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P r e f a c 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 (MR.IO) 

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 MR.IO 

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 regions. 

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. In 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-1 and A-2, respectively. 

MULTIREGIONAL INPUT-OUTPUT MODELS 

Multiregional input-output models are essentially ,conventional 

2 
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]. 
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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: 

where 

X = t + y 

x = total output of the industry, 

t = intermediate demands for the industry's products, 

y final demands for the industry's products. 

(1) 

Equation (1), however, represents only one industry in one region, 

and therefore cannot be directly app l ied 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 form industries and n regions can be , represented 

by the following equation: 

where 

(2) 

g 
a .. = technical coefficient--the amount of input of commodity 

l.J 

i required by industry j located in region g to produce 

one unit of output of commodity j. 



,, 
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x~g = total consumption--the total amount of corrnnodity i 
1. 

supplied by region g. 

x~ 0 = total production--the total amount of commodity j 
J 

produced in region g. 

y~ final demand--the total amount of commodity i demanded 
1. 

by final users in region g. 

i, j 1, 2, ... , m. 

g = 1, 2, ... , n. 

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 consumed 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 for interregional trade , the methods used to develop the 

column coefficient and the gravity coefficient models will be described 

separately in the following two sections. 3 

Column Coefficient Model 

The column coefficient model uses the following relationship for 

interregional trade: 

gh 
x. 

1. 
(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 
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gh 
xi = amount of conunodity i produced in region g that is 

shipped to region h. 

oh x. = total amount of commodity i that is consumed in region h. 
1 

gh 
ci = 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: 

where 

-1 
C X=~+Y 

or X = C(~ + Y) (4) 

X = vector of total outputs, nm,1. 

C = matrix of regional trade coefficients, nm.nm, with each 

of the diagonals of the n,n block containing the coeffi­

cients form traded conunodities and all off-diagonal 

elements set to zero. 

i = matrix of regional technical coefficients, nm,nm, with 

each of then blocks along the main diagonal containing 

the m,m coefficient matrix derived from each of then 

regional input-output tables. 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. 

.. 
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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, A, 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 only 

for the year 1963, although both the final demand and total output figures 

are available for the years 1947, 1958, and 1963. In 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: 

~ 

X = CAX +CT 

A 
X - CAX = CY 

(I -
~ 

CA)X = CY 

X = (I - CA)-l CY (5) 

In order to calculate the regional outputs, X, from equation (5), 

~ 

the matrices A and C and the vector Y must first be obtained. The 

procedures used to assemble them will be explained 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--
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., 
79 industries and 51 regions--both the A 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)-1 = I + B + B2 + B3 + .•. 

. (I -
.,, -1 

+CA+ (CA) 2 + (CA) 3 CA) = I + •.. .. 
" "'2 /\3 (6) X = [I+ CA+ (CA) + (CA) + ... ]CY 

(The number of terms to be enclosed in the brackets is determined by 

t4e 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 4029xl. To solve this prob l em, Y is converted back into its 

original form, which is a matrix of m•n, and the A matrix is no longer 

nm•nm but simply m•m, 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: 
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Step 1. The elements in the first row of Y (79x51) are multi-

plied by the corresponding elements in the first row of C (5lx51) 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 

4 
commodities, and the second row of Xis obtained by multiplying the 

elements in the second row of Y by the c orresponding elements in the 

second C matrix in the same way as described above; the third row of 

Xis 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 

4 
Only 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. 
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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 columns 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 sufficiently 

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 
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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: 

where 

gh 
X 

i 
(7) 

gh 
x. = interregional trade flow--the amount of commodity i 

i 

produced in region g that is shipped to region h. 

00 
x. the total amount of commodity i produced (consumed) in 

i 

all regions. 

q~h = a trade parameter, which is a function of the cost of 

transferring corrnnodity i from region g to region h 

(where transfer costs reflect various factors, including 

transportation costs, that determine interregional trade). 
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The interregional trade-flow, is a function of the production in 

region g, consumption in region h, national aggregate production (or 

gh 
consumption) of the connnodity, and the trade parameter, qi . From the 

definition of the production, consumption, and national aggregate, the 

following equations hold: 

oh 
x. 

l. 

n 
I: 

g=l 

n 
= I: 

h=l 

n 
= I: 

g=l 

n 
I: 

h=l 

gh 
x. 

l. 

gh 
xi 

gh 
xi 

n 
= I: 

g=l 
go 

xi = 

i = 1, 2, 
g = 1, 2, 

h = 1, 2, 

n oh 
h~l xi = 

m 

.•. ' n (8) 

... 
' 

n (9) 

00 
xi (10) 

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

can be derived: 

where 

n or gr og 
l: Xi (1 - ql.. ) = Xi 

r=l 

i = 1, 2, ... 
' 

g = 1, 2, 

q~g = 0 
l. 

n ro rg 
I: xi (1 - qi ) 

r=l 

m 

n 

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 (AX + Y) (11) 
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where 

X = vector of total outputs, nm· 1. 

y = vector of final demands, nm• 1. 

A'. = technical coefficient matrix run•run, 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 Sand Tare calculated as follows: 

where the trade coefficients qi's are calculated from equation (7). 5 

The forms suitable for computations are as follows: 

(T' 
t\ 

- SA)X = SY 

X = (T' - Si\)-l SY 

X (s-lT A -1 y = - A) 

or X = (G - A)-l Y (12) 

where 

G = S-lT' 

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

5 ~ ~ It should be noted that since the elements si and ti 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 - A) and the vector of final demands, Y, 

or by the following simple iterative method: 

X = Y + (I - F)Y + (I - F) 2 Y + ... 

where 

.,.,. 
F = (G - A) 

However, since the sufficient condition f or 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 - A), 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 - A)-1 in the 

direct method needs to be computed only once, and different solutions 

can be provided by multiplying the matrix 
.. , -1 

(G - A) by different vectors 

of final demands. Even the fact that the matrix multiplier (G - A)- 1 

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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~ -1 
pretation of the matrix multiplier (G - A) for the gravity model is 

different from that of the conventional input-output matrix multiplier 

These considerations, together with the fact that inversion of 

~ 
the matrix (G - A) 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 - A), nor has 

any method been found that would modify or restructure the matrix (G - i) 

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. 

-1 During the computation of the inverse matrix S for the present 

study, an overflow situation occurred several 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 [l]. 
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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 identic~l. 

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 industries 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, i, 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. 

A 
Matrix A 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 

1 2 3 4 5 n-1 n 

Figure 1. Interindustry Technical Coefficient Matrix 

tables were aggregated from 51 matrices (79x79) to 9 matrices (lOxlO) 

before the technology 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 

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 1Ox9 set of calcu-

RECEIVING REGION 

1 2 3 4 5 n-1 n 

1 

2 

3 

5 
4 

H 
0 

~ 5 

0 
~ · 

P-< 
P-< 
H 
::r: 
C/) 

n-1 

n 

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 comparisons, 

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 matrix by the row 

sum (industry total ) and then multip lying 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 component s 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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I0-81, 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 [11], 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 adjustments had been made to the 1947 and 1958 data, 

the six components were sunnned for each of the five years (1947, 1958, 

1963, 1970, and 1980), and the 1963 STRO and SIR data we~e added to 

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

Total Outputs 

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 

'1-.' iS made to obtain the 1947 and 1958 output estimates for Alaska and 

H.1waii, except that establishment output data [10, Appendix D] were used 

L1stead 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

m~nt was made to convert the 1947 and 1958 data, which are establishment 

01 ,tputs and therefore do not include secondary transfers-in and imports, 

i n to production outputs. The ratio of 1963 production output to 1963 

e .:; tablishment output was multiplied by the 1947 and 1958 establishment 

O i .tputs [ 10, Appendix D] to obtain estimates of 1947 and 1958 production 

01,tputs, respectively. 

All of the output and final demand matrices contain 87 industries 

aud 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 

t i e output figures obtained from each of the models with the actual 

f gures at the aggregated level (10 industries and 9 regions). The 

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 sections. 

Aggregated 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 90xl 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 of 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 - CA), 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 r egions. 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. 

where 

The first scheme is described in the following equation: 

Pij = 

x!. 
l.J = 

x .. = 
l.J 

i = 

j = 

p . . = 
l.J 

x'. . - x .. 
l.J l.J X 100 

Xij 

percentage difference between the 

outputs. 

(13) 

estimated and actual 

the ith row and jth column element of the estimated 

output matrix, X'. 

the ith row and jth column element of the actual output 

matrix, X. 

1, 2, 10, 11 (11 is the column sum). 

1, 2, ... 9, 10 (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 section. 

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 original 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 differmce 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 
percentage increase = ---------'----------- x 100 (14) 1947 outputs 

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

to equation (15) obtained from the following derivation. 

x = (1 + r)n x 0 

log(x/x0 ) = n log(l + r) 

log(l + r) 

r = 

log x - log x0 

n 

[ant ilog(log x : 
log 

100 (15) 
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where 

X = output value in the year N, 

XO = output value in the year N0 

r = annual compound growth rate, 

n = number of years between N and No ' N - No . 

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 causes of 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 (row 11 and 

column 10 in each table) are generally much more accurate than the 

estimates of individual regional or indus.trial 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 O 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 O 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 

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

DISTRIBillION OF PERCENTAGE ourPur DIFFERENCES FOR 1947 
AND 1958, COLUMN COEFFICIENT MODEL 

1947 1958 
No. of Percent No. of Percent 

Range Elements of Total Elements of Total 

±1% 3 3.3 5 5.6 

±5% 22 24.4 38 42.2 

±10% 33 36.7 60 66.7 

±15% 46 51.1 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 detennine 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 comparisons between 

estimated and actual 1947 and 1958 outputs for 8 industries at the 

79x51 level, show that the large percentage 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 I0-61, Other trans-
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portation equipment.) Second, the percentage errors in the national 

totals of IO-1, Livestock & livestock products, and IO-2, Other agri­

cultural products, (which are the same two industries at the 1Ox9 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 1Ox9 level of aggregation, the estimation 

errors in these components are also similarly added. In other words, 

if two industries, say IO-14, Food & kindred products, and IO-15, Tobacco 

manufactures, are combined to form one industry, Industry 5, Food & 

tobacco, at the 1Ox9 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 national 

outputs at the 79x51 level in all three years are nearly ~s accurate as 

the estimates at the 1Ox9 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 ones. 

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 Tables 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 industrie& 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 

differmces 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 section. 

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 (16-year) interval from 1947 to 1963. For the 1947 and 1958 

estimates, some industries, such as Industry 4, Construction~ Industry 

5, Food & tobacco; 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 regions. 

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 to ta l 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 connnodity produced in all regions for that year. However, the 1958 

regional total differences (Table D-2, row 11) 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 errors 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 12.2 

±5% 20 22.2 37 41.1 

±10% 37 41.1 52 67. 7 

±15% 51 56.6 70 77. 7 

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 weight s 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 percent for Industry 7, 

Transportation equipment & ordnance, in the Mountain region in 1947 is 

unimportant, since the weighted percentage 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 



- 35 -

East North Central region (Table D-2) are not 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 surrnnarized 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, Construct ion, 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. 

CONCLUSION 

The column coefficient and gravity coefficient models are two 

basically very similar multiregional input-output models. In addition 

to the interregional trade-flow data, the total regional consumption 

and total national production statistics are used in the gravity coeffi­

cient model as the normalizing bases to calculate the Sand 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. In 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. In 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 and 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. In 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 coefficient 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 ut most 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 t erms 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 CLASSIFICATIONS 



Industry 
Number 

MRIO IO 

1 1 
2 2 
3 

5 
6 
7 
8 
9 

10 
4 

5 

6 

7 

8 

11 
12 

14 
15 

16 
17 
18 
19 

13 
59 
60 
61 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
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Table A-1 

MULTIREGIONAL INPUT-OUTPUT CLASSIFICATION 

Industry Title 

Industry 
Number 

MRIO IO 

Livestock & livestock prdts. 37 
Other agricultural prdts. 38 
Mining 39 

Iron & ferro. ores mining 40 
Nonferrous metal ores mining 41 
Coal mining 42 
Crude petro., natural gas 9 
Stone & clay mining 43 
Chem. & fert. mineral mining 44 

Construction 45 
New construction 46 
Maint. & repair construction 47 

Food & tobacco 48 
Food & kindred prdts. 49 
Tobacco manufactures 50 

Fabrics & textile prdts. 51 
Fabrics 52 
Textile prdts. 53 
Apparel 54 
Misc. textile prdts. 55 

Transportation equip. & ordnance 56 
Ordnance & accessories 57 
Motor vehicles, equip. 58 
Aircraft & parts 62 
Other transport. equip. 63 

Manufactured prdts., exc. mach. 64 
Lumber St wood prdts. 10 
Wooden containers 3 
Household furniture 4 
Other furniture 65 
Paper & allied prdts. 66 
Paperboard containers 67 
Printing & publishing 68 
Chemicals, selected prdts. 69 
Plastics & synthetics 70 
Drugs & cosmetics 71 
Paint & allied prdts. 72 
Petroleum, related inds. 73 
Rubber, misc. plastics 74 
Leather tanning & prdts. 75 
Footwear, leather prdts. 76 
Glass & glass prdts. 77 
Stone ~ clay prdts. 78 

79 

Industry Title 

Primary iron, steel mfr. 
Primary nonferrous mfr. 
Metal containers 
Fabricated metal prdts. 
Screw roach. prdts., etc. 
Other fab. metal prdts. 

Machinery & equipment 
Engines & turbines 
Farm mach. & equip. 
Construction mach. & equip. 
Materials hand. roach. & equip. 
Metalworking mach. ·:, equip. 
Special mach. & equip. 
General mach. & equip. 
Machine shop prdts. 
Office, computing machines 
Service industry machines 
Elec. transmission equip. 
Household appliances 
Electric lighting equip. 
Radio, TV, etc., equip. 
Electronic components 
Misc. electrical mach. 
Professional, scien. instru. 
Medical, photo, equip. 
Misc. manufacturing 

Services 
Forestry & fishery prdts. 
Ag., for., & fish. services 
Transportation & warehousing 
Communications, exc. brdcast. 
Radio & TV broadcasting 
Elec., gas, water, & san. serv. 
Wholesale & retail trade 
Finance ~~ insurance 
Real estate & rental 
Hotels; repair serv., exc. auto 
Business services 
Research & development 
Automobile repair & services 
Amusements 
Med., ed. serv., nonprofit org. 
Federal gov't. enterprises 
State & local gov't. enterp. 
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Table A-2 

MR.IO REGIONAL CLASSIFICATION 

Regions States 

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 Illinois 
13 Indiana 

3 21 Michigan 
34 Ohio 
48 Wisconsin 

14 Iowa 
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 

7-The names of the 9 census regions are: 

1 
2 
3 

New England 
Middle Atlantic 
East North Central 

4 West North Central 
5 South Atlantic 

Regions States 

9* 51 Name 

1 Alabama 

6 16 Kentucky 
23 Mississippi 
41 Tennessee 

3 Arkansas 

7 17 Louisiana 
35 Oklahoma 
42 Texas 

2 Arizona 
5 Colorado 

11 Idaho 

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 



T/IPU. B-1 

lS47 P~00UCTIJN OUTPUTS 
ITHJUSANCS LlF 1963 U □LLARSI 

l 2 3 4 5 6 7 8 9 10 
Ne W /JI DDI.': !"AST flES T S :JUT H '::AST WEST '.~OUI\JTAIN PACIFIC r~A T IONAL 

E~,GLANC A TL At-. TIC I\JOl<.Th NJRTH ATLANTIC SOUTH SOUTH INDUSTRY 
CF:NTRAL CENTRAi. CENTRAL CENTRAL TOTAL 

l LIV ES TO C: K 4959c;9 15-.9J85 4661726 6'+71.:+29 161'+409 1266748 1921524 1227481 1249759 20458048 -I'-
V, 

2 JTHER AGR ICUL TUef- 298211 1384130 3841326 5 8 358 20 2Uu360t, 1419806 2544 875 1294132 2518657 20640560 
3 ~lNlNG 32'.J23B 29565;:lt, 1727488 1J26C89 lb36u64 1003874 4322476 11<+9671 1380282 15522770 
4 CONST'<UCT I CN 2290739 7234466 9 294958 4441S6C 58ul82u 2251962 5905534 2014231 7936594 4 7172304 
5 FGuD, fuBACC [. l6/3J21 9244%4 llb8856S 94293S9 7915658 2874651 4306 332 1207747 5350280 53890624 
6 FAiiRlCS,Tt· XT!L[ PRL ·'S, 391377:+ S.365313 l 5 l ·) l 4 l :>1Zfli2 6L35<tHJ 12 82244 40'i7li 33801 510301 23808576 
7 TRANS Po Er.JUI P. , r"JROt-.Al\iCE 9J1246 4214':>El 15394428 1284195 8ti84B9 3343b3 384803 6452B 225.)630 25717264 
8 MANUF.PRO □s.,txc.~nCH. tl455240 318]4176 34oJU72J 5187')13 8724464 505203 7 8031397 1868676 q70638~ 113460624 
9 MACHI NH.Y, EfJIJ I PM ENT 4781018 12094371 1'3031440 n5824l 863337 429363 735020 165807 168935 7 40947952 

lJ SEPVICES 15441S88 642488lt 51524656 216962G!i 24634768 10625590 2CJ208432 7380109 30719088 246479712 
11 REGIONAL TLTAL 38571424 14359649( 152534480 58043664 60318096 26540640 48770112 16406186 63317344 608098304 



T ABU- B-2 

l';:i8 PRUOUCT!rn JLJTPUTS 
(TH1JUSANDS CF 1963 DOLLARS) 

l 2 J 4 :i 6 7 8 9 10 
NE i,,/ MIDDLE EAST WEST SuUTH EAST w EST 1110UlllTAIN PACIFIC NATIONAL 

ENGLAND /\TLANTIC ~!Ol{TH NORTH ATLANTIC SOUTH SOUTH I NOUS TRY 
CE:NTRAI. CENTRAL CENTRAL CENTRAi. TOTAL 

l LIVfST J CK (24540 1822Z tl 2 542.7699 7>39tl(J96 2499705 1786359 24381.32 1.82323 7 1851281 ?.6171328 
~ 

2 OTHEk AGRICULTURE 3J 7 5 51 SSC 5 36 41~4751. 666 f P.52 29u5122 1374J0 3 3967112 171.11934 3674564 25733424 °' 
3 MINING 380P,82 1831347 l642Jlu 1178234 l<tS9o 74 <;42932 6553152 2275559 1621579 17925360 
4 CONSTRUCT IU; 3921719 12415115 144.;7851 7021597 9b:i2735 1557451 9226139 453916J 11708623 76680384 
5 FCOC, TOE:\A(([i 2422345 l2C4S864 14644S27 10347139 lJb 721:.>9 4749777 4691 77,J 1846763 8 316266 69741008 
6 FA G~ICS,TEXTJLr PR "D S. 3C7750~ 109 29 '~ 29 1748199 5976 30 9846309 1983079 707144 60442 1087138 3003 7360 
7 TRANSP.~QUIP., GPG~A NCL 2343242 5!J39lJS 177356<:;c 36Ll81:d 281,4 3 16 832955 1690 427 4 G1•367 7365508 42623520 
8 MANUF.PR□ DS.,EXC.MACH. 9173iJP.4 35318241.. 4C3..;8048 753<:iUC 13614c42 7227469 14576691 3476006 16231620 147464528 
9 MACHINERY,tQUIPMENT 5372287 l64291Uc 2089(776 3208676 22()0:>59 1514492 l46J 154 363390 3%8252 55354704 

lO SERVICES 21(.419:2 8€25(832 74118416 283R46Q8 4Jl03952 1466 9 94 7 27843264 121623 73 47337648 353912832 
11 Rf:G IONA L TCTAL 48f:o51Ll4 le58L6-tCO 1S5115408 764508~2 95996768 38638 4 64 73154000 28653232 103102480 845644544 



TAPLE A-3 

1S63 P<OUUCTI □N JUTPUTS 
(THJUSANOS 0~ CURRENT DOLLARSI 

l 2 3 4 5 6 7 'l 9 10 
i\J!:" ~ '°' I f",01.t' E4S T WEST :>DUTH t:AST Wf:ST 'IGUNTAil\l PACIFIC NATIONAi. 

ENGLAND ATL,.NT IC NURTY "JJRTH A TLA 'H IC SOUTH SOUTH 11\JOUSTRY 
CfNTRAL CENTRAL CENTRAL CENTRAL TOTAL 

l LI V':S T:.J:._" o.'.t6 du 8 1867903 '.:>01 ~ 572 7932120 242607, l 75 8841 26499::il 2036699 2345440 26684256 ~ ..... 
2. 'J T~1ER AG' ' I CUI. TUf'f 3798~2 135355R 49'~5011 6135930 35il46B 2186424 331104 7 17~5181 3615429 27266144 
3 "IN I ,\JG 4ll.H4 1C,357l5 lR6 :lJ5 2 1389u41 1676676 1G61 0 13 7817033 2695202 1623018 2C528832 

r· ~ ~ · ) T ,) 1 1 r T T , , ~ -.i 1,::, 1 h 7.o, 7 12 _- -, l .1 6 S 14 5 ,, 2 0 ti q 63f:94S7 ll?vll7') 3Y33~lt: 'l9372d4 't811962 1331332d 35313328 
5 f UD , TUf'f,CC i_: 2787122 13244751 1H45Sl7 12165254 12780 5 b6 552 (1 47(; 6231)238 25 v9 859 l •J094592 81678784 
b ~ABR!CS,T~XTILt Pk80S. 31"12302 1228•JU9 ~231345 696244 1314 7C44 2799702 987948 8 780 l 1498503 36921024 
7 T RA 1.S ,, • t:WUI P. , ,1Fd1NIINC ': 2828724 7500551 29fl41440 4 Bl6593 3%34 77 14?.3 73 9 2551923 904116 9904477 6 3735040 
8 MMJJF.P~.c, os., FX(.,•ACH. 117 ,12; <:·d 43S757':i2 529;Jb688 93 7 C5 es 19346800 9658969 2()()?7456 4521499 20275376 191785312 

~A(rl!~E~Y,~ ~u!P~f~T 76 "d 476 20 ':>93 )24 27827968 4u0 11 c; 1 3940996 2111608 2656114 82 64 76 7430432 77647296 
; J~t:RVJL[S 25911344 lC4662JSl (4876816 33441056 52451792 131,1 0 128 33lv?.4J0 15759664 60140368 4284456S6 

l kFf; l L•'lif, L Tl ITAL 6CC94~a1 21q1455zL 2404'tbS28 86917520 l248L6UYo 48554208 882 7132:3 35908448 1352409761040005632 
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COLUMN COEFFICIENT MODEL COMPARISONS 
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TAq l i: C-1 

Pi:RCE~TAGE DI~FEPENCES BETWtEN ESTIMAT~O AND ACTUAL 1947 OUTPUTS 
(COLUMN COEFFICIENT MODEL, 10x9 LEVEL) 

2 ?, 4 5 b 7 3 9 liJ 
~~E " r,, I DDLi: E/IST w 1::S T :'iOUTH E:\ S T WEST MCUN TAIN PACIFIC NAT I ONAI. 

tNGLAN,J .\HA NT IC NOKTh NJRTH ATLANTIC S'.JUTH SOUTH !NOUS TRY 
CENTRAL CENTPAL CENT RAL CENTRAL TOTAL 

l LIV ES TOCK -1 -7 -2_, -12 13 3 J 16 25 -5 
.i,-

2 OTHE~ AGRICULTURE 2 20 -'l -35 34 5 2 2 l -6 '° 
3 ,_.IN ING s -51 -22 4 -23 -23 2 C) 46 - 31 -7 
4 C ,_,,; ST ,,:l)( Tl cr 1 -1 5 -11 -u 4 -u - 9 7 4 -11 -6 
5 t=noc, TO BACU· 17 7 2 -1 15 45 12 36 1c; lC 
6 FAuRICS,HXTIL E PRODS. -~4 -8 -2 -?. '+ 6 52 67 78 94 7 
7 TRANSP. i:Q UI P. ,OR DN ANCE 28 -16 -12 6S 106 99 194 515 75 10 
8 MANUF.PR OGS ., €XC.MACH. -12 -lJ -3 1 c; 3o 19 b - 41 16 6 
9 MACHINEKY,EWUIPMENT -2 j -5 32 170 21)5 12 5 196 145 16 

10 SERVICES - lC 5 -5 l 7 -ll -n 9 -2 -1 
11 REG lC"-AL TUT AL -11 -2 -5 ~ 19 l v 13 20 9 2 

'· 



1 L!V FS TGCK 
2 OTht«- tGR. I Cul TlW[ 
3 MIN Jt\:G 
'• cr_•~.ST"'0'--T r 1-,'-

FO JC, T0t3ACCC 
6 ~AJRICS,TEXTIL ~ PROJS. 
l TKA!SiSPoi:'WlJ!r>o ,uRl!Nt.NC :: 
u MANLJF.PPJrs.,ExC.~ACH. 
CJ MACH[ .,E:RY,[ • •. l•!PME~IT 

10 SERVICE-S 
11 lEG JL: ,\JAL TCl lAL 

T .6 ', L F C - 2 

Pt:'<CF :-HAGE Dl,-Fr~E~JCcS PtTt1d1'l ~STIMATf_J A!,L ACTUAi. 1 958 UU TPUTS 

(COLUMN COEFFICIENT MODEL, 10x9 LEVEL) 

2. 3 4 5 (·, I 

;\JtW 11 J L 11 L "' c ,~s r ;d·S T SJL,TH t: AS T .,. ES T 

= t\,(, 1_ ,:. ,:: ) ;... Tl.A NT I C '!u.;; T H N'JR T~ ATU,~ TJC SCUTH S 'JU T H 

CE: 1HRAL CENTR AL CENTRAL CENTKAL 

-2 - -:i -13 -4 -1\i -9 3 

!2 37 13 -16 19 <tO -2 8 

7 -·, -3 5 -4 -3 ? 
- , - - ,; - l - - -;., - .. L 

'5 :l 2 <-; 8 6 2J 
-11 -'i d 1 ll 18 19 

- 8 -'t 2C '- 5 26 ll 
7 'j 1J 7 18 11 16 

7 -.:, l 11 32 7 40 

-1 2 -7 .3 
,, -2 -f-, £ 

1 l l 2 6 ., 2 

,q ,; l ·-' 
•"1( 1UNT A I N PACIFIC NATIJNAL 

INDUSTRY 
TOTAL 

5 16 -4 \J1 
0 

-3 -14 -3 
-4 -22 -'l 

0 -1 -2 
20 4 6 

25 16 3 
68 -1 9 

8 -3 8 

78 39 6 

5 -2 -1 
6 0 2 
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TAALE C-3 

PERCENTAGE DIFFERENCES BETWEEN ESTIMATED AND ACTUAL 1963 OUTPUTS 
(C0Ll9MN COEFFICIENT MODEL, 10x9 LEVEL) 

l 2 3 4 '> 6 7 8 q 10 
NEW ~ IDOL E EAST WEST SOUTH EAST WEST MOUNTAIN PACIFIC NAT ION AL 

ENGLANn ATLANTI( NOQTt-J NORTH ATLANTIC SOUTH SOUTH INDUSTRY 
CENTRAL CENTRAL CENTRAL CENTRAL TOTAL 

1 LIVESTOCK -u.v -J. 0 -u.v u.O -o. \) c. l I.,. u 0.2 i) . '> 0.1 I.J1 
I-' 

2 OTHER AGRICULTURE 1.l) C.9 0.1 -0.1 0.9 Oo 7 0.3 -o. l o. 2 1.,. 4 

3 MINING o.s c.1 0.9 2.1 o.3 l. 4 0.4 -2.0 l. 2 0.4 
4 CONSTRUCTIUN 0.0 o.o u.o c.o V • \) o.o o.o -o.o o.o o.o 
5 FOOD, TOBACCO -o. l -o. 1 -0.1 -o.o -0.2 -u.o -0. 1 J.4 0.1 o.o 
6 FABRICS,TEXTILE PRODS. 0.1 c.1 o.o c.1 -G.O o.o -0.1 -o.o o.o o.o 
7 TRANSP.cQUIP.,ORD~ANCE o.s C.4 0.1 0.2 0.4 0.4 0.3 o.4 -o. 0 0.2 
8 MANUF.PKODS.,EXC.MACH. 0.2 0.1 0.1 0.1 u.1 0.1 o.o 0.3 0.5 u.l 
q MACHINERY,EQUIPMENT 0.2 c.1 0.1 0.1 0.1 0.1 0. 1 o.o 0.2 0.1 

10 SERVICES o. a c. C o. 0 o.o o.o o.o o.o -0.1 0.1 G.O 
11 REGIONAL TOTAL e; • l C. l 0.1 u. l 0.1 o. 1 0.1 -0.1 0.2 0.1 



TABLE C-4 

PEPCENTAGE DIFFERENCES BETWEEN ESTIMATFD AND ACTUAL 1947 OUTPUT~ 
(COLUMN COEFFICIENT MODEL, 79x51 LEVEL) 

J 2 3 4 5 6 7 R 

10-1 10-2 10-14 I0-15 I0-13 10-so T0-60 10-61 

l ALABAMA 42 -9 R3 150 20766 190 ll56R 9 

2 ARIZONA 100 82 63 * 588832 -76 9075 -8 

3 ARKANSAS 13 27 135 0 * 2A5 582 856 

4 CALIFORNIA 52 9 19 -98 60185 46 26 25 

5 COLORADO 59 -23 42 0 1376 ?1 5605 -75 

6 CONNECTICUT -10 8 65 -3 -59 61 17 94 

7 DELAWARE 7 52 0 0 * 3038 42 -90 

8 DISTRICT OF COLUMBIA * * 21 * 0 0 0 * 
9 FLORIDA 79 208 119 -28 494515 -59 24R6 64 

10 GEORGIA 53 7 50 -2 546 464 17200 232 

11 IDAHO l 4 47 * -94 497 437 5R6 

12 ILLINOIS -15 -37 -12 82 211 7 40 -45 

13 INDIANA -25 10 16 -36 753 -27 14 35 

14 IOWA -16 -51 21 0 8202 11 -83 83 

15 KANSAS 14 -26 -29 * 0 71 203 160 

16 KENTUCKY -16 8 2 97 * 115 S09 -7 

17 LOUISIANA -7 40 -19 -45 * 233 6336 82 

18 MAINE 63 -4 91 0 * 108 1049 99 

19 MARYLAND 12 -4 16 42 551 2RO -24 57 

20 MASSACHUSETTS -?3 6 5 -94 9 ?2 -6 -17 

21 MICHIGAN -23 30 30 -45 1594 -14 129 67 "' "' 
22 MINNESOTA -13 -23 -7 0 146 158 -4 -39 

23 MISSISSIPPI 29 19 93 * * 148 0 -87 

24 MISSOURI -29 46 l -80 50295 70 250 
_,, 

25 MONTANA -12 -3 19 * * -f-0 0 339 

26 NEBRASKA 4 -44 8 * 323 214 14 R45 

?7 NEVADA -32 13 -15 * * -65 -44 * 
28 NEW HAMPSHIRE -18 -7 35 0 ;, -20 0 1038 

29 NEW JERSEY -18 13 32 -82 -79 -35 2 -?8 

30 NEW MEXICO 34 26 96 * * -R3 -89 * 
31 NEW YORK -5 27 -3 -78 3 -3 91 -42 

32 NORTH CAROLINA 27 39 135 -10 2941 <;6 6715 140 

33 NORTH DAKOTA -27 -33 -20 * * * 0 212 

34 OHIO -29 19 17 -60 3433 66 36 -14 

35 OKLAHOMA -9 -5 -10 * * 2?6 4730 304 

36 OREGON -17 -20 23 0 1015 450 3618 114 

37 PENNSYLVANIA -5 22 22 -15 436 -18 436 -22 

38 RHODE I SL AND -19 46 34 -84 -43 144 3406 451 

39 SOUTH CAROLINA -15 2 83 122 * 1 0 72 

40 SOUTH DAKOTA -2 -62 22 * * 114 0 2fi07 

41 TENNESSEE -17 5 35 -18 * -c;l 2315 167 

42 TEXAS 2 -4 23 -82 2965 441 7 206 

43 UTAH -9 -26 12 0 * 174 147121 ?24 

44 VERMONT 11 40 16 * 0 0 15578 -9 

45 VIRGINIA -14 7 57 -16 71 606 116A -43 

46 WASHINGTON -13 -7 25 0 16718 I 6 69 }54 

47 WEST VIRGINIA -41 44 60 8 * -?l -96 83 

48 WISCONSIN -11 57 5 -94 1403 A9 -74 11 

49 WYOMING -13 -3 66 * * * 163 4051 

50 ALASKA 8 * * * * 10 16 * 
51 HAWAII -s 5 7 * * 18 * 0 

52 NATIONAL ~OTAL -s -s 13 -11 324 12 62 2 

*Zero output 

,, ~ 



TABLE C-5 

PERCENTAGE DIFFERENCES BETWEEN ESTIMATED AND ACTUAL 1958 OUTPUTS 
(COLUMN COEFFICIENT MODEL, 79x51 LEVEL) 

1 2 3 4 5 6 7 R 

I0-1 10-2 I0-14 I0-15 I0-13 10-59 10-60 10-61 

l ALABAMA -2 23 29 56 192 1', 319 55 

2 ARIZONA 59 -15 16 * -21 57 43 268 
3 ARKANSAS 10 19 67 * -51 73 1104 129 

4 CALIFORNIA 29 -15 3 21 68 l? -s 29 
5 COLORADO 38 -18 14 * -59 1 394 -;:>S 

6 CONNECTICUT -14 18 l -RO -9 183 1 -r,2 

7 DELAWARE -2 -16 -3 * 0 34 60 -3R 
8 DISTRICT OF COLUMBIA * * -18 * 0 0 0 0 

9 FLORIDA -1 34 19 -29 182 17 397 31 

10 GEORGIA -7 16 8 -33 -30 -R -23 201 
11 IDAHO -6 15 35 * 188 -2? 2848 702 

12 ILLINOIS -18 -8 0 -28 -6 -1 -60 4 

13 INDIANA -19 26 7 12 145 -s -lfl 1.7 

14 IOWA -9 -2 17 * 38 -3 -77 111 

15 KANSAS 41 -36 17 * 0 -11 -23 248 

16 KENTUCKY -7 47 -8 -1 0 -34 -70 -34 

17 LOUISIANA -21 43 27 -35 393 20 13213 89 
18 MAINE 10 11 20 * -57 -69 -39 12 
19 MARYLAND 6 3 3 -40 -81 130 -ss -I 

20 MASSACHUSETTS -8 29 7 -52 -59 39 38 -45 

21 MICHIGAN -3 17 4 -29 -63 lf. -10 11 V, 

22 MINNESOTA -9 -s 4 0 -4 4 7 -31 w 

23 MISSISSIPPI -10 39 22 * 0 -lR . o -Q"i 

24 MISSOURI -15 19 1 55 -35 31 -30 11 

25 MONTANA -23 0 30 * 0 -41 0 f,9 

26 NEBRASKA 8 -34 6 * -93 128 3 A4 

27 NEI/ADA -33 30 13 * 0 -51 -70 * 
28 NEW HAMPSHIRE -14 20 21 0 0 -46 0 100 

29 NEW JERSEY -21 12 -2 -38 -87 -4R -s -2? 

30 NEW MEXICO 11 5 31 * -1 -9 -90 * 
31 NEW YORK 0 46 0 2 -88 I 44 -1n 
32 NORTH CAROLINA -11 9 24 3 -80 19 667 119 

33 NORTH DAKOTA -20 -18 7 * 0 0 0 * 
34 OHIO -13 19 3 -7 91 20 -14 12 

35 OKLAHOMA 10 -11 9 * -67 19(1 46Q -7 

36 OREGON -IS -IS -o * -40 128 -2 66 

37 PENNSYLVANIA -1 49 12 9 -29 f, 162 13 

38 RHODE ISLAND -12 39 17 -79 -99 A 210 77 

39 SOUTH CAROLINA -19 21 43 106 0 lS 0 307 

40 SOUTH DAKOTA -10 -24 22 * 0 SR 0 -2s 
41 TENNESSEE -IS 38 22 -62 31 -3n 809 ?f, 

42 TEXAS 4 -44 11 -46 103 1 f, -2f. 23 

43 UTAH -7 27 9 * 266 15 880 133 

44 VERMONT 14 132 13 * 0 0 4342 -47 

45 VIRGINIA -13 16 9 1 -95 lOQ 144 -54 

46 WASHINGTON -8 -9 11 * 516 5 -52 R9 

47 WEST VIRGINIA -26 86 11 -14 3590 l -95 20() 

48 WISCONSIN -7 102 1 -70 383 31 -78 17 

49 WYOMING -18 46 83 * 0 0 119 -21 

50 ALASKA 7 -11 7 * * * * * 
51 HAWAII -2 -1 5 * * 16 * 10 

52 NATIONAL TOTAL -4 -2 7 -1 -21 12 -2 7 

*Zero output 



TABLE .:.. - 6 

PERCENTAGE DIFFE RENCES BET~EEN FSTIM AT ED A~D ACTUAL 1961 OU TP UTS 
(COLUMN CO EFFIC IENT MODEL, 79x51 LEVEL ) 

I 2 l 4 5 f, 7 H 

10-1 10-2 10-] 4 10 -15 I 0 -1 3 ro- so I0-6 r, I 0-61 

l ALABAMA -.6 • l -.5 .4 . 6 - • 1 .4 • q 

2 ARIZONA -.8 -.6 .3 .8 .6 -.1 • l .9 
3 ARKANSAS -.7 -.1 -.4 • l .1 -.? . 3 • <; 

4 CALIFO RNIA -.3 -.3 .s • l .6 -.2 -.9 I • c; 
5 COLORADO -.9 -1 .2 • 1 • l . 6 -.2 .3 1. 0 
6 CONNECTICUT -.3 .6 - .1 .2 .7 - 0 r. .5 . 9 
7 DELAWARE -.s .3 -.3 -.7 , 6 .n .2 .9 
8 DISTRICT OF COLUMBIA * ·k -.2 -.4 .7 - • 1 .4 .Q 

9 FLORIDA -.s .6 -.3 .1 . 6 • 0 .4 • 0 

10 GEORGIA - .A • l - .6 • l .7 . o . 3 , A 

11 IDAHO -.7 -.8 . 4 .9 .6 - • 1 .3 1. 0 
12 ILLINOI S -.6 • 1 -.2 .4 .6 - • l .4 .A 
13 INDIANA -.6 -.1 -.3 .4 .6 - • 1 .4 • A 

14 IOWA -. 9 -1.0 -.4 .5 .6 -.2 . ,, 1. 0 
15 KANSAS -1.1 -1 .3 -.3 • 1 .7 -.? . l I • l 

16 KENTUCKY -.6 .4 -.4 .5 .6 - • 1 .2 .A 

17 LOUISIANA -.7 .o -.4 .2 .6 -.? . 3 • q 

18 MAINE -.4 .6 -.2 .3 .6 -. o .4 . 9 
19 MARYLAND -.s ,5 -.3 - • 1 .7 .o ,4 • Q 

20 MASSAC~USF.TTS -.3 .6 -.1 . o .6 -.n • c; . 9 
21 MICHIGAN -.s .3 -. 2 .2 .6 -.1 . c; .A V, 

22 MINNESOTA -.8 -1. 0 -.3 .2 • f, -.? .3 1 • (l +' 

23 MISSISSIPPI -.7 • 0 -.5 .9 .7 - • 1 .4 I• ? 
?4 MISSOURI -,8 -.8 -. 3 .5 .6 - • ? .2 1 • n 
25 MONTANA -1.0 -1.5 .3 • l , 7 -.? • I . P 

26 NEBRASl<A -1.0 -1.3 - . 3 • 1 . 6 -.2 .2 l • n 
27 NEVADA -.8 -1 , l .4 .9 . 1 -.1 .2 l. 1 
28 NEW HAMPSHIRE -.3 .s - • 1 .8 .6 -. n . I', , 9 

29 NEW JERSEY -.4 .6 -.2 • 1 .6 -. o .4 . R 
30 NEW MEXICO -.8 -.9 • I .9 .6 - .4 , 6 . 9 

31 NEW YORK -.3 ,6 - • l - • I . 6 -. n . s . A 
32 NORTH CAROLINA -.5 .3 -.4 . o .6 • '1 .4 . A 

33 NORTH DAKOTA -1.0 -1,4 -.3 .9 ,7 - • 1 .4 .6 

34 OHIO -.5 ,3 -.2 .3 ,7 - • 1 .4 .A 

35 OKLAHOMA -.9 -.9 -.3 • I .7 -.? .3 1 • I) 

36 OREGON -.4 -.6 .6 -.2 .1 -,2 .? J.l 
37 PENNSYLVANIA .- .4 .s -.2 • f, .1 -,n .4 . 9 

38 RHODE I SLAND -.3 .5 -.1 -.3 .6 -. () .4 , Ci 

39 SOUTH CAROLINA -.s -.o -.4 -.8 .6 .n .3 . ;,, 
40 SOUTH DAKOTA -1.0 -1.7 -.4 ,9 .1 -.? • I . 9 

41 TENNESSEE -.6 -.o -.s .4 ,6 - • 1 .4 1 • I) 
4? TEXAS -.8 -.3 -.3 .2 .1 -.? .3 .9 

43 UTAH -.6 -.R ,4 .9 ,6 -.1 .3 1.n 
44 VERMONT -.3 .1 -.? .1 .9 • 1 .s . 6 
45 VIRGINIA -.5 ,4 -.4 -.5 . 7 .o , 3 .A 
46 WASHINGTON -.3 -.6 .8 -.2 .7 - .? .o 1.1 
47 WEST VIRGINIA -.4 .4 -.3 • 1 1,0 .n .9 .7 
4A WISCONSIN -.6 -.3 -.? .4 .6 -.] .4 .9 
49 WYOMING -1.1 -1.9 .o .13 .6 - • I .2 1. 1 
50 ALASKA .3 • 1 ,9 ,9 - • 1 - .1 .2 -.o 
51 HAWAII l. 1 .4 ,1 .9 .2 -.? • 1 1.2 
52 NATIONAL TOTAL -.7 -.3 - .1 • 1 .6 - • l • 1 .9 

*Zero output 



l 1;JEST.JCK 
2 Li 7 · ➔ ER A Gk I CUL TU" E 

3 ""!", Ifl<G 
:cJNS TRu(T k~ 

:, - ~ ; '1, TuLACU 

6 f-tJRICS,T[XTIU· po,10s. 

7 T;? ,\NS P.lOUI P. ,c.JPOI\A"-Cic 
,, ·, -' JUF. PRU CS., EXC. MACH. -~ 

9 •'._ f-!NE~Y,f~UlPMEfl,T 

l C, 5' ' VlCf.S 

• 

T t,AI. E C-7 

elt:!';HT!-:~ 0 EP(f:il!TAGE Clf-F'::REfl<C!:S BETWl'Ef\: ESTJ,·1AltG A/\JD ACTl 1AL l<J47 Jc!TPUTS 
I CJI.Ut'~I 1.,[t. Ff- IC I ':NT MCOi:L I 

i 
r-i £ ~ 

t l'.(;L,:.'-) 

2. 
MJl))L': 

HLA HI C 

3 -'t ., 6 7 

c AST ,,,.; E:S T s-.:uT!1 EAST wfST 

', J t< TH NUl<TH ATLANTIC SOUTt-' 5 -JtJTH 

CENTf.' ,lL C EUR AL CENTRAL CENTRAL 

-J.O -1, ~ 
! • l ? • , 

-1 ::;. 3 -12.4 1.5 o.s o.u 
-4.e - 3 3. 1 11.3 l. l 0.1 

0.5 -2 '•. P 
-')o {:, -1~3 1? 

4.8 11. '-+ 
- 2d. l -i.!'.o c; 

4. l - le,• !3 
-1 b • ' ) -51.2 

- l • r; S.;, 4 

-.?.&. 6 4',.t 

-b.3 0.7 - b • l -3.8 20.9 
- B . 7 3 . ? -1 1. 2 -3.2 o.6 

!t. 4 -~.g 19.o 21.4 8.3 
-J.5 -o • . ~ 47. J 11.0 4o? 

- 3 ..; . 2 14.5 l :>. 5 5.5 12.3 
-1-:..e 16.0 ~1.9 15.fl 79.0 
-13. 4 11. 2 24.l 14.5 15.1 
-44.8 .?. • 9 2 9. 8 -19.~ -42. A 

8 <; 

"IJIJNT A! N PACIFIC 

. , 
V, 
V, 

3o 3 5.2 
'J. 4 0.6 
a. 7 -6.<J 
l. 3 -14. 6 
7.1 16.5 
o. 4 a.o 
5.5 27.7 

12.6 26.l 
5.4 4(1. 2 

l '.). 5 -9.8 



TABLE C-8 

WEIGHTEC PfRCE~TAGl CIFFfRENCES BETWEEN ESTIMATED AND ACTUAi. 1G58 JUTPUTS 
(COLUMN COEFFICIENT MODELI 

1 2 3 4 5 6 7 8 9 
1\1 E ,i MIDIJLE El\ST Wi:ST SCUTH ~-AST wEST "luUNTAif\ PACIFIC 

ENG LAND ATLANTIC NDRH-i NCRTH ATLAIHIC SOUTH SOUTH 
CENTRAL CE'NTRAL CENTRAL CENTRAL 

I 

V, 

1 LIV ES TOCK -J.2 -Q.7 -8. 6 -4.(j -2.9 -2.0 0.9 1 .o 3.4 "' 
2 OTHER AGRICULTURE J.8 4. 3 6.3 -12.4 6.6 6.4 -12 .9 -0.6 -6.2 
3 f-lHdNG J.3 -1. 9 -o.s ()., 7 -u.1 -0.4 1. 9 -1. 1 -4.2 
4 CJ~-' STRUCT rm, -J.9 -4. 7 - 6 • l - : • 8 -2.2 -c • 7 -4.2 -Q.O -1.2 
5 FODD,TOBACCIJ 1.6 4.0 3.2 10.9 9.6 3.6 11.0 4.3 4. 3 
6 FAHRICS,TEXTILE PRODS• -4.6 ~6.5 1.6 i.l • () 13.2 4.3 1.6 0.2 z. l 
7 TRANSP.EQUI P. ,ORDNANCE -2.3 -2.1 42.l c.o 1. 8 2.5 2.3 3.3 -1 .3 
8 MANUF.PROuS.,EXC.MACH. l. 1 ZC.9 ... 6.5 o.6 28. ~ 9.6 21.2 3. 5 -6.2 
9 ~ACHINEPY,fCUIPMENT 4.6 -e.1 3.3 4.1 8.4 1.3 6.9 3.4 17.9 

10 $[;{VICES -3.C 16.6 -61.2 9.7 9. 7 -3.4 -18.3 7.1 -10.1 



APPENDIX D 

GRAVITY COEFFICIENT MODEL COMPARISONS 



TA~LE (;-1 

PEOCENT•GE OIFFE~~~CES P.ETWEE'J ESTIMATED ANO ACTUAi. 
(GRAVITY CUEFFICIENT MODEL) 

1947 OUTPUTS 

? 3 '• 5 6 7 8 9 l() l\t w f" lf;DLi:: UST WEST SuUTH f:AST WEST ~' JUNTA IN PACIFIC NAT ION AL !.:NGL .M,O ATLAI\JTIC NORTH NORTH ATLANTIC SJUTH SOUTH INDUSTRY CENTRAL CENTRAL CENTf<AL CEtJTR Al TOTAL 

1 UVESTOrK -7 -:, -2C -7 lL J 2 17 18 -4 V, 
CX) 2 CTHER AGRICULTURE 2 1 l; -6 -~6 34 -5 u CJ -5 -6 3 MINING 15 -52 -28 18 -21 -25 36 21 - 2<; -6 4 CrNSTRtiCT[ Cr,; -15 -11 -c 5 -12 -9 7 4 -11 -6 5 FJGC,TJF!ACC O 12 8 l e 10 47 11 31 15 lG 6 FABRICS, TEXT I Lt PPlJOS • -46 -1 -17 4 4i 62 63 98 96 e 7 TRANSP.EQUH'. , ;; 1?f.f',I\NCE -1 -lJ -9 62 1J4 1C7 196 63Q 60 11 3 MANUF.Pi<ODS.,EXC.~ACl-'e -17 -5 -2 24 25 lJ 67 33 6 6 9 MAChINERY,EUUIPMENT -2 :, - 1 2.6 131 215 139 234 114 16 10 Sf-RI/ICES -11 ? -5 2 6 -12 -11 8 -~ -1 11 REGIGNAL TS TAL -13 J -5 3 15 8 16 19 5 r 

Ii ~ 



1 LIVEST-JC!< 
2 0 TH ER 11\ , R I CUL fUP E 
3 MINI'IIG 

'• CU,S T°<LJCT!'f 
5 FCL,O, TGPACC~l 
6 FAt3RICS, TE:X TI LI: Pk '1 r·s. 
7 TRANSP.t(,)t.: I P. ,C1<L)NANCF 
8 MANUF.PR~DS.,EXCa~AC~. 
9 MAU-< I 's E f-- Y , t- (~ I J I f' '1 I:' ~; T 

10 sc ,: vICES 
11 Fi::GICNAL Tf'l l t,L 

Tt.PLF C-2 

PERrt: ,~TI\Gl DIFR~RENCFS R[TwEEN ESTI~ATEJ AND ACTUAL 195R OUTPUTS 
(GRAVITY COEFFICIENT MJDELJ 

.~ 1 4 '..i 6 7 
"l ;_:: .✓ "IlJ)Lt' E AS r ;~ t:S T SuUTH ttST W[ST 

Lfl:GL .:it, C:; HLAI\TIC N,Jf':TH ND~TH ATU.NT!C SOUTH SOUTH 
Ul\iTi<lll. Ct.NTRAI. CEI\TRt.L U·NTRAL 

-s J -14 -1 -il -17 5 
22 38 l 3 -14 21t 10 -31 
l: --, -tl 13 -5 -':, 5 
- ,? ~ -4 -1 -,) -2 -4 

3 t l 13 6 6 l ') 
-12 -1 l 5 7 2 '.> 15 
-2 -1 15 15 12 17 4 

4 l c; 1 ', 15 fl 18 
4 -2 2 17 1 <, 11 44 

-1 0 -7 4 2. -2 -5 '-
;., 2 l 5 5 3 2 

e 9 10 
MO'Ji\JTAJIIJ PACIFIC I\JAT IONAL 

I NOUS TRY 
TCTAL 

7 14 -4 \.n 

'° 4 -18 -3 
-6 - 24 -2 

0 -1 -2 
20 3 6 
14 21.1 3 
55 0 9 

13 -7 8 
q3 3:J 6 

5 -2 -1 
7 -1 2 



1 1.IV ESTO CK 
2 OTHER AGP I CULTURE 
3 'I I fl. INl, 
4 C Jf\ SH, UC TI t.t,, 

5 FC OD, TC•B i.CCfi 
6 FAHqlCS,TEXTILE PRJDS . 
7 TRA NSP ,ECJUIP. , C:RDI\AN CI: 
8 MANUF.PR UDS ., EXC.MACH. 
9 MACHINE~Y, ct.'lJ I Pf"EN T 

l ·J SE R I/ICE S 
11 RE.GJ::.;NA I_ Tr,T AL 

TllBU' f;-3 

P!:'i<Ct 1\JTAGE DlHl:R':-'-iCc.S flfT,.tf:-N i:S lIM AT,: LJ i\N[' ACTU,,L 1963 OU TPUT •; 
(GRAVITY COEFFIClfNT MOD~LI 

l 2 3 4 5 (:; 7 
II. c ,, r,, I Ul) L :: 1:1',ST viES T S .J UT rl fAS1 W i;S T 

f:l\(;L/'1!\C ATLA'\JTl( WiR TH N0° TH HL/\NTIC sc.,u r:1 SCUTH 
Cf::NTR.AL CENTRAi_ CENT f.lAL CENTf<.AL 

-0. j - c . a -\,,;. u -J. J - u . ,._; u. 2 {1 . u 
1. l 0.9 :J.6 -J.2 L· • 3 C,7 U.3 
o. 5 o. 2 0.9 z.s '-'• j lo 5 0.4 
~ • : _i . 1 . (j 

,-. 
~I e •~.' ·.) ...... , ·) . \) ,J • .J '-' . -· 

-._J. 0 -0,l -0.1 -0.1 -u. 2 - o.o -0.1 
·J. 2 l.1 U • l 0.1 - v. -.I 0 . l -u .1 
J.5 :J .4 c.2 Ci.l u.4 Q.4 0.3 
J. 3 Cc l o. J Uol v .l u. 2 - o. u 
c.z L • l C. l u,l .,; • l v . 2 :, • 1 
J .O o.o o.o o.o u.o 0.1 o.o 
:.; . 2 C • l C. l u . L ,_; . •v' ,. l ~· • L 

~ 

8 9 
"I V J!,TA l is Pi,C!FIC 

J. 1 ·l • b 
-J.O 0.3 
-2. 7. 1. '3 
- J . J '.l . u 
o. 4 o. 7 

- CJ • l 0 . l 
o.s -o.o 
,J. 2 G.5 

-0.l 0 .2 
-o. l o. l 
< : .l •;. 2 

lu 
NAT ILJNAL 
l !\/CUSTRY 

TO TAL 

~..; • l 
0.4 
C.4 
J.0 
o.o 
c.u 
0.2 
0 • l 
J.l 
o.o 
:J • l 

0--
0 



TABLE 0-4 

WEIGHTtD PERCENTAGE CIFFERtNCcS BETWtEN ESTIMATtC ANO ACTUAL 1q47 OUTPUTS 
(GRAVITY COEFFICIENT MODtLI 

l 2 3 4 5 6 1 8 9 
"li:W t-lI DOLE EAST wEST SOUTH EAST WEST MOUNTAIN PACIFIC 

El\iGLAI\U ATLANTIC NORTH rJCRTH 41LANTIC SOUTH SOUTrl 
CENTRAL CENTRAL CENTRAL CENTRAi. 

I 

°' l LIVESTOCK -J.5 -1.2 -15.2 -1.0 2.6 -0.1 0.1 3.5 3.7 ,.... 
2 OTHER AGRICULTURE u. l 2. d - 3. 1 -34.5 11. l -1 .2 5.1 l. 9 -1.9 
3 MINING J.8 -25.l -8. l 3.0 -5. 5 -4. l 25.9 3.9 -6.7 
4 CONSTRUCT IJN -5.7 -12.s -806 3.4 -11.4 -3.3 1.0 1. 2 -14.9 
5 FOOD,TOBACCO 3.2 11. 6 2. 7 12.0 12.9 22.4 a.o 6.2 13.2 
6 FABRICS,TEXTILf. PRUOS. -29.4 -6. 8 -4.4 Q.4 43.9 13.0 4.2 o.5 a.1 
7 TKANSP.EQUIP. ,ORDI\ANCE - ,). 2 -1.2 -23.4 13. 2 15.2 5.9 12.4 6.8 22.3 
8 MANUF.PROOS.,EXC.MACH. -23.5 -21.4 -8 • 8 2C.8 35. 9 8.7 88.l 10.0 13.5 
9 ~ACHINERY,EQUIPMENT -1.7 10.6 -1.1 9.2 18.6 15.2 16. 8 6. 4 31. 7 

10 StRVICES -28.6 55.5 -42.3 7.1 24.8 -20.3 -38.l 9.5 -15.3 



TABLE C-5 

WEIGHTE D PERCE~TAG E CI~F ERE NC ES HET~ EEN ESTI MATE D ANO ACTUAL 19 58 '.lUTPUTS 
(GRAVITY CJ EFFICIENT MODEL) 

1 2 3 4 5 6 7 8 9 
'-~ EA MIC) L': c AS T ¼ f. s r :, .:: UT H EAST ,;EST 'V1UNT .A I N PACIFIC 

EN GLAN D ATLANTIC Nl]R TH NOKTH ATLANTIC SOUTH SOUTH 
CF.I\TRAL CEr--TRAI_ CENTRAL CENTRAL 

t 

a, 
N 

1 LIVE-STOCK -0.4 o. 0 -9. 1 -1 • 1 -3.3 -3.5 1. 3 1. 6 3.0 
2 OTHER AGRICULTUR E d .3 4. 't 6. 5 -10.7 8.2 4.9 -14.4 0.1 -8.0 
3 1"1INING 0.4 -2.l -1.5 1. 3 -0. <J -0.6 3.7 -1. 5 -4.5 
4 CONSTRUCTIUN -loO -4.5 -6. Z - 0 .5 - 2 . ~ - o.s -4.l ll • 0 -1.4 
5 F CL, D, TJ BAC C'.J I) .'l 5. C 2.3 15.6 7. 2 3.5 10.4 4.3 3.1 
6 FA BRICS,TEXTILE PRO DS. -4.5 -1 • 7 Go l o.3 s. 0 5.9 1.3 o. l 2. 6 
7 TRANSP.tQUIP.,ORDNANCE -u.6 -(1. 6 30.7 6.5 3.9 1.1 u.1 2.6 -0.2 
8 MANUF.PRODS.,EXC.MACH. 4.5 30. 5 41. 8 13.l 23.3 6.9 30.5 5.2 -13.8 
9 MACHINERY,cQUIPMENT 2. 4 -4. l 3.9 6.6 5.0 2.1 7.5 4.0 14.l 

10 SERVICES -1.6 20. l -63.6 13.8 7. 9 -4.3 -17.7 7.8 -12.e 



APPENDIX E 

PERCENTAGE CHANGES IN OUTPUTS, 
1947 TO 1958, 1963, 1970, 1980 



1 LIVESTOCK 
2 OTHE~ AGR[CULTURE 
·i Mli\JING 
4 CONSTRUCT I ON 
~ FOOD,TOBACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,JRDNANCE 
8 MANUf.PROOS.,EKC.MACH. 
9 MACHINERY,EQUIP~FNT 

10 SE RVICES 
11 REGIONAL TOTAL 

1 

T/\ Rlf E·-l 

NEW E\JGLAND 
PERCENT/I.GE CHANGE:S IN OUTPUTS 

( 1g53,Lq6311970,l980) 

ACTUAL 
DAU 

2 3 

COLUMN 
MCDEL 

4 
(58-47)/47 (63-47)/47 (70-47)/47 {80-47)/47 

26 1 n - u 47 98 
3 27 38 89 

19 47 96 196 
71 97 98 248 
45 67 C)Q 162 

-21 -18 13 60 
160 214 360 469 

8 38 84 176 
12 60 l33 276 
36 68 126 252 
26 56 107 216 

5 

GRAV! TY 
MODEL 

6 
(70-47)/47 (80-47)/47 

49 106 
42 88 
81 154 
g7 247 
93 174 

4 36 
382 464 

74 152 
107 212 
124 246 
100 198 

Q'\ 
.p.. 



l LIVESTOCK 
2 OTHER AGRICULTJRE 
3 MINING 
4 CONSTRUCTION 
5 FOOO,TDBACCO 
6 FABRICS,TEXTILE PRODS. 
7 fRANSP.EQUIP.,ORONANCf 
8 MANUF.PROOS.,EXC.MACH. 
9 MACHINERY,EOUIPMENT 

l O SERVICES 
11 REGIONAL TOTAL 

1 

Ud",L > E-? 

t-HDOLE AfLANl [C 
PERCENT~GE CHANGES IN OUTPUTS 

( 1g5e, l963, 1970, 198G, 

ACTUAL 
01\TI\ 

2 3 

COLUMN 
MOOEl 

4 
(58-47)/47 (63-47)/47 (70-47)/47 (80-47)/47 

18 21 37 84 
11 53 56 112 

-38 -35 -12 32 
72 70 111 286 
30 43 64 121 
17 31 83 161 
39 78 161 236 
ll 38 85 177 
36 70 154 312 
37 63 110 213 
29 53 101 203 

5 

GRAVITY 
~ODEL 

6 
(70-47)/47 (80-47)/47 

31 68 
47 88 

-15 27 
111 286 
62 11& 
75 136 

163 215 
83 167 

161 321 
110 211 
101 198 

Cj\ 
V1 



l LI VE STOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOOO,TOBACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,QRDNANCE 
8 MANUF.PRODS.,EXC.MACH. 
9 MACHINiRY,EQUIPMENT 

LO SERVICES 
11 REGIONAL TOTAL 

l 

I A8U- f-1 

EAST 'JORTH Ct:'JT~Al 
PERCENTAGE CHA~GES IN OUTPUTS 

(lg~8,1Y63,l970,198 G) 

ACTUAL 
Ol\TA 

2 3 

COLUMN 
MODEL 

4 
(58-47)/47 (63-47)/47 (70 - 47)/47 (80-47)/47 

16 8 23 67 
8 29 38 87 

-5 8 46 120 
55 'j 7 92 233 
23 37 62 125 
14 45 105 194 
15 94 177 267 
16 53 106 20 8 
16 54 132 275 
44 65 128 264 
28 58 114 227 

5 

GRAVITY 
MODEL 

6 
(70-47)/47 (80-47)/47 

24 67 
37 87 
46 120 
92 233 
61 123 

117 236 
163 254 
1 ()5 203 
l 30 259 
127 262 
112 223 

-v 

°' °' 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOOD,TORACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,ORDNANCE 
8 MANUF.PROOS.,EXC.MACH. 
9 MACHINERY,EQUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

1 

TABLE E-4 

WEST NORTH CE~fRAL 
PERCENTAGE CHANGES IN OUTPUT S 

(1958,1963,1970.1980) 

ACTUAL 
DATA 

2 3 

COLUMN 
MODEL 

4 
(58-47)/47 (61-47)/47 (70-47)/47 (80-47)/47 

22 23 38 86 
14 5 12 52 
15 35 84 176 
58 43 69 179 
10 29 51 108 
17 36 90 171 

18 l 275 461 655 
45 8 l 140 260 
49 113 222 435 
31 54 102 216 
32 50 90 185 

~ 

5 

GRAVITY 
MODEL 

6 
( 70-47) /4 7 (80-47)/47 

31 69 
5 37 

78 156 
68 178 
45 91 
81 150 

512 746 
134 252 
208 459 
l 00 213 

87 179 

"' --.J 



l't· 

1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
:, FOOD,TOBACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,JRDNANCE 
8 MANUf.PROOS.,EXC.MACH. 
g MACHINtRY,fQUlPMENT 

l O SER VIC[ S 
11 REGIJNAL TOTAL 

l 

T Af: Lf: [-5 

SOUTH ATLANTIC 
PERCfl\JTI\GE CHA\IGES IN OUTPUTS 

I 1'158, l'J63, 1970, 1980) 

ACTUAL 
DI\Tfl 

2 3 

COLUMN 
MODEL 

4 
(58-47)/47 (63-47)/47 (70-47)/47 (80-47)/47 

55 50 73 138 
't5 Jg 94 171 
-8 2 37 110 
70 98 124 337 
35 61 98 185 
58 111 201 339 

216 346 589 856 
56 122 197 363 

155 356 592 1077 
63 113 207 435 
59 107 182 362 

,, 

5 

GRAVITY 
~OOEL 

6 
(70-47)/47 (80-47)/47 

78 153 
95 179 
33 108 

124 338 
103 199 
21g 389 
674 1042 
195 383 
619 1243 
208 440 
186 380 

°' 00 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOOD, TOBACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,ORDNANCf 
8 MANUF.PROOS.,EXC.MACH. 
9 MACHINERY,EQUIPMENT 

10 SER\I ICES 
11 REGIONAL TOTAL 

1 

Li\ BU- E-6 

EAST SOUTrl CE~TRAL 
PERCENTAGE CHA~GES IN OUTPUTS 

(1958,1963,1970,1980) 

ACTUAL 
DATA 

2 3 

· COLUMN 
MODEL 

4 
(58-47)/47 (61-47)/47 (70-47)/47 (80-47)/47 

41 39 59 119 
-3 54 59 120 
-6 6 43 121 
58 75 129 341 
65 92 137 238 
55 118 211 351 

149 326 552 791 
43 91 160 303 

253 392 662 1192 
38 70 146 327 
46 83 150 306 

5 

GRAVITY 
MODEL 

6 
(70-47)/47 (80-47)/47 

66 145 
40 105 
40 135 

129 342 
145 257 
189 298 
507 686 
162 339 
704 1413 
145 331 
149 318 

a, 
\0 



1 LIVESTOCK 
2 OTHER AGRICULTJRE 
"3 MININ;'.; 
4 CONSTRUCTION 
5 FOUD,TU BACCO 
6 FAORICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,JRDNANCE 
8 MANUF.PROOS.,E~C.MACH. 
9 MACHINERY,EQUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

l 

Tr,HLt f-7 

WCST SOUTH CENTKAL 
PERC~NTAGE CHANGES lN OUTPUTS 

( 19 'i8, 1963, 1g70, 1980) 

ACTUAL 
!HTi\ 

2 3 

COLUMN 
MODEL 

4 
(58-47)/47 (63-47)/47 (70-47)/47 (80-47)/47 

27 ·rn 59 119 
56 30 79 146 
52 81 145 271 
56 5 l 79 198 

9 45 82 167 
73 141 247 410 

3l9 56l ll08 1535 
81 149 245 424 
99 261 529 967 
~8 6'1 142 311 
50 81 154 304 

,. 

5 

GRAVITY 
MODEL 

6 
(70-47)/47 (80-47)/47 

72 145 
112 198 
165 295 

AO 200 
87 180 

271 472 
1246 1705 

274 467 
667 1224 
148 319 
169 327 

-..J 
0 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOOD,TOBACCO 
6 FABRICS,T EXTILE PRODS. 
7 TRANSP.EQUIP.,ORDNANCE 
8 MANUF.PRODS.,EXC.MACH. 
9 MACHINERY,EQUIPMENT 

l O SER VICES 
11 REGIONAL TOTAL 

l 

fABLf E-8 

MOUNTAIN 
PERC ENTAGE CHANGES IN OUTPUT \ 

( 1958,1963,1970.1980) 

ACTUAL 
DATA 

2 3 

COLUMN 
MODEL 

4 
(58-47)/47 (63-47)/47 (70-47)/47 (80-47)/47 

49 66 86 156 
32 36 52 109 
98 134 192 354 

125 139 165 418 
53 108 145 253 
79 160 248 398 

527 1301 2027 2738 
86 142 218 402 

119 398 692 1276 
65 114 186 383 
75 119 179 358 

5 

GRAVITY 
MODEL 

6 
(70-47)/47 (80-47)/47 

71 121 
41 85 

167 337 
165 417 
137 234 
261 416 

1795 2441 
204 397 
700 1210 
183 379 
171 346 

...... 
I-" 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOOD,TOBACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUIP.,ORONANCE 
8 MANUF.PROOS.,EXC.MACH. 
9 MACHINERY,EQUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

1 

TABLE E-9 

PACIFIC 
PERCENTAGE CHA~GES IN OUTPUTS 

(lq58,1963,1970,l980) 

ACTUAL 
DATA 

2 3 

COLUMN 
MODEL 

4 
(58-47)/47 (63-47)/47 (70-47)/47 (80-47)/47 

48 88 116 210 
46 44 69 135 
17 18 50 137 
48 131 87 266 
55 89 134 254 

111 190 318 519 
227 340 543 728 

67 109 173 328 
131 340 558 1028 

54 96 168 360 
63 114 173 350 

5 

GRAVITY 
MODEL 

6 
(70-47)/47 (80-47)/47 

116 217 
69 140 
54 143 
87 266 

135 260 
300 482 
549 724 
170 331 
538 1034 
168 360 
172 351 

...... 
N 



l LIV ES TOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CCNSTRUCTION 
5 FQOD,TOBACC O 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.EQUJP. ,ORDNANCE 
8 MANUF.PRODS.,ExC.~ACH. 
9 MACHINEPY,EQUIPMENT 

10 SERVICES 
11 NATIONAL TOTAL 

1 !\ Sl r- i=- l.J 

i\JATI CN ~L INDUSTRY T1JTAt. 
PERCENTAGE CHANGES IN OUTPUTS 

( 1958, 1 ·-n , , 1971; , l 1fl,J) 

ACTUAL 
DATA 

. C')LIJMN 
~ODFI_ 

GRl\VITY 
!l.1DDEI . 

1 2 I 3 4 I s 6 
(58-47)/47 (63-47)/47 (70-47)/47 (B 0-47)/47 (7 0-47)/47 (8 0-47)/47 

28 30 48 103 47 100 
25 32 48 103 48 103 
15 32 76 168 78 172 
63 81 g9 264 99 264 
29 52 Pl 157 81 157 
26 55 119 216 119 215 
66 148 265 381 2&4 381 
30 69 127 244 126 244 
35 90 186 369 186 369 
44 74 137 285 137 2R5 
3q 71 128 256 128 256 

....... 
w 



APPENDIX F 

ANNUAL COMPOUND RATES OF GROWTH OF OUTPUTS 
1947 TO 1980 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CON ST PUCT JON 
5 FO!JD,TDBACCG 
6 FABRICS,TFXTILE PRODS. 
7 TRANSP.EOUIP.,ORDN~NCE 
8 MANUF.PROOS.,EXC.~ACH. 
9 MACHINERY,EOUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

Tl\hlfF-1 

NEW UJGU\ND 
ANNUAL CCMPr'U"-10 RATES CF GROWTH Qr- GlJTDUTS 

( l q 4 7 F l l 9 8 1.. ) 

1 

/\CTUAL 
CAT A 

2 
47 Fl 58 58 TD 63 

2.1 0.7 
0.3 4.3 
1.6 4.3 
5o J ?.,:, 9 
3. , .. 2. 3 

-2.2 0.1 
9-1 3.8 
f) • 7 5.0 
lo 1 7o 4 
2.9 4.3 
2.1 4.3 

3 

. CJLU~N 
MODfL 

4 
63 TO 70 70 TO 30 

1.8 3.0 
1.2 3.2 
4.2 4.?. 
'.)., l 5c8 
1.Q 3. 1 
4.8 3.6 
5.6 2.2 
4.2 4.1 
5o 5 4o9 
4.4 4.5 
4.1 4.3 

5 

GqAVITY 
~~ODE L 

6 

63 TO 70 70 TO 80 

Zo 0 3o 3 
1.5 2.8 
3.CJ 3.4 
Cle ·) 5.8 
2. 2 3.5 
3o 4 ?o 7 
6 ') • L. 1.6 
3. -~ 3.8 
3,, 7 4o 2 
4.Z 4.5 
3. t, 4o 1 

--.i 
V, 



l LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTR.UCTION 
5 F 0 0 D, HlBAcc n 
6 FABRICS,TEXTILE PPJDS. 
7 TRANSD.EQUJP., ORDNANCF 
8 MANuF .. PRODSo, !:XC, MACH,. 
9 MACHINERY,EQUIPM~NT 

10 SERVICES 
l l REGIONAL TOTAL 

TI\S L E ~ - 2 

"1 1 D :) L <:. A TL A 'H 1 C 
~NNtJAL CC~P 'JU~H; RAT ES 1 c GR :1 WTH ,~1l= 0 UTPtJTS 

( 194 7 T n 19 HO I 

l 

t,.r-TU/lL 
DATA 

2 
47 T'J 58 58 TO 63 

1.5 0 .5 
0.9 6.7 

-4o 3 l. l 
5.0 -0. l 
2.4 lo 9 
1.4 2.4 
3.0 5.1 
l., 0 4., 5 
2.8 4.6 
2.9 3o 5 
2.4 3.4 

3 

. CDUJ MN 
~DnEL 

4 
63 TIJ 7C 7 (1 TO BO 

1. 8 3. 0 
0.3 3.1 
4.2 4.2 
3. l 6.2 
1 ,, 9 3 ,, 0 
4.9 3.6 
5.6 2.6 
4.2 4.t 
5.9 4.9 
3o 7 4., l 
4. 0 4.2 

5 

GRAVITY 
MCJOEL 

6 
63 TO 7(1 70 T O 80 

l • ?. 2.5 
-o. 7 2.5 

3.8 4. l 
3. 1 6.2 
1., H 2,,9 
4.2 3. fJ 
5.7 1.8 
4.1 3.9 
6.3 4.9 
3o 7 4o0 
3.9 4. ,1 

-...J 
a-, 



l LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOOD, TOBACCO 
6 FABRICS,TEXTILE PRODS. 
7 TRANSP.F.QUIP.,8RDNANCE. 
8 MANUF.PRODS.,EXC.MACH. 
9 MACHINfRY,fQUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

T ·'\Gl r F- 3 

E~ST ~JRTH CENTRAL 
""'tli'J -',L crM0 1":1,Nn. R'\T>:~ rq:: r,R .. 1:..ir11 rn= 71Jro1n-; 

(1947 Tr:, 19R ·H 

ACTUAi. 
C1H4 

l 2 
47 Tl 58 58 TO 6 ~ 

1.4 -1.6 
0.1 30 5 

-0.5 2.5 
4.1 0.2 
lo q 2.2 
1.2 5.'J 
lo3 l lo 0 
1.4 5.6 
l. 4 5.9 
3o 4 2o 7 
2.3 4.3 

3 

c r:uJ ~-AN 
MOOFL 

4 
6 .'.\ Tf'J 70 70 T0 fV) 

1.9 '.3. l 
lo 0 3o l 
4.4 4.2 
2.q '5. 7 
2.4 3.3 
'5 • 0 3. 7 
5o 2 ?o9 
4.3 4.1 
6.0 4 • q 
4.7 4.8 
➔• 5 4.? 

5 

GR ~V TTY 
MJf)[ I. 

6 
63 TiJ 70 70 TO 80 

?.n 3.0 
0-o 8 3o l 
4.3 '+• 2 
2.9 5.7 
2.3 3.3 
6. Cl 4. 5 
4o 4 3"0 
4.3 4. :) 
5. 9 4. ~ 
4.7 4.8 
4.1 4.3 

-...J 
-...J 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCT IOt-J 
5 FOOD, TOR1"1CCO 
6 FABqJC S,TEXTILE PRODS. 
7 TRANSP.EQUJP., OPDNANCE 
8 MANuF.PROOS.,EXC.MACH. 
9 MACHINERY,EQUIPMENT 

10 SERVICES 
11 RF.GIONAL TOTAL 

T M' L E F"-:. 

WF ST NJRTH CENT Q~L 
ANNUAL r,(~P f' !JND RATES 1F GR iJ WTH llF 7 UTPUTS 

(194'/ TC! 198 U ) 

ACTUAL . C'ltU~N 
CAT A. MflDEL 

l 2 3 4 
47 T'J 58 58 T!J 63 63 TO 70 70 TO g,) 

1.8 0.1 1.7 3. l 
10 2 -lo 6 Oo9 3. l 
1.3 3.3 4.5 4.1 
I+• 3 -1.9 2.4 5.2 
o .. 8 1.3 2.3 3.3 
1.4 3.1 4.9 3.6 
9o 8 5o9 So 9 3o Cl 
3.5 4.4 4.2 4.1 
3.7 7.5 6.1 5.2 
z. 5 3.3 3.9 4.6 
2.5 2.6 3.5 4.1 

GR<\VITY 
MOOEL 

5 6 
63 TO 70 70 TO 80 

1. 0 2.6 
Oo O 2., 7 
3.6 3.7 
2.3 '5,., l 
1.7 ?.8 
4.1 3.3 
7o 2 3,. 3 

....... 
00 

3. 8 4.2 
5.4 6.1 
3.R 4.6 
3. J 4.1 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 t.1INHJG 
4 CONSTRUCT ION 
5 FOOD,T03ACCC1 
6 FABRICS,TEXTILE PR1DS. 
7 TRANSP.EQUIP. ,ORDNANCE 
8 MANUFoPRODSo,EXC.MACHo 
9 MACHINERY,EOUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

f AP L c F- ''i 

SCJUTH ATl . i\NTIC 
!\NNUAL r: 'J ',,q:' n tr\Jll P ~ TF S ci: GROWTH QF i1UT 0 ur~ 

(F~47 TD lq8DI 

1 

!\CTU!IL 
O~TA 

2 
47 T'l 58 5 9 T,J 6 3 

4. l -0.6 
3.4 4.3 

-Oo 8 2o 3 
4.9 3.2 
2.8 3o 7 
4.2 6 I' .. 

11.0 7.2 
4,. 1 7 0 3 
8.9 1?.4 
4.5 5o 5 
4.3 5.4 

3 

C1tUMN 
MOf)EI . 

4 
63 TO 7 {) 70 TO 8d 

2.0 3.2 
1.2 3.4 
4.2 4.4 
1.8 6.q 
3o0 3o7 
5.2 3.8 
6.4 3.3 
4.3 4.5 
6.1 5. 5 
5o4 5 0 7 
4.5 5. l 

5 

GR1.VITY 
M'llJEL 

6 
63 TD 70 70 TG 80 

?. • 5 3.6 
1. 1 3.7 
3.7 4.6 
1.8 6.9 
3o 4 3.:::9 
6.1 4.4 
8.1 4.0 
'• • l 5.1 
f,. 7 6.5 
5a4 5 o 8 
4.7 5.3 

.__. 

'° 



1 LIVESTOCK 
2 0TH ER AGRICULTURE 
3 MINING 
4 CON ST RUCTION 
5 FOOD, TOBACC O 
6 FABRICS,TEXTILE PRClDSo 
7 TRANSP.EQUIP., OPONANCE 
8 MANUF .PRODS., EXC. MACH. 
9 MACHINERY,EQUIPMENT 

10 SEP.VICES 
11 REGIONAL TOTAL 

• A!-"! EF - c, 

fAST S ClJTf-< CE\!T RAI 
ANNUAL CCMr'ClLJNf) q~T F S Ji:: GP 1JWTH :-:iF \711TPUTS 

(1947 Tn lC"l8J) 

1 

ACTUAL 
ChTA 

2 
47 TO 58 58 TrJ 63 

3o 2 -Oo 3 
-o. 3 9.7 
-0.6 2.4 

4.? 2. 0 
4.7 3. 1 
4.0 7 .. 1 
8.7 11.3 
3.3 6.0 

12.1 6.9 
3.0 , 4. 3 
3o 5 4o 7 

3 

. CJ LUMN 
M!lOEL 

4 
63 TO 7 0 70 TO 80 

2o 0 3.2 
0.4 3. 3 
4., 4 4o5 
3.9 6.8 
3.0 3.6 
5., 2 3., 8 
6.3 3. 2 
4o 5 4o5 
6.5 5.4 
5.4 5.7 
4.,6 5e 0 

1, 

5 

GRAVITY 
~nnE1. 

6 
63 TO 7 \) 7 .) TO 80 

2.6 3.9 
-1.4 3.9 

3,. 9 5o3 
3. 9 6.8 
3. 6 3.8 
4.1 3.3 
5. 1 ?.6 
4o 6 5o3 
7.2 6.5 
5.3 5. 8 
40 5 5.3 

CX) 

0 



l LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCT ION 
5 FOOO,TOBACCO 
6 FABRICS,TEXTILf P~OOS. 
7 TRANSP.EQUIPo,ORONANCf 
8 MANUF.PRODS.,EXC.MACH. 
9 MACHINEPY,EOUIPMENT 

1'1 SERVICES 
11 REGIONAL TOTAL 

TAhJ .17 t:_7 

WEST SCJIJTH CENTRAL 
A1,1~1u~1 . r C"-'P•Jtl'-lfl ~ .. ~ TFS er: .-;R0wT 1~ rJ c ::rnours 

( l947 T n 1981;,) 

1 

ACTUAL 
n HA 

2 
47 TO 58 58 TJ 6'3 

2.2 1.7 
4-1 -3.6 
3.9 3.6 
4., 1 -0,, 6 
0.8 5.8 
5.1 6.9 

14,. 4 8.6 
5.6 6.6 
604 12., 7 
3. ') 3.5 
3.8 3.B 

3 

COLU~N 
l~fln>:L 

4 
63 TO 70 70 TO 30 

2.1 3.3 
4.6 3.3 
4.4 4.2 
z. 4 5.2 
3.3 3.q 
5.3 3.9 
A.9 3. 1 
4.8 4.3 
8.? 5e4 
5.7 5.4 
5.0 4.7 

5 

G~AVITY 
~nnr.1 

6 
63 Tn 70 70 TO 80 

3o 2 306 
1.2 3.5 
5.6 4.1 
2:, 5 5., 2 
3. 7 4.1 
6.3 4.,4 

l i) . 6 3. 0 
6. ~ 4.2 

1 lo 1 5.,6 
6.1 5.4 
5.8 4.7 

CX) 
I-' 



1 LIVESTOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CONSTRUCTION 
5 FOO!),TOBACCO 
6 FABRICS,TEXTILE PRODS., 
7 TRANSP.EQUIP. ,ORDNA~CE 
8 MANuF.PRODS.,ExC.MACH. 
9 MACHINERY,EQUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

~ 

T AhU: r._ '3 

\.lCJU i\JT ~It---: 
fd\11\llJAL f(MPCIJ"-lr) Q.ATFS CF r;o ~~WTH JF 1UTPUTS 

(19'+7 T'• 19A,Jt 

1 

f ,CTUf.lL 
r, AT A 

2 
47 TO 58 58 rn 63 

3., 7 2 .. ?. 
2.5 0.6 
6.4 3 • I+ 
1.1 l. 2 
3.9 6.3 
5., 4 7,,, 8 

18. 2 17.5 
5.8 5.4 
7.., 4 17.<; 
4.6 5.3 
5., 2 4,, 6 

63 
3 

CCll.UMN 
MfJOEL 

4 
TO 70 70 TO 80 

l., 6 3., 
1.6 3.2 
3.2 4 • '5 
1.5 6.9 
2.4 3.7 
4.3 3., 6 
6.1 z.g 
4.0 4.6 
6.8 5.7 
4.3 5.4 
3,, 5 5.,1 

5 

G~~-VITY 
MODEL 

6 
63 TO 70 70 T0 Rn 

Oo4 2.6 
o. 5 2.8 
2,, 2 5,, 0 
l. i; 6.q 
1. q 3.5 
4 .. 8 3o 6 
4.3 3.J 
3.3 5o0 
7. J 5.1 
4. l '5. 4 
3o l 5o 1 

CX) 

N 



l LIVESTOCK 
2 OTHER AGR I CULTURE= 
3 MINING 
4 CONSTRUCT WN 
5 FOOD, TOBACCO 
6 FABRICS,TEXTllt PRODS. 
7 TRANSP.EQUIP.,ORONANCE 
8 MANUF.PRODSe,EXC.MACHo 
9 MACHINEPY,FQUIPMENT 

10 SERVICES 
11 REGIONAL TOTAL 

" 

TAP,Lf F-9 

DAfIFJ1, 
AN~UAL Cf~D~UNO RATES C~ GR QWTH ~ ~ OUTPUTS 

( 1~47 T ~ l 9 q : ) 

ACTU .AL COLUMN 
CAT A MODEi. 

l 2 3 4 
4 7 Tl") 58 58 TO 63 63 Fl 7 0 70 TO 80 

3o 6 4., 8 2.0 3. 7 
3.5 -1).3 2.3 3.4 
1.5 o.o 3.5 4o7 
~i. 6 9.4 -2. 9 6. q 
4.1 4.i) 3.1 4.2 
1. 0 60 6 5. 3 4.0 

11.4 6.1 5.6 2.6 
4o 8 4. 5 3.9 4.6 
7.9 13.7 5.9 5.5 
4.0 4o q 4o 6 5o5 
4.5 5.6 3.6 5.1 

G!HV ITV 
W1f1F. I. 

5 6 
63 T'i 70 70 TD 80 

l .9 3.9 
2.3 3.6 
3o 8 4o 6 

-2. g 6.9 
3.1 4.3 
4.7 3.8 
5.7 2.4 

00 
l,J 

3.7 4.8 
~.4 5.9 
, ... ., 6 5,,6 
3. 5 5.2 



1 l IV ES TOCK 
2 OTHER AGRICULTURE 
3 MINING 
4 CON ST RUCTION 
5 FODD,TOBACCQ 
6 FABRICS,TEXTILE PPQDS. 
7 TRANSP.EQUIP.,ORDNANCE 
8 MANUF.,PRODS., EXC4) MACH. 
9 MACHINERY,EQUIPMENT 

10 SER VICES 
11 NATIONAL TOTAL 

• 

TA3L E F-1) 

NATIJNAL INDUSTRY TOTAL 
;~Ni'Jl.lAL CC MPC'UI\JD RATFS "}F- GR-:·¼T'-l JC ,11. JT PUTS 

(1947 TC! 19fl0) 

1 

ACTUAL 
f:l\ T ~ 

2 
47 TO 58 58 TO 63 

2. 3 o. 4 
2.0 1. 2 
1.3 2.1 
4.5 2. 2 
2.4 3. 2 
2., 1 4 .. 2 
4.7 8.4 
2., 4 5o 4 
2.8 1.0 
3.3 3.9 
3. 0 4.2 

3 

C:CJLUMf\J 
"'00 El. 

4 
63 TO 70 70 TO 80 

1. 9 3.2 
1.6 3.2 
4.2 4o3 
1. 4 6.?, 
2.6 1.5 
5. l 3o 7 
5.7 2.8 
4o 3 4.3 
6.0 5. 1 
4.6 4o9 
4.2 4.6 

5 

GRAVITY 
,.,, 1f: F L 

6 
63 TO 70 7 \) TO 30 

1.7 3.1 
1.6 3.2 
4,. 3 4o3 
1.4 6.2 
2. 6 3.5 
So 0 3.7 
5.6 2.8 
I+• 2 4.3 
6. ,J 5.1 
4,., 5 4o9 
4.2 4.6 

00 
~ 



APPENDIX G 

COMPUTER PROGRAM TO INVERT A MATRIX BY ITERATION 



- 86 -

APPENDIX G 
ITfR 

PROGPA~ IfE P (INPUT•OUTPUT,TAPEll,TAPE12,TAPE13,TAPEl41 
C enc FORTRAN ITERATION PROGRA~ FOR COLUMN COEFFICIENT MODEL 
r \l APT, YON DSIJ, A ON D511, CON OSI~ 
C Y=TOTAL FINAi DEMANDS 
( C=COL UMN TRADE COEFFICIENTS 
C A=TECHNICAL COEFFICIENTS 
r THE QESULTS(l~OUSTRY OUTPUTS) ARE WRITTEN ON 0S14, IN STANDAPO MOTHEP 
( fOP MAT. 
C X=TO TAL OU'fPUTS 
C X PO E l AN D .X PRf:2 ARE DUMMY ARRAYS FOR STORING VALUES OF X !)\JP I NG 
C 1 TFRATHF4. 

DI~ENSIGN t <79,79),C(Sl•Sl),XPREV(79•5l>•X<79•51),Y(79•5l >, 
lXPRFl (79, 1-,l i ,XPRE2(79,51) ,TITLE (2()) ,CREATOR(6) ,DATSET(h) 
fQUI I/AL ENCE (A(l,1) ,C<l,l>) 
CALL FTNBINCl,O,DUMMY) 
DATA ACOD E,HLK/8H99999998,1H / 

( T~IF NEXT STATEMfNET READS IN INFORMATION FOR ~RITJNG MATPJX LABFL 
C CREA TOP=NAME OF Pf RSON MAI<, ING TH IS D\JN 

DATSET=NAME OF OUTPUT OATA~ET 14 
OATE=DATE OF RUN 

C NPP=NUMBER OF Y MATRICES 
PEAD 100,CREATOR,DATSET,OATE,NPP 
IP=l 
L=O 
t-;REG=S l 
IAINO =79 
DO 250 NP=l,~PP 

C THE NEXT STATFt-AEN TS READ IN TITLE OF Ot1TPuT MATPIX, AND Y MATRIX IN 
C STAND ARD ~OTHFR FORMATCFIRST DUMMY REAn Jc; FOP THE MATPIX LABEL> 

PEAD 90,TJTLE 
READ<l3) 
RE AD(l3> ((Y(N,M>,M=l,NREG>,N=l•MINn> 

CONLY THE FIRST 64 INDUSTRIES NEED TO BF MULTIPLIED BY C BECAUSE TYEY 
CA RE THE ONL Y ON ES THAT ARE TRADED 

DO 20 JNDUS=l,64 
RfA D(l2> 

READ ( 12> ( (C (N,~11) ,M=l ,NREG> ,N=l ,NREG> 
DO 10 J=l,NREG 
SU~1ACC=O 
DO 9 ,l=l,NPEG 

9 SUMACC=SUMACC•C<I,J)*Y(INDUS,J) 
X(INOUS,I>=SUMACC 

10 XPREV(INDUS,T)=SU~ACC 
20 CONT HJ lJf: 

1- E W J" f) 12 
DO?~ INDUS=65,MIND 
I )0 2t:; JREG= 1-, NREG 
X l IND'l c;,JREGl =Y ( INDUS,JREG> 

25 XP RfV( !NDUS,JREG)=Y(!NDUS,JREG) 
r ~PPfV IS NO W EQUAL TO C TIMES Y 

HPATIG1, STAP.TS HEqf 'IJ!TH A MAXIMUM OF 15 TJ~ES 
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APPENDIX G (CONT'D) 
ITER 

DO lSO NITER=l,15 
DO 110 I=l.79 

on 1 1 o .J= 1 , 51 
110 XPREl<I,J)=X(l,J) 

DO 40 IREG=l,NREG 
PEAf)(lJ) 
READ(ll) ((A(N,M>,M=l,MINO),N=l,MJND> 
DO Jr-, I=l,MIND 
SuMACC=O 
DO 15 J=l,MINfJ 

35 SUMACC=SUMACC•A<I,J>*XPREl<J,IPEG> 
CY IS NOW USED TO STOPE A TIMES THE PRF:VIOllS X 

36 Y<I•lP.EG>=SUMACC 
40 CONTINUE 

REW I ND 11 
DO 50 INDUS=l,64 

READ<l2) 
READ ( 12H (C (N,M) ,M=l ,NREG) ,N=l ,NRfG) 
DO 46 I=l•NREG 
SU~1ACC=O 
DO 45 J=l,NREG 

4S SUMACC=SUMACC+ C<I,J)*Y(INDUS,J) 
46 XPRE?CJNDUS,l>=SUMACC 

C XPRE2 IS SfT EQUAL TO CA TIMES THE PREVIOIJS X 
50 CONTINUE 

RDJINO 12 
DO 51 !=65,79 
00 51 J=l•NPEG 

51 XPRE2(J,J)=Y<I,J) 
DO 60 I=l•MIND 
DO 60 J=l,NREG 

60 X<I,J)=XPREVCl,J)+XPRE2(I,J) 
CAT THIS P0INT, A NEW X HAS BEEN CALCULATED AND MUST BE CO~PARED WITH 
C THE PREVIOUS ARRAY TO SEE WHETHER THE ITERATION SHOULn BE CONTINUED. 
C AS 500N AS THE MAXIMUM RELATIVE CHANGftRELCHG) IN ANY INDUSTRY TOTALS 
C (ROW SUMSl GOES RELOW .0005• THE PROCEDURE JS STOPPED AND THE LAST X 
C CALrULATFD IS THE OUTPUT MATRIX. 

RFL CHf,= 0. 0 
DO 70 I=l,~H~D 
SUMACC=O 
SUMACl=0 
DO 75 J=l ,1'-,;RfG 
SUMACC=SUMACC+X(I,J)**2 

75 SUMACl=SUMACl•CX(I,J>-XPREl<I,J>>**2 
C THE NEXT TWO STATEMENTS ARE NECESSARY TO AVOID ANY ZERO DIVIDE. 

RF::LCHGl=0.0 
IF<SU~ACC.F0.0.0) GO TO 70 
PP= sur..1AC l /SUt-1 ACC 
RELCHGl=SQRT(PP) 

70 lf(RfLCHGl.GT.RELCHG) RELCHG=RELCHGl 
If(NITf.R.Eri.l) PRINT 80 
PRINT 120,~!llER,RELCHG 



- 88 -

APPENDlX G (CONT'D) 
ITEP 

IF ( fi fLCHG .LT •• 0005) GO TO 200 
150 CONTI!\lUE 

C THE MA TR l X X J '; THEN \tJP I TTfN ON 0514 IN ST ANO ARO MOTHER FORMAT 
C THE FIRST WRITr STATEMENT IS FOR THE MATRIX LABEL 

? 00 WR!TFfl4)NF 1 ,~COOE,CREATOR,(BLK,J=l,7),DATE,ALK,MIND,NREG,IP,TITLE, 
lL,L,L,L,DATSfT,(BLK,K=l,66> 

250 WR ITF < 14) ( (X <N,M) ,M=l ,NREG) ,N=l ,MTND) 
ENDFILF 14 

80 FORMAT(lHl~lOX,*NU~8ER OF*,20X,*MAX. PEL. CHANGE IN*/lOX, 
l*ITEPATIONS*,21X,*INDUSTRY OUTPUTSo/lOX,l0(1H-),20X,lQ{lH-)) 

QO FORMAT(20A4) 
100 FORM~T(6A4,6A4,Al0,14) 

120 FORMAT(lH ,13X,12,28X,El0.3) 
PETUR~ 
ENO 
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