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SUMMARY

Problem

To describe an economic model that was developed for estimating the
ability of surviving productive capacities to support human survivers ot direct
weapons effects after a major nuclear attack on the US. It covers the princi-
ples on which the model is based and enough information on the origins of the
numerical estimates to give a reade~ some idea of the value of its use,

The model is limited to technological possibilities without regard to
whether the economy would actually be managed well encugh to realize such
physical potential. The economy analyzed by the model is as of some date
after decontamination and completion of any minor repairs that can restore
service of come dailaged capaciti’ s,

Background

Development of the model was part of the work under a contract to in-
vestigate the economic-viability implications of light population casualties but
heavy damage to nonhuman productive resources. Results of applications of
the model to specific damage assumptions appear in classified documents,

Discussion

Details of the model structure are hased on the assumption that a margin
between the number of pe_ple acturlly needing support by the economy and the
number that potentia'’y could be supported indefinitely is a good index of via-
bility of the economy. A larger favorable margin suppor‘s greater confidence
that the population will survive despite either errors in the model or ineffi-
ciency of the postatiack system for managing the economy. A larger margin
also implies immediate ava.lability of more slack in the economy for applica-
tion to growth-producing investments.

The model allows for no relief of bottlenecks by imports. To the extent
that imports are available, particularly witheut having to be paid for imme-
diately by exports, the survival problem will be easier than indicated by the
model.

The model is a linear-programming analysis with activities that consist
of alternative production processes, support of population, and support of




governmental activities. The amount of the last is a fixed charge on the econ-
omy. The model chooses combinations of 'evels of the various production
processes that maximize the number of people who can be supported without
violation of any of the capacity constraints or other feasibility conditions of
the model. The capacity constraints are capacities surviving an attack (after
repair of light damage). In principle the model could be modified to include
military and investment activities, and the objective of maximizing the number
of veople that can be supported could be modified.

Although a number of dynamic elements could be introduced to the model,
it is Important to note that the model is presently static. It is static in the
sense that the calculated rates of delivery of end products of the economy to
governments and households are rates that can be maintained for an indefinite
period, The rates of delivery do not depend on depletion of inventories of
either end products, materials, or goods-in-process. The absence of invest-
ment activities as the model is now formulated also implies that the model is
static in the sense that there is no provisic for changes in the capacity of the
economy to make deliveries of end products. As noted earlier, a good margin
tetween requirements and potential for survival production implies the exist-
enice of slack for investment in growth of the econoniy’s ability to deliver end
products.

It is conceivable that, after an actual attack, investment would be needed
very soon to halt depletion of inventories of commodities crucial to survival.
Here the investment would be to preserve an existing rate of delivery of end
products rather than to expand the rate. The main part of this paper includes
some discussion of how the present mode! might be modified to include some
provision fur investment activities needed to maintain feasibility of a given
rate of delivery of end products.




- el
L et B S 1R el ARRE TG &

B )

This report has been reviewed in the Office of
Civii Defanse and approved for publication. Ap-
proval does not signify that the contents neces-

ECONOMICS AND COSTING DEP ITMENT sarily reflact the visws ond policies of the Office

of Civil Defense.
TECHNICAL PAPER RAC-TP-313 Contract DAKC20-67-C-0137

Published September 1968 OCD Work Unit 35348

A Model of Technological Capacity

To Support Survivors of Nuclear Attack

by
Bernard Sobin

DISTRIBUTION STATEMENT

This documant hos been approved for public
release and sale; its distribution is unlimited.

A

RESEARCH ANALYSIS CORPORATION

MCLEAN, VIRGIN!A




Pt o e

FOREWORD

This is one of two RAC papers prepared as part of a study of the capa-
bility of the US economy to continue to support the immediate survivors of a
nuclear attack in which the damage to industrial capacity is large in relation
to the population lost to direct weapen effects. The other paper has been
issued as Bernard Sobin and David F. Gates, “Economic Implications of High
Population and Low Property Survival in Nuclear Attack on the United States
(U),” SEFRET, RAC-TP-317, August 1968,

The present paper describes a riodel that was used as one of the inpauts
to the rlassified paper. The model is designed to calculate the capability of
the economy to support survivors after hypothesized attacks, and it can deal
with attacks other than the ones hypothesized for the classified paper.

The model is a static one, with no provision for postattack investment
to relieve any capacity bottlenecks that remain after decontamination and re-
pair of light damage. A later publication will describe an augmentation of
this model to include a period of investment before the steady state.

Arncld Proschan
Head, Economics and Costing Department
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Problem

To describe an economic model that was developed for estimating the
ability of surviving productive capacities to support human survivors of direct
weapons effects after a major nuclear attack on the US. It covers the princi-
ples on which the model is based and enough information on the origins of the
numerical estimates to give a reader some idea of the value of its use.

The model is limitec. to technolegical possibilities without regaru o
whether the economy would actually be managed well enough to realize such
physical potential. The economy analyzed by the model is as of some date
after decontamination and completion of any minor repairs that can restore
service of some damaged capacities.

Background

Development of the model was part of the work under a contract to in-
vestigate the economic-wviabili'y implications of light population casualties but
heavy damage to nonhuman productive resources. Results of applications of
the model to specific damage assumpt ns appear in classified documents.

Discussion

Details of the model structure are based on the assumption that &4 n.argy
between the number of people actually needing support by the economy and the
number that potentially could be supported indeflinitely s a good index of via-
bility of the economy. A larger favorabie margin supports greater confidence
that the population will survive despite either errors in the model or ineffi-
ciency of the pustattack system for manapinyg the economy. A larger margmn
also implies tmmediate avatlabihity of more stack in the economy for applica-
tion to growth-producing mvestments,

The nodel allows for no relief of bottlenecks by imports. To the extent
that 1mports are available, particularlyv without having to be paid for imme
diately by exports, the survival probiem will be easter than indicated by the
maod Y,

The model is a hinear-programming analvsis with activities that consist
of altrrnative production processes, suppurt uf pepulation, and support of

.




governmental activities. The amount of the last is a fixed charge on the econ-
omy. The model chooses combinations of levels of the various production
processes that maximize the number of people who can be supported without
violation of any of the capacity constraints or other fcasibility conditions of
the model. The capacity constraints are capacities surviving an attack {after
repair of light damage). In principle the model could be modified to include
military and investment activities, and the objective of maximizing the number
of people that can be supported could be modified.

Although a number of dynamic elements could be introduced to the model,
it is important to note that the model is presently static. It is static in the
sense that the calculated rates of delivery of end products of the economy to
governments and households are rates that can be maintained for an indefinite
period. The rates of delivery do not depend on depletion of inventories of
either end products, materials, or goods-in-pracess. The absence of invest-
ment activities as the model is now formulated also implies that the model is
static in the sense that there is no provision for changes in the capacity of the
economy to make deliverier of end products. As noted earlier, a good margin
between requirements and potential for survival production implies the exist-
ence of slack for investmeut in growth of the economy’s ability to deliver end
products.

It is conceivable that, after an actual attack, investment would be needed
very soon to halt depletion of inventories of commodities crucial to survival.
Here the investment would be tu preserve an existing rate of delivery of end
products rather than to expand the rate. The main part of this paper inciudes
some discussicn of how the present model might be modified to include some
provision for investment activities needed to maintain feasibility of a miven
rate of delivery of end products,
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INTRODUCTION

Development of the model described here was part of a project to deter-
mine whether civil defense measures directed at saving lives but nct property
from direct weapons effects have any significant itkelihood of being defeated
ultimateiy by inability of surviving production capacity to support all the sur-
viving popul-tion. Another RAC paper' includes an application of the model to
a particular nuclear attack.

The basic problem can be subdivided according to a number of principles
of classification. One possible subdivision is by time period dealt with. Other
subdivisions can be phusical problems when physical resources are used
in optimal fashion or management problems (monetary and tiscal policy, price
controls, materiai controls, etc) for optimizing the use of resources. The
model described here deals with physical capabilities (with management as-
sumed perfect) of resources that exist after a period of <lezring rubble, de-
contamination, and completion of repairs that do nct cause significant drain on
productive resources. The model is used to determine whether the tixed plant
and equipment plus land and labor rescurces are then sufficient, withou! further
augmentation by investment or by imports in excess of normal, to provide for
minimum levels of governmental activity and indeiinite support of the popula-
tion in good health.

The mcedei goes into great detail on food production and supporting activi-
ties as central to survival. The detail is in the form of highly disaggregated
food-production activities and provision of flexibility in mixes of food-produc-
ticn activities to nieet survival requirem~nts, A distinguishiny feature of the
model is concentration of detair in the sectors considered mest impoitant for
the principal model application. Moty detail in other sectors would be needed
for useful application to otner kinds of problems,

o
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GENERAL CHARACTERISTICS OF THE MODEL

The model is an application of iinear-programming mathcmatics. The
problem is to find a combination cf levels of available types of activities that
maximizes a linear function of those activities subject to a set of linear in-
equalities in which the activity levels are the variables.*

Mathematically the problem may be stated as

maximize

subject to

where X, is a variable level of the jth activity raie (, , the given contribution
to the objective I per unit of the jth activity rate; 4, , the amcunt of the ith
item used or made available per unit of the jth activity. The model has 149
activity rates (annual) into which all resource-using activity for survival has
been divided, and there are 82 coastraining rows.

The 4, are, by convention, positive for inputs to activities and negative

]
for outputs. The expression T a”-X, for an i representing goods and services

currently produced may be considered an excess of current input requi.~ments
over current output. When this sum equals zero, requirements equal supply,
and the usual row constrains the sum to be less than or equal to a b, of zero.
Occasionally there is 2 row with a constraint that the sum be greater than or
equal to a b, of zero. Such a row occurs, for example, in certain nutrition
cases (to be discussed later) where a constraint is needed t0 make sure that
what can healthfully be consumed be at least as much as is supplied to the diet.

L

For ani representing fixed capacities, the expression T a ,\] consists entirely

of requirements, and this sum is constrained to be less than or equal to a b,
that represents postattack capacity. Finally, in a few cases, b is preceded by

*A theorem in linear programming states that if there is more than one combina-
tion that meets the requirement there are infinitely many.




an equality sign to represent a stipulated level of one activity or a stipulated
level of use of a fixed capacity.

Appendix A has the entire matrix of a,; . Table 1 classifies the matrix
elements by column {activity), row (constraint), and sign (noted earlier as in-
dicating outputs if negative and inputs if positive). The fcllowing comments
describe the matrix in terms of beth activities and constraints.

ACTIVITIES

APersons Supnorted‘

Persons supported is a class consisting of only one activity, the number
of millions of people supported each year. [t is the only variable with a non-
zero (,. This is convenient because the absence of other nonzero terms of the
objective function impiies that the selection of activities that maximize the ob-
jective is identical for any positive magnitude that mav be assigned to the value
of human life.

Each million persons supported requires minimum quantities of calories
and particular nutrients. There is also 2 maximum number of calories that is
compatible with heaith and a maximum weight of food that can be eaten. The
plus entries in the box for human nutrients represent a,, describing amounts
of these minima and maxime per million persons supporied.

The industrial capacities indicated per millicn persons in the »persons
supported” column are capacities that are required directly ard indirectly to
support delivery cf nonlood commodities that the average person is considered
to need for his support. For example. footwear requirements imply need for
footwear-~production capacity directly plus leather tanning and finishing, elec-
tric power, fuel. and many other kinds of industrial capacity indirectly. Each
row of the group “industrial capacities™ has the sum of all direct and indirect
demands on that capacity for all nonfood requirements of cne million people.

Pursuing the foctwear iliustration further, it may be noted that an indirect
input to footwear production is hides and skins. The production process that
produces hides and skins happens to be defined in terms of the amount of meat
produced, and any capacity constraints appear in the model as constraints on
meat production, Regardless of how production processes and constraints ave
defined, however—it would be just as correct to call hides and skins the princi-
pal product and meat the byproduct—the requirement for hides and skins per
miliion persons must be provided for.

The byproducts covered by the model are the hides and skins just men-
tioned and cotton fiber. The latter is a byproduct of cottonseed {a food and
animal-feed product) production. Here the byproduct is, at least in peacetime,
more valuable than the principal product. It illustrates the principle that the
determination of which of joint products is the byproduct is arbitrary. Appli-
cations of the present model are not affected by which of the joint products are
defined as the byproducts.

Labor requirements are similar in concept to industrial capacities and
byproducis, The production processes that directly or indirectly produce the
nonfood requirements per million persons all use labor. The entry in a “labor™
row is the sum of all these labor requirements.

1
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The foregoing listing of items in the “persons supported” column has both
direct and indirect inputs to nonfood requirements but only direct inputs tc food
requirements. This reflects the fact that the indirect inputs to nonfood require-
ments per million people are the same for all model applications, whereas the
indirect inpu.s to food requirements depend on the solution mix of foods and
ways of producing them. The mcdel does, of course, account for indirect in-
puts to nutrition but does so as inputs to separate activities for each way of
producing each food.

Production

Maximizing the rumber of persons that can be supported involves decisions
about three classes of production variables: crops, livestock products, and in-
dustrial inputs to agriculture. The decisions for the last group are really im-
plied by those of the first two groups and could have been omitted from the list
of decision variables. The way they were retained, however, avoids any over-
determination of the model and has some conveniences in analysis of solutions.

The crop-production activities pr-—duce both food and animal-feed crops.
The negative entries in the human-nutrient and livestock-nutrient rows refer
to amounts of nuircients yielded in later processing {including byproduct produc-
tion) per billion pounds of each crop after any crop deductions for seed.

The plus entries in the next two classes of rows represent amounts of
types of land and industrial inputs to agriculture required per billion pounds of
each crop.

A single row for soybean-grain mix has soybean-meal equivalents for
bread baking per billion pounds of soybeans and of breadgrains. The siga is
plus for the soybean crop and minus for the breadgrains. The reason for this
row is discussed in the section “Balanc2 Constraints,” subsection “Special
Constraints.”

The industrial-capacity rows are industrial capacities required directly
as inputs to agriculture (fertilizer, pesticides, and petroleum products) and
required both directly and indirectly as inputs to the processing and distribu-
tion of agricultural products. The indirect inputs to agriculture are accounted
for in the columns for industrial inputs to agriculture. As suggested earlier,
it would have been possible to consolidate the columns for industrial inputs to
agriculture with the columns for the agricultural activities.

The negative entry in the byproducts section is production (negative re-
quirement) of cotton fiber per billion pounds of cottonseed. The remaining en-
tries in the crops columns are self-explanatory.

The labor entries are for labor employed in agriculture per billion pounds
of each crop plus labor required directly or indirectly to process and distribute
each billion pounds of crop.

The columns for livestock products (beef, milk, pork, lamb, poultry meat,
and eggs) can be explained in much the same way as the columns for crops.
The negative requirement in the byproduct section is hides and skins yielded
by beef production.

The industrial inputs to agriculture are columns each of which refers w
a row of the group with the same class name. Each column has a negative en-
try in the corresponding row giving the anivunt of the naustrial output (nega-
tive requirement; in units used for the row per unit used to measure the level
of the column production activity.




The entrier for industrial capacity and labor rows are amounts of each
industrial capacity or unit of labor that is required directly or indirectly for
each unit of delivery to agriculture. In the case of a capacity required directly
(e.g., petroleum-refining capacity per unit of petroleum-product deliveries to
agriculture), the entry is unity for the di-ect requirement plus any feedback of
additional capacity of the same type required indirectly (e.g., additional petro-
leum-refining capacity required indirectly to support output of the industries
that supply inputs to petroleum refining). The government-operations class of
activity has only one column in the present model although a breakdown by type
of operation would be possible. The industrial capacity and byproduct entries
are direct and indirect requirements to support sales of goods and services to
Federal, state, and local governmenis. The labor row consolidates the labor
for purchased goods and services with labor employed directly.

The entry in the row for level of government is a factor to convert units
of the column activity to units of the row constraint. The model hapvens to de-
fine both units identically; hence the scaling factor is unity.

BALANCE CONSTRAINTS

The matrix elements whose signs appear in Table 1 have already been
stated to be coefficients of variables in a linear inequality or equation. The
types of constraining inequalities and equations are discussed in the following

paragraphs.

Human Nutrients

A human-nutrient row for a lower bound per m:‘llion persons states that
the requirements of the nutrient to support surviving persons, minus the
nutrients produced by crops, minus the nutrients produced by livestock, must
be less than or equal to zero.

A row for an upper bound states that the maximum consumption for all
survivors must be no less than the quantities yielded by crops and livestock,
i.e., production must not exceed what can healthfully be eaten. There are upper
bounds for calories, fats, and weight of ration.

This second kind of balance constraint would not be necessary if food
weight, calories, and nutrients were not yielded in fixed proportions by crops
and livestock products. An optimal production program would not produce more
of any item than could healthfully be consumed. Constraints may be needed,
howeve, to prevent the satisfaction of requirements of some nutrients by types
of food with such small percentages of those nutrients and such large percent-
ages of calories. fats, or weight as to make the intake of food excessive ‘n one
or more of calories, fats, and weight.*

Livestock Nutrients

In the cases of lu.wer bounds, a typical livestock-nutrient balance con-
straint states that what is required to produce the solution quantities of live-

*At present it appears that a typical situation is one in which diets that maximize
the number of persons supported are well below maximum per capita levels of calories,
fats, and weight. The constraints on maximum production have therefor not been needed
yet,
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stock products minus what is yielded by crops (including pasture and byproducts
of human-food crops) must be less than or equal to zero. That is, requirements
must be less than or equal to supply. A row for upper bounds (on weight of ra-
tion) states that the maximum consumpticn of nutrients in production of the
solution quantities of livestock products must be no less than the quantities
yielded by the cry,'s.

Land Classes

The typical land constraint deals with the maximum acreage that can be
devoted to a croup or class of crops. Thus there are maximum acreages for
each crop, for grains as a class, for all crops other than pasture, and for all
crops including pasture. Each such constraint for a class of land states that
the combined requirements for all crops must be less than or equal to the
amount of the class of land available. Convertibility of land to alternative uses
is allowed for by the rough device of having the sum of subclass maxima of a
class exceed the class maximum. For example, the sum of maximum acreages
for each grain exceeds the grainiand maximum, which implies that maximum
use of grainland for some grains is not consistent with maximuni use of grain-
land for other grains.*

In addition to the maximum acreages, there are three minima. The amount
of land devoted to fruits and vegetables must be at least as great as in recent
peacetime years. The principal reason is that the 11odel omits specific account-
ing for vitamin C and other nutrients for which fruits and vegetables might be
important. In addition the small amount of land invulved would not add much to
the output of crops higher in calorie and protein yields, and in the case of fruits
the conversion to oti:er production would mean loss of trees well beyond the
end of the food emergency. The third minimum acreage constraint relates to
wheat. At least one-half the land suitable for wheat must be devoted to wheat,
At least that much wheatland is considered not usable for other crops with nor-
mal inputs and yields.

Industrial Inputs to Agri ualture

The model acccunts fur three industrial inputs to agriculture: fertilizers,
pesticides, and petroleum products. A row for each states that the agregate
requirements for crop production minus the amount produced by industry must
be no greater than zero.

Special Coustraints

The constraint with respect to mix of soybeans and grains is designed to
limit the proportion of soybean meal in bread flours and as a meat exteader,
Soybean meal is far superior to wheat flour, rye flour. and cornmeal as a
source of protein and is also superior to meat, but there are limits to the per-
centage of soybean meal that can be inciuded in bread acceptable to consumers
or that can be used to “adulterate”™ meat, The existence of any such limils
under emergency conditions is perhaps debatable. but the model provides for
such limits well above what is accepted now.

* The correct way in principle to handle land convertibility is to classify land by
productivity in alternative use and to have a separate alternative way of producing each
crop for cach class of land that may be used. This may be attempted in & later version
of the model.

11




The way the constraint works is as follows. Soybean production has three
kinds of food columns: one in which the soybean meal byproduct of cil produc-
tion is fed to livestock; one in which the meal is used for human food, primarily
as a substitute for breadgrains; and one in which the meal is used as a meat
extender. The second and third types of soybean production have positive co-
efficients in the special-constraint row. These positive coefficients are eqal
to the quantities of meal yielded per billion pounds of soybean production. Each
of the breadgrain columns has a negative coefficient equai to that yield iulti-
plied by the maximum ratio of soybean meal for flour to total flour. Each of
the meat columns has a negative coefficient equal to the product of the soybean-
meal yield of soybean production and the maximum ratio of proportion of ex-
tender in total meat. The constraining inequality states that the total amount
of soybean meal produced minus the maximum used in bread tlours and meat
must not exceed zero.*

The constraint with respect to level of government activity states how
many units of the 1958 mix of direct and indirect requirements generated by
government operations are stipulated for the problem. The a,, here is unity,
and the stipulation is a percentage of the 1958 level multiplied by 0.001 to con-
vert millions of dollars of the activity vector to billions of dollars for the
activity variable. The scaling by 0.001 could also have been in the a,, rather
than in the stipulation constraint.t

Industrial Capacities, Livestock Capacities, and Labor

Each industrial-capacity, livestock-capacity, or labor row states that
total requirements by solution activities must not exceed the postattack capac-
ity available. In each case the postattack capacity available is an output of a
damage assessment. The industrial and livestock capacities are defined in
units of the ovtputs they support. The labor capacity unit is millions of workers.

Byproducts

Each of the two byproduct rows (hides and skins: cotton {iber) states that
total requirements by using activities minrus total supply provided by producing
activities must be nogreater thanzero. This isin effecta stipulation of no stock-
pile depletion. For a situation in which there is considered to be a largre stock-
pile of a byproduct (e.g., survival of a large peacetime stock of cotton or salvage
of large quantities of hides and skins from livestock dying or slaughtered soon
after the atiack). the constant term may be any maximuin inventory-depletion
rate that is considered proper.

*This is a palatability constraint for which the justification in emergency & ques-
tionable. However, if the concesaions to palatability are accepted, it ought to be vitha
separate constraining inequality for each use rather than with only a single agrregate
constralnt, The procedure used 80 ar overstates capabilities slightly by permitting the
computer to use the meat-extender activity (which requires no ultimate baking inputs)
for producticn of soybean meal both as a meat extender and as a bread-flovr aubstitute,

* Use of an activity vector with requirements measured in millions instead of bil-
lions of 1958 dollars is a vestige uf early-stage computations with direct requirementsa
in which use of billions of dollars would have required too many decimal places for the
computer program.
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DERIVATION OF MODEL INPUTS

Evaluation of a model may use one or both of two kinds of criteria: (a)the
plausibility of answers yielded by the model and (b) the apparent socundness of
the estiriates of inputs to the mcdel. The purpose of this section is to provide
bases ior judgments on the second kind of criterion.

Full achievement of this purpose here would involve providing work sheets
for complete derivation of every number in the model. However, that would
make the paper iripractically long and wouid add little to achieving the objec-
tive bevond what may be yielded by more aggregated descriptions of the deriva-
tions of most numbers. The latter level of detail of the derivation of estimates
is used here.

The discussion is in terms of the following major categories: (a) an over-
view of data-requirements sources, (b} the food-production submodel, (¢} the
remaining industry submodel, (d) industrial capacities, (e) land capacities,

(f) per capita consumption requirements, and (g} government-operation require-
ments,

All the final estinates, except those for capacities, appear in App A. The
land capacities are in a text table, and the industrial capacities cannot be pre-
sented because they vary with the problem.

OVERVIEW OF DATA REQUIREMENTS

The sectoral classification system of the modei and the selection of sources
are tailored ia-gelv tu the intended use of the model in analysis of the capabil-
ity of the economy to provide minimum subsistence to survivors of weapons
effects. Since physiological standards for nutrition are much less compressible
than customary standards of other kinds of household consumption, the main
emphasis of the model is on resources and decisions needed for nutrition, a
key physiological requirement. (Survival standards are discussed in more de-
tail in the subsection *Nutrien! Reguirements.”) The emphasis on nutrition
takes two forms. One is the use uf considerably more detail {or the agricul-
tural sectors than appears in any published model of the U econemy  The
other is the use of alternative input-cutput combinations {or each agriculturai
crop and infimitely many alternative human diets, with the mathemat:cal proce-
dure selecting the combinations that make the most effective vse of available
resources. Qutside the food- production area the mode! s rather highly aggre-
gated. and there are no process alternatives. The mwiel could probably be
improved by disaggregation and provision for alternative pruocesses outside the
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food area, but it is felt that there is a reasonable balance at the margin between
efforts at accuracy in focd and nonfoud areas.

FOOD-PRODUCTION SUBMODE L

The food-production submodel consists of the columns for food-production
activities and rows for nutrients, land and industrial inputs to agriculture, the
soybean-grain-mix constraint, and part of each labor input to food production.

The food-production activities cover production and subsequent processing
of the following crops and livestock products: wheat, corn, oats, rice, rye,
peanuts, cottonseed, soybeans, edible dry beans, {ruits, potatoes, sweet potatoes,
beet sugar, cane sugar, other vegetables, grain sorghum, barley, hay, pasture,
beef, pork and lard, lamb, poultry, eggs, and milk. Omitted are a number of
minor food and feed crops, fish, and exotic foods. The fish are omitted because
of cifficulty of measurement of a postattack fishing and fish-preservation capac-
ity that would probably be too small to affect the diet significantly.*

Each of the crops has at least four different activity columns. The four
columns correspond to production with normal fertilizer and pesticide inputs,
without tertilizer, w thout pesticides, ind with neither fertilizer nor pesticides.
In addition there are further columns in some cases for alternative ways of
processing crops. For example, corn may provide nutrients exclusively for
livestock or mainly for humans with byproducts for livestock, When corn is
intended for livestock, a distinction is made between the activities of prducing
for poultry and for other livestock because the digestible-nutrient contents are
not the same for the two classes. Appendix A has a complete list of activities.

Human Nutrients

The human-nutrient rows deal with minima for calories, proteins, fats,
iron, and calcium, and they deal with maxima for calories, fats, and weight of
ration. The rationale {or this list is discussed below in the discussion of per
capita requirements.

All the food-processing activities are measured in billions of pounds of
crop or livesteck products. The human-nutrient vield is estimated through two
factors, the weight of edible food per unit of the activity and the amount of each
nutrient per unit of food {with caluries considered as a nutrient), Factors for
converting crop weights w {ood weights are readily available from an iniro-
ductory table of Agricultural Staustics” and from svch food engineering texts
as Parker, Harvey, and Statler.” The nutrient contents of foods are {rom Watt
and Merrill.' A third factor that might be conswdered 13 the percentage of
nutritive value of cach crop or livestock product that 1s lost before reaching a
human stomach. In the absence of data with respect to individual crops, the
model, as noted elsewhere, applies 4 uniform 15 percent marypin on per capita
nutrient requirements.

*In 196as Bish accounted for anly T pereent of the total US consumption qat retall
weighty of meat, poultry . and Hish and destruction of ports and fisheyg vessels should
X §
reduce the capreity,
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It may be noted that the nutrient value of wheat is based on conversion to
whole-grain flour. There is now a substantial use of wheat in this way to make
whole wheat bread; but by far the bulk of wheat is now used to produce a more
highly refined bread flour and a rather high-protein byproduct for animal feed.
On the assumption that protein for human food would be scarcer than protein
for livestock feeds in the postattack situation, only the processing to whole
wheat flour was provided for in the model despite the general consumer prefer-
ence for bread made with more highly refined flours. It is not clear, however,
that the assumption of greater shortage of human-food protein is correct for
all damage patterns: it may therefore be worthwhile to add an activity for the
peacetime flour-extraction rate as an alternative to manufacture of whole-grain
flour.

The model similarly increases the nutritive value of rice for humans at
the expense of animal-feed byproducts by omitting processing stapges that nor-
mally convert parts of the grain with high-protein values to animal {eeds.

Livestock Nutrients

The livestock nutrient rows are classified by type of livestock and by type
of nutrient. The classification by type of livestock serves to assist in distin-
guishing among the nutritive values of identical feeds for different livestock
classes. The classification by nutrient helps constrain the livestock.

For any one of the two kinds of livesteck nutrients, there are four rows
in which entries for nutrient outputs of a crop may appear: total, excluding
poultry; cattle and sheep; hogs: and poultry., A crop intended to be fed to live-
stock other than pouitry has an entry for one or both of cattle and sheep and/or
nhogs. There is an identical entry for both if the feed is suitable for both classes
of livestock (e.g., corn is suitable for both, but hay is suitable only for cattle
and sheep). Having a unit of activity recorded as supplying a unit of output to
each of two classes of animals leaves open the possibility, even though only one
unit of nutrient is produced, of a total animal feeding that exceeds production.
However, the first row, for total excluding poultry, balances the total nutrient
input requirements of all livestock products other than poultry against the once-
counted production by all crop activities. This adds an upper bound on total
nutrient availability to the cverlapping (and therefore double-counted) avail-
abilities {or individual classes of livestock. Qutputs of a poultry nutrient have
not only a separate row (the fourth), but also separate crep-production activi-
ties. In the case of a type of feed that can actually be fed either to poultry or
to other livestock (e.g., corn), the model defines two distinct producing activi-
ties even though the products are identical in appearance and input requirements.
The reason for the separate treatment of poultry-feed-producing activitics is
that the amount of digestible nutrient per unit of some feeds when fed to poultry
is too different from the amount of digestible nutrient of the same feeds when
fed to other livestock. It would not be possible to have an unambiguous nutritive
value of a feed without specification as to whether the feed would be fed to poul-
try or to other livestock.

The model has two classes of livestock nutrient, The first class is a US
Department of Agriculture measure of nutrient quantity called “feed units.” A
feed unit is the weight of feed that is equivalent in nutritive value to a stundard
quantity of corn grain when fed to a particular class of livestock for ma-ginal
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changes in a balanced ration. The unit is not based on any chemical analysis
of the content of the feed but rather on experimental substitutions; hence nothing
rigorous can be said about the content of a feed unit in proteins, fats, etc. The
definition in terms of marginal changes in a balanced diet, however, suggests

that the feed-unit value of a pound of feed is primarily a matter of the energy
value of the digestible nutrients, which may be measured gross or, sometimes,
net of energy consumed 1n eating and digesting the feed.

Since the model is concerned with formulation of complete rations for
livestock, not just with marginal changes in a balanced ration, it is necessary
to consider requirements other than for food urits. The model assumes, how-
ever, that accounting for only the single most important of such other require-
ments, proteins, is necessary for reasonable assurance of approximate balance
when common types of feed are used. Of course, to the extent that the assump-
tion is wrong, the model tends to overstate the amount of flexibiiity in the ration.

The feed-unit and protein values per unit of feed weight for the model
come generally from a Department of Agriculture publication by Hodges.” Ina
few cases, the ratios are weighted (by production) averages of more detailed
data in the source {e.g., the model average for hay instead of the source’s data
on individual types of hay}). There was also some supplementing of the Hodges
data with data from appendix tables and text of Morrison.’

The weights of byproduct feeds produced in processing of human-food
crops come from the same types of food engineering texts used tc estimate the
food portion.

Minimum requirements of feed units per unit of livestock produced are
average ratios for 1960-1965 in which the numerators are feed units consumed
as reported by the Department of Agriculture in “Statistical Bulletin 337,"" and
denomirators are livestock products produced as reported in Agricultural Sta-
tistics.’

Minimuir requirements of protein are based on {eed input and product
output experience for 1959 only. The denominator of livestock product output
is from the same source as the denominator for feed-unit requirements; but
the numerator is calculated from the Hodges’ dota cited in connection with di-
gestible-protein values of feed classes and from data of the same source on
the quantities of each kind of feed estimated to have been cunsumed by each
class of livestock in 1959. The cumulative product of percentage of protein
and amount of each kind of feed represented an aggregate protein consumption.

Inadequate data on green pasture presented special difficulties both for
estimating nutritive value per unit of weight consumed and for calculating the
pasture portions of the estimates of nutrient inputs per unit of livestock product.
The Hodges data do not include feed-unit values or protein values per unit of
pasture, but they do include a table (Table 22) that compares the total digestible-
nutrient percentages of individual grasses and hays. The model uses :n average
of these ratios (0.30) to convert feed-unit and protein values of hay to corre-
sponding values for grass. The weight of grass consumed in 1959 by each class
of livestock is derived from the estimate of feed-unit value per weight unit of
pasture grass and estimates in the previously cited “Statistical Bulletin 337"
of the number of feed units each class of livestock must have obtained from
pasture 1n addition to the directly measured feeds to produce the livestock

products listed. The feed units from pasture were estimated by the Department
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of Agriculture as a residual because there is no direct way of measuring what
an animal consu:nes in grazing. The twnal estimates of the mcdel are subject

to errors in the Department of Agriculture prccedure for estimating pasture
feed units as a difference between two roughly estimated quantities and to sam-
pling errors in arriving at the ratio between nutritive values of hay and pasture.
Actual pastures may include grasses and weeds that are inferior to the grasses
used in the sample.

Land Inputs to Agriculture

Land requirements per umt of sutput in the real world vary continuously
as a function of quantities of fertilizers and pesticides of various kinds, the
quality of seed, the guality of land, the quality of management, ard the amcunt
of effort expended in preparation of the land and care of the crop. The model’s
approximation te reality uses average quantities and qualities ot all these inputs
for cne possibility with respect to each crop, and then adds three other discrete
possibilities: normal inputs of all kinds except for complete absence of fertil-
izers, normal inputs of all kinds except for complete absence of pesticides.
and normal inputs of all kinds except fcr complete absence of both fertilirers
and pesticides. Absence of one or both of fertilizers and pesticides implies
an increased requirement of land per unit of output.

Although the activities of the model are resiricted to those with full or
zero availauility of one or both of fertilizers and pesticides, the solution to any
problem using the model can approximate the effects of partial availability by
having an appropriate mix of activities with both zero and full availability of
fertilizer and pesticides. For example, availability of sufficient fertilizer for
a 20-percent-of-normal application to the land for a crop is treated as full avail-
ability on an activity using 20 percent of the land and zerc availability on the
activity using the other 80 percent of the land devoted to a crop. This agpproxi-
mation to reality is wrong to the extent that the true relution between land pro-
ductivity and inputs of fertilizers and pesticides departs from linearity. There
are also errors in the assumption that there is no need to distinguish among
different kinds of fertilizers and different kinds of pesticides.

The land requirements per unit of average current application of fertilizer
and pesticide: come from 1963 experience as reported in appropriate tables
of Agricultural Statistics. The requirements in the absence of fertilizer come
almost entirely from a Department of Agriculture publication by Ibach and
Linberg.® They studied differences in yield per acre for farms using and not
using fertilizers. Their data on the farms not using fertilizers in 1354 are
assumed for the present model to be applicable to current farming where there
are normal inputs cf all other kinds,

This undoubtedly overestimates the effectiveness of fertilizers in increas-
ing yields per acre. It is quite likely that the 1954 farmers who used no fertil-
izer were also less-than-average users of pesticides and in general less pro-
gressive in their farming techniques. In addition, some of the increase in
yields between 1954 and 1963 is attributable to factors other than increased
application of fertilizers. Furthermore, it would take more than 1 year of
absence of normal fertilizer use to ge! the full loss of productivity; although,
in the other direction, it would take more than 1 year of normal fertilizer use
to restore any productivity lost in a prolonged period of absence of normal
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applications of fertilizer, There are other, more random errors in addition to
these biases in favor ot overesulifat.ag tise importance of fertilizer, and further
research on the influence of fertilizers would be worthwhile in any further work
on the model,

The data on effects of dispensing with pesticides are even more sketchy.

A Stanford Research Institute study by Moll, Cline, and Marr®’ has some lightly
documented estimates of effects of pesticide absence in the first year after an
attack for wheat, potatoes, sugar beets, corn, and alfalfa. Presumably the ef-
fects could grow after the first year. For the present model, therefore, the
Stanford Research Institute estimates of crop yields without pesticides are re-
duced slightly. The wheat and corn estimates are also applied to cther grains,
and a yield of 85 percent is used. Sweet-potato vieids are made the same as
yields of potatoes, with an estimate of 70 percent, and sugarca = is combined
with sugar beets for a yield of 85 percent. On the basis of scattered qualitative
information, it was judged that fruits and vegetables depend on pesticides much
more than the foregoing crops, and a yield of 60 percent was arbitrarily as-
signed. In the absence of any information abcut peanuts, cottonseed, and soy-
beans, they were assigned intermediate yields at 75 percent of normal.

Following the precedent of the Stanford Research Institute study, the case
of absence of both fertilizers and pesticides is as=signe< 3 percentage-of-normal
yield that i= the product of tne percentages [0 feriilicci ana pesticide ab - nces
separately. This is based on the plausible but unproved assumption that insects,
rodents, and weeds take the same percentage of a crop regardless of the amount
of fertilizer used. Another plausible assumption might be that they take the
same absolute amount, in which case the aggregate loss from absence of both
fertilizers and pe:'‘cides would be greater than indicated by the product of the
two separate absence packages.

Yields per acre for any given crop depend nct only on how much fertilizer
and pesticides are applied but alse on which land is used. The model classifies
agricultural acreage of the US by the types of crops for which the acreages are
well suited, and all requirements of land per unit of crop cutput are require-
menis of we!l-suited land.

Sore lands are well suited for more than one crop or class of crops, so
that the total amount of land of all types is less than the sum of potential well-
suited lands for each crop. The model makes sure that total computed use of
land in any class or aggregate of classes does not exceed the amount of land
available by requiring balance of requirements and supply at every level of
aggregation. For example, a given wheat production places an equal reqiiire-
ment on each of wheatland, grainland, cropland, and agricultural land. This
prevents land with alternative uses from being calculated as being used more
than once.

The clussification system for land and the estimates of amounts of land
in each class are taken almost unchanged from informal estimates of the Depart-
ment of Agriculture.” Of two alternative estimates from the Department, one
with relatively large and the other with relatively small flexibility of land use,
the one with lesser flexibility was taken, and additional restrictions were in-
serted on the amounts of land normally used for wheat, fruits, and vegetables
that could be diverted to other uses,
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Industrial Inputs to Agriculture

I'he model accounts for three kinds of industrial inputs to agriculture:
the fertilizers and pesticides just referred to in the discussion of land require-
ments and petroleum products. The uniis of measurement used by the model
are as follows: for fertilizers the unit is aggregate weight of nitrogen, phos-
phoric acid, and potash; for pesticides anc petroleum products the units are
values, respectively, for Industries 29 and 31 of “The 1958 Interindustry Rela-
tions Study”'® of the Office of Business Economics (OBE) of the US Department
of Commerce. (The study is discussed later.)

The fertilizer inputs are 1962 totals distributed among 1563 crop acreages
in proportion to 1959 use per ac.e as reported .n a Department of Agriculture
publication by Ibach, Adams, and Fox." The pesticides and petroleum inputs
per acre are those of 1958. based on distributions according to a slightly more
aggregated classification of crops ir an unpublished Department of Agriculture
study"’ in support of the 1958 interindustry model of the OBE ot the Department
vi Commerce. That studv diztributed 1958 use of the inputs among crops. Data
from Agricultural Statistics® permitted substitution of quantities of land for
crop values: then inputs of pesticides and petroleum products per unit of land
were multiplied by 1863-experience land requirements per unit of agricultural
product to yield inputs of pesticides and petroleum product per unit of agri-
cultural product. It was not practical to blow up the 1958 inputs to exhaust a
1963 total consumption; hence, unlike the case for fertilizers, the coefficients
here have a probable downward bias for reflection of 1963 technology.

For activities in which either fertilizers or pesticides or both are absent,
the model has the other industrial requirements per unit of output rise in pro-
portion to the ; equirement for land. This¢ probably overstates input require-
ments a little. For example, the complete loss of a harve.. in one area because
of an insect invasion made possible by absence of pesticides should eliminate
the petroleum-product requiremerts associated with harvesting.

The cumulative product of each row of negative input coefficients and ¢rop-
production-activity levels provides total requirements for the industrial innut
concerned. A negative coefficient in the column for the industrial activity that
produces the product generates a balancing output of the product in the model,
The industrial activities are all OBE industry levels measured in dollar value.
In the cases of pesticides and petroleum products, the units of measurement
for row and column are identical; hence the coefficient is unity. In the case of
fertilizers, the row is weight of nutrient and the column is value: hence the
coefficient is a factor for converting column units to row units,

Capacity-constraint rows for production of fertilizer and pesticides, re-
spectively, have coefficients of unity in corresponding industrial-activity
columns. In the final solution the product of unity and the activity level (i.e.,
the activity level) must not exceed the stipulated capacity. Petroleum-product
capacity, which has uses other than for agriculture, is dealt with in a row to
be discussed later,

It may be noted that the OBE industry for pesticides also includes fertil-
izers. The model here, however, has separate rov - ~»< columns to permit
use of data on separate capacities.*

*Aggregation errvors of the OBE classification are preserved despite the provision
for separate output capacities in that there is no provision for differences between fertil-
izer and pesiicides in the mixes of flow inputs and indirect capacity requirements.
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Livestock Capacities

Levels of livestock-product production need to be constrained by the
amount of livestock available. The livestock-production activities are mea-
sured in terms of weight of output per year, and for convenience the livestock-
capacity constraints are measured in the same units. Using the same units
makes it possible to make the coefficients all equal to 1. With row units of
numbers of animals or their liveweight, the coefficients would have been the
conversion factors that are now used to convert livestock numbers to product
capacity. The cumulative product of a row of coefficients and scolution levels

of livestock product is the aggregate amount of the row capacity needed for the
solution activity levels,

INDUSTRIAL-TECHNOLOGY SUBMODEL

All rows other than those already considered and the special constraint
rows belong to the industrial-technology submodel. Each coefficient describes
an amount of a row industrial capacity needed directly or indirectly to support

a unit of a column activity.

Industrial-Capacity Requirements

The industrial capacities considered by the model are capacities for each
of fertilizers and pesticides and capacities for certain OBE industries and an
aggregation of OBE industries. The fertilizer and pesticide rows have entries
of 1 in the corresponding fertilizer and pesticide activity columns, The co-
efficients for other rows are scaled elements of data from the OBE interindustry
model.

The basic OBE model has the economy divided into 83 producing sectors
and has a table of direct and indirect requirements for each of 82 sectors {the
scrap sector being excluded) per unit of final demand (delivery for purposes
other than as input to current production). In addition, data are available for
producing such a table with more detailed breakdowns of the interindustry
sectors. OBE has described its project in a number of published articles of
the Survey of Current Business'*™'" and in mimeographed material that it will
supply on request.’ " "

The R AC model uses as inputs a direct- and indirect-requirements tabie
computed with data published by OBE ' for disaggregating three of the sectors:
Industry 14 (food and kindred products), Industry 38 (nonferrous metals), and
Industry 65 (electricity, gas, and water and sanitary services),

The general procedure for calculating a table of direct and indirect re-
quirements from a table of interindustry flows in a base year is as follows.
Let X,, be the base-year flow from Industry i to Industry j: and let \, be the
total output of Industry i (including both interindustry flows and deliveries to
final demand). The first step is to calculate the matrix A, consisting of ele-
ments 4, , each of which is caiculated as
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The table of direct »..2 indire«t requiremcats is {I - A) !, where i is an identity
matrix of proper dimensions.

Both OBE and the RAC model use this general procedure; but there is a
difference in definition of an industry output. The OBE procedure defines an
industry output as including the value of scrap and byproducts. The RAC pro-
cedure treats these as negative inputs instead of output.

This difference in definition leads to a more fundamental difference than
merely a lower nominal value of \, and a higher value of each a4, in the RAC
approach. In c. der te prevent a requirement for output of the jth industry from
generating a requirement for a normal mix of outputs of the ith industry by way
of the formula

when the base year X;, has a flow largely of byproducts of the principal produc-
tion of the ith industry, OBE transfers any part of X,, that represents byproducts
from X,; to X;, before it uses X, in calculation of a;;. OBE considers it im-
proper, for exampie, for a model to generate a dollar’s worth of meat-industry
output of standard mix in an attempt to supply the leather-tanning indus'ry with

a dollar’s worth of hide and skin byproduct. They prefer to have meat-in'stry
output of standard mix determined entirely by the requirements for food, with

a side calculation determining whether this implies sufficient hides and skins
output to supply needs of the leather-tanning and -finishing industry.

The RAC procedure has byproduct requirements calculated as part of the
main model rather than as a side calculation but takes care of the mix problem
by having different rows for the principal products and the byproducts of an in-
dustry. If a byproduct is a principal product of some other industry of the OBE
model, the RAC procedure estimates all requirements on the row for the in-
dustry producing it as a principal product. If there is no industry producing
the item as a principal product, as in the case of hides and skins, the distribu-
tion row is a brand new one for a new industry defined as inventory depletion
of the item. All industries that use the item have positive coefficients for ithat
row, and any industry or industries producing it as a byproduct have negative
coefficients. A solution level of the inventory-depletion activity is the excess
of requiremente for the byproduct over supply. For a problem in which the in-
ventory-depletion rate is to bc constrained (perhaps even to zero), there may
be no feasible solution unless the model permits production in excess of re-
quirements for the principal product of an industry producing the byproduct.
The RAC model has this kind of flexibility. The activity level for any industry
producing products in fixed proportions is generated by requirements for the
uroduct that needs the highest level, and surpluses of the other products are
produced. In the RA ™ model it is immateria’ which of joint products unique to
an industry is designated as the principal product,

The RAC version of the OBE A matrix has seven byproduct rows (identi-
fications of byproduct element of \,, supplied by OBE on magnetic tape) with
no industries producing them as (defined) principal products. Two of these
appear in tho final RAC model as byproducts, the supply of which must be ac-
counted for and shown sufficient in any feasible solution. The two byproducts
are hides and skins and cotton fiber, Hides and skins output is a byproduct of
the activity that produces beef. Cotton fiber is a byproduct of the activity that

21




R

produces cottonseed. It may be noted that in peacetime the demand for cotton
fiber has much more effect on production of cotton and cottonseed than the de-
mand for cottonseed. As has been noted, however, the choice of which of two
joint products should be defined the byproduct in the RAC model does not affect
the results.

In addition to defining industry outputs in the special way just described,
the preparation of the OBE data for use in the RAC model also involved a num-
ber of changes in the base year X;; before calculation of the q,,. All rows for
distribution of products of OBE’s two agricultural industries were reduced to
zero since the RAC food submodel was replacing them. Those elements that
referred to textile-fiber requirements, however, were transferred to the row
for cotton byproduct of cottonseed production. The OBE food-processing in-
dustries were assigned both additions to and subtractions from their inputs,
The additions were values of transportation and warehousing plus wholesale
and retail margins needed to move outputs of the food-processing industries to
consumers. The data for this came from OBE work-sheet records of margins
between producer prices and purchaser prices of foods, The subtractions were
flows of food among food-processing industries and some of the packaging and
printing inputs. The reductions of packaging and printing were as emergency
austerity measures. The elimination of the interindustry flows of foods was
consistent with the treatment of food-processing activities as minimum amounts
of activity outside agriculture needed to release the nutrients in agricultural
production. For example, release cf the nutrients in oilseeds requires plants
that extract the oil from the seeds and make shortenings; release of nutrients
in grain requires milling and baking. However, the use of shortening in baking
is not required to release the nutrients in either oilseeds or grain, therefore
the RAC model suppresses the OBE requirement of oilseed-mill output per unit
of bakery cutput.

Once all X, had been adjusted as needed according to the above rules,
the ¢;, and (I A) ! were calculated in the standard way. This provided a table
of direct and indirect requirements for each row industry per unit of final de-
mand for the principal product (as defined) of the column industry. The amount
of each kind of food processing required per unit of each of the RAC model's
food-production activities per unit of agricultural food product may then be
considered a scaling factor to apply against the corresponding food-processing
industry’s direct and indirect requirements per unit of its final deliveries.
“Final” here refers to requirements generated from outside the sectors defined
in the {1 A) ! table, not to the more commonly denoted demand categories of
household consumption, exports, investment, and government purchases of
goods and services.

The RAC model preparation used such a scaling to obtain the direct and
indirect inputs to food processing and distribution associated with each agri-
cultural food product but first eliminated some rows of (I A) ! and aggregated
some others. The eliminations were of rows for service and other industries
having very flexible capacities or which were considered to be too unimportant
uinder emergency conditions to be permitted to affect estimates of viability of
the economy. For an example of the latter it was felt that any shortage of
household-furniture capacity could be made good either by doing without the
normal output of that capacity or by production of the needed items outside the

22




household-furniture industry. The row aggregations covered all the metalwork-
ing industries. All metalworking industries were combined into a single indus-
try providing parts for repair and maintenance of production machirery and
transportation and communication equipment, Of course the aggregation would
be improper for production of major pieces of equipment. A locomotive cannot
be built in a textile-machinery plant, but it is quite likely that a textile- machiner
plant could use some of its tools to make certain locomotive parts. The elimi-
nations and aggregations left only 13 capacities of modified OBE industries (in-
cluding inventory-depletion industries) that are accounted for in the RAC model.

The 13 industries with their OBE and RAC codes are listed in the accom-
panying tabulation.

OBE code

RAC code Industry

i6 BE16 Broad and narrow rabrics: yarn and thread mills
24 BEZ24 Paper and allied products except containers
27 BE27 Chemicals and selected chemical products
29 BE2Y Drugs; cleaning und toilet preparations
31 BE31 Petroleum refitang and related industries
37 BE37 Frimary iron und steel manufacturing
39 BE39 Metal containers

40-63 BEMET  Metalworking industries
65 BE6GS Transportation and warehousing
391 BEY3 Copper manufacturing
38.2 BE® Aluminum manufacturing
68,1 BE Y6 Electric utilities
14.3 RESG

Canning and preserving of fruits, vegetables. and seafoods

It may be noted that no separate railroad-transportation industry, either
total or by any geographic classification, appears specifically in the model.
The flow inputs to all transportation are accounted for in use of the matrix
(1 A) ' in full detail for calculating direct and indirect requirements for the
listed class of capacities, but there is no provision for a possible shortage of
any particular class of transportation capacity.

This is a major weakness ot the model should it ever be applied to a
problem requiring heavy-traffic movements. It is considered of no great im-
portance, though, for a mintmum-survival model. It is not easy to destroy a
large enough percentage of rolling stock and miles of route to make the aggre-
gate capacity for train or truck movements insufficient to handle a bare-survival
volume of traffic. Nuclear bombing can create bottlenecks by destroving classi-
fication yvards and traffic conters such as Chicago and St. Louis, but it should
be possiole to break the resulting bottlenecks sulficiently for light traffic to
move threugh or around them.  Military-type bridges, transshipment ot carygos,
and laving of new track for short distances are the kinds of expedients that are
adequate for light traffic. Qur experience in interdiction of North Viethamese
supply routes is an camcation of how quickly emergency repatrs can be made.

Euach row of the subinode] for these industrial-capacity requirements
yives an amount of the corresponding industrial commodity that 1s required
directly and indirectly per unit of each activity of the model, including the ac-
tivities for ronfood support of population and governments and the provision of
industrial inputs to agriculture as well as the activities that are defined as {ood
producing. The cumulative product of the coefficients along a row and the
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associated activity levels of a solution is a total (net of any negative terms for
byproduct output) requirement for capacity to produce the product (or supply it
from inventories in the case of a byproduct).

Labor Requirements

The model has a single row of labor requirements that has one or two or
three components for each column activity. One component consists of
agricultural labor in food and feed production. The second consists of labor
employed in the i~dustrial sectors of the economy. It is the only component for
the persons-supported activity and for the three activities supplying direct in-
dustrial inputs to agriculture, and it is added to agricultural labor for agricul-
tural outputs that require industrial processing. The third component consists
of labor employed directly by the government sector. The government-opera-
tions activity has this component plus an industrial-sector component for
government purchases from industry. The first two components are discussed
in the following paragc-aphs. The third is dealt with in the section, “Governmen:
Requirements.”

The agricultural-labor component with normal inputs of fertilizer and
pesticides consists of 1965 ratios between inputs of labor and outputs of agri-
cultural products. The labor inputs are based on man-hours statistics as re-
ported by the Department of Agriculture for individual crops and livestock
products.” Man-hours are converted to employment on the rather arbitrary
assumption of 2000 man-hours,/year for an agricultural worker. The seasonal
nature of agricultural-labor requirements implies probably a lower number of
man-hours per year for workers employed entirely in agriculture, but it is
assumed that, under conditicns of labor shortage, useful nonfarm work could
be found for some agricultural workers. OQutputs of agricultural products for
the denominator of each ratio of labor inputs to product output come from Agri-
cultural Statistics.’

" The industrial component is calculated as

I iy !

+here L is a row vector of direct and indirect requirements for labor per unit
of finai demand for output of each industry, \ is a corresponding vector of
direct requirements, and | and A have the meanings previously assigned. In
effect, this procedure estimates the direct and indirect labor requirement per
unit of a particular industry’'s final demand as a cumulative product of the direct
and indirect requirement for each industry’s output per unit of this {inal demand
and the amount of labor required directly per unit of each industry output. The
ratios \ would be 1965 experience for OBE industries as estimated by Faucett”
if the labor row were needed for a current problem in which a labor shortage
was possible. Since the only problem worked on with a potential tabor shortage
is a problem for 1975, the ratios \ have been projected to 1975 before the pro-
cessing described here. The source of productivity changes 15 a study by the
Engineer Strategic Studies Group’' of productivity changes in industry. The
model has nu provision for increases of labor production in agriculture.

The labor row before the projection of productivity changes to 1975 nas a
number of biases. A general downward bias 1s associated with loss of labor
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productivity to be expected when both farmers and industrial entrepreneurs
undertake unfamiliar kinds of production with faciiities and equipment that are
optimized for other kinds of production. On the other hand, hours of work
could be increased over peacctime levels. Sociological and psychological fac-
tors in labor-productivity changes have potential importance and direction of
effect that have not been investigated.

PER CAPITA REQUIREMENTS

Basic ancegg

Any estimnate of per capita requireme te [or survival is likely to suffer
from two classes of ambiguities, The first 1s the representativeness of the
calculated average. The second is the standard of austerity used,

The representativeness problem arises from the fact that people differ in
their survival requirements. For example, a person with diabetes mav need a
steady supply of insulin to survive. But estimating a per capita requirement
for insulin as total insulin requirements divided by total population, both dia-
betic and nondiabetic, implies in a mathematical model that the percentage of
the population that can survive is no greater than the insulin capacity as a per-
centage of total require ments.

The cerrect way in principle for dealing with differences among pecple
in their survival needs is to classify the population into groups that are homo-
seneous with respect to their requirements. This was nst practica! for the
RAC modei. To avoid major errors of assigning to the entire pepulation survival
requirements that are significant only to small segments of the population, the
RAC model attempts to deal only with the tvpes of things that are widely needed.
These are food, clothing.and shelter for protection against the environment,
and the medical and =zanitary supolies and services that may be needed to pre-
vent the spread of epidemic disease.

The austerity problem is more complicated than the representativeness
problem. Factors that affect the desired degree of average austerity include
(a) the length of time the austerity is to fast, (b) factors other than living stan-
dards affecting the psychoiogical state of the population during the periad of
auster:ty, (¢} the consequences for health and productivity of marginal changes
in any tentatively pro»sed average level of hiving, and (d) the value svsiem
for trading off increments in these consequences against tncrements i any
costs of changing the living standards. In general, authors do not try to explan
their survival lists in such terms, ana no one who tried vould ever be able to
communicate with complete success all four classes of {actors in his decision,

Nevertheless a briefl attempt will be made along these hines for the sur-
vival-requirements vector of the present muodel. The length of ime involved
1s 1 to 2 vears. The model s orgemzed as a steady-state model, but there
could be some slight improvement in standards during the period. It 1s assumed
that the population 15 psychofogically prepared to assume heavy burdens for
vears in the hope of huilding towara « better hife. Maorale and productivity of
labor are assumed to require no higher jeve!s of hiving than are needed to man-
tain physical health for both prodctive ond nonproductive members of the popu-
lation. Peacetime poverty standards are of no use as a guide here because the
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aspirations of the pocr in peacetime :..e assumed to be c-nditioned in large
part by living levels achieved by the more successful clements of the popula-
tion. With uniform levels of living for the entire population, the standard need
not be much more than physical health. The value system of the present author
is not communicable fuilv, but it is of a type that would permit virtually no in-
crement in living levels for survivors that would significantly reduce the num-
ber who could survive, If the trade-off in survivor living standards should be
against postattack foreign aid, against peacetime costs of providing for higher
levels of postattack living, or against other conceivable costs, somewhat higher
levels of living might well appear ‘o be more proper standards,

The model distinguishes betweer food and all other survival requirements.
Comparatively little compression of food standards is compatible with health
over a period exceeding a year when the standards are measured in terms of
requirements for specific nutritive elements of food. One may eliminate steak
from a diet but not the requirements for proteins, iron, and other nutrients that
are supplied by steak. On the other hand, use of many items of clothing and
toilet articles can be reduced or eliminated without significant loss of health.
The food-nutrient requirements of the model are therefore approximately equal
to peacetime standards, but other requirements are slashed heavily.

Nutrient Requirements

The model has minimum per capita requirements for calories, proteins,
fats. iron, and calciuni. There are of course many other nutrients and vitamins
that are necessary for health. It was judged in preparation of the model, how-
ever, that a diet of natural foods that was clearly adequate with respect to the
items listed was unlikely to be serivusly inadequate with respect to others.

For example, it would be practically impoessible to meet requirements for the
listed items without heavy use of grain, potatves. and sugar that would provide
all the carbohydrates required. Meeting calcium requirements, together with

a model restriction on use of {ruit lands for purposes other than fruit production,
probably takes care of any vitamin C requirements. The rather generous al-
lowance of proteins, plus the impossibility of optimizing without yse of hvestock-
product capacity, virtually climinates any prospect that the protein supply

would not be properly balanced with respect to particular essential amine acids.
Nevertheless, some shortages of particular nutrients or vitamins are conceiv-
able . and the model could casily be modified to add a row for any new nutrient
that may be considered worthy.

The mumimum per capita nutrient requirements for food actually eaten
are mostly recommendations (with an unknown safety marvin for items other
than caloricst of the National Rescarch Council for age and sex classes
weighted by Bureau of the Census population statisties.”’ There are two ex-
ceptions.  Althoupgh the National Research Councii has ne standard for fat, it
recogmizes that some unknown amoeunt is important. A RAND Corporation diwu-
ment by Pogrund™’ recommends that fat provide at feast 40 percent of all cato-
rics, and this requiremer’ was built into early versions of the madel. The
present version uses 30 percent of minimum calories, which s closer te an
official Armyv recommendation” that 25 te 30 percent of actual calories s
clearly sufficient. The other change 1s a reduction of the National Research
Council recommendation of 848 my day of calcium te 744 my.

The reasonfor the reductionis asfollows, The Army source just cited «on-
curs in the National Recearch Counviview that 800 myg dav 1s desirable for an
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adult male but statesthat 700 mg is sufficientand cites an Army regulation that
requires only 700 mgfor a soldier even though diets actuallv served at Army
messes appear to include about 300 mg. The same Army source suggests that
400 mg, day is sufficientfor an indefinite period under e mergency conditions. The
decision to reduce the model's initial requirement by one-eighth came after trial
runs in whichthe ca.ciumrequirement was of major importance in determining
the size of population that could be supported. It was thendecided that the average
require ment would be reduced inproportion to the difference between National
ResearchCouncil recommendations and Army regulations for an adult male.

The maximum intakes per capita presented greater problems. The model

has three kinds of upper limits on calories, fats, and total weight of food that
can be eaten

The thirc upper limit is not a limitation that can be used very accurately,
because there are no experimental data and because the weight depends »n the
composition of the food. The consumption is ordinarily about 3.9 Ib of retail
weight per capita. The model temporarily has an arbitrarily high limit designed
to provide no effective constraint in any run.

With respect to calories,informaladvice from the Department of Agriculture
sugzested that the maximum should not be more than 15 percent above the mini-
mum. The model, however has a maximum about 10 percent above what now
appears to be eaten,which is itself well above 15 percent in excess of the mini-
mum. Itwas felt that in an emergency people could overeat atleast as much as
they do now. In addition,the present national average represents many who eat
considerably less than the average aswell as many who eat considerably more.

The Army source cited earlier for minimum requirements’ recommends
that not more than 50 percentof calories be supplied by fat and repurts that Army
Field Ration A has 40 to 45 percent fat calories. The average civilian diet for
1965 as reported by the Department of Agriculture has a number of grams of
retail weight of fat that may be caiculated as equal to about 41 percent of the
total calories in retail purchases:* many people probably consume considerably
larger percentages than the averaye.

The model has & maximum amount of fat
that would be 680 percent of nuinimum calures and 47 percent of maximuem calo-
ries. For cases where maximum fat may be associated wit® gunimum caloriwes,
the upper limat on {at is prebably too high, Computer cotputs should always be
inspected tor desirability of recomputation with G tower finut,

The average datly requirements used in the model! ace summarized in the
accompunying ahulation,

Pativ requies e nt

em =
Mintmun . Mavunum
Calories 21Ta RN
Proteins, 5 AL -
Fats, KRN [N
lron, g [EREAE A -
Calcwum, g RN ¥ -

Woaght ol b

a
Arbatraniiy mgh.

*There are no data on the percentage of the
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The n xdel scales these amounts upward to an annual basis and for an
average wastage of 15 percent of the nutrient content of all foods. Wastage in
peacetime can occur in distribution to consumers, in kitchens, and in {ailure
to eat all that is prepared. The 15 percent for the model assumes negligible
wastage at the table, a kitchen loss at the low end of a normal 4 to 21 percent
range found in experiment in Army kitchens,”® and the remainder lost tc rodent
damage and other food spoilage in the distribution process. No data were found
on peacetime average losses in distribation before purchase at retail of about
3150 cal per capita. Some of these losses would undoubtedly result from short-
ages of proper traasportation and warehcusing capacity, but otners could proba-
bly be reduced by aprlication of more than customary care.

Nonfood Requirements

The direct nonfood requirements are bared on personal judgment of what
might be dispensed with in reccerded 1958 personal-consumption expenditures,
The judgmer.s were applied to detzils of those expenditures as published by
the Department of Commerce in the Octeber 1965 issue of the Survey of Current
Business.'” The ciassification there is not only by producing industry of the
1958 interindustry stud~, which is not very informative for some nighly aggre-
gated industries, but also by type of houschold purpose. For example, Industry
72 is “hotels and lodgirg places and persunal and repair services except auto.”
But a further classification of one expenditure states that it is for “shoe clean-
ing and repair.” The judgment thexn is on how much of industry 72 output is
needed for shoe repair.*

After judgments were made on each combination of consumer purpose and
industry number . the expenditures for each industry number were aggregated
to yieid a total consumption exsenditure for each industry. Division of these
totals by 1958 population yielded a per capita estimate,

Taile 2 has the published Department of Commerce estimates for 1958
with major classification by consumption purpose and minor classification by
industry. The tabie {5 shortened as compared with the published one in that
the industry detail is omitted for functional categories tha* were judged not to
be worthy of inclusion on the final list. The judgments added to the table appear
in a column of percentages for the expenditure items ‘hat were judged worthy
of reter.tion in whole or in part,

There is no point in trying to prove here any necessitv for the particular
percentages noted in the last column. A few notes on the assumptions may,
however, add to the plausibility of the stated percentages.

All food items are omitted because, as has been noted, food requirements
ure considered on the basis of nutrients rather than dollars.

Nearly all clothing is omitted on the assumption that, although displaced
persons may provide a one-time burden on the economy, the absence of style
changes, the possibility of great reductions in most wardrobes without damage
to health, and the sharing of wardrobes would permit the economy to go for
several years without much need for ne clothing.

*Quite another problem, of course, is the suitability of the Department of Com-
inerce input pattern for Industry 72 as an indicator of what it takes to repair shoes.
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TABLE 2

1958 Expenditure ltems and Factors for Conversion to Postattack Conditions

] 1958 amount,
I millions of doliars

Percenr of

Expeaditure closs® emergency
Braducer | Purchaser e:p‘endvmres
ailowed
Frices prices
Food purchased for off-premises ansumption t1.800 ARG b
Prrchased meals and beverages T.813 15,324 _b
Food furnished government fine luding euitarsy ' and « on mer-
cial emplovees 881 1.22% _,.b
Faod consumed and produced on farms Loita i,40 - b
[obacce producte 120 3.982 0
Shoes and other footwear, tatal 2137 1.075
32, rubber and miscellazeous plastic producis X7 i1l 10
34, feotwear and other eather producrs 2,068 3.571 MR
0, mgorts 11 ¢ ]
Shoe cleaning and repair, total 219 219
T2, hotels and fodeing plaves. pers mal and repairsessices
Cueept auio 219 219 200
Laundering in establishments, total arT atT
T2, nels and fodging places, nersonai and repair wervices
except auto 9 939 80
7T medical and educational service and nonprofit
establishments 2R 28 78
Food produced and consumed op farms 1.410 1,410 b
Women's and chiidren's clothing and arcessories except foot-
wear, totai 7912 13356
16, brocd and namow fabrics, varn and thread milis 306 6r" 0
17, miscellareous textile goods and floor voverings 14 30 0
18, apparel 7.049 11,596 20
19, miscellanenaus fabricated textite produrts 4 T8 0
2t paper ana aliwd products excent containers 32 N 0
32, rubber and miscelianeous plastic products 9 17 0
34, footwear and nther leather products R 359 U
64, mise«tlancouy manufacturing 66 10t 0
B0, gross .mports »f goods and services 124 260 0
&3, scrap, used, and secondhand goods - 36 -36 0
Mien’s and bovs' clothing and accessories, total 1,305 T.H6)
16, broad and narrow fabrics, varn and thread mills 3 8 0
18, apparel 1.085 8,715 20
19, misceliancous {abricated textile products 3 O 0
32, rubber and misceilaneous plastic products i 1 0
34, footwear and ather {eather ~roducts 162 298 0
H, gross imports of goods and services 18 118 0
&3, scrap, used, and secondhand goods i 17 0
Standurd lothing issued to military personnel N 5 0
Cleaning, dveing, pressing, alteration, storage, and repair of
garmeats, aciading furs G shops? 1.797 1.797 0
Jewelry and watcies 921 i.850 0
Oth-r 1‘ln»li\ing. accessories, and joweley T2 T2 0
Toilet articles and preparations 1,393 2500 0
Boshershops, heauty parlors, and baths 200t 2,01 0
Owner-accupted nonfarm dwellings, space-rental value, total 26,800 26,800
71, real estare and rental 26,800 26,809 10
Tenant-occupied nonfarm dwellings and other housing, total 12,457 12,457
71, real estate and rental 12,232 12,0 30
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§ TABLE 2 (centinved)
4 —
g 1958 amaunt, P
Y miltions of dolars ercent of
? Expenditure cless® emergency
¥ Producer | Purchaser exP,&nd"w”
g prices prices aliowed
s 72, hotels and lodging places, Fersonal and repair services,
s ~xcept auto i3 3 10
: 77, medical and educatinnal service and nonprofit
< estahlishments 82 el [0}
' Rental value of farmhouses, total 1.861 {861
71, real estate and rental 1,861 1.R81 30
Furniture, including mattresses and bodsprings 2,141 1316 0
Kitchen and other household anpliances 2012 2.Ti2 0
China, glassware, tablevare, and utensiis 914 1.697 0
Other durable house furnishing: 1.958 3.728 0
Semidurable house {urnishings 1341 2.521 0
Cleaning and polishing preparations and miscelloncous house-
fold supplies and paper praducts, total 2,085 3.004
9, stone and clay mimng and quarrving 12 21 0
24, paper and allied products, excluding containers and
boxes 57 838 60
25, paperboard containers and boxes 38 $1 4]
26, printing and publishing I 3 0
27, chemicais and selected cheriical products 104 145 60
29, drugs, cleaning and toilet preparatiens 1,076 1574 60
30, paints and allied products i 36 10
36, store and clay products 27 50 10
42, other fabricated met..! products {8 81 0
53, electrical industriai equipment and upparatus 5 B 10
55, electric lighting and wiring equipment 114 161 10
38, miscellaneous electrical equipment, machinery, and
supplies 29 39 40
64, miscellaneous manufacturing 11 73 10
80, imports 1 1 10
Stationery and writing supplies 506 938 0
Electricity, total 1,381 1.381
96, electricity 1,383 4,381 30
(ias, total 2.685 2,685
97, gas 2 685 2,685 50
Water and other sanitary services, total 1,048 1,048
S8, water Q80 980 100
79, state and local government enterprises 68 o8 100
Other fuel and ice, total 2351 1,153
7, coal mining 261 4153 10
20, lumber and wood products, excluding containers 48 576 10
27, chemicatls and selected chemical products 10 76 10
31, petroleum refining and related products 2,008 3,462 10
37, piimary iron and steel manufacturing 10 1 0
68, electricity, gas, water, and other sanitary services 14 &) 0
Telephone and telegraph 3.892 3 .892 0
Domestic service 3,503 1.5303 \]
Other household operation, tetal 1,768 1,768
65, transportation and warehousing 286 286
70, finarce and insurance 117 11
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TABLE 2 (continued)

1358 emount,

miitions of dollars Percent of
Expenditure closs? emergency
expanditures
Producer | Purchaser
allcwed
prices prices
:l“l(']\ (‘n(i ll?liﬂlﬂg ;)li!(’('s. p( r.‘~'ﬂhl! llnfi i'('p.li.’
~ervices, exepl auto 33 33 40
T3, husiness servaices 62 62 &0
78, Federal government enterprises 370 370 60
Drug preparat ions and sundries, tot.l 1,692 3.195
24, papey and allied prr-(lu( ts, exeept containers e 253 30
27, chemeal and selected chemroal products | 0
29, drugs~. cleaning and tuiler preparitions 14D 2687 20
32, rubber and miscellaneous plastic products 47 Q0 0
54, heusehald appliances 6 1l 0
55, electric dighting snd wiring equipment 3 i 0
62, <cientific and controlling instruments T 11y 0
Ophthalmic progucts and thopedic appliances 143 6673 69
My sicrans 1571 1578 60
Dentists 1.876 1.876 60
{rher professional services 832 832 60
Privately controlled hospitals and sanatoria £.202 4,202 100
Health insurance 1,130 1.130 0
Rrokerage charges and investment counseling 481 881 0
Bank service charges, trust services, ar | deposit-box rental 310 BIG 0
Services furnished without pavment by financial interme diaries
except insarance companies +,074 1,074 0
Fxpense of handling life insurance 1210 3,210 0
Legal services 531 1,531 0
Funeral and burial expenses total 1.308 1,328
9, stone and clay mining and quarrs ing 3 12 0
36, stone and clay products 48 60 Y
71, real estate and rental REW] 242 S0
T2, hotels and lodging places, personal and repair services,
except auto 1.013 1.013 20
(ther personal business, total 931 931
66, comnunications, excluding radio and television
broadcasting 17 v 20
T3, business services 17 e 0
T6, amusements 6 6 0
77, medical and educational service and nonprofit
estabiishments 729 720 50
"8, Federal government enterprises 62 6 0
New cars and purchase of used cars o0 13,258 0
Automotive {tires, tubes, accessories, parts, repair, greasing,
washing, parking, storage, and rental), total 50581 0,507
19, miscellaneous fabricated tex.ile products 13 5 B
27, chemicals and selected chemical products 52 76 5
29, drugs, \'l(‘-lning and toilet preparations 22 38 5
32, rubber and miscellaneous plastic pr sbuers 801 1,372 5
12, other fabricated metal products 12 20 5
T2 service industey machines 16 35 5
33, electewe lighting and wiring equipment 15 30 5
36, radiu, television, and communication equipment 32 55 5
S8, miscellaneous electrical machinery, equipment, und
supplies 163 J18 5
59, motor vehicles and eanipment 81 145 5
T, antomabile repair md service 1,387 1387 5
83, scrap, used and secondhand goods 3 26 5
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TABLE 2 (continued)

1958 amount,

millions of dollars Percent of
Expenditure class® emergency
Producer | Purchaser expenditures
. . aliowed
prices prices
Gasoline aud oil, total 5,251 5.251
31, petroleum refining and related products 5,251 5,251 5
Bridge, tunnei, ferry, and road tolis 250 250 0
Automobile tnsurance premiums less claims paid 1,606 1.606 0
Street and electric railway and local bus, total 1,219 1,219
65, transportation and warehousing 1,219 1,219 100
Taxicabs G4 57 9
Railway (commutation) 124 124 g
Railway (exciuding commutation) and sleeping and parlor car 338 338 0
Intercity bus 296 296 0
Airline 179 179 0
Orher intercity transportation 32 32 0
Books and maps 632 1,022 0
Magazines, newspapers, and sheet music, total 1,339 2,061
26, printing snd publishiug 1,468 2,090 5
83, scrap, used and secondhand goods ~29 -20 5
Nondurable toys and sport supplies 1,188 2,115 0
Whee! goods. durable toys, sport equipment, boats, and
pleasure aircraft 1,080 1,845 0
Radio and television receivers, records, and musical
instruments 1,644 2,86 0
Radio and television repair, total 681 681
72, hotels and lodging places, personal and repair
services, except auto 681 681 5
Flowers, seeds, and potted plants 338 544 ¢
Admissions to motion-picture theaters 992 992 0
Admissions to legitimate theaters, opera, and entertainments
of nonprofit institutions (except athletics) 297 207 0
Admissions to spectator sports 249 249 0
Clubs and fraternal organizations except insurance 692 692 0
Commercial participant amusements 848 848 0
Pari-mutuel net receipts 454 454 0
(Other recreation 1,174 1.181 0
Private higher education 1,282 1,282 0
Private elementary and secondary schools 1,006 1,006 0
(ther private education and research 852 852 0
Religious and welfare activities, total 1,178 1,178
77, medical and educational service ond nonprofit
establishments 4,178 4,178 100
Foreign travel by LS residents 1,900 1,900 0
Expenditurrs abroad by US government personnel {military
and civilian} 892 1,077 0
Fxpenditures in the US by foreigners - 1,046 -1,046 0
Personal remittances in kind to foreigners - 107 - 7 0
Total personal vonsumption expenditures 224,032 290,009
Durable commodities 23,262 37.881
Nondurable commodities 88,765 140,152
Services 112,005 112,036

%The major classes are standard personal consumption expenditure classes of the Nationai lecome
Division of the Office of Business F.conomics. The ¢lasses with numerical codes are sectors of the
1958 input-output table of the National Fconomic Division, Office of Business Feconomics.

Considered elsewhere under another classification system.
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Some production of footwear is permitted to replace that which can no
longer be repaired and may be needed for essential travel to and from work.

It is assumed that the number of workers who walk to work instead of riding
will greatly increase. With the sharp reduction in new-shoe purchases, a
doubling of shoe repairs is allowed.

For most inputs to household operation that are accepted at all, the factor
is about 40 percent per capita. This reflects both an expected increase in
housing density and such austerity as reduction in the use of electricity for
appliances and lighting.

The automotive-expenditure judgments are based on the assumpticn that
nobody will drive a personal car. A small allowance for automotive expendi-
tures is intended to represent some incremental input to public automotive
transportation, where the requirements for gasoline, tires, batteries, etc,per
capita are lower than for personal autos. Those who do not use public trans-
portation will be expected to walk or stay at home in the hypothesized circum-
stances of a large labor supply in relation to capital resources. Dormitory
accommodations near places of work are ccnceivable for workers who would
otherwise have to commute by auto.

Such an approach yields levels of living that are probably well above levels
ordinarily achieved in large areas of the world right now but well below what
is considered extreme poverty in the US. However, as noted earlier, poverty
is a relative matter. What is properly considered an intolerable level of living
for a person in the present environment may be quite bearable under conditions
of austerity for all after a nuclear attack.

Table 3 has the results of applying the factors and aggregating to the levels
of “1958 Interindustry Study” industries.*

The direct and indirect requirements for nonfood items that appear in the
PERCA column of the model are calculated starting with ihe matrix-vector
multiplication

- v

for the nonlabor elements and LC for the labor elements, where C is the vector
of direct requirements from Table 3 and A and L have the meanings previously
assigned. After these matrix-vector multiplications, there are deletions and
metalworking industry aggregations to conform to the industry classification

of the industrial submodel.

GOVERNMENT REQUIREMENTS

The nature of governmental activity at Federal, state, and local levels is
bound to change drastically after a heavy nuclear attack. How it may change
depends on such things as whether military action continues, whether tihere are
resources in excess of what is needed for survival, and what those faced with
operation after a nuclear attack consider important. Some Kkinds of governmental

*An example of a particularly regrettable aggregation is the inclusicn of shoe-re-

pair expenditures by households in Industry 72 (hotels and lodging places, personal and
repair services, except auto),
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activity can also depend on the size of the surviving population. A large popula-

tion needs more of many kinds of government services than a small population,*
In general, however, except for construction and military activities of

governments, it is probably accurate enough to consider that all governmental

TABLE 3
Nonfood Consumption Expenditures by Industry

{1958 populotion and producer prices)

Expenditures

Code industry Total, P .
Y er capito,
millions doll
of dollars otlars
v Coal mining 104.10 0.597
18 Apparel 2,226.80 12,733
20 L.umber and wood products, except containers 19.20 0.110
24 Paper and allied products, except containers and boxes 168.50 2.679
26 Printing and publishing 73.40 0.420
7 Chemicals and selected chemical products 69.00 0.395
29 Drugs, cleaning and toilet preparations 935.10 53T
31 Peiroleum refining T614.35 1372
32 Rubber and miscellancous plastic products 62.75 0.359
34 Footwear and other leather products 113.0 2,363
12 ther fabricated metal products 17.40 $.099
52 Service industey machines 0.80 0.005
53 Electrical industrial equipment and apparatus 2.00 0.011
53 Electric lighting and wiring equipment 12.35 0.071
56 Radio, television, and communication equipment 3.60 ¢.o2l
58 Miscellaneous electrival equipment and supplies 19.75 0.113
A0 Motor vehicles and equipment FNTH -
64 Miscellaneous manufacturing 25.60 0.116
o Transportation and warehousing 1,.219.00 6.970
N Reai estate and rental 7.360.80 $2.090
2 Hotels and lodging places, personal and repair services,
except auto 1.784.25 10,202
73 Rusivess services 37.20 0.213
) Automobile repair and services 219.35 1.254
n Medicu! und educational service and nonprofit establish-
ments 13.134.50 TR.105
T8 Iede.al government enterprises RERALH 1.956
79 State and local government enterprises 68.00 0.38¢0
83 Scrap 0.4 0.0m
96 Electricity 131830 7505
97 Gas [y Pt T07T
98 Water and sanitary services Q80.00 3.604

activities have labor as their principal direct inputs, with other direct inputs
consisting primarily of supplies and maintenance of office buildings. New
construction has no place in a steady-state survival model, and the model makes
no provision for military requirements, It is therefore assumed for the current
model that the 1958 mix of direct and indirect requirements, excluding require-
ments generated by new construction and military expenditures, is satisfactory.
The level can be tailored to the size of the surviving population.

*The PARM project of the National Planning Association, under Office of Emer-
gency Planuing (OEP) contract, has developed a model that generates requirements for
various clasges of governmental services as functions of population.
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The mix of direct requirements consists of state and local expenditures
other than for construction in 1958 plus an estimate of the nonmilitary expendi-
tures other than for construction by Federal government. The state and local
data are as published by OBE in the Survey of Current Business.”” The nonmili-
tary expenditures of the Federal government are from unpublished work sheets
made available by OBE.*

The model can, of course, use other levels and mixes of government re-
quirements. However, if mixes are used that r~ juire substantial amounts of
output from the ordnance industry or other particular metalworking industries,
it will become necessary to disaggregate the present aggregation of all metal-
working industries.

CONSTANT TERMS

The column of constant terms changes with each problem to which the
problem is applied. Depending on whether it is preceded by =, -, or =, each
element of the column is an upper bound, a lower bound, or both on the cumu-
lative product of a row of coefficients and corresponding solution magnitudes.
In the cases of the nutrient rows, the constant terms are necessarily zero for
all problems since neither humans nor livestock can live for very long on nu-
trients stored in their bodies. The other zeros of the constant-terms column
of Table 1 could be rates of desired inventory depletion for any problem in
which that should appear to be a useful concept. A zero implies that require-
ments may not exceed supply from current production. The remaining constant
terms preceded by inequality signs are fixed capacities of kinds that are not
used up in current production. In the case of land, the postattack capacity is
the same as preattack. For industrial capacities and labor supply the percent-
age of preattack capacity is an output of assessment of physical damage from
the attack. The stipulated level of government activity tells how much is de-
sired of the government-operations activity when measured in the units fixed
for level of government.

"he most difficult data problems are associated with the deter mination of
preattack capacities. A practical definition of capacity is an amount of output
that would not be exceeded under any reasonably possible circumstances of in-
put that did not include more fixed plant and equipment. I it is further assumed
that industry capacities never declined in peacetime, the highest output actually
achieved in recent years is a lower bound on existing capacity. The amount of
understatement depends on the percentage of capacity that was idle at the time
of this historical peak, on the possibility of increasing output by use of extra
shifts or more workers per shift, and on any new investment or technological
change that might increase production potential.

Despite the foregoing elements of understatement, lack of research time
and a desire to err if at all on the sige of understatement of economic capacity
of the country has led to use of historical production peaks for most kinds of
capacity. Faucett™ is the source of data on OBE industry outputs in 1958 prices,
the prices of the OBE model. The only adjustment of Faucett data needed {for
the present model was a technical one of adding what OBE calls secondary

*The work-sheet data have not been released by OBE for general use; hence it is

not possible to give the table here. The RAC model processes the data fn a way that
prevents its accurate reconstruction from information appearing in this paper.
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transfers to the output of each industry.* For some more detailed capacities
to process agricultural crops, the historical experience came from Agricultural
Statistics’ data on the amounts of crops so processed in recent years.

An exception for industrial capacities is the use of current data® on per-
centage of capacity of wheat grain mills being used. Together with Agricultura}l
Statistics data on amount of wheat being processed this yields a capacity mea-
sured in amount of wheat processed. The Bureau of the Census data are based
on operation of a maximum number of shifts 5 days/week. Informal advice
from the industry is that operation 7 days/week would be practical for extended
periods of time. Negligible amounts of downtime are needed for maintenance.
Accordingly the calculated capacities for operation 5 days, week are increased
by 40 percent before being used in the model.

Data on livestock-product production peaks are from Agricultural Statis-
tics’ and on the labor force from current issues of the Survey of Current Busi-
Ee—s_s_.27

The livestock capacities involve a certain amount of ambiguity for a steady-
state model that purports to describe rates that may last fo. more than a year.
Capacities of snme livestock can be increased at little investment cost and in
a relatively short time compared with the length of the period studied. This is
particularly true of poultry flocks in the production of poultry meat and eggs.

A hen reaches peak egg production in about 7 months and will lay hund.« s of
eggs within a year. A minor diversion of eggs from breakfast tables to hatcher-
ies, plus a diversion of {emale chicks from butcher shops to egg laying a few
months later, has a biclogical potential of greatly increasing poultry-flock
capacities in a short time. There are technological problems of differences in
plant and equipment of poultry prodveer~ ne b ien ~vg meat, and breeding
flocks, but it is reasonable to assume that a great deal of these kinds of plant
and equipment could be improvised. The potential for increasing poultry flocks
during the period under consideration is enormous. The model now contains no
provision for the reduction in livestock output per wuit of input that would in-
evitably be associated with use of improvised facilities and hence overstates
the capability of the economy. However, the model uses what is considered a
very conservative steady-state equivalent of 1.33 and 3.00 times the {lock
capacity for meat and eggs respectively that exist immediately after the losses
from nuclear-weapon effects! There are no such adjustments for other classes
of livestock, although an argument might well be made for a small adjustment
to be applied to swine herds, which also have rap.c reproduction cycles.

Projections of preatta~k capacity are based on the previously cited Engi-
neer Strategic Study Group report /' which, in turn, is based on a National
Planning Association study.’" Minor adjustments using other data were needed
to convert the source’'s estimates of percentage change between 1960 and 1975
to a percentage change between 1965 and 1975.

*Each industry produces the products that define the scope of the industry plus
some products of kinds that define the scopes of other industrica. Theae are called pri-
mary and secondary producta, reapectively. The OBE definition of an industry’s output,
which is also the RAC definition, includes all the primary amd secondary production of
that industry plua the production in all other Industries of prodvcts that are primary to
that one. The Faucett data did not include this additional production. and the RAC adjust-
ment of Faucett data added such production ir the proporti. n added by OBFE for 1958,

*These nearly arbitrary numbers can be of great importance in some problems
beczuse of the low input requirements and the excellent balance of human nutrients in
eggs. When dairy products are scarce, eggs can be a principal source of calcium,
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USES OF THE MODEL

The model is designed primarily to indicate whether a postattacit econcmy
is physically viable without substantial investment in reconstruction. It does
this by estimating a maximum number of weapons-effects survivors that can
be supported for 1 to 2 years without depletion of inventories that would lead
to subsequent collapse. A large margin between the number that could be sup-
ported and the number that needs to be supported suggests a requirement of no
more than a relatively low standard of management efficiency and a likelihood
of potentially rapid economic recovery as resources not needed for survival
are diverted to reconstruction.

A narrow margin or a deficit of economic capability suggests a need for
efficient management, of course, to use surviving resources as effectively as
possible. The model also suggests some of the kinds of things management,
both preattack and postattack, might consider to increase the number of people
supportable. Standard cutput of the model includes not only the number of people
who can be supported under the conditions postulated but also shadow prices
of the constant terms of the model. A “shadow price” is an amount of increase
in the objective (millions of persons supported) per unit of change in the con-
stant term {capacity, allowable depletion rate, or stipulated level ¢f ;overnment
operations). Additional options in most linear-programming routines {including
the one used by RAC) allow testing of the sonsitivity of various aspects of the
answers to stipulations and parameters of the model. It can be used to measure
the worth of preattack preparations such as provisions of stockpiles and ot post-
attack measures for conservation of resources and for highest priority recon-
struction after an awuck. In the case of reconstruction measures, the model
tells where maryginal changes in capacity are most needed, but it does not say
anything about what it takes in time and sacrifices of otawer uses of the inputs
to achieve any given change in capacity. This would require a more dynamic
model.
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POTENTIAL IMPROVEMEN [S IN THE MODEL

Potential improvements in the model may be classified as (a) increased
accuracy in the estimate of particular matrix coefficients and preattack capaci-
ties, (b) provision of grealer detail for greater realism of the model structure
in applications to the steady- state problems for which the model is designed,
and (c) introauction of capability to handle problems with dynamic elements
(circumstances that change during the time horizon of tne model).

Potential improvements of the first kind have in many cases been indicated
and are in other cases inferuble from earlier discussion. Earlier discussion
has 21so suggested directly or indirectly points at which the model structure
might be made more suitable for practical problems. Included among the pos-
sibilities are {a) additional rows for human and livestock nutrients, {b} additional
activities for producing human and iivestock nutrients, and (c) more detail in
the industrial sectors of the economy that support food processing and inputs
to agriculture (primarily chemical industries). Potential modification to include
dvnamic elements is discussed in the following paragraphs.

A fully dynamic model, such as PARM™ or [IRAM.™ has each input to a
production activity identified with respect to lead time before output as weil as
with respect to type of input, and it has investment activities with similarly
time - phased input requirements. Such a model has vastly expanded data and
computation requirements and would be impractical {c. a linear-programming
model with the optional food-production and supporting-industry activity detail
caonsidered necessary here.

A possible compromise would be to consider the model as covering two
steady-state periods. The second period would be a submaodel similar to the
present model, having no investment activities. The first period would be long
enough to satisfy the following cord:itions as well as pussible - (a) reconstruction
activities can be completed or nearly coupleted during the periad, butl the re-
sulling capacity increases are not available to any significant extent until the
next period and {(b) the depletion of goads in process and wurking inventories
(as distinguished from deliberately prepared stockpiles! carnot be a major
source of inputs to production. The structure of the submadel [ur the first
period would differ from that of the second period in that the optionil activities
would include investment activities of Rinds that previous exercise of the static
model might show to be potentially useiul. The kind of problem to be run on
the model would be a maximization of the number of survivors 1n both periods,
taking account of the possibilities of depleting certain stockpiles in the first
period provided that investments in new capacity make further depletions in the
second period unnecessary.
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Appendix A
TECHNOLOGY MATRIX FOR LINFAR-
PROGRAMN NG COMPUTATIONS

Tables

Al. Definitior s tor Constraining Rows of the Technolowy Matrin
Ao Defini ons for Column Activities of the Technology Matrix
A3, Technology Mutrix
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Tables Al and A2 prcsent definitions of the constraints and activities of
the linear-pregramming model with the constraints and activities classified as
rows and columas, respectively. Table A3 contains a tabulation of the techuol-
ogy matrix,

TAB'E Al

Definitions for Constraining Rows of the Technology Matrix

Rew name? Type of constraint Unit

+ CALMI Food caiories (minimum) Biilions

«HPRO Faod protein Miltions of kg

< FAT Food {at (miniramj Miltions of kg

+ IRON Food iren Millions of kg

+CALC Food caleium Millions of kg

+ NUTX t'nused —

+NUTY {nused —

- HWT Food weight Billions of ib

- FATMA Food fat {maximum) Miilions of g

-CALMA Food cale” saximum) Millions

+FUTOT Feed unit all livestock Billions of Ib

+FURUM Feed units for cattle and sheep 4

+ FUHOG Feed unuits for hogs

+F1PO Feed units for poultry

+ PROTO Feed protein for all livestock

+ PRORT Feed protein for cattle and sheep

+ PROHO Feed protein for hogs

+ PROPO Feed protein for poultry i

-LWwT Feed weight Billions of 1b

+ LAWHE 1.and for wheat (maximum) Millions of acres

- WIMIN {.acd for wheat (minimum)

« LACOR Fand for vorn

« LAGAT [.and for oats

+ LARIC l.and for rice

» LARYE land for ryve

+LAPFA l.and for peanut:

+ LACOT Land for cotten

+ LASOY l.and for sovbeans

+ LABEA Land for edible beans

OLAFRI [.and for fruits

+ LAPOT Land frr notatoes

+ LASWE Land {or sweel potatoes

« LABEE, Land for sugar beets

+ LACAN lLand for sugarcane

+LAVEG land for vegetables

- LLASOR vand for sorghum grain

+ LABAR land for barles Millions of acres
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TABLE Al {continyved)

Row rame®

Type of constraint

Un:e

- LAHAY
< LAPAN
- LAGRA
- LLATCR
-LATEA
-FERT
- PEN

- PETRO
- CAFER
< CAPES
- SPGRA
- SPCER

- SPRIC
-SPOIL
-~PR
L SPCA
- SPSOY
- BEl6
-8BE2Y

- BE2T
- BE29
- BE3)
- BE3T
- BE3Y
- BFMET

- BLod
- BE86

- BF93
- B9y
- BF95

+ BE96

- BEYT

- BIn96

+ BE103
- BEHOT
+ ABOR
< CMIER
+ MAPOR
» MABEE
MARGG
SMAPOU
- MAEAM
+ FRVEG
+ FRERT
0GON'T

[ +nd for hav

Fand for pasiure

Total grainland

Teial cropland

Total agriculturai fand

Pertilizer inutrients, ovide basis)

Pesticide

Petroieum prodacts

Capacity for fertilizer

Capacity for pesticides

Capacity for grain milii | ‘input measure!

Capacity for : ereal preparations
tinpat measure !

Capacity for rice milling finput measure’

Capacity for oilseed processing linput measure!

Capacity for sugar-beet milling tinput measure?

Capacity for sugarcane milling ‘input measure’

Fuood sovbean mea!

Capacity for fabric varn and thread

Capacity o7 paper and ailied products except
contiiners

Capacity far chemicals and selected chemical
products

Capacity for drugs, cleaning and toilet
preparations

Capacity for petroleum refining and related
prndm!s

Capacits for primary iren and steeli

Capacity for metal centainers

Capacity for metalworking

Capacity for transportation and wareh using

Capacity for canning and preserving fruits and
vegetables

Capacity for copper manufacturing

Capacity for aluminum manufacturing

Capacity for other norferrous-metals
manufacturing

Capacity {or electric power

Capacity for gas-utility service

Capacity for water and sanitary service

Hides and shius

(otton

I.abor

Capacity for milk production (livestock)

Capacity for pork production (livestack)

Capacairs for beef production Uivestock)

Capacity fur egg production {Hivestock )

Capacity for pouitry-meat production Hivestock)

Capacity for lamb production ivestock)

Fresh vegetables fmaximum)

Fresh fruit (maximum)

Level of governmen® activity (1958 package)

Millions of acres

t
!

Mihons of acres
Bl”lnnﬁ of lb

Hillions of 1958 dollars
Biliicax of 1958 dollars
Billions of 1b

Bilhions of 1958 dollars
Billiuns of ib

Rillinas of 1b
Hitlions »f 1958 doliars

!

i
!

i

1
Billions of 1958 dollars
Millions ! . .rkers

Billions of b

|

Bitlions ot Ib
1000 gnits

2 .
Preceding a row name, «, 0, or -

tells whether the cumulative product of a row’s elements and cor-

responding column-activity levels is constrained to be 2, or = respectively, a constant term,
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TABLE A2
Definitions for Column Activities of the Technology Matrix

Column nome Type of activity? Unit
PERCA Population survival Millions of people
H% 1 Food wheat Billions of 1b
HCO1 Food cora with byproauct feed fer livestock {
nther than poultry

HCO2 Food corn with byvpraduct feed for poultry

HOA) Food oatmeal

HRI1 Food rice with bvproduct feed for livestock
other than poultry

HRI2 Food rice with bvproduct feed for pouitry

HRY1 Foed rve with byvproduct feed for livestock
other than poultry

HRY2 Food rve with byprodact feed for poultry

HPE1 Food peanuis

HCSt Food cottonseed il

HSY L Food sovbean oil 1nd food meal for use in
bread

HSY2 Food soybean oil and feed for livestock
other than poultry

HSY3 Food sovbean a1l and feed meal for é)ouhry

HSY 4 Food scvbean meel for use in bread

HSYS5 Food coybean oil and food meal for use as
meat extender

HSY6 Food meal for use as meat extender

HBN Food edible beans

HER1 Food fresh fruit

HFR2 Food processed fruit

HPT1 tood poratoes

HSWR1 Food sweet potatoes

HBT! Food sugar beets

HCA) Food sugarcane

HVE) Feod fresh vegetables

HVE2 Food processed vegetabies

Lo Feed corn fed to livestock other than poultry

1.CO2 Feed corn fed to poultry

1.SGY Sorghum grain fed to livestock other than
poultry

1.8G2 Sorghum grain fed to poultry

1.0A1 Feed nats fed to livestock other than poultry

L.OA2 Feed oats fed 1o poultry

t.BAl Feed bariey fed to livestock other than
poultry

1.BA2 Feed barley fed to poultry

[.HAL Feed hay

1.PAY Feed grass

HY%HI1t Food wheat

HCOWY Food corn with byproduct feed for livestock
other than -oultry

HCO2 Food corn witt hvproduct  ed for poultry

HOATE Food oatmeal

HRUIIF Food rice with byproduct feed for livestock
other than poultry

HRI2F Food rice with byproduct feed for poultry Billions of 1b
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TABLE A2 (continued)

Column nome

Type of activity®

Um'

HRY IF

HRY 2k
HPE
HCSTE
HSY 1+

HSY2F

HSY3F
HSY 3¢
HSYSE

HSY6F

HBNIF
HFRiF
HFR2F
HPTIF
HSW1EF
HBTIF
HCNIE
HVELR
HVE2E
1LCOW
LCo2r
1.S6G1E

LSG2
1oAY
LoA2K
LBAlY

1.BA2F
LHATK
HEMP
HCOP

HCO2P
HOALP
HRItP

HRI2P
HRYIP

HRY2P
HPNLP
HCSP
HSY TP

HSY2p
HSY3P

HSY 1P
HsY 5P

Food rve with byproduct feed for livestock
other than poultry

Food ryve with byproduct feed for poultry

Food peanuts

Food cottanseed oil

Feod seybean otl and food weal for use in
beead

Food sovbean oil and feed for livestock
other than poultn

Food sovbean ail and feed meal for poultry

Food sovhean meal for use in bread
wod sovbean oil and food ineal for use as
meat +xtender

Food meal for use as meat extender

Food edible beans

Food fresh fruit

Food processed fruit

Food potatoes

Food sweet potatoes

Food sugar beets

Food sugarcane

Food fresh vegetables

Food processed vegetables

Feed corn fed to livestock other than poultry

Feed corn fed to poultry

Sorghum grain fed to livestock other than
poultry

Sorghum grain fed to peultry

Feed ocats fed 1o livestock other than poultry

Feed oats fed to poultry

Feed barlev fed to livestock other than
poultry

t'eed barleyv fed to poult-.

teed hay

Food wheat

Food corn with byvproduct feed {ur Livestock
other than poultrs

Food carn with byproduct feed for pouliry

Food vatmeal

I-ood rice with byproduct feed for livestock
other than poultny

Food rice with byproduct feed for poultey

Food rve with byproduct feed for livestock
other thun poultry

Fuod rye with byproduct feed for poultry

Food peanuts

Food cottonseed vil

Food sovbean oil and fond meal for use
in bread

Food sovbean oil and feed for livestock
other than poultry

Food soybean oil and feed meal for poultry

Food sovbean meal for use in bread®

Food soybean oil and food meal for use us
meat extender

Billions of Ib

f

\
Bilitons of ib
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TABLE A2 (continued)

Cclumn name

Type of activity®

Unit

1SY 6P
HBNIP
HFR1P
HFR2P
HPT1P
HSW1IP
HBT1P
HCNIP
HVELP
HvE2P
1cop

Lcozxp
LSGP

LSG2P
LOAYP
LOA2P
LBAIP

1.BA2P
LHAIP
H®..0N
HCOIN

HCO2N
HOAIN
HRIIN

HRI2N
HRYIN

HRY2N
HPNIN
HCSIN
HSYIN

HST2N

HSY3N
HSY 4N
HSYSN

HSY 6N
HBNIN
HFRIN
HER2N
HPTIN
HSWIN
HBTIN
HONIN
HVEIN
HVERN
LCOIN
1L.CO2N

Food meal for use as meat extender

Food edible beans

Food fresh fruit

Food processed fruit

Food potatoes

Food sweet potatoes

Food sugar beets

Food sugarcane

Food fresh vegetables

Feod processed vegetables

Feed corn fed to livestock other than
poultry

Feed corn fed to poultry

Sorghum grain fed to livestock other than
poultry

Sorghum gra n fed to podltry

Feed oats f:d to livestock other than poultry

Feed oats fed tu poultry

Feed barley fed to livestock other than
poultry

Feed barlev fed to poultry

Feed hay

Food wheat

Food corn with byproduct feed for iivestock
other than poultry

Food corn with byvproduct feed for poultry

Food oatmeal

Food rice with byproduct feed fer livestock
other than poultry

¥ood rice with byproduct feed for poultry

Food rye with byproduct feed for livestock
other than poultry

Food rye w.ch byproduct feed for poultry

Food peanuts

Food cottonseed oil

Food soybean vil and food meal for use in
bread

Food soybean oil and feed for livestock
other than poultry

Food soybean oil and feed meal for ﬁ)oullry

Food soybean meal for use in bread

Food soybean oil and food meal for use as
meul extender

Food meal for use as meat extender

Food edible beans

Faod fresh frunt

Food processed fruit

Food potatoss

Food sweet potatoes

Fool sugar beets

Food sugarcane

Food fresh vegetubles

Food processed vegetables

Feed corn fed to livestock other than poultey

Feed coen fed to poultry

Billions of ib
i

y
Billions of Ib
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TABLE A2 (continued)

Column nome Type of activity® Unit
LSGIN Sorghum grain fed to livestock other than Billions of 1b
poultry
[.5G2N Sorghum grain fed to poultry
LOAIN Feed oats fed to livestock other than
poultry
LOA2N Feed oats fed to poulun
LBAIN Feed barlev fed to livestock other than
poultry
1L.BA2N Feed barley fed to poultry
LHALIN t'eed hay
BEEF Food beef (dressed)
EGGS Food eggs
POLUL. Food poultry meat (dressed)
PORK Food pork (dressed) and lard
JPORK Food purkb (dressed)
[.AMB Food lamb {aressed) 4
MILK Food milk Billions of 1b
BC2TF Fertitizers Billions of 1958 dollars
BCITP Pesticides Biilions of 1958 dollars
BC31 Petroleun products Sitlions of 1958 dollars
STGOY Government operations (1958 package) One unit

8K, P, or N at the end of a crop .ame denotes a process without the noimal inputs of fertilizer, pesti-
cides, or both, respectively.
To reduce intake of fats and or calories, the oil or fatis not used for food.
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TABLE A3
Technology Matrix
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