
Lawrence Berkeley National Laboratory
Recent Work

Title
DEVELOPING IMPACT MULTIPLIERS FOR THE MINERAL INDUSTRIES AT THE NATIONAL, STATE 
AND LOCAL LEVEL

Permalink
https://escholarship.org/uc/item/7379n98x

Authors
Andres, F.
Levinson, A.
Lofting, E.

Publication Date
1980-04-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7379n98x
https://escholarship.org
http://www.cdlib.org/


L/310 -l~?c J 
u~-q6e. 

l1tl Lawrence Berkeley Laboratory 
~ UNIVERSITY OF CALIFORNIA 

ENERGY & ENVIRONMENT 
DIVISION 

DEVELOPING IMPACT MULTIPLIERS FOR THE MINERAL INDUSTRIES 

AT THE NATIONAL, STATE AND LOCAL LEVEL 

Fred Andres, Alfred Levinson, and Everard Lofting 

For Reference 
Not to be taken from this room 

t..ECEIVEw 
!.fl..\JVfZf:NCE 

lE:t~KE!..EY !..ABORA'i'ORY 

LlElF<ARY AND 
.... 11ME:NTS SE:CTir -



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
Califomia. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



. 
DEVELOPING IMPACT MULTIPLIERS FOR THE MINERAL 

INDUSTRIES AT THE NATIONAL, STATE, AND LOCAL LEVEL 

BY 

Fred Andres, Alfred Levinson, and Everard Lofting 

November 1976 

Energy and Environment Division 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

Dry. Lands Research Institute 
University of California 
Riverside, California 

LBID-187 

This work was supported by the U.S. Bureau of Mines, U.S. Department 
of the Interior, under Contract J0155185 and Grant G0155111. 



\.; 

-iii-

Table of Contents 

I. Introduction ... · . 

II. Theory of Multipliers 

III. Methodology for Developing the Multipliers 

A. Generation Methodology of the 1972 404-Sector 
National Input-Output Flow Matrix 

B. Computing Regional Flow Tables 

C. Developing County Input-Output Tables 

D. Methodology for Deriving the Value Added for the 
Agricultural Sectors .. 

IV. Analysis of the Multipliers 

A. National . 

B. California 

C. Los Angeles County 

D. Comparison of the Regional Multipliers 

v. Conclusions. . 

VI. Appendices (Attached or on microfiche 

A. National Multipliers 

1. Employment Multipliers 

a. Employment Multipliers in sector order 
and Output Multipliers 

b. Employment Multipliers in order of direct 

c. Employment Multipliers in order of direct 
indirect effects. 

d. Employment Multipliers in order of direct 
indirect plus induced effects 

I 

effects 

plus 

plus 

e. Employment Multipliers in order of Type I multipliers 

1 

4 

7 

7 

13 

17 

18 

25 

25 

26 

32 

33 

36 

f. Employment Multipliers in order of Type II multipliers 

2. Value Added Multipliers 

a. Value Added Multipliers in sector order and 
Output Multipliers 

b. Value Added Multipliers in order of direct effects 

c. Value Added Multipliers in order of direct plus 
indirect effects 

d. Value Added Multipliers in order of direct plus 
indirect plus induced effects 

e. Value Added Multipliers in order of Type I multipliers 

f. Value Added Multipliers in order of Type II multipliers 



-iv-

Table of Contents (Continued) 

I 
3. Income Multipliers 

a. Income Multipliers in sector order and 
Output Multipliers 

b. Income Multipliers in order of direct effects 

c. Income Multipliers in order of direct plus 
indirect effects 

d. Income Multipliers in order of direct plus 
indirect plus induced effects 

e. Income Multipliers in order of Type I 
multipliers 

f. Income Multipliers in order of Type II 
multipliers 

B. California Multipliers 

1. Employment Multipliers 

a. Employment Multipliers in sector order and 
Output Multiplier 

b. Employment Multipliers in order of direct effects 

c. Employment Multipliers in order of direct plus 
indirect effects 

d. Employment Multipliers in order of direct plus 
indirect plus induced effects 

e. Employment Multipliers in order of Type I 
multipliers 

f. Employment Multipliers in order of Type II 
multipliers 

2. Value Added Multipliers 

a. Value Added Multipliers in sector order and 
Output Multipliers 

b. Value Added Multipliers in order of direct effects 

c. Value Added Multipliers in order of direct plus 
\ • .r indirect effects 

d. Value Added Multipliers in order of direct plus 
indirect plus induced effects 

e. Value Added Multipliers in order of Type I 
multipliers 

., f. Value Added Multipliers in order of Type II 
multipliers 



-v-

Table of Contents (Continued) 
I 

3. Income Multipliers 

a. Income Multipliers in sector order and 
Output Multipliers 

b. Income Multipliers in order of direct effects 

c. Income Multipliers in order of direct plus 
indirect effects 

d. Income Multipliers in order of direct plus 
indirect plus induced effects 

e. Income Multipliers in order of Type I 
multipliers 

f. Income Multipliers in order of Type II 
Multipliers 

c. Los Angeles County Multipliers 

1. Employment Multipliers 

a. Employment Multipliers in sector order and 
Output Multipliers 

b. Employment Multipliers in order of direct effects 

c. Employment Multipliers in order of direct plus 
indirect effects 

d. Employment Multipliers in order of direct plus 
indirect plus induced effects 

e. Employment Multipliers in order of Type I 
multipliers 

f. Employment Multipliers in order of Type II 
multipliers 

2. Value Added Multipliers 

a. Value Added Multipliers in sector order and 
Output Multipliers 

b. Value Added Multipliers in order of direct effects 

c. Value Added Multipliers in order of direct plus 
'.- indirect effects 

d. Value Added Multipliers in order of direct plus 
indirect plus induced effects 

e. Value Added Multipliers in order of Type I 
multipliers 

f. Value Added Multipliers in order of Type II 
multipliers 



-vi-

Table of Contents (Continued) 
·. 

I 

3. Income Multipliers 

a. Income Multipliers in sector order and 
Output Multipliers 

b. Income Multipliers in order of direct effects 

c. Income Multipliers in order of direct plus 
indirect effects 

d. Income Multipliers in order of direct plus 
indirect plus induced effects 

e. Income Multipliers in order of Type I 
multipliers 

f. Income Multipliers in order of Type II 
multipliers 



-1-

DEVELOPING IMPACT MULTIPLIERS FOR THE MINERAL 

INDUSTRIES AT THE NATIONAL, STATE, AND LOCAL LEVEL 

I. INTRODUCTION 

r 

The impact of changes in the level of expenditures on total income 

can be estimated by the use of multipliers. The original Keynesian in

come multiplier developed in macroeconomic theory is highly aggregated 

and fails to distinguish between the sectors in which the initial expen

diture changes originate. Input-output models enable us to derive sets 

of multipliers which are disaggregated. Thus multipliers for individual 

industries can be computed. This recognizes that the total impact on 

income, output, and employment will vary depending upon which sector 

experiences the initial expenditure change. 

One can also develop various types of input-output multipliers de

pending upon the degree of closure of the input-output model, i.e., the 

allocation of sectors between the endogenous matrix and final demand. By 

including employee compensation and personal consumption expenditures in 

the endogenous matrix, the repercussionary effects of secondary rounds 

of consumer spending, in addition to the direct and indirect interindustry 

effects, are taken into account. 

In the past, input-output multipliers have usually been used on highly 

aggregated input-output tables (usually less than 80 sectors). When the 

official national input-output tables are used they are at least seven years 

out of date. While the regional input-output tables used in developing 

regional multipliers are usually derived from the national input-output 

tables, they are sometimes developed independently through surveys. While 

these surveys make it possible to produce a more timely input-output table, 

the small sample size usually limits the accuracy of the table. 

We have attempted to surmount these difficulties by (1) using the 

official 1967 367-sector national input-output table, (2) updating the 

1967 input-output table to 1972 using the RAS method, and (3) deriving the 

regional input-output tables from the national table by assuming that the 

regional technical coefficients were the same as the national coefficients. 

In addition, the Bureau of Mines for whom the study was conducted, required 

greater detail on the energy and mining sectors. These industries were 

therefore disaggregated to the 44 sectors shown in Table I, which expanded 
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the input-output table to 404 sectors. This level of disaggregation was 

maintained in applying the methodology to test regions. . 

While the primary purpose of the study was to develop a~ethodology 
for computing the 1972 national and regional Type I and Type II multi

pliers for employment and income, it was also necessary to demonstrate 

the method's applicability to the state and county level as well as the 

United States. For this purpose the state of California and Los Angeles 

County were selected, both representing highly developed and diversified 

economies for which good data are available. Of the 404 sectors in the 

model, California is represented by 372 producing sectors, including 24 

of the 44 new sectors added to the table for energy and mining. Los 

Angeles County contains 346 producing sectors, including 12 of the new 

sectors. 

The United States is largely a closed economy. The economy of Cali

fornia is less self-sufficient than the United States but more so that Los 

Angeles County. Consequently, among the three regions, the largest values 

would be anticipated for national income and employment multipliers, with 

intermediate values for California, and the smallest values for Los Ange

les County. 

An alternate approach for measuring the impact of changes in the 

level of expenditures on total income is to use the Multiregidnal Input

Output (MRIO) Model. There are several reasons why the use of this model 

would not be appropriate for our purposes. The MRIO model consists of 51 

regions and 78 sectors. Each element in the model consists of the flow of 

a commodity i from a producing region h to a consuming sector j in a re

gion g. Thus the technical coefficients for a region that would be de

rived from these flows would represent the quantity of commodity i con

sumed by sector j that was imported from region g per unit output of sec

tor j. Furthermore this model is not balanced. The technical coefficients 

in the standard input-output model represent the total quantity of a com

modity i consumed by sector j for the region. The imports into each sec

tor are handled separately (see the microfiche for the input-output table 

for California and Los Angeles). Thus these coefficients represent the 

actual technology of the industry which is not the case for the coeffici

ients derived from the MRIO model. 
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The MRIO model is disaggregated to 78 sectors whereas the direc

tive for this study called for the measurement of impacts to the BOM 

400-sector level. Lastly the MRIO model was developed for 19/3 and 

would have to be updated to 1972. Since there is a 1967 standard input

output table for the United States, we would only have to update this 

table from 1967 to 1972. We expect that a 1972 table updated from 1967 

to be more accurate than one updated from 1963. 
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Table I 

Bureau of Mines Energy and Mining Sectors I 

Iron Ores 
Manganese Ores 

Description 

Tungsten, Ferroalloy Ores ex Vanadium 
Copper Ores 
Lead and Zinc Ores 
Lode Gold 
Placer Gold 
Silver Ores 
Bauxite and Other Aluminum Ores 
Metal Mining Services 
Mercury Ores 
Titanium Ores 
Uranium, Radium, Vanadium Ores 
Metallic Minerals(Ores), NEC 
Anthracite 
Bituminous Coal 
Crude Petroleum 
Natural Gas 
Natural Gas Liquids 
Dimension Stone 
Crushed and Broken Limestone 
Construction Sand and Gravel 
Bentonite 
Fire Clay 
Fullers Earth 
Kaolin and Ball Clay 
Feldspar 
Clay, Ceramic, Refractory Min., NEC 
Nonmetallic Minerals Services, Ex. Fuels 
Gypsum 
Mica 
Native Asphalt and Bitumens 
Pumice and Pumicite 
Talc, Soapstone, and Pyrophyllite 
Natural Abrasives, except Salid 
Peat 
Misc. Nonmetallic Minerals, NEC 
Barite 
Flours par 
Potash, Soda, and Borate Minerals 
Phosphate Rock 
Rock Salt 
Sulfur 
Chemical + Fertilizer Mineral Mining, NEC 

* Bureau of Economic Analysis 

* B.E.A. 
I-0 Sector 

5.00 
5.00 
5.00 
6.01 
6.02 
6.02 
6.02 
6.02 
6.02 
6.02 
6.02 
6.02 
6,02 
6.02 
7.00 
7.00 
8.00 
8.00 
8.00 
9.00 
9.00 
9.00. 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

B.O.M. 
Sector 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
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II. THEORY OF MULTIPLIERS I 

The impact of changes in final demand on total income or employ

ment can be estimated by the use of multipliers. Multipliers for each 

sector can be derived through the use of the input-output table for the 

regions under consideration. 

The Type I income multiplier is expressed as the ratio of the dir

ect plus indirect income change to the direct income change resulting from 

a unit increase in final demand for any given sector. The direct income 

change for each sector is given by the element of the household row of the 

input-output table when expressed in coefficient form. 

Let A = (a .. ) be the n X n input-output matrix where a .. is the 
'1] 1] 

technical coefficient of the element in row i and column j. 

Let B = (I-A) -1 be the inverse matrix. 

H = (h.) is the household row where h. is the coefficient for sector 
1 1 

i in the household row, i.e., the total income derived from sector i per 

unit output of sector i. 

Let the sector TI be the total income change (direct and indirect 

income change) per unit change in final demand. TI = HB. Thus the direct 

plus indirect income change for sector j is given by 

n 
~ h.b .. 

i=l 1 1] 

The Type II income multiplier is the ratio of the direct, indirect 

and induced income change to the direct income change due to a unit change 

in final demand. The Type II multiplier takes into account the induced 

effects of secondary rounds of consumer spending as a result of the direct 

and indirect income change produced initially by a change in final demand. 

Let P = (p.) be the personal consumption expenditures (PCE) column. 
1 -

Then the expanded interindustry matrix (A) is formed by adding the house-

hold row and the PCE column (which is the household column) 

(

(a .. ) 
A = 1J 

(h.) 
J 

where z is the intrahousehold element~ 
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- -1 
Let B = (I-A) = (b .. ). B is an (n+l) X (n+l) matrix. The (n+l)th row 

1J ·. 

of B is the direct, indire.ct, plus induced income per unit chadge in final 

demand, i.e., b 1 . gives the direct, indirect plus induced income change 
n+ ,J 

for sector j. 

To obtain the employment multipliers we assume that employment is 

a linear function of output. Thus the direct employment change for sector 

i is E./X. where E. is the employment in sector i and X. is the Gross Out-
1 1 1 1 

put of that sector. 

Let TE be the total employment change (direct plus indirect) vector. 

Then TE = EB where E = (ei) and is a row vector. Thus the direct plus 

indirect employment change for sector j is given by 

n 
I: 

i=l 
e. b ... 

1 1J 

The Type I employment multiplier is defined as the ratio of the dir

ect plus indirect employment change to the direct employment change due to 

a unit increase in final demand. 

The Type II employment multiplier is defined as the ratio of the 

direct, indirect, and induced employment change to the direct employment 

change due to a unit increase in final demand. 

Let TE be the direct, indirect, and induced employment change vector. 

Then TE = EB. Similarly the Type I value added multiplier is defined as 

the ratio of the direct plus indirect value added change to the direct 

value added change. If we let Vi be the sector i value added and Xi the 

gross output, v. = V./X. and V = (v.) is a row vector of value added coef-
1 1 1 1 

ficients. 

Let T be the total value added change vector (direct plus indirect) 
v 

Then T 
v 

= VB., 

And let T 
v 

be the total induced value added change vector (direct, 

indirect, and induced). Then T = VB. 
v 

The output multiplier for sector i, 0., measures the direct plus indirect 
1 

requirements from all sectors needed to deliver one additional unit of out-

put of sector i to final demand. It is obtained by adding the elements of 

each column in the inverse matrix, i.e., 

0. 
1 

= 
n 
I: 

i=l 
b. . where B = (b .. ) 

1J 1J 
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It can be shown that the ratio between the Type II and Type I income 

multipliers is a constant equal to [1-(z + H(I-A)-lP]- 1 . ( 

Except as indicated above the multipliers possess no unique charact

eristics. Several general features however are worth noting. Direct 

income change will tend to be higher in labor-intensive sectors. In capi

tal-intensive industries with strong links to other sectors in the region, 

indirect effects may tend to be greater. Service industries tend to have 

high direct income effects because a substantial proportion of their costs 

consist of direct payment for wages, rents, etc. Immediate leakage from 

imports tends to be much lower for service industries than for manufactur

ing. It is important to take into account the induced effects if we wish to 

capture the total effect of changes in final demand. 

Since the Type II multiplier includes the induced effect it will be 

greater than the Type I multiplier. In general the induced effect tends 

to be larger than the indirect effect. The ratio of the Type II income 

multiplier to the Type I income multiplier depends on the amount of leakage 

from the region; the greater the leakage, the smaller the ratio. Thus the 

more self-sufficient the region the greater the ratio. The Type I and 

Type II multipliers would also tend to be larger in more self-sufficient 

regions, Thus national multipliers tend to be higher than state multipliers 

which in turn tend to be higher than county multipliers. The ratio also 

tends to be larger for more highly disaggregated input-output tables. 
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III. METHODOLOGY FOR DEVELOPING THE MULTIPLIERS 

I 
A. Generation Methodology of the 1972 404-Sector National Input-Output 

Flow Matrix 

As can be seen by the flow chart shown in Fig. 1, the generation 

process can be divided into two separate streams. These two streams are 

combined to form the final result. The first stream is the development 

of 1972 control totals to which the 1967 flow matrix will be balanced. 

Specifically, by control totals, we mean the intermediate outlay and inter

mediate outputs, since these represent the row and column sums of the 

processing sectors in the flow matrix. Simultaneously however the other 

totals commonly found in flow matrices, usually referred to as the lower 

left-hand quadrant of the matrix and the upper right-hand quadrant of the 

matrix, are computed. For the lower left-hand quadrant of the matrix, 

these totals are value added for each sector and the gross output as well 

as the intermediate outlay. For the upper right-hand quadrant, these 

totals are the total final demand and the total gross output as well as 

the intermediate output, The second stream~comprises the estimation of 

six final demand components for 403 sectors. These are computed with the 

use of a number of additional data sources beyond those used for the con

trol totals. 

The estimation scheme for these quantities can be classified as 

linear disaggregations, That is, single values representing groups of sec

tors, which are usually published values, are divided into detailed sectors 

in proportion to some other known group of numbers for the detailed sectors 

usually for previous years. The implicit assumption here is that the pat

tern of resource use for the detailed sectors within aggregate sectors re

mains constant over time. 

1. Stream Number 1, Control Totals and Matrix Balance 

To compute control totals, 1972 published values of the control 

totals were linearly disaggregated from 87 to 404 sectors using 1967 pro

portions. There are a number of ways that this process can be carried 

out. Consider the lower left-hand quadrant which contains the intermediate 
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I 
DATA AND COMPUTER PROGRAM FLOW FOR THE GENERATION OF THE 

1972 90-Sector 

Gross Domestic Output 

Total Final Demands 

Value Added 
Intermediate Output 

1967 403-Sector 

Gross Domestic Output 
Total Final Demand 

Value Added 
Intermediate Output 

Six 1967 367 -Sector 
Final Demands 

Six 1963 403-Sector 

Final Demands 

1972 87 -Sector 
Personal Consumption 

Fed. Govt. Expenditures 

State & Local Govt. Exps. 

/\Jet Exports 

1972 87 -Sector Tota I 
Capital Formation 

Q = Computer Programs 

1972 404-SECTOR INPUT-OUTPUT TABLE 

Clopper Almon's Six 
1972 200,Sector 

Final Demands 

1967 403-Sector 

Flow Table 

1972 403-Sector 
Gross Domestic Output 

Intermediate Output 

Intermediate Input 

1972 403-Sector 
Total Final Demand 

1972 Inventory 

Valuation Adj. 

c==J = Datil Aggregates c=) = Input-Output Tables 

Figure 1 

1972 <:06 X 406 

Flow Table 

1972 406 X 412 Flow 

XBL 768-8957 
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outlay, the value added and the gross domestic output. The intermediate 

outlay plus the value added must equal the gross domestic outptft. How

ever if one were to take the 1972 87-sector values for each and disaggre

gate all three in proportion to their 1967 counterparts, the above equality 

would no longer be found to hold for the detailed sectors. One solution 

to this problem is to disaggregate only two of the three terms in propor-

tion to their 1967 counterpart and then compute the third from the equa-

tion. Of the three alternative ways in which this can be done, the one 

chosen is the least sensitive to errors in the assumptions and is least 

likely to permute its errors throughout the rest of the table. This de-

fensive type of estimate is referred to in statistics as a robust estimator. 

Intermediate outlay and gross domestic output were linearly disaggre

gated according to their 1967 counterparts and value added was computed as 

the difference of the two. The 87-sector totals that were disaggregated 

are those published by the Bureau of Labor Statistics. The second of 

these methods,which would involve estimating gross domestic output and 

value added and computing intermediate outlay as a residual, was rejected 

because of its possibility for yielding negative entries in intermediate 

outlay. These negative entries would then be permuted through the entire 

table upon balancing .. The third method, which requires computing inter

mediate outlay and value added and then the gross domestic output as the 

sum of these two, is equally as good as the· method chosen.. The choice be

tween the two was arbitrary. 

Due to the availability of good data in the agricultural sectors for 

the value added components, we were to compute the value added for those 

sectors explicitly. Details of the calculations can be found on page 18. 

The upper right-hand quadrant also contains three values to be esti

mated. They are: intermediate output, total final demand, and total gross 

output. Again, two were estimated and the third was computed. Intermediate 

output and total gross output were chosen to be computed and final demand 

was computed as the difference of the two. Intermediate output was again 

chosen, as before, to prevent negative entries from being distributed 

throughout the table. Total gross output must be larger than gross domes

tic output. This inequality was ascertained by disaggregating total gross 

output in proportion to 1967 g!oss domestic output. No other rational, 

simple linear disaggregation could guarantee this result. 
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Given the estimates of intermediate outlay and intermediate output, 

which represent the row and column sums of the processing sectdr flows, 

all that remains is to balance the 1967 fiows to these new totals. The 

method used for balancing is called the RAS method in which two diagonal 

matrices are found, one of which premultiplies the old flow matrix and 

the other which postmultiplies the old flow matrix, such that the resul

tant product yields rows and columns which add to the new intermediate 

outlays and intermediate outputs. The diagonal matrix which premultiplies 

is sometimes called R. The diagonal matrix which postmultiplies is called 

S and the old flow matrix is called A; hence the name RAs.17 The true values 

of the R and S matrix are never explicitly calculated. Rather, a series of 

R and S matrices, which are easily derived, are computed in such a way that 

the product of each series converges to the true R and S matrices. Opera

tionally, this is done as follows: first, each row of the old matrix is 

summed and then each element in a row is multiplied by the ratio of the 

new sum for the row, thus forcing the rows to add up to the appropriate 

totals. Since the columns will now be unbalanced, the same operation is 

performed on the columns. Note that these two operations are equivalent 

to pre- and postmultiplying by a diagonal matrix. This operation is then 

repeated alternately for the rows and the columns and will converge under 

reasonable circumstances. 

Although convergance may be slow, the method has a number of advan

tages over other possible methods. First, the method is accurate. This 

was verified by Morrison and Smith15 and by Davis, Lofting and Sathaye
7 

by comparing a RAS update of an early table with a table obtained by sur

vey for the update year. Second, the method is insensitive to adverse reac

tions to anomalous interaction of new row and column sums. That is, small 

errors will not be obtained in the majority of the elements of the matrix 

at the price of incurring large errors in a very small number of entries. 

Thus, the resultant matrix can be characterized as robust. 

Although a considerable number of assumptions have been employed, 

this general technique has been shown to yield accurate results when com

pared with regional tables computed from extensive survey data as shown 

by Morrison and Smith. 15 
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2. Final Demands 

As mentioned above, the total final demands for each of ~e 404 sec

tors are estimated by linearly disaggregating the published total final 

demands for 1972 for 87 sectors. The problem remaining is to split each 

of the total final demands into its components. For purposes of this 

study, the following six components were considered to provide sufficient 

detail: personal consumption expenditures, gross capital formation, fed

eral government expenditures, state and local government expenditures, 

foreign exports, and net inventory change. Again, as with total final 

demands, figures on the final demand components published elsewhere will 

be linearly disaggregated to the 404 sectors. However, this time an addi

tional constraint must be applied; namely, that final demand components 

add up to the total final demand. 

The first of the published vectors are those of Clopper Almon of the 

University of Maryland. These were published as part of his INFORUM model.
1 

Almon's model supplies 200-sector detail for personal consumption expendi

tures, producer's durable expenditures (Note: this is not the entirety of 

. gross capital formation), foreign exports, inventory change, and govern

ment expenditures divided into defense expenditures'and NASA expenditures. 

For other federal government expenditures and other state and local govern

ment expenditures, total purchases are supplied, as well as a matrix of 

multiplying coefficients for determining federal, state and local govern

ment expenditures in each sector. The total purchases are split into five 

categories; one for non-defense federal government purchases and the other 

four for various state and local government purchases. Multiplying each 

of these purchases by the appropriate coefficient, and summing the results 

for state and local government items, yields 200-sector vectors for non

defense federal government expenditures and state and local government ex

penditures. Adding the non-defense federal expenditures to the defense 

federal government expenditures explicitly stated yields total federal 

government expenditures. 

A similar set of coefficients and total purchases exist for the con

struction industries, from which a 200-sector vector of construction expen~ 

ditures can be computed. Adding this vector to producer's durable expendi~ 

tures yields a vector of gross capital formation. 
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Five of these vectors were then disaggregated to 404 sectors using 

1967 proportions for the same vector. The five vectors were: /ersonal 

consumption expenditures, gross capital formation, federal government ex

penditures, state and local government expenditures, and foreign exports. 

Inventory change was then computed to satisfy the constraint that final 

demand components added to the total final demands. That is, for any 

sector, inventory change was set equal to the difference between the total 

final demands and the sum of the five final demand components specified 

above. 

For five of the six final demand components, 1972 87-sector values 

are published by the Bureau of Labor Statistics. Inventory change, how

ever, is included in gross capital formation. Inventory change was elimin

ated from gross capital formation by assuming that the ratio of inventory 

change to capital formation remains constant between 1967 and 1972. All 

of the 404-sector final demand components were then normalized to their 

87-sector equivalent. This can be seen to be the same as linearly disag

gregating the 87-sector vector to 404 sectors using proportions of the 

estimate found by disaggregating the Clopper Almon vector. 

Some adjustments were necessary to compensate for anomalies in the 

linear disaggregation .scheme. First, Clopper Almon's government expendi

tures in the agricultural sectors yielded, upon disaggregation, inventory 

changes which were so large as to be unbelievable. Therefore, Clopper 

Almon's government expenditures in agriculture were ignored, and the 87-

sector 1972 published agriculture government expenditures were disaggregated 

in 1967 proportions. 

The second anomaly arising from the linear disaggregation was the 

appearance of small but non-zero inventory changes in industries which are 

known to have no inventory at all, such as services and the construction 

industry. For these industries, inventory change was set to zero and the 

remaining final demand components were multiplied by an appropriate constant 

so that they added up to the total final demand. 

Note that the constraint on total final demands could have been sat

isfied by allowing any component to be the residual of all the others. 

Inventory changes was chosen to be the residual because it was believed 

that it would be the most sensitive component to error in the linear dis

aggregation scheme. Often in this vector, there are both positive and 
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negative entries in the 1967 404 vector for sectors which comprise a 

single sector in Clopper Almon's 200-sector vector. In such cafses, the 

sum of the values can be very small, while the individual elements have 

very large absolute values. Doubling the sum yields a very small abso

lute change in the sum. 

B. Computing Regional Flow Tables 

Only three assumptions are necessary to completely define the intra

regional flows, imports, and exports. They are as follows: 

1. The technology within a sector is the same for the region 

as it is for the nation. 

2. The requirements for a region will be satisfied by tHat 

region, if possible. This implies that if production 

exceeds requirements, the excess is exported. If require

ments exceed production, the deficit will be imported. 

3. Imports are distributed to industries in proportion to 

their total needs for each import. 

The first assumption has often been criticized because varying pro

duct mixes require different technologies. For example, if agriculture 

is a single sector, the inputs required would be quite different for a 

region whose output was primarily dairy products, compared to another 

whose output was primarily truck farm products. This problem is overcome 

here by the very fine (404-sector) disaggregation of the economy. The 

third assumption is quite strong. It is, however, necessary for obtaining 

meaningful regional multipliers. It is believed that the accuracy gained 

in the multipliers far outweigh the accuracy lost in the assumption. 

Let: 

XR Gross regional product vector 

= Regional final demand .vector 

These are estimated using techniques described in Sections 1 and 2. 
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A = National technology matrix 

I 
By assumption 1, the region's total requirements are AXR +YR. Subtract

ing requirements from production yields NR = XR - AXR-YR. By assumption 

2, NR is the net exports vector. That is, 

I~ imports of sector i in region R R = = max (0, -N.) 
l l 

E~ of sector i from region R = exports R = max (0 ,N.) 
l l 

By assumption 3, 

R 
imports of i in region R by sector j I.. = sector 

lJ 

IR 
i,n+l 

Let 

R R R + y.] = I.A .. X./[ (l:A . . X.) 
l lJ l . lJ l l 

J 

= imports of sector i in region R for 

R E 
= I. y . I [ ( l:A . . X . ) + y . ] 

l l j lJ J l 

IRX =the matrix of I~., i, j = 1, n 
lJ 

the vector IR i = 
i, n+ 1 ' 1, n 

Then the intraregional flow matrix is 

= 

and the domestically satisfied final demand is 

final demand 
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1. Computing Regional Gross Outputs 
r 

The method used for computing regional gross outputs is that 

usually referred to as the location quotient method (see Isard
12

). The 

assumption made is that for any particular sector, the ratio of regional 

gross output to national gross output is the same as the ratio of re

gional payrolls to national payrolls in the same sector. Payroll may 

then be used as a proxy for gross output. 

The source of payroll data is the County Business Patterns data pub

lished in machine-read.able form by the Department of Commerce. These data 

include total payrolls for every county in the nation. However because 

of state and national laws concerning the disclosure of information about 

individual corporations, some data on total payrolls are withheld. Never

theless sufficient information is supplied to constrain the value tightly, 

and good estimates of the missing data can be obtained by statistical 

analysis. For a more detailed description of the problem and one method 

of solution, see Andres, Ruderman, and Sathaye. 2 For this report, the 

method of constrained least squares13 was used. 

County Business Patterns publishes payrolls only for sectors of the 

economy covered by social security insurance. For other sectors, other 

proxy variables, or variables used to develop the location quotient, must 

be found. A list of the uncovered sectors and the proxy variables used 

is presented in Table II. 

2. Computing Regional Final Demands 

The method used for computing final demands represents an improve

ment over the simple location quotient. Generally, the procedure begins 

by updating 1963 87-sector final demand for each state, utilizing Karen 

Polenske's multiregional input-output model of the United States.
16 

It 

is then assumed that the pattern of consumption within a state in one of 

the 87 sectors is the same as it is for the nation. 

The update process is performed separately for each of the six final 

demand components. The method begins with BLS published totals for each 

of the six components to states using a location quotient. Note that we 

now have row and column sums for six matrices in which a row represents a 



Sector Number 

1-12 

390 

391 

393 

394 

395 

396 

398 

399 

400 

401 

402 

403 

355 

374 
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Table II 

Sectors Not Covered by Social Security Insurance 1·· 

Sector Name 

Agriculture 

Post Office 

Proxy Variable 

Cash Receipts 

Post Office Employees 

Federal Electric Utilities (Public Utility Kilowatts) 
(Federal Civilian Income)/ 
(Government Income) 

Other Federal Government 
Enterprises 

Local Government Transit 

State and Local Electric 
Utilities 

Other S&L Government 
Enterprises 

Business Travel 

Office Supplies 

Scrap 

Government Industry 

Rest of World Industry 

Household Industry 

Railroads 

Owner Occupied Dwellings 

Federal Government Income 

State and Local Government 
Income 

(Public Utility Kilowatts) 
(S&L Income)/(Government 
Income) 

State and Local Government 
Income 

Personal Income 

Personal Income 

Personal Income 

Government Income 

Personal Income 

Personal Income 

Railroad Employment 

Owner Occupied Dwellings 
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sector and a column represents a state. The corresponding 1963 matrix 

was updated to 1972 using the RAS method. I 
The proxy variables used for allocating total personal consumption 

expenditures was personal income, the proxy for federal government expen

ditures was federal government income, the proxy for state and local 

government earnings was state and local government income, the proxy for 

capital formation was construction income, and the p~oxy for exports and 

inventory change was the 1963 proportion for the same component. 

For some components, negative entries within the 1963 matrix would 

not permit the RAS routine to balance. When this occurred, the matrix 

was split into positive and negative parts and each balanced separately. 

The two resulting balanced parts were added to form the updated matrix. 

C. Developing County Input-Output Tables 

Measures of county economic activity that are published annually 

are limited to estimates of income and earnings by major source and pay

roll and employment data for "covered employment" by 2-, 3-, and 4-digit 

Standard Industrial Classification (SIC). County agricultural production 

and detailed employment data by crops are provided every five years by 

the Census of Agriculture. In California the County Agricultural Commis

sioner reports give production data on agricultural commodities for most, 

but not all, counties in the state. Railroad activity and employment may 

be allocated from state totals by miles of track or important rail junc

tions. 

Any attempt at non-survey input~output techniques must rely almost 

exclusively on these data. The employment data may be improved by resort

ing to business directory information, typically the California Register 

of Manufacturers or the Dun and Bradstreet Business Directory data. These 

sources give name, address, zip code, and number of employees by 4~digit 

SIC code. 

The Bureau of the Census is prohibited from releasing data on indi

vidual firms so that disclosure problems appear wherever fewer than three 
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firms exist. Techniques for estimating the undisclosed values are use

ful for obtaining some idea of the level of economic activity. I 
The accompanying diagrams show in detail the methods used to pre

pare the county input-output tables by non-survey methods. In all cases 

state totals are allocated to counties on the basis of certain proxy data 

that are definitionally the same at both the state and county levels (Fig

ures 2-4). 

Although the diagrams show that the county input-output tables are 

generated at the 362-sector level of detail, in fact the Los Angeles 

county table was generated at the 404-sector level of detail. To accom

plish this, certain data were hand-tailored and the computer programs 

patched. 

The completed tables can be benchmarked against total personal in

come data and the estimate of total value added for the county. 

D. Methodology for Deriving the Value Added for the Agricultural 

Sectors (1.00 and 2.00) 

Components of value added for the agricultural sectors were obtained 

as an aggregate for 1972. A detailed breakdown of the 1963 and 1967 value 

added for the agricultural sectors as an aggregate were obtained from the 

Economic Research Service, U.S. Department of Agriculture. From this in

formation we extrapolated the federal tax and auto and truck licenses 

from 1967 to 1972 based on the 1967 and 1972 agricultural cash receipts. 

We obtained the capital consumption allowances, personal and property taxes, 

and net interest for the agricultural sectors as an aggregate from the Farm 

Income Situation Report, FIS-222, July 1973, Economic Research Service, U.S. 

Department of Agriculture. The 1972 employee compensation and farm pro

prietor's income for the agricultural sectors as an aggregate were obtained 

from the Economic Research Service. The sum of these components gave us 

the total value added for the agricultural sectors as an aggregate. 

The 1972 aggregate value added was disaggregated into the ten input

output agricultural sectors by assuming the ratio of each I-0 sector value 

added to the aggregated value added is the same for 1972 as it was in 1967. 
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I 

DATA AND PROGRAMS FOR GENERATING COUNTY INPUT-OUTPUT TABLES 

HJ"12 Corrnl y Busirw~.s 
P.Jttcrns. Emptnyment 

illld Payroll d:rta 

1972 OBE RS County 
Income & Earnings 

Agriculture C3sh Rl~ct!ip!s. 
R.R. ernr~loyrnent. 
~·1ining l'llltrloyment 

by County 

1972 Califor.'"ua State 362 
Order F ina I Demands 
and Gross Outputs 

1972 362-Sector 
County Gross Outputs, 
Final Demands and 
Employment 

{I-AJ" 1 and 
Multipliers 

L

_1_9_7_2_C_U_P_P_"_Y_'"_'_' ·_·_·d_E_._"_"'_"_Y_'"_"'_"_ L __ ~ ... GCBPD.B Disclosures and Missing r 
Data Estimated 

1972 Dunn & Bradstreet 
Employment 

1972 362-Sector 
National 1-0 Flow Table 

j 
Improved Payroll & 

.Employment OJtJ 

for 1972 

Q = Computer Programs C==:J = Data Aggregates c.=) = !~put-Output Tables 

XBL 768-8959 

Figure 2 
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I 

DATA AND COMPUTER PROGRAM FLOW FOR THE GENERATION OF REGIONAL 
1972 404-SECTOR INPUT-OUTPUT TABLES 

6 1963 87-Sector Final 
Demands by State 

6 1972 87 -Sector 
National Final Demands 

1972 & 1963 Personal 
Income. Fed. Govt. 
Earnings, State & Local 
Govt. .Earnings, and 

Construction Earnings 
By State 

County Business Patterns 

State Payrolls by Sic 

1972 404-Sector Total 
Gross Output 

6 1972 404-Sector 

National Final Demands 

6 1972 87 -Sector 
Regional Final Demands 

1972 404-Sector 
National Flow Table 

1972 404-Sector 
Regional Gross OUtputs 

Q =Computer Programs c:::=J = Data Aggregates C==> = Input-Output Tables 

Figure 3 

6 1972 404-Sector 
Regional Final Demands 

1972 404-Sector 

State Flow Table 

XBL 768-8958 
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Data and Computer Programs for Generating California County 
Input-Output Tables and Associated Income and Employment Multipliers 

I 

Tape 23008 
1972 CBP 

PSS Libr<1ry 
COHPCAL 
Dunn f, Brad
street 
California 
Employment data 

T-· 
DUN BRAD 

A9gregate ----> 
Employment 
by SIC and 
county 

CBPCAL 
Fill in D's 
for California 
counties 

Tape __ p032 
1972 CBP 
California 

CBPUT ---
Unpack CBP 
data to a 
binary file 

\ v 
Tape 23096 
1972 County 
Employment 
and Payrolls 

CBPDR 
Adjust 
Employment 
and Payrolls 

j 
Tap': 2214'!_ 
DAB 1972 
Employment 

Figure 4 

....... 
/ 

CBPRNT 
Print 
Routine 

Tape 22140 
Adjusted 1972 
Employment 
and Payrolls 

PRINT 
Prints · 
Employment 
or Payrolls 
for selected 
counties 

Printout of 
Employment 
and Payrolls 

Printout of 
Employrnent 
or Payrolls 



LIBRARY = UTAH PARK 
SUBSET = LABELS 
362 Sector Labels 

LIBRARY =UTAH PARK 
SUBSET = CODES 
SIC To I/O Bridge 

LIBRARY = UTAH PARK 
SUBSET = Cll.LFDGO 
1972 California 
Final Demand and 
Gross Output 
362 Sectors 

t 
I 

CALAGG 
Aggregate Calif. 
Final Demand and 
Gross Output 

/j\. 

I 
California 1972 
Final Demand and 
Gross Output Vectors 
404 Sectors 
(on cards) 

LIBRARY = UTAH PARK 
SUBSET = CALEMP 
1972 California 
Total employment 
362 Sectors 

---- i 
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I TaJ:e 22140 
Ad;ustccl 1972 
Employment and 
Payrolls 

Proxies for 
Gross Output 
an<'· l·'inal Dc:-
mdnd 
(on cards) 
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Calculate 
Employment for 
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Final Demand 
Compon?nts for 
Selected Groups 
of Counties 

Figure 4 (Continued) 
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CALOBE 
Reformat 
BEA 

1------" 
/ 

data 

PROXY I 
Cu.lculate 
Proxy 
Ratios 

LIBRARY=UTAH PARK 
SUBSET=CALPIE 
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Il)..::o~e and 
Earn1.ngs 

Proxies for 
0--------'-Final Demand ....___ 

Gross Output 
Employment 
(on Cards) 

Figure 4 (Continued) 
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Tape 
1972 362 Sector 

1-------· -
National Flow 
Table 
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3G2 Sectors I/0 Tables 
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(on cards) 

~-A. I , 
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RUTH 
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Figure 4 (Continued) 
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IV. ANALYSIS OF THE MULTIPLIERS 
I 

A. National 

The national employment multipliers varied considerably. The Type 

I employment multipliers ranged from 41.11 for Tobacco Stemming andRe

drying (Sector 104) to 1.03 for Agriculture, Forestry, and Fishing Ser

vices (Sector 12). The Type II employment multipliers ranged from 64.93 

for Tobacco Stemming and Redrying to 1.75 for Hotels, Rooming Houses, 

etc. (Sector 376). 

Other sectors with large employment multipliers are Primary Lead 

(Sector 215) with 16.8, Primary Copper (Sector 214) with 11.1, Manganese 

Ores (Sector 14) with 11.1 and Placer Gold (Sector 19) with 5.4. Other 

sectors with small employment multipliers are Transportation Services (Sec

tor 361) with 1.1, Hospitals (Sector 386) with 1.3, Railroads (Sector 355) 

with 1.3, Tobacco (Sector 6) with 1.1, Phosphate Rock (Sector 53) with 1.3, 

Pumice (Sector 45) with 1.4, Peat (Sector 48) with 1.4, and Dimension Stone 

(Sector 32) with 1.5. 

As we might expect those sectors that have large employment multi

pliers tend to be capital intensive and have large backward linkage to 

other sectors. Thus these sectors tend to have large output multipliers. 

The sectors with small employment multipliers tend to be labor inten

sive sectors such as services, agriculture, and some mining sectors. These 

sectors also tend to have small output multipliers. Even though an indus

try may be capital intensive it may still have a small employment multi

plier, e.g., Crude Petroleum which has a direct employment coefficient of 

7.7 has a Type I employment multiplier of 2.66 which is small. 

The ratio of the Type II to Type I employment multiplier ranges from 

6.6 for Complete Guided Missiles (Sector 64) to 1.54 for Tobacco (Sector 6}. 

The national income multipliers varied widely. The Type I income 

multiplier ranged from 17.63 for Primary Lead (Sector 215) to 1.03 for Ag

ricultural, Forestry, and Fishery Services (Sector 12). The Type II in-· 

come multipliers ranged from 50.15 to 2.95 for the same sectors, respectively. 

Other sectors with large income multipliers are Tobacco Stemming and Re

drying (Sector 104) with 17.4, Primary Copper (Sector 214) with 14.2, Man

ganese Ores (Sector 14) with 8.4. Other sectors with small income multi

pliers are Transportation Services (Sector 361) with 1.1, Railroads (Sector 
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355) with 1.2, Phosphate Rock (Sector 53) with 1.5 and Natural Gas (Sec-

tor 30) with 1.5. r 
As before those sectors with large multipliers tend to be capital 

intensive with large backward linkages to other sectors and thus tend to 

have large output multipliers. Those sectors with small income multi

pliers tend to be labor intensive with small output multipliers. 

The direct coefficient of the Natural Gas Sector (30) is about 2~ 

times the coefficient of the Crude Petroleum Sector which indicates that 

the Natural Gas Sector is more labor intensive than the Crude Petroleum 

Sector. This accounts for the significant difference in this multiplier 

even though the output multipliers are almost identical. The ratio of 

the Type II to Type I income multipliers is 2.84. 

The output multipliers vary from 4.65 for Metallic Minerals, NEC 

(Sector 26) to 1.09 for Agricultural~ Forestry and Fishery Services (Sec

tor 12). Other sectors with large output multipliers are Primary Copper 

(Sector 214) with 4.1, Primary Lead (Sector 215) with 3.9, Copper Rolling 

and Drawing (Sector 220) with 3.6, Meat Products (Secor 71) with 3.6, 

and Creamery Butter (Sector 72) with 3.5. Other sectors with small output 
/ 

multipliers are Crude Petroleum (Sector 29) with 1.5, Natural Gas (Sector 

30) with 1.4, Retail Trade (Sector 368) with 1.4, Banking (Sector 364) with 

1.4, and Local Passenger Transit (Sector 393) with 1.3. See Table III for 

a list of national mineral sector multipliers. 

B. California 

The California employment multipliers varied over a narrower range 

than the national multipliers. The California Type I employment multiplier 

ranged from 14.49 for Creamery Butter (Sector 51) to 1.017 for Agricultural, 

Forestry and Fishery Services. Other sectors with large Type I employment 

multipliers are Metallic Minerals, NEC (Sector 21) with 10.9, Primary Lead 

(Sector 190) with 8. 7, Mercury Ores (Sector 20) with 6.1, Natural Gas Li

quids (Sector 25) with 5.1, and Lead and Zinc Ores (Sector 15) with 4.9. 

Other sectors with small Type I employment multipliers are Non-Metallic Min

eral Services, NEC (Sector 30) with 1.05, Local Government Passenger Transit 

(~367) with 1.05, Dimension Stone (Sector 26) with 1.1, and Lode Gold 

(Sector 16) with 1.1. 



Table III 

United States Employment, Income and Output Multipliers for 1972 

I-0 Employment Income Output 
Sector Description Type I Type II Type I Type II Multiplier • 

13 Iron Ores 2.33 8. 71 2.06 5.87 2.09 

14 Manganese Ores 11.08 39.97 8.41 23.94 3.03 

15 Tungsten, Ferroalloy Ores ex Vanadium 1. 98 6. 72 1.93 5.48 2.17 

16 Copper Ores 2.50 8.07 2.97 8.45 2.69 

17 Lead and Zinc Ores 3.16 9.86 4.45 12.66 2.88 

18 Lode Gold 2.10 6.62 2.64 7.51 2.56 

19 Placer Gold 5.44 24.38 2.59 7.36 2.53 

20 Silver Ores 1.86 5.35 2.52 7.17 2.54 I 
N 
---J 

21 Bauxite & Other Aluminum Ores 4.82 16.91 4.48 12.73 2.67 I 

22 Metal Mining Services 2.87 11.01 2.39 6.80 2.51 

23 Mercury Ores 4.56 17.59 3.09 8.78 2.45 

24 Titanium Ores 4.97 19.50 3.25 9.25 2.67 

25 Uranium, Radium, Vanadium Ores 4.63 18.72 3. 77 10.71 3.09 

26 Metallic Minerals (Ores), NEC 4.54 10.20 6.08 17.31 4.65 

27 Anthracite 3.12 12.87 2.33 6.63 2.26 

28 Bituminous Coal 1.95 8.08 1. 76 5.01 1.95 

29 Crude Petroleum 2.66 8.93 2.28 6.50 1.47 

30 Natural Gas 1. 62 5.69 1.47 4.19 1.43 .......... 

31 Natural Gas Liquids 5.06 16.62 4.36 12.40 2.26 

32 Dimension 1.45 3.50 2.20 6.26 2.35 

33 Crushed & Broken Limestone 1. 87 6.83 1.83 5.21 2.08 
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Table III (Continued) 

I-0 
Sector Description 

34 Construction Sand & Gravel 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

Bentonite 

Fire Clay 

Fullers Earth 

Kaolin & Ball Clay 

Feldspar 

Clay,Ceramic, Refractory Min,NEC 

Nonmetallic Minerals Serv.ex Fuels 

Gypsum 

Mica 

Native Asphalt & Bitumens 

Pumice & Pumicite 

Talc,Soapstone & Pyrophyllite 

Natural Abrasives, ex Sand 

Peat 

Misc.Nonmetallic Minerals,NEC 

Barite 

Flourspar 

Potash, Soda & Borate Minerals 

Phosphate Rock 

Rock Salt 

Sulfur 

Chemical & Fert.Mineral Mining,NEC 

Employment 

Type I Type II 

1.74 6.19 

3.07 

2.82 

2.12 

1. 76 

1. 70 

1. 70 

1.69 

1. 85 

2.03 

1. 82 

1. 38 

1. 79 

1. 57 

1.41 

3.04 

2.66 

3.42 

1. 78 

1.26 

1.77 

2.52 

1. 88 

10.70 

9.47 

8.27 

6.31 

5.14 

5.12 

5.66 

6.64 

6.94 

6.18 

3.57 

6.09 

5.01 

3. 71 

12.67 

8.64 

10.88 

6.73 

3.10 

6.82 

11.18 

5.83 

Income 

Type I 

1.77 

3.28 

3.59 

1. 91 

1. 85 

2.10 

2.13 

1. 80 

1.87 

2.12 

1. 99 

1.77 

1.89 

1.69 

1. 88 

2.24 

3.48 

4.75 

1. 70 

1.50 

1.67 

1. 84 

2.36 

Type II 

5.05 

9.32 

10.20 

5.44 

5.26 

5.97 

6.07 

5.12 

5.33 

6.02 

5.65 

5.03 

5.39 

4.80 

5.34 

6.37 

9.90 

13.53 

4.83 

4.28 

4. 75 

5.24 

6.72 

Output 

Multiplier 

2.05 

2.55 

2.16 

2.05 

2.06 

2.07 

2.27 

2.13 

1.99 

2.18 

1.98 

1.98 

2.04 

1. 94 

1. 96 

2.24 

2.29 

2.45 

1.63 

1. 82 

1.58 

1. 34 

2.04 

' 

I 
tv 
co 
I 
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The Type II employment multipliers ranged from 36.85 for Metallic 

Minerals ,NEC (Sector 21) to 1. OS for Forestry and Fishing Produdts (Sec

tor 10). Other sectors with large Type II employment multipliers are 

Primary Lead (Sector 190) with 18.1, Mercury Ores (Sector 20) with 16.1, 

Misc. Non Metallic Minerals,NEC (Sector 34) with 13.5 and Lead and Zinc 

Ores (Sector 15) with 10.8. Other sectors with small Type II employment 

multipliers are Dimension Stone (Sector 26) with 1. 3, Lode Gold (Sector 

16) with 1.3, Vegetables (Sector 7) with 1.4, Non Metallic Minerals Ser

vices (Sector 30) with 1.2, and Agricultural, Forestry and Fishery Ser

vices (Sector 11) with 1.5. 

The income multipliers ranged from a Type I of 15.74 and a Type II 

of 28.15 for Poultry (Sector 2) to a Type I of 1.017 and a Type II of 1.82 

for Agricultural, Forestry, and Fishery Services. Other sectors with large 

income multipliers are Advertising (Sector 354) with 9.1, Real Estate (Sec

tor 349) with 8.8, Primary Lead (Sector 190) with 8.7, Natural Gas Liquids 

(Sector 25) with 5.2, and Metallic Minerals,NEC (Sector 21) with 4.7. 

~ther sectors with small income multipliers are Transportation Services 

(Sector 335) with 1.1, Railroads (Sector 329) with 1.1, Federal Electric 

Utilities (Sector 365) with 1.16, Retail Trade (Sector 342) with 1.15, and 

Banking (Sector 343) with 1.2. 

The output multipliers range from 4.19 for Metallic Minerals,NEC (Sec

tor 21) to 1.05 for Agricultural, Forestry and Fishing Services (Sector 11). 

Other sectors with large output multipliers are Sugar (Sector 68) with 2.6, 

Creamery Butter (Sector 51) with 2.6, and Credit Agencies (Sector 344) with 

2.9. Other sectors with small output multipliers are Bituminous Coal (Sec

tor 22) with 1.3, Crude Petroleum (Sector 23) with 1.4, Natural Gas (Sec

tor 24) with 1.3, Soybean Oil Mills (Sector 74) with 1.3,Cigarettes, Cigars, 

etc (Sector 82) with 1.3, and Hosiery (Sector 95) with 1.3. The ratio of 

the Type II to Type I income multipliers was 1. 79. See Table IV for the 

multipliers for California mineral sectors. 
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Table IV 

California Employment, Income and Output Multipliers for 1972 

Description 

Iron Ores 

Tungsten,Ferroalloy Ores ex Vanadium 

Copper Ores 

Lead & Zinc Ores 

Lode GOld 

Placer GOld 

Silver Ores 

Metal Mining Services 

Mercury Ores 

Metallic Minerals,(Ores),NEC 

Bituminous Coal 

Crude Petroleum 

Natural Gas 

Natural Gas Liuqids 

Dimension Stone 

Crushed and Broken Limestone . 

Construction Sand and Gravel 

Clay, Ceramic,Refractory Min.,NEC 

Employment 

Type I Type II 

2.03 4.84 

2.58 6.50 

1.92 3.42 

4.87 

1.10 

1. 76 

1. 70 

1. 87 

6.08 

10.92 

1. 35 

2.73 

1. 66 

5.14 

1.09 

1. 73 

1. 57 

1.40 

10.76 

1. 33 

3.75 

3.40 

3.91 

16.07 

36.88 

3.16 

5.92 

2.91 

9.85 

1.29 

3.88 

3.405 

2.34 

Income 

Type I 

1. 54 

1.59 

2.29 

3. 23 

1. 85 

1.69 

1. 75 

1. 79 

2.23 

4.68 

1. 25 

1. 98 

1. 90 

5,23 

2,06 

1. 58 

1.50 

1. 92 

Type II 

2.75 

2.85 

4.10 

5. 77 

3.30 

3.02 

3.13 

3.20 

3.99 

8.37 

2.23 

3.53 

3.39 

9.36 

.368 

2.83 

2.68 

3.43 

Output 

Multiplier 

1.60 

1. 81 

2.07 

2.08 

1. 85 

1. 75 

1. 79 

1.82 

1.89 

4.19 

1. 32 

1. 36 

1. 34 

2.06 

1.92 

1.62 

1.55 

1. 81 .......... 
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Table IV (Continued) 

Employment 

Description Type I 

Nonmetallic Minerals Serv., ex Fuels 1.05 

Gypsum 2.65 

Talc,Soapstone, and Pyrophyllite 2.01 

Peat 2.92 

Misc. Nonmetallic Minerals,NEC 4.26 

Potash, Soda, and Borate Minerals 1.65 

Type II 

1.19 

8.06 

5.24 

8.87 

13.47 

3.94 

Income Output· 

Type I Type II Multiplier 

1.63 2.91 1.69 

1. 52 2. 72 1.56 

1.53 2.74 1.60 

1.59 2.83 1.62 

1.69 3.01 1.69 

1. 34 2.40 1. 31 I 
0-1 ...... 
I 

.......... 
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C. Los Angeles 

The Los Angeles employment multipliers varied over a much narrower 

range than both the national and California multipliers. The Type I 

employment multipliers ranged from 7.18 for Advertisting (Sector 329) 

to 1.01 for Agricultural, Forestry, and Fishery Services (Sector 9). Other 

sectors with large Type I employment multipliers are Natural Gas Liquids 

(Sector 16 ) with 5.0, Miscellaneous Non Metallic Minerals NEC (Sector 20) 

with 4.5, Primary Nonferrous Metals, NEC (Sector 173) with 3.3, Petroleum 

Refining (Sector 132) with 3.3, Nonferrous Forgings (Sector 182) with 3.2, 

and Gas Companies (Sector 314) with 2.9. Other sectors with small Type I 

employment multipliers are Local Government Passenger Transit (Sector 341) 

with 1.05, Transportation Services (Sector 310) with 1.09, and Railroads 

(Sector 304) with 1.2, Railroads (Sector 304) with 1.2 and Retail Trade 

(Sector 317) with 1.09. 

The Type II employment multipliers ranged from 11.90 for Advertising 

(Sector 329) to 1.97 for Amusement and Recreation (Sector 333). Other sec

tors with large Type II employment multipliers are Advertising (Sector 329) 

with 11.9, Natural Gas Liquids (Sector 16) with 8.1, Petroleum Refining 

(Sector 132) with 6.6, and .Primary·Nonferrous Metals,NEC (Sector 173) with 

6.3. Other sectors with small Type II employment multipliers are Clay, 

Ceramic, Refractory Minerals,NEC (Sector 19) with 2.0, Clay Refractories 

(Sector 148) with 2.0 and Metal Stamping (Sector 195) with 2.0. 

The income multipliers range from values of 14.59 for Type I and 22.78 

for T-pe II for Poultry (Sector 2) to 1.01 for Type I and 1.57 for Type II 

for Agricultural, Forestry, and Fishery Services (Sector 9). Other sectors 

with large income multipliers are Real Estate (Sector 324) with 8.7, Ad

vertising (Sector 329) with 8.4, Natural Gas Liquids (Sector 16) with 5.2, 

and Secondary Nonferrous f.1etals (Sector 174) with 3.6. Other sectors with 

small income multipliers are Transportation Services (Sector 310) with 1.1, 

Post Office (Sector 339) with 1.1, Railroads (Sector 304) with 1.1 and Re

tail Trade (Sector 317) with 1.1. 

The output multipliers ranged from 2.83 for Credit Agencies (Sector 

319) to 1.01 for Agricultural, Forestry and Fishery Services (Sector 9). 

Other sectors with large output multipliers are Toilet Preparations (Sector 

130) with 2.3, Copper Ores (Sector 21) with 2.0, and Natural Gas Liquids 
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(Sector 16) with 2.0. Other sectors with small output multipliers are 

Potash (Sector 21) with 1.3, Sugar (Sector 53) with 1.2, Special/Product 

Sawmills (Sector 88) with 1.2 and Transportation Services (Sector 310) 

with 1.2. The ratio of the Type II to Type r income multipliers is 1.56. 

Minerals industry census data at the county level tends to be sparse 

due, in part, to disclosure problems. In order to overcome this problem 

for Los Angeles county, we also used other sources of data such as the 

County Business Patterns and the Dunn and Bradstreet tapes. Using all of 

these data sources, our results indicated that in 1972, among minerals mined, 

Los Angeles county produced iron ores, tungsten or ferroalloys, copper ores, 

and potash, soda, or borate minerals (see Table V). However, according to 

the California State Division of Mines and Geology none of these minerals 

were mined in Los Angeles county in 1972. Some borate was processed in Los 

Angeles county and a number of minerals industries producers have offices 
' in Los Angeles, which probably accounts for this discrepancy. See Table V 

for list of mineral sectors 

D. Comparison of the Regional Multipliers 

A comparison of the multipliers from the three regions shows that in 

general the larger the region the larger the multiplier, an effect that is 

due to larger leakages from smaller regions. The national Type I employ

ment multiplier for Iron Ores is 2.33 whereas the multiplier for California 

is 2.03 and for Los Angeles it is only 1.69. The increasing leakages in 

the smaller regions is further magnified when we consider the repercussionary 

effects as measured by the Type II employment multipliers. The ratio of the 

Type II employment multipliers for the Iron Ores sector for the United States 

was 3.74, for California, 2.38, and for Los Angeles county it was 1.80. 

However, not all sectors show significant leakages at the regional 

levels. The petroleum and natural gas sectors show no significant leakages. 

The Crude Petroleum Type I employment multiplier for the United States is 

2.66, for California it is 2. 73, and for Los Angeles county it is 2.65. If 

one takes into account the repercussionary effects we find there are signi

ficant differences. The Type II employment multiplier for the United States 

is 8.93, for California it is only 5.92 and for Los Angeles county it is 4.79. 
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Table V 

Los Angeles County Employment, Income, and Output Multipliers for 1972 

Employment 

Description Type I Type II 

Iron Ores 1. 69 3. 04 

Tungsten, Ferroalloy Ores ex Vanadium 2.64 5.50 

Copper Ores 1.91 2.91 

Metal Mining Services 

Crude Petroleum 

Natural Gas 

Natural Gas Liquids 

Crushed and Broken Limestone 

Construction Sand and Gravel 

Clay, Cerc.mic, Refractory Min., NEC 

Mi?C. Nonmetallic Minerals, NEC 

Potash, Soda, and Borate Minerals 

1. 91 

2.65 

1.64 

4.97 

1.68 

1. 57 

1. 37 

4.46 

1.49 

3.41 

4.79 

2.49 

8.12 

3.14 

2.82 

1.97 

10.80 

2.95 

Income 

Type I 

1.48 

1.55 

2.25 

1. 76 

1.97 

1. 91 

5.23 

1. 51 

1.48 

1. 81 

1. 70 

1. 33 

Type II 

2.32 

2.42 

3.52 

2.74 

3.08 

2.99 

8.16 

2.36 

2.32 

2.83 

2.65 

2.08 

Output 

Multiplier 

1.55 

1. 75 

2.03 

1. 76 

1. 35 

1. 33 

2.05 

1.54 

1.53 

1.71 

1. 64 

1. 29 

-........ 

I 
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I 
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The Iron Ore income multiplier for the nation is 2.06, for California 

it is 1.54 and for Los Angeles county it is 1.48. In most cases/the income 

multipliers are significantly larger at the national level than the regional 

level for the energy and mining sectors. Also secondary rounds of consumer 

spending show greater leakages at the regional levels than at the national 

level. A measure of this leakage is the ratio of the Type II income multi

plier to the Type I income multiplier, which is constant for all sectors. 

The ratio at the national level is 2.84, for California it is 1.79, and for 

Los Angeles county it is 1.56. 

The national ratio of 2.84 was the highest value we have seen. All 

the ratios we found were less than two. Even at the national level the 

ratio of the income multipliers based on a 92-sector 1967 input-output table 

was only 1.98. Since our results were not based directly on an official 

input-output table, we checked our results by computing the income multi

pliers using the official 367-sector 1967 input-output table. Using the 

value added as a proxy for employment compensation and balancing it to per

sonal consumption expenditures we obtained a ratio of the Type II to Type I 

income multipliers of 2.92 which was similar to the national ratio we ob

tained based on our 1972 table. This appears to verify our results. This 

seems to indicate that the ratio of the Type II to TYpe I income multipliers 

are influenced not only by the amount of leakage from the region, but also 

by the degree of disaggregation of the economy of the region one uses as a 

basis for c.omputing the multipliers. This may also imply that the value of 

the Type II multipliers for comparable sectors may depend on the degree of 

disaggregation of the economy of the region on which the multipliers are 

based. 
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V. CONCLUSIONS 

I 
The methodology we have developed for computing the output multi

pliers, and Type I and Type II income and employment multipliers can be 

readily applied to any region of the United States. We have also de

veloped a methodology for estimating missing data. This is particularly 

important when developing input-output tables at the county or SMSA level 

where missing data is a serious problem. 

The results we have obtained seem reasonable. The only surprise was 

the large ratio of Type II to Type I income multipliers at the national 

level. A test computation using the 1967 367-sector input-output table 

indicates that the ratio we obtained was reasonable. 
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