58
4785.49

XN2000

26639.86
29401,.88
4001.87
3495,.78
2639.18
2896.04
2582.52
115952.03
8998.39
97664,25
9558.73
15599,61
27665 .01
8633.48
7963.29
16557.9%0
15883.16
37272.63
25227.49
11184 ,98
5563.99
10306.64
48650.20
26260, 30
51425,90
42885.91
83207.09
8495.00
8406.22
31938.54
62002.77
155684 .89
195278.90
132548.22
6934, 42
7536.63
8359.62

AN2020

46509.24
53339.71
6810.16
7940.79
5362.85
2823.16
4207.83
235937.87
19231.78
196398.58
19014, 74
25253.97
565284.32
13368.89
16445,.62
29836.27
28912.45
70996.98
87991.01
22582.61
10961.78
16918.70
104052.26
50111.64
112850.68
91445, 40
178948.05
17323.36
16842.94
60954 .64
118566.52
318012.82
390852.40
261036.34
12203.06
12472.09
14939.65
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XB1963

7351.32
7805.39
1157.29

777.76

657.77
2917.76

840.07
28930.40
2089.38
24285.56
2436.55
4832.54
6977.29
2896.75
1945.42
4730.93
4473.04
10060. 49
7199.53
2814,98
1437.10
3320.57
11743.70
7259.06
11687.67
10133.91
19201.27
2116.74

2126.30
8684.68
1710414
38585.64
4g9882.57
34480.64
2029.27
2345.24
2440.07

198

TABLE A-~11
OUTPUT VECTORS

XB1980

14576.10
15476, 44
2294 .66
154214
1304,22
5785.30
1665.68
57362.86
k142,79
48153.13
4831.16
9581.90
13834.48
5743.65
3857.36
9380.43
8869.09
19947,83
14275.14
5581.50
2849 .47
6583.98
23285.27
14393.17
23174.18
20093.41
38072.06
4197.04
4216.00
17219.89
33913.88
76507.16
98906.57
68367.80
4023.61
4650.12
4838.14

SCENARIO B
(Billions of 1958 Dollars)

XB2000

31379.11
33317.34
4939.89
3319.89
2807.69
124514, 46
3585.85
123489.50
8918.51
103662.98
10400, 42
20627.69
297182.56
12364, 80
8304.04
20193.98
19093.18
42943,25
30731.21
12015.73
6134,28
14173.84
50128.01
30985.30
49888.87
43256.64
81960.69
9035.30
9076.12
37070.59
73009.05
164702.92
212923.86
147180.69
8661.94
10010.67
10415, 45

XB2020

66528.78
70638.13
10473.36
7038.69
5952.76
26U405.46
7602.57
261817.65
18908.68
219782.24
22050.57
43734,03
63143.83
26215.37
17605.89
42814 .49
40480.63
910u46.61
65155. 11
25475,28
13005.66
30050.84
106279.47
65693.83
105772.44
91711.05
173769.87
19156.29
19242.84
78595.63
154790.97
349196.76
451432.92
312046 .80
18364.71
21224.25
22082.44
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1
0,1780000
0.,3128540
0.,0209930
0,0000000
0,0001920
0,0000000
0,0000770
6.0100900
0.0000000
D,1616290
0,0000000
0n,0003958n
N.,0007940
0,0000900
n,0000000
0,0005490
0,0002270
0,0056280
0,0082080
n,00113%50
0,0003430
0,0002840
0.00003850
0.0022840
06,00038650
0,0002580
0.,0002850
0,0000000
0,0000690
0,0041%90
0,0292050
0,0381400
0,0202420
0,0193130
0.,0002020
6,000025%0
0.,0008270

199

TABLE A-12
NATIONAL INPUT COEFFICIENT MATRIX

1963

2
0,0705390
0,02R1900
0,0UB6L80
0,0000000
0,0000180
G,0000000
0,0056%590
0,0180R20
0,0000000
0,0000970
0,N000000
0,0018780
N NN19300
0,N0U1010
0,nN000000
0,0001650
0,000U040
0,N%62140
0,Nu51590
0,00436uD
c.,0000000
0,0016220
0,0000350
0,00184A¢
0,0101600
0, 0010110
0,0007630
0,0000000
0,0000810
0,.n0B86%40
0,01689690
0,0361%10
0,1040930
0,04A3010
0.,0002020
0,0000380
0,00148660

AN}

3
0,0653000
0,1409560
0,0300890
0,0000000
0,0000000
0,0000000
0,0000000
0,0000000
0,0000000
0,0190610
0,0000000
0,02%3360
0,0003080
0,00319%0
0,0000000
0,0190620
0,0000930
0,0014870
0,0097460
0,0002300
0,0007020
0,0001110
0,0000000
0,n386010
0,0001530
0,0077730
0,n049100
0,0001690
0,0000480
0,0002e10
06,0164900
0,0230480
0,0122010
0,0021860
0,0001660
0,0000890
0,008u080

4
0,0000000
0,0000000
0,00006000
0.,1170450
0.0021390
0.0000000
0,0052970
0,0040130
0,0000000
0,0000000
0,0000000
0,000184u0
0,0000070
0.,00u9850
0,0000000
0.0002400
0,0000470
0,0297750
0,0081240
0,0061620
0,0000670
0,0021540
0.,0211300
0,0028400
0,0468830
0,0008410
0,0026640
0,0003720
0,0004270
0,0279700
0,0672830
0,0206510
0,0803190
0,02u2160
0,0011550
0,0006550
0,0045740



5
0,0000000
0,0000000
0,0000000
0,0001920
0,155%&10n0
n,o0000000
D,000u640
0,0098780
0.,0000000
N,0000000
0,0000000
0,0000000
0,0000000
0,0096N090
0,0000000
0,00605580
0,0000340
0,0207680
0,0149830
0,0174740
N,0000000
0,0018050
0,0233R880
0,0071520
0,082R240
N,01N0GEL20
0,0097180
0,00000600
N,0N0000N
0,0381530
0,0299760
0,0344u080
0,0825%200
0,02%2890
0.0012260
0,0004080
0,0068%20

200

TABLE A-12 cont.

)
0,000000N
N,0000000
N, h000000
6, 0000210
0.,0000000
0,0241AD00
0,0000000
N,NU420540
N,0000000
Q. N000000
0.,0000000
0,0001940
t,0000000
pL,00N0D11D
0,0000000
0,00015%0
N,0000380
0,0093%u20n
0.006R3%0
O,n013470
N,0000000
0,0038170
0,002BFR 40
n,0029810
0,0039720
D,UDBA200
a,0n03%80
N,0004390
0,0000000
0.,0134000
n,0282610
0,013952¢0
0,2%43770
0,0166450
0,0005860
0.,00033%40
0,00e8870

Abl

7
V,0000000
0,0000000
0,0000000
0,0015780
0,0011800
0,0000000
0,0202770
0,004%880
0,0000000
0,0000210
0,0000400
0,00n11R0
0,0000000
0,0000950
0,0000000
0,0021310
0,0000360
0,0145910
0,01A83790
0,0185370
0,0000090
0,032709n
0,0133150
0,0021090
0,0467930
h,0040400
0,00u45460
0,0000000
6,00001A0
0,02803¢20
0.,0223190
0,0198600
0,027371%10
0,0161740
0,0008740
0,0009830
0,00394%90

A
0,06000000
0,0024720
0,0000300
0,0000000
0,0000000
0,0000000
0,00668570
0,0002910
0,0000u50
0,0002%u0
0,0000000
0,0012840
00004360
0,0849660
0,00u4b790
0,0022480
0,0000270
0,0110930
0,0155000
0,0047170
0,0000120
0.0524970
0.0331000
0,0672800
0,0126760
0,0159100
0,00065680
0,0024660
0,0013890
0,0024630
0,0247620
0,0605780
0,0088330
0,0345080
0,0002%60
0,06003500
0,0046G30



O WPuwId AL wfumrm

¢
0,0000000
6,0000000
0,0000000
0,0000000
0,0001620
0,00NNNQ0
0.,0000000
0,0009530
0,0255100
0,0000000
0.,0000000
0,0000000
0,0005710
0,0029650
0,0003220
0,0014100
0,0002060
0n,0022710
0,0021110
0,0132030
0,0000400
0,0000000
0.0695330
0,0114030
0,0106470
0,061435%0
nN,2656210
0,0138530
0,0001170
0,0037610
0,0117030
0,0134930
0,0085110
0,02195%0
0,0017320
0,0000690
0,0075110

201

TABLE A~-12 cont.

10
0,1761020
0.N6%8130
0,0039080
0.0000000
0,0003610
0,0000000
0,0008m60
0,0020620
0,0000000
0,1735400
0,0000000
0,0000430
0,0018070
0.,0011140
0,N000000
0,0228R10
0,00598010
0,0061890
0,00277T10
0,0027030
0.,0000390
0,0090110
0,0000360
0,0235550
0,000%980
0.00007860
0,0001730
0.,0001190
0,0000960
0,0058u80
0,0320650
0,0310440
0,0093270
0,0345430
0.0007060
0,0003280
0,0032700

AL}

11
0,0000000
0,1379970
0,0000000
0,0000000
0,0001890
0,0000000
0,0000000
0,0011360
0,0000000
0,0001670
0,237%300
0,0000000
0,0000000
0,00067590
0,0000000
0,0160490
0,0084050
0,0106560
0,0003000
0,0000090
0.0000110
0,0000000
0,0000000
0,00681%0
0,0000300
0,0000000
0,0000100
0,0001350
0,0000300
0,0010750
0,0067420
0,0088630
0,0040030
0,0uQ91480
0,0020210
0,0000220
0,0055380

12
0,0126040
0,0750660
0,0000000
0,0000000
0,0006760
0,0000000
0,0000270
0.0027210
0,0000000
0,0033980
0,0000000
0,33901480
0,0128760
0,0000200
0,0002220
0,0114100
0,0002470
0,0875970
0,0020470
0,0055%80
0.,0000930
0.,0027840
0,0000270
0,0005260
0,0054790
0.,0000700
0,0000300
0,0006%10
0,0025220
0,0093060
0,0202640
0,06400120
0,0093380
0,0120550
0,0009990
0,0001910
0,0034290
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13
0.,0000000
0,0000000
0,005134u0
0.,0000000
0,0000610
N,0000000
0,0000000
0.0N0RABAQ
A,0N0000O
0,0000070
0,0000000
0,2000420
0,1797940
0,0003340
0,0001150
0.,0073480
0.,0000890
0.0153110
n,0008%60
0,0048040
0,00270890
0,000095%0
0,0002290
0,0008840
0,0005350
N,0001130
0,0000570
0,0007530
0,0151150
0,0n30980
0,0090850
0,0323420
0,0148780
0.0135290
0,0024410
0.,0000590
N,0048640

202

TABLE A-12 cont.

14
g, 0000000
0,N1a2110
0,0911860
0,0000000
0,00015%60
Q.,0000000
n,n000330
J,0038420
0,0000000
0,0000%8R¢0
n., 0000000
0,0000190
0,001%210
o,30unt100
0,0020650
0,0039860
0., 0001430
0,0139240
0,N0490TY0
0.,0011270
0,0003390
0.,0061140
n,0081040
0.,0181080
N,0040810
0,0002740
0.,00004470
C,0004400
0,0016470
n,00789%00
0,0370590
0,0258620
N,01624000
0,0181600
0,00067%0
6,0002200
0,0040340

Anl

15
0,0060000
0,0000000
0,0000000
0,0000000
0,0002500
0,0000000
0,0000000
0,00135680
0,0000000
0,0000150
0,0000000
0,0505590
0,00192%0
0,1022490
0,0296740
0,0123970
0,0001290
0,0193300
0,0015%70
0,0649970
0,0010570
0,0117920
0,0479890
0,0586120
0,0030080
0,0029230
0,0005630
0,0031990
0,0018790
0,0053620
0,0232450
0,0358720
0,0264980
0,0216300
0,0014340
0,0000950
0,0067760

16
0.0000000
0,0000000
0,0000000
0,0000000
0,0036510
0,0000000
0,0045%270
0,0040d10
0,0000180
0,0077800
0.0000000
0,0060030
0,0021610
0,0673190
0,0000410
0,2618250
0,0094440
0,0434590
0,0094060
0.0$06080
0,0002120
0,0033110
0,0020190
0,0142250
0,00421410
0,0002130
0,0001080
0,0012790
0,0003500
0,0182070
0.,0427450
0.0318200
0,0136260
0,0224740
0,0010350
0,0003770
0,0052300
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21
0,0095100
0,0000000
0,0000000
0,0000000
0,0003%80
0.0000000
0,0000670
0,0012030
0.,0000000
0,0462090
0,0000000
0.0366670
0,0122070
0,0076310
0.,0000460
0,0126960
0,0002370
n,0147480
0,001355%0
0,0530430
0,2023990
0,0003540
0.,001455%0
0.,0059710
0,0002360
0,0001510
0,0000560
0,0044560
0,0121900
0,0040320
0,0122350
0.,0271060
0,0127300
0,0206760
0,0027390
0.0001190
0,00u8050

204

TABLE A-12 cont.

22
n,000000N
0.0005130
0,0000000
p,0012290
0,005u210
0,0000000
0,0769390
0,0082670
0,0000000
0,0003500
0,0000000
0,0024200
0.,0028940
0,0079270
0.,n0012680
0,0246990
0,0001530
0.,0303820
0.0108120
0.,0117760
0,0003240
0,10685%10
6,0127630
0.0105470
0,0089670
0.002%9270
0,0007080
0,0004570
0,0025260
0,0338410
0,0535400
0,0206660
0,0155280
0,0278870
0,0011450
0,0009750
0,0078%70

Aol

23
0,0000000
0,0000000
0,0000000
0,0444570
0,0091970
0,0000000
0,0026790
0,0061010
0,0001240
0,0001680
0,0000000
0,000%930
0,000705%0
0,0014420
0,0000070
0,0012940
0,0000720
0,015%2%0
0,0064440
0,0006730
0,0001890
0,001990
0,26R5420
0,01866110
0,0185450
0.,0062730
0,0035390
0,0007360
6,0009770
0,0228620
0,0400430
0,0283200
0,022%090
0,0142820
0,0006%50
0,0002870
0,0033960

cd
0,0000000
0,0000000
0,0000000
0,0000220
0,000137¢
0,0000000
0,0001310
0,0016760
0,0017110
0,0001900
0,0000000
0,001772¢0
0,0011540
0,0050420
0,001%6860
0.0118470
0,0039740
0,0182660
0,0034580
0,0072780
0,0005020
0,0076500
0,e®93%770
0,0600240
0,0295620
0,0102600
0,0134500
0,0047430
0,0018930
0,0079%520
0,0195900
0,0279970
0.,0174500
0,0222200
0,001081%0
0,0001310
0,008u920
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25
0,0000000
0,0000000
0.,0000000
N,0000000
0.0002290
0,0000000
0,000025%0
N,0016780
0,00055%7%70
d,0002270
0,0000000
0.,0003%430
0,0009160
0,0019130
0,000u870
0,0030660
0,0002290
n,00u44710
D,0037800
0.,0104290
0.,00068610
0,0066250
0,113%570
0,0u46399)
0,1705030
0,0449060
0,0195540
0,00496%0
0,0010070
0,0056990
0,0141770
0,0292490
0.01534s0
0,0202770
0.,0014230
0,0001190
0,008835¢0

205

TABLE A-12 cont.

ee
N,0000000
0,0000000
c,n000000
0,0001460
0,0001920
0,0000000
0,00003060
0,00166%0
0,005%21%0
0,0000090
0.,0000000
0,000RT4UO
0,0012170
0,0015510
0,007%260
0,0116800
0,0018110
0,0160250
0,0044330
6,0222360
0,0001900
0,01752%0
0,098333p
0,05u0640
0,0375020
0,1763340
0,0153070
0,0133730
0,0022960
0,0073330
0,0177840
0,0U20910
0.0163190
0,0¥81000
0,N020430
0,000182¢0
0,0136930

A6}

27
0,0000000
0,0000000
0,0000000
0H,0000000
0,0002480
0,0000000
0,0000370
0,00198620
0,0039020
0,0000000
0,0000000
0,0031010
0,0079810
0,0031570
0,0013550
0,0008860
0,0001150
0,00568670
0,0024560
0,0159410
0,0000390
0,0086140
0,09627860
0,0%u8770
0,0%48910
0,0282490
0,2691320
0,0092340
0,0004160
0,0047330
0,0174320
0,02322%0
0,00648%0
0,0258720
0,00126860
0,0005230
0,0056%u0

2A
0,0000000
0,0004690
0,0000000
0,00001%0
0,0003100
0,0000000
0,0000250
0,0016930
0,002387¢
0,0019240
0,0000000
0,0074b90
0,0013130
0,0009590
0,0006140
0,0139550
0,0003960
0,028095%0
0,0017870
0,0174260
0,0010990
0,0091770
0,05006980
0,02534680
0,0172740
0,0580%00
0,0124530
0,0655800
0,0040870
0,00u2780
0,0140070
0,0311530
0,0152990
0,04t0370
0,0018980
0.,0001580
0,0129160
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29
0,0000000
0.,0014210
0,0005710
0,0000000
0,0001540
0,0000000
0,0003030
0,0024420
0,0000300
0,0017840
0,0000000
0,0202550
0,0032740
0,0211310
0,0030810
0,0364uuB0
0,0064560
0,0405450
0,0035250
0.,03772590
0,0070720
0,0073980
0,0611740
0,0294590
0,0042910
0,0127830
0,0055590
0,0020380
0.,0732300
0.0052910
0.0197380
0,064u7010
0,0193280
0,0390530
0,0027520
0,0001280
0.,0097990
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TABLE A-12 cont.

30
0,0000000
0,0000000
0,0000000
0,06001030
0,0164110
0,0978070
0,0000000
0,0837500
0,0000000
0,0000610
0,0000100
0,0000570
0,0002250
0,0000660
0,0000000
0,0007070
0,0000740
0,0017470
0,0081350
0,0001660
0,0000000
0,0000280
0,0024770
0,0000100
0,0001080
0,0007770
0,0001080
0,0000000
0,0000100
0,1864100
0,0216820
0,005G4T740
0,0131480
0,0200620
0,0197740
0,1877390
0,0039840

Anld

31
0,0000300
0,0013530
0,0000000
0,0000000
0,0008200
0,0003230
0,00001%0
0,0301510
0,0000000
0,0023190
0.,0000000
n,0002820
0,0003340
0,0000850
0,0000000
0,0006640
0,0008980
0,0007780
n,0305300
0,0032150
0,0000000
0,0001960
0,0043030
0,0018150
0,0017250
0,0051060
0,0096530
0,0001120
0,0000200
0,0070200
0,0685320
0,0202840
0,0350040
0,0457330
0,0030970
0,0184610
0,0060900

32
0,0000000
0,0000000
0,0014500
0,0000080
0,0000150
0,0000520
0,0000380
0,0036140
0,0001560
0,0060130
V.0000280
0,0002670
0,0012160
0,0010610
0,0003580
0.,0101230
0,0020190
0,0032240
0,0118640
0,0022700
0,0002180
0,0014720
0,0006810
0,0022300
0,0026900
0,0022230
0,0017200
0,0010440
0,0014690
0,0161960
0,0174180
0.0179000
0,0684140
0,0628740
0,0108260
0,0038580
0,0100830
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$3
0,0065220
0,0107580
0,0001360
0,0000R9¢0
0,00005%90
0,000%4u40
0,0001530
0,0633780
6,0000130
0,0008%10
N,0000490
0,000198¢0
0,0002900
0,0002190
0,0000860
0,0016250
0,0031230
0,0023310
0,0047590
N, 0004990
0., 0000820
0,0003060
0,0003040
0,00058&¢0
0,0014%80
0,000%440
0,000%189
0,0002680
0,0001000
0,0057330
0,0105260
0,0123750
0,1111420
0,0U348up
0.,0085010
0,00%9%510
0,0043400
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34
0,0001600
6,0002860
0,0000000
0,0000020
0,0000T10
0,0000070
0,0000190
0,0081840
0,0000060
0,0023610
0,0000000
N,0003870
0,0014160
0,0000000
0.0000000
0,0016170
0,0608810
0,0092410
0,00uuBU0
0.0023520
0,0013460
0,0018m90
5,0000560
0,0020080
0.0057880
0,0064270
0.,0064320
0,005%050
0,0057100
0.,0131460
0.0312790
0,0233080
0,0531940
0,0603520
0,0085720
0,0016%500
0,0152010

Ae3

35
0,0000000
0,0000000
0.0000000
0,0000000
0,0064170
0,0000000
0,0000000
0,0059270
0,0000070
0,0000000
0.,0000000
0,0007630
0,0008190
0,0000000
0,0000070
0,0016880
0,0021580
0,0010860
0,0022790
0,0009870
0,0000620
0,0001400
0,0000360
0,0002330
0,0000650
0,0002280
0,0009810
0,0000820
0,0000990
6,0078060
0,0816370
0,00uRB10
0,0193670
0,0175320
0,0003500
0,0002970
0,0079230

s
0,0000000
0,0001610
0,0000780
0,0000000
0,0071120
0,0038800
0,0002140
0,1682740
0,0000000
0,0000000
0,0000000
0.,0000000
0,0002870
0,0000000
0,0000000
0,0023550
0.,0004800
0,0084700
0,0068530
0,0006560
0,0000000
0,0020880
0,0013330
0.,0001110
0.,00017108
0,0024270
0,0011980
0,0001170
0,0001680
0,0774720
0,0128860
0,0043570
0,01782%0
0.0337800
0,0008580
0,0003800
0,0012310
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37
0,0034780
0.,0103740
0,0008610
0,0000000
0,0000000
¢c,0000000
0,0000000
0,0000000
0,0008620
0.,229U470
0,0173130
0,0000000
0.000R700
0,0003220
0,0000000
0,0003750
0,0010980
0,00%1880
0,0000000
0,0002970
0,0034710
0,0005250
0,0000000
0,0004990
n,0000000
0,0082920
0,0000000
0,0031110
0,005%6340
0., 0000000
0,34u4uB00
0.,0481320
0,0000000
0,145745%0
0,0000000
0,0000000
0,0000000
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TABLE A-13
NATIONAL INPUT COEFFICIENT MATRIX
1980
A80
1 2 3 ¢
1 0,1802090 0.0703190 0,0637060 0,0000000
2 0.3167370 0,0281020 0,1376450 0,0000000
3 0,0212%540 0,0484960 0,0302610 0,0000000
u 0,0000000 0,0000000 0,0000000 0,1198260
5 0,0001940 0.,0000180 0,0000000 0,0021900
6 0,0000000 n,0000000 0,0000000 Ue,0000000
? 0,0000780 0,0056410 0,0000000 0,0054230
8 0,0102150 0,0180260 0,0000000 0,0041080
9 0,0000000 0,0000000 0,0000000 0,0000000
10 0.,1636350 0.0000970 0,0186130 0,0000000
B! 0,0000000 0,0000000 0,0000000 0.0000000
12 0,0004000 0,0015730 0,022%930 0,000188n
13 0,0008040 0.,0019240 0,0003010 0,0000070
14 0,0000910 0,0040R80 0,0031200 0,00531030
15 0,0000000 0,0000000 0,0000000 0,0000000
16 0.00055n0 C.0001640 0,0186140 0,0002460
17 0,0002300 n,0004030 0,0000910 0,0000480
18 0.0056980 0,0560390 0,0014520 0,030u820
19 0,0083100 0,0450180 0,0095170 0,0083170
20 0.0011490 0,00643500 0,0002250 0,0063080
21 0,0003u70 ¢,0000000 n,0006860 0,0000070
22 0,0002880 0,0016170 0,0001080 0,0022020
23 0, 00003%0 0,0000350 0,0000000 0,0216320
24 0,0023120 0,001Ru520 0,0376940 0,0029070
25 0,0003700 0,0101340 0,0001490 0,0479970
26 0,0002610 0,0010080 0,0075900 0,0008610
27 0,0002890 0,0007610 0,0047950 0.,0027270
2R 0,0000000 0,0000000 0,00018650 0,0003810
29 0,0000700 0,0000810 0,0000470 0,0004370
30 D, 0042110 0,008e270 0,0002160 0,0286410
31 0,029%670 0,0169160 0,0161030 0.,0688820
32 0,0386130 0.,0360380 0,0225070 0,0211420
33 0,0204930 0,1037680 0,0519140 0,0822270
3d 0,0195853¢0 0.0481500 0,0021350 0,02478990
3% 0,0002050 0,0002010 0,0001620 0,0011820
36 0,0000250 0,0000380 0,0000870 0,0006710
37 0,0008370 0,00148610 0,0082100 0,00u46830
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S
0,0000000
0,0000000
0,0000000
0,0001960
0,1590980
0,0000000
0,0004T40
0,0100990
0.,0000000
0,0000000
n,0000000
NOOHOOOD
0,0000000
0,0098240
D,0000000
0,000&8730
0,0000350
0,02123830
0,0153190
0,0175590
0,0000000
nD,001845%0
0,0239120
0.0073120
0,08406800
0,0102670
0,0099340
0,0000000
0,0000000
0,0390080
0.0806480
0,03517%0
0.,0639210
N,0258560
0,0012%530
0,0004170
0,0070000
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TABLE A-13 cont.

[,
0,0000000
0,0000000
0,0000000
0,0000220
0,0000000
0,0208090
0,0000000
0,0631490
0,0000000
0,0000000
0.0000000
0,0001990
0,0000000
0,0000110
0.,0000000
0,0061590
0,0000390
0,0095850
0,0070130
0,0013820
0,0000000
0,0039160
0.0029590
0,0030580
0,0040750
0,0088040
0,0003190
0,0004500
0,0000000
0.,0137540
0,0289960
0,0143350
0,2406690
0,0170780
0,0006010
0,0003430
0,0070660

ABO

y
0,0000000
0,0000000
0,0000000
0,001%510
0,0011600
0,0000000
0,0199340
0,0045100
0,0000000
0,0000210
0,0000390
0,0001160
0,0000000
0,0000930
0,0000000
6,0020950
0,0000350
0,0143440
0,0180680
0,0182240
0,00000890
0,0321%960
0,0130900
0,0020730
0,0u460020
0,0039720
0,0084690
0,0000000
0,0000180
0,0275580
0,0219420
0,0195240
0,0269090
0,0159010
0,0008590
0,0009660
0,0038820

8
0,0000000
0,0024150
0,0000290
0,0000000
0,0000000
0,0000000
0,0067000
0,0002840
U,0000440
0,0002480
0,0000000
0,0012550
0.0004260
0,0341640
0.00u45720
0,0021960
0,0000260
0,0108390
0,0151450
0,0046090
0.0000120
0,0512940
0,0323430
0,0657380
0.0123850
0,0155450
0,0004460
0,0024090
0,0013570
0,0024070
0,0241940
0,0591890
0,0086310
0,0337170
0,0002500
0,0003620
0,0045370
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9
0,0000000
0.,0000000
G.,0000000
0,0000000
0,0001440
0,0000000
0.,0000000
0,0009700
0,02%9520
n,0000000
0,0000000
0,0000000
0,0005810
0,0030160
0.0003280
0,0014349
0,0002100
0,0023100
0.0021480
0,0134320
0,0000410
0,0000000
0.,0503920
0,0116010
0,0108320
0,062%000
0.,2700230
0,03140930
0,0001190
0,0038260
0,0119060
0,0137270
0,0086%90
0,0223300
0,0017620
0,0000700
0,007T6410
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10
B,17u%410
0,0653790
0,0038820
0.0000000
0,0003500
g,n000000
0.,0001650
0,0020290
0,n000000
0,1723960
0,N000000
0,0000u430
0.,001795¢0
¢,0011070
0.,0000000
0,0227300
0,0057630
0,0001480
0,0027530
0.,0026850
0.,0000390
0.,0089%2¢0
0,0000380
0,0234000
0,000%940
0,0000770
0,0001720
0,0001180
0.,00009%0
0.,005RN9O
0,0518540
0,0308390
0,00926%0
0,03431%0
0,0007010
0,0003200
0.,NO032UB0

A80

11
N,0000000
0,136u760
0,0000000
0,0000000
0.0001870
0,0000000
0,0000000
0,0011230
0,0000000
0.,00016%0
0,2349110
0,0000000
0,0000000
0,0007510
0,0000000
0,0158720
0,0083120
0,0105390
0,0002970
0,0000090
0,0000110
0,0000000
0,0000000
0,0067400
0.0000300
0,0000000
0,0000100
0,0001340
0,0000300
0,0010630
0,0046900
0,0087650
0,0039590
0,04B6060
0,0019990
0,0000220
0,005u770

12
0,0125480
0,07u47320
0,0000000
0,0000000
0,0006730
0,0000000
0,00n0270
0,0027090
0.0000000
0,0033830
0,0000000
0,3376350
0,0128190
0,0000200
0,0002210
0,0313590
0,0002460
0,0872070
0,0020380
0,0055330
0,0000930
0,0027720
0,0000270
0,0008240
0,0054550
0,0000760
0,0000300
0,0006480
0,0025110
0,009265¢0
0,0201740
0,0398340
0,0092960
0,0120010
0,0009950
0,0001900
0,0034140
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13
N,00G60000
¢,0000000
0,0050650
0,0000000
0.0000600
0,0000000
0,0000000
0,0008760
0,0000000
0.0000070
0,0000000
0,2565690
0,177393)p
H,0003300
t.00011350
0,0072500
6,0000880
0,0151070
0,0008450
0,0047400
n.,0026720
0,0000940
0,00022n0
0,0008720
0,0005280
0,00031110
0,0000560
0.0007430
0,0149130
0,0030570
0,0089640
0,0319100
0,01446790
0,0131480
0,0024080
0,0000580
0,0047990
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TABLE A-13 cont.

14
0,0000000
0,0141990
0,0911110
0.,0000000
0,0001%60
0,0000000
0,0000330
0,0038590
0.0N000000
6,0000580
0., 0000000
0,0000190
0.,0015200
0.,3037€00
0,0020630
0,0039830
0,0001430
0,0139130
0,00USN3D
H.n0t1260
0.,n003390
0,0061090
0,0080970
0.,0180900
0,00U0T78D
0,0002740
0,000ud70
0,0004400
0,00160660
0,0078R4D
0.0370290
0,0258u10
0.,0162270
0,0181450
0.,0006720
0.,0002200
0.,0040310

ABD

15
0,0000000
0,0000000
0,0000000
0,0000000
0,0002480
0,0000000
0,0000000
0,0013470
0,0000000
0,0000150
0,0000000
0,0501590
0,0019140
0,1016390
0,0296390
0,0122990
0,0001280
0,0191770
0,0015450
0,0846410
0,00106490
0,0116990
0,0476090
0,0581480
0,0029840
0,0029000
0,0005590
0,0031740
0,0018640
0,06053000
0,0230610
0,0355880
0,0262880
0,0212600
0,0014030
0.,0000940
0,0067220

16
0,0000000
0,0000000
0,0000000
0,0000000
0,0036470
0,0000000
0,00u%220
0,0040360
0,0000180
0,0077710
0,0000000
0,0059960
0,0021590
0,0672660
0,0000410
0,2615330
0,0094330
0,0434110
0.0093960
0,0105960
0,0002120
0.,0033070
0,0020170
0,0142090
0,0042060
0,0002130
0,0001080
0,0012780
0,0003500
0,0181870
0.,0026970
0.0317840
V,0138140
0,0224490
0,0010340
0.,0003770
0,0052240
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17
5.,0000000
0,0000000
0.,0000000
0,0000000
0.0000260
0,0000000
0.0000000
6,001485¢0
0,0002090
0,0007290
0,0000000
0,0013400
0,0000000
0,0013340
0,0009530
nD,1281240
0.,1106860
0,0205%040
0,0023890
0,0032020
0,0000450
0,0000000
0,0004020
0,0012910
0,002055%0
0,0001010
0,0003820
0,0072180
0,001U4m70
0,0042310
0,0188%20
n, 0184670
0,09222%0
0,0332110
0,0104050
0,0002760
0,0151070
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18
0,0000720
0,0007400
0,0010240
0,00U75%10
0,0024290
0,00093%0
0,0182300
0.,00%0320
0,0000060
0.,0228930
0.,0000000
0.00020090
0.,0010100
0,0020660
0,0000000
0,0258140
0.0012160
0,2388590
0,04T424u0
0.,0123870
0,0001550
0,0075230
0,01%27%0
0,02255%40
0,0062660
0,0009930
0,0001010
h,0022200
0,0012200
0,0225340
0,0296656¢0
0,0353300
D,0151760
0,0711110
0,0020720
0,0003750
0,0108100

AR0

19
0,0000000
0,0000000
0,0000000
0,0000000
0,0002500
0,2999400
0,0029880
0,0136730
0,0000000
0,0008860
0,0000080
0,0000000
0,0001240
0,0001500
0,0000000
0,00%18990
0,0000320
0,0208680
0,0703060
0,0000530
0,0000800
0,0018140
0,0017520
0,00481%0
0,0002390
0,0000260
0,0000290
0,0000460
6,0001170
0,0131060
0,0341030
0,01353%90
0,0223420
0,01920860
0,0005u80
0,00008%90
0,0012410

20
0,0000000
0,0000000
0,0000000
0,0000000
0,0008930
0.0000000
0,0013640
0.,0038020
0,0000500
0,0000390
0,0000000
0,0688910
0,0035410
0.0037260
0,0004350
0,0250230
0,0002390
0,2501140
0,0028870
0,0458990
0.0025070
0.C118300
0,0092640
0.,0160570
0,0039550
0,0028920
0,0047120
0.0020870
0.0079710
0,0129980
0,02%5430
0.,05871130
0,0161290
0,03%3120
0,0014580
0,0002540
0,0107%00
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21
0,0093720
0,0000000
0,0000000
0.,0000000
0.0003530
0,0000000
0,0000860
0,0011860
0.,0000000
0,0u45%370
n,0000000
0,03e1340
0,0120290
0,0075200
0,0000450
0,0125110
6,0002340
0,0145340
0,0013350
0,0%22720
0,19945%0
0.,0003490
0,0014340
0,00588up
0,0002330
0,0001490
0,0000550
0,0043910
0,0120130
0,0039730
0,0120%70
0,0267120
0,0125450
0,02037%0
0,0026960
0,0001170
0,00473%0
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TABLE A-13 cont.

22
0.,0000000
0,0005150
0,0000000
0,0012350
0,0084460
0,0000000
0,0772870
0,00%2910
0,0000000
0,0003520
0.0000000
0,00264310
0.0029070
0,0079630
0.,0012740
0.0248110
0.0001540
0,0305200
0,0108610
0.0118290
0,0003250
0,10733%0
0,0128210
0,0105950
0,0090080
0,0029400
0,0007110
0,0004590
0,0025370
0,0339940
0,0537820
0,0287960
0,01%5980
0,0280130
0,0011500
0.,0009790
0,0078930

AB80

23
0,0000000
0,0000000
0,0000000
0,0u45480
0,0092160
0,0000000
0,0026840
0,0081140
0,0001240
0,0001680
0,0000000
0,0005940
0,0007080
0,00148450
0,0000070
0,0012970
0,0000720
0,0155570
0,0064570
0,0006740
0,0001890
0,0039330
0,2690930
0,0166450
0,0185830
0.,0062860
0,0035460
0,0007380
0,0009790
0,0229090
0,064012%0
0,02837AR0
0,0225%5%0
0,0143110
0,0006560
6,0002880
0,0034030

24
0,00600000
0,0000000
0,0000000
0,000022¢
0,0001370
0,0000000
0,0001310
0,0016740
0.,0017090
0,0001900
0,0000000
0.,00177Q0
0,0011530
0,0050370
0,0015650
0.,01183860
0,0039700
0,01R2490
0,00345%50
0,0072710
0,0005020
0,007T6430
0,29331070
0,0999890
0,0295350
0.,0102510
¢,0134380
0,0047390
0.0018910
0,0079450
0,0199720
0,0279710
0,0174340
0,0222000
0,0010800
0,000158190
0, 0084840
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25
0,0000000
0,0000000
0,0000000
0,0000000
0,0002320
0,0000000
0,0000250
0,00190%0
0,00056%0
0,0002300
0,0000000
0,0003uB0
0,0009290
N,0019410
0,0004940
0,0031110
0,0002320
Q,00453860
0,0038135%0
0.0105820
0,0006710
0.0067220
n,1152190
0,0470780
0,172999)0
0,045%630
0,0198400
0,00%03880
0,0010220
0,0057820
0,0143850
0,0296770
0,0155710
0,02057490
0,0014440
6,0n01210
0,0089840

215
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2e
0,0000000
0,0000000
0,0000000
0,00014060
0,0001930
0,0000000
0,0000360
6,0016700
0,00523060
0.0000000
0,0000000
0,0008770
0,0012200
0.,00155%0
0,007%480
D.,011713%0
0,0018160
n,0160710
0,0044460
0,0223000
0,0001910
0,01757%0
0,0986150
0,05u2190
Nn.0376100
0,1768370
0,015%35%10
0,01341480
0,0023030
0,00735%40
0,017815¢
0,0u22120
0,0163660
0,0382090
H,0020690
0.,0001830
0,0137320

A80

e?
0,0000000
0,0000000
0,0000000
0,0000000
0,0002480
0,0000000
0,0000370
0,0019630
0,0039050
0,0000000
0.0000000
0,003103%0
0,0079870
0.,0031590
0,0013560
0.0008870
0,0001150
0,00%86710
0,002u%80
0,0159%30
0,0000390
0,0086200
0,0963u470
0,0547170
0,0%u9320
0,0282700
0,2693310
0,0092410
0,0004160
0,00u7370
0,01744%0
0,0232420
0,008649%00
0,0258910
0.,0012070
0,0001230
0,0056980

28
0,0000000
0,00048630
0,0000000
0,0000150
0,0003060
0,0000000
0,0000250
0,0016710
0,0023560
0,0018990
0.,0000000
0,007373%0
0,00129860
0,0009470
0,0006060
0,0137760
0,0003910
0,0277340
0,0017840
0,0172020
0,0010850
0,00905%0
0,0500U60
0,020825%0
0,047052¢
0,0582910
0,0122930
0,06a7370
0,00u40340
0.,C0u2230
0,0138270
0,0307520
0.01%1020
0,040%090
0,0018740
N,0001560
0,0127500
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29
0,0000000
0,0016180
0,0005700
0,00N0000
0,0001540
0,0000000
0,0003020
0.00268370
0,0000300
0,0017800
0,0000000
06,0202100
0,0032670
0,0210840
0.0030740
0,0343710
0,0084420
0,0404540
0,0035170
0,0376400
0,0070560
0,0073790
0,0610370
0,0293930
0,00u2810
0,0127%40
0,005%5470
0,0020330
0,0730880
0,00%2790
0.019694u0
0,0646010
0,0192850
0.0389650
0,0027460
0.,0001280
0,0097770
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TABLE A-13 cont.

30
0.N000000C
0,0000000
0,0000000
0,0001020
0,016272¢
0.057318¢
n,0000000
0,0334640
0,0000000
0,0000600
f.uN00100
0.00008570
n,n002230
0,u000880
0,0000000
0,0007010
0,0000730
0,0017320
0,0080660
0,000165%50
0,0000000
0,0000280
0,002u560
0,0000100
0,00061070
0,0007700
0,0001040
0., 0000000
0,0000100
n,1848320
0.0214980
0,005u280
0,0130370
0,0198920
0,0196070
0,1365730
0,0039500

ABO

"
0,0000300
0,0013470
0,0000000
0,0000000
0,0001190
0,0003220
0,000015%0
0,0300110
6,0000000
0n,0023080
0,0000000
0,0002810
0,0003320
0,0000650
0,0000000
h,000u40620
0,0008940
0,0007740
0,0303890
0,0032000
0,0000000
0,000195%0
0,00a2830
0,0018070
0,0017170
0,0050820
0,0094090
0,0001110
0,000n200
0,0069880
0,00821%0
0,0201900
0,03u8420
0,045%230
0,0030830
0,0183560
0,00680620

32
0,0000000
0,0000000
0,0014380
0,0000080
0,0000150
0,0000%20
0,0000310
0.,0035430
0,0001550
0,0059620
0,0000280
0,0002650
0,0012060
0.,0010520
0,0003550
0,0100360
0,0020020
0,0031960
0,0117620
0,0022510
0,0002160
0,0014590
0,0006750
0,0022110
0,0026670
0,0022040
0,0017050
0,00103%0
0,0014560
0,0160570
0,0172690
0,0177470
0,0678290
0,0623360
0,0107330
0,0038250
0,0099970
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13
0.n066270
0.0106020
0,0001340
0.,0000880
0,0000580
0,0005360
0,0001510
0,062u560
0,0000130
0,6008190
0,0000u80
0,0001560
0,0002860
0,0002160
0,0000650
0,0016010
0,0030780
0,0022770
0,0066900
0.0006920
0.,0000810
0,0003020
0,0003000
0.000%799
0,0014350
0.0005360
0,0005100
0,0002640
0,0000990
0,0056500
0,0103730
0,0121950
0.1095260
0.,0428520
0,0083770
0,0058640
0,0082830
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TABLE A-13 cont.

34
0.0001%90
0,0002840
0,0000000
0,0000020
0,0000700
0,0000070
0,0000190
0,n081230
0,0000060
0,0023430
0.,0000000
6,0003840
0,0014050
0,0000000
0,0000000
0,0018050
0,060u280
0,0091720
0,00u45%10
0,0023350
0,0013360
0,0012750
0.,00008540
0,00199390
0,0057450
0,0063790
0,0063840
0,005u4640
0,0056680
0,0130480
0,0310460
0,0231350
0,0%27980
0,0599030
f,0085080
0,0016380
0,0150880

ABO

35
0,0000000
0,0000000
0,0000000
0,0000000
0,0062030
0,0000000
0,0000000
0,0057290
0,0000070
0,0000000
0,0000000
0,0007380
0,0007920
0,0000000
06,0000070
0,00186320
0,0020860
0,0010500
0,0022030
0,0009540
0,0000600
0,0001350
0,0000350
0,0002250
0,0000630
0,0002200
0,0009480
0,0000790
0,0000960
0,0075450
0,0789110
0,00687180
0,0187200
0,0169470
0,0003380
N,0002870
0,0076580

ls
0D,0000000
0,0001600
0,0000770
0,0600000
0,0070580
0.0038510
0.,0002120
0,1670000
0,0000000
0o.,0000000
6,0000000
0,0000000
0,00028%50
0,0000000
0,0000000
0,0023370
0,0004760
0.,0084060
0.,0068010
0,00065%10
0,0000000
0,0020720
0,0013230
0,0001100
0,0001700
0,0024090
0,0011890
0,0003160
0,0001670
0,0768850
0,0127880
0,0043240
0,01786900
0,03%%240
0.0008520
0,0003770
0,0012220
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37
0,0034080
0,0101640
0,0008440
0,0000000
0.,0000000
0.,0000000
0,0000000
0,0000000
0,0008450
0,2247960
0.0169620
0,0000000
0,0008520
0,0003150
0,0000000
0,0003670
0,0010740
0,0050830
0,0000000
0,0002910
0,0034010
0,0005140
0,0000000
0,0004890
0,0000000
0.,0081240
0.0000000
0,0030480
0,0055200
0.0000000
0.3374980
0,0471560
0,0000000
0,1427910
0.0000000
0,0000000
0,0000000
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ABOD
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TABLE A-14
NATIONAL INPUT COEFFICIENT MATRIX
2000
A00
1 2 3 "
0,2085850 0,0658840 0,0360750 0,0000000
0,3666100 0.0263300 0,0778710 0,0000000
0,0266000 0,0454380 0,0171200 0,0000000
0,0000000 0,0000000 0,0000000 0.,1728470
0,0002250 0.0000170 0,0000000 0,0031590
0,0600000 0,0000000 0,0000000 0.0000000
0,0000900 0,0052860 0,0000000 0,0078220
0,0118240 0,0168890 0,0000000 f.0059260
0,0000000 0.,0000000 0,0000000 0,0000000
0.,1894010 0.,0000910 0,0405300 0,0000000
0,0000000 0,0000000 0,0000000 0,0000000
0.0006630 0,0014740 0,0127810 0.,0002720
0,0009300 0,0018030 0,0001700 0,0000100
0.,0001050 0,0038300 0,0017650 0,0073620
0,0000000 0,06000000 0,0000000 0,0000000
0,0006u30 N,0001%40 0,0105310 0.,0003540
0,0002660 0,0003770 0,0000510 0,0000690
0,0065950 0,0525040 0,0008210 0,0439700
0,0096180 0,0421790 0,0053840 0,0119970
0,0013300 0,0040760 0,0001270 0,0091000
0,0004020 0,0000000 0,0003880 0,0000100
0,0003330 0,0015150 0,00600610 0,0031760
0,0000410 06,0000330 0,0000000 0,0312040
0,0026760 0,0017260 0,0213250 0,0041940
0,0004280 0,009u950 0,000085%0 0,0692350
0.0003020 0,0009440 0,0002940 0,0012420
0,0003340 0,06007130 0,0027130 0,0039340
0.,0000000 0,0000000 0,0000930 0,0005490
0,00008%0 0,0000760 0,0000270 0,0006310
0,00uB8740 0,0080830 0,0001220 0,0413140
0,0362230 0,0158490 N,0091100 0,09938600
0,0u4u6930 0,0337650 0,0127330 0.0304960
0,0237200 0,0972240 0,00676400 0,1186140
0,0226310 0,0851140 0,0012080 0,0357580
0,0002370 0,0001890 0,0000920 0,0017060
0,0000290 0,0000350 0,0000490 0,0009670
n,0009690 0,0013690 0,0048450 0,0067550



5
0.0000000
0,0000000
0,0000000
0,0002720
0,2207190
0,0000000
0,0006580
0,0140110
0,0000000
0,0000000
0,0000000
0,0000000
N,0000000
0,0136300
0,0000000
0,0007910
0,0000u480
0,0294580
0,0212%520
0.,0243600
0,0000000
0,0025600
n,0331740
5,0101440
0,1174790
0,0142440
0,0137810
0,0000000
0,0000000
0,0541170
0,06425180
0,0488050
0,0886790
0,0358700
0,0017390
0,0005790
0,0097190
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TABLE A-14 cont.

6
0,0000000
0,0000000
0,0000000
0,0000320
0,0000000
0,0373390
0,0000000
0,0649060
0,0000000
0,0000000
0,0000000
0,0003000
0.,0000000
0,0000170
0,0000000
0,0002390
0,06000590
0,014l260
0,0105%5%0
0,0020800
0,0000000
0,0058940
0,004U540
0.,0046030
0,0061340
0,0133110
0,0004800
0,0006780
0,0000000
0,0207020
0.0436410
0,0215450
0.319310
0,0257040
0,0009050
0,0005160
0,0106350

AOO

7
0,00006000
0,0000000
0,0000000
0,0010680
0,0007960
0,0000000
0,0137200
0,0031040
0,0000000
0,0000140
0,0000270
0,0000800
0,0000000
6,0000640
0,0000000
0,0014420
0,0000240
0,0096730
0,0120360
0,012%430
0,0000060
0,0221330
0,0090100
0,0014270
0,0316630
0,0027340
0,0030760
0,0000000
0,0000120
0,0189680
0,0151020
0,013u380
0,0185210
0,0109440
0.000%910
0,0006650
0.0026720

a
0,0000000
0,001395¢0
0,0000170
0,0000000
¢.,0000000
0,0000000
0,0038680
0,0001640
0.,00n02%0
0.0001430
0.0000000
0,0007240
G,0002480
0.01972590
0,0026400
0,0012680
0,00001%0
0,00025%80
0,0087440
0,00260610
0,0000070
0,0296150
0,0188720
0,03795490
0,00715%10
0.0089750
0,0002570
0,0013910
0,00n078490
0,0013890
0,0139690
0,0%41730
0,00u9830
0,0194670
0,00014040
0,0001970
0,0026190
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9
0.0000000
0,0000000
0,0000000
0.0000000
0,0001910
0,0000000
0,0000000
0,0012820
0,0343250
06,0000000
0,0000000
0,0000000
0,0007680
0,0039900
0,00064330
0.,0018970
0,0002770
0,0030560
0.,0028400
0.0177650
0,0000540
0,0000000
0.0666U90
0,0153430
0.,0143260
0,0826630
0,35713%0
0,0186400
N.N001570
Ne0050610
0,0157470
0,01815%50
0,0114520
0,0295410
0,0023300
0,0000930
0,0101060
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TABLE A-14 cont.

10
0,1509750
0,0%64220
0,0033500
0,0000000
0,0003090
0,0000000
0,0001420
0,0017510
0,0000000
0,1487780
0.,0000000
0,0000370
0,0015490
0,0000550
0,0000000
0,0196160
0,0049730
0,0053040
0.0023760
0,0023170
0,0000330
0,00772%0
0,0000310
0,0201940
0,0005130
0,0000670
0,0001480
0,0001020
0,0000820
0,0050140
0,0274900
0,0260140
0,0079980
0.0296140
0,0006050
0,0002810
0,0028030

400

11
0,0000000
0,1066220
0,0000000
0,0000000
0,0001460
0,0000000
0,0000000
0,0008780
0,0000000
0,0001290
0,18352%0
6,0000000
0.,0000000
0,0005860
0,0000000
0,0124000
0,0064940
0,0082330
0,n002320
0,0000070
0,0000080
0,0000000
0,n000000
0,0052660
0,0000230
0,0000000
0,0000080
0,0001040
0,0000230
0,0008310
0,0036640
0,0068480
0,0030930
0,0379740
0,00150620
¢,0000170
0,00u82790

12
0,013a4020
0,0679050
0,0000000
0,0000000
0,0006120
0,0000000
0,0000240
0,0024010
0,0000000
0,0030740
0,0000000
0,3067930
0,0116480
0,0000180
0.0002010
0,0103220
0,0002230
0,07924140
0,00185%20
0,0050280
0,0000840
0,00251890
0,0000240
0,0004760
0,0049560
0,0000690
0,0000270
¢,0005890
0,0022810
0,0084180
06,0183310
0,0361950
0,00844T70
0,01090%90
0.,0009040
0,0001730
0,0031020
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13
0,0000000
0,0000000
6,0036730
0,0000000
0,0000440
0.,0000000
f.,0000000
0,0006350
0,0000000
0,0000080
0,0000000
0.,1860U90
0,1286350
G.00Nn2380
0,0000820
0,0082570
0,0000640
0,0109540
0.0006120
0,0034370
0,0019370
0,0000680
0,0001640
0,0006320
0,0003830
0,0000810
0,0000410
0,0005390
0.0108140
0,0022160
0,006%000
0,0231390
0,0106450
0,0096790
0.0017400
0,0000420
0,003u800

222

TABLE A-l4 cont.

14
0,0000000
0.,0139660
0,0896140
0.0000000
0,0001530
0,0000000
0,0000320
0.,0037950
0,06000000
n,0000570
0,0000000
0,0000190
0,0014980
0,2987680
0,0020290
0,0039170
0,0001410
0,0136840
0,0048220
0,0011080
0,0003330
0,0060090
0,007964¢
0,0177930
0,0040110
0,0002890
0,0004390
0,0004320
0,0016380
0,0077540
0,0366200
0,0256160
0,0159600
0,0178470
0,0006610
0,0002160
0,0030640

A00

15
0,0000000
0,0000000
0,0000000
0,0000000
0,0002090
0,0000000
0,0000000
0,0011330
0,0000000
0,0000130
0,0000000
0,0421990
0,0016100
0,0853420
0,0247670
0,0103470
0,0001080
0,0161340
0,0013000
0,0375570
0,0008820
0,0098620
0,0400540
0,0489200
0,002%110
0,0024400
0,0006700
0,0026700
0,0015680
0,004u590
0,0194010
0,0299400
0,0221160
0,0178860
0,0011800
0,0000790
0,0056560

16
0,0000000
0,0000000
0,0000000
0.,0000000
0,0035650
0,0000000
0,00u04200
0,0039460
0,0000180
0.0075960
0,0000000
0,0058610
0,0021100
0,0462020
0,0000400
¢,255e440
0,0092210
0,0424330
0,0091840
0,0103580
0,0002070
0,0032330
0.,0019710
0,0138890
0,0061120
0,0002080
0,0001050
0,0012490
0.,0003420
0.,0177770
0,0417360
0.,0310690
0.0133040
0,0219430
0,0010110
0,0003680
0,0081070
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17
0,0000000
0,0000000
0.,0000000
0.0000000
0,0000230
0,0000000
0.,0000000
0,00134%0
0.0001890
0,0006610
0,0000000
o,0012130
0,0000000
6,0012080
0,0008640
0,1160580
0.,1000800
0,0185730
0,0021640
0,0029000
0,0000410
0,0000000
0,0003640
0.,001186990
0,00188620
0,0000910
0,N003460
0,0065380
0.,0013290
0,0038320
0,0170780
0,0167280
0,0473070
0,0300840
0,0094250
0,0002900
0,0136840

223

TABLE A-14 cont.

18
0,0000810
0,0006340
0,0008780
0,0040740
0,0020830
0,0008020
0.,N1%6340
0,0043150
0,0000050
0,01986320
0,0000000
0,0001790
0.0008680
0,0017710
0,0000000
0,0221370
0,0010420
0, 20u8370
N, 0406690
0.,0106230
0,0001330
0., 0064%]10
0,0130990
0,0193420
N 0053740
0,0008520
0,0000870
0,0019030
0,0010460D
0,01932%0
0,02%4420
0,0302980
0,013085%0
0,0609820
0,0017770
0,N003220
0,0092700

AD0

19
0,0000000
0,0000000
0,0000000
0,0000000
0,00063590
0,0ugud20
0,0004230
0,0019350
0,0000000
0,0001250
0,0000010
0,0000000
0,0000180
0,00002190
0,0000000
0,0007340
0,00000%50
0,0029530
0,0099u80
0,00000790
0,0000110
0,0002570
0,0002480
0,0006810
0,0000340
0,0000040
0,0000040
0,0000070
0,0000170
0,0018550
0,0048260
0,0019160
0,0031610
0,002723¢
0,0000780
0,0000130
0,0001760

20
0,0000000
0,0000000
0,0000000
0,0000000
0,001189¢0
0,0000000
0,0018170
0,0050630
0,0000670
¢,0000520
0,0000000
0,0917480
0,00u7160
0,00u%9030
0,0005800
0,0333260
0,0003180
0,3331000
0,003845%0
0,0611280
0,00633390
0,0157%50n
0,0123380
0.,0213840
0,0052670
0,0038520
0,00682760
0,00275%20
0,0106150
0,0173110
0,0340180
0,0U494270
0.,0214800
0,0870290
0,0019420
0,0003380
0,0143170
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21
0.,0006T740
0,0000000
0,0000000
0,0000000
n.,00028%10
0,0000000
0,0000470
0,0008440
0.0000000
0,0324290
0.0000000
0.02%7320
0,0085670
0,00535%0
0,0000320
0,0089100
0,0001660
0.0103500
0,00095%10
0,0372250
0,142046410
0,00024890
06,0010210
0,0041900
0,000106860
0,0001060
0,0000390
0,0031270
0,00855%9
0,0028300
0.,0085860
0,0190230
n,008934)
0.,014%100
0.0019220
0,00008u0
0,0033720

224

TABLE A-14 cont.

2e
0,0000000
0,0005620
0,0000000
0,0013450
0.,0059340
00000000
0,08u2260
0,0087460
0,0000000
0,0003830
0.,0000000
N,0026490
0,00316860
0,0086780
0,0013R80
0,0270380
0,0001AT0
0,0332600
0,0118360
0,0128910
0,0003550
0.,1169710
0,0139720
0.0115460
0.0098160
0,0032040
0,0007750
0,0005000
0,0027650
0,0370480
0,0586110
0,0313810
0,0169090
0,0305280
0,0012530
0,0010670
0,0086010

A00

23
0,0000000
0,0000000
0,00000600
0,06463610
0.009%5950
6,0000000
0,00279%50
0,0063650
0,0001290
0,000175%0
0,0000600
0,0006190
0,0007360
0,0015040
0,0000070
0,0013500
0,0000750
0,0161970
0,0067230
0,0007020
0,0001970
0,0020130
0,2801660
0,0173300
0,0193480
0,0065450
0,0036920
0,0007680
0,0010190
0,0238520
0,0417760
0,0295460
0,0234830
0,0149000
0,0006830
0,00029990
0,0035430

24
0,0000000
0,0000000
0,0000000
0,0000220
0.,0001340
0,0000000
0,0001280
0,0016430
0,0016780
0,0001860
0,0000000
0,0017380
0,0011320
0,0049440
0.,0015360
0,0116160
0.,0038970
0,0179100
0,0033910
0,0071360
0,0004920
0,0075010
0,2878610
0,0588550
0,0289860
0,0100600
0,0131880
0,0046510
0,0018560
0,0077970
0,0192090
0,02764520
6,0171100
0,0217870
0,0010600
0,0001280
0,0083270
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16

25
0,0000000
0,0000000
0,0000000
0.0000000
0,0002970
g,0000000
0,0000320
6,0024340
0.,0007220
0.,0002940
0,0000000
0,00004u0
0.,0011870
0,002U4790
0,0008310
0,0039730
6,0002970
0,0087940
0,0048980
0,01351%0
0,0008570
0,008585¢
0,1471560
0,0601270
0,2209%10
0,058193n
0,0253400
0,0064340
0,00130%50
0,00738%0
0,0183720
0,037903¢0
0,0198870
N,0262760
0,0018440
0,00015%40
0,0114490

225

TABLE A-~14 cont.

26
0,0000000
0,0000000
0,0000000
0,0001550
0,0002030
0,0000000
0,0000380
0.,0017630
0,005%230
0.,00001N00
0,0000000
0,0009260
0.,0012890
0.00186430
0,0079700
0,0123690
0,0019180
0,0169700
0,00646950
0,02354480
0,0002010
0,0185%90
0,1041350
0,0572%40
0,0397150
0,1867350
0.01862100
0,0141620
0,0024310
0,0077660
0,0188330
0,0U4S5740
0,0172820
0,0603u80
0,0021640
0,0001930
0,0145010

A00

27
0,0600000
6,0000000
0,0000000
6,0000000
0,0002520
0,0000000
0,0000380
0,0019920
0,0039630
0,0000000
6,0000000
0,0031490
0,0081050
0,0032060
0,0013760
0,0009000
0,0001370
0,0057550
0,0026940
0,0161860
0,0000400
0,0087680
0,0977700
0,0555260
0,05%7430
0,0286870
0,2733090
0,0093770
0,0004220
0,00u48060
0,0177030
0,02358%0
0,006%860
0,0262740
0,0012860
0,00012%0
0,0057820

28
0.,0000000
0.,0003460
0,0000000
0,0000110
0,0002290
0,00060000
0,0000180
0.,00125%0
0,0017630
0,0014210
0,0000000
0,005518¢0
0,0009700
0,0007080
0.,0004540
0,0103090
0,0002930
0,02075%0
0,0013200
0.01267“0
0,00n8120
0,0067800
0,0374840
0,0185780
0,01276%0
G.043b6240
0,0092000
G, 04RUUBYO
0,0030190
0,0031600
0,0103480
0,0230150
0,0113020
0,0303160
0,0014020
0.,v001170
0,0095420
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29
0,0000000
0,0013540
0,000%5440
0,0000000
0,0001470
0,0000000
0.0002890
0,0023270
0.,0000290
0,0017000
0,0000000
0.0193030
0.,0031200
0,0201380
0,0029360
0,0328290
0,0061530
0,0386400
0,0033590
0,03%59520
0,0067600
0,0070680
0.0582990
0,0280750
0,0040890
0,0121820
0,0052980
0,00196420
0,069788¢
0.0050420
0,0188100
0,0u26000
0,0184200
n,0372180
0,0026230
0,0001220
0,0093380
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30
0,0000000
0,0000000
0,0000000
n,0000850
0,0135090
0,0475830
0,0000000
0,02778%0
0.,0000000
0,0000500
0,0000080
0,0000470
0.0001850
0,0000%40
0,0000000
0,000%820
0,0000610
0,001u380
N,0066960
0,0001370
0,0000000
0,0000230
0,0020390
0.0000080
0,0000860
0,0006400
0,0000860
00000000
0,0000080
H,15%4410
0,0178470
0,00450860
0,0108230
0,0165140
0.,0162770
0,1133780
0,0032790

AQ0

31

0,0000270
0,0012220
0,0000000
0,0000000
0,0001080
0,0002920
0,0000140
0,0272360
0,0000000
0,0020950
0,0000000
0,0002550
0,0003020
0,0000410
0,0000000
0,0004190
0,0008110
0,0007030
0,0275780
0,3029040
0.0000000
0,0001770
0,0038870
0,0016400
0,0015%80
0,0066120
0,008%390
0,0001010
0,0000180
0,0063410
0,0619060
0,0183230
0,0316200
0.0413110
0,0027980
0,0166580
0,0055010

32
0,0000000
0,0000000
0,0011990
0,0000070
0,0000120
0,0000430
0,0000260
0,0029880
0,0001290
0,00u9720
0,0000230
0,0002210
0,0010050
0,0008770
0,0002960
0,0083700
0,0016690
0,0026660
0,0098100
0,0018770
0,0001800
0,0012170
0,0005630
0,0018440
0,0022240
0.,0018380
0,0014220
0,0008830
0,00121%0
0,0133910
0,0144020
0,0148000
0,0565670
0,0519860
0,0089510
0,0031900
0,0083470
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37
0,0014380
0,00uU2880
0.,0003560
0,00600000
0.,0000000
0,0000000
0.0000000
0,0000000
0,0003%60
0,0948360
0.,0071560
0,0000000
0,0003600
0.0001330
0,0000000
0,0001550
0,0004d530
0.0021440
0,0000000
0.,0001230
0,0014350
0,0002170
0,0000000
6,0002060
0,0000000
0.,003u270
0,N000000
0,0012860
0.,0023290
0,0000000
0,1423830
0.0198940
0,0000000
0,0602600
0,0000000
0,0000000
0.0000000
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TABLE A-15
NATIONAL INPUT COEFFICIENT MATRIX
2020
420
1 2 3 4
0.,2165320 0,0614730 0,0167050 0,0000000
0,3R05780 0,0248670 0,0360590 0,0000000
0,0295370 0,04239680 0,0079280 0,0000000
0,0000000 0,0000000 0,0000000 0O.e116130
0,0002340 0,00001060 0,0000000 0,00388670
0,0000000 N,0000000 0,0000000 0,0000000
0,0000940 0,00u9320 0,0000000 0,0095770
0,0122740 0,015%57580 0,0000000 0,0072550
0,0000000 0,0000000 0,0000000 0,0000000
0,1966170 N.0000880 0,00u4B8760 0,0000000
n,0000000 0,0000000 0,0000000 0,0000000
n,000u810 0,0013750 0,00599190 0,000333%0
0,0009660 0.,0016820 0,0000790 0,0000130
0,0001090 0,0035740 0,0008370 0,0090130
0,0000000 Nn,0000000 0,0000000 0,0000000
0,0006080 0,0001440 0,0048760 0.,00064340
0,00027860 0,0003820 0,0000240 0,0000850
0,0068460 0,0ubB9BYD 0,0003800 0.0538320
0,00998%) 0.,03935%0 0,002u930 0.,0146880
0,0013810 0,0038030 0,0000590 0,01114130
n,0004170 0,0000000 0,0001800 0,0000130
0.00034%0 0,0014140 0,0000280 0,00388990
0,0000430 0,0000310 0,0000000 0,0382020
6,0n27780 0,0016100 0,00987%0 0,0051350
0,0004440 0,0088590 0,0000390 0,0847630
0.,0003140 0,0008R810 0,0019880 0,0015210
0.0003470 0,0006650 0,0012560 0.,00u8160
0,0000000 0,0000000 0,0000480 0,0006730
0,0000840 0,0000710 0,0000120 0,0007720
0,005059n 0,0075u420 0,0000570 0.,0505800
0.,0355270 0,0147880 0,00642180 0,1216450
0,0463960 0,03150%0 0,0058960 0,0373360
0,02u6240 n,09073140 0,0031210 0,1452140
0,0234%40 0,0420930 0,0005590 0,0u437780
N,0002660 N,0001760 P.,0000420 0,0020880
0.,0000300 0.0000330 0,0000230 0,0011840
0,0010060 0.0012780 0,00215%10 0,0082700
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5
0,0000000
0,0000000
0,0000000
6,0003170
0,2572990
0,0000000
0,0007670
0,0163330
0,0000000
0,0000000
0.0000000
0,0000000
0.0000000
0.,0158880
0,0000000
0,0009230
0,0000560
0,0343600
0.0207700
0.,0283970
0,0000000
0,0029850
0,0388720
n,0118260
0,1369480
0,0166040
0.,01606%0
0,0000000
0,0000000
0,06308%0
0,0d9%6%0
0,0568930
0,1033760
0,04181%0
0,0020270
0,0006750
0,0113300
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TABLE A-15 cont.

6
0,0000000
0,0000000
0,NM000000
c,00004190
0,0000000
0.,0474850
0,0000000
0,n825810
0,0000000
0,0000000
0,0000000
0,0003850
0,0000000
0,0000220
0,0000000
0,0003040
0,0000750
0.,0183460
0,013U230
0,0026450
f,H000000
00749860
N,00S684U0
c,0058%40
N 0078000
0,0169280
0,0006110
0,0008b620
0,0000000
0,0263270
N,05%5000
0,0273990
0,4602760
0,0326880
0,0011510
0.,0006560
0,013525¢

A20

4
0,0000000
0,0000000
0,0000000
0,0006890
0,000515%0
0,0000000
0,0088560
0,0020040
0,N000000
0,0000090
0,0000170
0,0000%20
0.0000000
0,0000410
¢,0000000
0,0009310
0,0000160
0,0063730
0,0080270
0,0080960
0,0000040
0,0102860
0,0058150
0,0009210
0,020u370
0,0017640
0,0019850
¢,0000000
0,0000080
0,0122450
0,0097480
0,0086740
0,01195%40
0,00700640
0,0003820
0,0004290
0,00172%0

8
0,0000000
0,0006760
0,0000080
0,0000000
0,0000000
0,0000000
0,0018690
0,0000790
0,0000120
0,0000690
0,0000000
0,0003500
0,00031390
0,0095310
0,0012750
0,0006130
0,0000070
0,0030240
0,0042250
0,0012860
0,0000030
0,0143090
0,0090220
0.0183390
0,0034550
0,0043370
0,0001240
0,0006720
0,0003790
0,0006710
0,0067490
0,016%120
0,0024080
0,0094060
0,0000700
0,0000950
0.0012660
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9
0,0000000
0,0000000
0,0000000
0,0000000
0,0002270
0.,0000000
0,0000000
0,0015240
0,0u07860
0.,0000000
0,0000000
n,0000000
0,0009130
n,0047410
0,0005150
0,00225%40
0,0003290
0,0030310
0,0033750
0.02110990
0,0000640
0,0000000
0,0791940
0,0182310
0,0170230
0.,09822u0
0., 42U3600
D.02214890
0,0001{870
0,0000130
0,0187110
0,0215730
0,01360890
0,03%1020
0,0027690
n,0001100
0,0120090
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TABLE A-15 cont.

10
0.,1266490
0.,0473310
0,0028110
0,0000000
0,0002600
0,0000000
0,0001190
0,0014690
0,0000000
0,1248000
0,0000000
0,N000310
0,0013000
0,0008010
N, 0000000
0,0104560
0,0043720
N,00u451N0
0,0019939)
0.,00194040
0,000026860
0,0064810
0,0Q00260
0,0169400
0.000a4300
0,0000%9860
0,0001240
0,0000860
0,0000690
0.,0042060
n,0230600
0,0223260
0,0067080
p,0208430
0,000%080
0,0002360
0,00235820

A0

11
0,0000000
0,0790670
0,0000000
0,0000000
0,0001080
0,0000000
0,0000000
0,0006510
0,0000000
0,0000960
0,1360950
0,0000000
0,0000000
0,0004350
0,0000000
0,0091950
0,0068160
0,0061050
0,0001720
0,00000%0
0,0000060
0,0000000
0,0000000
0,0039050
0,0000370
0,0000000
0,0000060
0,0000770
g,0000170
0.,0006160
0,0027170
0,0050780
0,0022940
0,0281600
0,0011580
0,0000130
0,0031730

12
0,0102100
0.,0608100
0,0000000
0,0000000
0,0005480
0,0000000
0,0000220
0,0022040
0,0000000
0,0027530
0,0000000
0,2747370
0,0104310
0,0000160
0,0001800
0.,0092430
0,0002000
0,0709610
0,0016580
0,0045020
0,0000750
0,0022550
0,0000220
0,0004260
0,00464380
0,0000620
0,0000240
0,0005270
0,0020430
0,0075390
0,0164160
0,0324130
0,0075650
0,0097660
0,0008090
0,0001550
0,0027780
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17
0.0000000
0.0000000
0,0000000
0.,0000000
0,0000210
0.,0000000
0.,0000000
n,0012090
0,0001700
0,0005940
0,0000000
0,0010910
6,0000000
0,0010860
0.0007760
0.1043180
0,0899570
0,0166940
0,0019u%0
0,0026070
0,0000360
0.0000000
0,0003270
0.0010510
0,0016730
0,0000820
0,0003110
0,0058770
0,0011940
0,003dau0
0,0153490
0.0150360
0.0425220
0,0270410
0,0084710
0,0002240
0,0123000
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TABLE A-15 cont.

18
0,0000%10
n,0005270
0,0007290
0,0033R20
N,0017290
0,0006660
0,0129790
0,0035A30
0,0000040
0,0162980
0,0000000
0.0001480
0,0007190
0,0014710
0,0000000
06,0183780
0,0008650
0,1700550
0,0337630
0,0088190
0,0001100
0.0053960
0,0108750
0,0160570
0,000u4810
0,0007070
n.,0000720
0,0015800
0,0008680
0,0160430
0,0211220
0,0251530
0,01080S0
0,0506270
0,0014750
0,0002870
0,0076%960

A20C

t1e
0,0000000
0,0000000
0,0000000
0N,0000000
0,0000010
0,0008940
0,0000090
0,0000410
0,0000000
0,0000030
0,0000000
0,0000000
0,0000000
0,0000000
0,0000000
0,0000150
0,0000000
0,0000620
0,0002100
0,0000000
0,0000000
0,0000050
0,0000050
0,0000140
0,0000010
0,0000000
0,0000000
0,0006000
0,0000000
0,0000390
0,0003020
0,0000400
0,0000670
0,0000870
0,0000020
0,0000000
0,0000040

20
V,0000000
0.,0000000
0,0000000
0,0000000
0,0013670
0,0000000
0,0020880
0.0058200
0.,0000760
0.,0000590
0,0000000
0.1084570
6.00%4200
0,00%7040
0,0006660
0,0383050
0.,000365%0
0,3828490
0.0044200
0,0702620
0,0038380
0.,0181090
0,0141820
0,02485790
0,0060540
0,0044280
0,0072130
0,0031630
0.,0122010
0,0198970
0,0391010
0,0568120
0,0246900
0,0540560
0,0022320
0,0003890
0,0164560
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21
0.,0003180
0,0000000
0,0000000
0,0000000
0,0001620
0,0000000
n,0000300
0,0005460
0,0000000
0,0209730
0,0000000
0,0166420
0,005%400
0,003464un
6,0000210
0,0057%e20
0,0001080
0,00669U0
0,0006150
0.,0240750
0,0918640
n, 00014610
0.,0006600
n,0027100
0,0001070
0,00006%90
0,000025%0
0,0020220
0,0055%330
0,0018300
0,0055%530
0,0123030
0.005%7780
0,0093840
0,0012430
0,0000540
0D,0021810
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TABLE A-15 cont.

e
0,0000000
0,0006070
0,0000000
0,00145%50
0.,0004170
0.0000000
0,0910800
0,0082350
0,0000000
0.0004140
n,0060000
0,0028850
H,0034260
0,0093840
0,001%010
0,029230%0
0,0001810
0,035946860
0,0127990
0,0139400
0,0003840
C.,1204890
0,01%1090
0,012u850
0.,010615%0
0,003465%0
0,0008380
0,0005410
0,0029900
0,N4008610
0.,0633800
0,0339350
U,0183A20
0,03350120
0,00135S80
0,0011%40
0,0093010

A20

23
0,0000000
0,0000000
0,0000000
0,04R19%0
0,0099700
0,0000000
0,0029040
0,0066140
0,0001340
0,0001820
0,0000000
0,0006430
0,0007640
0,0015630
0.0000080
0,0014030
0,0000780
0,0168310
0,0069860
0,0007300
0,0002050
0,0020910
0,2911240
0,0180080
0,0201040
0,0068000
0,0038370
0,0007980
0,0010590
0,0247840
0,0434100
0,0307010
0,0244020
0,0156830
0,0007100
0,0003110
0,0036820

24
0,0000000
0,00060000
0,0000000
0,0000210
0.00015820
0,0000000
0,0001260
0,0016120
0,0016460
0,0001830
0,0000000
0.,00170%0
0,0011100
0,00u8510
0,0015%070
0,0113980
0,003823%0
0,0175740
0,0033270
0,0070020
0,0004830
0,0073600
0,2824540
0,0577%00
0,0284420
0,0098710
0.,0129400
0,00u5630
0,0038210
0,0076510
0,0188480
0.,02693460
0.01678%0
0,0213780
0,0010400
0.,0001260
0,0081700
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2%
0,0000000
0,0000000
0.0000000
0,0000000
0,00035%00
0,0000000
0,0000380
0,0028700
0,0008510
0,0003470
0,0000000
0.0008240
0,0014000
0,0029230
0,0007440
0,00468%0
0,0003500
0,0068320
0,0087760
0.,0159300
0,0010100
0,0101230
N,173%180
0.,0T0R990
0,260%330
0,0n86180
0,0298790
0,0075870
0,0015390
0,0087080
n,02160630
0,0446930
0,0234490
0,0309840
0,0021740
0,0001820
0,013%000
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26
0,0000000
0,0000000
0,0000000
0,0001620
0,0002140
0L,0000000
0.0000400
0,0018530
0,0058040
0,0000100
0,0000000
0,0009730
0,0013540
0,06017260
0.,n083760
0,0129990
0,0020150
0.,0178340
0,0049330
0,02647460
0,0002110
0,019%0130
0,1094340
0,0601670
0,0417360
N,19623%70
0,0170350
0,0148830
0,0025550
0,0081610
0,0197920
0.0“08030
0,0181610
0,0420010
0,0022740
0,0002030
0,0152390
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27
0,0000000
0,0000000
0,0000000
0,0000000
0,00029%0
0,0000000
0,0000380
0,0020210
0,0000190
0,0000000
0,0000000
0,0031940
0,00M2200
0,0032510
0,0013980
0,0009130
0,0001180
0,0058370
0,002%290
0.,0164180
0,0000400
0,n088720
n,0991570
0,0563130
0,0565%340
n,0290940
0,2771880
0,0095100
0,0004280
0.,00u4R7S0
0,0179540
0,0239200
0,0066790
0,0266460
0,0013040
0,0001270
0,0058040

F
0,0000000
0,0002440
0,0000000
0,0000080
0,0001610
0.,0000000
0,0000130
0,0008810
0,0012420
0,0010010
0.,0000000
0,0038850
0.,0006830
0,0004990
0,0003190
0,0072590
0,00020860
0.,0146140
0,0009300
0,0090650
0,0005720
0,0047740
0.,0263720
0,0130810
0,0089860
0,0307170
V,0064780
0,0341130
0,0021260
0,0022250
0,00728060
0,0162050
0,00795%80
0,0213470
V,00098670
0,0000820
0,00a7190



06ne900°0
0129200°%0
OngEL00°0
0L0L200"%0
cosnom0°0
0egti210%0
0otsett0®0
otootto®o
09660000
0604000°0
cgettoo®o
ootstoo®o
oL2etlo0"®0
0616100°0
0€9nCoo0°0
0000100°%0
oentoo0*o
o02nstooto
06S0800°0
0081200°'0
0TL8100"%0
0929900°0
ogEm2000°0
0124000%0
0929000°0
0igt0o00°%0
0610000°0
ongON00°0
0901000°0
0SSMeoo0°o
0120000°0
VGE0000°%0
0010000°0
0S00000°'0
0686000°D
0000000°0
0000000°0
2%

06986n00°0
oLn0St10°%0
0.2%9200°0
0s1EL50°%0
0199920°0C
00685910°%0
0816850°0
0g24%00°0
0o9t10voL 0
0160000°%0
0St14400%0
0991In00"0
oLON100'C
otlgnioc*o
0119£00%0
0091000°%0
0000000°0
0£29200°0
00ten20°®0
06§9000"%0
0€€L000°%0
06LE000%0
0000000%0
CLEVVUOO Y
0gL2000%0
00€29000°%0
6000000°%0
0268100°0
¢000000°0C
otoen20°0
0210000°0
0n9e2000°0
0960000°%0
0000000°%0
0000000"C
onott00%0
0on20000°0
it

o2v

02§9200°%0
vololav®o
0990g10%0
0982€10%0
0499800V
0L19%00%0
p92gntou®o
do9tget1*o
0L00000%0
00Q0000%C
0690000°%0
VEt1S000%0
otLovev*o
Vivovoo*y
0LE9100%0
vel0000%0
QUOo0L00*D
ovltoo0°o
089L§6500%0
onsliog®u
VenoduG*o
QLenQo0*o
JOUouo0*Y
UPNO0OV" 0
0en1000°0
0QEV000°%D
0200000"%0
00n0000°0
0YuU0000"0
googeeo*o
0000000°%0
v9elgsc0’o
0ENeLto®o
0890000°%0
0000000%0
0Qoo0ue*o
0000000G*0
0¢

"Iuod ¢1-V dTHVL

9t¢

0006900°0
¢9ttouoo*o
0008200°0
e0LPes0° 0
0856410°0
000eONQ*0
0L26L10%0
090@m00°0
0216990°0
0159300°0
06n0800°0
00191t0°%0
0{685£00"%0
0981920°0
0294S60°0
vili9o0*y
0EZN90V0° 0
on9eng0’o
0202¢00°%0
05289800
UNewseo*o
0gQ21€0°0
09nl200°%0
02e6lsto’o
UnLe200°0
Uiegeto®o
0000000°0
0929100°%0
0L2U000°*0
0gle2o00*0
0§L2000°0
00000000
oomlo00D"0
vuovouvo*o
0615000°%0
0162100°0
VO0L00O"0
02

T O~
La B B ]

N
"

M IO O
L TR VI VI TR VI TR TR |

O vy
VL YL Y

N o~ o
T e e e v me et e e e

—_N I N LD 0T o



L VR T B B« SR T PR PR

— gl gl

33
0,0032470
0,0053570
0,0000680
n,00004640
0,0000290
0,0002710
0,0000760
0,0315570
0,N000060
0,0004140
0,0000240
86.,0000790
n,.0001440
0.,0001090
0,0000330
0,000R090
0,0015550
0,0011510
0,0023700
0,0002480
n,0000410
0,0001520
0,0001510
0,0002930
0.0007250
0.,0002710
0,0002580
0,00031330
0,0000500
0,0028550
0,0052410
0,0061620
0,05%3390
0,0216510
0,00u82530
0,0029630
0,0021640
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34
Gt,0001140
0,0001760
0.0000000
0,0000010
0,0000510
0,0000050
0,0000140
0,0058420
0.,0000040
0,0016850
0.0000000
0,0002760
0,0010110
0,0000000
0.0000000
0,0011%40
0,0434%60
0,0065960
0.,0032010
0,0016790
0,0009610
0,0013u80
0,0000390
0,0014330
0.,0041310
0,00LSATO
6,004%910
0.,0039290
0,0040760
0,0093830
0,02232680
0,0166370
0,0379690
0,0430780
0,0061190
0,0011780
0,0108500
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35
0,0000000
0,0000000
0,0000000
0,0000000
0,0011040
0,0000000
0,0000000
0,0010200
0,0000010
0,0000000
0,0000000
0,0001310
0,00016410
0,0000000
0,0000010
0,0002900
0,0003710
0,0001870
0,0003920
0,0001700
0,0000110
0,0000240
0,0000060
0,0000400
0,0000110
0,0000390
0,0001690
0,0000140
0,0000170
0,0033430
0,0140620
0,0008400
0,0033310
0,0030860
0,0000600
0,0000510
0,0013630

36
0,0000000
0,0001140
0,0000550
0,0000000
0.0050380
0,0027480
0,0001%520
0,1191990
0,0000000
0,0000000
0,0000000
00000000
0,0002030
0,0000000
0,0000000
0,0016680
0,0003400
0,0060000
0,0008540
0,0004650
0,0000000
0,0014790
0,0009440
0,0000790
0,0001210
0,0017190
0,0008490
0,0000830
0,0001190
0,0548780
0,009128¢
0,0030860
0,0126270
0,0239280
0,0006080
0,0002690
0,0008720
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PROGRAM EMPROJ

#FILE (BANNY)EMPROJ ON AOI1CUST

$SET LIMIT=100

$RESET FREE

FILE 5=EMPDAT,UNIT=DISK,RECORD=14,BLOCKING=30
FILE 6=EMPOUT,UNIT=PRINTER,RECORD=22

FILE 7=FINEMP,UNIT=DISK,RECORD=14,BLOCKING=30

C-
C—
C-
C‘

76
17

INTEGER YR

REAL NEM,NEV,NEV63,NEVB0,NEV0OO,NEV20
DIMENSION SUMR(10),SUMN(10)
DIMENSION REV(37),NEV(37)

DIMENSION Y(10),YR(10)
DIMENSION REV63(37),REV80(37),REV00(37),REV20(37)

DIMENSION NEV63(37),NEVBO(37),NEVO0(37),NEV20(3T)

DIMENSION XVALR(3,3),XVALN(3,3)
DIMENSION VALR(10,3),VALN(10,3)

DIMENSION REM(10,37),NEM(10,37)

DIMENSION SUMO(10)
COMMON Y,YR,F,ISEC,ISEQ,KSEQ,IDW,ILN

COMMON REV63,REV80,REV00,REV20,NEV63,NEV80,NEVOO,NEV20,REV,NEV
COMMON XVALR,XVALN

RFV REGIONAL EMPLOYMENT VECTOR
NEV NATIONAL EMPLOYMENT VECTOR
REM REGIONAL EMPLOYMENT MATRIX

XVALR REGIONAL PROJECTED INDEPENDENT VALUES MATRIX
XVALN NATIONAL PROJECTED INDEPENDENT VALUES MATRIX
IRUN=1

CALL ADRESS

WRITE (6,1)

READ(5,76) ITRAN, ILN,IDW

WRITE(6,77) ITRAN,ILN,IDW

FORMAT{6X,I1,5X,1I1,5X,I1)

FORMAT{1HO,6HITRAN=,I1,2X,4HILN=,11,2X,4HIDW=,11)

READ (5,2) NSEC,NYR,NVAR

WRITE(6,3)NSEC,NYR,NVAR

C- NSEC -NUMBER OF SECTORS

C- NYR

-NUMBER OF YEARS

C- NVAR -NUMBER OF INDEPENDENT VARIABLES

10

100

15

READ(5,U4) F

WRITE(6,5)F

WRITE(6,5)F

DO 10 I=1,3

READ (5,6) (XVALR(I,J),J=1,NVAR)
DO 100 I=1,3

READ (5,6) (XVALN(I,J),J=1,NVAR)
WRITE(6,80)

WRITE(6,7)

DO 15 I=1,3

L=1960+20%1

WRITE (6,8) L,(XVALR(I,J),J=1,NVAR)
WRITE (6,70)

WRITE (6,7)

DO 25 I=1,3

L=1960+20%]
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PROGRAM EMPRCJ cont.

25 WRITE (6,8) L,(XVALN(I,J),J=1,NVAR)
DO 60 J=1,NVAR
60 READ (5,108) (VALR(K,J),K=1,NYR)
DO 79 J=1,NVAR
79 READ (5,108) (VALN({(K,J),K=1,NYR)
WRITE(6,1492) IRUN,F,ITRAN,ILN
1492 FORMAT(H1//////7///25X ,5HIRUN=,11,5X,2HF=,F8.4,5X,
16HITRAN=,I7,5X,4HILN=,I1)
WRITE(6,1)
WRITE(6,1018)
1018 FORMAT(1HO0,9X,3HX1R,10X,3HX2R, 10X, 3HX3R, 18X, 3HX 1N, 10X, 3HX2N, 10X,
13HX3N)
DO 3300 I=1,NYR
DO 3300 J=1,NVAR
VALR(I,J)=1/VALR(I,J)
VALN(I,J)=1/VALN(I,J)
3300 CONTINUE
DO 56 I=1,NYR
WRITE(6,46) {VALR(I,J),J=1,NVAR),(VALN(I,J),J=1,NVAR)
56 CONTINUE
DO 3400 I=1,3
DO 3400 J=1,NVAR
XVALR(I,J)=1/XVALR(I,J)
XVALN(I,J)=1/XVALN(I,J)
3400 CONTINUE
DO 57 I=1,3
WRITE(6,46) (XVALR(I,J),J=1,NVAR),(XVALN(1,J),J=1,NVAR)
57 CONTINUE
U6 FORMAT(1HO,1X,3(F10.4,3X),5X,3(F10.4,3X))
IF (IRUN.GE.2) GO TO 20
DO 20 K=1,NYR
READ (5,9) YR(K)
READ (5,11) (REV(I),I=1,NSEC)
CALL XSUM{(REV,SUM,N)
SUMR (K ) =SUM
READ (5,11) (NEV(I),I=1,NSEC)
IF (YR(K).EQ.1964) GO TO 300
GO TO 310
300 CONTINUE
CALL BASE(REV,NEV,REV63,NEV63,NSEC)
310 CONTINUE
CALL XSUM(NEV,SUM,N)
SUMN (K )=SUM
WRITE(6,906) YR(K)
906 FORMAT(1H1,54X,I4)
907 FORMAT(1H1,54X,I4)
CALL PRINTV(REV,NSEC,3HREV)
WRITE(6,907) YR(K)
CALL PRINTV(NEV,NSEC,3HNEV)
DO 20 I=1,NSEC
REM(K,I)=REV(I)
NEM(K,I)=NEV(1)
20 CONTINUE
425 FORMAT(5F15.5)
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PROGRAM EMPRCJ cont.

KSEQ=z0
ISEQ=0
DO 120 J=3,34
ISEC=J
1SEQ=ISEQ+1
WRITE (6,1)
WRITE (6,207)
WRITE(6,201) ISEQ,ISEC
WRITE (6,202)
DO 110 K=1,NYR
Y(K)=ALOG(REM(K,J))
WRITE (6,203) YR{K),Y(K),(VALR(K,JJ),JJ=1,NVAR)}
110 CONTINUE
CALL REGRES(NYR,NVAR,VALR,XVALR,XVALN)
120 CONTINUE
KSEQ=1
ISEQ=0
DO 130 J=3,34
ISEC=J
WRITE (6,1)
ISEQ=ISEQ+1
WRITE(6,208)
WRITE(6,201) ISEQ,ISEC
WRITE (6,202)
DO 140 K=1,NYR
Y(K)=ALOG(NEM(K,J))
WRITE (6,203) YR(K),Y(K),(VALN(K,JJ),JdJd=1,NVAR)
140 CONTINUE
CALL REGRES(NYR,NVAR,VALN,XVALR,XVALN)
130 CONTINUE
DO 7311 I=1,2
J=38-1
REVB80(I1)=0.0
REV80(J)=0.0
NEV80(1)=0.0
NEV80(J)=0.0
REV00(J)=0.0
REV00(I)=0.0
NEVO0(I)=0.0
NEVO0(J)=0.0
REV20(I1)=0.0
REV20(J)=0.0
NEV20(I)=0.0
NEV20(J)=0.0
7311 CONTINUE
REV80(35)
REV00(35)
REV20(35)
NEVBO(35)
NEVOO(35)
NEV20(35)=0
WRITE(6,1)
WRITE(6,66)
DO 170 I=1,NSEC

L L
CO0O0Q



170

180

2001

8974
188

648
189
bub
66
67

Ew -
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PROGRAM EMPROJ cont.

WRITE(6,68) I,REV63(1),REV80(I),REVO0(I1),REV20(1)
WRITE(6,68) I,REV63(1),REVB0(I),REV0O0(I),REV20(I)
CONTINUE

WRITE(6,1)

WRITE(6,67)

DO 180 I=1,NSEC

WRITE(6,68) I,NEV63(I),NEVBO(I),NEVOO(I),NEV20(I)
WRITE(6,68) I,NEV63(I),NEV80(1),NEVOO(I),NEV20(I)
CONTINUE

CALL PUNCHV(REV63,NSEC)

CALL PUNCHV(REV8B0 NSEC)

CALL PUNCHV(REVOO,NSEC)

CALL PUNCHV{(REV20,NSEC)

CALL PUNCHV(NEV63,NSEC)

CALL PUNCHV(NEVBO,NSEC)

CALL PUNCHV{NEVOO,NSEC)

CALL PUNCHV(NEVZ20,NSEC)

WRITE(6,1)

WRITE(6,2001)

FORMAT{ 1HO, 10X ,4HYEAR,5X, 15HREG EMP/NAT EMP)

DO 188 I=1,NYR

IF (IRUN.GE.2) GO TO 8974

SUMO(1)=SUMR(I)/SUMN(I)

WRITE(6,6uU46) YR(I),SUMO(I)

WRITE{6,6u46) YR(I),SUMO(I)

CONTINUE

CONTINUE

CALL XSUM(REV80,SUM,N)

SUMR{1)=SUM

CALL XSUM(REVOO,SUM,N)

SUMR(2)=SUM

CALL XSUM(REV20,SUM,N)

SUMR(3)=SUM

CALL XSUM(NEV80,SUM,N)

SUMN{1)=SUM

CALL XSUM(NEVOO,SUM,N)

SUMN(2)=SUM

CALL XSUM(NEV20,SUM,N)

SUMN(3)=SUM

DO 189 I=1,3

SUMN(I)=SUMR(I)/SUMN(I)

L=1960+20%1

WRITE(6,648) L,SUMN(I)

WRITE(6,6u48) L,SUMN(I)
FORMAT{1HO,10X,I4,10X,F6.4)

CONTINUE

FORMAT (1HO, 10X, I4,10X,F6.4)
FORMAT(15X,5HREV63, 10X,5HREVB0, 10X, 5HREV00, 10X,5HREV20)
FORMAT(15X,5HNEV63, 10X, SHNEV8Q, 10X, 5HNEV00, 10X,5HNEV20)
FORMAT(8X,12,1X,F10.0,5X,F10.0,5X,F10,0,5X,F10.0)
FORMAT (1H1)

FORMAT {(5X,12,5X,12,6X,12)

FORMAT (1HO,4X,SHNSEC=,I12,2X,U4HNYR=,12,2X,5HNVAR=,12)
FORMAT (2X,F10.0)
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PROGRAM EMPROJ cont.

5 FORMAT (1HO, 10X,2HF=,F7.4)
6 FORMAT (3F10.0)
7 FORMAT{ 1HO, 10X ,4HYEAR, 8X,2HX1,8X,2HX2,7X,2HX3)
8 FORMAT(1HU,10x,Iu,3x,F1o.3.F1o.3,F8.05
9 FORMAT(IY)
11 FORM!T (F14.,2)
108 FORMAT (F10.0)

70 FORMAT (1H1,50X,30HNATIONAL INDEPENDENT VARIABLES)
80 FORMAT (1H1,50X,30HREGIONAL INDEPENDENT VARIABLES)
201 FORMAT(1H ,20X,16HEQUATION NUMBER ,I4,8X,4HROW ,I12/)

202 FORMAT{(1H ,19X,4HYEAR,5X,11H Y 5X,11H X1 5X,11H
1 X2 5%,11H X3 )
203 FORMAT(1H ,20X,I4,1X,F11.7,4(5X,F11.7))
207 FORMAT(50X, 19HREGIONAL REGRESSION/)
208 FORMAT(50X,19HNATIONAL REGRESSION/)
CALL ADRESS
066 CONTINUE
LOCK 7
LOCK 6
END
SUBROUTINE PUNCHV(V,N)
DIMENSION V(37)
1SEQ=0
DO 10 I=1,N
ISEQ=ISEQ+!
10 WRITE(7,1) V(I),ISEQ
1 FORMAT{1F14.0,40X,12)
RETURN
END
SUBROUTINE REGRES(N,K,VAL,SVALR,SVALN)
INTEGER YR
REAL NEM,NEV,NEV63,NEVBO,NEVOO,NEV20
DIMENSION SVALR(3,3),SVALN(3,3)
DIMENSION TSTAT(5)
DIMENSION DEV(10)
DIMENSION A(11,11),B(11),SB(11),SIGMA(11),SUMX(11),XBAR(11)
DIMENSION YPRED (50),X(10)
DIMENSION Y(10),YR(10)
DIMENSION VAL(10,3)
DIMENSION REV63(37),REVB0(37),REV00(37),REV20(37)
DIMENSION NEV63(37),NEVB0(37),NEV0O0(37),NEV20(37)
DIMENSION XVALR(3,3),XVALN(3,3),BVAL(10,3)
COMMON Y,YR,F,ISEC,ISEQ,KSEQ,IDW,ILN
COMMON REV63,REVBO,REVO0,REV20,NEV63,NEVB0O,NEV0O0,NEV20,REV,NEV
N IS THE NUMBER OF OBSERVATIONS
K 1S THE NUMBER OF INDEPENDENT VARIABLES
F IS THE MARGINAL ¥ VALUE USED TO TEST FOR INCLUSION OF A VARIABLE
M=K+1
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PROGRAM EMPRO.J cont.,

DO 36 L=1,N
DO 60 LL=1,K

60 X{LL)=VAL(L,LL)
X{M}=Y{L)
DO 618 I=1,M
SUMX{I)=SUMX(I)+X(1)
DO 618 J=1I,M
A(L,J)=A(I,J)+X(1)®X(J)

618 A(J,I)=A(I,d)

30 CONTINUE
DO 20 I=1,M

20 XBAR(I)=SUMX(I)}/XN
WRITE (6,1010) F
DO 22 1=1,M
DO 22 J=1,M

22 A(1,J)=A(I,J)~-SUMX(I)®*SUMX(J)/XN
SYY=A(M,M)
DO 23 I=1,M

23 SIGMA(I)=SQRT(A(I,I))
DO 24 I=1,M
DO 24 J=1,M
IF(I-J) 25,26,25

25 A(I,J)=A(1,J)/(SIGMA(I}*SIGMA(J))
GO TO 24

26 A(I,1)=1.0

24 CONTINUE
DF=XN-1.,0
WRITE (6,1024)
DO 27 I=1,K

27 WRITE (6,1011) (A(I,J),J=1,K)
WRITE (6,1012) (A(M,J),Jd=1,K)
ISTEP=0

151 SE=SIGMA(M)®SQRT(A(M,M)/DF)
VMIN=1,0E50
VMAX=0.0
NMIN=0
NMAX=0
DO 64 I=1,K
IF (A(I,I)-0.0001)64,64,51

51 VAR =A(I,M)%A(M,I)/A(I,I)
IF(VAR) 57,64,53

53 IF(VAR=-VMAX) 75,75,54

54 VMAX=VAR
NMAX=1

75 B{I)=0.0
SB(I)=0.0
GO TO 64

57 B{(I)=A(I,M)®SIGMA{M)/SIGMA(I)
SB{I)=SE/SIGMA(I)®SQRT(A(I,I))
ABVAR=ABS (VAR)
ABVMIN=ABS (VMIN)
IF (ABVAR-ABVMIN)81,64,64

81 VMIN=VAR
NMIN=1



64

67

301

99

92

100
101

102

89
90

93
9u

97
197

98
108
109

113
112
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PROGRAM EMPROJ cont.

CONTINUE

BZERO=0.0

SUMBI=0.0

DO 67 I=1,K
SUMBI=SUMBI+B(I)}®*XBAR(I)
BZERO=XBAR{(M)=-SUMBI
IF(ISTEP) 301,301,99
STDEV=SQRT(SYY/DF)

WRITE (6,1013) STDEV
WRITE (6,1014) BZERO
XF2=ABS{VMIN)®*DF/A(M,M)
IF (XF2-F) 92,93,93
KR=NMIN

DF=DF+1.0

NVOUT=NMIN

NVIN=0

FLVLX=XF2

IF{ISTEP} 101,101,102
WRITE (6,1015)

GO TO 201

WRITE (6,1016)

WRITE (6,1017) ISTEP,FLVL,NXIN,NXOUT,SE
WRITE (6,1018)

DO 90 1=1,K

IF(B(I)) 89,90,89
TSTAT(I)=B{I}/SB(I)
WRITE(6,1019) B(1),I,SB(I),TSTAT(I)
WRITE (6,1019) B(1),I,SB(1),TSTAT(I)
CONTINUE

WRITE (6,1020) BZERO
CC=SQRT(1.0-SE®#2#DF /SYY)
WRITE (6,1021) CC

GO TO 97

XF1=VMAX® (DF-1.,0)/(A(M,M)=-VMAX)
IF{XF1-F) 200,200,94
KR=NMAX

DF=zDF=-1.0

NVOUT=0

NVIN=NMAX

FLVLX=XF1

IF (ISTEP) 97,97,100

IF (JUNE)197,197,201

PO 109 I=1,M

Ir (I-KR) 98,109,98

DO 109 J=1,M

IF {(J-KR) 108,109,108
A(I,J)= ((A(KR,KR)®A(I,J))-(A(I,KR}®*A(KR,J)))/A(KR,KR)
CONTINUE

DO 112 I=1,M

IF (I-KR) 113,112,113
A(I,KR}=-A(I,KR)/A(KR,KR)
CONTINUE

DO 114 J=1,M

IF (J-KR) 115,114,115
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115 A(KR,J)=A(KR,J)/A(KR KR)
114 CONTINUE
A(KR,KR)=1.0/A(KR,KR)
ISTEP=ISTEP+1
FLVL=FLVLX
NXIN=NVIN
NXOUT=NVOUT
GO TO 151
200 JUNE=1
GO TO 100
201 WRITE (6,1022)
DW=0.0
DTSQ=0.0
DO 130 I=%,N
YPRED(I)=0.0
DO 131 II=1,K
131 X(II)=VAL(I,II)
X(M)=Y(I)
DO 139 J=1,K
139 YPRED(I)=YPRED(I)+(B(J)#*X(J))
YPRED(I)=YPRED{I)+BZERO
DEV(I)=X(M)-YPRED(I)
DTSQ=DTSQ+DEV{I)®DEV(I)
IF(1-1)129,129,128
128 DW=DW+{(DEV(I)=~DT)®#2
129 DT=DEV(I)
130 WRITE(6,1023) I,X(M),YPRED(I),DEV(I)
DW=DW/DTSQ
WRITE (6,1025) DW
1010 FORMAT(15HOF VALUE INPUT F8.3)
1011 FORMAT(1X,10F9.5)
1012 FORMAT(83HOSIMPLE CORRELATION COEFFICIENT BETWEEN EACH\
\ INDEPENDENT
1 AND THE DEPENDENT VARIABLE / 1X,10F9.5)
1013 FORMAT(22HOSTANDARD DEVIATION Y F11.4)

1014 FORMAT(14H MEAN VALUE Y F14.4)
1015 FORMAT(31HO NO VARIABLES MEET THE F TEST)

1016 FORMAT(55HOSTEP = F VALUE VAR IN VAR OUT STD ERROR Y\
\)
1017 FORMAT(14,6X,F9.3,6X,12,10X,I12,4X,F10.3)
1018 FORMAT(1HO,3X,50HCOEFFICIENT VARIABLE STANDARD ERROR T\
\-STATISTI
1C)
1019 FORMAT(1X,F14.2,2X,I3,4X,F14,2,1X,F12.2)
1020 FORMAT ( 1OHOCONSTANT 2X,F22.4)
1021 FORMAT(25H CORRELATION COEFFICLENT FT7.4)
1022 FORMAT{46HOOBSERVATION  ACTUAL PREDICTED DEVIATION /)
1023 FORMAT(3X,I4,4X,3(F10.2,2X))
1024 FORMAT{63HOSIMPLE CORRELATION COEFFICIENT AMONG THE INDEPENDENT\
\ VA
1RIABLES)
1025 FORMAT(1X/ 28H DURBIN - WATSON COEFFICIENT 4X,E13.6)
567 CONTINUE
CALL PREDIC (B,BZERO,N,K,SVALR,SVALN)
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RETURN
END
SUBROUTINE PREDIC(B,BZERO,N,K,SVALR,SVALN)
INTEGER YR
REAL NEM,NEV,NEV63,NEV80,NEVO0O,NEV20
DIMENSION SVALR(3,3),SVALN(3,3)
DIMENSION B(11)
DIMENSION Y(10),YR(10)
DIMENSION REV63(37),REV80(37),REV00(37),REV20(37)
DIMENSION NEV63(37),NEV80(37),NEVOO(37),NEV20(37)
DIMENSION XVALR(3,3),XVALN(3,3)
DIMENSION WVALR(3,3),WVALN(3,3)
DIMENSION REV(37),NEV(3T)
COMMON Y,YR,F,ISEC,ISEQ,KSEQ,IDW,ILN
COMMON REV63,REV80,REV0O0,REV20,NEV63,NEVB0,NEVOO,NEV20,REV,NEV
DO 65 I=21,3
DO 65 J=1,K
XVALR(I,J)=SVALR(I,J)
XVALN(I,J)=SVALN(I,J)

65 CONTINUE
IF (KSEQ.EQ.1) GO TO 100
REV80O(ISEC)=0.0
REVOO(ISEC)=0.0
REV20 (ISEC)=0.0
DO 10 I = 1,K
REVBO(ISEC)=REVBO(ISEC) + B(I)®XVALR(1,I)
REVOO(ISEC)=REVOO(ISEC) + B(I)®XVALR(2,I)
REV20(ISEC)=REV20(ISEC) + B{I)®XVALR(3,I)

10 CONTINUE
REVBO(ISEC)=REVBO(ISEC)+BZERO
REVOO{ISEC)=REVOO(ISEC)+BZERO
REV20({ISEC)=REV20(ISEC)+BZERC
REVBO(ISEC)=EXP(REV8O(ISEC))
REVOO{ISEC)=EXP{REVOO(ISEC))
REV20(ISEC)=EXP(REV20(ISEC))
GG TO 500

100 CONTINUE
NEVBO(ISEC)=0.0
NEVOO(ISEC)=0.0
NEV20(ISEC)=0.0
DO 20 I=1,K
NEVBO(ISEC)=NEVBO(ISEC) + B(I)®XVALN(1,I)
NEVOO(ISEC)=NEVOO(ISEC) + B(I)®XVALN(2,I)
NEV20(ISEC)=NEV20(ISEC) + B(L)®XVALN(3,I)

20 CONTINUE
NEVBO(ISEC)=NEVS80(ISEC)}+BZERD
NEVOO(ISEC)=NEVOO(ISEC)+BZERO
NEV20{1SEC)=NEV20(ISEC)+BZERC
NEVBO{ISEC)}=EXP(NEVBO(ISEC))
NEVOO{ISEC)=EXP(NEVOO(ISEC))
NEV20(ISEC)=EXP(NEV20(1ISEC))

500 CONTINUE
DO 66 I=1,3
DO 66 J=1,K
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XVALR(I,J)=SVALR(I,J)}
XVALN(I,J)=SVALN(I,J)

66 CONTINUE
RETURN
END
SUBROUTINE PRINTV(X,N,TITLE)
DIMENSION X(37)
WRITE(6,2) TITLE

2 FORMAT(56X,A6/)

DO 10 I=1,N

10 WRITE(6,3) X(1),I

3 FORMAT('H ,U4T7X,F14,0,4X,12)

RETURN
END
SUBROUTINE BASE(REV,NEV,REV63,NEV63,NSEC)
REAL NEV,NEV63
DIMENSION REV(37),NEV(37),REV63(37),NEV63(37)
DG 10 I=1,NSEC
REV63(I)=REV(I)
NEV63(I)=NEV(I)

10 CONTINUE
RETURN
END
SUBROUTINE TRANS(VAL,XVAL,N,K)
DIMENSION VAL(10,3),XVAL(3,3)
DO 10 I=1,N
DO 10 J=1,K
VAL(I,J)=ALOG(VAL(I,J))

10 CONTINUE
DO 20 1=1,3
DO 20 J=1,K
XVAL(I,J)=ALOG(XVAL(I,J))

20 CONTINUE
RETURN
END
SUBROUTINE XSUM(X,SUM,N)
DIMENSION X{37)
SUM=0.0
DO 10 I=3,34
SUM=SUM+X{I)

10 CONTINUE
RETURN
END
SUBROUTINE ADRESS
DO 10 I=1,5
WRITE(6,100)

100 FORMAT(1H1,"PROPERTY OF IRA SILVER,BANK OF N.Y.™)

10 CONTINUE

RETURN
END
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#FILE (BANNY)FINAL ON AO1CUST
$SET LIMIT=100
$RESET FREE
5=FINDAT,UNIT=DISK,RECORD=14,BLOCKING=30

9=FINOUT, UNIT=PRINTER, RECORD=22
7=FINEMP,UNIT=DISK,RECORD=14,BLOCKING=30
4=TTY10,UNIT=REMOTE, IG,RECORD=14
8=FINTST,UNIT=DISK,RECORD=14, BLOCKING=30
6=FINDSK,UNIT=DISK,RECORD=14, BLOCKING=30

REAL LQ163,LQ180,LQ100,LQ120,LQ263,LQ280,LQ200,L9220

FILE
FILE
FILE
FILE

FILE
FILE

172
11

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

DIMENSION

DIMENSION
DIMENSION

REV63(37),NEV63(37),XUS63(37),RM(37)
LQ163(37),LQ180(37),LQ100(37),LQ120(37)
LQ263(37),LQ280(37),LQ200(37),LQ220(37)

RS{37),RSA(37)

PAB63(37),PAD63(37),PAN63(37),PND63(3T)

Y63(37),Y80(37),Y00(37),Y20(37)

RA63(37,37),RABO(37,37),RA00(37,37),RA20(37,37)

RB63(37,37),RB80(37,37),RB0O0O(37,37),RB20{37,37)}

A63(37,37),AB0(37,37),A00(37,37),A20(37,37)

AA63(37,37)
XA63(37),XAB0(37),XA00(37),XA20(37)

DIMENSION XB63(37),XBB0(37),XB00(37),XB20(37)

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

DIMENSION
DIMENSION

XCB0(37),XC00(37),XC20(37),XC63(37)
RDAB0O(37),RDACO(37),RDA20(37)
RDB80O(37),RDBOC(37),RDB20(37)
RDC8B0(37),RDPCO0O(37),RDC20(37)
RDN63(37),RDN80(37),RDNCO(37),RDN20(37)
RDD63(37),RDDBO(37),RPDOO(37),RDD20(37)
PABB0(37),PABOO(37),PAB20(37)
PADBO(37),PADOO(37),PAD20(37)
PANBO(37),PANQO(37),PAN20(37)
PNDB0Q(37),PNDO0O(37),PND20(37)
XD63(37),XD80(37),XD00(37),XD20(37)
XN63(37),XNBO(37),XNOO(37),XN20(37)

PCCBO(37),PCCO0(37),PCC20(37)
YN63(37),YNBO(37),YNOO(37),¥N20(37)

COMMON A63,A80,A00,A20

COMMON LQ163,LQ180,LQ100,LQ120,LQ263,LQ280,LQ200,LQ220
COMMON GNP63,GNP80,GNPOO,GNP20,YN63,YNBO,¥YNOD,YN20
COMMON YP63(37),YP80(37),YP00(37),YP20(37)

COMMON IRUN

COMMON REV63,NEV63,XUS63

IRUN=O

WRITE(6,31)

CALL ADRESS

READ (5,172) N

FORMAT(2X,12)

WRITE (6,11) N

FORMAT ( 1HO, 2HN=,12)

READ (5,2) IADJ,IN,IC,ID,IOUT,IPRO
WRITE(6,6) IADJ,IN,IC,ID,IOUT,IPRO
READ (5,3) GNP63,GNPB0O,GNP0OO,GNP20
WRITE(6,4) GNP63,GNP8O,GNPOO,GNP20
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READ (5,3)PGNP63,PGNP8O,PGNPOO,PGNP20
WRITE(6,5)PGNP63, PGNPSO, PGNPOO, PGNP20
RGNP63=GNP63*PGNP63
RGNP80=GNPBO*PGNF80O
RGNPOO=GNPOO®PGNPOO
RGNP20=GNP20%PGNP20
WRITE(6,7) RGNP63,RGNP80,RGNFOO,RGNP20
DO 51 I=1,N
51 READ (5,1) Y63(I)
CALL PRINTV{(Y63,N,6HY63PCT)
DO 52 I=1,N
52 READ (5,1) Y80(I)
CALL PRINTV(Y80,N,H6HYS80PCT)
DO 53 I=1,N
53 READ (5,1) YOO(I)
CALL PRINTV(YOO,N,6HYQOOPCT)
DO 54 I=1,N
54 READ (5,1) Y20(I)
CALL PRINTV(Y20,N,6HY20PCT)
DO 10 J=1,N
10 READ (5,9) (A63(1,J),I=1,N}
DO 20 J=1,N
20 READ (5,9) (A80(I,J),I=1,N)
DO 30 J=1,N
30 READ (5,9) (A00(I,J),I=1,N)
DO 40 J=1,N
40 READ (5,9) (A20(I1,J),I=1,N)
IF(IOUT.NE.1) GO TO 326
CALL PRINTM(A63,N,3HA63)
CALL PRINTM(A80,N,3HAB0)
CALL PRINTM{AOO,N,3HAOO)
CALL PRINTM(A20,N,3HA20)
IF(IOUT.EQ.1) GO TO 1066
326 CONTINUE
DO 7874 I=1,N
YP63(I)=Y63(I)
YP80(I)=YBO(I)
YPOO(I)=Y00(I)
YP20(I)=Y20(I)
7874 CONTINUE
DO 100 I=1,N
Y63(I)=Y63(I)*RGNP63
YB0(I)=Y80(I)®*RGNP8O
YOO(I)=Y0O0(I)®RGNPCO
Y20(I)=Y20{I1)*RGNP20
100 CONTINUE
CALL PRINTV{Y63,N,3HY63)
CALL PRINTV(YBO,N,3HY80)
CALL PRINTV{(YOO,N,3HY0O)
CALL PRINTV(Y20,N,3HY20)
1776 CONTINUE
WRITE(6,1492) IRUN,IADJ,IPRO
1492 FORMAT(1HY//////////25X,5HIRUN=,11,5X,5HIADJ=,I1,5X,
1 5HIPRO=,I1)
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CALL LOCATQ(N)
IF (IPRO.EQ.2) GO TO 1000
DO 110 I=1,N
DO 110 J=1%,N
RA63(I,J)=A63(1,J)%LQ163(1)
RABO(I,J)=480(1,J)%LQ180(I)
RAQOO(I,J)=A00(I,J)®LQ100(I)
RA20(I,J)=A20(I,J)%LQ120(I)
110 CONTINUE
GO TO 2000
1000 CONTINUE
DO 120 I=1,N
DO 120 J=1,N
RA63(I,J)=A63(I,J)%LQ263(1)
RABO(I,J)=A80(I,J)%LQ280(T)
RAOO(I,J)=A00(I,J)®LQ200(I)
RA20(I,J)=A20(I,J)®LQ220(1)
120 CONTINUE
2000 CONTINUE
IF(IOUT.NE.1) GO TO 327
CALL PRINTM(RA63,N,4HRAGE3)
CALL PRINTM(RA80,N,U4HRAB0)
CALL PRINTM{RAOOQ,N,4HRAQO)
CALL PRINTM(RAZ20,N,4HRA20)
327 CONTINUE
DO 400 I=1,N
DO 400 J=1,N
AA63(I,J)=RA63(1,J)
400 CONTINUE
IF (IADJ.NE.1) GO TO 99
IF(IPRO.EQ.2} GO TO 4027
CALL ADJUST(RA63,A63,LQ163,RB63,Y63,RS,RSA,N)
DO 500 I=1,N
DO 500 J=1,N
RA63(I,J)=A63(I,J)®LQ163(I)
500 CONTINUE
GO TO 5038

4027 CONTINUE
CALL ADJUST(RA63,A63,LQ263,RB63,Y63,RS,RSA,N)
DO 523 I=1,N
DO 523 J=1,N
RA63(I,J)=A63(I,J)*LQ263(1)
523 CONTINUE
5038 CONTINUE
CALL MULT(RB63,RA63,RS,RSA,N)
CALL MULT(RB80,RAB0,RS,RSA,N)
CALL MULT(RBOO,RA00,RS,RSA,N)
CALL MULT(RB20,RA20,RS,RSA,N)
99 CONTINUE
IF (IADJ.NE.1) GO TO 999
IF(IOUT.NE.1) GO TO 328
CALL PRINTM(RB63,N,4HRB63)
CALL PRINTM(RBBO,N,4HRB8O)
CALL PRINTM(RBQO,N,4HRBOO)
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CALL PRINTM({RB20,N, Y4HRB20)
CONTINUE
CONTINUE

CALL INVERT{RA63,N}
CALL QUT(RA63,Y63,XA63,N)

CALL INVERT(RA80Q,N)

CALL QUT(RAB0,Y80,XA80,N)

CALL INVERT(RAOO,N)
CALL OUT(RAOO,Y00,XAQ0,N)

CALL INVERT(RA20,N)
CALL OUT(RA20,Y20,XA20,N)
WRITE{6,31)
WRITE(6,32)
Do 600 I=1,N
WRITE(6,33) XA63(I),XA80(I),XA00(I),XA20(I),I
CALL RGROWT(XA63,XA80,RDABO,17.0,N)
CALL RCROWT(XA63,XA00,RDAQ0D,37.0,N)
CALL RGROWT(XA63,XA20,RDA20,57.0,N)
IF (IADJ.NE.1) GO TO 98
CONTINUE

IF (IADJ.EQ.4) GO TO 2757

DO 2747 I=1,N

RM{I)=( (REV63(I)}/NEV63(I))%XUS63(I))/XA63(1)
CONTINUE

DG 2757 1=1,N

XB63(I)=RM(I)®XA63(1)
XB8O(I)=RM(I)#*XA80(I)
XBOO(I)=RM(I)®XA00(I)
XB20(I)=RM(I)®*XA20(I)
CONTINUE

IF (IADJ.EQ.4) GO TO 2787
DO 2777 1I=1,N
RM(I)}=XN63(I)/XA63(1)
CONTINUE
DO 2787 1I=1,N
XB63(I)=RM(I)®XA63(I)
XBBO(I)=RM(I)®XAB0(I)
XBOO(I)=RM(I)®*XA00(I)
XB20(I)=RM(I)%*XA20(1)
CONTINUE

IF (IC.NE.1) GO TO 998
CALL OUT{RA63,Y63,XC63,N)
CALL QUT(RABO,Y63,XC80,N)
CALL OUT(RA00,Y63,XCOO0,N)
CALL OQUT(RA20,Y63,XC20,N)
WRITE (6,31)
CALL RGROWT(XC63,XC80,RDC80,17.0,N)
CALL RGROWT(XC63,XC00,RDC00,37.0,N)
CALL RGROWT(XC63,XC20,RDC20,57.0,N)
CALL DIFF(XC63,XC80,PCCB0O,N)
CALL DIFF(XC63,XC00,PCCOO,N)
CALL DIFF{XC63,XC20,PCC20,N)
WRITE (6,35)
DO 800 I=1,N
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WRITE (6,33) XC63(I),XC80(I),XC00(1),XCc20(1),I
CONTINUE

IF (IN.NE.1) GO TO 97
GO TO 961

IF (IRUN.GE.1) GO TO 1727
IF(IADJ.EQ.1) GO TO 961

CONTINUE
CONTINUE

IF (ID.NE.1) GO TO 9999

IF (IPRO.EQ.2) GO TO 4781
DO 425 I=1,N

DO 425 J=1,N
RA63(1,J)=A63(1,J)"LQ163(I)
GO TO 4787

CONTINUE

DO 4281 I=1,N

DO 4281 J=1,N

RA63(I,J)=A63(1,J)%LQ263(1)

CONTINUE

IF (IADJ.NE.1) GO TO 9998

CALL MULT(RA63,RA63,RS,RSA,N)

CONTINUE

CALL INVERT(RA63,N)

CALL OUT(RA63,Y63,XD63,N)

CALL OUT(RA63,Y80,XD80,N)

CALL OUT(RA63,Y00,XDOO,N)

WRITE(6,31)

CALL OUT{(RA63,Y20,XD20,N)

WRITE(6,136)

DO 185 I=1,N

WRITE(6,33) XD63(I),XD80(I),XD00(I),XD20(1),I
CALL RGROWT{XD63,XD80,RDD80,17.0,N)

CALL RGROWT{XD63,XD00,RDD00,37.0,N)

CALL RGROWT(XD63,XD20,RDD20,57.0,N)

CALL DIFF(XD63,XA63,PAD63,N)

CALL DIFF(XD80,Xa80,PADBO,N)

CALL DIFF(XD0O,XA00,PADGO,N)

CALL DIFF(XD20,XA20,PAD20,N)

CONTINUE

WRITE(6,31)

WRITE (6,45)

DO 750 I=1,N

WRITE (6,46) RDABO(I),RDAOO(I),RDA20(I},I
IF (IADJ.NE.1) GO TO 266

WRITE (6,31)

WRITE {6,47)

DO 751 I=1,N

WRITE (6,46) RDB8BO(I),RDBOO(I),RDB20(I),I
CONTINUE

IF (IC.NE.1) GO TO 267

WRITE(6,31)

WRITE(6,48)

DO 752 I=1,N

WRITE (6,46) RDC80(I),RDCOO(I),RDC20(I},I
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267 CONTINUE
IF (IN.NE.1) GO TO 268
WRITE(6,31)
WRITE(6,49)
DO 753 I=1,N
753 WRITE (6,46) RDN80(I),RDNOO(I),RDN20(I),I
268 CONTINUE
IF (ID.NE.1) GO TO 269
WRITE(6,31)
WRITE(6,57)
DO 754 I=1,N
754 WRITE (6,46) RDD80(I),RDDOCG(I),RDD20(I),I
269 CONTINUE
CALL INVERT(A63,N)
CALL OUT(A63,Y63,XB63,N)
CALL INVERT(ABO,N)
CALL OUT(A63,Y80,XB80,N)
CALL INVERT(AOO,N)
CALL OUT(A63,Y00,XB0O0O,N)
CALL INVERT(A20,N)
CALL QUT(A63,Y20,XB20,N)
WRITE(6,31)
WRITE(6,34)
DO 700 I=1,N
700 WRITE(6,33) XB63(I),XB80(I),XB00(I),XB20(I),I
CALL RGROWT{XB63,XB80,RDB80,17.0,N)
CALL RGROWT(XB63,XB20,RDB20,57.0,N)
CALL RGROWT{XB63,XB00,RDB00,37.0,N)
CALL DIFF(XB63,XA63,PAB63,N)
CALL DIFF{XB80,XA80,PABBO,N)
CALL DIFF{XB00,XA00,PABOO,N)
CALL DIFF{XB20,XA20,PAB20,N)
CALL QUT(ABO,YBO,XN8O,N)
CALL OUT(A63,Y63,XN63,N)
CALL OUT(A00,Y00,XNOO,N)
CALL OUT(A20,Y20,XN20,N)
1727 CONTINUE
IF ((ID.NE.1).0R.(IN.NE.1)) GO TO 9997
CALL DIFF(XD63,XN63,PND63,N)
CALL DIFF(XD80,XN80,PND8SO,N)
CALL DIFF{XDO0O,XNQO,PNDOO,N)
CALL DIFF(XD20,XN20,PND20,N)
9997 CONTINUE
CALL DIFF(XN63,XA63,PAN63,N)
CALL DIFF(XN80,XA80,PANBO,N)
CALL DIFF{XNOO,XA00,PANOO,N)
CALL RGROWT(XNG63,XNB0O,RDNBO,17.0,N)
CALL DIFF{XN20,XA20,PAN20,N)
CALL RGROWT(XN63,XNOO,RDNO0,37.0,N)
CALL RGROWT(XN63,XN20,RDN20,57.0,N)
WRITE(6,31)
WRITE(6,134)
DO 175 I=1,N
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175 WRITE(6,33) XN63(I),XN80(I),XNOO{I),XN20(I),I
IF (IADJ.NE.4) GO TO 276

276

278

279

286

287

CALL
CALL
CALL
CALL
CALL
CALL
CALL

XPRINT(XA63,XB63,PAB63,6HXA1963,6HXB1963,N)
XPRINT (XA80,XB80,PAB8O, 6HXA 1980 ,6HXB1980,N)
XPRINT(XA00,XB0OO, PABOO, 6HXA2000,6HXB2000,N)
XPRINT(XA20,XB20,PAB20,6HXA2020,6HXB2020 ,N)
RPRINT(RDABO,RDB8O, 6HDA 1980,6HDB1980,N)
RPRINT(RDAOO,RDBOO, 6KDA2000, 6HDB2000, N)
RPRINT(RDA20,RDB20, 6HDA2020,6HDB2020,N)

CONTINUE
IF (IN.NE.1) GO TO 278

CALL
CALL
CALL
CALL
CALL
CALL
CALL

XPRINT(XA63,XN63,PAN63,6HXA1963,6HXN1963,N)
XPRINT(XAB0,XN8O, PANBO, 6HXA 1980, 6HXN 1980,N)
XPRINT(XAOO,XNOO, PANOO , 6HXA2000 ,6HXN2000,N)
XPRINT(XA20,XN20, PAN20,6HXA2020, 6HXN2020,N)
RPRINT(RDABO,RDN80,6HDA 1980, 6HDN1980,N)
RPRINT (RDAOO,RDNOO, 6HDA2000, 6HDN2000, N)
RPRINT(RDA20,RDN20, 6HDA 2020, 6HDN2020,N)

CONTINUE
IF (ID.NE.1) GO TO 279

CALL
CALL
CALL
CALL
CALL
CALL
CALL

XPRINT{XA63,XD63,PAD63,6HXA1963,6HXD1963,N)
XPRINT(XA80,XD80, PAD8O,6HXA 1980,6HXD1980,N)
XPRINT (XA00, XD0O, PADOO, 6HXA2000,6HXD2000,N)
XPRINT (XA20,XD20, PAD20, 6HXA2020 ,6HXD2020,N)
RPRINT(RDA8O,RDDBO, 6HDA 1980, 6HDD1980,N)
RPRINT(RDAOO,RDDOO , 6HDA2000 ,6HDD2000, N)
RPRINT(RDA20,RDD20,6HDA2020, 6HDD2020,N)

CONTINUE
IF (IC.NE.1) GO TO 286

CALL

CALL
CALL

XPRINT{XC80,XC63,PCCB0,6HXC1980,6HXC1963,N)

XPRINT(XCOO0,XC63,PCCO0,6HXC2000,6HXC1963,N)
XPRINT(XC20,XC63,PCC20,6HXC2020,6HXC1963,N)

CONTINUVE
IF ((ID.NE.1).0R.(IN.NE.1)) GO TQ 287

CALL
CALL
CALL
CALL
CALL
CALL
CALL

XPRINT(XN63,XD63,PND63,6HXN1963,6HXD1963,N)
XPRINT{XN80,XD80, PNDB0O,6HXN1980,6HXD1980,N)
XPRINT(XNOO, XDOO, PNDOO,6HXN2000,6HXD2000,N)
XPRINT(XN20,XD20, PND20,6HXN2020,6HXD2020,N)
RPRINT(RDN8O,RDD80,6HDN1980,6HDD1980,N)
RPRINT(RDNOO,RDDOO,6HDN20CO, 6HDD2000,N)
RPRINT{RDN20,RDD20,6HDN202C,6HDD2020,N)

CONTINUE
IF (IADJ.NE.H4) GO TO 6227

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

DIFF{XN63,XB63,PAD63,N)

DIFF(XN80,XB80, PADBO,N)
DIFF(XNOO, XBOO, PADOO,N)
DIFF(XN20,XB20,PAD20,N)
XPRINT(XB63,XN63,PAD63,6HXB1963,6HXN1963,N)
XPRINT(XBB0,XN8O, PAD8BO, 6HXB1980,6HXN 1980,N)
XPRINT(XBOO,XNOO, PADOO, 6HXB2000, 6HXN2000,N)
XPRINT(XB20,XN20, PAD20,6HXB2020, 6HXN2020,N)
RPRINT(RDBBO,RDNBO,6HDB1980,6HDN1980,N)
RPRINT (RDBOO,RDNOO, 6HDB2000 , 6HDN2000, N)
RPRINT (RDB20,RDN20,6HDB2020, 6HDN2020,N)



257

PROGRAM FINAL cont.
6227 CONTINUE
IRUN=5
IF(IRUN.EQ.2)} IADJ=4
IF(IRUN.EQ.3) IPRO=2
IF(IRUN.EQ.U4) IADJ=3
IF (IRUN.EQ.5) GO TO 1066
GO TO 1776
1 FORMAT(1F14.0)
2 FORMAT(5X,I1,4X,I1,4X,I1,4X,I1,6X,11,6X,11)
3 FORMAT(4F10.0)
4 FORMAT(1H0,5X,BHGNP1963=,F09.1,2X,8HGNP1980=,F09,1,2X,8HGNP2000=,
1¥09.1,2X,8HGNP2020=,F09.1)
5 FORMAT(1H0,5X,9HPGNP1963=,F5.4 ,2X,9HPGNP1980=,F5.4 ,2X,
19HPGNP2000=,F5.4 ,2X,9HPGNP2020=,F5.4 )
6 FORMAT(1HO0,5X,5HIADJ=,11,2X,3HIN=,I1,2X,3HIC=,11,2X,3H4ID=,I1,
12X,5HI0UT=,I1,2X,5HIPRO=,I1)
8 FORMAT(F14.0)
7 FORMAT(1HO,5X,9HRGNP1963=,F09.1,2X,9HRGNP1980= ,F09. 1,2X,
19HRGNP2000=,F09. 1,2X,9HRGNP2020=,F09.1)
9 FORMAT(7F10.4)
31 FORMAT(YH1,16(/))
32 FORMAT(8X,6HXA1963,10X,6HXA 1980, 10X,6HXA2000, 10X, 6HXA2020,/)
33 FORMAT(Y4(4X,F12.2),4X,12)
34 FORMAT(8X,6HXB1963, 10X,6HXB1980, 10X,6HXB2000, 10X,6HXB2020,/)
35 FORMAT(8X,6HXC1963,10X,6HXC1980,10X,6HXC2000,10X,6HXC2020,/)
45 FORMAT(3X,6HDA1960,3X,6HDA2000,3X,6HDA2020)
46 FORMAT(3(2X,FB.4),2X,12)
134 FORMAT(8X,6HXN1963,10X,6HXN1980,10X,6HXN2000, 10X,6HXN2020,/)
136 FORMAT(8X,6HXD1963,10X,6HXD1980, 10X,6HXD2000, 10X,6HXD2020,/)
47 FORMAT(3X,6HDB1980,3X,6HDB2000,3X,6HDB2020)
48 FORMAT(3X,6HDC1980,3X,6HDC2000,3X,6HDC2020)
49 FORMAT(3X,6HDN1980,3X,6HDN2000,3X,6HDN2020)
57 FORMAT(3X,6HDD1980,3X,6HDD2000, 3X,6HDD2020)
1066 CONTINUE
CALL ADRESS
LOCK 6

LOCK 8
END

SUBROUTINE LOCATQ(N)

REAL LQ163,LQ180,LQ100,LQ120,LQ263,LQ280,1L.Q200,LQ220
REAL NUMR63,NUMR80,NUMROO,NUMR20 ,NUMN63,NUMNBO,NUMNOO, NUMN20
REAL NEV63,NEVB0O,NEVOO,NEV20

DIMENSION LQ263(37),LQ280(37),LQ200(37),LQ220(37)
DIMENSION LQ163(37),LQ180(37),LQ100(37),LQ120(37)
DIMENSION A63(37,37),480(37,37),A00(37,37),A20(37,37)
DIMENSION Y¥YN63(37),YN80(37),YNOO(37),¥YN20(3T7)
DIMENSION REV63(37),REV80(37}),REV00{(37),REV20(37)
DIMENSION NEV63(37),NEVB0(37),NEVO0(37),NEV20(37)
DIMENSION Y63(37),Y80(37),Y00(37),Y20(37)

DIMENSION XUS63(37),XUsS80(37),XuUs00(37),XUs20(37)
DIMENSION B63(37,37),B80(37,37),B00(37,37),B20(37,37)
DIMENSION T(37,37)

COMMON A63,A80,A00,A20

COMMON LQ163,LQ180,LQ100,LQ120,LQ263,LQ280,LQ200,LQ220
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PROGRAM FINAL cont.

COMMON GNP63,GNP80,GNPOO,GNP20,YN63, YNSO, YNOO, YN20
COMMON YP63(37),YP80(37),YPCO(37),YP20(37)
COMMON IRUN

COMMON REV63,NEV63,XUS63

IF (IRUN.GE.1) GO TO 1066

READ (7,1) (REV63(I),I=t,N)

CALL PRINTV(REV63,N,5HREV63)

READ (7,1) (REVBO(I},I=1,N)

CALL PRINTV(REVBO,N,5HREV80Q)

READ (7,1) (REVOO(I),I=1,N)

CALL PRINTV(REVOO,N,5HREVO00}

READ (7,1) (REV20(I),I=%,N)

CALL PRINTV(REV20,N,S5HREV20)

READ (7,1) (NEV63(I),I=1,N)

CALL PRINTV(NEV63,N,SHNEV63)

READ {(7,1) (NEV8B0O(1),I=1,N)
CALL PRINTV(NEV80,N,5HNEV8O)
READ (7,1) {NEVOO(I),I=1,N)
CALL PRINTV(NEVOQ,N,SHNEVOO)
READ (7,1) (NEV20(I),I=1,N)
CALL PRINTV(NEV20,N,S5HNEV20)
1066 CONTINUE

DO 10 I=1,N
YN63(I)=GNP63*YP63(1)
YN8O(I)=GNPBO®*YP8O(I)
YNOO(I)=GNPOO®YPBO(I)
YN20(I)=GNP20%*YP20(I)

10 CONTINUE
CALL PRINTV{YN63,N,UHYNG3)
CALL PRINTV(YNBO,N,4HYNBO)
CALL PRINTV(YNOQO,N,4HYNOO)
CALL PRINTV(YN20,N,4HYN20)
DO 20 I=1,N
DO 20 J=1,N
T(I,J)=463(I,J)

20 CONTINUE
CALL INVERT (A63,N)
DO 30 I=1,N
DO 30 J=1,N
B63(I,J)=A63(1,J)
A63(I,J)=T(I,J)

30 CONTINUE
DO 40 I=1,N
DO 40 J=1,N
T(I,Jd)=A80(1,J)

40 CONTINUE
CALL INVERT(A80,N)
DO 50 I=1,N
DO 50 J=1,N
B80(I,J)=A80(I,J)
A80(I,Jd)=T{(I,J)

50 CONTINUE
DO 60 I=1,N
DO 60 J=1,N



T(I,J)=A00(I,J)

60 CONTINUE
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PROGRAM FINAL cont.

CALL INVERT(AOO,N)

DO 70 I=1,N
PO 70 J=1,N

BOO(I,J)=A00(I,J)
A00(L,J)=T(I,J)

70 CONTINUE
DO 80 I=1,N
Do 80 J=1,N

T(1,J)=A20(I,J)

80 CONTINUE

CALL INVERT(A20,N)

DO 90 I=1,N
DO 90 J=1,N

B20(I,J)=A20(I,dJ)
A20(1,d)=T(1,J)

90 CONTINUE

CALL OUT{B63,YN63,XUS63,N)
CALL PRINTV(XUS63,N,5HXUS63)
CALL OUT{(BB0,YN8OC,XUS80,N)
CALL PRINTV(XUS80,N,SHXUS80)

CALL OQUT(BOO,YNOO,XUSOO,N)
CALL PRINTV(XUSO0O,N,SHXUS00)

CALL OUT(B20,YN20,XUS20,N)
CALL PRINTV(XUS20,N,5HXUS20)

LOCK 8
DO 100 I=3,34

NUMR63=REV63(I)#(XUS63(I)/NEV63(I))
NUMRB0O=REV8O(I)*(XUS63(IL)/NEV63(1))
NUMROO=REVOO (1 )®*(XUS63(1I)/NEV63(I))
NUMR20=REV20(I)#(XUS63(I)/NEVE3(I))
NUMNG63=NEV63(I)®*(XUSH63(I)/NEVE3(I))
NUMN8O=NEVBQ(I1)®(XUS63(I)/NEV63(1))
NUMNOO=NEVOO(I1)#(XUS63(I)/NEV63(1))
NUMN20=NEV20(I)*(XUS63(I)/NEV63(1))

DENR63=0.0
DENR80=20.0
DENR00=0.0
DENR20=0.0
DENN63=0.0
DENNB0=0.0
DENN00=0.0
DENN20=0.0
DO 200 J=3,34
DENR6 3=DENR6 3
DENR80=DENRBO
DENROO=DENROO
DENR20=DENR20
DENNS 3=DENN6 3
DENNS0=DENNBO
DENNOQO=DENNOO
DENN20=DENN20
200 CONTINUE

F 4+ + 4+ + 4+ 4+

REV63(J)®A63(1,J)*(XUS63(J)}/NEV63(J)})
REV80O(J)*A80(I,J)*(XUS63(J)/NEV63(J))
REVOO(J)®A00(I,J)®*(XUS63(J)/NEVE3(J))
REV20(J)®A20(I,J)®*(XUS63(J)/NEV63(J))
NEV63(J)®A63(I,J)®*(XUS63{J)/NEV63(J))
NEVBO(J)*A80(I,J)*(XUS63(J)/NEVE3(J))
NEVOO(J)}*A00(1,J)*(XUS63(J)/NEV63(J))
NEV20(J)*A20(I,J)*(XUS63(J)/NEV63(J))
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PROGRAM FINAL cont.
LQ163(I)=(NUMR63/DENR63)/ (NUMNG3/DENNG3)
LQ180(I)=(NUMRBO/DENRBQO)/ (NUMNBO/DENNSO)
LQ100(I)=(NUMROO/DENROO)/ (NUMNOO/DENNCO)
LQ120(I)=(NUMR20/DENR2C )/ (NUMN20/DENN20)

IF (LQ163(1).LT.0.0.0R.LQ163(I).GT.1.0) LQ163(1)
IF (LGQ180(I).LT.0.0.0R.LQ180(I).GT.1.0) LQ180(I)
IF (LQ100(I).LT.0.0.CR.LQ100(I).GT.1.0) LQ100(I)
IF (LQ120(I).LT.0.0.0R.LQ120(1).GT.1.0) LQ120(I)

100 CONTINUE
DO 850 I
LQ163(I)
LQ180(I)
LQ100(I)
LQ120(I)

850 CONTINUE
DO 950 1=
LQ163(1)
LQ100{I)
LQ180(1)
LQ120(1I)=

950 CONTINUE
CALL PRINTV(LQ163,N,5HLQ163)

CALL PRINTV(LQ180,N,5HLQ180)

CALL PRINTV(LQ100,N,5HLQ100)

CALL PRINTV(LQ120,N,5HLQ120)

DO 300 I=3,34
NUMRBO=REV80(I)#*{XUS80(I)/NEVBO(I))
NUMROO=REVOO{I)*(XUSO0O(I)/NEVOO(I}))
NUMR20=REV20(1)#*(XUS20(I)/NEV20(I))
NUMN80=NEVS80{I)®(XUS80(I)/NEVBO(I))
NUMNOQ=NEVOO(I)®(XUS00(I)/NEVOO(I))
NUMN20=NEV20(I)#*(XUS20(1)/NEV20(1)}
DENR80=0.0
DENR00=0.0
DENR20=0,0
DENNB0=0.0
DENNO0=0.0
DENN20=0.0

DO 400 J=3,34
DENRBO=DENRBO
DENROO=DENROO
DENR20=DENR20
DENN80O=DENNBO
DENNOO=DENNOO
DENN20=DENN20

400 CONTINUE
LQ263(I)=LQ163(I)

LQ280(I)=(NUMR8O/DENRBO)/ (NUMNSO/DENNBO)

LQ200(I)=(NUMROO/DENROC )/ (NUMNOO/DENNOQ)

LQ220{(I)=(NUMR20/DENR20)/ (NUMN20/DENN20}

IF (LQ263(I1).LT.0.0.0R.0LQ263(I).GT.1.0) LQ263(I)=1.

IFf (LQ280(I).LT.0.0.0R.LQ28B0(I).GT.1.0) LQ280(I)=1.
)=1
}=1.

nn W n
-
DDDO

—t b o —

*

mdunnw
— b b b b
OQ QON

35,N
1.0
1.0
1.0
1.0

REVBO(J)*A80(I,J)®*{(XUS80(J)/NEVBO(J))
REVOOQ(J)*A00(I,J)®(XUSO0(J)/NEVOO(J))
REV20(J)®A20(1,J)*(XUS20(J}/NEV20(J})
NEVSO(J)®A80(I,J)®(XUSB0(J)/NEVEO(J))
NEVOO(J)®A00(I,J)®(XUSOO(J)/NEVOO(J))
NEV20(J)®A20(I,J )% (XUS20(J)}/NEV20(J))

+ 4+ 4+

IF (LQ200(I).LT.0.0.0R.LQ200(1).GT.1.0) LQ200(I
IF (LQ220(1).LT.0.0.0R.LQ220(I).GT.1.0) LQ220(I
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PROGRAM FINAL cont.

CONTINUE

DO 857 I=1,2

LQ263(I)=1.0

LQ280(I)=1.0

LQ200(1)=1.0

LQ220(I)=1.0

CONTINUE

DO 957 1=35,N
LQ263(1)=1.0

LQ280(I)=1.0

LQ200(1)=1.0

LQ220(1)=1.0

CONTINUE

CALL PRINTV(LQ263,N,5HLQ263)

CALL PRINTV(LQ280,N,5HLQ280)

CALL PRINTV(LQ20G,N,5HLQ200)

CALL PRINTV(LQ220,N,5HLQ220)

WRITE(6,5)

WRITE(6,2)

DO 2003 I=1,N

WRITE(6,3) LQ263(I),LQ280(I),LQ200(I),LQ220(I},I
CONTINUE

WRITE(6,5)

WRITE(6,4)

DO 2007 I=1,N

WRITE(6,3) LQ163(1),LQ180(I),LQ100(I),LQ120(1),I
CONTINUE
FORMAT(23X,5HLQ163,7X,5HLQ180,7X,5HLQ100,7X,5HLQ120)
FORMAT (20X ,4(F8.4,4X),12)
FORMAT(23X,5HLQ263,7X,5HLQ280,7X,5HL.Q200,7X,5HLQ220)
FORMAT(1H1)

FORMAT(1F14.0)

RETURN

END

SUBROUTINE SUMR(A,C,N)

DIMENSION A(37,37),C(37)

DO 5 I=1,N

c{1)=0.0

DO 5§ J=1,N

C({I)=C(I)+A(I,J)

RETURN

END

SUBROUTINE OUT(A,Y,X,N)

DIMENSION A(37,37),Y(37),X(37)

DO 10 I=1,N

X(I1)=0.0

PO 10 J=1,N

X(I)=A(L,J)®Y(J)+X(1)

RETURN

END

SUBROUTINE ADJUST(A,AA,Q,R,Y,RS,RSA,N)

DIMENSION Q{37)

DIMENSION X(37),Y(37),A(37,37),AA(37,37),R3(37),RSA(37)
DIMENSION R(37,37),PCT(37)
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PROGRAM FINAL cont.
READ(5,1) (X(I),I=1,N}
CALL PRINTV(X,N,3HX63)
CALL PRINTV(Y,N,3HY63)
DO 10 I=1,N
RS(I)=X(I1)-Y(I)
CALL PRINTV(RS,N,Z2HRS)
CALL INVERT(A,N)
CALL OQUT(A,Y,X,N)
CALL PRINTV(X,N, 1HX)
DO 20 I=1,N
DO 20 J=1,N
A(I,J)=AA(1,J)%Q(I)®*X(J)
CALL PRINTM{A,N,4HFLOW)
CALL SUMR(A,RSA,N)
CALL MULT(R,A,RS,RSA,N)
CALL DIFF(RSA,RS,PCT,N)
CALL XPRINT(RS,RSA,PCT,2HRS,3HRSA,N)
CALL PRINTV(RS,N,2HRS)

FORMAT(F14,0)

RETURN

END

SUBROUTINE INVERT(A,N)
DIMENSION A(37,37),TEMP{200),IN(200)
DO 87 J=1,N

Do 88 I=1,N

A(L,J) ==A(I,J)

A(J,J)= A(J,J)+ 1.0
IMAX=N

ISING=0

N=IMAX

IMAXO=N-1

I1=1

I3=1I1

IN(I1)=0
SUM=ABS(A(I1,I1))

DO 15 1=I1,N

IF (SUM-ABS(A(I,I1))) 10,15,15
I3=1

IN(I1)=I
SUM=ABS(A(I,I1))
CONTINUE

IF (13-I1) 20,30,20

DO 25 J=1,N

SUM=A(11,J)
A(I1,J)=A(13,d)
A{I3,J)=SUM

I3=I1+1

IF (A(I1,I1)) 35,155,35
DO 40 I=I3,N
A(I,I1)=ACL,I1)/7A(11,11)
J2zI1=1

IF (J2) 45,55,u45

DO 50 J=I3,N

DO 50 I=1,J2
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PROGRAM FINAL cont.
ACIN,J)=A(1I1,J)-A(I1,I)%A(I,J)
J2=11
I1=11+1
DO 60 I=I1,N
DO 60 J=1,J2
A(I,I1)=zA(I,I1)=A(I,J)%A(J,11)
IF (I1-N) 5,65,5
IF (A(N,N)) 70,155,70
DO 85 JpP=1,N
J=N+1=JP
A{J,Jd)=1.0/4(J,d)

IF (J=1) 75,90,75

DO 85 1P=2,J

I=J+1-1IP

IPO=I+1

SUM=0.

DO 80 L=IPO,J
SUM=SUM-A(L,L)®*a(L,J)
A(I,J)=SUM/A(I,I)

DO 110 J=1,IMAXO
JPO=J+1

DO 110 1I=JPO,N

SUM=0.

IMD=I-1

PO 105 L=J,IMO

IF (L-J) 95,100,95
SUM=SUM-A(I,L)®a(L,J)
GO TO 105
SUMz=SUM-A(I,L)
CONTINUE

A(I1,J)=SUM

DO 135 I=1,N

PO 130 J=1,N
TEMP(J)=0.0

DO 125 K=I,N

IF (K-J) 125,120,115
TEMP(J)=TEMP(J)+A{I,K)®A(K,J)
GO TO 125
TEMP(J)=TEMP(J}+A(I,K)
CONTINUE

CONTINUE

DO 135 J=1,N
A(I,J)=TEMP(J)

DO 150 I=2,N

MzN+1=-1

IF (IN(M)) 140,150,140
15S=IN(M)

DO 145 L=1,N

SUM=A(L, ISS)
A(L,ISS)=zA(L,M)

A(L ,M)=SUM

CONTINUE

GO TO 160

ISING=1
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PROGRAM FINAL cont.
IF (ISING.EQ.0) GO TO 285
PRINT 330
STOP
FORMAT (30H MATRIX IS SINGULAR-END OF RUN)
CONTINUE
RETURN
END
SUBROUTINE PRINTM(A,N,TITLE)
DIMENSION A(37,37)
DO 25 J=1,N, U4
JB=J
JE=JB+3:
IF(JE-N)15,20,20
JE=N
WRITE(9,40) TITLE,(K,K=JB,JE)
DO 25 I=1,N
WRITE(9,45) (I,(A(I,JS),JS=JB,JE))
CONTINUE
FORMAT(1H1,10(/),50%,A10,3(/),34X,12,3(11X,12))
FORMAT (20%,I17,4F13.7)
RETURN
END
SUBROUTINE PRINTV(X,N,TITLE)
DIMENSION X(37)
WRITE(6,1)
FORMAT(1H1//////)
WRITE (6,2) TITLE
FORMAT (46X ,A6/)
DO 10 I=1,N
WRITE (6,3) X(1),I
FORMAT (1H ,40X,F14.4,4%X,12)
RETURN
END
SUBROUTINE MULT(A,AA,CP,C,N)
DIMENSION A(37,37),AA(37,37),CP(37),C{(37)
DIMENSION S(37)
DIMENSION CPOC(37)
DO 10 I=1,N
DO 10 J=1,N
A{I,J)=CP(I)/C(I)®AA(I,J)
DO 30 I=1,N
CPOC(I)=CP{I)/C(I)
CONTINUE
CALL PRINTV(CPOC,N,6HRS/RSA)
DO 20 J=1,N
5(J)=0.0
DO 20 I=1,N
S(J)=5(J)+A(1,J)
CONTINUE
CALL PRINTV(S,N,2HCS)
RETURN
END
SUBROUTINE DIFF(G,H,P,N)
DIMENSION G(37),H(37},P(37)
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PROGRAM FINAL cont.
DO 10 1=1,N
IF(H(I).EQ.0.0) H(I)=0.0000001
P{I)=((G(L)=H(1)) /H(I))®*100.0
RETURN
END
SUBROUTINE RGROWT(V1,V2,RD,YR,N)
DIMENSION V1(37),Vv2(37),RD(37)
DO 10 I=1,N
X1=V1(I)
X2=v2(1)
IF(X1) 50,50,60
X1=0.0000001
IF(X2) 70,70,80
X2=0.0000001
CONTINUE
RD(I)=({X2/X1)%% (1 0/YR)=-1.0)%100.0
CONTINUE
RETURN
END
SUBROUTINE RPRINT{(R1,R2,TR1,TR2,N)
DIMENSION R1{37),R2(37)
DIMENSION D(37)
WRITE(6,1)
WRITE(6,2) TR1,TR2
DO 10 I=1,N
D(1)=R1(I)=-R2(I)
WRITE(6,3) R1(1),R2(I),D(I),I
SR1=0.0
SR2=0.0
SD=0,0
55D=0.0
NN=N=-1
DO 20 I=1,NN
SR1=SR1+R1(I)
SR2=SR2+R2(1)
SD=SD+D(I)
SSD=SSD+D{I)%*D(I)
CONTINUE
XN=NN
AR1=SR1/XN
AR2=SR2/XN
SDD=SQRT(SSD/XN)
WRITE(6,4) SR1,SR2,SD
WRITE(6,5) AR1,AR2,SDD

FORMAT(VH1////77)

FORMAT (12X, /s ,A6,8X,A6,10X, 1HD)
FORMAT(10X,//,F10.4,5X,F10.4,5%,F10.4,2X,12)
FORMAT(1HO,//,7X ,UHSR1=,F8.4,3X ,4HSR2=,FB.4,4X,3HSD=,F10.4)
FORMAT(1HO,/,7X,4HAR1=,F8 .4 ,3X,4HAR2=,FB8.4 ,3X ,4HSDD=,F8 ,4)
RETURN

END

SUBROUTINE XPRINT(X2,X1,P,TX2,TX1,N)
DIMENSION X1{37),X2(37),D(37),P(37)
WRITE(6,1)
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PROGRAM FINAL cont.

WRITE(6,2) TX1,TX2,TX2
DO 10 I=1,N
D(I)=X1(I)=X2{1)
10 WRITE(6,3)X1(1),X2(1),D(1),P{1),I
5X1=0.0
SX2=0.0
SP=0.0
SpP=0.0
558D=0.0
SSP=0.,0
W5=0.0
SDA=0.,0
NN=N=-1
DO 20 I=1,NN
SX1=SX1+X1(1L)}
SX2=SX2+X2(I)
SD=5D+D(I)
SP=SP+P(I)
SSD=SSD+D(I)®D(I)
SSP=SSP+P{I1)*P(I)
WS=WS+ABS(D(I))®ABS(P(I))
SDA=SDA+ABS{D(I1)}
20 CONTINUE
XN=NN
WRITE(6,4) SX1,5X2,SD,SP
AX1=SX1/XN
AX2=3X2/XN
SDD=SQRT(SSD/XN)
SDP=SQRT (SSP/XN)
WRITE(6,5) AX1,AX2,SDD,SDP
IF(SDA.EQ.0) SDA=,000001
WA=WS/SDA
WRITE(6,6) WA
y Fogﬂﬁg(1H0,7X,hHSX1=,F8.0,3X,HHSK2=,FB.O,HX,3HSD=,FB.O,HK.3HSP=,
1 F8.2
S FORMAT(1HO,7X,4HAX1=,F8.2,3X,4HAX2=,FB8.2,3X,4HSDD=,F8.2,3X, 4HSPD=\
Ny
1 F8.2)
FORMAT{ 1HO, 44X, 3HWA=,F10.5)
FORMAT(H/////7)
FORMAT{12X,A6,9X,A6,12X, 1HD, 10X,2HD/,A6)
FORMAT(10X,F10.2,5X,F10.2,5X,F10.2,5X,F10.2,2X,12)
RETURN '
END
SUBROUTINE ADRESS
WRITE(9, 100)
100 FORMAT(1H1,30(/),50X,"IRA SILVER",//,50X,"THE BANK OF N.Y.",
1//,50X,"52 WILLIAM ST.",//,50X,"NEW YORK, N.Y., 10533")
RETURN
END
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