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Input-Output Analysis as a Tool in Agricultural 
Marketing Research 
By William H. Waldorf 

Economists engaged in agricultural marketing re-
search are frequently called on to obtain information 
on industrial markets for farm products, costs of ad-
vertising and packaging these products, and tax out-
lays by marketing agencies. Besides these essentially 
descriptive questions, they may also be asked to ap-
praise such analytical problems as the effect of var-
ious farm programs on industries processing and dis-
tributing farm products and, of particular current 
interest, the impact of the European Common Market 
and of proposed foreign trade programs on American 
farmers and on agricultural marketing agencies. 
Anyone familiar with Leontief (9) 1  input-output 
economics will readily see that these descriptive and 
analytical questions—and a host of similar ones—
can be organized and studied within the interin-
dustry framework. A review of the literature indi-
cates that agricultural economists have used input-
output analysis extensively in production and re- eional research (7, 10), but its application to agricul-
tural marketing problems has hardly been explored.2  
The main purposes of this paper are (1) to illustrate 
a few of the more obvious applications of input-
output research to problems in agricultural market-
ing, and (2) to present a recent special aggregation 
of the Bureau of Labor Statistics Interindustry Study 
for 1947 (5) which can serve as a benchmark for fu-
ture work in this area.3  The aggregation highlights 
farm sectors and agricultural marketing sectors de-
tailed in the Bureau of Labor Statistics approximately 
500-sector model. Description of the tables is lim-
ited to the essentials needed for an understanding of 
the suggested applications. The mathematics under-
lying the analysis appears in a technical appendix 
(pages 99-101). The author expresses his apprecia- 

' Italic numbers in parentheses refer to Literature 
Cited, page 101. 

For a notable exception, see Davis and Goldberg (3). 
The U.S. Department of Commerce and the U.S. De-

partment of Agriculture are currently constructing an 
input-output matrix for 1958 based on recent census data. 
This latest effort of the U.S. Department of Agriculture 
will up-date the earlier estimates for farming sectors for 
1955 made by Robert Masucci and others in the Depart-

Tnent (11). 

tion to Allen Paul and Frank deLeeuw for their 
helpful comments. 

INPUT-OUTPUT economics comprises (1) the 
construction of a descriptive transactions table 

which shows the dollar amount of purchases by 
each "industry" from each other "industry" in 
some given period ; and (2) input-output analysis 
which attempts to "convert" this descriptive table 
to a "predictive" tool. These two aspects of input-
output research should be distinguished. Con-
troversy rages about the usefulness of this type of 
research as a predictive tool, not about the useful-
ness of the descriptive transactions table. (See 
pp. 102-111 for tables referred to in this paper.) 

Rejection of input-output analysis should not 
automatically result in rejection of the descriptive 
value of the transactions table. In agricultural 
marketing research, for example, the transactions 
table can be a very useful supplement to descrip-
tive aggregative series on the total marketing bill 
for domestic farm food products, the market bas-
ket, and the farm share.4  It can also supplement 
information on output, productivity, prices, and 
hourly earnings currently available for the food 
marketing sector. More broadly, it supplements 
other descriptive statistics on national income and 
money flows. Even if we are skeptical about the 
input-output framework as a predictive tool, we 
may want it for descriptive purposes.5  

In effect, the Leontief input-output model sim-
ply organizes within an integrated framework 
much fact-finding that agricultural marketing 
economists do piecemeal. These organized data can 
then be used to anticipate "answers" to a broad 
array of descriptive and analytical questions—at 
least for a first approximation. 

4  For definitions of statistics on the marketing bill, the 
market basket, and the farm share as used by the U.S. 
Dept. Agr., see Mktg. and Trans. Situation (15). 

For evaluation of the Leontief input-output model 
see Nat. Bur. Econ. Res. (12) ; see particularly the chapter 
by Carl F. Christ, "A Review of Input-Output Analysis," 
pp. 137-171, and the comment on Christ's paper by Milton 
Friedman, pp. 171-174. 
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Interindustry Transactions 

Description 

Table 1 shows intersector flows of goods and 
services in producers' prices (that is, sellers' 
prices) by industry of origin and destination. It 
is divided into two main sections : (1) The proc-
essing or intermediate sectors which purchase 
goods and services in order to carry out their own 
production for sale to either (a) other intermedi-
ate sectors for further processing, or (b) final de-
mand sectors; and (2) the final demand, or auton-
omous, sectors which make autonomous or in-
dependent demands on the intermediate sectors. 

Purchases by autonomous sectors (consumption, 
investment, and others) are recorded in the col-
umns on the right side of the table and, except for 
competitive imports and inventory depletions, 
charges against these sectors (wages and salaries, 
proprietors' income, property income, deprecia-
tion, taxes, and so on) are recorded at the bottom 
of the table. 

Competitive imports (imports which are 
"highly" substitutable for products made in con-
tinental United States) and inventory depletions, 
which are charges against the respective auton-
omous sectors, are shown on the right side of the 
table and the entries are prefixed with minus signs. 
This means that gross domestic output, the last 
column in the table, measures the value of current 
domestic product. 

Reading across a row of table 1 we see, for the 
sector named at the beginning of the row, its in-
trasector transactions, its deliveries to other proc-
essing sectors, and its deliveries to autonomous 
sectors in 1947. Thus, in 1947, the meat packing in-
dustry sold $110.1 million of its gross output to 
itself, its sales to poultry-dressing plants were 
$1.0 million, its sales to canning, preserving and 
freezing were $37.5 million. Looking at the 
meat packing sector's sales to the autonomous 
sector, $7,840.7 million—or three-fourths of its 
total gross output—went for household consump-
tion; sales for export were $306.6 million, com-
pared with $125.8 million in competitive imports. 

Reading down the columns of table 1 we see 
the purchases—or inputs—of each sector. Return-
ing to the previous illustration, the meat packing 
sector purchased $7,870.8 million in meat animals 
from the farm sector, $2.4 million from the poultry 
and eggs sector, intrasector purchases were $110.1 
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million, and so on. Looking at the charges against 
final demand, the meat packing sector had outlay/1k 
of $137.9 million for Federal taxes, $16.4 millioW 
for State and local taxes, and $1,404.9 million for 
wages and salaries, profits, depreciation, pro-
prietors' income, property income, and other 
charges. 

Total dollar purchases (including profits and 
taxes) are defined equal to total dollar sales, thus 
gross domestic outlay (column total) is equal to 
gross domestic output (row total) for each of the 
intermediate sectors separately. For the auton-
omous sectors, column and row totals are not 
equal for each individual sector; the sum of the 
columns for all final demand sectors combined is 
equal to the combined sum of the rows. This sum 
is roughly equal to Gross National Product. 

The dollar transactions shown in table 1 are 
all in producers'—not purchasers'—prices; retail 
charges, wholesale charges, transportation charges, 
and other distribution costs required to distribute 
the goods from the producer (seller) to the pur-
chaser are entered as explicit purchases (inputs) 
by the purchasing sector. This means that pur-
chases of the meat packing sector of $7,870.8 mil-
lion in meat animals from the farm sector are in 
farm prices; the charges for transporting an 
wholesaling the live animals between the fa 
gate and the meat packing plant are shown in the 
transactions table as purchases by the meat pack-
ing sector from the transportation sector and from 
the wholesale trade sector. Similarly, sales of 
"finished" commodities by processors are not 
traced through wholesale and retail trade and 
therefore are not treated as inputs into the whole-
sale and retail sectors. Use of this flow process 
would cause products to lose their identity once 
they "passed through" a distributive sector. 

The treatment of transportation, wholesale, and 
retail margins in the input-output model should 
perhaps be amplified. Margins can be looked at 
from the costs side as the sum of labor costs, capi-
tal costs, and so on in distributing goods, or from 
the expenditures side as the value of output of 
distributive services. (This is, of course, anal-
ogous to the income and expenditures approaches 
in national income accounting.) Agricultural 
economists generally focus attention on the cost 
side.° The input-output framework, on the other 

° For several exceptions to this, see Daly (2) and 
Fourt (6). 	 • 



ot
and, treats transportation, wholesale and retail 
argins as output of these distributive sectors im-

plicitly valued in "base" period prices. That is, 
the wholesaling and retailing margins shown in 
table 1 are defined as the value of the 1947 output 
of these distributive sectors in 1947 dollars. This 
explicit construction of output of distributive 
sectors makes the input-output framework espe-
cially useful in agricultural marketing research. 

The broad aggregation of the distributive sec-
tors in the BLS Interindustry Study hampers 
somewhat its use in agricultural marketing re-
search. A further breakdown of transportation, 
wholesale trade, and retail trade by food and non-
food commodities would enable agricultural 
market research workers to study costs of nonfarm 
inputs in food distribution as well as in food manu-
facturing. Though this disaggregation was not 
done in the BLS Interindustry Study for 1947, it 
should be at least as feasible with available data 
as it was in some of the breakdowns actually made. 

Applications 
For agricultural marketing research perhaps 

the most obvious application of table 1 is in the 
study of markets for raw farm products and for 

ilrocessed farm products. Reading across the row 
f the grain-mill products sector, for example, 

shows the dependence of this sector's sales—and 
consequently the sales of farm grains—on direct 
purchases by intermediate sectors; less than a 
fifth of the gross output of the sector was delivered 
to households for consumption. 

A second application of table 1 is to be found 
in the detailed breakdown of costs underlying the 
marketing bill for farm foods that it shows. Thus, 
in 1947, the meat packing sector purchased $54.9 
million from the packaging supplies sector 
whereas the canning, preserving, and freezing (ex-
cept fish) sector purchased $359.2 million. A 
more detailed breakdown of inputs would show 
outlays for advertising by sector. This detail is 
actually given in the BLS study, but it is subsumed 
in the sector labeled "Communications, business 
and personal services" in our aggregation. 

There has been some discussion in the literature 
on the concept of the Farm-Food Marketing Bill. 
(13) The question is whether a more "net" con-
cept than is now being used might not be better 
for studying problems of resource allocation. The 
sum of the rows showing sector payments to Fed-

•ral, State, and local governments, gross capital 

formation, and payments to households (rows 101, 
102, 103, and 105) is a measure of "value added" 
in production of the sector named at the top of 
the column. Thus, this table lends itself to con-
sidering various concepts of the marketing bill. 
We could, for example, estimate the value added 
(that is, factor requirements in 1947 prices) by 
each sector in order to deliver a dollar in meat 
products to households. 

Direct Purchases 

Table 2 shows the direct purchases of inputs 
per dollar of output for each intermediate sector; 
that is, it shows the unit costs structure for each 
processing sector in 1947. For example, payments 
by the meat packing sector to the farm sector for 
meat animals accounted for 76.07 cents of every 
dollar of sales by the meat packing industry, in-
trasector purchases accounted for about 1 cent of 
every dollar of sales, and so on. 

Table 2 is derived from table 1 (after some 
modification) by dividing the transactions in each 
column by gross current domestic output of the 
particular sector named at the head of the column. 
We see that the 76.07 cents figure quoted for the 
meat packing sector was essentially obtained by 
dividing that sector's dollar purchases of meat 
animals ($7,871 million) by the gross output of 
the meat packing sector ($10,346 million) shown 
in table 1. 

The descriptive uses of table 2 for agricultural 
marketing research are fairly evident. The table 
shows the relative importance of costs (in 1947) 
for different inputs within each marketing sector. 
Also, it shows the "farm share" of the wholesale 
dollar by agricultural processing sector. (If the 
distribution sectors were less aggregated the "farm 
share" of the retail dollar could also be readily 
computed along with a detailed breakdown of 
costs by distributive sectors in the "market 
share.") 

Input-output analysis—that is, "converting" 
table 2 from a purely descriptive to an analytical 
tool—rests on the critical simplifying assumption 
that the ratios ("coefficients of.production") shown 
in the table are fixed. These ratios are viewed as 
reflecting physical input requirements per unit of 
output, expressed in 1947 prices; and changes in 
these unit requirements are assumed to be small 
enough so that they can be neglected in short-run 
analysis. This means, it assumes that for the fore- 
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casting period considered, unit "physical" input 
requirements remain essentially unchanged re-
gardless of changes in the level of output or in 
relative prices of inputs. Given this critical as-
sumption and the quality of data available for 
constructing the transactions table, even short-
term predictions based on the input-output frame-
work should at best be regarded only as first 
approximations.? For long-term projections, the 
input-output tables can be used as a "base" and 
supplemented with other information on trends, in 
"production coefficients," and so on. For some 
purposes these approximations may be "good 
enough" ; for many others they will probably be 
the best we can get with limited budget and time; 
but they are at best first approximations. 

Since the purpose of this paper is to illustrate 
applications of input-output economics in agri-
cultural marketing research, we shall assume the 
validity of fixed coefficients for expository pur-
poses and describe some "potential" analytical ap-
plications of input-output analysis. 

Turning to the next stage, table 2 shows that 
in the food grain sector $1 in gross output is ac 
companied by $0.06774 in intra-industry transacW 
tions, $0.07515 in purchases from the feed grain 
sector, $0.00690 in purchases from the grain-mill 
sector and so on. Thus, in order to supply the 
grain-mill products sector with $0.36351 in feed 
grains and so on, so that the grain-mill products 
sector could in turn deliver $1 in output outside the 
processing sectors, the food grain sector had 
$0.02462 (0.36351 X 0.6774) in intrasector transac-
tions, it purchased $0.02732 (0.36351 X 0.07515) 
from the feed grain sector, $0.00251 (0.36351 X 
0.00690) from the grain-mill products sector, and 
so on. (This pro-rata allocation is, of course, 
another critical assumption; particularly critical 
because of the level of aggregation used in table 
2.) Similarly, by looking at the coefficients of the 
feed grain sector in table 2, we see that intrasector 
transactions in the feed grain sector were $0.01209 
(0.12717 X 0.09504), purchases from the grain-mill 
sector were $0.00092 (0.12717 X 0.00720) and so on. 

Adding the figures through these stages shows 
that in order to deliver the $1 in output to the 
final demand sector, the grain-mill products sec-
tor had a gross output of at least $1.06685 
(1.06342+ 0.00251+0.00092) , the food grain sec-
tor had a gross output of at least $0.3881 
(0.36351+0.024624), the feed grain sector had a 
gross output of at least $0.16658 (0.12717+ 
0.02732+0.01209), and so on. This iterative 
process can, of course, be carried through further 
stages. Also, the figures as computed are related 
to deliveries outside the processing sectors and 
include intrasector transactions; they can be re-
lated to total production, including intrasector 
transactions, or to total production, excluding 
intrasector transactions (14). 

Table 3 summarizes the combined direct and 
indirect requirements from each sector to support 
shipments from the intermediate sectors to the 
final demand sectors. It is the transpose of the 
inverse of the matrix obtained by subtracting the 
coefficient matrix (table 2) from the identity 
matrix.8  Reading across a row of table 3, we 
see the direct and indirect requirements on each 
sector in order to ship $1 in gross output to a 

 

Direct and Indirect Requirements 

Description 

Table 2 shows direct requirements only; one of 
the more interesting and important uses of input-
output economics is to measure indirect require-
ments. The meaning of indirect requirements can 
perhaps most easily-and intuitively- be under-
stood by illustration, with the use of table 2. 

Table 2 shows that, in 1947, $1 of gross output 
in the grain-mill products sector was accompanied 
by $0.06342 in intrasector transactions. This 
means that in order to deliver $1 of output outside 
of this processing sector (for example, for house-
hold consumption), and to allow for these intra-
sector transactions, the grain-mill products sector 
had to have a gross output of at least $1.06342. 
Other entries in this column show that for each $1 
of output, this sector purchased $0.34183 from the 
food grain sector, $0.11959 from the feed grain 
sector, and so on. Hence, in order for the grain-
mill products sector to produce $1.06342 in gross 
output, it purchased $0.36351 (1.06342 X 0.34183) 
from the food grain sector, $0.12717 (1.06342 x 
0.11959) from the feed grain sector and so on. 

 

For a simplified discussion of the relationship between 
the iterative process and the simultaneous solution of a 
system of equations, see Dorfman, Samuelson, and 

 

7  For a brief review and bibliography of tests of the 
validity of the input-output model, see Chenery and 
Clark (1). 

 

 

Solow (4). 
	 • 
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final demand sector. Thus, in order for the meat 
acking sector to deliver $1 in gross output to 
he household sector, $0.878810 is required in 

meat animals from the farm sector, $0.000001 in 
poultry and eggs from the farm sector and so on. 
Similarly, in order for the canning, preserving, 
and freezing (excluding fish) sector to ship $1 
in gross output to households, industries engaged 
in manufacturing packaging materials had to 
produce $0.18 in gross output, both directly and 
indirectly. 

Reading down the columns of table 3 shows the 
dependence of each sector on the activity of other 
sectors. Thus, in the column for the meat pack-
ing sector we see that for $1 in gross output 
shipped outside the intermediate sectors by the 
meat animals sector, $0.000003 is required from 
the meat packing sector; for $1 in gross out-
put shipped by the poultry and eggs sector, 
$0.000173 is required from the meat packing sec-
tor; and so on. If we mark out a submatrix, 
say sectors 11 through 28, we can see the 
intradependence of these agricultural marketing 
industries. 

Applications 

The traditional and probably most important ease conceived for input-output analysis is to show 
the effect of a change in final demand on the 
gross output of individual sectors. This can be 
illustrated for the grain-mill products sector with 
the use of table 3. Column 15 of table 3 shows 
the total requirements of each sector on the grain-
mill products sector in order for the purchasing 
sector to deliver $1 for final demand. If we 
"apply" this column to the bill of goods demanded 
by the household sector in 1947 (table 1) , we find 
that both direct and indirect requirements on the 
grain-mill products sector totaled $3,317.2 million. 
Comparing this figure with the figure for direct 
delivery to households ($993.5 million) shown in 
table 1 indicates that indirect requirements on the 
grain-mill products sector were $2,323.7 million, 
or 70 percent of the total. The same procedure 
can, of course, be applied to other sectors indi-
vidually, or to all sectors simultaneously. 

Closely related to applications already noted 
is the use of input-output analysis to study the 
effect of a change in final demand on resource 
requirements. If data on unit-man-hour require-
ments (man-hours per unit of gross output) by 

•ector are available, we can apply these to the 

inverse matrix in order to estimate the change 
in man-hour requirements resulting from a change 
in final demand. If each of the coefficients in 
table 3, column 15 were multiplied by man-hour 
requirements per $1 of gross output in the grain-
mill products sector in 1947; and if to these figures 
we applied the end-product deliveries to the house-
hold sector in 1947, the result would show esti-
mates of the man-hours required in the grain-mill 
products sector in order to meet each item in the 
1947 household bill of goods. For example, the 
first entry in the grain-mill column would be an 
estimate of the man-hours in the grain-mill in-
dustry needed to meet the 1947 final demand for 
meat animals after tracing through all the direct 
and indirect requirements. The inverse can also 
be used to derive approximate "labor intensities" 
or "employment multipliers" by sector which could 
be used in studies of industrial location for rural 
develqpmeni. 

An .analysis similar to that for man-hour re-
quirements can be done for any limited resource 
(watetpowe1, fuel, and so on) or for total factor 
inputs (value added). Each of these analyses 
would of course require additional simplifying 
assumptions, and probably adjustments, based on 
a knowledge of the sectors studied; these em-
pirical questions must be carefully considered by 
researchers. 

All of the applications that have been discussed 
for a national model apply also to regional input-
output models, except that regional models can 
also be used to study interregional as well as in-
terindustry flows of goods and services. Because 
of lack of regional data, many agricultural econo-
mists engaged in regional input-output studies 
have had to rely on input coefficients computed 
from the BLS Interindustry Study for the coun-
try as a whole. While this introduces an addi-
tional tenuous assumption, it does suggest that 
work on the national level may be a stimulus to 
regional efforts. The "ultimate" model, as one 
might guess, would be a national input-output 
table that showed interregional as well as inter-
industry flow (8). 

Technical Appendix—The Mathematical 
Model 

The economy is treated as comprising (n+1) 
sectors; n of these are intermediate or processing 
sectors and the remaining sector is the final de- 
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X n=aniXi+ an2X2+ 	+an„Xn+ Yn 
 • 

or inrimatrix notation 

(4) 	 x=Ax+y 
where, 

all au 
a21  a22 
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a2n 
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g 	g 
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g 	g 
+ Xnn+Yn 

--=-X11-1-X12+ Xi3+ 
X2 = X21+ X22+ X23+ 	 

(1) : 	 ; 

X1 

X= 

Xn 

mand or autonomous sector. The technical dif-
ference between the intermediate and autonomous 
sectors is that we assume, at least as a first ap-
proximation, that while we can establish a simple 
structural connection among the intermediate sec-
tors, the autonomous "bill of goods" has no such 
simple restriction on its relations to other sectors. 

Let the gross output of the ith  sector in any 
given period be Xi. Some or all of this output 
will be sold to intermediate sectors (including the 
2:th, itself) for further processing; let the quantity 
sold by the ith sector to the jth  sector be Xij. The 
other part of the output of the ith sector will be 
sold to the final demand sector; let this quantity 
be Y. Then our n relations are as follows: 

Table 1, the transactions table, consists of these 
n relations, plus payments to the final demand 
sector. 

In order to "convert" this descriptive table to 
an analytical tool, we assume that the purchase 
of any given intermediate sector from another in-
termediate sector is a function of the output of 
the purchasing sector and—more critically—that 
we can approximate this functional relationship 
by assuming proportionality—i.e., fixed coefficients 
between the sector's inputs and its output. That 
is, the purchases of the jth sector from the ith  sector, 
Xi f, is proportional to the output of the jth sector. 
Thus, 

Xii  

or 
(2) Xu=aijX, 

From equations(1) and (2) we have, 

= auXi 2X2 	d-ainX.+171: 
X2=  aziXi d-a22X2+ 	 +a2nXn +Y2 

(3) • 

The direct purchases table (table 2), is, of course, 
the matrix A. To find the output for each sector 
necessary to meet a bill of final demand, we solve. 
(4) for x. The result is, 

(5) x= 

where I is the identity matrix and (I A)-1  is 
the inverse of the identity matrix minus the coef-
ficient matrix. Table 3 is the transpose of this 
inverse matrix. (The matrix was transposed in 
order to facilitate computation of inner products 
with a desk computer.) It shows for each sector 
both its direct and indirect requirements per unit 
of gross output. 

To study, say, man-hour requirements by sector 
in order to meet a bill of final demand, we assume 
a fixed unit man-hour requirement by sector. 
That is, 

M, 
11 

Or 

(6) Mi=kiiX, 	(i=1, 2, 	n) 

where M3 is the number of man-hours employed 
• 

• 
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in the production 
our requirements 
rix notation, 

(7) 
where, 

K= 

m= 

of 
in 

kii  
0 
0 

2112 

[ 11.1n  

and kit shows unit 
production in X. 

m=Kx 

0 	0 	0 
Ic22 	0 	 0 
0 	0 	0 

0k„Th  _ 

man-PONENT VALUES PRODUCED 	BY 

In ma- FARMERS, MANUFACTURERS, AND 

OTHER MARKETING AGENCIES IN 

THE UNITED STATES, 1929-56. Un-
published Doct. Dis. Univ. of 
Chicago. 

(7) HEADY, EARL 0., AND SCHNITTKER, JOHN A. 

	

1957. 	APPLICATION OF INPUT-OUTPUT 

MODELS TO AGRICULTURE. 	Jour. 
Farm Econ. 39 : 745-58. 

(8) ISARD, W. 

	

1951. 	INTERREGIONAL AND REGIONAL IN- 

PUT-OUTPUT ANALYSIS. 	Rey. Of 

Econ. and Statis. 	33 : 318-28. 

(9) LEONTIEF, WASSILY 

	

1951. 	THE STRUCTURE OF Int, AMERICAN 

ECONOMY, 1919-39. Ed. 2. New 
York. 	Oxford Univ. Press. 

(10) MARTIN, WILLIAM E., AND CARTER, HAROLD 

0. 

Substituting (5) in (7), 

(8) 	 m=K(I—A)-'y 

In general, we can follow the same procedure 
for any limited resource—if we are willing to as-

"puma proportionality. 
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TABLE 1.—Interindustry  transactions  in  1947—Continued—TRADE,  SERVICES,  AND OTHER SECTORS 
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TABLE 3.—Direct  and indirect  purchases  in  1947—FARM  PRODUCTS 
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