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P R E F A C E 

This paper is one of a series of reports by members of the 

staff of the Harvard Economic Research Project on the procedures 

being used to implement a multiregional input-output model for the 

American economy. In the present report, a detailed explanation 

is given of the procedures used to estimate for each state 1963 

input requirements for the six major industries comprising the 

mining sector of the economy. Constructive criticism of the 

procedures discussed would be welcome. 

Harvard Economic Research Project 
September 1970 

Karen R. Polenske 



ESTIMATION OF 1963 INPUT REQUIREMENTS 
FOR THE MINING INDUSTRIES 

have been derived for the 
Input requirements per dollar output 

mineral extraction industries. 
The aim was to develop a unique set 

h t t Six input-output industries 
of input coefficients for eac s a e. 

are included in the mining sector: I0-5, Iron & ferroalloy ores 

mining; I0-6, Nonferrous metal ores mining; I0-7, Coal mining; 

I0-8, Crude petroleum & natural gas; I0-9, Stone & clay mining & 

quarrying; and I0-10, Chemical & fertilizer mineral mining. To a 

greater or lesser extent, every state produces output in one or more 

of these industries. 

The procedures developed for estimating state-by-state input 

requirements for these industries varied somewhat from one industry 

to another depending on the structure of the particular industry, the 

amount and qu~lity of technical data available, and the extent of 

aggregation in existing cost detail. Although the principal data 

source, the Census of Mineral Industries, 1963 (CMI) [4], contains 

figures some of which were usable as they stand, most cost data are 

not presented at the input-output level of detail. For example, a 

whole range of inputs was lumped together under the category "Other 

Supplies." Moreover, while some of these data are offered on a state

by-state basis, such cases are exceptional; typically, data appear 

only for regions. Finally, data on services purchased were simply 

unavailable state by state. In the end, a number of techniques had 
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to be used in apportioning aggregate cost figures to serve as estimates 

of the purchases of various inputs and in dividing regional aggregate 

totals among the various states within their particular region. 

At the heart of the most feasible methods was the work of Wang 

and Kokat, The Interindustry Structure of the U.S. Mining Industries, 

1958 [8], produced for the Bureau of Mines. For 48 mining subindustries, 

the authors estimated direct input coefficient vectors, which could sub

sequently be merged with the national input-output table for 1958 [5]. 

Because these estimates were based in many cases on actual engineering 

estimates or process analyses and because of the regional pattern of 

mining industry outputs, the direct input coefficient vectors provided 

a clear opportunity for disaggregating aggregate cost data from the 

Bureau of the Census. 

The "current production costs" of the various mining industries 

can be thought of as being divided into seven categories, within each 

of which separate methods for estimating state-by-state input expendi

tures were adopted. The categories are these: 

1. Material inputs, representing purchases of industrial 

products supplied by input-output industries 10-13 through 10-64 

(except 10-31) and 10-82. In fact, more than half of the purchases 

in this category come from only a handful of these industries, 

particularly from I0-20,-27,-32,-37,-43,-45, and -50. A dozen or 

so others provide some inputs, although purchases from these are 

typically small. The others make only negligible contributions or 

none at all. 
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2. Fuels and purchased electricity, representing purchases 

of coal from 10-7, fuel oils and gasoline products from 10-31, and 

gas and electricity from 10-68. 

3. Mined outputs received for preparation, representing an 

industry's purchase of its own output, to which some degree of proc

essing, preparing, cleaning, etc., is performed. Purchases in this 

category are called "own" inputs, purchases by 10-"X" from itself. 

4. Contract mining services, representing payments to certain 

firms classified within either the same or other mining industries 

for various services directly related to mining operations. 

5. Purchased services, representing purchases from the serv

ices industries 10-66 through 10-79 (excluding 10-68 and 10-69) and 

from the repair construction industry, 10-12. Payments for land rentals 

by mining companies are of special importance in this category. 

6. Transport and trade allocations, representing the imputed 

payments to these industries, which are, respectively, 10-65 and 

I0-69, and are generated by the procedure which transforms expendi

tures in purchasers' prices into expenditures in producers' prices, 

the margin between the two measures reflecting payments to the 

transport and trade industries. 

7. Value added, representing the imputed value of original 

factor services, particularly the services of labor and capital, 

computed either as a residual after the intermediate inputs above 

have been determined, or, alternatively, concurrently with the other 

categories, from wage, profit, and other data. 
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Table 1 shows the principal data source for each of the first 

six input categories leaving aside the value added measure, which 

was, in fact, treated as a residual after all intermediate inputs 

were determined. The estimation procedures used for 10-8, Crude 

petroleum & natural gas, differed considerably from those used for 

other industries and will be described in a separate section below. 

Table 1 

PRINCIPAL DATA S.OURCES FOR SIX INPUT CATEGORIES 

Cost Category Data Source Data Used 

1. Material inputs CMI 2 1963 [ 4] line headed "supplies ••. 11 

2. Fuels and pur- CMI 2 1963 [4] lines headed "purchased 
chased electricity fuel," "other fuel," 

"undistributed [energy]" 
and "purchased 
electricity." 

3. Mined outputs CMI 2 1963 [ 4] line headed 11 
••• received 

received for for preparation." 
preparation 

4. Contract mining CMI 2 1963 [4] line headed "contract 
services work." 

5. Purchased services 1963 IO 1963 inputs from 10-12 
table [ 6] and I0-66 through 10-79 

(excluding 10-68 and 
10-69). 

6. Transport and 1963 IO 1963 transport and 
trade allocations table [ 6] trade margins applied 

to state estimates 

... 
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The actual work of data collection proceeded not at the 

industry level but at the subindustry level. The object was to 

construct reasonable estimates for the most important of the sub

industries and then to treat any remaining subindustries for which 

data were not available in a usable form as a residual. Reconcilia-

tion of these could be made at the national level and then appor

tioned to the states on the basis of value of production totals. 

Table 2 shows which subindustries had sufficient data for 

estimation and the page numbers of the CMI on which the data appear 

(these subindustries were placed in the residual category) and what 

percentage of the total value of the industry's output was repre

sented by the former group of subindustries.
1 

The regional disaggregation procedure was straightforward. 

Any state figure which appeared in the CMI was, of course, used 

without adjustment. If no state's cost figures were given for a 

particular region, then the regional total was divided according to 

the respective values of output of the states comprising the region 

relative to the total regional value of output. If one or more 

1
The standard industrial classification subindustry titles are 

given in Appendix A. For each subindustry considered, the name of 
each state and region for which data were presented in the CMI on 
the pages listed in Table 2 are listed in Appendix B. It also 
indicates whether or not the cost of supplies figure was presented 
as an aggregate figure which included both the value of costs of 
supplies and the value of 11 

••• received for preparation. 11 



IO 
industry 

(a) 

5 

6 

7 

9 

10 
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Table 2 

SIC SUBINDUSTRIES USED FOR STATE ESTIMATES 
OF MINING INPUT REQUIREMENTS 

SIC subindustry 
for which basic Appropriate Other SIC 
data collection page numbers sub industries 
was conducted* in CMI 1 1963 in the sector* 

(b) (c) (d) 

SIC 101 lOB-6,7 
SIC 1062** 10D-8 
SIC 1064** 
SIC 1069t 

SIC 102 lOC-16 SIC 103 
SIC 104 
SIC 105 
SIC 106 
SIC 108 

SIC 11 llB-8,9 
SIC 12 12A-20-22 

SIC 1421 14B-23-30 SIC 141 
SIC 1441 14C-10-14 
SIC 1445tt 14D-13 SIC 145 

SIC 148 
SIC 149 

SIC 1472 14E-10,ll 
SIC 1473 
SIC 1474 
SIC 1475 
SIC 1476 
SIC 1477 
SIC 1479 

* See Appendix A for names of SIC numbered industries. 

Percent of total 
industry output 
represented in 

col. (b) 
(e) 

98 

54 

100 

89 

100 

** Colorado, California, Texas, New York, North Carolina, Montana, 
only. 

t Colorado only. 
tt Georgia only. 
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then that state's (or those states;) cost figures were subtracted 

from the regional total first, and the remainder was distributed to 

the other states in the region whose figures were not given according 

to the relative value of output of the omitted states. Results of 

this procedure were state-by-state estimates for the costs described 

in categories 1-4 above. The next step was to allocate these costs 

to appropriate input-output supplying industries. This can best be 

described on a cost category-by-category basis. 

Cost of Supplies
2 

In order to disaggregate the state CMI purchases of supplies 

figure to the input-output industry level, heavy reliance was placed 

on the Wang-Kokat study referred to above. That study presents 

estimates of direct input coefficient vectors for each of the 48 

mining subindustries, of which about half were useful for this study. 

The procedure for using these direct coefficient vectors, 

which were to a considerable extent based on actual engineering 

relationships, required that costs of supplies aggregate totals be 

2 
Occasionally the cost of supplies and " ••• received for 

preparation" appeared as an aggregate entry (see Appendix B). 
Generally, the single figure was divided according to the average 
supplies to " .•. received for preparation" ratio for the region. 
In 10-10, Chemical & fertilizer mineral mining, however, it was 
assumed that the "minerals received for preparation" total cost 
figure less the figure for phosphates (SIC 1475) was applicable to 
the potash subindustry (SIC 1474) and could be distributed to the 
various potash-producing states on the basis of relative value of 
output. 
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changes in transactions cost had occurred between the 1958 and 1963 

tables. The most remarkable change took place in the transactions 

estimate for supplying industry I0-43, Engines & turbines. In the 

1958 tables each mining industry spent less than $1 million on supplies 

from I0-43. By 1963 this figure had gone to $37 million for I0-9, to 

$36 million for I0-7, and to significant amounts for others of the 

. i . d . 4 min ng in ustries. Less starting, but, nevertheless, substantial 

increases were also apparent for I0-32, Rubber & miscellaneous plastics 

products, I0-50, Machine shop products, and I0-59, Motor vehicles & 

equipment, whereas substantial decreases were noticeable for I0-24, 

Paper & allied products and I0-46, Materials handling machinery & 

equipment. Clearly, estimates in this study of purchases from these 

industries would be seriously biased and would need to be markedly 

corrected within the reconciliation process. 

4
A similar comparison for 10-43 can be made in terms of the 

national direct coefficients: 

Purchasing Industry 1958 1963 

10-5 .00031 .00585 
10-6 .00040 . 00719 
10-7 .o .01355 
I0-8 • 00137 .00129 
I0-9 * .01838 
10-10 .00030 .00663 

*less than .00001 

For all mining industries except 10-8 the change in the 
direct coefficient is significant. See sources [5] and [6] for 
other examples. 
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In eight cases, certain purchases by mining industries were 

estimated by allocating the 0BE transaction flow (in producers' 

prices) to the various states in proportion to each state's value of 

output. 

Purchasing Industry 

10-5 
10-6 
10-7 
10-9 
10-10 

Supplying Industry 

10-9 
10-46, 10-61 
10-43 
10-40, 10-43, 10-53 
10-55 

By using this procedure, some of the larger deviations between the 

estimates of this study and those of the 0BE national table were 

eliminated. 

Table 7 gives, for four of the mining industries, a comparison 

between the 1963 published national input-output table estimates and 

the national sum of the state estimates in this study, prior to 

reconciliation. The table shows the number of industries for which 

the two sets of estimates differed by less than ten percent (or 

$1 million in absolute value for smaller entries for which percentage 

differences are misleading), by between 10 and 25 percent and by more 

than 25 percent. Note that Table 7 includes all supplying industries, 

including those mentioned above for which only poor estimates could 

be expected. 
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Table 7 

COMPARISONS OF 1963 NATIONAL INPUT-OUTPUT DATA 
WITH MULTIREGIONAL ESTIMATES* 

Input-output mining 
industry 

5, Iron & ferroalloy ores 
mining 

7, Coal mining 

9, Stone & clay mining & 
quarrying 

10, Chemical & fertilizer 
mineral mining 

Number of industries for which estimates 
differ by: 

Less than 10 
percent** 

17t 

11 

12t 

22 

10 to 25 
percent 

St 

7 

6t 

2 

Over 25 
percent 

7t 

11 

12t 

5 

* Multiregional totals were obtained by summing appropriate state 
estimates. I0-6 is omitted since too large a proportion of costs 
was undetermined prior to reconciliation. 

** or $1 million 

t Where estimates represent less than 100 percent of value of output, 
they are increased proportionally for purposes of comparison. 
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Fuels and Purchased Electricity 

There was no problem with the purchased electricity cost 

figure from the CMI, which was directly assigned to 10-68. The 

purchased fuels entry needed to be disaggregated to a level of detail 

sufficient to assign costs to coal mining (10-7), petroleum refining 

& related industries (10-31), and electric, gas, water & sanitary 

services (10-68). The procedure was to refer to the CMI table headed 

"Fuels and Electric Energy ..• " [4, Section 6, pp. 8-13), which gives 

a national breakdown of fuel use for each SIC numbered subindustry. 

From this table national proportions of fuels used were determined 

for each industry. These proportions were applied as standard 

weights in disaggregating an individual state's fuels costs to 

provide estimates of fuels purchased from 10-7, 10-31, and 10-68. 

Then reference was made to "Detailed Statistics •.• " line headings: 

fuels, quantities used, and adjustments were made to each state's 

fuels estimates to reflect differences in actual quantities used. 

The classifications "other fuels" and "undistributed" were treated 

5 as purchases from 10-31. 

5 
For 10-5, Iron & ferroalloy ores mining, and 10-6, Non-

ferrous metal ores mining, data insufficiency made quantity adjust
ments impossible. 
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"Own" Output Received for Preparation 

In this category are included the following: minerals received 

for preparation, coal received for preparation, stone received for 

preparation, etc. For a state for which the costs of supplies and 

" ••• received for preparation" appear as an aggregate entry (see 

Appendix B), the single figure was divided according to the average 

supplies to " ... received for preparation" ratio for the region to 

which the state belongs (see also footnote 1, p. 5). 

Contract Mining Services 

No problem was associated with this category. The supplying 

industry designation for each of the purchasing mining industries is 

as follows: 

Purchased by Supplied by 

10-5 10-6 
10-6 10-6 
10-7 10-7 
10-8 10-8 
10-9 10-9 
10-10 10-9 

Other Costs 

Other costs for which no detailed state data were available 

had to be handled in a slightly different fashion. In particular, 

category 5 costs, purchased services, were estimated at the input-

output industry level by taking the 1963 Office of Business Economics 
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national transactions costs figures [6] and disaggregating to the 

various states on the basis of each state's value of output relative 

to total national value of output for the input-output mining 

industry in question. Finally, costs in the last category, 

category 6, including purchases from 10-65, Transportation & ware

housing, and 10-69, Wholesale & retail trade, were generated in the 

standard manner; national transport and trade margins, reflecting 

differences between purchaser and producer prices, were applied to 

the appropriate elements of estimated state costs vectors. 

Estimation for 10-8, Crude Petroleum & Natural Gas 

The crude petroleum and natural gas industry includes most 

of the problems of concentration and, hence, disclosure which are 

mentioned above in regard to 10-6, Nonferrous metal ores mining. 

In fact, compilation of data at the state level for categories 

like costs of supplies was not possible. Even at the national 

level, the "current" production costs of this industry are diffi

cult to determine. Most of the expenditures of the crude petroleum 

and natural gas industry are for well construction (an activity of 

I0-11, New construction) and for drilling apparatus and other equip

ment, all of which are purchases on capital account rather than 

current account. Because most of the current expenditure for the 

crude petroleum and natural gas industry is value added and land 

rentals, an extremely simple procedure was used to obtain a set of 
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estimates for this industry. Jack Faucett Associates, Inc. [3] 

had compiled data on value of output for each of three petroleum and 

natural gas subindustries, namely, SIC 1311, crude petroleum sub

industry, SIC 1311, natural gas subindustry, and SIC 1321, natural 

gas liquids, all on a state basis. Similarly, Wang-Kokat estimated 

separate direct input coefficient vectors for these three subindus

tries. For a given state, the 10-8 transactions costs vector was 

estimated by using Faucett outputs as weights applied to each of the 

Wang-Kokat coefficient vectors and summed to a single transactions 

costs vector for the state. Adjustments were made whenever possible 

to the estimates for purchased fuels and electricity by reference to 

the CMI, but basically this is the most elementary form of product 

mix calculation, using the three subindustries for which specific 

input information could be identified. The resulting state transac

tions costs vectors were reconciled in the same manner as for the 

other mining industries as described below. 
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RECONCILIATION WITH THE NATIONAL INPUT-OUTPUT TABLE 

Having determined costs in all seven categories (the seventh 

being treated as a residual) for each input-output mining industry, 

these transactions could be summed for all states to yield transac

tions flow columns comparable to the columns in the national transac

tions flow table. The difference between each cost element in the 

official national columns and each element in the vector created by 

summing the state estimates was computed and each differential was 

distributed to the states on the basis of relative state inputs for 

the industry, thus insuring comparability between the national and 

the summed state totals and completing the task of producing state

by-state transactions flows for the mining industries. 



5 

6 

7 
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Appendix A 

LIST OF MINING SIC SUBINDUSTRIES 

I-0 Industry 

Iron & ferroalloy 
ores mining 

Nonferrous metal 
ores mining 

Coal mining 

Crude petroleum 
& natural gas 

SIC Industry 

1011 
1062 
1064 
1069 

1021 
1031 
1042 
1043 
1044 
1051 
1081 
1082 
1092 
1093 
1094 
1099 

111 

121 

1311 
1311 
1321 

Iron ores 
Manganese ores 
Tungsten ores 
Ferroalloy ores, except vanadium, n.e.c. 

Copper ores 
Lead and zinc ores 
Lode gold ores 
Placer gold ores 
Silver ores 
Bauxite and other aluminum ores 
Metal mining stripping services 
Metal mining services, except stripping 
Mercury ores 
Titanium ores 
Uranium-radium-vanadium ores 
Metallic minerals (ores), n.e.c. 

Anthracite mining and anthracite 
mining services 
Bituminous coal and lignite and 
bituminous coal and lignite mining 
services 

Crude petroleum (subindustry) 
Natural gas (subindustry) 
Natural gas liquids 



9 

10 

1-0 Industry 

Stone & clay 
mining & 
quarrying 

Chemical & 
fertilizer 
mineral mining 

- 29 -

SIC Industry 

1411 
1421 
1441 
1452 
1453 
1454 
1455 
1456 
1457 
1459 
1481 
1482 

1492 
1493 
1494 
1495 
1496 
1497 
1498 
1499 

1472 
1473 
1474 
1475 
1477 
1479 

Dimension stone 
Crushed and broken stone 
Sand and gravel 
Bentonite 
Fire clay 
Fuller's earth 
Kaolin and ball clay 
Feldspar 
Magnesite and brucite 
Clay, ceramic, refractory minerals, n.e.c. 
Nonmetallic mineral stripping services 
Nonmetallic mineral (except fuel) services, 
except stripping 
Gypsum 
Mica 
Native asphalt and bitumens 
Pumice and pumicite 
Talc, soapstone, pyrophyllite 
Natural abrasives, except sand 
Peat 
Miscellaneous nonmetallic minerals, n.e.c, 

Barite 
Fluor spar 
Potash, soda, borate minerals 
Rock salt 
Sulfur 
Chemical and fertilizer mineral mining, 
n.e.c. 
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6 

7 

9 

SIC 
Subindustry 

SIC 101 

SIC 102 

SIC 11 

SIC 12 

SIC 1421 
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Appendix B 

STATES AND REGIONS FOR WHICH 
MINING DATA WERE AVAILABLE 

Includes 

States and/or regions shown 
" .•. received for 

preparation"? 

Middle Atlantic (New York); 
East North Central; 
West North Central (Minnesota); 
East South Central; 
West South Central; 
Mountain (Wyoming, Utah); 
Pacific. 

Montana, Arizona 

Pennsylvania 

Middle Atlantic (Pennsylvania); 
East North Central (Ohio, 

Indiana, Illinois); 
West North Central; 
South Atlantic (Maryland, 

Virginia, West Virginia); 
East South Central (Tennessee, 

Kentucky, Alabama); 
West South Central (Oklahoma); 
Mountain (Wyoming, Colorado, 

Utah); 
Pacific (Alaska). 

New England (Massachusetts, 
Connecticut); 

Middle Atlantic (New York, 
New Jersey, Pennsylvania); 

East North Central (Ohio, 
Indiana, Illinois, Michigan, 
Wisconsin); 

West North Central (Minnesota, 
Iowa, Missouri, Nebraska, 
Kansas); 

South Atlantic (Georgia, Florida, 
Virginia, West Virginia, North 
Carolina, South Carolina); 

East South Central (Kentucky, 
Tennessee, Alabama); 

West South Central (Oklahoma, 
Texas); 

Mountain; 
Pacific (Washington, California, 

Hawaii). 

yes 

some 

yes 

no 

some 
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9 

10 

SIC 
Subindustry 

SIC 1441 

SIC 1445 

SIC 1472 

SIC 1473 

SIC 1474 

SIC 1475 

SIC 1476 

SIC 1477 

SIC 1479 
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Includes 

States and/or regions shown 
" •.• received for 

preparation"? 

New England (Massachusetts, 
Connecticut); 

Middle Atlantic (New York, 
New Jersey, Pennsylvania); 

East North Central (Ohio, 
Illinois, Indiana, Michigan, 
Wisconsin); 

West North Central (Minnesota, 
Iowa, Missouri, Nebraska, 
Kansas); 

South Atlantic (Maryland, 
Virginia, West Virginia, 
North Carolina, Florida); 

East South Central (Kentucky, 
Tennessee, Alabama, 
Mississippi); 

West South Central (Arkansas, 
Louisiana, Oklahoma, Texas); 

Mountain (Colorado, Arizona, 
Utah); 

Pacific (Washington, Oregon, 
California) . 

Georgia 

West North Central (Missouri); 
South Central. 

North East; 
North Central; 
South. 

West South Central; 
Mountain (New Mexico); 
Pacific (California). 

East; 
South (Florida, Tennessee); 
West. 

North East; 
North Central; 
South; 
West 

All United States 

All United States 

no 

yes 

yes 

no 

yes 

some 

no 

no 

no 
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