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Bl et E fascl e

This report is one of a series being written for the University
Research Program, U.S. Department of Transportation, to present analyses
.of the results obtained using the multiregional input-output (MRIO)
model for the United States. An original set of 21 reports prepared for
the Economic Development Administration, U.S. Department of Commerce,
contained explanations of the methodology used for assembling the MRIO
data and of the procedures employed to implement the model. Most of
those reports have now been rewritten for publication by Lexington Books,
D.C. Heath and Company, Lexington, Massachusetts, in a set of six volumes

entitled Multiregional Input-Output Analysis. Five of the six volumes

are now available.

The MRIO data have been assembled in a general form, so they can
be used with either the column coefficient, gravity coefficient, or
other multiregional models. In the present report, Zdenek Fencl and
Nathaniel Ng have compared the 1947, 1958, 1963, 1970, and 1980 regional
outputs estimated using the two fixed coefficient models‘and have eval-
uated the accuracy of the two models in estimating the 1947, 1958, and
1963 outputs. This is the first time that results have been published
on the accuracy of the two models in backcasting to 1947 and 1958 using
the American data. The results show that the outputs estimated for

these two years using the two models have about the same degree of

accuracy. In the paper, a detailed review of the industrial and regional

vi




estimation errors is provided by the authors, supplemented by appendix
tables showing the errors for each of 10 industries in each of 9 regionms.
The 9 census regions were chosen for this testing because many of the
MRIO data were originally disaggregated from data provided in the census
publications for the 9 regions, and because testing at a more detailed
level of industrial and regional classification would have been too
expensive. (In most cases, data from the 9 census regions were used as
control totals for the MRIO data assembly.)

This study has indicated a large number of other tests that
should be done in order to better determine the accuracy and validity
of the two models, as well as the stability of the trade and technical
coefficients. Constructive criticism of the material presented in the

report would be appreciated.

Karen R. Polenske

Department of Urban Studies and Planning
Massachusetts Institute of Technology
April 1974
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COMPARISON TESTS OF THE COLUMN COEFFICIENT
AND THE GRAVITY COEFFICIENT MODELS

The purpose of this report is to compare the accuracy of the
outputs calculated using the column coefficient model and the gravity
coefficient model. In the first part of the report, a brief review
is given of the two multiregional input-output models, and the data
required for implementing the models are explained. In the second
part of the report, comparisons of the two models are made in terms of
the accuracy of the outputs estimated for the base-year, 1963, and the
backcasts of outputs that were made for 1947 and 1958. 1In addition, the
rates of growth of outputs from 1947 to 1958, 1963, 1970, and 1980
are compared for the two models. Most of the comparisons are made at
the 10 industry, 9 region, rather than at the 79 industry, 51 region,
level of aggregation.1 The industrial and regional classification

schemes are given in the appendix, Tables A-~1l and A-2, respectively.

MULT IREGIONAL INPUT-OUTPUT MODELS
Multiregional input-output models are essentially conventional
input-output models modified to incorporate interregional trade.

Presently, three such models are being tested for use in the United

1The 51 regions are the 50 states plus the District of Columbia,.

2The reader who is not familiar with multiregional input-output
models is advised to refer to Yan [12] for a detailed analysis of
national input-output models and to Miernyk [ 5] for an introduction
to regional input-output models. More advanced material on the
models can be found in Polenske [6;7;8].




States, namely, the column coefficient, row coefficient, and gravity
coefficient. All of these are formulated from one basic economic
principle: the total output of an industry is equal to the sum of
intermediate demands by various industries (including the industry
itself) and demands by final users for that industry's products.

Mathematically, this relationship can be expressed as:

x =t +y (L)

where

x = total output of the industry,
t = intermediate demands for the industry's products,
y = final demands for the industry's products.

Equation (1), however, represents only one industry in one region,
and therefore cannot be directly applied to the input-output models.
With the other industries in the same region being taken into consid-
eration, and assuming that there is no trade among the regions, an
input-output model for m industries and n regions can be,represented

by the following equation:

og _ m™ & go g
XgT jgl aij X o= 7 (2)

where

a;. = technical coefficient--the amount of input of commodity
i required by industry j located in region g to produce

one unit of output of commodity j.




= o

ng = total consumption--the total amount of commodity i
supplied by region g.
x?o = total production--the total amount of commodity j
produced in region g.
yi = final demand--the total amount of commodity i demanded
by final use?s in region g.
1T = Tlen N 2 e el

For equation (2) to be used to describe a multiregional model,
it must be further modified to take into account the amounts of commod-
ities traded among the various regions. Conventionally, the amount of
a commodity produced by an industry in one region but conéumed in another
is considered as part of the output of the industry in the producing
region. Because each of the multiregional models has a different account-
ing scheme fqr interregional trade, the methods used to develop the
column coefficient and the gravity coefficient models will be described

separately in the following two sectionms.

Column Coefficient Model

The column coefficient model uses the following relationship for

interregional trade:

gh h oh
Xi = C% Xi (3)

3The reader who desires a more detailed description of the
accounting frameworks should refer to Polenske [7]. Testing of the
row coefficient model has not been completed yet and will be discussed
in a later report.




where
gh it : ) !
Xy = amount of commodity i produced in region g that is
shipped to region h.
xgh = total amount of commodity i that is consumed in region h.
h ; s 3
c% = a trade parameter, indicating the fraction of total

consumption of commodity i in region h that is shipped

from region g.

Equations (2) and (3) can be combined and transformed to obtain:

clx =& +v

c(®X +Y) (4)

or X

where

X = vector of total outputs, nm.l.

C = matrix of regional trade coefficients, nmenm, with each
of the diagonals of the n.n block containing the coeffi-
cients for m traded commodities and all off-diagonal
elements set to zero.

R = matrix of regional technical coefficients, nme.nm, with
each of the n blocks along the main diagonal containing
the m.m coefficient matrix derived from each of the n
regional input-output tablés. The elements in all blocks
off the main diagonal are set to zero,

Y = vector of final demands, nm-l, with each element repre-
senting the amount of the product of industry m (including
that portion that is produced in and shipped from the

other regions) demanded by final users in region n.




It is obvious from equation (4) that a number of tests can be made
to verify the accuracy of the model, provided that the required data are
available. If all of the matrices, X, 2, C, and Y are available or can
somehow be estimated from actual statistics, any three of them can be
substituted in equation (4) to calculate the remaining one. Then the
result obtained, when compared with the actual data, will give an indica-
tion of the validity of the model. Unfortunately, the data necessary to
assemble the technology and trade coefficient matrices are available oniy
for the year 1963, although both the final demand and total output figures
are available for the years 1947, 1958, and 1963. 1In the present study,
the total outputs for each year were therefore calculated from the final
demands, using the 1963 technology and trade matrices, and were compared

with the actual output data. Equation (4) can be rearranged as:

N
X = CAX + CY
N
X - CAX = cY
(I - cA)x = cy
go= (1 =ab L ey (5)

In order to calculate the regional outputs, X, froﬁ equation (5),
the matrices A and C and the vector Y must first be obtained. The
procedures used to assemble them will be éxplained in detail later in
this report. This straightforward procedure for calculating X analyt-
ically, however, can only be used when there is a small number of
industries and regions, because large-scale matrix inversion and
multiplication are very costly even when done on the fastest computer

available. At the full-scale industrial and regional classification--




Y 3=

79 industries and 51 regions--both the K and C matrices will be 4029
by 4029, and inverting or multiplying such large matrices is no easy
task. Therefore, testing the model at this level, instead of using

the analytical procedure, utilizes a numerical method based upon the

following approximation derived from equation (5):

Since, for any diagonally dominant matrix (I - B),

I+B+B2+B +...

(=3

-y ta1+d+ @)+ e+ ...

X = [I+cCA+ )2 + )3 +...lcy (6)

i

(The number of terms to be enclosed in the brackets is determined by
the precision of the inverse required.)

Although equation (6) is already simpler than equation (5),
it is still difficult to multiply a matrix dimensioned 4029x4029% by a
vector of 4029x1. To solve this problem, Y is converted back into its
original form, which is a matrix of m.n, and the A matrix is no longer
nmenm but simply mem, with each element being a technical coefficient.
Similarly, the C matrix is now n-n with each element being a trade
coefficient. Since these matrix dimensions do not conform to the rule
of matrix multiplication, equation (6) can no longer be used, but,
instead, the appropriate matrix elements must be multiplied together
one by one and then summed.

A computer program written in CDC Fortran IV has been set up
to calculate the outputs, X (which is now an m.n matrix), at the full-

scale level (that is, 79x51). (See Appendix G.) The iterative steps

performed by the program to calculate X can be summarized as follows:




Step 1. The elements in the first row of Y (79x51) are multi-
plied by the corresponding elements in the first row of C (51x51) and
the products summed to obtain the row 1, column 1, element of X (79x51).
Then the same Y elements are multiplied by the corresponding elements
in the second row of C and the products summed to obtain the row 1,
column 2, element of X, and so on for all the 51 elements in the first
row of X. Altogether, there are 64 C matrices for the first 64 traded
commodities,4 and the second row of X is obtained by multiplying the
elements in the second row of Y by the corresponding elements in the
second C matrix in the same way as described above; the third row of
X is obtained by multiplying the elements in the third row of Y by the
corresponding elements in the third C matrix; and so on, until the first
64 rows of X are filled. Then the rest of the elements in X are simply
set equal to the corresponding elements in Y, since commodities 65 through

79 are not traded.

Step 2. The elements in the first column of the resulting matrix
(X) from Step 1 (or Step 3 after the first iteration) are multiplied
term by term by the elements in the first row of A (79x79) and the prod-
ucts summed to obtain the row 1, column 1, element of a new matrix,
called X' (79x51). Then the same elements of X are multiplied by the
elements in the second row of A and the products summed to obtain the

row 2, column 1, elements of X'; the same elements of X are multiplied

4Only 61 of the first 64 commodities are traded. All elements
in the trade matrices for the other 3 commodities appear on the diagonal
of the trade matrix.




B =

by the elements in the third row of A and the products summed to obtain
the row 3, column 1, element of X'; and so on, for all the 79 elements
in the first column of X'. Altogether, there are 51 A matrices for all
the 51 regions, and the second column of X' is obtained by similarly
multiplying the second column of X by the second A matrix; the third
column of X' is obtained from multiplying the third column of X by the

third A matrix; and so on, for all the 51 colummns of X',

Step 3. The resulting matrix from Step 2 (X') is multiplied in
exactly the same way by the C matrices, as in Step 1, to obtain a new

matrix (79x51).

Step 4. The resulting matrix of Step 1 (or the previous Step 4

after the first iteration) is added to that of Step 3.

Step 5. The result of Step 4 is then compared with that of Step
1 (or the previous Step &4 after the first iteration). If the maximum
relative change in any of the industry totals in the output matrix is
less than a predetermined maximum allowance (which is presently set at
0.0005), the resulting output matrix is considered to be gufficiently
accurate, and the procedure is stopped. Otherwise, the iteration

continues with Step 2 for a maximum of 15 times,

Gravity Coefficient Model

The gravity coefficient model is a multiregional input-output
model, originated by Leontief and Strout, to reflect the production and
consumption relationships between commodities produced and consumed in

different regions [ 3]. The complexity of the gravity model comes from




e

the fact that, generally, no exhaustive data are available for all trade-
flow combinations between commodities and regions that would lead to a
simple calculation of the total multiregional production by means of the
conventional input-output model. In other words, although the conven-
tional single-region input-output model is provided with trade flows
(or technical coefficients) from industry to industry, complete trade
data (such as the trade flow from industry 3 of region 2 to industry 4
of region 1) do not exist., The problem of nonexistence of exhaustive
data is, however, common to all of the three multiregional models.
Introducing the interregional trade flows into the model through
the trade coefficients or parameters, the gravity coefficient model defines

the following:

5 OFC x‘i’°i 94 1)
where
x?h = interregional trade flow--the amount of commodity i
produced in region g that is shipped to reéion h.
xzo = the total amount of commodity i produced (consumed) in
all regiomns.
q?h = a trade parameter, which is a function of the cost of

transferring commodity i from region g to region h
(where transfer costs reflect various factors, including

transportation costs, that determine interregional trade).




= 10%-

The interregional trade-flow, x?h, is a function of the production in
region g, consumption in region h, national aggregate production (or

consumption) of the commodity, and the trade parameter, q%h. From the
definition of the production, consumption, and national aggregate, the

following equations hold:

o h
x? = % x? I N R I
L - Ut Pt g el o (8)
h n h
o G Sl iy e 3 (9)
i g=1 1 A

Ronall el Birg 5% iyl 200
7 = F = % = o
ol M e e R T S Sl

From equation (2), on page 2, and equations (7) through (10) the following

can be derived:

go 1n or g og n ro ; rg
Xy rél g (ko= 93 ) =X E x; (1 -q3)

where

o

]
'—J
N

=)

88 _ o

e

This is a set of nonlinear equations that can be linearized by a first-
order approximation. (See Leontief and Strout [3] and Polenske [6] for
details.) Using a reduced form, the basic gravity multiregional system

of linear equations is:

T'X = S(& + Y) (11)




- 11 -

where
X = vector of total outputs, nm-1l.
Y = vector of final demands, nm-1,.
R = technical coefficient matrix nmenm, with the regional
technical coefficients on its diagonal.
S, T' = the parameter matrices with the parameters (non-zero

elements) on the diagonal of each regional matrix.

The elements of the matrices S and T are calculated as follows:

gh gh

o
st x% (L=agy)

h
xR - qFY

t§h

where the trade coefficients q;'s are calculated from equation (7).5
The forms suitable for computations are as follows:
A
(T' - SA)X = SY
X = (' -sB!sy
X = (-1t - )1y
or xX=¢-NHly (12)

where

G = s g

For the multiregional model comparisons, equation (12) was used.

5It should be noted that since the elements s%h and t%h are in
the range of (1, 108) or (-104, -108), the gravity model calculations
at any level of aggregation should be done in double-precision on the
IBM 370/165.
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The total production, X, can be computed either by the product of
the inverse of the matrix (G - ﬁ) and the vector of final demands, Y,

or by the following simple iterative method:
X=Y+(I-BY+((T-F2Y+...
where
F = (G- A)

However, since the sufficient condition for convergence of this method
(that is, the matrix F must be diagonally dominant) cannot generally be
fulfilled for a gravity model, and the calculation of the necessary
condition for convergence is as difficult as the solution of the model
itself, the direct method--the inversion of the matrix (G - X), as
shown in equation (12), was used.

In the past, several attempts have been made to implement an
iterative method for the solution of the gravity model, because an
iterative method can be ten to one hundred times faster than the direct
method. These time- and cost-differences mean that the iterative
method, though not an exact method, has a strong advantage over the
direct method despite the fact that the inverse matrix (G - 2)'1 in the
direct method needs to be computed only once, and different solutions
can be provided by multiplying the matrix (G - K)-l by different vectors
of final demands. Even the fact that the matrix multiplier (G - K)'l
can be used for unit production and consumption analysis may not be a
strong argument for the direct method, since the matrix multiplier has

to be recalculated whenever technology changes. Moreover, the inter-
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pretation of the matrix multiplier (G - 2)-1 for the gravity model is
different from that of the conventional input-output matrix multiplier
(1 - &)L,

These considerations, together with the fact that inversion of
the matrix (G - 2) of the model with 79 industries and 51 regions,
which is 4029x4029, would take over 100 hours on the IBM 370/165,6 have
led to thorough investigations of iterative methods and the computational
characteristics of the gravity model. A historical survey of these '
investigations and the reports on the latest research are contained in
a report by Fencl [2]. So far, no iterative method has been found that
would converge under the given properties of the matrix (G - K), nor has
any method been found that would modify or restructure the matrix (G = ﬁ)
to fulfill the conditions of convergence. Even though some gravity
model calculations at an aggregated level were done by an iterative
method (the Japanese data for 9 regions and 10 industries and for 9
regions and 24 industries), the problem of the solution of very large
gravity models will continue to exist unless an iterative or fast method
that takes advantage of the special structure of the gravity model can
be found. |

During the computation of the inverse matrix S-1 for the present
study, an overflow situation occurred sevéral times. This was appar-
ently caused by the large range of the elements of the matrix S. When

the matrix S was scaled down before and after the inversion by multi-

6A detailed study of the hours and cost is contained in a report
by Luft [4 ]. That study was extended in another report by Cohen,
Solenberger, and Tucker [1].
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plying it by a scaling factor, 0.0001, for example, underflows were encoun-
tered, but after further adjustments of the scaling factor there was only
one underflow. No further experiments with scaling the S matrix were
undertaken. Judging from the results shown in Table D-3 in the appendix,
which gives one set of results using a scaling factor, the underflows
apparently did not affect the accuracy of the computation, especially

since the results obtained using different scaling factors were identical.

Data Assembly

As was mentioned earlier, because the input-output tables, actual
trade flows, secondary transfers-out (STRO), and service industries
residual (SIR) data were available only for the year 1963, they were
used, together with total final demands for each year, to calculate the
the industry outputs for 1947, 1958, 1963, 1970, and 1980 in all of the
comparison tests, Two sets of data were used in the model-comparison
tests--79 industries and 51 regions and 10 induétries and 9 regions.
Most of the tests and results, however, were based upon the second set,
the aggregated version, because any detailed analysis of a large data

base, such as 79x51, is extremely expensive and difficult.

Technology and Trade Coefficients
The technical coefficient matrix, @, and trade coefficient matrix,
C, were assembled from the 1963 input-output tables and adjusted trade
flows, respectively, in order to calculate the regional outputs, X.
Matrix ﬁ was obtained by dividing each column of each regional input-

output table by the column total and placing these matrices of technical
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coefficients as blocks along the main diagonal of one large matrix, as

shown in Figure 1. For the 10x9 set of calculations, the input-output

PURCHASING REGION

PRODUCING REGION

n-1

i 3

Figure 1. Interindustry Technical Coefficient Matrix

tables were.aggregated from 51 matrices (79x79) to 9 matrices (10x10)
before the techmnology coefficients were calculated. Because the input-
output tables contain a double-counting of the secondary products, steps
must be taken during the aggregation process to eliminate unnecessary

double-counting.

7
This procedure is explained in the volume by Polenske and others
entitled State Estimates of Technology, 1963 [10, pp. 19-21]
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Matrix C was obtained by dividing each column (hence the name,
"column coefficient model") of each commodity trade-flow matrix by the
column total and placing the coefficients along the diagonals of a

large square matrix, as shown in Figure 2. For the 10x9 set of calcu-

RECEIVING REGION

med _ 3 .

SHIPPING REGION

RN

Figure 2. Multiregional Input-Output Trade Matrix

lations, the trade-flow matrices were aggregated from 61 matrices
(51x51) to 8 matrices (9x9) before the trade coefficients were calcu-~
lated. The aggregated commodity trade-flow matrix used to calculate

the C matrix had to be adjusted so as to be consistent with the regional
input-output tables. The adjustment procedure is described in detail

in the MRIO guide [9, pp. 31-37].
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Total Final Demands

To obtain appropriate final demands for the model comparisoms,
four adjustments were made to the six final demand components for the
years 1947 and 1958,

(1) No net foreign exports (by port of exit) figures were avail-
able for years other than 1963. The necessary 1947 and 1958 export
figures were therefore estimated from the 1963 exports (by port of exit)
by dividing the figures in each row (industry) in that matiix by the row
sum (industry total) and then multiplying these coefficients by the 1947
and 1958 net foreign exports by state of production. This estimation
procedure is based onthe assumption that the regional exports by port
of exit remained in the same proportions to the industry totals in the
period 1947-1963.

(2) No final demand components had been assembled for Alaska
and Hawaii for years other than 1963. They were therefore estimated
from 1963 figures by assuming that the percentage of final demand in
each of the two states with respect to the rest of the United States
remained constant throughout the period under study. Thus, the row
coefficients (obtained by dividing the 1963 row totals minus the figures
for Alaska and Hawaii by the entries for Alaska and Hawaii for each 1963
final demand component) were used to multiply the row totals of 1947
and 1958 final demand components (without Alaska and Hawaii) to obtain
the 1947 and 1958 entries for Alaska and Hawaii (columns 50 and 51).

(3) In order to make the state final demands consistent with the

state output data, two industries, I0-74, Research & development, and
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10-81, Business, travel, entertainment, & gifts, were eliminated from
the final demand components by distributing the entries in rows 74 and
81 to the other industries. To distribute the data, columns 74 and 81
were taken from the national input-output transfer matrix [1l], and the
figures in each column were divided by the column total to obtain two
vectors of coefficients, These were used as proportions to distribute
each element in rows 74 and 81 to the elements in each respective column,
The values in the original rows 74 and 81 were then set to zero.

(4) The adjusted component figures were deflated to 1963 dollars
by first deflating the 1947 figures to 1958 dollars, then from 1958
dollars to 1963 dollars. For 1947, deflators were available only for
the total final demand, while for 1958, they were available for each of
the six components [ 9, pp. 126-128]. This deflation was necessary in
order that the 1963 technology, trade, STRO, and SIR matrices (all in
1963 dollars) could be used to calculate the outputs.

After these ad justments had been made to the 1947 and 1958 data,
the six components were summed for each of the five years (1947, 1958,
1963, 1970, and 1980), and the 1963 STRO and SIR data were added to

obtain the total final demand, Y, for each respective year.

Total Outputé
Three adjustments had to be made to the output figures for 1947
and 1958 before they could be used for comparison. The first two,
similar to the second and fourth adjustments described for the total

final demands, were as follows:
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(1) Exactly the same adjustment as in (2) of total final demands
wi1s made to obtain the 1947 and 1958 output estimates for Alaska and
Hawaii, except that establishment output data [10, Appendix D] were used
instead of final demand data.

(2) The 1947 and 1958 data in current values were deflated to
1963 dollars using the appropriate output deflators [ 9, pp. 149-151].

(3) After these adjustments had been completed, a final adjust-
ment was made to convert the 1947 and 1958 data, which are establishment
outputs and therefore do not include secondary transfers-in and imports,
into production outputs, The ratio of 1963 production output to 1963
establishment output was multiplied by the 1947 and 1958 establishment
outputs [10, Appendix D] to obtain estimates of 1947 and 1958 production
outputs, respectively,

All of the output and final demand matrices contain 87 industries
and 52 regions (50 states and the District of Columbia, plus other U.S.
posessions), but in calculating the outputs, only the first 79 industries

and the first 51 regions were used.

METHODS OF MODEL COMPARISON
The validity and accuracy of the column coefficient and gravity
coefficient models, which are very useful tools for projecting and
backcasting regional and industrial outputs, were tested by comparing
tt e output figures obtained from each of the models with the actual
f-gures at the aggregated level (10 industries and 9 regions). The

1 70 and 1980 estimated outputs were used only for comparing changes
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in the industrial rates of growth, because no actual output figures

were available to use in comparing the accuracy of the estimated

outputs for the two years. The column coefficient model was also

further studied and the results analyzed through the use of the full-
scale (79 industries and 51 regions) data, but due to the difficulty
caused by the nonconvergence of the S matrix at the disaggregated level,
only the aggregated data were used to study the gravity coefficient
model. Nevertheless, some simple comparison tests were applied to the
full-scale data, and the methods used for both sets of data are described

in the following two sectioms.

Agoregcated Level (10 Industries, 9 Regions)

For each of the comparison years, 1947, 1958, and 1963, the
full-scale total final demand matrix was aggregated to 10x9 using the
industrial and regional classification schemes given in Tables A-1 and
A-2 in the appendix. Then the aggregated and appropriately adjusted
10x9 secondary transfers-out and service industries residual matrices
for 1963 were added to the aggregated total final demand matrix, which
was then transformed into a 90x1 column vector, with the first 10
elements being the 10 total final demands in region 1, the second 10
those in region 2, and so on. The result bf premultiplying this total
final demand vector, Y, by the 1963 trade coefficient matrix C, 90x90,
assembled as described on page 16, was further premultiplied by the

inverse of (I - Cﬁ), where & is the 90x90 technical coefficient matrix

for the year 1963 and I is a 90x90 identity matrix. The final result
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of all these matrix operations was a 90xl column vector of estimated
outputs, the first 10 elements of which are the 10 industry outputs in
region 1, the second 10 those in region 2, and so on. After this column
vector had been rearranged into a 10x9 matrix, X', the elements in each
row and each column were added to obtain the row and column sums,
respectively. This was done so that a comparison could be made not only
of the individual industry outputs in each region, but also of the total
national outputs by industry, total regional outputs, and the aggregate
national output for all industries and regions. Two schemes were used
in making the comparisons between the calculated and actual outputs at
this aggregated 10x9 level--the percentage difference and the weighted
percentage difference.

The first scheme is described in the following equation:
= =2l x 100 (13)

where

. = percentage difference between the estimatéd and actual
outputs,
xij = the ith row and jth column element of the estimated
output matrix, X',
xij = the ith row and jth column element of the actual output
matrix, X.

=il 2 e S O 1 (11 is the column sum).

G S A i e (10 is the row sum).
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The results from this comparison are shown in Tables C-1 through C-3
and D-1 through D-3 in the appendix. A detailed analysis is given in
the following sectionm.

The second scheme, weighted differences, used the actual outputs
as the weighting base so that industries with larger shares of output
would show larger percentage differences, while small industries would
show relatively smaller percentage differences. This comparison was
made because, rather than assigning equal weights to all industries, it
is important to find out whether the large percentage errors in some
cases are indeed due to the fact that those industries had relatively
very small outputs or whether they had experienced rapid growth rates

in that period. The weighting procedure is as follows:

Step 1. Put the origimal 10x9 actual output matrix, X, into
a 90xl column vector.

Step 2. Sum all the elements in X, divide each element by the
sum, and multiply by 100,

Step 3. Put the result of Step 2 into a 10x9 matrix and multiply

element by element into the percentage-difference matrix

obtained from the first comparison.

The results for the years 1947 and 1958 are shown in Tables C-7, C-8,
D-4, and D-5 in the appendix. It is important to point out that these
numbers do not represent in any way the percentage differences between
the estimated and actual outputs but are merely a measure of relative

differences. For instance, in Table C-7, industry 10 in region 7 has
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a relative difference of -42.8, but its difference from actual outputs
is only -13 percent, as shown in Table C-1. This means that the small
percentage differences obtained in Table C-7 could be very significant
as a whole, and, on the other hand, the large percentage differences
could be relatively unimportant,

In addition to the 1947, 1958, and 1963 comparisons described
above, 1970 and 1980 outputs were also calculated using the 1963
technology and trade matrices and the projected 1970 and 1980 total
final demands. They are represented in Tables E-1 through E-10 in
the appendix as percentage increases from the fixed base year (1947)
data and in Tables F-1 through F-10 as annual compound growth rates.
In each table, the first two columns were calculated from the actual
data, the third and fourth columns were based upon figures projected
using the column coefficient model, and the last two columns were based
upon figures projected using the gravity coefficient model. The following

equation was used to construct the first set of tables (Appendix E):

current outputs - 1947 outputs
1947 outputs :

percentage increase = x 100 (14)

The second set of tables (Appendix F) was constructed according

to equation (15) obtained from the following derivation.

x = (1L +1)" x,
log(x/x,) = n log(l + r)
SRR oL, 2 log x - log Xo
n
T = [anti_log(log £ ; Log x0> - 1] x 100 (15)
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where

x = output value in the year N,
X, = output value in the year N, ,
r = annual compound growth rate,

n = number of years between N and N N -N

o o °

Full-Scale Level (79 Industries, 51 Regions)

This large-scale comparison of total outputs, X, calculated by
the iterative method described on pages 6-8, was necessary to determine
which disaggregated components of industries were responsible for the
large percentage differences obtained at the aggregated level, and
therefore to pinpoint the causes for such large differences. Exactly
the same comparison methods as were used in the aggregated version were
used to compare the calculated and actual outputs for 1947, 1958, and
1963. The results are shown in Tables C-4, C-5, and C-6 in the appendix.
Because of the enormous amounts of data involved, however, no attempt
was made to test the gravity model at this level, to estimate the
weighted percentage differences, or to construct the percentage-
increase and growth-rate tables, all of which were done at the aggregated

level.

RESULTS OF MODEL COMPARISON
The results obtained from the comparison tests of the column
coefficient and gravity coefficient models are explained in the following

two sections.
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Column Coefficient Model

The results obtained from the testing of the column coefficient
model can be divided into two categories, the first of which, shown in
Tables C-1 through C-5 in the appendix, can be used to determine how
accurately the model, given a set of actual data as input, replicates
another set of actual data. The second category, shown in Tables C-6,
C-7, C-8, and E-1 through F-10, can be used to study the relative
importance and growth pattern of each industry in the economy, and
consequently to investigate the cause;vof some of the very large percent-
age errors, such as 515 percent in Table C-1 (row 7, column 8).

The percentage differences between estimated and actual outputs
for 1947, 1958, and 1963, for the column coefficient model are shown in
Tables C-1, C-2, and C~3, respectively. As was anticipated, the 1947
percentage errors are considerably larger than the 1963 errors. This
is not surprising since the output estimates for the three years were
computed using 1963 technology, trade, final demand, secondary transfers-
out, and service industries residual data. (In fact, the model was first
implemented for 1963 to assure that errors for the base year were as
close to zero as possible.) Furthermore, several adjustments and
approximations had to be made to the 1947 and 1958 figures, partly
because of the lack of appropriate data and partly for the sake of
consistency. The use of 1963 data as the basis, and the fact that there
is a longer span between 1947 and 1963 than between 1958 and 1963, meant
that the 1947 outputs naturally could not be estimated as accurately as

the 1958 outputs. It is interesting to note, however, that most of the
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calculated outputs, when overestimated (positive entries) in 1947, are
also overestimated in 1958 and, similarly, when underestimated (negative
entries) in 1947, are also underestimated in 1958. A change in sign
between 1947 and 1958 occurred for only 20 of the 90 estimates. Moreover,
there are more overestimated than underestimated entries in all the

three percentage-differences tables (Tables C-1, C-2, and C-3). Of the
90 entries (excluding the industrial and regional totals), 34 are under-
estimated in 1947, 36 in 1958, and 20 in 1963. These observations tend
to prove that the column coefficient model is at least stable and
consistent,

The validity of the model can best be shown by Table C-3 (the
percentage differences between 1963 estimated and actual regional outputs).
In the table, all but 5 of the 90 percentages are less than 1 percent,
and 59 of the figures are 0.1 percent or less, This strongly indicates
that the model is certainly valid, although a more conclusive statement
cannot be made until further tests have been performed when more data
become available. For the three tables, it can also be observed that
the estimates of regional and industrial total output (rew 11 and
column 10 in each table) are generally much more accurate than the
estimates of individual regional or industrial outputs, apparently
because the estimation errors tend to average out when the data are in
a more aggregated form., For instance, the estimation error in 1947
total outputs of Region 4, West North Central, is 0 percent (Table C-1),
while three of the individual industry estimates in the same region

(column 4) have errors of over 30 percent. Likewise, the estimation
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error in 1958 total outputs of Region 9, Pacific, is 0 percent (Table C-2),
while five of the individual industry estimates in the same region (column
9) have errors of over 10 percent. In spite of all these large individual
percentage differences, however, the largest estimation error in any
regional or industrial total for 1947 is 20 percent (Region 8, Mountain,
in 1947) and for 1958 is 9 percent (Industry 7, Transportation equip-

ment & ordnance). The 1958 outputs, in general, are accurately estimated,
given that estimates for this recession year are based upon data for a
boom year, 1963, The estimated total national outputs for both 1947

and 1958 (row 11, column 10) differ from the actual figures by a mere 2
percent.

Some of the individual errors can be readily explained on the
basis of the assumption of the fixed technology and trade coefficients.
The 1947 underestimate of the New England output of Industry 6, Fabrics
& textile products, was expected, given that by 1963 the industry had
relocated in the South Atlantic region, where the 1947 output was over-
estimated. The 1963 trade coefficients were therefore causing 1947
production to be misallocated. The underestimate for New.England was
reduced from 44 percent in 1947 to 13 percent in 1958, while the over-
estimate for the South Atlantic region was reduced from 46 percent in
1947 to 11 percent in 1958. This would indicate that an analyst
interested in the repercussion of regional shifts in the fabrics and
textiles industry could make some selective changes in the technology
and trade coefficients to provide more accurate estimates of the results,
The individual percentage errors for 1947 and 1958 are summarized in

[y

Table 1. Of the 1947 output estimates, over 50 percent are within 15
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Table 1

DISTRIBUTION OF PERCENTAGE OUTPUT DIFFERENCES FOR 1947
AND 1958, COLUMN COEFFICIENT MODEL

. 1947 1958

No. of Percent No. of Percent

Range Elements of Total Elements of Total
+1% 2 Ly ) 5 5.6
+5% 22 24,4 38 Q252
+10% 33 36.7 60 66.7
+15% 46 Sl 68 75,6
over +15% 90 100.0 90 100.0

percent error. For 1958, more than 75 percent of the output estimates
are within that range.

In order to determine why some 1947 and 1958 errors are extremely
large (especially those for row 7-~-the transportation equipment and
ordnance industry--and column 8--the Mountain region), the results shown
in the rest of the Appendix C tables must also be examined. First,
Tables C-4 and C-5, which are, respectively, the comparisﬁns between
estimated and actual 1947 and 1958 outputs for 8 industries at the
79x51 level, show that the large percentaée differences in Industry 7,
Transportation equipment & ordnance, at the aggregated level are primarily
due to large estimation errors in I0-13, Ordnance & accessories, and
I0-60, Aircraft & parts. (At the 10x9 level, Industry 7 is composed of
the sum of the data for I0-13, Ordnance & accessories; I0-59, Motor

vehicles & equipment; I0-60, Aircraft & parts; and 1I0-61, Other trans-
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portation equipment.) Second, the percentage errors in the national
totals of I0-1, Livestock & livestock products, and I0O-2, Other agri-
cultural products, (which are the same two industries at the 10x9 level)
in Tables C-4, C-5, and C-6 are almost the same, even though individual
regional estimates are vastly different, thus again proving the stability
and consistency of the model. Third, it is apparent from comparing
these tables that wherever several industry components are aggregated
to form one industry at the 10x9 level of aggregation, the estimation
errors in these components are also similarly added. In other words,
if two industries, say I0-14, Food & kindred products, and I0-15, Tobacco
manufactures, are combined to form one industry, Industry 5, Food &
tobacco, at the 10x9 level, the large number of overestimated entries
in one industry tend to be cancelled out by the large number of under-
estimated entries in the other. This can be seen by comparing columns
3 and 4 of Table C-4 or C-5. Although some very large figures occur
in Tables C-4 and C-5 (such as the 494,515 percent in I0-13, Ordnance
& accessories, in Region 9, Florida), the estimates of the total natiomal
outputs at the 79x51 level in all three years are nearly as accurate as
the estimates at the 10x9 level, with the 1947 estimation error being
7 percent and the 1958 being 3 percent. These and other observations
all lend support to the theory that the more disaggregated computations
tend to yield larger errors than the aggregated omes.

The extraordinarily large percentage figures in Tables C-1
through C-5 should not cause undue concern, because the method used to

compute them gave large and small industries the same weight. The 1947
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output of Industry 5, Fabrics & textile products, in the Mountain region,
for example, was overestimated by 78 percent, but the output of this
industry represented less than 1 percent of the total output of all
products in the region and also less than 1 percent of the total 1947
outputs of the fabrics and textile products industry in the nation. The
significance of the percentage errors can best be studied by referring
to Tables C-7, C-8, E-1 through E-10, and F-1 through F-10, Tables C-7
and C-8 give the weighted percentage differences between estimated and
actual 1947 and 1958 outputs. Tables E-1 through E-10 show the increases
in outputs in each of the 9 regions and the national total, and Tables
F-1 through F-10 give the annual compound rates of growth of industries.
(In comparing the respective elements from Tables C-1 and C-7, or Tables
C-2 and C-8, reference should be made to Tableé B-1 and B-2, which
contain the actual 1947 and 1958 outputs.)

On the whole, the largest errors in Tables C-1 and C-2 are
relatively unimportant, because they occurred in industries with fairly
small actual outputs; whereas some of the seemingly insignificant
errors are important, because they occurred in industries with large
actual outputs, For instance, the large 1947 error of 515 percent for
Industry 7, Transportation equipment & ordnance, in the Mountain region
(column 8 of Table C~1) reduced to a mere 5.5 weighted percentage
difference, as shown in Table C-7, and that of 78 percent for Industry
6, Fabrics & textile products, to 0.4, Similarly, the difference in
1958 of 78 percent for Industry 9, Machinery & equipment, in the Moun-

tain region (column 8 of Table C-2) actually corresponds to only a 3.4
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weighted percentage difference (Table C-8). These differences in error
magnitudes are caused partly by the fact that these industries had
relatively very small outputs in the years concerned (see Tables B-1
and B-2), and partly by the fact that the production levels of these
industries in the Mountain region had increased substantially from 1947
to 1963. As can be observed from Table E-8, the outputs in the Mountain
region of Industry 7 increased by 1301 percent and of Industry 9 by 398
percent from 1947 to 1963, compared with an average increase of 119
percent for other industries in the region in the same period. Their
annual compound growth rates were more than 17 percent from 1958 to
1963 (Table F-8). On the other hand, the comparatively small percentage
differences obtained in the regional total and national industry total
estimates (row 11 and column 10 of Tables C-~1 and C-2) become quite
large when they are weighted by their respective proportions of total
national output (see Tables C-7 and C-8).

The results obtained from using the column coefficient model
are on the whole rather satisfactory and reasonable and are comparable
with the gravity coefficient model comparison results, which are

described in the following sectionm.

Gravity Coefficient Model

All the comparison methods and data used for the gravity model
were the same as those used for the column coefficient model, except

that they were carried out only at the aggregated level (10 industries,

9 regions).
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The results of the first category of comparison, the percentage
differences between the estimated and the actual outputs, are shown in
Tables D-1, D-2, and D-3 in the appendix. For the 1947 and 1958 outputs,
the differences between the estimated and the actual national industry
totals are about 2 percent (as shown in row 11, column 10, of Tables
D-1 and D-2). Some of the errors in the 1947 outputs are probably due
to the long (l6-year) interval from 1947 to 1963. For the 1947 and 1958
estimates, some industries, such as Industry 4, Construction: Industry
5, Food & tobaccog and Industry 10, Services, show smaller differences
than others for most regions. The error for Food & tobacco, for example,
is 1 percent in Region 3, East North Central, in both the years, while
for the same industry it is 8 percent in 1947 and 4 percent in 1958 in
Region 2, Middle Atlantic, as shown in Tables D-1 and.D-2. However,
the national total error for Food & tobacco is slightly greater than the
national total errors of the other industries (10 percent in 1947 and
6 percent in 1958). This is due to the consistently positive errors in
all regions for this industry. For other industries, overestimates
in some regions are compensated for by underestimates in other regionms.
As the weighted percentage differences in Tables D-4 and D-5 show, the
estimates for Food & tobacco mentioned above are actually rather accurate
estimates. The weighted percentage error for Food & tobacco in the East
North Central region is 2.7 in 1947 and 2.3 in 1958, which are relatively
small errors. The reasons for these better estimates may lie in the
accuracy of the data, in the stability of technology and trade coeffi-
cients, or in the stability of other factors that are not explicitly

quantified within the model.
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Most of the results shown in Tables D-1, D-2, and D-3 are compa-
rable with those of the column coefficient model. The gravity model
provides very accurate estimates of the 1963 base-year outputs, as shown
in Table D-3. Only 5 outputs out of 90 yielded errors greater than 1
percent, and the largest of those 5 was only 2.8 percent (for Industry
3, Mining, in Region 4, West North Central). The 1947 regional totals
(Table D-1, row 11) show, on the average, approximately the same percent-
age differences as the industry totals (column 10). The average absolute
value of the regional and industrial total error is about 9 percent.

This means that the outputs for all industries within one region were
estimated with approximately the same accuracy as were the outputs for
one commodity produced in all regions for that year. However, the 1958
regional total differences (Table D-2, row 1l1) are, on the average,
significantly smaller (by 50 percent) than the industry total differences
(column 10), which means that the regional outputs were estimated more
accurately than the industrial outputs. (This is true, however, only
when the weights of outputs for each region are not taken into consid-
eration.) For the base-year 1963 (Table D-3), the regional total differ-
ences are, on the average, the same as the industrial total differences.

Table 2 shows the percentage difference distribution for the
two observed years. As compared with the same percentage distribution
table for the column coefficient model (Table 1), the gravity model
(Table 2) shows a slightly larger number of estimation erroés less than
15 percent. This difference may support the belief formed from a
previous research study [7] that the gravity model is at least as accu-
rate as the column coefficient model; however, no convincing conclusion
can be drawn from these small differences in the distribution of percent-

age errors.
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Table 2

DISTRIBUTION OF PERCENTAGE OUTPUT DIFFERENCES FOR 1947
AND 1958, GRAVITY COEFFICIENT MODEL

1947 1958

No. of Percent No. of Percent

Range Elements of Total Elements of Total
+1% 4 4.4 11 o2,
+5% 20 2202 37 41.1
+10% 37 41.1 52 67.7
+15% Sl 56.6 70 75727
over +15% 90 100.0 90 100.0

Tables D-4 and D-5 show the same percentage differences for the
years 1947 and 1958 as in Tables D-1 and D-2, but they are weighted by
the industry outputs relative to the total national industry outputs.
From Tables D-4 and D-5, the weights or importance of the corresponding
errors in Tables D-1 and D-2 can be seen. Most of the large errors of
the 1947 and 1958 outputs are unimportant relative to the national total
outputs. For example, the estimation error of 639 perce&t for Industry 7,
Transportation equipment & ordnance, in the Mountain region in 1947 is
unimportanf, since the weighted percentagé error is 6.8~-a relatively
small error. The Industry 9, Machinery & equipment, estimation error of
234 percent in the Mountain region in 1947 (Table D-1) is also unimpor-
tant, since its corresponding weighted error is 6.4. On the other hand,
the errors for 1958 of 9 percent for Industry 8, Manufacturing products,

excluding machinery, and -7 percent for Industry 10, Services, in the
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East North Central region (Table D-2) are nof as accurate as they appear
to be, because their corresponding weighted percentage errors are 41.8
and -63.6, which are actually the two largest errors in Table D-5. For
Industry 1, Livestock; Industry 2, Other agriculture; and Industry 5,
Food & tobacco, most of the percentage differences in Tables D-1 and
D-2 are not greatly altered when they are expressed in terms of weighted
percentage errors.

Tables E-1 through E-10 show the percentage changes in outputs
relative to the base-year 1947 for different periods of time for the
column coefficient and gravity coefficient models. These tables reveal
the industrial changes within each region and provide a comparison
between the results of the two models. (Only the gravity model results
are summarized here.) For most regions, the largest percentage changes
in output occurred for Industry 4, Construction; Industry 7, Trans-
portation equipment & ordnance; Industry 9, Machinery & equipment; and
Industry 10, Services. The output increases in Region 7, West South
Central, for example, of Transportation equipment & ordnance from 1947
to 1958, 1963, 1970, and 1980 are 339, 563, 1246, and 1705 percent,
respectively, compared with output increases for all industries in the
region of 50, 81, 169, and 327, respectively (Table E-7). Industry 1,
Livestock; Industry 2, Other agriculture; and Industry 3, Mining, show
the smallest output changes in most of the regions. For example, in
Region 2, Middle Atlantic, the output increases of Livestock from 1947
to 1958, 1963, 1970, and 1980 are 18, 21, 31, and 68 percent, respec-

tively (Table E-2).
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Tables F-1 through F-10 represent the annual compound rates of
growth of output for the same yearly intervals as in the previous tables
for the column coefficient and gravity coefficient models, These rates
are important for information on the general industrial trends. For
example, the most drastic reduction in the rates of growth for the West
South Central region (Table F-7) occurred for Industry 7, Transportation
equipment & ordnance, where the compound rate of growth drops from 14.4
percent in 1947 to 1958 to a projected 3.0 percent for 1970 to 1980. On
the other hand, for Industry 4, Construction, the rates of growth increase
in the Mountain region from 1.5 to 6.9 percent in the period 1963 to
1980 (Table F-8). The industries with the highest output growth rates
for most regions in the last period, 1970 to 1980, are Industry 4,
Construction; Industry 9, Machinery & equipment; and Industry 10, Services.
For the same period, the lowest output growth rates for most regions are
projected to occur for Industry 1, Livestock; Industry 2, Other agri-

culture; and Industry 7, Transportation equipment & ordnance.

CONCLUS ION
The column coefficient and gravity coefficient mo&els are two
basically very similar multiregional input-output models. In addition
to the interregional trade-flow data, the.total regional consumption
and total natiomal production statistics are used in the gravity coeffi-
cient model as the normalizing bases to calculate the S and T matrices,
while only total regional consumption is used in the column coefficient

model to calculate the C matrix. Because of this, the gravity model is
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generally believed to be more accurate and consistent. The results
obtained from tests performed for this report indicate, however, that

the two models are comparable in both backcasting the 1947, 1958, and 1963
outputs and projecting the 1970 and 1980 outputs, as can be seen from the
tables in Appendices E and F. This is probably due to the nature of the
data base used, which is the aggregated 10x9 level, and to the procedures
employed to assemble the various input data for the models.

Because all of the multiregional input-output models tend to have
more accurate estimates when more aggregated data are used, it is diffi-
cult to judge conclusively, from the results obtained, which of the two
compared here is a better model. The gravity model, however, cannot be
tested on the more disaggregated data base (79x51) until the problem of
nonconvergence of the S matrix is solved. Furthermore, as pointed out
earlier in this report, the actual 1947 and 1958 outputs were approximated,
using the assumption that the outputs of all industries remained in
constant ratios to each other throughout the period from 1947 to 1963.
The outputs (as well as final demands) could have been estimated more
accurately if the actual statistics of imports, inventory‘depletions,
and regional exports by port of exit had been available. 1In addition,
the 1947 and 1958 final demand estimates for Alaska and Hawaii would
be better if only the West Coast region (California, Oregon, and Wash-
ington), rather than the entire United States, had been used as the
proportional base, since economically the Alaska and Hawaii regions
resemble the West Coast more closely than they resemble the total U.S.

economy .
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Judging from the results obtained, the models were very accurate
when the 1963 actual data were used, as had been expected. 1In fact, the
models were first tested using only the 1963 data. Then, having obtained
an average error of only 0.1 percent using these data, each model was
used to calculate the outputs for 1947, 1958, 1970, and 1980 in order to
compare the accuracy of the two models.

For 1947 and 1958, outputs were estimated more accurately for some
industries than for others. Industry 7, Transportation equipment & ordnance,
for example, has the largest estimation errors in both 1947 and 1958 for
both models. The regional total outputs are in general more accurately
estimated than the industry total outputs. Moreover, it can be observed
from the last two sets of tables (Appendices E and F) that Industry 7,
Transportation equipment & ordnance, and Industry 9, Machinery & equip-
ment, experienced the largest production increases from 1947 to 1963,
while Industry 1, Livestock, and Industry 3, Mining, experienced the
smallest increases in that same period. It is important to note that
significant decreases in both the actual production levels aﬁd the annual
rates of growth occurred for some of the industries. For example, there
was a 38 percent decrease in Industry 3, Mining, in the Middle Atlantic
region from 1947 to 1958, and in the same. period there was an annual
growth rate of ~2.2 percent in Industry 6, Fabrics & textile products,
in the New England region. Based upon the 1963 data, the 1970 and 1980
outputs projected using the two models indicate that there will be a
steady decline in annual growth rates of Industry 7, Transportation equip-
ment & ordnance, in the nation. They also indicate that the annual
growth rate of Industry 4, Construction, will increase from 1.4 percent

in the period 1963-1970 to 6.2 percent in the period 1970-1980.
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From the results of the comparison tests made, it can be safely
concluded that the column coefficient and gravity coefficient models are
quite accurate and certainly valid, although more extensive testing is
needed to study the dynamic behavior of the models. Some of the tests

that can easily be done using the present data base are as follows:

1. The relative estimation errors in regional total and industry
total outputs can be compared by weighting them by the national total.

2, 1In addition to using the national total production as the
weighting base, the total regional outputs or industry outputs can be
used as the weighting bases to show the comparative importance of each
industry in the regions.

3. The annual compound growth rates for the 1947 and 1958
estimated outputs can be calculated and compared with the actual growth
rates.

4. The relative error values obtained from the estimation of
1947 and 1958 outputs using the two models can be shown more effectively
by calculating the deviations of the errors from the mean of the errors.

5. The gravity model, like the column coefficien& model, should
be further tested using the disaggregated data (79x51) when the problem
of the nonconvergence of the S matrix has been solved.

6. The models can be used to calculate the 1947 and 1958

interregional trade flows so that further consistency tests of the models

can be done.
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As emphasized throughout this report, the primary difficulty
encountered in testing both models is the lack of appropriate data.
It is therefore of the utmost importance that new data be assembled
from available statistics. Future research efforts to collect new data

should be directed to the following areas:

1. Technology and trade data for 1967, so that coefficient
stability tests can be performed.

2. Final demand data for 1967, so that the models can be tested
on another set of actual data.

3. Values of imports, inventory depletions, and exports by port
of exit for 1958, and possibly 1947, so that the outputs
for those two years can be more accurately estimated.

4. Tonnage data, so that similar model comparisons can be made
not only in terms of dollars as in all the tests done so far,

but also in terms of tons.

Finally, it must be emphasized again that the conclusions reached
in this report are not final and that further study is needed to deter-

mine the relative accuracy and stability of the two models.




APPENDIX A

INDUSTRIAL AND REGIONAL CLASSIFICAT IONS




Industry

Number

MRIO IO

1
2
3

N =

Cwoo~NoWUn

11

14
15

16
17
18
19

13
59
60
61

20
21
22
2
24
25
26
27
28
29
30
31
52
33
34
35
36

- B3 -

Table A-1

MULT IREGIONAL INPUT-

OUTPUT CLASSTIFICATION

Industry
. Number
Industry Title MRIO IO Industry Title

Livestock & livestock prdts. 37 Primary iron, steel mfr.

Other agricultural prdts. 38 Primary nonferrous mfr.

Mining 39 Metal containers
Iron & ferro. ores mining 40 Fabricated metal prdts.
Nonferrous metal ores mining 41 Screw mach. prdts., etc.

Coal mining 42 Other fab. metal prdts.
Crude petro., natural gas 9 Machinery & equipment
Stone & clay mining 43 Engines & turbines
Chem, & fert. mineral mining 44 Farm mach. & equip.

Construction 45 Construction mach. & equip.
New construction 46 Materials hand. mach. & equip.
Maint. & repair construction 47 Metalworking mach. i equip.

Food & tobacco 48 Special mach. & equip.

Food & kindred prdts. 49 General mach. & equip.
Tobacco manufactures 50 Machine shop prdts.

Fabrics & textile prdts. 51 Office, computing machines
Fabrics 52 Service industry machines
Textile prdts. 53 Elec. transmission equip.
Apparel 54 Household appliances
Misc. textile prdts. 55 Electric lighting equip.

Transportation equip. & ordnance 56 Radio, TV, etc., equip.
Ordnance & accessories 57 Electronic components
Motor vehicles, equip. 58 Misc. electrical mach.
Alrcraft & parts 62 Professional, scien. instru.
Other transport. equip. 63 Medical, photo. equip.

Manufactured prdts., exc. mach. 64 Misc. manufacturing
Lumber % wood prdts. 10 Services
Wooden containers &) Forestry & fishery prdts.
Household furniture 4 Ag., for., & fish. services
Other furniture 65 Transportation & warehousing
Paper & allied prdts. 66 Communications, exc. brdcast.
Paperboard containers 67 Radio & TV broadcasting
Printing & publishing 68 Elec., gas, water, & san. serv,
Chemicals, selected prdts. 69 Wholesale & retail trade
Plastics & synthetics 70 Finance & insurance
Drugs & cosmetics 71 Real estate & rental
Paint & allied prdts. 72 Hotels; repair serv., exc. auto
Petroleum, related inds. 78 Business services
Rubber, misc. plastics 74 Research & development
Leather tanning & prdts. 75 Automobile repair & services
Footwear, leather prdts. 76 Amusements
Glass & glass prdts. 7 Med., ed. serv., nonprofit org.
Stone & clay prdts. 78 Federal gov't. enterprises

79 State & local gov't. enterp.
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Table A-2

MRIO REGIONAL CLASSIFICATION

*The names of the 9 census regions are:

v Lo

New England

Regions EEEEEE
9% 51 Name
6 Connecticut
18 Maine
1 20 Massachusetts
28 New Hampshire
38 Rhode Island
44 Vermont
29 New Jersey
2 31 New York
37 Pennsylvania
12 TIllinois
13 Indiana
3 21 Michigan
34 Ohio
48 Wisconsin
14 Towa
15 Kansas
22 Minnesota
4 24 Missouri
26 Nebraska
33 North Dakota
40 South Dakota
7 Delaware
8 District of Columbia
9 Florida
10 Georgia
5 19 Maryland
32 North Carolina
39 South Carolina
45 Virginia
47 West Virginia

Middle Atlantic
East North Central
West North Central
South Atlantic

Regions States
9% 51 Name
1 Alabama
G 16 Kentucky
23 Mississippi
41 Tennessee
3 Arkansas
7 17 Louisiana
35 Oklahoma
42 Texas
2 Arizona
5 Colorado
11 1Idaho
8 25 Montana
27 Nevada
30 New Mexico
43 Utah
49 Wyoming
4 California
36 Oregon
9 46 Washington
50 Alaska
51 Hawaii
6 East South Central
7 West South Central
8 Mountain
9 Pacific
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1947, 1958, 1963 OUTPUTS
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LIVESTQCK

JTHER AGRICUL TUFF
MINING

CONSTRUCTICN

FCUD, TOBACCC

FARRICS, TEXTILL PRLDS,
TRANSPoEQUIP,s ¢+ JRDNANCE
MANUF ¢ PRODS o y EXCo MACH,
MACHI NEKY o EQU IPMENT
SERVICES

REGIONAL TLTAL

1
NEwW
ENGLANC

495868
298211
320238
2290736
1673421
391377+
9u1246
8455240
4781018
15441588

2
MIDDI=
ATLANTIC

1549085
83413C
2956536
12344066
9244904
B2 G L)
42145E1
21834176
12094371
642488 1¢

38571424 14359649¢

TABLE B-1

1547 PRADUCTION QUTPUTS

(THOUSANDS UF 1963 DOLLARS)

3
SN
NORTH
CENTRAL

4661726
3841326
1727488
9294958
11588566
1539141
‘15394428
34630720
13031440
51524656
152534480

4
WEST
NJORTH

CENTRAL.

6471429
5835820
1026089
444156C
9429369
>128i2
1284195
SIBT5T3
2158241
21656208
580436¢€4

5
SOUTH
ATLANTIC

1614409
2003600
1636064
5301820
79156548
6235483
88489
8724404
863337
24634768
60318096

6
ZAST
SQUTH
CENTRAL

1266748
1419806
1003874
2251962
2874651
1282244
334363
5052037
429363
18625590
26540640

7
WEST
SOUTH
CENTRAL

1921524
2544875
4322476
5905534
4306332
409711
384803
8031397
735020
20208432
48770112

8
MOUNTAIN

1227481
1294132
1149671
2014231
1207747
33301
64528
1868676
165807
7380109
16406186

9
PACIFIC

1249759
2518657
1380282
7936594
5350280
516301
2253630
9706384
1689351
30719088
63317344

10
NATIONAL
INDUS TRY

TOTAL

20458048
206405690
15522770
47112304
53890624
23808576
25717264
113460624
40947952
246479712
608098304
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TABLE B-2

1558 PRODUCTICH JUTPUTS
(THUUSANDS CF 1963 DULLARS)

1 2 =} 4 5} 6 7 8 9 10
NE W MIODLE EAST WEST SUUTH EAST WEST MOUNTAIN PACIFIC NATIONAL
ENGLAND ATLANTIC NORTH NORTH ATLANTIC SQUTH SOUTH INDUSTRY

CENTRAL CENTRAL CENTRAL CENTRAL TOTAL
LIVESTICK €24540 1822232 5427699 7898096 2499705 1786359 2438132 1823237 1851281 26171328
DTHER AGK ICUL TURE 3917551 $8C536 41541754 66617852 29u5122 1374003 3967112 1741934 3674564 25733424
MINING 380882 1831347 1642ul0 1178234 1459674 $42932 6553152 2275559 1621579 17925360
CONSTRUCT ICN 3921719 12415115 14437851 7021597 3852735 3557451 92261139 4539160 11708623 17668C384
FCOLy TORACCT 2422345 12049864 14644527 10347139 19672159 4749777 4691779 1846762 8316266 69741008
FARRICS,TEXTILE PRODS, 3077503 10929929 1748199 597630 98463CS 1583079 707144 60442 1087138 3(€037360
TRANSPLEQUIP. URDNANCE 2343242 5439136 1773569¢ 367863 2Bu43l6 832955 1650427 404367 7365508 42623520
MANUF e PRODS o ¢ EXCoe MACH,. 91730R4 3521824. 4L3(iB048 7536130 1361l4c42 7227469 14576691 3476006 16231620 147464528
MACHINERY ,EQUIPMENT 5372287 164291U€ 2089171776 3208616 2200559 1514492 1463154 363390 3908252 55354704
SERVICES 21041952 8€25(832 74118416 28384608 40103952 14669947 27843264 12162373 47337648 353912832
REGIONAL TCTAL 486695104 1858¢64C0 165115408 7640822 95998768 38638464 73154000 28653232 103102480 845644544
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LIVESTUCK

JTHER AGFICUL TUPE
MINING

COMSTRMCT TN

F oDy TOHACCL
FABRICS,TuxTILE PRODS.
TRANSP,L,EQUIP,. o 2RDNANCE
MANUF APRODS oy FXCo™ACH.
MACHINERY oE SULIPMENT
SERVICES

KEGIUNAL THTAL

1
NE o
ENGLANG

846868
378892
471334
45161789
2718712
31923902
2828124
11702¢%4d
76594176
25511344

2
MINDLE
ATLANTIC

1867933
1353558
1535715
12331966
12244751
1228014
1500551
43575752
20593924
134662J5¢

50094633 21574552¢C

TABLE B-

3

1663 PRODUCTICN JUTPUTS

(THOUSANDS

)
EAST
NURTH
CENTRAL

5013572
4945011
1861452
14592089
16345617
2231345
29841440
52606688
27827968
£4876816
243446628

OF CURRENT DOLLARS)

4
WEST
NJIRTH

CENTRAL

7932120
6135630
1389u41l
5369467
12165254
696244
4816593
937(54¢
4601167
33441056
86617520

5
30UTH
ATLANTIC

2426875
3584673
1676676
11507175
12780586
13147044
3963477
1934638ud
3940996
52451792
1248260906

6
EAST
SOUTH
CENTRAL

1758841
2186424
1661013
3531831
5520470
2199702
1423739
9658969
2111608
13100128
48554208

7
WEST
SOUTH
CENTRAL

2649951
3311047
7817033
89372394
6230238
987948
2551923
20627456
2656114
33102400
A8271323

]
MOUNTAILN

2036699
1755181
2695202
4811962
2509859
87801
904116
4521499
826476
15759664
35908448

9 10
PACIFIC NATIONAL
INDUSTRY

TaraL
2345440 26684256
3615429 27266144
1623018 2£528832
18313328 85313328
1u394592 81678784
1498503 36921024
9904477 63735040
20275376 191785312
7430432 17647296
60140368 42B445656
1352409761040005632
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APPENDIX C

COLUMN COEFFICIENT MODEL COMPARISONS
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Taste C-1

PERCENTAGE DIFFERENCES BETWEEN ESTIMATEU AND ACTUAL 1947 DUTPUTS
(COLUMN COEFFICIENT MODEL, 10x9 LEVEL)

1 2 2 4 5 6 7 3 9 10 .

NE W MIDDLE EAST WEST SOUTH EAST WEST MOUNTAIN PACIFIC NAT IONAL

ENGLAND ATILANTIC NORTH NIRTH ATLANTI1C STUTH SOUTH INDUSTRY
CENTRAL CENTRAL CENTRAL CENTRAL TCTAL
LIVESTCCK =1 =274 2 =32 13 & 2 16 25 =5
OTHER AGRICUL TURE 2 20 =B =35 34 > 2 2 1 -6
MINING S =ik =22 4 =23 =22 29 46 =31 =1
CONSTRUCTICH =I5 ==l =0 4 =12 &9 7 4 =11 -6
FNGC, TOBRACCOH 17 1 2 = 15 45 12 36 1S 1C
FABRICS, TEXTILE PRGOS . ~44 =8 =7 =5 46 52 67 78 94 7
TRANSP.EQUIP. yGRONANCE 28 =16 =12 65 106 O 194 S5 15 10
MANUF ¢ PRODCS oy EXCoMACH, =12 =5 i) LS 30 15 6z 41 16 6
MACHINERY EQUIPMENT =2 5 =5 32 170 205 15285 196 145 16
SERVICES =1C 5) =G 1 i S ) =3 9 =2 =4
REGICNAL TUTAL =k =12 =15 & ILE) 1¢ 13 20 ) 2
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PERCENTAGE D1FFERENCES BETWEEN ESTIMATED AND ACTUAL 1958 DBUTPUTS
(COLUMN COEFFICIENT MODEL, 10x9 LEVEL)

1 2 3 4 5 & 7 a a 19

NEwW ¥1iOLe EAST AEST SOUTH EAS WEST MOUNTAIN  PACIFIC  NATIJNAL

ENGLAND  ATLANTIC  NMORTH NURTH ATLANTIC  SCUTH SOUTH INDUSTRY
CENTRAL  CENTRAL CENTRAL  CENTRAL TOTAL
LIVFSTGCK -2 -3 -12 -4 -10 -9 3 5 16 -4
OTHER AGRICUL TURE 22 37 13 -16 19 40 -28 -3 -14 -3
MINING 7 -3 -3 5 -4 -3 2 -4 -22 -3
CONSTRUCTINY: -2 -3 -4 -1 -2 -2 -4 0 -1 -2
FOC, TOBACCC 5 3 2 9 8 6 20 2¢ 4 6
FARRICS, TEXTILE PRODS. -13 -5 8 1 11 18 19 25 16 3
TRANSPe EQUIP e yURDNANC 2 -8 -4 26 ¢ 5 26 11 68 -1 9
MANUF o PRODS o 3 EXCa MACH, 7 5 12 7 18 11 16 8 -3 8
MACHINERY yE WU TPMENT 7 -3 1 11 32 7 40 78 39 6
SERVICES -1 2 -1 3 2 -2 -6 5 -2 -1
REGICNAL TOTAL 1 i 1 2 6 5 2 6 0 2
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TABLE C-3

PERCENTAGE DIFFERENCES BETWEEN EST IMATED AND ACTUAL 1963 OUTPUTS
(COLUMN COEFFICYENT MODEL, 10x9 LEVEL)

1 2 3 4 5 6 i 8 9 10

NEW MIDDLE EAST WEST SOUTH EAST WEST MOUNTAIN PACIFIC NAT IONAL

ENGILAND ATLANTIC NORTH NORTH ATLANTIC SOUTH SOUTH INDUSTRY
CENTRAL CENTRAL CENTRAL CENTRAL TOTAL
LIVESTOCK =00 ~Je0 -U.U UeQ =Ue UV Cel GaU 0.2 Deb 0.1
OTHER AGRICUL TURE 1.0 C.9 0.7 =0.1 0.9 007 003 =0l 0e 2 Ue 4
MINING 0.5 Cel g.9 2.7 Ue3 l.4 (VR =2.90 le2 0.4
CONSTRUCTIUN 0.0 C.0 VeV C.0 Vel 0.0 0.0 =0.0 0.0 0.0
F00D, TOBACCO -0el =Cel =01 -060 -0e2 ~Ue0 -0.1 J.4 0.7 0.0
FABRICS, TEXTILE PRODS. 0.1 C.l 0.0 Cel =0.0 0.0 -0.1 =0.0 0.0 0.0
TRANSP.EQUIP. yORDNANCE 0.5 C.4 O.1 0.2 Qe 4 De 4 De3 Oe4 —0e U 002
MANUF ¢ PROCS ¢ 4+ EXCo MACH. 0.2 Ol 0.1 el Uel 0.1 0.0 0.3 0.5 V.l
MACHINERY EQUIPMENT 0.2 C.l 0.1 O.1 O.1 .1 0.1 0.0 0.2 0.1
SERVICES Ce 0 Ce C 0e 0 0.0 Ve 0 060 060 =0.1 0.1 G.0
REGIONAL TOTAL Gel C.l 0.1 el Oe 1 0.1 0.1 =0.1 0.2 0.1

- 1¢ -



1 ALABAMA

2 ARIZONA

3 ARKANSAS

4 CALIFORNIA
5 COLORADO

6 CONNECTICUT
7 DELAWARE

8 DISTRICT OF COLUMBIA

9 FLORIDA

10 GEORGIA

11 IDAHO

12 ILLINOIS

13 INDIANA

14 IOWA

15 KANSAS

16 KENTUCKY

17 LOUISIANA

18 MAINE

19 MARYLAND

20 MASSACHUSETTS
21 MICHIGAN

22 MINNESOTA

23 MISSISSIPPI
24 MISSOURI

25 MONTANA

26 NEBRASKA

27 NEVADA

28 NEW HAMPSHIRE
29 NEW JERSEY

30 NEW MEXICO

31 NEW YORK

32 NORTH CAROLINA
33 NORTH DAKOTA
34 OHIO

35 OKLAHOMA

36 OREGON

37 PENNSYLVANIA
38 RHODE ISLAND
39 SOUTH CAROLINA
40 SOUTH DAKOTA
41 TENNESSEE

42 TEXAS

43 UTAH

44 VERMONT

4S5 VIRGINIA

46 WASHINGTON

47 WEST VIRGINIA
48 WISCONSIN
49 WYOMING
50 ALASKA
S1 HAWAII
52 NATIONAL TOTAL

*Zero output

TABLE C-4

PERCENTAGE DIFFERENCES BETWEEN ESTIMATFD AND ACTUAL 1947 OUTPUTS
(COLUMN COEFFICIENT MODEL, 79x51 LEVEL)

10-1

42
100
13
52
S9
-10

79
53

-15
-25
-16
14
-16
=
63
12
-23
-23
=i
29
-29
-12

-32
-18
-18
34
-5
27
-27
~-29
-9
-17
=5
=L
=1'S
-2
-17

-9

11
-14
-13
=41
-11
=113

-5

10-2

-9
82
217

=23
S2

*
208

-37

10
=51
-26

40
-4
-4

30
-~23
19
46

~44
13
-7
13
26
27
39
-33
19
=5
-20
22
46

-62
-4
-26
40

-7
44

-3
10

-5

10-14

a3
63
157
19
42
65

21
119
50
47
-12
16
21
-29

~-19
91
16

30
-7
93

19

=15
35
32
96
-3
135
-20
17
-10
23
22
34
83
22
35
23
12
16
57
25
60

66
16

13

4
10-15

150
*
0
-98
0
=3
0

*
=28
=2
*
82
~36
[}

*
97
-45
0
42
=94

~15

5
10-13

20766
588832
*
60185
1376
~59

*

0
494515
546
=94
211
753
8202

10-50

190
-76
285

27
61
3038

-59
464
497

-27
11
71

115

233

108
280
-14
158
148

-60
214
-65
-20
-35
-r3

-3

56

66
226
450
-18
144

114
-51
441
174

606
16
-21
a9

18
12

10=-60

11568
9075
582
26
5605
17
42
0
2486
17200
437
40
14
-83
203
509
6336
1049
~24
-6
129
-4
0
250
]
14
-44
0
2
-89
91
6715
0
36
4730
3618
436
3406
0
0
2315
2
147121
15578
1168
69
-96
-T4
163
*
*
62

10-61

856

304
114
-22
451
72
2607
167
206
224
-9
-43
154

11
4051
*

-5 -
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AL ABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE

DISTRICT OF COLUMBIA

FLORIDA
GEORGIA

IDAHO
ILLINOIS
INDIANA

10WA

KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO ;
OKL AHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING
ALASKA

HAWAII
NATIONAL TOTAL

*Zero output

TABLE C-5

PERCENTAGE DIFFERENCES BETWEEN ESTIMATED AND ACTUAL 1958 OUTPUTS

10~-1

-2
59
10
29
38
-164
-2

-1
-7
-6

-18

-19
-9
41
-7

-21
10

-8
-3
-9
=10
=15
=23

-33
-14
-21

11

S8
=20
=13

10
=15

-1
-12
-19
-10
=15

-7
14
=il
-8
=26
-7
~18

-2
-4

10-2

23
=15
19
~15
-18
18
~16

34
16
15
-8
26
=2
-36
47
43
11

29
17
-5
39
19

-34
30
20
12

46

~18
19
~11
~15
49
39
21
-24
38
=44
27
132
16
-9
86
102
46
~11
=1
=2

(COLUMN COEFFICIENT MODEL, 79x51 LEVEL)

3 4 S 6
10-14 10-15 10-13 10-59
29 56 192 16
16 * ~27 57
67 * =51 73
5 21 68 12
14 * -59 7
1 -80 -9 183
-3 * 0 34
-18 * 0 0
19 -29 182 17
8 -33 «30 -R
35 * 188 =22
0 ~-28 -6 -7
7 12 145 -5
17 * 38 =3
17 * 0 -11
-8 = 0 =34
27 =35 393 20
20 * =57 -69
3 -40 -81 130
7 -52 =59 39
4 -29 -63 16
4 0 -4 4
22 * 0 -18
1 5353 =35 31
30 * 0 =41
[} * -93 128
13 * 0 =51
21 0 0 =46
-2 -38 -87 -48
31 * = -9
0 2 ~-88 1
24 3 -80 19
7 * 0 0
3 -7 91 20
9 * ~-67 190
-0 * -40 128
12 9 -29 6
17 =79 ~-99 A
43 106 0 15
22 * 0 SR
22 -62 31 -30
11 “46 103 16
9 * 266 15
13 * 0 0
9 1 -95 109
11 * 516 5
1 -14 3590 1
1 =70 383 31
83 * 0 1]
7 * * *
5 * * 16
7 -1 =21 12

10-60
N9

1104
=5
394

60

397
=23
2848
-60
~-10
-77
=23
=70
13213

667

=14
469

-2
162
210

809
=26
880
4342
144
=52
-95
-78
119
*

=2

10-61

5%
268
129

29
-?5
=62
=38

201
To2

17
111
248
-34
89
12
-1
-45
11
=31
-95
31
9
A

100
=22

=10
119

12
-7
66
13
77
307
=25
26
23
133
=47
=54
89
200
37
=21

10
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ALABAMA
ARTZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECT ICUT
DELAWARE
DISTRICT OF COLUMBIA
FLORIDA
GEORGIA

ID0AHO
ILLINOIS
INDIANA

10WA

KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSiPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROL INA
NORTH DAKOTA
OHIO

OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UT AH

VERMONT
VIRGINTA
WASHINGTON
WEST VIRGINIA

A WISCONSIN

WYOMING

ALASKA

HAWAII
NATIONAL TOTAL

*Zero output

TABLE C-6

PERCENTAGE DIFFERENCES BETWEEN FSTIMATED AND ACTUAL 1963 OUTPUTS
(COLUMN COEFFICIENT MODEL, 79x51 LEVEL)

-5

=1.1

-.5
=3
S
=
=il
-.B

~1.0

=1.0
~.8
=3
-.4
-.8
=3
-5

-1,0
=5
<D
—el
=
=ad
=0

~1.0
=6
=}
=e6
=
-.5
=3
- b
=6

~-1l.1

l.1
=7

I1C-2

o1
=6
~el
~e3

-l.2

3
10=-14

-8

“ne

Y
o1

~e3
oy
=3

~lel3

ol
=il
-e2

=

10-5¢6

-l
-3
-e?
=2
el
=e'(}
o
=l
o0
o0
ol
= 1
-l
-.2
=e?
~el
-.?
e

-ef
el
=P
-l
o2
-.?
L Y4
~e3
-oi
=e0
~ol
- N
N
-l
=%))
“e?
-e2
-o
-0

N
e
-el
-e?
-3
ol

o0
-.?

o0
-1
-1
“el
-.?

-el

¥

st

—t s

LP0=~DOSDFPIDOLXO=~22DONDD

—
.

—
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—
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t T/ESTOCK

UTHER AGRICUL TUKE

MIn ING

SUNSTRUCT TN

-0, TUEACCE
FABRICSyTEXTILE PRI'DS,
TRANSPoEQUIP, yURDAANCE
MAYUF o PRUDS . 9 EXCLMACH,
ML IRINERY,EQUIPMENT
StVICES

WELIGHTED

1
MNEw
ENGLAND

|
N

—— 0 N - O

=-lo.9
_lo‘i

=2 &6

BRI E G =T

DERCENTAGE DIFFERENCES BETWEEN SSTIMATED AND ACTUAL 1947 JuTPUTS

(COLUMN COEFETICIENT

2 3
MIDOLE claSe
ATLANTIC NJRTH

CENTRAL

= = 1352
2e > —4rE
244 R -6.3
= 352 ~8a1
1le4 b4
—1Z06 =Je5
—1G.8 -3u.2
=St ~-14.8
9:‘1 -13.4
4G, & 44,8

k
WEST
NOKTH

CENTRAL

-12e¢4
=333l
0.7
3.2
~Ce 9
~0e2
145
16.0
li.2
Ziok)

MCoeL )

5

SAUTH
ATLANTIC

365
113
~-bal

=k
19.¢6
4760
15585
51l.9
241
29, 8

6
EAST

SOUTH
CENTRAL

VDG HENND =0

7
AEST
SAYTH

CENTRAL

Qou
Q.7
20.9
0.6
8.3
4e5
12.3
79.0
15.1
=42 .8

8

MOUNTAIN

5
PACIFIC

- 6§ -
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TABLE C-8

WEIGHTEC PERCENTAGE CIFFERENCES BETWEEN ESTIMATED AND ACTUAL 1958 JUTPUTS
{CULUMN COEFFICIENT MCDEL)

1 2 3 4 5 6 7 8 S
NEW MIDDLE EAST WEST SCUTH EAST . WEST MOUNTAIN PACIFIC
ENGLAND ATLANTIC NGRTH NCRTH ATLANTIC SOUTH SOUTH
CENTRAL CENTRAL CENTRAL CENTRAL
LIVESTOCK ~Je2 -0.7 ~8.6 -4, -2.9 -2.0 0.9 1.0 3.4
OTHER AGRICUL TURE J.8 4.3 6,2 -12.4% 6.6 6.4 -12.9 -0.6 -6.2
MINING Oe3 -1e 6 : ‘0.5 007 -Ue T -Celt 1le9 ‘101 -‘0-2
CUNSTRUCT IGN =0.9 -4.7 ~€.1 -Z.8 2.2 -C.7 -442 -2.0 ~1l.2
FOOD, TOBACCO 1.6 4,0 342 10.9 9.6 3.6 110 493 4¢3
FABRICS,TEXTILE PRODS. -4 6 -6.5 1.6 (o) 13.2 4.3 l.& Ge2 Z2e1
TRANSPLEQUIP. yORDNANCE -2.3 -2.1 42.1 .0 1.8 245 2'e3 3.3 -1.3
MANUF « PRODS o » EXCu MACH 7ol 2Ce S 4645 606 2865 9e 6 2 2 3.5 —642
MACHINERY , EQU IPMENT 4,6 -8,7 a5, 4.1 8.4 L3 6.9 3.4 17.9
SERVICES ~3.0 16.6 -61.2 9.7 9.7 -3.4 -18.3 7ol -1061

- 9¢ =



APPENDIX D

GRAVITY COEFFICIENT MODEL COMPARISONS
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TABLE -1

PERCENTAGE DIFFERENCES RETWEEN ESTIMATED AND ACTUAL 1947 DJUTPUTS
(GRAVITY CUEFFICIENT MGDEL)

1 2 3 4 5 6 il 2 9 10

NEW MILDLE EAST WEST SGUTH EAST WEST MOUNTAIN PACIFIC NAT IONAL

ENGL AND ATLANTIC NORTH NORTH ATLANTIC SUUTH SOUTH INDUSTRY
CENTRAL CENTRAL CENTRAL CENTRAL TOTAL
LIVESTOCK =i =5 =20 = 1¢ J 2 17 18 =i
CTHER AGRICULTURE 2 1s -6 -36 34 =5 12 9 &5 =16
MINING 15 =52 =28 1& SAI =25 36 7| =29 -6
CCNSTRUCTICH =5 =), el 5) =2 =) i 4 ==L -6
FOOC, TORACCD 12 . 8 1 S 10 47 11 31 15 iC
FABRICS, TEXTILE PPUDS, 4.5 = =177, 4 43 62 63 98 96 8
TRANSPEQUIP. yi;RINANCE Sl -1 =9 62 lu4 1C7 1956 639 60 11
MANUF .PROEGS . y EXCo MACH, =L =5 = 24 25 19 67 a3 B -]
MACHINERY , EQUIPMENT = 5 =1 26 131 215 139 234 114 16
SERVICES =11 > =D £, & =2 =11 8 =2 1k

REGIONAL TOTAL Sl J =5 =} 15 8 le 19 5 2

- 8G =



TABLE C-2

PERCENTAGE DIFFFRENCES BETWEEN ESTIMATED AND ACTUAL 1958 QUTPUTS
(GRAVITY COEFFICIENT M3DEL)

1 2 3 4 5 () 7 2 G 10

Muw MIGDLE EAST WEST SGUTH EAST WEST MOUNTAIN PACIFIC NAT IONAL

ENGL AN ATLANTIC NORTH NORTH ATLANTIC SOUTH SOUTH INDUSTRY
CENTRAIL CENTRAL CENTRAL CFNTRAL TCTAL
1 LIVESTICK =B J =14 =1} -11 g Bl 5 7 14 =y
2 OTHER AGRICUL TURE 27 i) 2 =14 24 30 =2l 4 =78 =3
3 MINING 12 = 20 13 =5 =5 5 -6 =i e
4 CCNSTRUCTION =4 =2 St =i S =2 -4 0 =ik =V
5 FOul, TGEACCD 3 + 1 13 6 6 19 20 3 6
6 FABRICS,TEXTILE PRINS. -12 =3l 1 5 7 25 15 14 2v 3
7 TRANSP.EQUIP. yGRONANCE = =zl 15 15 e 17 4 55 0 9
8 MANUFaPRNDSe s EXCo MACH, 4 ! S 15 15 8 18 1= = 8
9 MACHINERY,+QUIPMENT 4 =2 2 Lt ) 11 44 93 3 6
1O SSEClVIIGES =] vii =t 4 2 =2 =5 5 =2 =l
11 REGICNAL TOTAL = 2 L L) >) 3 2 7 = 2

- 66 -
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hABISE D3

PERCENTAGE DIFFERENCES BETWEEN ESTIMATHEU aNp ACTUAL 1963 JUTPUTS
(GRAVITY COEFFICIENT MODEL)}

1 2 23 4 5 & 7 8 S v
NEA MILDLE EAST WEST SUUTH EAS WEST MUUNTATN PACIFIC NAT IUNAL
ENGLAND ATLANT (¢ NORTH NOPTH ATLANTIC SQUTH SCQUTH INCUSTRY
CENTRAL CENTRAL CENTRAL CENTRKAL TCOTAL
LIVESTOCK —Ue J = “uel 0] “Jal Uel el J.1 de b Uel
DTHER AGRICULTURE lel 0.9 Ueb =0l Led Ce? 0.3 -J.0 0.3 0.4
MINING Qe 5 0o 2 09 266 ve 3 lo5 Oe4 ~2e72 1.3 Cet
CUNSTRUCTIUN . Vel Dol el ve it Je v Jel 0e ~JeJ Dot Va0
FOGD, TUBACCH =J.0 -0.1 -0.1 ~0. -Ue2 =0.90 =0l Oe & Qe 7 Ue 0
FABRICSy TEXTILE PRUDS. Je 2 (0 Cal 0.l —Usu J.1 -u.l =Ye: el Lol
TRANSPLEQUIP. ,CRDNANCE Ue5 S Ca2 U.1 Uek Cot - 0.3 0.5 -0.0 0.2
MANUF . PRODS,. y EXCoe MACH Je3 Col Oe v Ual vel Ue 2 =00 Je 2 C.5 Cel
MACHINERY y cCUIPMENT Geld Cel el Jel Vel U 2 Jel =0,.1 062 Jel
SERVICES 0.0 0.0 0.0 0.0 (V) 0.1 0.0 -0el 0ol 0e0
REGIGNAL TOTAL Ue 2 C.l Col uel 0y s still Vel =izl e 2 Dol

-09-
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TABLE D-4

WEIGHTED PERCENTAGE CIFFERENCES BETWEEN ESTIMATEC AND ACTUAL 1947 OUTPUTS
(GRAVITY COEFFICIENT MODEL)

1 2 3, 4 ) 6 7 8 9
NEW MIDDLE EBAST WEST SQUTH EAST WEST MOUNTAIN PACIFIC

ENGLAND ATLANTIC NORTH NCRTH ATLANTIC SOUTH SOUTH

CENTRAL CENTRAL CENTRAL CENTRAL
LIVESTOCK ~3.5 -1.2 -15.2 -7.0 246 -0.1 0.7 3.5 367
OTHER AGRICUL TURE Ue l 2.8 =367 -34.5 11l.1 -1l.2 5.1 1.9 =19
MINING Je8 =255:1 -8.1 2.0 =5 =4.1 25.9 3.9 =6.7
CGNSTRUCT IaON -5.7 -12.9 —Be b 3e4 ~lle4 =380 Te0 le2 —1l4e9
FOOD, TOBACCO 3.2 11.6 2.1 12.0 12.9 224 8.0 662 13.2
FABRICS, TEXTILE PRUDS. =29.4 -6.8 —4e4 Ce4 43.9 13.0 4.2 0.5 8.1
TRANSPe EQUIPs yORDNANCE -Je2 -7,2 —-2364 " 1362 1562 5.9 12.4 6.8 22.3
MANUF .PRODS o y EXC.MACH, =235 =274 ~8.8 2C.8 35.9 8.7 88.1 10.0 13.5
MACHINERY yEQUIPMENT -l.7 10.6 -1.7 Se 2 13e 6 1562 1668 6o 4 317
SERVICES -28.6 e/ -42.3 7.1 24.8 =20.¢3 ~38.1 9.5 -15.3

- 19 -



TABILE C-5

WEIGHTED PERCENTAGE CIFFERENCES BETWEEN ESTIMATED AND ACTUAL 1958 QUTPUTS
(GRAVITY COEFFICIENT MODEL)

1 2 3 4 5 6 7 8 5
NEW MIGOLE CAST WEST SCUTH EAST WEST MAUNTAIN PACIFIC

ENGLAND ATLANTIC NORTH NORTH ATLANTIC ‘SOUTH SOUTH

CENTRAL CENTRAL CENTRAL CENTRAL
LIVE‘STDCK =044 Oe C -9 1 -1le1l =B 3 ‘3.5 lo3 le 6 3.0
OTHER AGRICUL TURE Ue3 4oy £.5 -10.7 8e2 4.9 ~l4.4 0.7 -8.0
MINING De4 -2.1 Sl 1.8 -0.9 -0.6 3.7 =5 —4e¢5
CONSTRUCT [UN -1.0 =405 TCine ~0e5 S0 ~0.8 -4.1 De0 =l
FOLD, TOBACCO Je9 53 2.3 15,6 7.2 3.5 10.4 443 3.1
FABRICS!TEXTILP; PRDDS. —%¢D —107 -Cel Ce3 8.0 5.9 103 Ool 206
TRANSPLEQUIP. ,ORDNANCE =U.t s b 30.7 6.5 3.9 1.7 Va7 246 -0.2
MANUF .PRODS,. » EXCo MACH, 4e5 30.5 41.8 13.1 23.3 6.9 30.5 5.2 -13.8
MACHINERY , QU IPMENT 264 —4o 1 365 6.6 50 2.1 7.5 4.0 14.1
SERVICES =3.6 20.1 -63.56 13.8 7.9 -4.3 ~17.7 T.8 -12.8

_Zg-



APPENDIX E

PERCENTAGE CHANGES IN OUTPUTS,
1947 TO 1958, 1963, 1970, 1980
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TABLE E-~1

NEW ENGLAND
PERCENTAGE CHANGES IN OUTPUTS
{1358,1963,1970,1980)

ACTUAL -COLUMN GRAVITY
DATA MCDEL MODEL

1 2 3 4 5 6
(58-47) /47 (63-4T)/74T[(T70~-47)/47 (80-4T)/4T|(T0-4T7)/47 (80-47)/47

LIVESTOCK 26 35 47 98 49 106
OTHER AGRICULTURE 3 27 38 89 42 88
MINING 19 47 96 196 81 154
CONSTRUCTIGON 71 97 98 248 97 247
FOOD, TOBACCO 45 67 90 162 93 174
FABRICS,TEXTILE PRODS. -21 -18 13 60 4 36
TRANSP.EQU IP., JRDNANCE 160 214 360 469 382 464
MANUF « PRONS « s EXCoMACH. 8 38 B4 176 T4 152
MACHINERY,EQUIPMENT 12 60 133 276 107 212
SERVICES , 36 68 126 252 124 246

REGIONAL TOTAL 26 56 107 216 100 198

—179-
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TABLF E-2

MIDDLE ATLANTIC
PERCENTAGE CHANGES IN OUTPUTS
(1958, 1963,1970,198C)

ACTUAL - COLUMN GRAVITY
DATA MODEL MODEL

1 2 3 4 5 b
(58=47)/47 (63-4T)74T|(T0-4T)/47 (B80-4T)/4T|(T0-47) /47 (80-47)/47

LIVESTOCK 18 21 37 84 31 68
OTHER AGRICULTJURE 11 53 56 112 47 88
MINING -38 =31b =12 32 =15 27
CONSTRUCTION 72 70 111 286 111 286
FOOD, TOBACCO 30 43 64 121 62 116
FABRICS,TEXTILE PRODS. 17 31 83 161 75 136
TRANSP.EQUIP. yORDNANCE 39 78 161 236 163 215
MANUF .PRODS «» EXC.MACH, 11 38 85 177 83 167
MACHINERY , EQUIPMENT 36 70 154 312 161 321
SERVICES : 37 63 119 213 110 211
REGIUNAL TOTAL 23 53 101 203 101 198

_gg-
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LIVESTOCK

OTHER AGRICULTURE
MINING

CUNSTRUCTION
FOOD,TOBACCO
FABRICS,TEXTILE PRODS.
TRANSP.EQUIP.,IRDNANCE
MANUF. PRODS « s EXC.MACH.
MACHINERY , EQUIPMENT
SERVICES

REGIONAL TOTAL

PERCENT AGE CHAMGES

1

(58-47) /47 (63-4T1/47

16

8
-5
55
23
14
15
16
16
44
28

AR =3

EAST NORTH CENTRAL

IN DUTPUTS

{1958,1963,1970,1980C)

ACTUAL
DATA

2

29

b7
37
45
94
53
54
65
58

COLUMN
MODEL

3

(T0-47) /47 (BO-4T7)/47

23
38
46
92
62
105
177
106
132
128
114

4

67

87
120
233
125
194
267
208
2715
264
227

GRAVITY
MODEL

5 6
(70-47)/4T7 (BO-47)/47

24 67
37 87
46 120
92 - 233
61 123
117 236
163 254
105 203
130 259
127 262
112 223

-99_
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LIVESTOCK

OTHER AGRICULTURE
MINING

CONSTRUCTION

FOGD, TOBACCO
FABRICS,TEXTILE PRODS.
TRANSP.EQUIP. »ORDNANCE
MANUF ., PRODS. yEXC. MACH.
MACHINERY, EQUIPMENT
SERVICES

REGIONAL TOTAL

TABLE E-6

WEST NORTH CENTRAL
PERCENTAGE CHANGES IN QUTPUTS
(195841963,1970,1980)

ACTUAL
DATA

1

(58-47)/747 (63-47T) /47

22
14
15
58
10
17
181
45
49
31
32

2

23
Sy
35
43
29
36
275
B1
113
54
50

- COLUMN
MODEL

3

(T70-47) /47 (80-47) /47

38
12
84
69
51
90
461
140
222
102
90

4

86

52
176
179
108
171
655
260
435
216
185

5

(70-47)747 (80-47)/47

31
5
78
68
45
81
512
134
208
100
87

GRAVITY
MODEL

&

69

37
156
178

91
150
146
252
459
213
179

_Lg_
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LIVESTOCK

OTHER AGRICULTURE
MINING

CONSTRUCT ION
FOGD,TOBACCO
FABRICS,TEXTILE PRODS.
TRANSP .EQUIP ., IRDNANCE
MANUF +«PRODS ¢y EXCeMACH.
MACHINERY , FQUIPMENT
SERVICES

REGIUNAL TUTAL

TACZLE

E=%

SOUTH ATLANTIC
PERCENTAGE CHANGES IN OUTPUTS
(1958,1963,1970,1980)

ACTUAL
DATA

1

(58-4T)/47 (63-4T)/47

55
45
-8
70
35
58
216
56
15%
63
59

2

50
79
2
98
61
111
346
122
356
113
107

COLUMN
MODEL

3

(70-4T)/47 (80-4T)/747

13
94
37
124
98
201
589
197
592
207
182

4

138
171
110
337
185
339
856
363
1077
435
362

5

GRAVITY
MODEL

6

(70-47) /47 (BO-47) /41

78

95

33
124
103
219
674
195
619
208
186

153
179
108
338
199
389
1042
383
1243
440
380

—89-
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LIVESTOCK

OTHER AGRICULTURE
MINING

CONSTRUCTIDN

FO0D, TOBACCO
FABRICS,TEXTILE PRODS.
MANUF. PRODS,. y EXCLMACH.,
MACHINERY,EQUIPMENT
SERVICES

REGIONAL TOTAL

FABLF

E-5

EAST SOUTH CENTRAL

PERCENT AGE CHANGES

IN JuTeuTs

(195841963,1970,1980)

ACTUAL
DATA

1

(58-4T7) /47 (63-4T)/47

2

39
54
6
15
92
118
326
21
392
T0
83

- COLUMN
MODEL

3 4
(70-47) /47 (80-47)/47

5

MODEL

GRAVITY

6

59

59

43
129
137
211
552
160
662
146
150

119
120
121
341
238
351
791
303
1192
327
306

(7T0-4T7)/47 (80-47)/47

66
40
40

129

145

189

507

162

704

145

149

145
105
135
342
257
298
686
339
1413
331
318
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LIVESTOCK

OVYHER AGRICULTURE
MINING

CONSTRUCTIDN
F00D,TUBACCO
FABRICS,TEXTILE PRODS.
TRANSP LEQUIP.,JRDNANCE
MANUF.PRODS .y EXC.MACH,
MACHINERY,,EQUIPMENT
SERVICES

REGIONAL TOTAL

1

TABLE E-T

WEST SOUTH CENTRAL
PERCENTAGE CHANGES IN QUTPUTS
(19%8,1963,1970,1980)

ACTUAL
NATA

2

(58-47)/747 (63-47)/47

2T
56
52
56
9
73
339
81
99
28
50

18
30
81
51
45

141

563

149

261
64
81

]

3

COLUMN
MODEL

4

{T70-47)/47 (B80-47) /47

59
19
145
79
82
247
1108
245
529
142
154

119
146
2171
198
167
410
1535
424
967
311
304

5

{70-47) /47 (80-47)/417

T2
112

165

80
87
271
1246
214
667
148
169

GRAVITY

MODEL

5

145
198
295
200

180
472

1705
467

1224
319
327

..OL_
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LIVESTOCK

OTHER AGRICULTURE
MINING

CONSTRUCTION

FOGD, TOBACCO
FABRICS,,TEXTILE PRQODS.
TRANSP.EQUIP. ,DRDNANCE
MANUF .PRODS.,EXCeMACH,
MACHINERY , EQUIPMENT
SERVICES

REGIONAL TUTAL

fABLE

E=8

MOUNTA IN
PERCCNTAGE CHANGES IN GUTPUTS
(1958,1963,1970,1980)

ACTUAL
DATA

1 2
(58-47)/47 (63-47)/47

49 66
32 36
98 134
125 139
53 108
79 160
527 1301
86 142
119 398
65 114
T3 119

"COLUMN
MODEL

3 4
(70-47) /47 (80-47) /47

86 156
52 109
192 354
165 418
145 253
248 398
2027 2738
218 402
692 1276
186 383
179 358

5

(70-47)/47 (80-47)/47

71
41
167
165
137
261
1795
204
700
183
171

GRAVIT
MODEL

Y

6

121
85
337

417

234
416
2441
397
1210
379
346

_'[L-
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TABLE E-9

PACIFIC
PERCENT AGE CHANGES IN DUTPUTS
(1958,1963,1970,1980)

ACTUAL COLUMN GRAVITY
DATA MODEL MODEL

1 2 3 4 5 6
(58=67) /47 (63-47)1/4T7|(T0-4T7)/47 (B0-47)/67{(T70-47)/47 (80-47) /47

LIVESTOCK 48 88 116 210 116 217
OTHER AGRICULTURE 46 44 69 135 69 140
MINING 17 18 50 137 54 143
CONSTRUCTION 48 131 87 266 87 2606
FDOD,TOBACCO 55 39 134 254 135 260
FABRICS,TEXTILE PRODS. 111 190 318 519 300 482
TRANSP.EQUIP.,0RDNANCE 227 340 543 728 549 7124
MANUF . PRODS. y EXC.MACH. 67 109 173 . 328 170 331
MACHINERY, EQUIPMENT 131 340 558 x 1028 538 1034
SERVICES 54 96 : 168 360 168 360

REGIONAL TOTAL 63 114 173 350 172 351

- ZL =
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LIVESTOCK

OTHER AGRICULTURE
MINING

CCONSTRUCT ICN

FoCDy TOBACCO

FABRICS, TEXTILE PRODS.
TRANSP.EQUIP, yORDNANCE
MANUF sPRODS . y EXCo MACH,
MACHINERY ,EQUIPMENT
SERVICES

NATIONAL TOTAL

NATICNAL

WA BIEE

INDUSTRY TOTAL

PERCEMTAGE CHANGES IN QUTPUTS
(1958491363, 197Gy 1980)

1

(58-4T7)/47 (€3-47)/47

28
25
15
63
29
26
66
30
35
44
39

ACTUAL

DATA

g

30
A2
32
e
52
55
148
69
99
T4
71

CCIOLUMN
MODEL

3

4€
48
76
99
a1
119
265
127
186
137
128

4

(70~47)/47 (80-4T)/4T7

103
103
168
264
157
216
381
244
369
285
256

GRAVITY
MODEL,

5 6
(TO-4T)/747 (80-4T7)/47

47 100
49 103
78 172
99 264
81 157
119 215
264 ‘ 381
126 244
186 369
137 285
123 256
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APPENDIX F

ANNUAL COMPOUND RATES OF GROWTH OF OUTPUTS
1947 TO 1980
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b et

ARG ST

NEW CNGLAND
ANNUYAL CCMPCUND RATES OF GRUWTH OF QUTDUTS
{1947 TO  1984y)

ACTUAL CCIALUMN GRAVITY
CATA MODEL MODEL

1 2 8 4 5 6
47 TO 58 58- T3 =63 63 70 70 70 TO 80 63 TD 70 70 70 80

LIVESTOCK 2.1 0.7 1.8 3.0 200 3.3
OTHER AGRICULTURE 0.3 4.3 1.2 312 1.5 2.8
MINING 1.6 4.3 4.2 4.2 3.0 3.4
CONSTRUCTION 500 2:9 Dol 5.8 De?2 5.8
FQOD, TOBACCO 3.4 2.3 1.9 e 22 B
FABRICS, TEXTILE PRODS, T 2ne2 0.7 4.8 3.6 304 2o 7
TRANS P, EQUIP, yORDNANCE 9.1 3.8 5.6 2.2 be2 1.6
MANUF « PRODS. y EXCo MACH, N7 5.0 4.2 4.1 3.3 3.8
MACHINERY, EQUIPMENT 1.1 Ts 4 5,5 409 3,7 40 2
SERVICES 2.9 4,3 4o 4.5 42 4.5
REGIGNAL TOTAL 2.1 4.3 4.1 43 3.6 401
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TARLE £-2
MIDDLE ATLANTIC

ANNUAL CCMPIUNE RATES A9F GROWTH OF NUTPUTS
(1947 70  1980)

ACTHAL LCOLUMN GRAVITY
DATA MODE L MODEL

1 2 3 4 5 6
47 TD 58 58 T0 63 &35 R=TR 70 1O 85 63 TO 70 70 T3 80

LIVESTOCK

OTHER AGRICUL TURE
MINING

CONSTRUCTION

F00Dy TOBACCO
FABRICS,TEXTILE PRODS,
TRANSP,EQUI P, ORDNANCE
MANUF o PRODSo 4 EXCs MACH,
MACHINERY ,EQUIPMENT
SERVICES

REGIDONAL TOTAL
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EAST NIRTH CENTRAL
ANNISAL CCOMPARIND RATES OF GRANTI NOF JYTPYUTS

(1947 T 1989}

ACTUAL - CHOLUMN GRAVITY
CATA MODEL D EREEE(L

1 2 3 4 5 6
7. T95A sS4 TN SY | 3 ToOvE OO &) &3 TA MM 70 TH B0

LIVESTOCK lo4 -1.6 1.9 - | 2.0 3.9
OTHFER AGRICUL TURE 0e7 3,5 1.0 3,1 0o8 Burl
MIN ING -0.5 258 4e4 402 4,3 4,2
CONSTRUCTION ) 0.2 2.9 Se7 2.9 5.7
FOOD, TOBACCH 1.6 p A 2¢4 3.3 2.3 3.3
FABRICS,TEXTILE PRODS, 1.2 < P34 5.0 2R 6.0 4.5
TRANSP.EQUIP, yORDNANCE 1.3 11,0 G d 2.9 4o 4 3,0
MANUF .PRODS .y EXCo MACH, 1.4 5.6 4,3 4.1 4e 3 440
MACHINERY ,FQUIPMENT l.4 5.9 6.0 4,9 5.9 445
SERVICES 3,4 - kel 4.5 4,7 4.8
REGIONAL TOTAL 2.3 4,3 4.5 4,2 443 4,3
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TAVLE F-3

WEST NIRTH CENTRAL
ANNUAL FCMPRUND RATES OF GROWTH NF QUYTPUTS
(1947 TO  198u3)

ACTUAL -CMUMN GRAVITY
CATA MODEL MODEL

1 2 B 4 & 6
47 T9 58 58 79 63 63 Ta 70 70 79 89 63 T3 70 70 TO 80

LIVESTOCK 1.8 0.1 L.7 3.1 1.0 2.6
OTHER AGRICUL TURE 1.2 ~la 6 Ue 9 30l D00 207
MINING 1.3 3.3 4¢5 4e1 3.6 3.7
CONSTRUCTION 443 -1.9 2.4 5.2 2.3 521
FOODy TOBACCO Qe 8 3.3 2.3 3.3 1.7 2.8
FABRICS,TEXTILE PRODS. 1.4 3.1 4.9 3.6 401 3.3
TRANSP, EQUIP, yORDNANCE 9. 8 59 509 3.0 1.2 3.3
MANUF « PRODS. , EXCs MACH, 3.5 4.4 4e2 4e1 3.8 4.2
MACHINERY,EQUIPMENT 3l 7.5 6.1 5.2 5.4 6.1
SERVICES 2¢ 5 3.3 3« 4ob 3,8 4.6
REGIUNAL TOTAL 2.5 246 3.5 4.1 Biaxd 4o
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FARLE- F=5

SOUTH ATLANTIC
ANNUAL COMPOUND RATES COF GROWTH 0OF qQUTOUTS
(1947 TO 1989)

ACTIAL COLUMN GRAVITY
DATA MONEL MODEL
1 2 3 4 5 5
47 71 56 53 Tn 63 | 63 70 70 70 TO 80 | 63 TO 70 79 TO 8C

LIVESTOCK 4.1 -Deb 2.0 3.2 2.5 3.6
OTHER AGRICULTURE 3.4 443 1.2 3.4 B 357
MINING -0, 8 2.3 442 4at 3.7 4.6
CONSTRUCT ION 4.9 3.2 1.8 649 1.8 6.9
FOOD, TO3ACCO 2.8 307 300 3,7 304 3.9
FABRICS, TEXTILE PRIDS. 4.2 6.0 5.2 3.8 6ol 4ok
TRANSP, EQUIP, yORDNANCE 11.0 % 6ot 3.3 8.1 4.0
MANUF o PRODS o y EXCo MACH. 4q1 7.3 443 4.5 4.1 5.1
MACHINERY ,EOQU IPMENT 8.9 12.4 6.1 5.5 607 645
SERVICES 4.5 565 5o 4 Sl 5S4 508
REGIONAL TOTAL 443 5.4 4.5 5.1 447 543
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EAST SCUTH CENTRAL
ANNUAL CCMPOUND RATES 3JF GROWTH DF DUTPUTS
(1947 TO 168J)

ACTUAL COLUMN GRAVITY
DATA MODEL. MODEL.

1! 2 3 4 5 6
47 TDO 51 58 192 63 6320 T T¢ YO 80 63° TN 74 73 TO 80

LIVESTOCK 3.2 e 3 2.0 B 2.6 3.9
OTHER AGRICUL TURE N3 9.7 De4 Ba > =il 3.9
MINING =-0.6 2e4 404 405 3,9 5.3
CONSTRUCTION 4.2 2.0 3.9 6.8 3.9 6.8
FOnD, TOBACCO 4.7 3.1 3.0 3.6 3.6 3.8
FABRICS,TEXTILE PRODS, 4e0 7.1 502 3.8 4.1 3.3
TRANSP,EQUIP, yNIRDNANCE Be7 11.3 6.3 3.2 Hietil, 26
MANUF . PRODS. y EXCe MACH, 3.3 6,0 405 465 40 6 503
MACHINERY , EQUIPMENT 12,1 6.9 6.5 5.4 Vs 2 6.5
SERVICES 3.0 443 5.4 5.7 5.3 5.8
REGIONAL TOTAL 3.5 40 7 4o 6 500 405 5.3
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WEST SOUTH CENTRAL
ANNUAL CIMPGHND RATES CF SROWTH QF 2UTPUTS
(1347 70 19384)

ACTUAL © COLUMN GRAVITY
NAT A MONEL MANE

1 2 3 4 5 6
47 7058 58 TO63 | 63 T0 70 707030 | 63 TN 70 70 TO 80

LIVESTOCK 2.2 1T Zal 3,3 302 3.6
OTHER AGRICUL TURE 4.1 -3,6 4,6 3.3 P 3.5
MIN[NG 3.9 3.0 4.4 4.2 5.(3 4.1
CONSTRUCT ION 40 1 -0, 6 2.4 542 2u5 5e 2
FOND, TOBACCH 0.8 5,8 3.3 3.9 3,7 Big-d
FABRICS, TEXTILE PRODS. el 6.9 53 3.9 6.3 YA
TRANSPLEQUIP, yORDNANCE l4.4 8.6 8.9 il 16 3.0
MANUF « PRODS « y EXCo MACH . 9 J6 6.6 4,8 4.3 6e0 4,2
MACHINERY,EQUIPMENT 6ok 12,7 8s 2 Set 11,3 5.6
SERVICES 3.0 3.5 ST 5.4 6.1 5o
REGIONAL TOTAL 3,8 3,98 5.0 P | 5.8 4,7
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LLIVESTOCK

OTHER AGRICUL TURE
MINING

CONSTRUCT ION

F0Q0D, TOBACCH

FABRICS, TEXTILE PRODS,
TRANSP.EQUIP. yORDNANCE
MANUF « PRODS 4y EXCo MACH.
MACHINERY yEQUIPMENT
SERVICES

REG IONAL TOTAL

ANNUA

47

[==)

MOUNT AIN
L COMPCUND RATFS CF GROWTH JF AUTPUTS
CLos7 T L9890
ACTUAL COLUMN
CATA MODEL
1 2 3 4
D 58 58 TN 53 63 1O 79 70 7O 80
367 2.2 1.6 3.3
205 0.6 1.6 3.2
6.4 3.4 3,2 445
T.7 1.2 1.5 6.9
3.9 6.3 2o BT
5s 4 7,8 403 3.6
8,2 17.5 6.1 29
5,8 Se4 4.0 4.6
Te 4 17.5 6.8 5.7
4.6 5.3 4.3 5.4
5602 45 6 325 561

TARLE *-3

G

5
63 70 70
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¢ e e e el e 9 e

WHE N WPHPPrrm,NOOO

<
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RAN Y
MODEL

6
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OACIFIC
ANNUAL CCMPOUND RATES CF GROWTH OF NUTPUTS
(1547 T° 1982)
ACTUAL COLUMN GRAVITY
CATA MODEL. MADEL
1 T 3 A 5 6
47 TN 58 58 TO 63 | 63 TN 70 70 TO 80 | 63 TO 70 ~ 70 TO 80

LIVESTOCK 306 4o 8 2,0 307 1.9 3.9
OTHER AGRICUL TURE 3.5 -0 3 2.3 3.4 2.3 3.6
MINING 1.5 0.0 3.5 4T 3, 8 406
CONSTRUCT ION 3.6 9,4 -2.9 6.9 -2.9 6.9
FOOD, TOBACCO 4.1 449 3.1 442 3.1 4.3
FABRICS, TEXTILE PRODS. 759 6o 6 563 460 &Y 3.8
TRANSP.EQUIP, \ORDNANCE Ik 6.1 5.6 2.6 5.7 2.4
MANUF o« PRODSe 9 EXCe MACHo 408 4o 5 3.9 4ot 3.7 4.8
MACHINEPRY ,E QUIPMENT 7.9 ., 549 5,5 5e4 5.9
SERVICES 4.0 449 4o b 565 4ob 546
REG IONAL TOTAL 4,5 5.6 3.6 5.1 3.5 542
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NATIONAL INDUSTRY TOTAL
ANNUAL CCMPOUND RATES 7F GROWTH 3JF JQUTFEUTS
(1947 T2 1980)

ACTUAL COLUMN GRAVITY
NATA MODEL. MANEL

1 2 3 [A 5 6
47 TO 58 58 70 63 | 63 T0O 70 70 TO 80 63 10O 70 70 TH an

LIVESTOCK 223 Ce & 1.9 3.2 1.7 3.1
OTHER AGRICUL TURE 2.0 1.2 1.6 3.2 1.6 3.2
MINING 1.3 2.7 4.2 4073 4y 3 453
CONSTRUCT ION 4.5 242 l.4 6,2 l.4 6.2
FOOD, TOBACCO 2.4 3.2 2e6 Bh 2+ 6 3.5
FABRICS, TEXTILE PRODS. 201 4, 2 5l 3.7 5090 3.7
TRANSP.EQUIP, yORDNANCE 4.7 Be4 5.7 2.8 5.6 2.8
MANUF o PRODS s y EXCo MACH, 25 4 5+ 4 403 463 4.2 443
MACHINERY ,EQUIPMENT 2.8 7.9 6.0 5.1 6e7 5.1
SERVICES 3.3 3.9 406 409 "’*05 40'9
NATIONAL TOTAL 3.0 4,2 4a2 4.6 4,2 4.6
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APPENDIX G

COMPUTER PROGRAM TO INVERT A MATRIX BY TTERATION
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APPENDIX G
ITER

PROGRAM ITER(INPUT+OUTPUTsTAPE11+TAPE12, TAPE13+TAPEL4)
cNC FORTRAN ITERATION PROGRAM FOR COLUMN COEFFICIENT MODEL
STARTs Y ON DS13s A ON DS11s C ON DS1?
y=TOTAL FINAL DEMANDS
C=COLUMN TRADE COEFFICIENTS
A=TECHNICAL COEFFICIENTS
THE RESULTS (INDUSTRY OUTPUTS) ARE WRITTEN ON DS14s IN STANDARD MOTHEF
FORMAT,
Xx=TOTAL OUTPUTS
XPRE] AND XPRE2 ARE DUMMY ARRAYS FOR STORING VALUES OF X DURING
1TERATION,
DIMENSION £(79479)sC(S51951) s XPREV(79451) eX(79+51)sY(79+51)»
1XPRF1(79+51) ¢ XPRE2(79951) s TITLE (20) sCREATOR(6) +DATSET (6)
EQUIVALENCE (A(1+1)9C(1lal))
CALL FTNBIN(1+0sDUMMY)
DATA ACODE.BLK/8H99999998B,1H /

) )

AN SISNCILG S

¢ THE NEXT STATEMENET READS IN INFORMATION FOR WRITING MATRIX LABFL
s CREATOR=NAME OF PERSON MAKING THIS PUN
C DATSET=NAME OF OUTPUT DATASET 14
C DATE=DATE OF RUN
C NPP=NUMBER OF Y MATRICES
PEAD 100sCREATORsDATSET+DATESNPP
1P=1 '
L=0
NREG=51
MIND =79
DO 250 NP=1,NPP
€ THE NEXT STATEMENTS READ IN TITLE OF OuTPyT MATRIXs AND Y MATRIX IN
C STANDARD MOTHER FORMAT(FIRST DUMMY READ IS FOR THE MATRIX LABEL)

READ 90sTITLE
READ(13)
READ(13) ((Y(NoM)sM=1eNREG) sN=19sMIND)
C ONLY THE FIRST 64 INDUSTRIES NEED TO BF MULTIPLIED BY C BECAUSE THEY
¢ ARE THE ONLY ONES THAT ARE TRADED
DO 20 INDUS=14+64
READ(12)
KEAD(12) ((C(NeM) sM=19oNREG) sN=1+sNREG)
CO 10 1=14NREG i
SUMACC=0
DO 9 J=1eNREG
9 SUMACC=SUMACC+C(I,J)#*Y (INDUS, )
X (INDUSsI)=SUMACC
10 XPREV(INDUSs T)=SUMACC
20 CONTINUE
FEWIND 12
DO 25 INDUS=65,MIND
DO 25 JUREG=1sNREG
XCIND'ISe JREG)Y =Y (INDUS » JREG)
2% XPREV (INDUSs JREG) =Y (INDUS s JREG)
C *PREV IS NOW EQUAL TO C TIMES Y
TERATIGH STARTS HERE WITH A MAXIMUM OF 15 TIMES
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APPENDIX G (CONT 'D)
ITER

DO 150 NITER=1.15
DO 110 I=1.79
D0 110 J=1.51 .
110 XPREL (T o J)=X(19J)
DO 40 IREG=1.NREG
REAN(11)
READ(11) ((A(NoM)oM=19MIND) s N=1eMIND)
DO 36 I=14MIND
SUMACC=0
DO 3% J=]19eMIND
35 SUMACC=SUMACC+A(I+J)#XPRE] (JsIREG)
Y IS NOW USED TO STOPE A TIMES THE PREVIOUS X
36 Y(I+IREG)=SUMACC
40 CONTINUE
REWIND 11
DO SO0 INDUS=1,64
READ(12)
READ(12) ((C(NsM) ¢sM=]19sNREG) s N=1+NREG)
DO 46 1=1NREG
SUMACC=0
DO 4S5 J= l.NREG
45 SUMACC=SUMACC+ C(I+J)®Y(INDUSyJ)
46 XPRE2 (INDUS,1)=SUMACC ‘
XPRE?2 IS SET EQUAL TO CA TIMES THE PREVIOUS X
50 CONTINUE
REWIND 12
DO S1 I=65.79
DO S1 J=1eNREG
51 XPRE2(IsJ)=Y(IsJ)
DO 60 I=1«MIND
D0 60 J=1+NREG
60 X(IeJ)=XPREV(IeJ)+XPRE2(IsJ)
AT THIS POINTs A NEW X HAS BEEN CALCULATED AND MUST BE COMPARED WITH
THE PREVIOUS ARRAY TO SEE WHETHER THE ITERATION SHOULN BE CONTINUED.
AS SOON AS THE MAXIMUM RELATIVE CHANGE (RELCHG) IN ANY INDUSTRY TOTALS
(ROW SUMS) GOES RELOW .0005« THE PROCENURE IS STOPPED AND THE LAST X
CALCULATED IS THE QUTPUT MATRIX,.
RELCHG=0.0
DO 70 I=1,MIND
SUMACC=0
SUMAC1=0
DO 75 J=1sNREG
SUMACC=SUMACC+X(IsJ) ##2
75 SUMAC1=SUMACL ¢ (X(TsJ)=XPREI1(JeJ)) a2
THE NEXT TWO STATEMENTS ARE NECESSARY TO AVOID ANY ZERO DIVIDE.
RELCHG1=0.0
1F (SUMACC.FN.0.0) GO TO 70
PP=SUMAC1/SUMACC
RELCHG1=SQRT (PP)
70 IF(RELCHG].GT.RELCHG) RELCHG=RELCHGI
IF(NITER.E(GL1) PRINT 80
PRINY 120sNITERSRELCHG
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APPENDIX G (CONT 'D)
ITER

“IF (PELCHG +LTe «0005) GO TO 200
150 CONTINUE
THE MATRIX X I THEN WRITTEN ON DS14 IN STANDARD MOTHER FORMAT
THE FIRST WRITH STATEMENT IS FOR THE MATRIX LABEL
200 WRITF(14)NPoACODEsCREATOR (BLKoJ=147) ¢sDATE+sBLKoMINDsNREGe IP«TITLE
ILsLoLsLoDATSETy (BLKsK=1466)
250 WRITE(14) ((X(NeM)oM=]1oNREG) sN=1+MIND)
ENDFILFE 14
80 FORMAT(1H1+10Xs#*NUMBER OF #420Xe#MAX.s RELe CHANGE IN#/10X,
1#ITEPATIONS#421 X9 # INDUSTRY QUTPUTS%#/10Xe10(1H=)920X919(1H=))
GO0 FORMAT (20A4)
100 FORMAT(6A4«6A49A10414)
120 FORMAT(IH «13X912+28X9sE10.3)
RETURN
END
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