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DERIVATION OF U.S. COMMODITY-BY-COMMODITY 
INPUT-OUTPUT TABLES FROM SNA USE 

AND MAKE TABLES* 

MASAAKI KUBONIWA, YUMIKO MATSUE AND FUMIKO ARITA 

I. Introduction 

This paper presents the experimental results of aggregated input-output tables derived 

by merging the U.S. SNA use and make tables. The experimental results are based on the 

three alternative technology assumptions proposed by the United Nations and the Bureau 

of Economic Analysis (BEA) of the U.S. Department of Commerce. 

Two of the assumptions, namely the commodity technology assumption and the industry 

technology assumption, are proposed in the SNA, and are well known. The modified in-

dustry technology assumption was first made by the BEA in the 1972 commodity-by-
commodity Leontief inverse, which they refer to as the commodity-by-commodity total 
requirements. This modified industry technology assumption is referred to in this paper 

as the BEA method. 

The BEA published, in the 1972 and 1977 input-output accounts, the make and use 
tables, commodity-by-commodity input coefficient table, commodity-by-industry input co-

efficient table, commodity-by-commodity inverse table, and industry-by-commodity inverse 

table. The BEA has not published any commodity-by-commodity input-output table in 
complete form to-date. This paper, therefore, also presents the U.S. 85-0rder commodity-

by-commodity input-output table in complete form, in order to extend the BEA method. 

Further, this paper makes a comparison of the input-output tables and technology 
coefficients derived from the alternative assumptions. 

For the sake of brevity, this paper is primarily confined to the U.S. 1977 input-output 

accounts, which are now the most up-to-date version available. The method employed in 
the paper may also be applied for calculations based on the U.S. 1972 input-output accounts, 

since the BEA has used the same method in compiling the 1972 and 1977 input-outptrt tables. 

In section 11 of this paper the U.S. 1977 aggregated 9-sector make and use tables, which 

reflect the main characteristics of the U.S. input-output experience, are compiled. 

In section 111, the three alternative mathematical methods for deriving commodity-by-

commodity input-output tables are briefly discussed. In this section it is made clear that the 

straight-forward extension of the BEA method for merging the use and make table results 

in an inconsistancy. Namely, the row and column sums are not identical. Theoretically 
this is an important consideration. On a practical level, however, this may be compensated 

* The author wishes to thank Ms. Paula Young and Mr. claiborne Ban of the Interindustry Economics Dtvi-
sion of the Bureau of Economic Analysis of the U.s. Department of Commerce for their helpful suggestions 
and for supplying essential data. 
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for by assigning a fictitious row to the input-output table. 

In section IV, the U.S. 1977 aggregated commodity-by-commodity input-output tables, 

based on the BEA and the SNA industry technology assurnption, are presented and com-

pared to verify the theoretical assertion mentioned above. 

In this section, only the aggregated version of the U.S. 1977 input-output table is 

presented. However, in the appendix, the 85-sector version of the U.S, 1977 commodity-by-

commodity input-output table, based on the extended BEA method, is included for reference. 

As far as the author is aware, this is the first time the U.S. 1977 commodity-by-commodity 

input-output table has been presented for publication. 

In section V, commodity-by-commodity input coefficient tables, based on the SNA 
technology assumptions, are presented. Comparisons of input-output-related tables are also 

presented. These comparisons are confined only to the experimental results, 

II. The U.S. 1977 Aggregated SNA Tables 

In the SNA of the Unite d Nations, there are two types of input-output tables which are 

classified both by commodity (goods and services) and industry (establishment). One type 

is the use or absorption table, and the other is the make table. 

The use table shows commodity inputs by industry, and is variously referred to as the 

input table, U-table, input matrix, or U-matrix. The make matrix table shows commodity 

outputs by industry, and is often referred to as the output table, V-table, output matrix, or 

V-matrix. The output of the primary or characteristic product is shown on the principal 

diagonal of the make matrix, and the outputs of secondary products of the industry appear 

on the off-diagonal of the make matrix. 
Cornbined in the U.S. use table are the so-called "use table," which shows only inter-

mediate transactions, the final demand table by commodity, and the value-added table by 

industry. The U.S. make table is similar to the proto-type make matrix table proposed by 

the United Nations. 
Definitions of notations are as follows: 

j, k: = commodity indeces (j=1, 2, ..., n; k=1, 2, ..., n); 

h, i: = industry indeces (h=1, 2, ..., n; i=1, 2, ..., n); 

U: = a use matrix, or an n by n commodity-by-industry matrix in which each column for 

an industry lists commodity inputs to produce that industry's total output and each 

element uki denotes the intermediate input of the k-th commodity used by the i-th 

industry ; 

V: = a make matrix, or an n by n industry-by-commodity matrix in whlch each row for 

an industry lists commodity outputs produced by that industry and each element 

vik denotes the value of the k-th commodity produced by the i-th industry. 

E: = a final demand (by commodities) matrix; 

e: = a total final demand (by commodities) column n-vector. 

Y: = a value added (by industries) matrix; 

y: = a total value added (by industries) column n-vector. 

q: = a commodity output column n-vector; 
g: = an industry output column n-vector. 
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( ' ) indicates the transpose of the corresponding vector. 

In the SNA, use and make tables should be integrated into a system of national accounts, 

as shown in Table l. In Table l, there are three blank areas under the commodity column 

and one blank area under the industry column. The former are compensated for by con-
structing a commodity-by-commodity input-output table (see Table 2). The latter is com-

pensated for by making an industry-by-industry intermediate transaction matrix. As the 

latter has only secondary importance in the input-output analysis, it is not treated in this 

paper. 
Table 3 shows the 1977 U.S. aggregated 9-0rder use table. Table 4 shows the 1977 U.S. 

9-0rder make table. The correlation of 9-0rder sectoring with 85-0rder sectoring is also 

shown in the 1977 U.S. 9-0rder make table. The correlation of 9-0rder sectoring with 85-

order sectoring is also shown in Table 5. Since the aggregation level is very high, it may 

first appear that the importance of transferring inputs and outputs of secondary products is 

not an important consideration. However, as will later be shown, considering the different 

methods of transferring secondary products is quite necessary to ensure accurate calculation 

of the input-output tables. 

The main characteristics of the U.S. SNA input-output tables are retained in the 

aggregated version: namely, the non-comparable import sector and the scrap, used and 
second-hand goods sector. The U.S. use table is primarily based on the competitive import 

method. However, it can be seen that the U.S. use table also partially employs the non-

competitive import treatment. As this feature of the U.S. input-output table is common to 

all U.S. input-output tables since 1958, it is not necessary to fully discuss this feature in detail. 

A more important feature that should be addressed is the treatment of the scrap, used and 

second-hand goods sector. 

In the U.S. SNA tables, the output of scrap, used and second-hand goods comforms to 

the SNA recommendation, even though it is included in the trade sectors. Transactions of 

scrap, used and second-hand goods are treated explicitly. According to the U.S. treatment, 

the value of scrap, used and second-hand goods is separated into a trade margin which in-

cludes dealers' margins, traditional transaction margins and the producers' values. In the 

use table, scrap, used and second-hand goods in producers' values are listed as inputs pur-

TABLE 1. TI{E SNA INPUT-OUTPUT TABLE 
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TABLE 3. THE U.S. AGGREGATED 9-SECTOR 
(lOOO millions of dollars at producers' prices) 
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Source: 

Note : 

Survey of Current Business, May 1984. 
1 (*) indicates figures less than $ 500 million. 

2 The 85-sector use table of the BEA was aggregated by the author. 

TABLE 4. THE U.S. AGGREGATED 9-SECTOR MAKE TABLE, 
(rooo minions ofdouars at producen5' prices) 
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Sec the footnotes in Table 3. 
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chased by the intermediate users. However, in the final demand quadrant, in addition to 

purchases being entered as positive values, sales by final demand sectors are also entered as 

negative values. The net value of this row is therefore equal to the values of scrap, used and 

second-hand goods sold, or produced by the intermediate sectors, which are recorded sepa-

rately in a column of the make table [UNSO (1985)]. For the derivation ofthe tables by marg-

ing the use and make table, sales of scrap, used and second-hand goods are assumed to be 

proportional to industry outputs. This point is discussed in detail in the following section. 

In regard to the make table, it should also be noted that the column for "construction" 

contains "O" elements for all the sectors other than the construction sector. Before merging 

the SNA tables, the BEA has redefined construction as a secondary product of all industries 

when compilling the SNA tables. Namely, construction as a secondary product is redefined; 

that is the secondary products and associated inputs are excluded from the industry that 

produced them, and are included in the industry where it was primary. This is based on the 

assumption that the input coefficients applicable to the redefined product are similar to those 

of the industry to which the product is primary. This implies that the BEA partially applies 

the conunodity technology assumption to the o_riginal data-source when compiling the SNA 

use and make tables.1 In other countries, such as the Federal Republic of Germany, this 

* With regard to the details, see BEA (1984), p. 51. 
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Row and Column Code in 9-0rder Tables Corresponding Code in 85-0rder Tables 
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Private consumption 
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Private fixed investment 

Changes in business inventries 

Exp orts 

Imports 
Total final demand 

Total commodity output 

86 

91 

90 
91 

93 
94 
95 

1 OO 

101 

type of transfer is performed when the SNA tables are merged, rather than when the SNA 

tables are compiled. Therefore, the ratio of the value of secondary products to the total 

industry output in the U.S. make table is rather low. For example, in the aggregated 9-sector 

table, the value is less than 1~-

III. SNA Technology Assumptions and the BEA Method 

As previously mentioned, the SNA formulated two alternative assumptions to merge 
the SNA input-output tables : 

(a). Commodity technology assumption: a commodity is assumed to have the same input 
structure, regardless of the industry in which it is produced. Namely, the inputs required to 

produce or make a given commodity are not affected by the industry in which the commodity 

is produced. 

(b). Industry technology assumption: an industry is assumed to have the same input 
structure, regardless of its product mix. Namely, the composition of an industry's inputs is 

not affected by the composition of its output. 
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Basic input-output relations of the SNA input-output model are expressed by the follow-

ing six equations (i denotes an aggregation vector (1 ... l)'), and (^) for a vector denotes a 

diagonal matrix where the elements of the vector appear on the main diagonal.) : 

Balance-equations : q = Ui + e, (3 . I ) 

q= V'i, (3.2) 
Techn ology-equations : 

V' = C~, (3 . 5) 
where B: = a commodity-by-industry input coefficient matrix in which an element in each 

column denotes a commodity input absorbed by an industry to produce a unit 

of the industry output: 
C: = a commodity-by-industry output coefiicient matrix in which elements in each 

column denote for a given industry the proportion of commodity outputs 

produced by that industry; 
D : = an industry-by-commodity output coefficient matrix, or a market share matrix, 

in which elements in each column denote for a given commodity the shares of 

that commodity produced by each industry to the total output of that com-

modity. 
Eqs. (3.4) and (3.5) constitute the commodity technology assumption while Eqs. (3.4) 

and (3.6) constitute the industry technology assumption. Eq. (3.6) implies that the market 

shares assumption is associated with the industry technology assumption. 

If we employ the commodity technology assumption, commodity-by-commodity input 

coefficient matrix A is derived as follows : 

Using Eqs. (3,1), (3.2), (3.4) and (3.5), we have 

q=Ui+e 
=Bg+e 
= BC-1q + e. (3 . 7) 

In view of Eqs. (3.4) and (3.5), we can easily get 

BC= U( V')-1. 

Hence, the commodity-by-commodity input coefficient matrix ACOM is calculated by the 

following formulas : 

ACOH BC-1, or ACoM=U(V')-1 (3.8) 
On the other hand, if we employ the industry technology assumption, matrix A is derived 

as follows : 

q=Ui+e 
=Bg+e 
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Hence, the commodity-by-commodity input-output matrix AIND is calculated by using the 
following formula 

Once the A matrix is derived, the first quadrant of the commodity-by-commodity input-

output table X can be easily obtained through the following equation using the given total 

commodity output vector q: 

X=A~;X=ACoMq or X AINDq (3.11) 
It follows from this equation that X can also be calculated as follows: 

The commodity technology assumption : 

X=ACOM~ 
= U(V')-1q 

= U(~-1D')-1~ 

= U(D')-1. (3 , 1 2) 
T/1e industry technology assumption : 

X=AIND~ 
= BD~ 
= U~l Vq^~l~ 

The second quadrant of the commodity-by-commodity input-output table is the same 

as the second quadrant of the use table (E, e). 

The third quadrant of the commodity-by-commodity input-output table, that is, the 

primary inputs matrix or value-added matrix, is calculated by using the same method as the 

intermediate inputs matrix X: 

The cost equation by industry is written as 

g'=y' + I Bg (3. 14) 
The cost equation by commodity is written as 

q'=z' + i'A~. (3. 1 5) 
Tlle commodity technology assumption: 

Postmultiplying Eq. (3,15) by D' and using Eq. (3.5), we have 

g' =z'D' + i 'Bg. (3 . 1 6) 
It follows from a comparison of Eqs. (3,14) with (3, 15) that 

y'=z'D' ; z= y'(D')-1 (3. 17) 
In a similar manner we have 

Y=ZD' ; Z= Y(D')-1 (3. 1 8) 
The industry technolog_v assumption: 

Postmultiplying Eq. (3.15) by (C') l ~ and employing the same method as in the 
above, we have 
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y' =z'(C')-1 ; z' = yfC', (3 ･ 19) 
and 

Y=Z(C')-1 ; Z= YC'. 

The BEA made a slight modification to the industry technology assumption. This modi-

fication is relevant only to the scrap, used and second-hand goods sector. 

Let us now introduce the following notations : 

VUS : = a modified make matrix in which the column for scrap, used and second-

hand goods has only zero elements; 
DUS : = a modified market share matrix in which the column for scrap, used and 

second-hand goods has only zero elements; 
s : = a scrap output column vector in which each element denotes each in-

dustry's total output of scrap, used and second-hand goods; 

r : = a scrap coefficients column vector in which each element denotes the 

ratio of the value of scrap produced by each industry to that industry's 

total output. 

The relation between V and V~s is described as follows: 

I scrap, used and second-hand goods--l 

V . > VUS= V-[ o I s I O J =[ I s I I = 

The input-output equations of the BEA input-output model are as follows: 

Balance-equations.' 

q= Ui + e (3･20) 
g= VUsj + s (3･21) 

Equations for technology assumptions .' 

VUS = DUS~ (3 ･23) 
s = f g (3 .24) 

Eq. (3.23) implies that the industry technology assumption is not applicable to scrap, 

used and second-hand goods. Eq. (3.24) implies that scrap output in each industry is pro-

portional to that industry's output. The BEA treats scrap in such a way as to prevent its 

requirement as an input from generating output in the industries in which it originates. The 

BEA bases its treatment of scrap on the concept that scrap does not constitute an ordinary 

industry. Namely, in the commodity-by-commodity input-output framework, the scrap 
sector does not use any commodity as intermediate inputs to "produce" its product. 

When we employ the BEA method, or the modified industry technology assumption, 

matrix A is derived as follows: 

Using Eqs. (3.20) and (3.22), we have 
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q=Bg + e. (3.25) 
Postmultiplying Eq. (3.23) by i and considering Eqs. (3.21) and (3.24), we have 

DUSq=g-s 
=g - rg, 

and thus g= (1 - f)-lDUSq, (3.26) 
Define 

D :=(1-r) IDUS (3.27) 
Substituting (3.26) into (3.25) and using (3.27), we then have 

q = BDq + e. (3.28) 
Hence, the commodity-by-commodity input-output matrix A is calculated by using the 
following formula : 

ABEA-

Given that the A matrix is derived, the first quadrant of the commodity-by-commodity 

input-output table X can be easily obtained through the following equation, using the given 

total commodity output vector q: 

X=ABEAq (3.30) 
The BEA derived one of the fundamental equations of the conventional input-output 

model; the production equation. However, the BEA did not refer to the other fundamental 

equation; namely the cost equation, which is necessary to create a commodity-by-commodity 

input-output model. The straight-forward extention of the BEA method will provide us with 

primary input data by commodities. 

It follows from Eq, (3.30) that X can also be calculated as follows: 

X=ABEA~ 
= BD~ 
= Ug-1(1 - f)--1 VUS 

= UC', (3.3 1 ) 
where 

C:=[(1 r) IVUs]'g (3.32) 
The third quadrant of the commodity-by-commodity input-output table, the primary 

inputs matrix, or value-added matrix, should be calculated by using the same method as the 

intermediate inputs matrix X: 

z' = y'C' ; 

Z= YC'. (3.33) 
However, this straight-forward extention results in an asymmetry. Namely, the duality 

of the production equation and the associated cost equation is lost: 

Define 
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q : = [(1 - f)-1 VUS]'i. (3 . 34) 

The cost equation by industry is written as 

g' =y' + I Bg (3.35) 
On the other hand, the cost equation by commodity is written as 

q' =z' + i'ABEA~. (3.36) 
Postmultiplying Eq. (3.36) by (C')-1 and considering g=C-lq and ABEA=BD, we have 

g' =z'(C')-1 + i'BD~(C')-l 

=z'(C')-1+i'B(1-f)-1(VUS)-lV (1 r)g 

= z'(C')-1 + i'Bg (3 . 37) 
Comparing Eqs. (3.35) and (3.37), we have 

y'=z'(C')-1 ; Y=C-lZ. 

Thus Eq. (3.33) can be derived. However, the cost equation by commodity is now 
different from Eq. (3,15). q is not identical to q if some element of scrap coefficients vector 

r is positive. This problem may be eliminated if we assign a row vector to compensate for 

the difference between q and q in the commodity-by-commodity input-output tabie. 

Let a column vector for the adjustment of computational discrepancy be 

/1 =q-q. (3.38) 
Then Eq. (3.36) can be rewritten as 

q' =h' + z' + i'ABEA~. (3.39) 

IV. The U.S. 1977 Commodity-by-Commodity Input-Output Table 

Employing the extended BEA method, we merged the U.S. 1977 SNA tables. The 
aggregated 9-sector version of the merged commodity-by-commodity input-output table is 

shown in Table 6. 

It can be seen in Table 6 that: 

(1) The BEA method does not include a column for the scrap sector, but does include a 

row; i.e. 2 billion dollars. 

(2) The 16th row (for statistical adjustment) contains negative elements. Column 2, row 

16 (mining and manufacturing) contains a negative element; i.e., mlnus 2. 

On the other hand, in a commodity-by-commodity input-output table based on the 
'pure' industry technology assumption (Table 7), the scrap sector is treated in a manner similar 

to other industry/commodity sectors. The adjustment row contains only zero elements, 

therefore, no further adjustment is required. 

These facts verify the theoretical considerations developed in the previous section. It 

follows then that the scrap sector should not be assigned as an ordinary industry/commodity, 

since the scrap industry produces a positive output with no inputs; the primary characteristic 

of the scrap, used and second-hand sector. We can therefore conclude that in the case of 
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27　Che血ica］s＆se1ected　chemical　pmducts

65　丁正ansportation＆warehol1冨illg
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∫o〃刎　BEA∫E刀84，001，p．5
肋蛇＝　FGE：＝　FederaI　GowmmEnt　E血t肛pris齪

　　　　CCC：三Commodity　C祀dit　Co叩omtion

the　U，S．SNA　a㏄ounts，the　extended　BEA　method　is　more　suitable　than　the‘pure’industry

tec㎞ology　assumption　from　an　economic　point　of　view，although　the　latter　appears　to　be

more　sophisticated　in　its　approach．

　　　Table8shows　the　relative　deviation　of　the　input－output　table，based　on　the　extended

BEA　method　and　the　table　based　on　the‘pure’industry　techno1ogy　assumption．2As　can

　2The　relative　d6viation　between　the　mat正ices〃1）＝（～（1〕）andノ（雪）＝（勿j（2〕）is　deOned　as

　　　　r〃：＝（口む〔里）一④j㈹）ノαり‘1〕。

If⑭’〔1〕andα…’（2）are　equa1to　zero，we　de丘nc　r〃is　also　zero．　Ifα〃：1）is　zem　butα’j（雪〕not　zem，we　denote

r〃aS．．‡“．
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l O. COMMODlrY-BY-COMMODITY INPUT COEFFICIENT MATRIX, 
Commodity Technology Assumption: ACold: 
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Sectoring corresponds to the 9-0rdcr tables. 

These matrices were derived from Table 3 and 4 by omitting sectors 7. 8 and 9. 

TABLE I l. RELATIVE DEVIATION BETWEEN ACOM AND AIND 
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easily be seen, the respective intermediate transactions of the 2nd, 4th and 6th sectors in 

Table 6 are inflated, as compared with Table 7. The primary inputs of the 2nd and 4th sectors 

are also inflated. These inflation ratios by each column sector are uniform. The 8th sector, 

(the scrap sector), has a value of - 100~~ to compensate for this inflation. 

In this section, only the aggregated commodity-by-commodity input-output table is 

presented. In the appendix, the 85-sector version of the U.S. 1977 input-output table, based 

on the extended BEA method, is included. With regard to this table, it should be noted that 

the inputs of the commodity credit corporation are excluded from the federal government 

enterprise column. This corresponds to the method used by the BEA in deriving the com-

modity-by-industry input coefiicient matrix B, to eliminate instability. This exclusion is 

shown in Table 9. 
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RELATIVE DEVIATION OF THE COMMODITY-BY-COMMODITY INPUT-Oul'pUT 

TABLES BASED ON THE COMMODITY TECHNOLOGY AssUMPnON 

AND THE INDUSTRY TECHNOLOGY ASSUMPTION (~) 
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-2. 83 
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2. 37 

2. 48 

1. 55 

. 04 

1. 04 l. 61 , oo 28. 29 29 3. 80 

Note : l. Sectoring corresponds to the 9-0rder tablcs. 

2. Each Entry of the last row show5 an 'average' of each absolute column sum. 

V. A Comparison o the SNA Technology Assumptions 
t
f
 

When we compare ,the input-output-related matrices, based on the "pure" SNA tech-
nology assumptions, using the ~J.S. use and make tables, we must omit "special" industries 

or commodities, such as non-comparable imports, scrap, used and second-hand goods, and 

the "others" sector. In performing the calculations for the 9-sector table, it should be noted 

that the three sectors listed above have been omitted, and not aggregated into 6 sectors. This 

procedure has been taken since the make matrix, which includes the three omitted sectors, 

does not have an inverse matrix. It can be seen then, that when the commodity technology 

assumption is employed, it is assumed that the matrix has an inverse. 

Table 10 shows the commodity-by-commodity input coefficient matrices derived from 

the aggregated U.S. SNA tables, based on the "pure" commodity technology assumption 
and the "pure" industry technology assumption. 

It can be seen that the input coefficient matrix, based on the commodity technology 

assumption has a well-known defect; the input coefficient matrix has a negative element. 

In this aggregated version, only one element has a negative value. However, in the 85-

order version, more than 100 elements have a negative value. Therefore, it is not possible to 

derive meaningful results by mechanical use of the commodity technology assumption. 

Tab]e I I shows the relative deviation between the two input coefficient matrices, based 

on the commodity technology assumption and the industry technology assumption. It should 

be noted that the figure in row l, column 4 of Table I I contains a significant negative value. 

This is due to the negative value of the figure contained in row l, column 4 in Table lO. In 

addition the "servrces" sector also shows srgmficant devratlons. Namely, the input structure 
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of the "services" sector has a significant deviation between the commodity technology assuml> 

tion and the industry technology assumption. However, the difference is not significant, 

when compared to the tables of other countries, such as West Germany. This is due to the 

characteristics of the U.S. use and make tables. In these tables, some subsidiary products, 

such as construction, have already been transferred 

Table 12 shows the relative deviation between the commodity-bv_ -commodity input-
output tables based on the two assumptions. It can be seen from this table that the trends 

and results obtained by ,the comparison are similar. 
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AppENDIX 

TABLE THE U.S. COMMODITY-BY-COMMODITY 

INPUT-OUTPUT TABLE, 1977 

(Millions of dollars at producers' prices) 
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