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SUMMARY 

This study is an application of inpu t-output analysis 
to a 21-sector model of the United States economy in 
1949. Major emphasis is on the relationship between 
agricu ltural production in geographic regions and be
Lween agricu lture and the industries which (a ) process 
agricultural products and (b ) provide productive fac
tors to agriculture. The analysis is based on the relation
ships in equation (i ) below where X is the matrix of 
outputs of specified intermediate producing sectors, A 
is the matrix of technical input-output coefficients and 
Y is th e vector of final demands. One objective of this 
study is examination of the inpu t-output coefficients in 
A, to determine the amount of product from particular 

(i ) AX = Y 
( ii ) A-' y = X 

producing sectors used per dollar of output of other pro
ducing sectors. Another objective is examination of the 
interdependency coefficients in A-', to determine the re
lationship of final demand for the product of one sector 
with output of the various other sectors. 

In the analysis, agriculture has been divided into six 
regiona l crop-producing (primary output ) sectors and 
the same number of livestock-producing (secondary out
put ) sectors. Industry has been divided into those sectors 
representing processing, transportation and trade of (a ) 
food crops, (b ) nonfood crops, ( c) livestock products, 
(cl ) machinery and fuel , ( e) miscellaneous suppli es and 
(f ) a ll other services and products. 

The total of industry input-output coefficients for pri
mary agricultural sectors shows the Corn Belt, of all 
major crop sectors, to be mo t dependent per dollar of 
output on nonagricu ltural sectors. The Corn Belt has 
a high total industria l coefficient becau e it uses a rela
tively large amom;t of items such as fertilizer, fuel and 
machinery per acre but at the same time (a ) produces 
crops with lower acre values than the fruits, vegetables, 
cotton and tobacco of other regions and (b ) has most 
of its forage acreage under cultivation. In contrast, the 
total industrial coefficien t per dollar of primary output 
is lowest for the Great Plains. This low coefficient stems 
largely from the fact that much of the Great Plains is 
in native vegetation requiring little or no input of in
dustrial expense items. The total industrial input-out
put coefficient al o i relatively low for the Southeast 
where such crops as cotton, tobacco, citrus and other 

152 

fruils and vegetables have high per-acre values, even 
though the input ot indu trial products per acre is rela
tively high. 

For secondary agricu ltural production, the total in
dustrial input coefficient is highest for the Northeast 
and Far West. I t is high in these regions because both 
import a large proportion of livestock feeds which are 
transported for long distances. (The industrial com
ponen t of the feed input includes cost of processing 
and transportation as well as other handling costs. ) The 
Lota! industrial coefficient for secondary agriculture is 
lowest for ranch areas where inputs for range heep and 
cattle are mainly feed produced from native grasses. 

The interdependence coefficients for primary agri
cultural sectors in rela tion to food processing sectors 
show the following: A change of $1.00 in the final de
mand for processed food (sec tor 13 in the text ) is as
sociated with only a 29-cent increase in output of all 
agricultural sectors. The remainder of the dollar change 
in processed foods is represented by the inputs from 
other industria l or nonagricultural sectors. In other 
words, the "food bundle," representing primary agri
cultural products, moving into final demand is made 
up of more than two-thirds of industrial inputs and 
less than on e-third of farm inputs. 

Agricultural sectors ( sectors 1 through 12 in the text ) 
were highly dependent on industries ( sector 18 in the 
text ) not engaged in proces ing farm producls in 1949. 
These same industries were not highly dependent on 
agricu lture. The amount of secto r 18 products used per 
doll ar of final demand for agricultural products ranged 
from 0.3928 for econdary agricultural products in the 
Corn Belt to 0.4768 for primary agricu ltural products 
in the Intermountain States. In contrast, the amount 
of agricultural products used per dollar of final demand 
for sector 18 products ranged from 0.0011 for econdary 
output in the Inlermountain State. to 0.0 106 for pri
mary output in the Corn Belt. 

The limitations of input-output analysis applied to 
agriculture are rev iewed in the text. The main limita
Lions are the linear or fi xe d m ix restrictions forced in
to intersector relationships by the model. Hence, the 
coefficients mainly describe relationships at a particular 
point in time insofar as agricultural relationships are 
concerned . Differential income elasticities of demand for 
farm products do not a ll ow projections to future levels 
of national income. 



Application of Input-Output Analysis 
to a 

Regional Model Stressing Agriculture1 

BY JoHN A. SCHNITTKE R AND EARL 0 . H EADY 

This study is a continuation of an earlier one which 
was initiated to establish quantitative relationships 
among agricultural and nonagricultural sectors of the 
economy. These relationships are of in terest because of 
increased interdependence of sectors as the economic 
structure of our society becomes more complex. Agri
culture is becoming more dependent upon the rest of 
the economy for its inputs. In the earlier study, Peter
son and H eady (34) estimated that input purchases by 
farmers from industry increased from 28 cents per dol
la r of crop output in 1929, to nearly 50 cents per dol
lar of crop output in 1949. Future data are likely to re
flect even greater interdependence between agriculture 
and industry. 

The national government has assumed, and is likely 
to maintain, an increased role in consciously affecting 
the nature and the intensity of economic activity. If 
this task is to be carried out intelligently, prior knowl
edge of the structure of the economy is essential. His
torically, the source of such knowledge has been research 
considering small segments of the economy alone. In
put-output analysis (27 ) , the technique used in this 
study, a llows a general equi librium analysis of the re
la tionships among all economic sectors. I t permits, un
der the limitations of linear coefficients, consideration 
of the interrela tionships between various sectors of the 
economy resulting from outside disturbance such as a 
change in final demand. 

OBJECTIVES 

The over-all objective of this study is to estab lish in
terrela tionships among various sectors of agriculture and 
between agricultural and nonagricultural sectors of the 
United States economy for 1949. Specific objectives 
relating to this end include: 

l. To formulate a model of the economy of the 
United States in which relationships among agricul tural 
regions and between agricultural regions and the rest 
of the economy may be observed. 

2. To provide estimates of the trade pattern among 
economic sec tors for a given time pe riod and to trans
form these data into coeffici ents (a ) expressing the in
put-output relationships between economic sectors and 
(b ) expressing the interdependence between economic 
sectors. 

1Projcct 11 35 , Iowa Agricultural and Home Economics Experi ment 
Station . 

A further objective, associated with the great volume 
of data required to empirically develop an input-out
put model, is evaluation of data requirements for the 
model relative to data currently available. 

THE MATHEMATICAL MODEL OF THE 
ECONOMY 

In the formulation of the Leontief or input-outpu t 
system (26, 27 ) , the economy of any political subdivi
sion is conceived as consisting of a number of "homo
geneous" producing industries or sectors. These sec
tors engage in trade with each other and with other 
national economies. Also, they may sell goods for im
media te human consumption. The output of each eco
nomic sector is defined as the sum of the sales by the 
sector to a ll other sectors, including sales for export, to 
government and to individuals . Sectors whose demand 
for products arises out of their own decisions to pro
duce goods are called "intermediate." These include all 
agricu ltu ral and industria l sectors. Sectors whose de
mand for goods arises partly for other reasons, such 
as political decisions or individual consumer preferences, 
are called "autonomous." Government, foreign trade 
and households are usually placed in this class. 

FLOWS BETWEEN SECTORS 

The first step in input-outpu t analysis is derivation of 
flows from producing sectors to consuming sectors. These 
flows may be aggregated on either a gross or net basis. 
Flows within any economic sector, such as crop seeds 
used on the farm where they are grown, are not ex
plicitly considered in this input-output study. Only net 
outputs are considered. The net output (X ;) of any in
termediate sector is represented as the sum of sales to 
other intermediate sectors (xii ), plus sales to the final 
demand or autonomous sectors ( y; ) . 

Net output is : 

( 1.1 ) X ; = $ x;i + y; (i, j = 1, 2, 3 .. . n ) . 

Equation 1.1 may also be written as : 

(2.1 ) X ; - }; X;j = y; (i, j = 1, 2, 3 ... n ) . 

T he empirical coun terpart of equation 1.1 is expressed 
as a transactions matrix or table showing the value of 
the products of each sector flowing to a ll other sectors 
in the given time period, and the sum of a ll such flows 
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for each sector. Construction of a transactions matrix 
(table 2) is the major step in an input-output study of 
an economy in terms of time and other resources re
quired. It may be the only step if the purposes of the 
study are to describe the structure of an economy. A 
method of projecting the mono-period rela tionships to 
future time periods and limitations of the method are 
discussed subsequently. 

Da ta of the transactions matrix may be used to com
pute the r ela tionships between the net output of each 
sector and the inputs furni shed to that sector by other 
sectors. These relationship are expressed as produc
tion coefficients (a;i) and a re defined as : 

(3 .1 ) a;i = x;i ,/Xi (i, j = 1, 2, 3 .. . n ) 

or 

(4.1 ) x;i = a;iXi. 

Each a;i represents the dollar's worth of the product 
of sector i required by sector j per unit of output of 
sector j . In an empirical model, production coefficients 
are computed from the data in the transactions matrix 
by dividing the value of each of the inputs used by 
each sector ( as shown in co lumn j of the transactions 
matrix ) by the net outpu t (Xi ) of the sector. 

The elemen ts of the transactions matrix from which 
the coefficients of production are computed a re single
valued . Therefore, the coefficients of production are 
also single-valued. Technically, the input-output sys
tem assumes that the production function of each pro
ducing sector in the economy is linear and homogenous 
of degree one. A change in the output of any produc
ing sector is ass umed to require a fixed change in the 
output of each input-furnishing sector; thus, perfect 
complementarity between inputs of furni shing sectors 
and a zero marginal productivity for the input of any 
single furni shing sector is implied. 

The ratio computed from the transactions matrix 
form the matrix of coefficients of production shown in 
empirical form as table 3. While essentially descriptive, 
they also may be put to analytical u e in estimating 
the direct effects of a change in output of any sector 
j upon the sectors supplying the inputs to sector j . Ex
amples of this procedure appear la ter. 

Algebraic substitution permits the da ta of the trans
actions and input coefficients matrices to be put to 
further analytical use. R eference to equation 4. 1 indi
cates tha t equation 2.1 may be rewritten as: 

(5 .1 ) X; - ~a;iXi=y;. 

The system of equations represented by equation 5.1 
expresses consumption by autonomous sectors, or the 
" final bill of goods," as a function of net outputs (X ;) 
and the relationships between intermediate sectors in 
the economy ( a; i). The matrix of coefficients of this 
system of equations, represented empirically in table 3, 
may be inverted to obtain coefficients expressing the 
net ou tput of any sector of the economy (X ;) as a 
function of the parts of the final bill of goods ( y;). 
The coefficients of the new ys tem of equations are 
the elements of the inverse matrix of production coef
ficients ( table 4). This system of equa tion can be 
represented in matrix form as: 
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where A-1 represents the inverse of the matrix of tech
nical input-output coefficients, Y is the matrix of final 
demands and X is the matrix of output for producing 
sectors. After the technical or input-output ra tios have 
been computed from the transactions matrix, it is a 
relatively simple procedure to compute the inverse ma
trix in a model of the present size. 

In a simple case which may be solved without use of 
a machine, we have the matrix of technical input-out
put coefficien ts: 

and the identity matrix: 

The inverse matrix provides the interdependence coef
fi cients and is obtained as the product AA-1 = I. In 
thi s case: 

By matrix multiplica tion: 

l2c11 + C12 

l..:..:.n --j- C22 

Since corresponding elements are equal: 

2 c11 + C12 = 1 
C11 + 2C12 = 0 

2 C21 + C22 = 0 
C21 + 2C22 = 1 

By elimination, the in terdependence coefficients are: 

C12 = - 0. 333 
C11 = 0.667 

C21 = - 0.333 
C22 = 0.667 

The elements of the inverse matrix are the coeffi
cien ts of a system of equations expressing net outputs 
as a function of the parts of the fina l bill of goods. 
E ach coefficient indicates the amount the net output 
of a given sector must change to make it possible for 
sector j to add $1.00 to its bill of goods. Thus, in 
column l , row 16, of table 4, the coefficient 0.164 in
dicates that each $1.00 of final demand for products 
of sector 1 is associated with 16 cents worth of net out
put of sector 16. 

Once the inverse is available, numerous assumptions 
may be made concerning changes in final demand (y;) 
and the resulting net outputs (X ;) computed and in
terpreted in the framework of the limita tions of the 
analytica l technique. 

THE ECONOMIC MODEL OF THE ECO OMY 

First decisions in initiating an input-output study in
clude determining the period to be studied a nd the 
composition of the sectors of the economy to be rela ted . 
The year 1949 was selected for this study because the 
data on resource inputs and agricultural production 
were more adequate than in this year. The publication 



providing this information are included in the attached 
bibliography, and the data are described in ome de
tail in one of the publications listed ( 36 ). 

The main model of this study includes 12 agricultural 
sectors and 6 industria l sectors. The agricultural sector 
include the 6 regions shown in table 1, plus a crop and 
livestock sector for each of these. Actually, two models 
are completed in this stud y: First, the 18 sectors men
tioned above and government and foreign trade are 
considered a intermediate ectors, and, in Appendix 
B, 18 sectors are considered as intermedia te, with gov
ernment and foreign trade considered as autonomous. 

DEFINITION OF AGRICULTURAL SECTORS 

Inclusion of a complex national economy in a rela
tively simple model requires a high level of aggrega
tion of inputs and outputs for the various sector . Since 
an objective of this study is to observe interdependence 
between agricultural regions of the United States, 
spatial aggregation of agricultural production is re
quired. Two general procedures applied in aggregation 
of da ta for input-output models are (a) to define sec
tors in such a way as to minimize intersector transac
tions, and (b ) to maintain the highest possible degree 
of similarity of input structures among the products of 
any sec tor. The second procedure is followed roughly 
in forming agricultural regions and sectors. Agricultural 
regions used in the analysis a re based on generalized 
type-of-farming areas (51 ) . No states were divided 
si_nce division int:oduces greater data problem . R e~ 
g10nal representat10n of sta tes is shown in table 1. 

Procedure (b ) sugges ts a division of agricultural re
gions along type-of-product line . Crop production fits 
the criteria for extractive or primary activity, while 
livestock production is a processing or secondary ac
tivity. Since the input structures of the two kinds of 
production differ so greatly, each agricultural region 
is su?di".ided ~nto two input-output sectors. Crop pro
duct10n m reg10ns 1 to 6 ( table 1) is designated as sec
tors 1 to 6 in the remainder of this study. Lives tock 
production in the respective regions is designated as 
sec~ors 7 to 12. The mix of the primary and secondary 
agn cultu ral products of each region is, of course, as 
heterogeneous as the crops and livestock which are aa-
gregated into it. 

0 

I NDUSTRIAL SECTORS 

Industrial sectors are defined in a manner to permit 
expression of relationships between agriculture and 

TABLE I. COMPOSITION OF AGRI CULTURAL REGIONS 
BY ST ATES. 

Region I 
Maine 
New Hampshi re 
Vermont 
Massachuse tts 
Rhode Island 
Conn ecticut 
N ew York 
New J ersey 
Pennsylvania 
Delaware 
M aryland 

Region 4 
North D a kota 
South Dakota 
Nebraska 
Kansas 
Oklahoma 
Texas 

Region 2 
Ohio 
Indiana 
Illinois 
\ -Visconsin 
Michigan 
11innesota 
Iowa 
Missouri 
K e ntuC'k y 

Region 5 
111ontana 
Idaho 
Wyoming 
Colorado 
New Mexico 
Utah 
Nevada 

Region 3 
Virg inia 
West Virg inia 
North Carolina 
South Carolina 

f,~~ya~a 
Tennessee 
Alabama 
Mississippi 
Arkansas 
Louisiana 

Region 6 
Arizona 
Washington 
Oreo;on 
California 

certain components of the nonagricultural economy. 
Two general categories a re included : ( 1) industries 
which process similar agricultural products and (2 ) those 
which provide different input to agriculture. Industry 
aggregation is based .mostly on a detailed study of the 
United States economy made by the Bureau of L abor 
Statistics for 194 7 ( 59, 60 and 61 ) . The industry sectors 
are: 

Sector 13. Industries processing the products of primary 
agriculture, chiefly for food use, but including livestock feeds . 

Sector 14. Industries processing th e produ cts of primary 
agriculture, chi efly for nonfood use. 

Sector 15. Industries processing the food products of secon
dary agri culture. 

Sector 16. Industries providing machinery, machine service , 
fue l and oi l to a ll sectors of the economy. 

Sector 1 7. Industri es furnishin g fertilizers , seeds and other 
supplies to agriculture, as well as many products to other sec
tors. 

Sector 18. A 11 other industries, including most services. 
The industry classification adopted is based also on 

aggregation principles enumerated earlier. For example, 
similarities in production fun ctions and minimization of 
intersector trade are the basis for inclusion of feed 
processing in sector 13, which includes a ll other mill
ing operations. Also, in the factor-supplying sectors, the 
same principle is followed in aggregating machinery 
and vehicle production and repair in a single sector. 

Since agriculture is subdivided both geographically 
and by process, industry sectors might also be handled 
in the same way. The regional model developed by 
Isard included industrial product data within regions. 
H e cautions, however, tha t for such a model " ... 
appropriate data are not currently available" (21 , p. 
326 ) . Moses ( 30 ) developed a similar empirical model, 
using rela tionships between na tional industries and as
sociated data on regional trade to estimate regional and 
interregional trade coefficients. 

Given the data problems of regional consideration of 
industry, along with the objectives of this study to 
stress agricultural production, regional consideration 
of industries seemed unimportant. H ence, the general 
classification of industries shown above was used. 

Activities which do not fit the criteria for industry 
sectors, but which are closely related to industry, in
clude foreign trade and government. In input-output 
models, exports are treated as "inputs" to the foreign 
trade sector, while imports are considered to be the 
"output" of the same sector. Government purchases 
and government services are the "inputs" and "out
puts·" respectively, of the goverment sector. In the pre
vious input-output study of agriculture (34) both these 
activities were treated as intermediate sectors in a 5-
sector model of the United Sta tes economy. However, 
interpretation of estimated relationships was difficult. 
Treatment of foreign trade and government as inter
media te or autonomous sectors is largely arbitrary. 

There is little theoretical basis for calling them in
termediate sectors. By definition, inputs absorbed by a 
valid intermediate sector are physically instrumenta l 
in the production of the net output of the sector. But 
the inputs to foreign trade (exports ) are very unlike
ly to be related physically to the trade sector' s output 
(imports) . Both imports and exports depend upon a 
series of political relationships and upon the economic 
and technological structure of the domestic and for
eign economies. The case for treating the government 
sector as autonomous is less clear. M any inputs ab-
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sorbed by government are physically related to the 
services provided by government. Too, government, like 
industry, might be considered to have a "demand 
schedule," refl ecting roughly the desire by its citizens 
for services. 

As explained earlier, the two sector s are trea ted al
terna tely as intermediate and autonomous in this study. 
The model with 20 intermediate sectors is discussed 
most completely; the other is shown in Appendix B. 
Minor differences between interdependence coeffici 
ents in the two cases are summarized there. 

Households fit the criteria for autonomous sectors 
because of the independent nature of their decisions 
to absorb inputs. To a limited extent, individuals 
(households) absorb inputs in order to produce the 
quantity and quality of labor service demanded by 
intermedia te sectors. But in a developed economy, much 
consumption cannot be justified on the grounds that 
it is necessary to production. Designation of foreign 
trade, government and households as sectors 19, 20 
and 21 completes the model of the economy employed 
later. 

CoNCEPTlJAL A o THEORETICAL PROBLEMS 

In the usual input-output formulation, the flows be
tween intermedia te sectors consist of goods which are 
sti ll to undergo some stage of processing. Only goods 
ready for final consumption enter final demand sec
tors. Thus inpu t-output analysis involves double count
ing to the extent made possible by the aggregation sys
tem. In practice, certain products appear to qualify 
equally as well as flows to intermediate or final de
mand sectors. Many farm produced foods might be 
consigned either to a processing or a consuming sec
tor, since they undergo rela tively minor processing. In 
the 200-sector table of the Bureau of Labor Statistics, 
not only fruits and vegetables, but also secondary prod
ucts such as milk and eggs are treated as direct flows 
from agriculture to households ( 61 ) . 

Choice of the direction of flow for each product must 
be guided partly by the objectives of the study, but 
equally by the availability of data for one method or 
the. other. For this study, a ll farm commodities' sales 
have been directed to a processing sector if data per
mitted, leaving home-used farm products as the only 
direc t contribution of agricutural sector to final de
mand. 

The theoretical foundations of input-output analysis 
are given in detail elsewhere (27 ) and are implied al
so in the ma thematical model above. Briefly, the flows 
of goods and services from any producing sector are 
defined as a function of the (a) derived demands of 
other sectors and (b ) the final demand for product 
of the first sector, a ll considered in the framework of 
the technological and price structure of the economy. 

The crucial theoretical assumption is that of fixed 
coefficients of production. Whether or not thi s assump
tion is a severe limitation was studied by Cameron ( 7) 
who observed 178 Australian industry subclasses. H e 
concluded tentatively that the fixed coefficients may be 
a reasonable approximation for the industries studied, 
since he found little evidence of materials or price sub
stitution. Leontief and associates (26 ) discuss the pos
sibility of checking the production functions estimated 
in input-output analysis by u se of engineering data. 
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Another theoretical problem involves the relation
ship between total inputs and total output of any sec
tor (see table 2 ) . The use of input-output models for 
projection implies tha t the period selected is somehow 
representa tive ~f equilibrium conditions. In the long 
run, if an industry is to operate, the value of output 
must equal total cash cost plus the opportunity or 
reserva tion cost for inputs. H ence, the convention was 
adopted here, as in the 1947 Bureau of L abor Sta tistics 
study, to reconcile total value of inputs and total value 
of output for each intermediate sector. The somewhat 
arbi tra ry means of doing so a re explained la ter. 

A special assumption about geographical region and 
their products was required for the regional model, es
pecia lly to es timate feed grain supp li es availa ble for 
sale to industry sectors, or imports from other agri
cultura l sectors. In reg ions as large as those of this 
study, transporta tion costs a re often greater between 
points in a region than between point in different re
g ions. Thus, region A may be a corn-surplus area and 
region B a defi cit area. Yet data may show that corn 
was shipped from B to A in a given year. However, 
because of lack of data, a simplification was adopted
treating the region as a point- thus assuming intra
regional transportation costs to be zero. Supplies of 
commodities in a region are then assumed to be avail
able to a ll producers in the region a t the same cost. 
Producers in the region will import them only when 
the quantity of a good produced in the region is less 
than that demanded by users in the region. Errors in
volved in the stated assumption are expected to be 
minor. 

VALUATION OF PRODUCTION 

The need to aggrega te, a nd thus to h ave each sec
tor include several unlike products, require. the use 
of a common unit of measure in describing intersector 
transactions. Moneta ry units are the obvious choice. 
Thus, the equations presented ea rlier a re interpreted 
as expressing values, ra ther than physical units. Flows 
of products fro m one sector to another are valued 
F.O.B. the producer. This means, for example, that 
"prices received by farmers" is the series used for valu
ing farm products sold for processing. However "prices 
pa id by farmers" is not the correct series for valuing 
the fl ows of products from industry to agriculture, 
since this series includes marketing margins. Specific 
valuation problems are discussed in subsequent exp lana
tions of trade patterns. 

ESTIMATING PROCEDURES AND DAT A 
SOURCES 

After a tentative model of the economy has been 
formulated, the next step is to determine the value of 
the products fl owing between the sectors of the economy 
in the period selected. This is the most time-consuming 
phase of the input-output analysis. Even in the simple 
model presented here, the number of separate sector 
transactions to be estimated is imposing. Also, when ag
gregation is at a high level, each estimate of an in ter
sector transaction is made up of the transactions of the 
various components of the aggregate sector. 



TA BLE 2. D ISTRIB TION OF T H E VALUE O F I N P UTS AND OUTPUT S O F THE UN ITED STATES ECONOM Y, 1949. * 

2 3 4 5 6 7 8 U IU 11 
Pri mary ag ricult ure sectors Secondary agricul tu re sectors 

Sector 
number 

Region 
I 

Regdon Rc~ion Re~ion Reton Re!ion Reyion Rc~ion • Rc.f ion Rc; ion R egio n 
5 

Reg ion 
G 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
JI 
12 
13 
14 
15 
16 
I 7 
18 
19t 
20t 
21 
T ota l 
inputs 

94.3 

2.7 
O.ti 

.. i59.5 
164.2 
279.8 

86.8 
503.2 

1,29 1.0 

425 .2 

1.7 
1.9 

-739.9 
398.5 

1,382.3 

35 1.4 
2,352.5 

5,653.4 

151.8 

12.8 
7.2 

449.9 
397.8 
957.4 

139.6 
2, 195.3 

4,311.9 

234.6 

3.4 
1.4 

473. 1 
143.3 
927.3 

194.2 
2,146.9 

4, 124.3 

84.7 

0 .2 
0.1 

i.55.7 
39.3 

280.5 

64.9 
450 .2 

1,075 .5 

- 70.0 
0.3 
0.4 

-267.7 
142. 1 
468 .6 

128.4 
1,006.2 

2.083 .8 

6H .9 
26 .7 

530.7 
3.3 

63.2 
6.2 

361.9 

32.4 
562.2 

2.23 1 .5 

2-;iio'i .6 

i .6 

525.4 
5.8 

206.3 
22. 1 

1,000.6 

96.9 
2,707.9 

7 .374.3 

2.6 
3.6 

9fa0 
0.4 

372.8 
2.3 

62.9 
8.0 

330. 1 

23.5 
557 .4 

2.288.4 

0.2 

l;ii77.5 
0.2 

240.2 
1.6 

79.4 
9.9 

382 .0 

.... 40 .1 

842.6 

2,973.7 

.. 2.9 
··fr .I 
419.5 

0. 1 

54.0 
0.5 

24.8 
3.0 

I 15.2 

13. 1 
302.6 

946.7 

7. 7 

13. 1 
0 .1 

359.0 

218 .1 
1.4 

33.3 
3.3 

177 .0 

16.0 
368.! 

I , 197. 1 

-~ Each row shows th e distributio n of the o utput of th e in dust ry na med a t the lcit . Each colum n shows the input di stribu tion 10r pu rchasing in
dustry named a_t th e top. All figures are in millions o ( doll ars. D ashes denote ze ro or near-ze ro entries . 

t The foreig n trade and governme nt sectors arc considered alternately in the tex t as (a ) in tc1·mcdi a tc and (b) fi na l demand s,cc tors. 

T ABLE 2 (continu ed ) 

Sector 
nu mber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19t 
20t 
21 
Total 
inputs 

13 

Crop 
foo d 

prod ucts 

346.4 
964.9 
78 1 .2 
846.9 
339.5 

1, 166.6 

1,027.0 
728 .0 
159.5 
153 .8 

3,334.2 
1,677.4 

764.9 
7,176.4 

19.466. 7 

14 15 

Industry secto rs 

Nonfood 
c rop 

products 

60.2 
708.9 

1,266 .9 
587.5 

43.8 
203.7 

1.4 
17.6 

2.4 
41.1 
37.3 
11.9 

235.2 

428.0 
54.2 

150.6 
2,27 1.4 

588.9 
997.9 

5,487.3 

13,196.2 

Li, e
stock 

products 

1,986.7 
6,432.8 
I ,488.1 
2,389 .5 

764 .9 
1,046.8 

267 .8 
30.0 

70.3 
38 . 7 

1,057.7 
157.0 
229.3 

4,358 .2 

20 ,317. 7 

16 

.Machin ery 
and 
fu el 

452.0 

448.1 
13,395.8 

104.0 
1,451.8 
9,955 .8 

25 ,807.5 

Nearly all agricultural da ta were available in their 
earliest form in Agricul tural Statistics ( 46 ), with partia l 
revision in later publica tions. The most recent revisions 
were used. Industry, trade and government data came 
from many sources, but the transactions table of the 
1947 interind ustry study (61 ) was the basic reference for 
the latter sectors. 

Sector explanations which follow a re mostly in terms 
of output, since output da ta were more readily avail
able than input data. Each row en try in a transactions 
matrix ( table 2) is also a column entry. Thus, input 
explanations are implicit in output explana tions. No at
tempt is made here to p rovide a deta iled description of 
the methods and sources used to estimate net outputs 
and their distribution. Such a description is available 
from another source (36) . 

E STIMATING T HE O UTP UT OF PRIMARY A GRICULTUR E 

An early step was to estimate the total production of 
each crop product, both for regions and the United 

17 

Miscel
laneo·1s 
supplies 

43.7 
93 .6 
31.1 
56.7 
29.4 
34.7 

48.2 
73.0 
43 .3 

113.9 

2,615.0 
JOO .I 
452.5 

2,887 .6 

6,622.8 

18 

All 
ot her 

products 

19. 1 
283 .7 
93 .0 

136.8 
6.6 

20.7 

2,252 .0 
6,823.0 
2.328 .9 
7,807.7 
2,663 .2 

3,964.2 
27 ,594.5 

129,799.3 

183 ,792.8 

J9t 

Foreign 
trade 

16.6 
190.5 
533.8 
292.4 

23 .8 
91.7 

373 .9 
701.9 
266 .0 

2,A~:J 
6,670.8 

381.6 

12,3 17.1 

20t 

Gm·ernm cn t 

64.9 
345.3 
331.8 
722 .2 
198 .4 
179 .8 

492.4 
240.2 
818.5 
918. 1 
141.5 

18,357.3 
3,843.0 

33,268 .5 

59,922 .0 

21 

1-fouscholds 

92 .6 
218.0 
349. 1 
78 .0 
14. 1 
27 .4 

149. 1 
498 .8 
646.1 
308 .5 

59.8 
68.4 

13,835 .0 
3,822.7 

15, 705.0 
I 1,8CO.0 

I ,082 .5 
129 ,427.8 

23,394.0 
2,415.0 

203,992 .0 

Net 
output 

1,291.0 
5,653 .4 
4 ,311.9 
4,124.3 
1,075.5 
2,083.3 
2,23 1.5 
7,374.3 
2,288 .4 
2,973 .7 

946.7 
1,197.1 

19,466. 7 
13, 196 .2 
20 ,317.7 
25 ,807.5 
6 622 8 

183) 92:s 
10,434.6 
56,453 .0 

209,344.4 

States in 1949, ,i ncl to dis tribute the products of each 
primary sector to other sectors. This involved both con
ceptual and data problems. Seeds, for example, offered 
the poss ibility of interprimary fl ows of products. How
ever, only the seed output and the tota l seed require
ments of crop sectors could be estimated from available 
da ta. No trade pattern between crop sectors could be 
establ ished. As a resul t, seeds normally traded were con
signed to industry sector 17, which in turn, supplied 
seeds bough t by farmers. This p rocedure eliminated the 
only possible interprimary sector transactions. 

M any products of primary agricul ture have multiple 
encl uses. For example, corn produced in sector 2 (Corn 
Belt ) may be fed to livestock in region 2 or in another 
region. I t a lso may go to sector 13 to be processed for 
human food, to sector 14 to be turned into alcohol, to 
the Commodity Credit Corporation as unredeemed loan 
colla teral, or to other uses. The degree of diversity of 
use varies greatly. Mung beans grown in Oklahoma 
(sector 4 ) go exclusively to sector 13 for processing, 
while wheat grown in the same region has a complex 
distribution pattern . 
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Since available data included only the national dis
tribution of major primary commodities to various in
dustries, regional distribution patterns were estimated 
from these national data. The supply of multi-use 
grain to be allocated from each region to a ll national 
industries was equal to the total production in the re
gion minus the amount of the commodity fed on farms 
in the region or shipped to other regions to be fed . 
Each regional supply for nonfarm uses was a llocated to 
various industry sectors, using coefficients expressing the 
proportion of the total commodity supply for nonfarm 
uses taken by the using industry sector. For example, 
if 15 percent of a ll corn not fed on farms went to na
tional sector 13, it was assumed that each corn-supply
ing region consigned 15 percent of its surplus to sector 
13. R egional distributions of crop production in 1949, 
with 1929 comparisons, are given for major crops in 
table 7. 

P RIMARY AGRICULTURAL PRODUCT F LOWS BETWEEN 

REGIONS 

Grains fed with only minor processing, and all forages 
fed, were treated as flows from primary to secondary 
agricu ltural sectors. Grains fed after intensive proces
sing were defined as flows from an industry sector to 
livestock-producing sectors. In regions where total pro
duction of a grain used for feed was greater than the 
quantity of the grain fed in tha t region, it was assumed 
that no imports were made-even though minor border 
trading was shown, as exp la ined earlier. In regions 
where total production of a given grain was less than 
the quantity fed in the region, it was assumed that the 
total amount produced was fed to livestock in the re
gion, that imports were required to fill the deficit and 
that the region contributed none of the supply for non
farm uses. 

Hay available for u e by each regional secondary ec
tor was estima ted as production by the regional primary 
agricultural sector, adjusted by the inventory change in 
1949, and for small quantities of hay shipped to other 
regions. Forages other than hay were pasture, silage 
and fodder. None of these entered into interregional 
trade, so the production by each primary sector was 
taken as the consumption by the scconJary agriculture 
sector in the region. 

Minor intraregional flows from primary to secondary 
sectors included soybeans, peanuts, cottonseed and other 
products. The basic data sources for this group of prod-
11 cts were (23, 24, 42, 46 and 47 ) . A detail ed commodi
ty description of intraregional feed flows appears in table 
A-1 , Appendix A. 

P RIMARY AGRICU LTU RAL PRODUCT FLOWS BETWEEN 

REGIONS 

Only corn and oats of a ll feed grains were considered 
to have entered into interregional trade. All regions 
produced more than enough of other feed grains to fill 
the demand for on-farm feeding. Given the assumption 
of zero transportation costs within regions, the regions 
required no imports of these grains. Corn fed to live
. tock exceeded corn produced in the region in sectors 
7, 11 and 12 (regions 1, 5 and 6, respectively) . D eficits 
were fill ed by sh ipments from other primary agriculture 
sectors, as estimated from shipment data (20 ) and 
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simple transportation-location principles. Data in
dicated that sector 2 ( Corn Belt ) upplied all the corn 
needed for on-farm feed ing in sector 7 (Northeast ) . 
The other regiott adjoin ing the Northeast, region 3 
(South ) , had no corn surplus. Sector 4 (Great Plains) 
had corn to export but a lso had a freight rate disad
vantage compared with sector 2. Shipment data indi
cated large shipments of corn to sectors 11 and 12 
from both sectors 2 and 4. Imports by these two sectors 
from sectors 2 and 4 were estimated from the total corn 
deficit of sectors 11 and 12, and the fraction of the total 
corn imports from sectors 2 and 4 indicated by a carload 
waybill sample (20 ) . Similar methods were used f~r 
oats. Shipments of hay between regions were a lso esti
mated from carload waybill data. The trading pattern 
appears elsewhere (36) and is not deta iled here. 

PRIMARY AGRICULTURAL PRODUCT FLOWS TO 

INDUSTRY SECTORS 

Industry sectors shipped most farm produced fooc!s 
and fibers to consumers in 1949. Data on the quanti
ties of primary agricultural products purchased as in
puts by various industry sectors were found to ?e re!a
tively compLete on a national level. However, li tt le in

formation was available indicating the regional distribu
tion of primary commodities to various industri ':'-1 uses. 
As a result, coefficients expressing the proport10ns of 
many products used nationally by various industries in 
1949 were used to estimate regional flows to industry 
and final demand sectors. Use of national coefficients 
requires the assumpt\on ~hat each unit of ::t- commodity 
produced in one reg10n 1s a perfect technical ~nd eco
nomic substitute for each unit of a commodity pro
duced in another region. This assumption is not a lways 
realistic. However, only exhaustive study of the location 
of different kinds of industrial use rs relative to the lo
cation of specialized producing areas could uncover the 
true relationship of agricultural regions to industry sec
tors. The basic data sources for the estimates in this 
section were ( 46, 48, 55 and 60 ) . 

Sector 13. Sales by primary agricultural sectors to 
industry sector 13 included grains and oil crops for food 
use of livestock feed, fruit and truck crops for proces
sing, and other minor crop products. Multi-use com
modities were allocated to the industry sector from 
each primary sector using the national coefficients ex
plained above. O ther crops, such as fruits and vege
tables, were allocated entirely to sector 13. Valu es of pri
mary commodities processed by sector 13 are given in 
table A-2 of Appendix A. 

Sector 14. Cotton was the most important primary 
commodity processed by sector 14 industries in 1949. 
Others were tobacco, vegetable oilseeds and small 
quantities of grains for use in making alcohol. The sup
ply of each commodity in each region and the £~action 
of the national supply used by sector 14 mdustn es de
termined the quantity of each commodity consigned to 
sector 14 by the primary agricultural sector. Commodity 
flows in the group are detailed in table A-3 of Appendix 
A. 

Sector 17. Since seed transactions between regions 
could not be isolated, farm ales of fi eld crop seeds were 
consigned to industry sector 17, which provided miscel
laneous supplies to agricultural sectors. Alfalfa, grasses, 



soybeans, hybrid corn and potatoes were among the im
portant seed crops. 

Sector 18. Farm forest products were the only im
portant products of primary sectors which did not fit 
into the processing activities of one of the other industry 
sectors. Included a lso in the primary commodities con
signed to sector 18 were small residual quantities of 
several commodities, not assigned elsewhere because of 
estimating errors or changes in inven tories. They were 
consigned to sector 18 as an alternative to setting up 
an unallocated sector, as has been done in some other 
studies of this type ( 9, p. 107 ) . 

S ector 19, for eign trade. Allocations of grains, oil 
crops, cotton, vegetabl es and tobacco to export was made 
in the same manner described earlier for a llocation to 
p rocessing sectors. In the absence of data showing which 
regions provided the quantity of a crop demanded for 
export, each primary sector was considered to provide 
a share of the national expor t total. The size of each 
regional contribution to export was determined by (a ) 
the quantity of a commodity exported relative to other 
nonfarm uses and (b) the relative contribution of each 
primary agricultural sector to the national suppl y of the 
commodity after on-farm uses in the region were fill ed. 
Data were from ( 41 and 46 ) . 

S ector 20, government . Purchases of primary prod
ucts by government were defined to include only gov
ernment p rocurement, either for overseas shipment in 
relief programs or through deliveries by producers in 
connection with price-support programs. R egional a l
locations were made using national coefficients as de
scribed above. Data were from ( 46 and 55 ) . 

Sector 21, households. Primary farm products used 
directly by households were defined to include only those 
used by farm households. The choice was made some
what arbitrarily, ince large quantities of fruits and 
verretables undergo only minor processing enrou te to 
other consumers and might have been considered a 
direct flows from agricu lture to final demand. 

EVALUATING PRIMARY AGRICULTURAL PROD UCTS 

For mo t commodities, physical quantities were dis
tributed to u ing sectors before values were pl aced on 
the commodity. Feeds fed within regions, but listed 
as a flow from primary to secondary sectors, and a few 
commodities listed initia lly by value were exceptions 
to this valuation procedure. The annual series, "prices 
received by farmers," was selected as consistent with 
the producer's value concept used in the study. Prices 
for each commodity in each region were computed as 
a weighted average of the prices received by farmers 
in the states of each respective region. 2 

ESTIMATING THE OUTPUT OF SECONDARY 

AGRICULT URAL SECTORS 

The manure by-product of animal feeding is an un-

!!feeds fed in vertically inte9 ratcd farm firms posed a special va lu
at ion probl e m. U se of annual ' pr ices rece ived by farme rs" resul ted in 
estim a tcli of to tal inputs in excess of total outputs for each secondary 
ag ri cultural sector. In put/ output 1·atios varied from 1.13 to 1.42 , with 
the size of th e ra tio roughl y proportion ;,, I to the volume o f unrna rk etcd 
feeds fed to li,·estock in the reg ion . The method ado pted was to con
sider ( I ) all other in puts to secondary sectors and (2) output estimates 
or secondary secto rs, as firm es timates. and to tak e the value or feeds 
produced a11d fod in the reg ion as the diHe1·c nce between net output 
of the secondary sector and the cost of all ot her inputs. This equated 
total inputs and total outputs for these sectors . 

portant input to primary agriculture. Volume and value 
of production of this by-product were e timated as de
scribed in (36 ) and listed in the transactions table as 
a secondary sector ou(1Jut and primary sector input with
in each region. 

The main products of secondary sectors were meat 
animals and animal products. Value of output of a ll 
products was readily available by states, but lack of 
data limited the distribution pattern of secondary agri
cultural products in the model. It was intended initia lly 
to estimate the trade pattern of feeder cattle and sheep 
between regions-the output of certain regions ? e~ng 
the inputs of other regions. However, data perm1ttmg 
such estimates were available only for one state ( 5 7) . 
Data in Agricultural Statistics ( 46) giving feeder cattle 
movements into eight Corn Belt states without designa
tion of the source of the shipments were not adequate 
for the estimates proposed. 

These data limitations forced a revision in concep t, 
and somewhat reduced the value of the study since 
regional interdependence estimates were a primary ob
jective. V alue of a ll cattle and sheep produced in each 
region in 1949 less the value of home-used products 
was consigned directly to sector 15, which processed 
secondary agricultural products. The fact tha t the ani
mals may have been feel in several regions in a single 
year was accounted for in the "value aclclecl" estimates 
but was not refl ected in the input accounts of the agri
cultural sectors purchasing the livestock for feeding. 
Hog production and sales to sector 15 were handled 
similarly. However, feeder pig transactions are rela
tively minor compared with beef cattle and sheep feeder 
movements. 

Other products of econclary agriculture are dairy 
products, eggs and poultry. The value of farm produc
tion of each, less value of home-used products, was 
consigned to sector 15 for processing. Wool and mohair 
shorn on the farm were relatively small items and ap
pear in the input-output table as sales to sector 14 which 
processed vegetable and animal fibers. Details on sec
tor distribution of various products appear in tab le A-4 
of Appendix A. 

No sales from secondary agriculture to foreign trade 
or government appear in the transactions tab le, since 
a ll secondary products were assumed to undergo proces
sing before entering either of these two sectors. 

Secondary products used by households were handled 
as described above for primary products. Only con
umption of farm-produced commodities in farm house

holds was considered as a flow from secondary sectors 
to households. 

E STIMATING THE O UTPUT OF I NDUSTRY SECTORS 

Industry output estimates were derive~ from num~r
ous sources . Output data of the producing sector, in

put data of the purchasing sector and various com~ina
tions of the two were used . Only the fl ows to agricul
tural sectors are described here in detail, since these 
were of primary interest in the study. Of the three farm 
product processing sectors- sectors 13, 14 and 15-
only sector 13 was important in providing inputs to 
agriculture; sector 14 provided a few agricultural inputs, 
and sector 15 provided none. 
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SECTOR 13 PRODUCTS TO AGR!CULT RAL SECTORS 

The industries comprising sector 13 of the input-out
put model were primarily those engao-ed in processino
food crops. Since many of the food 

0

gra ins and thei~ 
by-products were a lso used as animal feeds, the sector 
was defined to include feed processing. The amount of 
sector ~3 output going to agricultural sectors as inputs 
was estimated from farm feed con umption da ta ( 23 ) . 
~ost of the feeds went to secondary sectors 7 to 12, 
with only feeds for horses assessed as a cost to primary 
sectors. 

Data on consumption of several classes of commercial 
feed were in physical terms, permittino- estimates of 
total quantities of each class fed in each ;egion in 1949. 
Formula feeds, consisting largely of carbohydrate in
gredients which originate chiefly in region 2, were 
valued a t regio'.1 2 producers' value prices ( 47, 1950 ) . 
\,Vhere such pnces_ were not available, prices paid by 
farmers for the kmd of feed were adjusted usin o- a 
margin estimate from the 1947 Bureau of L~bor Sta
tistics study, to producers' value. Protein and mill feeds 
were valued F.O.B. the primary market for the re
spective feeds ( 46, 1950) . Total value of these feeds 
consumed in agricultural sectors in 194-9 was 1 962 mil
lion dollars, the sum of the entries in row 12,' columns 
1 to 12, table 2. 

SECTOR 14 PRODUCTS TO AGRIC ULTU RAL SECTORS 

These entries were negligible. They included a few 
supply items, such as bags going chiefly to cotton and 
tobacco producers in prima ry sectors and conta iners go
ing to dairy producers in secondary sectors, according 
to the detailed data of the 1947 interindustry study 
( 61 ) . However, an important indirect product flow 
from sector 14 to secondary agricu ltu re consisted of oil
rneals, which were routed through sector 13 before de
livery to farm sectors. 

SECTOR 16 PRODUCTS TO AGRIC U LTU RAL SECTORS 

Products of sector 16 used as farm inputs were fuel 
and oil, repairs and repair services, tires and tubes, and 
replacement vehicles and machinery. Data sources were 
chiefl y the 1950 Census of Agriculture ( 42) , Agricul
tural Statistics ( 46 ) and the 194 7 interindustry study 
(60 and 61 ) . Purchasers' value of fuel and oil used in 
a ll agricultural sectors was available in census data 
and was adjusted to producers' valu e usino- the maro-in 
~oefficie_nt of the 194 7 study ( 60 ) . R €gion~l differen~es 
m margms were not considered. 

Purchasers' value of all farm machinery repairs was 
also available from census data ( 42 ) , and was reduced 
to producers' value using margin data from the 1947 
study (60) . Value of repairs and services on farm cars 
and trucks was estimated from the 1947 transactions 
table ( 61 ) adjusted to 1949 conditions. 

The inputs required by agriculture to maintain its 
1949 stock of machinery were estimated as 10 percen t 
of the 1949 value of agricultural machinery and equip
ment as given by Agricultural Sta tistics ( 46, 1952 ) . 
This class of inputs offers the possibility of capital build
up, which was not treated in the model. For example, 
shipments of farm machinery in 1949 were 400 million 
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dollars greater than the 1,09 1 million dollars estimate 
of maintenance purchases made by the method ex
plained above. 

Total value <Jf sector 16 products used by agricul
tural sectors in 1949 was estimated as 2,715 million 
dollars. Input en tries for p rimary and secondary sectors 
computed from this total were the resu lt of two assump
tions: ( 1) production of the various commodities re
quired the same relative machinery and fuel inputs in 
1949 as in 1947, and (2) use of sector 16 p roducts by 
primary and secondary agricultural sectors was p ropor
tiona l to the value of output of each commodity in the 
regions p roducing it. 

R elative machinery a nd fuel inputs to each commodi
ty group were estimated from 1947 data (61 ) as: meat 
anima ls and products, 8.5 percent ; poultry and eggs, 
2.4 percent; dairy, 6.4 percent ; food grains and feed 
crops, 5 7 .2 percent ; cotton, 6.5 percent; tobacco, 1.2 
percent; oil crops, 4.9 percen t; vegetables and fruits, 
12.9 percent. 

R elative regional production of each of the respective 
commodities was estimated from farm output data for 
1949 ( 36, tables 16 and 25 ) . Combining the total sec
tor 16 inputs to agricu lture, each region's share of the 
value of production of each commodity and each com
modity's share of total agricultural machinery and fuel 
inputs, resulted in the input totals shown in row 16, 
columns 1 to 12, table 2. 

SECTOR 17 PRODUCTS TO AGRICULTURAL SECTORS 

Products of sector 17 were primarily fertilizers, lime, 
chemicals and seeds for use by primary agriculture sec
tors, chemicals and drugs for secondary sectors, and 
similar products for industry and fina l demand sectors. 

Physical quantities of fert ilizer and lime used by pri
mary sectors in 1949 were estimated for each region 
( 46) and converted to producers' value using regional 
prices paid by farmers ( 45 ) adjusted by the marginal 
coefficient of the 1947 study (60 ) . The value of spray
ing a nd dusting materials used by each primary sector 
was estima ted in purchasers' value from ( 5) and ad
justed to producers' value by use of the 1947 marginal 
coefficient. Census data ( 42 ) were adjusted by the 
194 7 marginal estimate to get producers' value of seeds, 
bulbs, trees and plants used by farmers in each region 
in 1949. 

Drugs and medicines were the main products of sec
tor 17 used by secondary agricul ture. Values of these 
products used in 1949 by each secondary sector were 
estimated from 194 7 data ( 61 ) according to (a) the 
relative use by secondary commodity sectors as shown 
in 194 7 data and (b ) the relative regional shares of 
production of these secondary commodities in 1949. 
V alues of insecticides used on livestock in each region 
were obtained from ( 5 ) . 

SECTOR 18 P RODUCTS TO AGRICULTURAL SECTOR S 

No attempt was made to specifically identify the 
products of ector 18. They include all goods and serv
ices not accoun ted for in other sectors. Net output of 
sector 18 made up 68 percent of the net output of all 
industry sectors in 1949. M ajor products were those of 



heavy industry, transportation and merchandising, with 
the latter two being the most important inpu ts to agri
cultural sectors. In the absence of detailed data for 
1949, sector 18 inputs to agricultural sectors were esti
mated from 1947 commodity inputs as shown in the 
1947 interindustry study (61 ) . Commodity inputs were 
distributed to primary and secondary agricultural sec
tors according to relative sector shares in the 'total pro
duction of each commodity as detailed in (3 6) . 

SECTOR J 9 AND SECTOR 20 PRODUCTS TO AGRICULTURAL 

SECTOR S 

No imported p rod ucts were consigned directly to agri
cul ture as inputs, even though imported products in
cluded grains and farm machinery. Imports were con
signed, first, to industry sectors and, then, to their ulti
mate users. As a result, the trade row (row 19 ) in table 
2 has zero entries in columns 1 to 12 . 

In the model described here, government is defined 
as an intermediate or producing sector ( see Appendix 
B for a lternative model) . The product of the govern
ment sector in input-output analysis is government serv
ices. A measure of the services provided each person or 
each sector in an input-output model is the amount of 
taxes paid. This is the convention under which govern
ment output was estimated in this study for the model 
in which it was considered as a producing sector. ( In 
the other model, government is part of the final demand 
sector. Inputs absorbed then become analogous to in
puts taken by households and do not directly affect the 
interdependence coefficients for other sectors.) 

Tax payments by agricul tu ral sectors included farm 
real estate and personal p roperty taxes, licenses, per
mits and motor vehicle taxes. Total real estate taxes 
were estimated for regions from (a) land in farms and 
(b) taxes paid per acre in 1949 (46-1952 and 1951, 
respectively) . Secondary sectors were assessed real es
tate taxes for half the value of farm buildings in each 
region. Total personal property tax payments in 1949 
were divided among prima ry and seconda ry sectors ac
cording to the relative values of machinery and livestock 
in each region. Combined motor vehicle and fuel tax 
payments were estimated as a national total and allo
cated to primary and secondary sectors using machinery 
cost data estimated in distributing the output of sector 
16. Tax payments by industry sectors were based mostly 
on the 1947 study (61 ) . The estimates are explained in 
( 36 ) along with the estimates of personal taxes paid. 

THE H ousEHOLD R ow; RETURN FOR PERSONAL 

SERVICES 

Household output entries in the transactions table 
are similar to row components of intermediate sectors. 
Both represent value of output of the row sector used 
by the column sector in its productive activity. Evalu
ation of labor inputs furnished to agriculture by house
holds offered a difficult problem. Most farm work is 
clone by farm operators, with less than one-fourth of the 
compensation received by farm workers in recent years 
having been in the form of wages. The balance of the 
wage payment to farm households appears in fa rmers' 
net incom e statements and includes not only labor in
come to fa rm operators bu t also interest on investment 
.in the farm business, management returns and other 

such items. Net farm income was available only as a 
national total, rather than by states or regions. 

Since the entries in the household row were not in
tended to be used 4> compute input coefficients of the 
type shown in equation 3. 1, or to estimate interdepen
dence coefficients, they were of minor importance in 
this study. In the transactions matrix (table 2), the 
entries in the household row, columns 1 to 6, indicate 
the returns to farmers in each region for crop produc
tion. These entries were computed as a residual or bal
ancing item and are equal to the difference between 
the value of the net output of a sector and the value 
of a ll inputs except those by households. The residua ls 
do not differ greatly from the result of multiplying the 
hours spent in production times the wage rate. Thus, 
farmers in 1949 appear to have furnished labor, manage
ment a nd capital to primary agricu lture for a return 
approximately equal to the m arket wage rate. 

Entries in row 21, columns 7 to 12 represent the 
hours spent in secondary agricultural production in each 
region ( 16 ) , valued at the regional market wage rate 
for 1949 (40 ) . In this case, another entry in the second
ary input columns was estimated as a residua l (see ex
p lanations of primary agricultural sectors), and the 
procedure used to evaluate labor in primary sectors 
could not be used for secondary sectors. Also of interest 
are coefficien ts expressing the hours of labor in each 
agricultural sector per do llar of net output. These are 
shown in table A-5 of Appendix A, along with coef
ficients expressing the imputed value of labor per dol
lar of net output. The " time" coefficients for sectors 
1 and 6 reflect the production of crops which are heavy 
labor users under present techniques. The 1.03 hours 
labor per dollar of net output in sector 3 (South ) is 
an indication largely of cotton production techniques 
in 1949 and is a corollary of the low sector 16 coeffi
cient (fuel and machinery ) for sector 3. 

Entries in the household row, table 2, columns 13 to 
20 indicate returns to individuals in industry sectors. 
Details appear in (36) . 

TRANSACTIO NS BETWEEN INDUSTRY SECTORS 

As explained previously, most of the data for esti
mating the flows of goods between industry sectors in 
1949 were obtained from the transactions table of the 
194 7 Bureau of Labor Statistics interindustry study ( 61 ) . 
Explanations of the methods of adjustment of the data 
for changes in price level a nd for differences in con
cept between the earlier and the present study appear 
elsewhere (36) and are not repeated here. 

EMPIRICAL RES UL TS 

The intersector fl ows estimated for 1949 are shown 
in table 2 (the transactions table or matrix ) . Entries 
there are the values of goods and services which moved 
between defined sectors of the U nited States economy 
in 1949 a nd are the empirical counterparts of equation 
1.1. Although the entries in table 2 appear as para
meters, a more useful interpretation is that they repre
sent approximations of the intersector transactions in 
1949. No further claim is made for the data. 

161 



TABLE 3. DIRECT PURCHASES PER DOLLAR OF OUTPUT BY ECONOMIC SECTORS, 1949.* 

2 3 4 5 6 7 8 9 10 ll 12 
Primary agric:ultur a: I sectors Seco ndary agricu ltura l sect.ors 

Sector Region Region Region Region Region Ref ion R egion Region Region Region R eg[on Region 
number I 2 3 4 5 I 2 • 3 4 .1 6 

I 0.2890 0 .001 1 
2 0.0 120 0.3807 0.0016 0.0001 0.0030 0.0064 
3 0 .4042 
4 0.0002 0.0002 0.4632 0.0118 o.oi""io 
5 0.000 1 0.443 1 0 .000 1 
6 0.000 1 0.2999 
7 0.0730 
8 0.0752 
9 0.0352 

10 0 .0569 
I I o.i:i'iiiii 
12 0.0336 
13 0.002 1 0.0003 0.0030 0.0008 0.000 1 0.0002 0.2378 0.07 12 0. 1629 0 .0808 0.0570 U.1822 
14 0.0005 0.0003 0.0017 0 .0003 0.000 1 0.0002 0.00 15 0 .0008 0.0010 0.0005 0.0005 0.00 11 
15 
16 0. 1235 0 .1309 o.iii43 0. 1147 0. 1448 0.1285 0 .0283 0.0280 0 .0275 0 .0267 0.0262 o.oi'iii 
17 0. 1272 0.0705 0.0923 0.0348 0.0365 0.0682 0 .0028 0.0030 0.0035 0.0033 0.0032 0.0028 
18 0.2 167 0.2445 0.2220 0.2249 0.2608 0.2249 0. 1622 0. 1357 0 .1442 0.1285 0. 1217 0.1478 
J9t 

0.0622 0.0324 0 .0471 0 .0603 o.ii"i:'i"i 20t 0.0672 0.06 16 0.0145 0.0 102 0.0135 0.0 138 0 .0133 

* Each ent_ry shows direct purchases from the industry named at left by the industry nam ed a t th e top per dollar of output by the latter. 
t Th e foreign trade and government sectors are considered alternately in the text as (a) interm ed iate and {b) final demand sectors. 

TABLE 3 {cont inued ) 

13 14 15 16 17 18 19t 20t 
Industry sectors 

Crop 
Sector food 
number products 

I 0 .0178 
2 0.0496 
3 0.0401 
4 0.0435 
5 0.0 174 
6 0.0599 
7 
8 
9 

JO 
ll 
12 
13 

0.0528 14 
15 0.0374 
16 0.0082 
17 0.0079 
18 0. 1713 
19t 0.0862 
20t 0.0393 

Entries in each row of table 2 are the value of the 
output of the row sector which was used as an input 
by the sector identified in the column heading. The 
last entry in each row, the net output (Xi ) is the sum 
of the previous entries in the respective row. Each 
column then, includes the entries describing the value, 
the source and to some extent, the nature of a ll com
modities making up the inputs of the sector named in 
the column heading. 

The array of inputs and outputs in the transactions 
matrix is convenient for computing coefficients express
ing the relationship between the net output of a sector 
and the inputs provided by other sectors. These are 
the technical coefficients of production shown in equa
tion 3.1. Each coefficient ( ai i ) is the fraction of a dol
lar's worth of the output of a row sector (i) which is 
required as an input by a column sector ( j ) , so that 
sector j may produce a dollar's worth of its product. 

Coefficients in table 3 were computed as defined by 
equation 3.1, for the 20 sectors treated here as inter
mediate sectors, including foreign trade and govern
ment. For example, a17 (row 1, column 7) was com
puted as: $644.9/ $2,231.5 = 0.2890. The sum of the 
entries in each column of table 3 is the fraction of a 
dollar's worth of nonlabor inputs required by the re-
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Nonfood 1'.1achin cry Nliscel- All 
crop Livestock and laneous other Foreign 

prod ucts products fu el supplies products trad e Government 

0.0046 0.0066 0.0001 0.00 16 0.0012 
0.0537 0.0 141 0.0015 0.0 183 0.006 1 
0.0960 0.0047 0.0005 0.05 12 0 .0059 
0.0445 0.0086 0 .0007 0.0280 0.0 128 
0.0033 0.C044 0.0000 0.0023 0.0035 
0.0 154 0.0052 0.0001 0.0088 0.0032 
0.000 1 0.0978 
0.00 13 0.3 166 
0.0002 0 .0732 
0.0031 0. II 76 
0.0028 0 .0376 
0.0009 0.05 15 
0.0178 0.0132 0.0073 0.0 123 0.0358 0.0087 

0.0324 
0.0015 0.0175 0.0110 0.0371 0.0673 0.0043 

0.0035 
0.0065 0.0127 0.0255 0 .0145 

0.0041 
o.ii'Iii 

0.0172 0.0425 0.2078 0.0163 
0.0 114 0.0019 

0.3949 
0.0145 0.0581 0.0025 

0.1721 0 .052 1 0.5 191 0.6393 0.3252 
0.0446 0.0077 0.0040 0.0151 0.02 16 U.0681 
0.0756 0.0 11 3 0.0563 0.0683 0. 150 1 0.0365 

spective column sector per dollar of its net output. 
The ratios of tab le 3 form the matrix of coefficients 

o_f the equatio_ns describing the economy. These equa
t10ns,_ the emp1ncal counterpart of equation 5.1, express 
the fmal demand (Yi ) for the products of any in ter
mediate sector as a function of the flows of goods and 
services between intermediate sectors and the net out
puts of intermediate sectors. 

Computation of the inver e of the matrix of pro
duction coefficients ( table 3 ) yields coefficients ex
pressing the net outputs of any sector as a function of 
the parts of the fina l bill of goods (Yi ) as in equation 
6.1. These coefficients are shown in table 4 and are 
call_ed i_nterdependen_ce coefficients in the terminology 
of mtermdustry studtes. Each interdependence coeffici
e_nt expresses a relationship between a portion of the 
f!nal 6111 of goods and the net output of a sector ( equa
tion 6.1 ) . For example, assume a change of $1.00 in 
the y1 portion of the final bill of goods from that shown 
in table 2 ( $92.6 million ) : The coefficients 1.0239, 
0.0099, 0.0076, ... 0.1653 in column 1, table 4, indi
cate the change which would be necessary in the net 
outputs of sectors 1, 2, 3, . .. 20 to provide the product 
flows required by all sectors so that sector 1 may sup
ply the larger final bill of goods. 



TABLE 4. I NTERDEPEN DENCE COEFFICIENTS BETWEEN THE FINAL BILL OF GOODS AND NET OUTPUTS FOR 1949. COMPUTED 
FROM 20'1 H ORDER IN PUT COEFFICIENT MATRIX.* 

2 3 4 5 6 8 9 10 II 12 
P ri mary agrjc ulturc sectors Secondary agriculture sectors 

Sector Regtn Region R eg~on R egion Region Region Re~ion R c~ion • Rc~ion Reton Reton Refion 
number 2 4 5 6 

1 1.0239 0.0016 0.00 17 0.0012 0 .0013 0.0015 0.30 13 0.0025 0.0056 0 .0026 0.002 1 0.0047 
2 0 .0099 1.0365 0.0068 0.0055 0 .0067 0.0068 0.0336 0.40 14 0.0 174 0.0 100 0.01 18 0.0232 
3 0 .0076 0.0063 1.0202 0.005 1 0 .0060 0.0059 0.0 184 0.0085 0.4239 0 .0089 0.0079 0.0146 
4 0.0079 0.0064 0.0058 1.0321 0.0070 0.0064 0.0 184 0.0086 0.0139 0.4846 0.0203 0.0258 
5 0.0022 0.0016 0.0016 0.0012 1.0376 0.00 15 0.0061 0.0025 0.0044 0.0027 0.4613 0 .0048 
6 0.0041 0.0028 0.0028 0.0022 0.0025 1.0128 O.O l 76 0.0064 0.0125 0.0070 0.0056 0.3 165 
7 0.0760 0.00 12 0.0011 0.0010 0 .0011 0.001 l 1.0240 0.00 13 0.0020 0.0013 0.00 12 0.0020 
8 0.0046 0.0814 0.0035 0.0033 0.00:;9 0.0037 0.0090 1.0338 0.0064 0.0045 0.0044 0.0070 
9 0.00 12 0.0010 0.0366 O.OC08 0.0010 0.0009 0.002 1 0.0011 1.0 161 0.00 12 O.GOI I 0.0017 

10 0.00 19 0.00 17 0.C0 15 0.0598 0.0017 0.0016 0.0035 0.00 19 0.0028 1.0290 0.0025 0.0035 
II 0.0007 0.0006 0.0005 0.0005 0.0822 0.0006 0.00 13 0.0007 0.0010 0 .0007 1.0368 0.00 11 
12 0.0008 0.0007 0.0006 0.0006 0.0007 U.0346 0.00 17 0.0008 0.00 13 0.0009 0.0008 1.0115 
13 0.0309 0.0161 0.0178 0.0140 0.0149 0.0 158 0 .2557 0.0823 0. 1770 0.0922 0.0682 0. 1945 
14 0.0267 0.0249 0.0233 0.0210 0.0248 0.0228 0.0386 0.0245 0.0325 0.0249 0.0242 0.0322 
15 0.0121 0.0 108 0 .0095 0.0089 0.0106 0.0099 0.0202 0.0 114 0.0 161 0.00 18 0.0111 0.0165 
16 0. 1640 0.1696 0. 1357 0. 1463 0. 1845 0. 1608 0. 11 27 0. 1104 0.1094 0 .1 127 0.1258 0.1076 
17 0. 1448 0.0866 0. 1056 0.0475 0 .0521 0.08 17 0.06 15 0.0437 0.0584 0.0333 0.0338 0.0413 
18 0.4674 0.4659 0.4076 0.3991 0.4768 0.4243 0.4264 0.3928 0.4310 0.3956 0.4093 0.41 38 
19t 0.0281 0.0252 0.02 13 0.0206 0 .0248 0.0234 0.0445 0.0256 0.0352 0.0263 0.0251 0.0364 
Wt 0.1653 0. 1554 0.1140 0. 1247 0. 1540 0. 1457 0. 1351 0. 1143 0. 11 32 0. 11 31 0. 1211 0. 1195 

* The interdepen dence coef fici ents in each col umn show the amount o f net output of the sec tor at the left which is associated with one dollar o f fin al 
dem and for products of the column sector. 

t Foreign trade and government are considered as intcrrncdiate sectors in this model. 

TABLE 4 (continued). 

13 14 15 16 17 18 19t 20t 
Industry sectors 

Crop 
Sec tor food 
number products 

1 0.02 11 
2 0.0675 
3 0.0581 
4 0.0562 
5 0 .0207 
6 0.0655 
7 0.0066 
8 0 .021 5 
9 0.0058 

10 0.0096 
11 0.0038 
12 0.0049 
13 1.0195 
14 0.0810 
15 0.05 17 
16 0 .0914 
J 7 0 .0443 
18 0.4487 
19t 0. 11 23 
20t 0. 1426 

USES OF DATA AND COEFFICIENTS 

Interindustry analysis is peculiarly historical in that 
it attempts to ascertain the relationships among sectors 
of the economy in some past period as an aid in under
standing the effects of future disturbances. The useful
ne s of input-output analysis for projection is limited 
(a) by data accuracy, (b ) by the difficulty of knowing 
what future changes or disturbances are in prospect 
and ( c ) by lack of ability to a llow changes in mixes, 
depending on income elasticities of demand. While 
little information is available about (a ) , considerable 
effort has been spent in estimating (b )- the prospec
tive changes in the economy. Two likely changes which 
will affect agricultural output are population change, 
both in number and composition, and changes in con
sumption habits resulting from changes in income. These 
are subsequently discussed in relation to the model. 

Tr-IE INPUT COEFFICIENT MATRIX 

Two types of interpretations can be applied to the 
input and interdependence coefficients of an input-out
put analysis. First, as is the general convention in input
output literature, the coefficients may be considered as 
expressing the increase in output of one producing sec-

Nonfood Live- .Machin ery Misccl- All 
crop stock and laneous other Foreig n 

products products fuel supplies produc ts trade Govcrnrn ent 

0.0073 0.03 16 0.0014 0.0083 0.0018 0.0059 0.0029 
0.068 1 0. 1366 0 .008 1 0.0230 0.0106 0.0404 0.0158 
0. 1076 0.0399 0.0087 0.0133 0 .0103 0.0726 0.0 162 
0.0573 0.0666 0.0075 0.0165 0.0092 0.0463 0.02 14 
0.0072 0.020 1 0.0015 0.0063 0.0019 0.0064 0.0053 
0.0204 0.0233 0.0028 0.0085 0.0036 0.0 171 0.0067 
0.0050 0. 1013 0.0014 0.0025 0.0022 0.0053 0.0028 
0.0204 0.3307 0.0050 0.0078 0.0075 0.0190 0.0095 
0.0072 0.0755 0.00 13 0.00 19 0.00 19 0.0062 0.0025 
0.0016 0.1229 0.0022 0.0033 0.003 1 0.0089 0.0044 
0.005 1 0.0398 0.0008 0.0013 0.0011 0.0027 0.0015 
0.0039 0.0529 0.0008 0.0013 0.00 12 0.0033 0.00 16 
0.0342 0 .1028 0.0131 0.020 1 0.0206 0.0612 0 .0222 
1.0243 0.0261 0.0463 0.0372 0.0492 0. !1 94 0.0312 
0.0-14 1 1.01 20 0.0137 0.0190 0.0210 0.0500 0.026 1 
0.0725 0.0890 1.0419 0.0623 0.0668 0.2919 0.0662 
0.043 1 0.0364 0.0326 1.0178 0.0242 0.0970 0.0210 
0.4056 0.3677 0.6481 0.5457 1.1565 1.0222 0.4824 
0.0698 0.0341 0.0332 0.0422 0.0425 1.05 18 0.0886 
0. 163 1 0.1086 0. 1652 0.1647 0. 1875 0.2364 1.088 1 

tor which is associated with a change in output of an
other producing sector or with a change in final de
mand for particular sectors. The second interpretation 
is more descriptive ; name! y, the coefficients express the 
amount of output of one sector used in 1949 per dol
lar of output or per dollar of final demand for products 
of other sectors. The interpretations used in this study 
a re in the descriptive vein. Although the terminology 
employed is in conventional terms of change, the mag
nitudes of change are considered to be extremely small. 

Estimates of changes in the net output of various in
dustry sectors per dollar of change in net output of 
agricultural sectors can be made using the coefficients 
of table 3. Entries in any column of table 3 indicate 
the change in net output required in each row sector 
to supply the column sector with enough inputs to in
crease its output by $1.00. It is implied that the increased 
output of all sectors would include all the products of 
the sector in their historical ( or fixed mix ) proportions. 
R easons for possible deviation from this situation are 
discussed later. 

A $1.00 net output of each primary sector (sectors 
1 to 6 ) used only negligible amounts of sector 13 net 
outputs ( columns 1 to 6, row 13) in 1949. These co
efficients reflect the small quantities of manufactured 
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feeds consumed by horses in each agricu ltural region in 
1949. 

Similar estimates of sector 13 products needed per 
dollar of net output of each secondary agricu ltural sec
tor may be made from table 3 coefficients. The entries 
in row 13, co lumns 7 to 12, table 3 show wide differ
ences in the dependence by secondary agricu ltural sec
tors upon the feed industry. The two major grain-cLeficit 
regions, the Northeast and the Far \,Vest (sectors 7 and 
12, respectively ) , u eel relatively large quantities of sec
tor 13 products per dollar of output of livestock prod
ucts. Data in table A-4 of Appendix A sugo-est tenta 
tive explanations for the sector differences. Fo~ example, 
the secondary commodity output of sectors 7 and 12 
is made up largely of milk and poultry ( table A-4 ), 
both of which 1;equire relatively large amounts of high
protein feeds, one of the p roducts of sector 13. Also, 
both are grain-deficit regions. They import grain direct-
1 y to farms and through the manufactured feeds of sec
tor 13. 

Sector 16 provides a large volume of agricultural in
puts as described earlier. Data of table 3 indicate that 
each $1.00 in net output by sectors 1 to 6 used 12, 13, 
10, 11 , 14 and 13 cents, respectively, of output from 
sector 16. Again these estimates, a re quantitative ex
amples of differences in production methods between 
geographic regions. Sector 3, the Southeast, purchases 
relatively smaller quantities of machinery and fuel in
puts per $ 1.00 unit of output than do other primary 
sectors. This is true because such a large portion of the 
primary agricultural output in the Southeast is pro
duced on tobacco and cotton farms where few machines 
are used. (See table A-5 in Appendix A for the associ
ated labor coefficient. ) R egions 4 and 5, both relying 
heavily on small grains for crop output, use relatively 
large machinery and fuel inputs per dollar of prima ry 
output because of low crop yields per acre and the 
spread of machine operations over many acres to pro
duce a specifi ed crop output. A curren t example of 
the interdependence of sector 16 and crop sectors is 
of particular in terest. The most recently adopted farm 
program, the Soil Bank, features payments to farmers for 
retiring land from production. But when land is retired, 
other inputs are left unused on the farm or are never 
purchased. Importan t among these inputs are those 
provided by sector 16. In sector 2, for example, it may 
be seen ( table 3) that each potential dollar's worth of 
corn not produced reduces sector 16 net output by about 
13 cents. Total contraction of farm and nonfa rm sectors 
of the econom y, on a national or local basis, may be ef
fectively studied in an input-output framework. 

Coefficients in row 16, columns 7 to 12, table 3, in
dicate the relatively minor importance of machine inputs 
in livestock as compared with crop p roduction. The co
efficien ts a re similar in a ll regions; a dollar of livestock 
output in each region used about 2.8 cents of inpu ts from 
the fue l-machinery sector. Coefficien ts in row 17, col
umns 1 to 6, table 3 are a lso descriptive of important 
regional differences in production techniques. Sectors 1 
and 3, for example, are heavy users of fertilizers from 
sector 17 per dollar of crop output, while range areas 
( sectors 4 and 5) use little ferti lizer but some insecti
cides (3 6) . 

Other coefficients of particular interest are those of 
row 18, columns 7 to 12, table 3, expressing the relation-
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ship of a diverse group of sector 18 product , chiefly 
transportation and services, to secondary agricultural 
production. Since sectors 7 and 12, the Northeast and 
Far West, respt;,ctively, import large amounts of con
centrate feeds both directly and through sector 13 of 
this model, they a lso absorb relatively large amoun ts of 
the trade and transportation margins attached to the 
feeds. (The coefficients show the trade-transportation 
inputs per dollar of output in column sectors.) This 
point is illustrated in table 3 by the relatively large co
efficients in columns 7 and 12, compared with columns 
8 to 11, row 18. Not only do the Northeast and Far 
West use la rge amounts of protein feeds rela tive to 
grain, but they also are farther than other feed -import
ing regions from supplying areas. Both of these factors 
acid to the relatively large amount of trade and trans
portation inputs used per dollar of secondary output in 
the Northeast and Far West. 

Little importance is attached to the coefficients of 
table 3 expressing the relationships between net output 
of each secondary agricultural sector and the inputs pro
vided to it by the primary sector in the same region 
(row 1, column 7, row 2, column 8, etc. ) . These pri
mary to secondary flows were valued as a re idual (see 
earlier explanation ) rather than a t market prices. How
ever, the coefficients of table 3 correctly refl ect the 
lesser importance of crop production in the Northeast 
and Far W.es t with respect to livestock production in 
the same region, compared with other regions. Also, 
data in table A-1 give intraregional commodity fl ows 
for major feed crops in 1949. Net outputs of sectors 7 
and 12 relative to sector 8 ( table 2) are large compared 
with "home-grown" inputs used by sectors 7 and 12 
relative to those used by sector 8 ( table A-1 ) . 

umerous estimates of direct relationships between 
sectors may be made from tab le 3. For example, the 
sums of the industry coefficien ts for the primary agri
cu ltural sectors or columns (i.e, the sum of rows 13 
through 18 for columns 1 through 6) show the direct 
purchases from all industry sectors per dollar of crop 
output. They quantify a well-known situation in farm 
production, the importance of cash outlay for agri
cultu ral inputs. The magnitudes of these coefficients are 
a function of crops grown, prices received, yields ob
tained and input used. The total of industrial inputs 
for crops averages approximately 43 cents per dollar of 
primary output. I t is lowest in the Great Plains ( column 
4 ) where li tt le ferti lizer ( sector 17 ) is used per acre or 
per dollar of output and becau e such a large proportion 
of the area is in native grasses not requi ring cultivation. 
The figure is relatively low for the Southeast ( column 
3). While large amoun ts of fertil izer and insecticides 
(sector 17 ) are used per acre, relatively few sector 16 
inputs a re used, resu lting in the low aggregate coeffi
cient. 

The sum of industry coefficients is high in the Corn 
Belt ( co lumn 2) because, in con trast to the Great Plains, 
most of the forage acres require cu ltivation and ferti lizer. 
Also, in contrast to the Southeast, the per-acre value of 
crops does not compare favorab ly with cotton, tobacco 
and fruits. 

For secondary agricul tural p roduction ( columns 7-
12) , total industria l input coefficients are greatest for 
the Northeast ( column 7) where dairying and poultry 
are most important. It is a lso high in the Southeast 



(column 9 ) and the Far West (column 12 ) where these 
same two enterprises represent relatively large portions of 
the total secondary output. It is lowest in the range 
regions ( column 5 ) since range cattle and sheep require 
small quantities of purchased industrial products per 
dollar of livestock output. 

I NTERDEPENDENCE B ETWEEN A GRICULTURAL REGION S 

One of th e objectives of the study, to estimate inter
dependence coefficients between agricultural regions, 
was largely abandoned because of data shortages. 

either interprimary nor intersecondary flows and only 
minor interregional primary to secondary sector trans
actions could be measured . It is seen in table 3 that the 
la rgest direct interregional effect of increased secondary 
production upon a primary sector is that upon sector 2 
(Corn Belt ), induced by output of sector 7 (Northeast ) . 
This is related to the previous discussion of small intra
sector flows in the Northeast. The coefficient (0.012 ) is 
deceptively small, because the model accounts only for 
the interregiona l feed flows required to make up the 
deficit of grain to be fed after m inor processing on sector 
7 farms. 

A further indication of the dependence of sector 7 up
on grain-surplus sector 2 is given by observation of two 
inpu t coefficients in table 3. The coefficient in row 2, 
column 13 (0.050 ) reflects in part, feed-grain flows to 
sector 13 from the Corn Belt. Th e coefficient in row 13, 
column 7 (0.238 ) , shows the rela tive importance of the 
feed-industry component of sector 13 to livestock pro
duction in the Northeast. Thus, sector 7 is related more 
closely to sector 2 than appears to be the case by inspec
tion of a single direct input coefficient. Similar joint 
comparisons are possible for other sectors. 

I NTERDEPENDENCE CoFFICIENTS 

As mentioned earlier, interdependence coefficients 
might be considered to (a ) refl ec t changes in output of 
one sector associated with changes in final demand for 
other sectors or (b ) describe the amount of output of 
one sector used per dollar of final demand in other 
secto rs in 1949. While some of the examples used are 
in terms of change, the interp retation of the authors is 
of a descriptive vein as in procedure (b) . As noted 
earlier, the in terdependence coefficients ( table 4 ) show 
the dollar's worth of product of the row sector associated 
with a doll ar's worth of final goods of the column sector. 
Thus, for example, the coeffic ients in column 7, table 4, 
indicate that sectors 1, 2, 3 .. . 18 would have to pro
vide products valued a t $0. 30, $0.03, $0.02, . . . $0.46, 
in order to enable sector 7 to furnish an additional dol
lar's worth of final goods. 

Little information can be gained from postulating 
changes in the final bill of goods for agricu ltural sec
tors. This is because final demand for products of each 
agricu ltural sector is •defined to include only home-used 
farm products. Given the model employed, the impor
tant changes in final demand affecting farm sectors are 
changes in the demand for the products of industries 
processing the products of agricultural sectors. Because 
of the linear nature of the model, postu lated changes in 
demand for the products of a pa rticular sector suppose 
that the products of the sector will be forthcoming in 
the proportions represented at the time of measure
ment for the model. Also, a given increase in the final 
demand for a particular sector calls for output from 
producing sectors in the same ratio that output was 
forthcoming from the various sectors at the historic point 
of time to which measurements refer. This restriction of 
a linear model should be clearly recognized in interpreta
tions of the interdependence coefficients. It is the reason 
that the descriptive interpretation is included in this 
study. 

RELATION OF SECTOR ] 3 TO AGRIC ULTURAL SECTORS 

Products of sector 13 entering the final bill of goods 
include food products ranging from fresh fruits con
sumed with a minimum of processing, to bakery products 
whose forms are changed many times. These products 
and the value of each going from given regions to sector 
J 3 in 1949 are given in Appendix A, tab le A-2. Data 
there suggest explanations of rela tive sizes of coeffici
ents in rows 1 to 6, column 13, tab le 4. Sectors 1 and 
5, for example, produce only one-third the value of 
sector 13 inputs produced by sectors 2 and 6. This, in 
turn, resu lts in small effects upon sectors 1 and 6 per 
dollar change in final demand for sector 13 products. 

T able 5 gives, under the res trictions mentioned earlier, 
the effects upon the net outputs of certain agriculture 
and industry sectors, of a 10-percent change in house
hold consumption of sector 13 products. The entries 
were derived as shown in the footnote to table 5. The 
arbitrary 10-percent projection in the sector 13 fin al 
bill of goods is not a prediction of demand changes. I t 
is used only as a basis for comparing relative differences 
for the primary agricultural sectors which feed products 
into sector 13. Similarly, the absolute changes for agri
culutral sectors are not to be looked upon as demand 
predictions resulting from such disturbances as a growth 
in national product ( since the mix would then also 
change) but as a way of presenting the relative crop 
sector flows to sector 13. 

I t is seen that either increases or decreases in the de
mand for processed primary food products would have 

TABLE 5. ABSOLUTE AND PERCENT AGE CHAN G ES (PLUS OR M INUS ) IN NET OUTPUTS OF PRIMARY AGRICULTURE AND INDUSTRY 
SECTORS AS A RESULT OF A JO-PERCENT CHANGE TN THE SECTOR 13 FI NAL BILL OF GOODS:• 

Primary 
ag riculture 

sector 

2 

3 
4 
5 
6 

A_bso lu t,c c ha nge 
Ill net ou tput 

(000 ) 

$29 ,197 
$93,320 
$80,333 
$80,531 
$28,648 
$90,684 

Perce nt 
change in 
net output 

2.2 
1.7 
1.9 
2.0 
2. 7 
4.4 

Absolute c hange Percent 
Industry in ne t o utput change in 

secto r (000) net output 

14 $11 2,028 0.8 
15 $ 71,466 0.4 
J6 $126 ,413 0.4 
17 $ 61,228 0.9 
18 $620,844 0.3 

*Absolute c ha nges in ne t outputs v.rerc computed by multiplyi ng 10 percent o f th e househo ld ent ry in row 13 column 2 1, tab le 2 ($ 1,383.5 million ) 
by Lhe interdependence codfi c icn ts in the respective rows, column 13, table 4. For exa mpl e : $1,383.5 million x 0.02 1 l == $29.2 million or 2.2 percent of 
the 1949 net ou tput o f sector 1. 
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a smaller absolute effect but a larger relative effect up
on most agricultural sectors than upon industry sectors. 
Also, the absolute change required in the products of 
sector 18 as a result of a 10-percent change in the quan
tity of sector 13 products consumed in households, 
wou ld be greater than the sum of the changes required 
in all primary agricu ltural sectors. This fact points up, 
in numerical terms, the current situation with respect 
to the farmer's share of the consumer's dollar. The sum 
of the coefficients, 0.291, in lines 1 to 6, column 13, 
table 4 indicates that each dollar change in household 
consumption of sector 13 products requires only a 29-
cent change in output by all primary agricultural sec
tors. The entry in line 18, column 13, table 4, (0.449 ) 
indicates that each dollar change in consumption of 
sector 13 food products requires a 45-cent change in 
the net output of sector 18, mostly in transportation 
and m erchandising services. In line with income and 
price elasticities of demand and supply structures, the 
"food bundle" moving in to final demand is made up, 
in value terms, of nearly twice the value of services from 
sector 18 as value of goods from the farm sectors. 

Differences in rela tive changes for the six agricultural 
sec tors in table 5 stem from the types of crop products 
produced. The percent change is greatest for region 6 
( the West ) because a large part of the crops repre
sented are fruits and vegetab les which are not processed 
through livestock. The percentage change is smallest 
for region 2 ( the Corn Belt ) despite the la rge coeffici
ent. Large fractions of major Corn Belt crops move di
rectly to livestock sectors rather than to processing sec
tor 13 for which the 10-percent increase in final bill of 
goods has been projected . The percentage change also 
is small for region 3 (the Southeast ) where tobacco, 
cotton and similar products do not move through food 
processing industries. 

The figures presented rep resent in terindustry rela
tionships for a point in time; namely, 1949. They sup
pose a fixed mix in the product forthcoming with in
creases in final bill of goods. An increase in the demand 
for food products is not likely to resul t solely from an 
increase in population, leaving each part of the country 
a slightly enlarged model of today with respect to in
come, tastes and relative demands. Other prospective 
changes over time include (a) the level and (b) the 
distribution of income. Estimates of income elasticities 
of demand for food indicate that changes in either (a ) 
or (b ) above would have implications for the food 
product mix consumed by households. Therefore the 
input-output projections cannot be used realistically to 
indicate relative expansion needed by agricultural re
gions as national income grows. 

FINAL DEMAND FOR PRODUCTS OF OTHER SECTORS 

Coefficien ts in column 14, table 4, indicate required 
changes in outpl't of respective sectors per dollar change 
in final demand for products of sector 14. These prod
ucts were tobacco, fibers, vegetable oil s and others. Cot
ton and tobacco produced in region 3 are the impor
tant products. Each dollar of final demand for products 
of sector 14 involves a 10-cent increment of net output 
in the South (sector 3). Other crop sectors are less 
closely related to sector 14 final demand; with the Corn 
Belt, which supplies raw material for vegetable oils, 
ranking next to sector 3. The coefficients in column 15, 
table 4 indicate dollar changes in sector net outputs 
per doll ar change in sector 15 final demand. They also 
provide the basis for estimating effects on secondary 
and primary agricultural production of proportiona l 
changes in the final demand for the products of sector 
15. These are chiefly m eats and other livestock prod ucts. 

The estimates appear in table 6. (Again, th e 10-per
cent change is arbitrary. As mentioned previously, it is 
used to indicate relative relationships of an industrial 
sector with agricu ltural sectors.) A 10-percent change 
in consumption of sector 15 products requires relatively 
large changes in net outputs of both primary and sec
ondary agriculture. In absolute terms, the changes in
duced in net outputs of other industrial sectors by 
sector 15 changes are sizable but are not so important 
as in the case of changes in sector 13. Also the coeffici
ent indicating the change in sector 18 products per dol
lar change in sector 15 final demand is relatively small 
(0.368 ) compared with the sum of the coefficients of 
the secondary sectors (0. 724) . The latter sum indicates 
the aggregate change in net output required in second
ary agricul ture for each dollar increase in final de
mand for processed secondary agricultural products. 
Both this figure (0.724 ) and the parallel sum quoted 
earlier for primary agricul ture (0.291 ), check roughly 
with recent estimates of the farmer's sha re of the con
sumer's dollar spent for primary and secondary prod
ucts (46) . The size of the figures (0.724 and 0.291, 
respectively) for secondary and primary products of 
agriculture indicates the relative amount of the con
sumer's dollar absorbed by transportation, processing 
and merchandising for products of the two sectors. It 
is larger for primary products (and the 0.29 1 portion 
going to the farm sector is smaller) because of the 
large amount of labor and capi tal services invol ved in 
milling, baking, packaging and retailing such products 
as grains. 

Data in column 15, table 2 and coefficients in col
umn 15, table 4 show the extreme importance of the 

TABLE 6. ABSOLUTE AND PERCENTAGE CHANGES ( PLUS OR MINUS ) JN NET OUTPUTS OF AGRICULTURE AND INDUSTRY 
SECTORS AS A RESULT OF A JO-PERCENT CHANGE IN T H E SECTOR 15 FINAL BILL OF GOODS.* 

Primary A.bsolute change Percent Secondary Abso lute change Percent 
agric ulture 111 ne t output cha nge in ag ricul ture in net outp ut c hange in 

sector (000) ne t ou tou t sector (000 ) net output 

I $ 49 ,88 1 3.9 7 $159,065 7. 1 
2 $2 14,496 3.7 8 $5 19,404 7.0 
3 $ 62.660 1.5 9 $ 11 8,620 5.2 
4 $104,63 1 2.5 10 $192 ,999 6.4 
5 $ 31.638 2.9 II $ 62 ,445 6.6 
6 $ 36,630 1.8 12 $ 83, 152 6.9 

Industry Industry 
sector sector 

13 $161 ,485 0.8 17 $ 57, 136 0.9 
14 $ 40,948 0.3 18 $577,522 0.3 
16 $139,853 0.5 

*Estimated by using the coefficients of table 4 and the household final demand and net outputs of table 2. 
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Corn Belt in providing livestock and livestock prod
ucts. Each 1 dollar's worth of sector 15 final demand 
products is associated with 33 cents worth of a diverse 
mixture of Corn Belt livestock products. Too, the coef
ficient (0.331 ) relating final demand for livestock prod
ucts to direct sector 8 output is associated with the coef
ficient (0.137 ) in line 2, column 15, table 4. The latter 
reflects feed flows to sector 8 as a function of final de
mand for livestock products. Crop production in the 
Corn Belt is seen to be more clo ely related to final de
mand for livestock products than even direct livestock 
production in any other sector. 

Crop production in other primary sectors is a lso en
sitive to the level of final demand for livestock products 
as shown in column 15, table 4. Only the Great Plains 
region approaches the Corn Belt in this regard. 

Even though sector 16 provides major inputs to agri
culture, its products largely reflect the demand for 
motor vehicles and fuel for personal use. Only about 
10 percent of sector 16 net output consisted of agricul
tural inputs in 1949, while half went to final demand. 
Large increases in personal consumption of sector 16 
products have occurred in recent years and are expected 
to continue. The values of the coefficients in column 
16, rows 1 to 12, table 4, confirm an obvious hypothesis 
- namely, tha t increased personal use of motor vehicles 
and fuel would have a minor effect upon the net out
puts of agricultural sectors. On the other hand, final 
demand for fa rm products has considerable importance 
to sector 16 outpu t. Dollar outputs by ector 16 p er 
dollar of fina l demand in sectors 1, 2, 3 ... 12 are in
dicated by coefficients in row 16, columns 1 to 12, 
table 4. 

Similar condi tions hold for cha nges in the consump
tion of final goods produced by sector 18. Sector 18 
products include the personal services implicit in most 
goods as well as most of the durable commodities im
plicit in a high standard of living. This sector is sensi
tive either to a boom or to a depression, and its rela
tionship to agriculture is of particular interest. The co
efficien ts of column 18, table 4, indicate negligible in
terdependence between agricultural net outputs and 
each dollar of sector 18 final demand. In 1949 each dol
la r of sector 18 final demand was associated with agri
cultural outputs ranging from 0.0011 for secondary out
put in the lntermountain Sta tes to 0.0106 for primary 
output in the Corn Belt. In contrast, final demands for 
agricul ture were associated with sector 18 outputs in 
amounts ranging from 0.3928 in the case of secondary 
products in the Corn Belt to 0.4768 in the case of pri
mary products in the Intermountain States. 

Treatment of foreign trade and government as in
termediate sectors is subject to cri ticisms noted earlier. 
H ence interpretation of resu lting coefficients is limited 
to brief examples. Cf>efficients in table 4, row 19, indi
cate the importance of sectors 2, 3 and 4 in providing 
grains and cotton for export. Also, the sma ll coeffici
ents in rows 7 to 12, column 19 indicate the lack of 
importance of livestock products as export items. 

Final demand for government "products" is the de
mand for governmental services reflected in personal 
tax payments. One of these services has been the pur
chase and storage by government of grain and cotton. 
These purchases a re largely from sectors 2 and 4 for 
grain, and ector 3 for cotton. Coefficients in table 4, 
column 20 of these sectors indicate the relative impor
tance of government purchase and storage programs 
to corn ( sector 2), cotton ( ector 3) and wheat ( sec tor 
4) . 

lNTERTEMPORAL COM PARI SONS 

An original objective of this study was to construct 
an input-output tab le for 1929, simi lar to table 2 for 
1949, and to make comparisons between the two peri
ods. H owever, data problems of the type encountered 
in constructing the 1949 table were found Lo be much 
greater for an analysis of l 929 in terrelationsh ips be
tween sectors. Data for 1949 on feeds, fertilizers and 
other inputs were available in much greater detail than 
for 1929. Neither raw data nor a detail ed parent study, 
such as the 1947 in terindustry stud y, were available for 
1929. Outpu t data, however, were found to be adequate 
for some simple comparisons of the value of agricul
tural production in the several geographic regions of 
the United States in 1929 and 1949. 

T able 7 data indicate the percentage of United States 
crop output from the six agricultu ral regions in 1949 
and 1929. In large part, the differences between 1929 
and 1949 represent changes due to technology and 
crop acreage. However, changes in relative commod ity 
prices also account for some of the difference between 
the two periods. 

During the period 1929 Lo 1949, the relative con
tribution to the U nited States output of feed grains 
increased for region 2 (the Corn Belt ) on ly. Th e per
centage contribution of a ll other regions declined. The 
difference is mainly because of differentials in yield 
changes clue to hybrid corn, a practice most widely used 
in the Corn Belt. Th e big percentage increase in oil 
crops also was in the Corn Belt as soybean acreages and 
yields expanded. A very la rge relative increase in oil 

TABLE 7. RELATIVE VALUE OF PRO DUCTION OF MATOR COMMODITIES BY PRIMARY AG RICULTURE SECTORS A D RELATIVE 
AGGREGATE PRIMARY AGRICULTURE PRODUCTION. 1949 AND 1929. 

Primary ag ric ulture sec t.ors 

Cornmod itv Y {'ar 2 3 4 5 6 

( percent of tota l u. S. product ion ) 
Food 1949 3.3 18.5 5.4 48.7 14.6 9.5 

g ra in s 1929 6.0 21.5 6.4 45.3 10.4 10.4 
Feed 1949 3.5 63.0 12.0 1 i .7 1.9 1.9 

g ra ins 1929 4.4 52.6 15.8 23.0 2.2 2.0 
Oil 1949 0.4 45. 7 28.8 20.4 0.5 4.2 

c rops 1929 0.4 26.7 39.5 30.6 2.8 
Colton 1949 3. 1 53.3 32. 1 1.7 9.8 

1929 1.5 fi l. 2 33.3 O. i 3.3 
Tobacco 1949 8.0 24.0 68.0 

1929 II.I 30.3 58.6 
All 1949 6.7 33. 7 22 .6 21.0 5.2 10.8 

crops* 1929 10.0 30.0 25.0 20.6 5.0 9.4 

*Value of pastu re is not jncluded. 
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TABLE 8. RELATIVE PROD UCTION OF MAJOR CO.\1MODITIES BY SECON DARY AGRI CULTURE SECTORS AND RELATIVE AGGR EGATE 
SECONDARY AGRICULTU RE PROD UCTION , 1949 AN D 19L9. 

Secondary agricu ltura l sectors 

Commodity Year 8 9 10 11 12 

5.3 
( pe rcent of tota l U . S . producti on ) 

36. 1 9.9 10.6 7. 2 30.9 Cattl e and 
calves 

Hogs 

1949 
1929 
1949 
1929 

6.9 38.3 6.8 31.2 10. 1 6.7 
2.6 67.2 
3.2 59.5 

Sheep a nd 1949 
la mbs 1929 

1.5 29 .4 
2.9 27 .0 

All 1949 13.4 43.6 
secondary products* 19~9 13.1 44.9 

* In cl udes pou ltry and dairy products. 

crops also took place in region 6 ( the West ) as
cotton acreage shifted to this region from region 3 ( the 
Southeast ) . Similar changes in contribution of the Far 
West to the United States ou tput of cotton fiber took 
place for the same reason. 

For the aggregate of a ll crops, rela tive contribution 
to United Sta tes output declined in region 1 (the North
east ) and region 3 (the Southeast ) . The main reasons 
for the e rela tive declines are : shifts in crop acreages, 
a smaller yield gain from technical innova tions and dif
feren t weights or prices placed by consumers on the 
crops of the different regions. While interdependence 
coefficients have not been computed for 1929, differ
ences between changes in interdependence coefficients 
from 1929 to J 949 for the different regions would be of 
the same order as the relative changes expressed at the 
bottom of table 7. 

Comparisons similar to tho e in table 7 are shown 
for secondary agricultural products in table 8. Again, 
differences exist, subject to the limitations of relative 
price changes and the choice of a typical years.' 

Changes in relative contribution of the various regions 
to United States ou tput of a ll secondary agricultural 
products were not great between 1929 and 1949. How
ever, important percentage changes did ta ke place for 
in?ividual livestock products going into the lives tock 
mi>: of regions. The percentage contribution of hogs by 
region 8 (the Corn Belt ) increased from 59.5 to 67.2 
percent. An increase in livestock a lso took place for 
region 9 ( the Sou theast ) a long with an increased acre
age of feed grains in the region. The percentage de
clined in region 10 ( the Plains States ) with an increase 
in output of wheat and a decline in feed gra ins. These 
changes in contribution to United States livestock out
.put seem to be associated mainly with changes in con
tributions to feed grain output. Cha nges in relative con
tributions of the va rious regions to United Sta tes out
put of other meat animals were small between 1929 and 
1949. 

Had interdependence coefficients been compu ted for 
1929, compari on of the magnitudes for the two years 
would show: The interdependence coefficients for sec
tors 8, 9 and 12 have increased slightly rela tive to those 
of 1929 ; they have decreased very slightly, in a relative 
sense, for regions 10 and 11. However, the relative 
changes between regions ( in the proportion contrib
uted to the U nited Sta tes livestock mix) would have 
been very small. H ence, the linear nature of the model, 
and th e restrictions of fixed pro portions between regions 
in the livestock mix, would not have been serious had 
increases in the final bill of goods for sector 15 been 

3 The problems of atypica l yea rs is less serious ror lives tock than for 
c rops because outpu t o f th e rormer is less sensitive to varia tions in 
weath er. 
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13.0 13.8 1.7 1.7 
9.5 23.8 2.2 1.8 
5.0 20.3 :l0 .5 13.8 
5.6 15.2 31.3 18.0 

13.4 17.2 5.'.1 7.1 
10.1 19.7 5.8 6.4 

projected from 1929 interdependence coefficients to the 
1949 point in time. M ore serious would have been the 
fixe d m ix conditions imposed on (a) the output within 
each livestock sector and (b ) the ou tput of livestock 
products relative to the flow of crop products and the 
services of industrial sectors. 

This last point emphasizes an aspect of input-output 
analysis mentioned earlier ; namely, input-output anal
ysis is in one sense descriptive, rather than analytical. It 
permits description of relationships between sectors at 
a particular point in time. It is less appropriate as a 
tool for explaining these relationships or in predicting 
flows under economic growth. Thus, it appears more 
valuable as a starting point for studies of economic in
terrela tionships than as a terminus. 

LIMITATIO NS 

The major limita tions of input-ou tpu t studies have 
been men tioned in another study ( 36) and details need 
not be repeated here. M ainly, the inpu t-output and in
terdependence coefficien ts must be used for descriptive 
purpose--deno ting interrelationships between economic 
sectors, as an average, a t a particular point in time. In 
this sense, the technical inpu t-output coefficen ts show 
the amount of input from one industry which was used, 
on the average, per dolla r of ou tput of another industry 
or sector. These coefficients need not remain constan t 
between sectors for la rge changes. Increases in secondary 
agricultural production would, if the m ix remained con
stan t, require increases in secondary output equal to 
the technical coefficien ts shown. However, a sizable in
crease in prima ry output might well require increases 
in industria l inputs ( e.g., fertilizer ) greater than those 
which prevailed at a previous point in time. However, 
if the pr imary output increase came from farms not 
using fertilizer, or resulted along with secula r trends in 
techniques, the input-ou tput coeffi cient need not be mis
leading. 

Similarly, the interdependence coefficients should be 
looked upon as those prevailing, on the average, at a 
given point in time. In this sense they a lso are descrip
tive and do not allow long- term projections in respect 
to supply or production functions. \Vhile they provide, 
on the average and for a given point in time, indica
tions of the outpu t effect for p roducing sectors of 
changes in final demands, they force the res trictions of 
(a ) lineari ty and (b ) fixed mixes of inputs and outputs 
into projections. While it has been sta ted ( 36 ) that 
these restrictions may not prove limita tional in long
term industrial projections, this case likely does n ot hold 
true for agriculture- mainly because income elasticitie 
of demand differ considerably within individual live
stock and crop sectors and for the products g rown in 
differen t agricul tural regions. 



APPENDIX A 

Data of tables A-1 through A-5 are supplementary 
to the highly aggregated data of table 2. These tables 

are representative of.the detail implicit m each entry 
of table 2. 

TABLE A-1. QUANTITIES OF MAJOR CROPS GROWN AND FED WlTHlN ]{EGIO!\S WITH MINOR PROCESSING, 1949 (000). 

Unit of Reg ion 
Commodity measure 

{thousands ) 2 3 4 5 

Corn {bu.l 92,434 1,468,294 390,369 345,537 
Oats 

ru . 
55 ,259 758,27 1 55,552 165,709 

Barley bu. ~ 11 , 167 12,04 1 4,707 19,499 
Grain sorg hum bu. 

10,266 
481 998 33,979 

Wheat bu.) 35,266 6,633 16,367 

12,257 
25,407 
26,381 
3,749 

10,600 
Rye (bu. ) 300 1,367 200 733 
Buckwheat (bu. l 2,m 798 224 64 
Soybeans ~bu. 1,538 525 71 
Peanuts lbs. ) 

13,96i 
10,103 13,437 

Hay {all ) ( tons) 34,516 10,962 16,335 
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2i 6 
10,048 

Corn silage~=- {tons ) 363 3,536 3,382 3,261 
Sorghum forage* (tons) 587 624 9,102 
Pasture* ( ton s) 8, 195 49,124 38,302 44,489 

1,031 
786 

21,438 
·J- Jn to ns hay equivalent (36). 

TABLE A-2. VALUE OF PRODUCTS SOLD TO SECTOR 13 BY PRIMARY AGRICULTURE SECTORS, 1949 (lVl!LLIONS ) . 

P,·oduct 

½'heat 
Rye 
Buckwheat 
Rice 
Corn 
Oats 
Barley 
Grain sorglrnm 
Popcorn 
Cowpeas 
Dry Beans 
Field Peas 
Velvet Beans 
Mung Beans 
Peanuts 
Sugar Beets 
Sugar cane 
Sorgo 
Mint 
Potatoes 
Sweet Potatoes 
Honey 
Truck crops 
Fruits and nuts 
Maple products 

Totalt 

I 

$ 23.6 
* 
I.I 

.. ii. I 

J.2 

53.4 
2.0 
3.8 

160.0 
88.8 
5.3 

$346.4 

* En try less than $50,000. 
t 1rfay not check because of rounding. 

2 

$173.5 
0.4 
0.4 

434.9 
50.2 

7 .5 
0.1 
4.6 
0.2 

17.8 
0.1 

1.4 
5.5 

36.6 
I.I 

14.1 
132.8 
82.6 

1.2 
$964.9 

Primary sector 

3 4 

$ 13.7 $5 13.2 
* 0.6 
0. 1 ·> 

75 .0 43. !i 
25.5 71.7 

.. ii. I 32.7 
10.9 

0. 1 19.6 
0.8 
1.3 1.4 

4.6 

·a.I 0. 1 

133.0 
0.3 

34.3 
15.9 10.3 
40 .9 
3.6 0.4 

33. 1 i6.4 
22.3 3.3 
8.1 3.2 

186.8 51.8 
212.9 28.7 

$78 1.2 $846.9 

TABLE A-3. VALUE OF PRODUCTS SOLD TO SECTOR 14 BY PRIMARY AGRICULTURE SECTORS, 

Product 

Wheat 
Rye 
Corn 
Barley 
Grain sorghum 
Soybeans 
Flaxseed 
Cottonseed 
Peanuts 
Cotton 
Tobacco 
Hops 

Totalt 

s ,, 
* 
·0.2 

2.3 

47.7 

$60.2 

·> Entry less than $50 ,000. 
t May not check beca use of roundi ng. 

2 

$ * 
°3:u 
22.7 
0.1 

384.3 
51.6 
7.5 

36.5 
174. l 

$708.9 

Primary sector 

3 4 

$ * $ 0.1 
* 0.6 
1.9 5.3 
0.3 30.2 
* 4.9 

34 . 7 7.7 

105.0 
57.6 

103.9 
11.3 2.9 

621.4 374. 1 
492.3 0.1 

$1,266.9 $587.5 

5 
160.5 

2. 1 
4.8 
1.6 

25 .1 
J.9 

0.7 
52.1 

34.4 

2.8 
38. 1 
15.4 

$339.5 

1949 (M ILLIONS). 

5 

$ * 
,+; 

13.3 
0.4 

··o.8 
4.3 
0.1 

24.3 

0.6 
$43.8 

6 

1,960 
16,208 
23 ,916 

1,548 
6,100 

33 

9,86 1 
121 
84 

18,254 

6 

86.9 
* 

31.4 

1. 2 
8.2 
1.4 

25.0 
3.~ 

31.0 

.. 3.9 
44 .8 

1.4 
3.4 

432.8 
492.0 

$1, 166.6 

6 

$ * 
* 

24.6 
0.3 

15.7 
28.4 

11 3.7 

21.0 
$203.7 

TABLE A-4. VALUES OF EACH SECONDARY PRODUCT SOLD TO SECTOR 15 BY EACH SECONDARY AGR ICULTURE SECTOR , AND 
TOTAL VAL E OF SALES BY EACH SECONDARY SECTOR , 1949 (MILLIONS) . 

Cattle and calves 
H ogs 
Sheep and lambs 
D airy products 
Poultry and products 

Total* 

$ 195.8 
69.9 
3.7 

947.6 
769.7 

$1 ,986.7 

* May not check because of rounding. 

$1,364.5 
2,324.0 

77.4 
1,604.5 
1,062.4 

$6,432.8 

Secondary sector 

9 

$ 381.9 
283 .5 
13.1 

373 .8 
435.8 

$1,488. 1 

$1, 176 .8 
436.0 
53.3 

343.2 
380.l 

$2,389.5 

I I 

$405 .8 
53.8 
78.3 

123.5 
103.4 

$764.9 

12 

$ 273.8 
57.3 
33.8 

385. 1 
296.5 

$1,046.8 
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TABLE A-5 . VA L UE OF LABOR AND HOU RS OF LABOR REQ U IR ED P ER DOLLAR'S WORTII O F NET OUTPUT OF AG R ICULTU R E 
SECT ORS, 1949. ·> 

Prirnary agricult ure sectors 

1 2 3 . 4 5 6 
Value of labor per dollar net o utµut $0 .39 $0.42 $0.5 1 $0 .52 $0.42 $0.48 
Hours of labor per dollar net ou tput 0.56 0.46 1.03 0.45 0.52 U.67 

Secondary ag1 icu h urc secto rs 

7 8 9 lO 11 12 
Va lue of labor JJCI' dollar llt'l output $0.25 $0.'!7 $0.24 $0.28 $0 .32 $0.3 1 
Hours of labor pe r dollar net output 0.3 1 0.44 0.53 0 .37 0.37 0.33 

* ln c-ludes direct a nd m a int c· nance labor and time spe nt in busin ess and mana'{{'lllcnt work on farm ~. 

APPENDIX B 

Sectors 19 and 20 were treated as intermediate or 
producing sectors in the preced ing analysis. H owever, 
no firm theoretical or practical basis exists for doing 
so. Consequentl y, the interdependence coefficients for 
the a lternative 18-equation model are presented here as 
table B-1. Data for computation of the coefficients of 
table B-1 are found in tables 2 and 3. Sectors 19, 20 
and 21 of table 2 are now considered as final demand 
sectors; previously, on ly sector 21 was so considered. 
T hus, in table 3 the entries in rows ( and columns) 1 
to 18 a re the coefficients of the system of 18 eq ua tions 
describing defined final demand quantitie (yi) as func
tions of net outputs of a ll sectors (X i), as in equation 
5. 1. 

T he inverse of the coefficien ts of this new sys tem of 
equations appears as table B-1. Like the coeffi cients in 
table 8, those in table B-1 express net outpu ts (X i) as 

a fun ction of parts of the fina l bil l of goods, in the man
ner of equa tion 6.1. 

The 18-equation a nd 20-equation models are alter
na tive ways of describing a given economy. Compari
son of tab les 2 and B-1 shows that the interrela tion
ships estimated using the two models are similar. Thus, 
es tima tes of effects of arbitrarily assumed changes in 
final demand are also similar for the two sys tems. A 
minor difference results from the inclusion of three 
sec tors- foreign trade (exports), government and 
households- in the final demand sector. In the 18-
equation model the assumption of a $1.00 ch ange in 
final demand may involve many combina tions of 
changes in the three final demand components. But 
whatever the sector of origin of the demand, the linear 
model requires tha t the whole product mix of the sup
plying sector be included . 

TABLE B- 1. INTERDEPENDENCE COEFF ICIENTS BETWEEN THE FINAL BILL OF GOODS AND NET OUTPUTS FOR 1949. COMPUTED 
FROM 18TH ORDER INPU T COEFFICIENT MATRIX .* 

2 3 4 5 6 8 9 10 JI 12 
Primary agriculture sectors Secondary agricultu re sectors 

Sector Region Rcgi2n Region. Region R egion Region Region R egion Re~ion Rc!ion R e!ion. Region 
number 1 3 4 5 6 1 2 

I J .0233 0 .00 11 0.00 13 0.0008 0.0008 0.0010 0 .3008 0.002 1 0 .0052 0.0022 0.0017 0 .0042 
2 0.0070 1.0338 0.0047 0.0033 0.0043 0.0305 0.3992 0 .3992 0.0 148 0.0077 0.0095 0 .0205 
3 0.0042 0.003 1 0.0 177 0.0026 0.0029 0.0029 0 .0142 0.0057 0.4205 0.006 1 0.0050 0 .0110 
4 0.0041 0.0029 0.0031 1.0293 0.0035 0.0030 0.0 144 0.0057 0.0 106 0.48 17 0.0173 0.0224 
5 0.00 14 0.0008 0.0009 0 .0006 0.0068 0.0008 0.0052 0.00 19 0 .0037 0.002 1 0.4607 0 .0041 
6 0.0028 0.0016 0.00 19 0.0013 0.00 14 1.011 7 0 .0163 0.0055 0.0114 0.0060 0.0046 0.3 153 
7 0 .0755 0.0007 0.0007 0.0006 0.0007 0.0007 1.0235 0.0009 0 .0016 0.0010 0.0009 0.0015 
8 0 .0029 0.0798 0.0023 0.0020 0.0023 0.0022 0.0072 1.0326 0.0050 0.0033 0.003 1 0.0055 
9 0.0007 0.0006 0.0363 0.0005 0.0006 0.0005 0.0016 0.0008 1.0157 0.0008 0.0074 0.0013 

10 0.0012 0.0010 0.00 10 0.0592 0.0010 0.0009 0 .0027 0 .00 13 0.002 1 1.0284 0 .0019 0.0028 
11 0.0004 0.0036 0.0036 0.0002 0 .0820 0.0003 0.0011 0.0005 0.0008 0.0005 1.0366 0.0009 
12 0 .0005 0.0004 0.0004 · 0 .0003 0 .0004 0.0343 0.0014 0 .0006 0.00 10 0.0007 0 .0006 1.0113 
13 0.0268 0.0 122 0.0 148 0.0109 0 .0 111 0.0 122 0.2512 0.079 1 0. 1733 0.0890 0.0649 0. 1906 
14 0.0203 0.0190 0.0187 0.0162 0.0 190 0.0173 0.03 11 0.0 195 0.0264 0.0198 0.0 190 0.0259 
15 0.0074 0 .0065 0.0062 0.0055 0.0064 0.0060 0.0155 0.0080 0.0 122 0.0083 0.0076 0.0125 
16 0. 1500 0.1567 0. 1255 0. 1359 0. 1718 0 .1 4-89 0.0955 0.099 1 0.0956 0.1012 0 .11 43 0.093 1 
17 0.1402 0.0824 0.1023 0.0442 0.0481 0.0779 0 .0559 0.0400 0.0539 0.0296 0.030 1 0.0366 
18 0.381 1 0.3858 0.3463 0.3345 0.3977 0.3495 0 .3727 0.3276 0.3578 0.3302 0.3420 0 .337 1 

* The in terdependence coefficients in each column show tlw amou nt of net ou tput of s.ector a t the left wh ich is associated with $1.00 of rinal demand 
for products of the column sector. Foreign trade and government are considered as autonomous. 

TABLE ll-1 (continued ) 

13 14 15 16 17 18 
Industry sectors 

Crop :\'on food Live- Machinery M isccl- All 
Sector food crop stock and laneous other 

number products product s product s fuel supplies products 

1 0 .0202 0 .0066 0.03 13 0.0008 0.0077 0.0011 
2 0.0618 0.0637 0. 1341 0.005 1 0.0 196 0.0069 
3 0 .0492 0. 1014 0.0366 0.0049 0.0089 0 .0057 
4 0.05 14 0.05 18 0.0635 0.0034 0.0121 0.0045 
5 0.0195 0.0061 0.0 195 0.0006 0.0053 0 .0009 
6 0 .063 1 0.0 186 0.0223 0.00 15 0.0070 0.0020 
7 0.0058 0.0043 0. 1009 0.0009 0.00 19 0.0016 
8 0.0186 0.018 1 0.3294 0.0032 0.0059 0 .0054 
9 0.0050 0.0065 0.075 1 0.0008 0.0013 0.00 13 

10 0.0083 0 .0105 0. 1223 0.00 14 0.0024 0.0022 
11 0.0034 0.0048 0 .0396 0.0005 0.0010 0.0008 
12 0.0044 0.0035 0.0527 0.0005 0.0010 0.0009 
13 0.0 111 0.0278 0.0992 0.0087 0.015 1 0.0153 
14 0 .0659 1.0135 0.0202 0.0395 0.0294 0.0408 
15 0 .0439 0.0377 1.0083 0.0088 0.0 138 0 .0153 
16 0.0556 0.0474 0 .0757 1.0266 0.0446 0.0481 
17 0 .0325 0.0349 0.0320 0.0276 1.0121 0 .0182 
18 0.2961 0.2831 0.2972 0.5573 0.447 1 1.0492 
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