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ABSTHACT 

The purpose of this study is to develop a practical methodology 

for translating estimates of possible damage from nuclear attack into 

statements about recovery potential. The approach followed has combined 

an attack model with an economic recovery model to simulate recovery 

schedules under a range of different assumptions about attack objectives 

and recovery policies. Economic data from both the U.S. and the USSR 

have been used to estimate parameters in these models and to generate 

preliminary simulations of possible postattack investment and recovery 

schedules. Experimentation has been limited to highly aggregated and 

simplified versions of the conceptual models. This has permitted a 

large number of experimental runs of the simulations to provide gross 

tests of the sensitivity of the results to different parameters and 

policies . 

The results show consistent paths for economic recovery and provide 

plausible schedules for allocation of postattack investment among sec- 

tors. Variations in the size of the attack and postattack austerity 

J (imposed by policy stipulated constraints on personal consumption and 

government expenditures) displace recovery schedules up or down without 

significant distortion. Recovery to preattack levels of GNP requires 

up to a decade after heavy attacks, but such preliminary results should 

be taken with caution until verified by more refined, less aggregated 

analyses. 

DISCLAIMER 

Tne findings in this report are not to be construed as an official 

Department of the Army position unless so designated by other authorized 

documents. 

CONTRACTUAL TASK 

This technical note is in partial fulfillment of Task Order 72-4 

under Contract DAHC19-71-C-0001. The report presents final research find¬ 

ings relatins to a specific research object of Tfesk Order 72-4. 
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FOREWORD 

A central Issue in the comparative analysis of the ability of the 

U.S. and USSR to survive and recover from nuclear attack is the recovery 

potential inherent in the geographical distribution of their economic 

resources. Estimates of damage levels to population and industry provide 

inputs to strategic analysis but the long run economic consequences of 

direct effects of an attack are poorly understood. This Technical Note 

describes an approach developed to assess the possibilitits for economic 

recovery under alternative circumstances and policies. 

The existence of a U.S. resource location data base developed in 

connection with earlier National Entity Survival Stuaies has made it 

possible to apply the methodology to an analysis of U.S. recovery poten¬ 

tial. Although limitations in available unclassified resource location 

data has precluded an analysis of the USSR economic recovery potential 

conparable to the U.S. analysis, methodology has been applied to estimate 

Soviet growth following assumed levels of damage to the major sectors of 

the ioviet economy. 

This study if. built on earlier work of the Strategic Studies Center, 

some by the present authors, relating to problems of postattack recovery 

including research performed for the Office of Emergency Preparedness, 

the Office of Civil Defense and the Arms Control and Disarmament Agency. 

This analysis has been conducted as part of the Strategic Studies Center's 

Economics and Program Analysis/Costing Program headed by M. Mark Earle, Jr. 

General concepts for the recovery models were developed by Francis Dresch. 

Adaptation of the concepts was made in collaboration with Sanford Baum 

who also carried the computer implementation of the model and designed 

the attacks. Ben Suta and John Ryan con*ributed to both attack design 

and the formulation of economic inputs. 

Richard B. Foster 

Director 

Strategic Studies Center 



I INTRODUCTION 

A. Background 

Analysis of deterrence, damage limiting options and other strategic 

alternatives have stimulated efforts to give quantitative meanings to 

such qualitative terns as assured uestruction, mutually assured survival 

and acceptable or unacceptable damage. The measurement criteria usually 

employed have been based on the percentage of military force strength, 

population or economic capacity that could be expected to survive any 

specified nuclear exchange. Criteria of this sort essentially describe 

situations at some particular point after the attack without providing 

any information about the longer run consequences of the damage levels 

sustained. The purpose of this study is to advance the rationale under¬ 

lying the static criteria by relating them to more dynamic measures of 

recovery potential. 

It is tempting to try to relate such extreme terms as assured destruc¬ 

tion or unacceptable damage to the loss of economic viability, that is, to 

equate such terms with levels of damage sufficient to preclude entirely any 

hope for postattack economic recovery. Studies of vulnerability to nuclear 

attack have frequently been directed towards establishing such limits on 

societal viability but none of these attempts have been successful. 

Because recovery would involve a complex process, it has been difficult 

to quantify such viability limits in any meaningful way. In fact, it is 

difficult even to conceive of an economic situation that could be termed 

nonviable in the sense that continued deterioration would be inexorable 

and irreversible. Severe damage, or severe imbalance between surviving 

population and industrial capacity or among industry sectors and geographical 

subdivisions of the economy, could each result in situations which would 

fail to support adequately all of the surviving population. Even in such 

extreme cases, however, a point would almost certainly be reached at which 

industrial potential did suffice to support the then surviving population 



with at least some slight capacity for investment in regeneration. It is 

thus more relevant to raise questions about possible recovery rates than 

about viability. 

Two superficially different but inextricably related concepts suggest 

themselves for relating the nature and severity of attack damage to recovery 

potential. On the one hand, one could attempt to estimate, for a variety 

or range of conceivable damage situations, the time that might be required 

to meet specific recovery objectives. On the other hand, one could attempt 

to estimate, again as a function of damage parameters, the progress that 

could be achieved in a specified time toward various specified recovery 

goals. In practice, however, the same type of estimating problem is in¬ 

volved under either concept. What is required is a method of estimating 

the general characteristics, and some details, of postattack economic 

growth under environmental and other socially imposed constraints and 

toward normal economic objectives. What is required is simply a theory 

or model of economic growth capable of accommodating unusual constraints 

and conditions of extreme economic imbalance. A fully persuasive model 

would be applicable to any study of economic growth, but the gross imbal¬ 

ances created by nuclear attack present extra difficulties. 

B. Objective 

The objective of this study has oeen to develop a model of recovery 

that would permit repeated application to a wide variety of postattack 

situations to yield plausible projections of the path of recovery under 

alternative stipulations of investment policy. A primary consideration 

has been to keep the model as simple as possible without sacrificing its 

ability to accommodate and reflect differences between recovery from post¬ 

attack situations and more balanced economic growth under normal economic 

conditions. 
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c. The Attack Model 

The attack model uses a simple relation between the number of weapons 

delivered to a SMSA (Standard Metropolitan Statistical Area in the sense 

used in Census publications for the U.S. and a similar urban complex for 

the Soviet Union) and the resulting damage to entities at risk within that 

target. The entities at risk include population, and the productive capa¬ 

city for the various economic sectors involved. 

The weapon assignments considered are all directed against SMSA 

targets. No counterforce options are considered and the damage model 

does not readily provide estimates of collateral damage to urban targets 

from counterforce attacks. Fallout effects are not incorporated in the 

damage model. It is further assumed that all targets are undefended. 

Different attacks vary in total level (i.e., the number of weapons 

assigned to ail targets) and in the allocation of these weapons to differ¬ 

ent targets. Actually attack levels have been varied in increments of 250 

weapons from 250 to 1250 and total damage cumulated over all targets for 

each entity (or economic sector) attacked with the targets ranked according 

to the value of some particular entity (the attack objective) present in 

each target. 

Damage levels attributed to the various sector capacities are shown 

in Appendix C for all attack levels. The damage model has been used only 

to provide estimates of surviving capacity as inputs to the economic 

recovery model and has been run independently of the latter. Any other 

source of inputs to the economic model, that is, of estimates of surviving 

capacity could be used for the economic recovery runs. 

D. A One Variable Economic Recovery Model 

As any student of economic development in underdeveloped countries will 

attest, the problem of developing an adequate model can be extremely complex 

even if one abandons hope of getting optimal growth and settles for a very 
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broad picture of the growth or recovery process. To illustrate some of 

the difficulties as well as some of the general characteristics of economic 

growth it is convenient to consider first some greatly oversimplified models 

In the simplest conceivable description, growth may be described 

entirely in terms of GNP, distinguishing only two types of end use, namely, 

gross investment and all other uses which can be referred to as consump¬ 

tion. The investment will be assumed to buy increased capacity (capacity 

measured by the increase in GNP it can be used to produce). An important 

parameter is simply the amount that must be invested to produce a billion 

dollar increase in GNP per annum. Of course, the required Investment per 

billion in increased output varies greatly with industry, but for the 

simplest model a grand average value is needed. Empirically, it happens 

that reliable estimates ior such an average are difficult to obtain, but 

suppose that $1.5 billion (a plausible value) in investment is required to 

increase GNP by $1.0 billion. The increase in GNP would thus be about 

two-thirds of the amount invested a year or so in the past, say two years 

ago, if allowance is made for the time lag required before current invest¬ 

ment can be carried to completion and new plants and equipment put into 

operation. This could constitute a growth model with GNP at the only 

endogenous variable (that is, the only variable determined within the 

model) but with investment exogenous (that is, to be specified outside 

the model subject only to the constraint that it be less than GNP). In 

this simple model, the growth in GNP would be entirely determined by the 

stipulated path (time series) followed by investment. 

If the investment schedule were made endogenous, for example, by 

merely assuming that a fixed percentage of GNP is set aside for investment 

each year, the model would become entirely deterministic, dependent only 

on starting values for GNP and on the values assumed for three parameters: 

1) k, the $1 50 investment cost per dollar of GNP; 

2) f, the fraction of GNP invested, historically 

between a sixth and a seventh except during 

wartime and the Great Depression; and 

3) the lag assumed for plant construction times. 



If the lag assumed for 3) were one year, only one Initial value for GNP 

would be needed. If a more realistic two year lag were assumed, two 

initial (that is, two consecutive) values for GNP would oe required to 

fully determine growth. 

Among the very many economic details ignored thus far in this model, 

an important omission relates to the fact that plants and equipment must 

be repaired and eventually replaced. If we assume that equipment has an 

average life of five to ten years and facilities have an average life of 

forty years, depreciation and obsolescence effects could be approximated by 

assuming an average life of twenty years or an annual depreciation rate of 

5%. Incorporating this into the simple deterministic model provides a 

plausible model of economic growth that is roughly correct historically 

and might equally apply to postattack conditions. To sum it up, it assumes 

that the increase in GNP for any year is equal to one-ninth of GNP two years 

prior (corresponding to the increment purchased by investing one-sixth of 

the GNP two years prior) less 5% of last year's GNP (correponding to a 

loss of capacity due to capital depreciation and obsolescence). This 

model is fully deterministic and, given two initial values, traces out 

the predicted course of GNP thereafter. The parameter values cited above 

suffice to impose a constant growth rate of about 3% per year on the 

economy. Actually, only two parameters need be specified since the model 

uses only the ratio of 2) divided by 1) or the one-ninth mentioned above. 

This model could thus be fitted to historical data to possibly improve 

on the assigned parameter values: 5% depreciation and the best fitting 
f 

value of the parameter ratio - assumed to be one-ninth. In practice, a 

wide range of combinations of values fit about equally well, all lying 
f 

along a curve relating the depreciation rate to the parameter ratio -. 

The best combination turns out to be economically meaningless (giving a 

negative depreciation rate) but the fits to the data over the last 40 years 

are all relatively poor because of the effect of three military conflicts, 
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a major depression and other cyclical phenomena. The values cited are 

in the plausible range and give a reasonable fit to the historical growth. 

Underutilization of capa ity, changes in the size of the labor force and 

in unemployment introduce effects neglected in this simple growth model. 

The difference between GNP and investment is regarded as consumption 

in the very broad sense. It Includes personal consumption expenditures, 

government expenditures including defense, net exports and inventory 

change that is, all final deman 1 not included in gross private domestic 

investment. Except for defense it tends to increase with population and 

with the standard of living. Historically, it has risen steadily since 

1940 on a per capita basis except for a slight decrease during the period 

1946-1950. Since 1952 it has been rising steadily. 

The fraction of U.S. (aiP invested results from: 

1) the actions of business leaders in using internal 

funds (the undistributed surplus, from profits 

withheld from dividend distributions, or from 

depreciation reserves) for investment; 

2) their ability to increase bonded indebtedness 

and to borrow in other capital markets, and 

3) the consumption and savings behavior of the 
general public. 

In this the U.S. economy differs from planned economies such as the USSR 

for which investment levels (and their allocations) are centrally decided. 

In a postattack economy, some degree of central control over investment 

will undoubtedly occur as it has in the U.S. during World War II and the 

Korean conflict. Although the methods of control (e.g., rapid amortization 

allowances with certificates of necessity) were different from the direct 

controls in the Soviet Union, the U.S. Government has influenced the levels 

and allocation of investment in the U.S. The more elaborate postattack 

model described below thus assumes that the level of investment (and hence 

the per capita consumption) will be stipulated exogenously with no simple 

relation to the level of GNP, at least for an initial emergency recovery 

period usually taken to be five years. 
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E. The Economic Recovery Model Used 

In the model used, the economy has been described as composed of 

from 7 to 16 sectors corresponding to major aggregates of the Standard 

Industrial Classllication codes (SIC codes), or alternatively of the 

sectors identified in U.S. Department of Commerce/Bureau of Economic 

Analysis (BEA) input-output (1-0) tables or in BEA's National Income and 

Product Accounts (NIA). Although differences exist among the various 

schemes of industry classification, these have no significant effect on 

the sectors because of the gross aggregation involved in all cases. 

Final demand for the model is divided into consumption requirements 

computed on a per capita basis and investment (defined to correspond to 

gross domestic private capital formation as used in the NIA and 1-0 tables). 

The model attempts to use surviving capacity (limited by interindustry 

requirements for and availability of intermediate products) as much as 

possible to meet stipulated consumption levels and to allocate investment 

in the respective sectors in such a way that the stream of GNP into the 

indefinite future is as great as possible. Many parameters are involved 

in this model but only a few require variation from experiment to experiment, 

since a number of these are derived from official sources (e.g., the 1-0 

tables used) or historical series. Variable parameters are the levels of 

consumption permitted (and required of the economy) in each of the first 

five to nine postattack years, and a single growth rate applicable there¬ 

after. Capacity purchased during any year is assumed to be available for 

production two years later. The objective function to bemaximized is 

generally the present value oi the future stream of GNP, i.e., for year 

D+l, D+2, —D+5, D+H where H is the length of the planning period, and a 

stream growing at a fixed percentage rate of increase from D+H on into the 

future. Capacity available in a^y year for'’each sector is that available 

the preceding year less 5% covering a depreciation or replacement loss 

plus any purchased two years prior. The model starts with the capacity 

for each sector that has survived attack and proceeds to invest as much 

as possible each year, allocating this total to the various sectors in 

an optimal fashion. 
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The recovery rates obtained depend very significantly on the value 

of k (investment cost per dollar of incremental GNP) assumed to be appro¬ 

priate and the consumption levels stipulated. Chapter II summarizes the 

results obtained from a wide variety of attacks and attack objectives 

under a variety of stipulated consumption schedules. The detailed sector- 

by-sector and year-by-year allocations of investment are shown in the 

more extensive tables in Ap^tendix D. 

Initial experiments with this model were carried out in 1971 as 

discussed in informal note 880-111-71-79^, September 1971, covering 

methodology and data used as an input to STRAT0P-83. These experiments 

used a 7 sector model and concerned only the U.S. In the experiments 

conducted during 1972 both the U.S. and the Soviet economies have been 

treated with a 15 sector model used for the U.S. and a 16 sector model 

used for the USSR. A five-year planning period has been used for most of 

the runs, but a few representative runs have been repeated for periods of 

Seven and nine years. In the new set of runs, an additional constraint 

has been introduced to consider labor force availability. 

Because of limited distribution of the informal note, the present 

report is designed to be self-contained. It thus repeats and updates the 

discussion of the models and also includes the results from the 7 sector 

model reported previously. 

F. Assumptions Underlying the Model 

The economic model assumes that the percentage loss of output (measured 

by value added contributed by each sector) due to the attack is a weighted 

geometric mean of the percentage loss of facilities and that of labor force 

(taken as proportional to population loss). This assumption is the so-called 

Cobb-Douglas production function hypothesis applied separately to each of the 

aggregated sectors considered. 

1/ S. Baum, F. W. Dresch, "Analysis of Damage Level Measurement Criteria 

in Terms of Potential for Economic Recovery," SSC-IN-71-79, Stanford 

Research Institute, Menlo Park, California (September 1971). 



Implicit in these classifications is the assumption that output from 

each sector is homogeneous and that one subordinate Industry has capacity 

that can be substituted for that of any other subordinate industry in the 

same aggregated sector. This assumption exaggerates the possibilities for 

substitution within the economy and leads to overly optimistic recovery 

rates. A less aggregated model, say one of 400 sectors, in addition to 

being impractical for machine computation would probably underestimate 

opportunities for substitution and capacity conversion and would lead to 

overly pessimistic rates of recovery, 

The recovery model assumes that the detailed bill of goods required 

for capacity augmentation is the same per dollar of investment for all 

alternatives regardless of the type of capacity required. It also assumes 

that the investment required per dollar of increased output is the same 

for all sectors. Either assumption could be relaxed if adequate data could 

be found permitting sector distinctions. The program has been designed to 

accommodate such inputs if they could be made available. 

Finally, the recovery model treats the general level of investment 

as a policy variable, primarily by requiring a stipulation of the minimum 

amounts reserved for personal and governmental consumption, that is a 

stipulation of the complement of the maximum investment funding. For 

specific runs of the model, these stipulations of consumption levels have 

been made in such a way that minimum requirements are allowed to increase at 

a fixed rate of growth from the second year on through the five-year (seven or 

nine years for some runs) planning period. Requirements for the first and 

second year have been varied in different runs and set slightly below the 

highest level which permits a feasible solution. Slightly higher levels 

would greatly reduce possible investments in the first and second year 

(the second year is most critical) postattack, and still higher levels 

of consumption would eliminate investment possibilities and thus recovery 

(in the sense described above) altogether. The sensitivity of recovery rates 

to investment levels has been well illustrated in the runs reported. 
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G. Applicability to Strategic Planning 

The models developed provide tools for studying time phased economic 

effects of alternative selections of attack options and attack size as 

well as alternative recovery policies. Among the attack options are 

imbalancing attacks against one or more economic sectors and counter¬ 

population and countervalue attacks of broader scope. Counterforce 

attacks have not been considered and no fallout has been included. If 

a counterforce mission were involved, the attack model would require 

superposition of the separate effects of collateral damage to a few 

SMSA's from the counterforce mission and a reassignment of countervalue 

weapons to SMSA targets to maximize effects against SMSA's in the condi¬ 

tions in which they would survive the counterforce action. Moreover, the 

counterforce option is more likely to involve ground bursts with attendant 

fallout problems. 

Effects of fallout have not been considered in this study. Fallout 

would affect the results obtained in at least five ways, by 

1. Increasing the number of casualties and fatalities 

2. Restricting the availability of labor force because 

of hazards and cumulated radiation doses of surviving 

workers 

3. Delaying access to and utilization of facilities 

pending decontamination 

4. Diverting some labor force and equipment to debris 

clearance and decontamination 

5. Delaying or impeding intersectoral flows of materials 

and intermediates because of increased impediments 

to freight movement. 

Studies of fallout-^indicate that most of the denial of facilities 

would persist only for three to six months in the ab'ience of decontamination 

efforts and for lesser periods otherwise. In general, such effects 

1/ For example, see "Denial of Industrial Production Due to Fallout 

Following Nuclear Attack,” by H. Lee, W. L. Owen, and 0. Yu. 

Stanford Research Institute, TN-RMR-41, May 1968. 
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could substantially depress the level of output anu force lower allowances 

for noninvestment demand during the first year and defer most investment 

to the second year. The Increased number of casualties would put special 

pressures on limited medical facilities but these are not explicitly 

considered in the aggregated versions of the models used. 

Denial of facilities during the first postattack year could drastically 

curtail investment and, with the two year lag built into the recovery model, 

would lower output during the third year. The second year, however, should 

be almost unaffected. The effects of fallout could possibly extend to later 

years because of secondary effects on investment but because the direct 

fallout effects are transitory, the initial displacement of the recovery 

schedule by fallout should dampen out rapidly. 

The degree of initial displacement is difficult to estimate because 

of possible mismatches between skills and radiation doses. Previous 

studies—^indicate that achieving maximum potential postattack output 

during the first year couli require considerable movement of labor force 

from areas where plant facilities are denied by fallout to areas where 

facilities are accessible. 

The structure of the models is such that the attack model and the 

recovery model can be decoupled; each can be run without the other. The 

economic model requires as inputs information on surviving population 

and plant capacity. These inputs are usually derived from the results of 

the attack model but acceptable from any other source. The recovery model 

could thus be used to analyze the economic consequences of any stipulated 

pattern of population and capacity loss. The recovery model ignores 

geographical detail, however, and is not capable of treating effects of 

transportation bottlenecks, isolation of particular regions or mismatches 

in the distribution of surviving population and plant capacity. 

1/ Ibid. 
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The basic Interaction of the models can perhaps be better visualized 

from the block diagrams of Figu/es I-l and 1-2. Figure 1-1 shows 

the inputs to and outputs from the attack model. The computer program 

is shown merely as a black box which assigns incremental weapons to SMSA's 

to maximize the damage achieved as measured by the specified attack 

objective. Figure 1-2 shows the inputs to and outputs from the receovery 

model. The main computer program is again shown merely as a black box. 

This program uses linear programming to allocate investment among economic 

sectors to maximize a specified objective function. The objective function 

has usually been taken to be the present value of the future stream of 

GNP. This means that GNP in future years is given lesser weight than 

GNP in the present with the weight assigned each year decreasing by a 

fixed percentage. In the runs carried out, the weight assigned each 

successive year is 90 percent of that for the preceding year. Although 

the model thus looks ahead to the distant future, with this high rate of 

discount (rapid decrease in weights) appropriate for emergency conditions, 

future GNP's have diminishing effect. The GNP for the tenth postattack 

year is given only about one third of the weight of that for the first 

postattack year; the GNP for the twentieth year is given only about one 

ninth the weight of the first year. This discounting combines some 

allowance for increasing uncertainty about future conditions with an 

allowance for the natural rate of interest traditional in analysis of 

deferred income, for example as in insurance or annuity contracts or in 

calculations of anticipated rate of return on long lived capital investments. 

Three objective function options have been used (1) the present value 

of all future GNP, (2) a hybrid function which counts investment during 

all but the last year of the planning period and ignores investment 

thereafter and (3) the present value of all future noninvestment demand 

satisfied. 



1 

Figure 1-2 Block Diagram for the Recovery Model 



mm1 —mm — 

Figure 1-1 Block Diagram for the Attack Model 
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Because the third objective function considers only the present 

value of noninvestnent demand satisfied, it treats investment merely as 

a long lived intermediate product rather than an end-product in its own 

right. It thus avoids a tendency of the first objective function to 

generate investment during the last year of the planning period in excess 

of long run requirements. The second or hybrid function also ignores 

investment in the long run but counts it into the objective function 

during a short run consisting of each year of the planning period except 

for the final year. The first function is that traditionally discussed 

in growth theory and paradoxically is perhaps the best reflection of 

Soviet policy with its emphasis on building up means of production. 

The third function is controversial but is a logical measure of long term 

economic growth and may best reflect Western growth policy with its 

emphasis on satisfaction of consumer needs. The hybrid function is 

merely a compromise between the other functions but it may best reflect 

the policy objectives of postattack recovery planning agencies. All 

objectives give rather similar results except for cases of imbalancing 

attacks and for the short five-year planning periods for which the first 

function led to excessive investment in the fifth year. An alternative 

technical device for avoiding the over-investment problem peculiar to 

the recovery model is to require investment to be barely adequate to 

sustain the growth rate stipulated for the postplanning period. 

Although the present versions of the models are capable of giving 

recovery schedules for periods up to ten years and would give a atrategic 

planner time-phased projections of comparative recoveries, refinements 

of the models are required before these schedules could be used with 

any degree of confidence. Feasible refinements are discussed in section F 

of Chapter II. The present results indicate, however, that time-phased 

schedules are really required only for the first three years postattack, 

a period adequate to correct major attack induced imbalances and set 

the stage for balanced growth. On the other hand, a finer time interval, 

say one at half-year intervals is desirable along with an increase in the 

number of economic sectors. The recovery models could, however, be used 



over six half years and fron twenty to thirty sectors to provide the 

planner with a tool for previewing the economic consequences of 

alternative attack and defense strategies and alternative austerity 

measures. Outputs would include detailed schedules for the critical 

early postattack period and a basis for estimating the potential 

rate of growth following that period. 

As discussed in the preceding section and later in Chapters II and 

IV, the present versions of the recovery models Ignore many institutional 

factors that could make it impossible to achieve the recovery rates 

projected. The simulations should therefore, be regarded as providing 

upper limits on potential recovery. Projected recovery rates should 

thus prove over optimistic when compared with rates actually realized 

in a real case. 
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II SUMMARY AND CONCLUSIONS 

A. Objective and Approach 

The objective of this study has been to develop and exhibit preliminary 

but plausible postattack recovery schedules for various levels of attack 

objectives. Such schedules and the recovery rates implied by them provide 

insight into the full significance of various levels of damage and a basis 

for criteria quantifying such terms as 'unacceptable damage" or "assured 

destruction". 

The approach followed in the preliminary study considers highly 

aggregated input-output models of the economy and a sequence of attacks 

of varying severity directed against certain aggregated sectors and other 

sequences directed against population or against total value added. One 

sector is composed of widely distributed activities for which location 

data are not available in the data bases and includes agriculture, forestry, 

fishing, mining, construction and utilities. The facilities supporting 

this diffuse sector have been treated as not at risk. One of the sectors 

is services, which has been treated as collocated with population. 

The recovery model used allocates a stipulated portion of postattack 

GNP to sustaining essential government services, the defense effort and 

the surviving population. Final demands on the respective sectors for this 

purpose are taken to be proportional to peacetime usage or in some cases 

to an alternative vector presumed to be more representative of postattack 

demand. Final demand so generated is distinguished from final demand implied 

by investment decisions which are made endogenously within the model. The 

final demand derived from investment is proportional to the peacetime vector 

for gross fixed capital investment or in some cases to an alternative vector 

presumed to be more representative of postattack conditions. These vectors 

are used to convert total dollar Investment into a final demand vector for 

investment. Finally, the various final demand vectors aro multiplied by a 
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matrix (aggregated from the latest available input-output tables) to 

convert final demand into value added, with allowance made for inter¬ 

industry requirements for materials and intermediates. 

The recovery model makes the total investment level as large as 

possible within the constraints imposed by available capacity. Capacity 

available in any year is that available from the preceding year less an 

attrition of 4, 5 or 6 percent (for obsolescence or breakdown) plus any 

new capacity purchased by investments made two years prior. Two different 

values have been used for the expenditure required to increase capacity 

by one dollar's worth of value added. These values of $1.50 or $2.00 per 

dollar of incremental output are believed to bracket the correct average 

values, both for the U.S. and the USSR. The appropriate value is not well 

determined from historical peacetime data and moreover the higher value 

may prove more plausible for postattack conditions. The model allocates 

investment among the sectors for each of five years in such a way that a 

selected objective function is maximized, usually the discounted present 

value of the future stream of GNP, as described in section G, Chapter I. 

A discount rate of 10% has been used throughout, reflecting a presumed 

high rate of time preference, that is a higher than normal preference for 

current output as compared to future output. This higher rate is more 

realistic for emergency conditions than the rates prevailing in the peace¬ 

time economy. 

One flexible policy has been employed to determine the split of GNP 

between investment and noninvestment uses. It allows total noninvestment 

uses of GNP to rise at a stipulated rate of growth from the second year 

to the end of the planning period. Values of this growth rate between 

4 and 10 percent have been used. 

B. Results of the 1971 Runs 

The recovery schedules obtained from the 1971 (7 sector) runs are 

summarized below and reported in further detail in Appendix D. For 

II-2 



these the Ü.S. economy has been forced to stabilize at a constant rate 

of growth (usually 4% per year) by the end of the planning period. This 

growth rate applies to GNP, investment and noninvestment alike. 

The attack on energy (actually petroleum refining) eliminated inputs 

for other sectors preventing them from fully utilizing their surviving 

capacity. Restoring capacity in energy by relatively modest investments 

during the first and second years relieved this shortage for D+3 and 

permitted a remarkable recovery. To a lesser extent, a similar situation 

arose in the case of the attack on basic metals (primary ferrous aud non- 

ferrous metals). The latter effect is more readily seen in the heavy 

attack cases, for 500 or 1,000 weapons. In general, the aggregated nature 

of the other sectors tends to diminish the differences among the results 

of different attack objectives. The best illustration of the possible 

consequences of imbalancing attacks on early recovery are the energy 

and basic metals cases because these are the most specialized sectors among 

those recognized in the seven sector model. 

The primary metals are less critical, but an attack of 1,250 weapons 

could constitute an imbalancing attack with rather unpredictable short 

term results. In both cases, the total amount of new investment needed 

to restore capacity proves to be a small fraction of the total postattack 

(3ÎP, but even that would be hard to manage without drastic curtailment of 

personal consumption, military activity and other essential survices. 

Again the uncertainties in all the models make the specifics of these 

extreme cases very unreliable but do serve to illustrate the gravity of 

the immediate postattack situation. 

Most of the other sectors considered were very broad aggregates and 

did not exhibit such great differences between the average level of damage 

and that in the sector attacked. 

For any given depreciation rate, the rate of recovery is more favor¬ 

able for the $1.50 valu' for k than for the $2.00 value because new 
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capacity is easier to buy at the lower price. In general, rate of recovery 

depends primarily on the difference between the fraction of GNP invested 

divided by k and the depreciation rate. 

An alternative objective function based on optimizing the flow of 

consumable output yields only slightly less GNP than that maximizing GNP. 

The proportion between investment and consumables is drastically altered, 

however. A hybrid objective function which maximizes GNP reduced by sub¬ 

tracting investment during and after the final year of the planning period 

gives more realistic allocations among sectors. This is a technical result 

of the limitation to a fixed planning horizon. With longer base periods, 

this difference is greatly reduced and all the objective functions used 

give about the same result. The hybrid objective is useful for short runs 

in that it avoids stockpiling capacity in excess of that required for 

future consumption and allocates investment dollars more in proporation 

to long run requirements. These effects are partially in evidence in the 

detailed investment schedules presented in Appendix D. 

Data from many other nms not exhibited in Appendix D further demon¬ 

strate the minor differences obtained from the use of alternative objective 

functions and the sensitivity of the models to assigned values of critical 

parameters. 

Table II-l summarizes the postattack GNP obtained from nine of the 

recovery runs for the U.S. using the seven sector model. These are 

described in further detail in Appendix D. Figure II-l shows the data 

from three representative runs, 7-6, 7-7 and 7-8 in graphical form. 

C. Results of 1972 Runs 

Table II-2 shows the results from five different levels of attack using 

the 15 sector U.S. model and a nine-year planning period. Figure II-2 shows 

the data from the five runs in graphical form. 

For the Soviet case, the lack of adequate location data dictated the 

use of an assumption of uniform damage across all 16 sectors. Table II-3 

presents the results from two attack situations. Figure II-3 shows the 

data from these two runs in graphical form. For the heavy attack it 
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..s assumed that only 29% of the population, (65% of the urban population) 

and 70% of the plant capacity .as lost. For the lighter attack, It .as 

assumed that 25% of the total population or 55% of the urban population 

and 60% of Plant capacity .as lost. These cases sho. a „„re rapid rate 

of recovery than for th. U.S., but such results are affected by the 

assumption of uniform damage which leaves the economy more balanced than 

would an actual attack and are also very sensitive to the basic parameters- 

the depreciation rate, the factor k, and the Cohb-Dougl.s coefficients. 

None of these parameters are determined with sufficient reliability as yet 

to provide a suitable level of confidence for using results obtained In 

comparative analysis „SSH/U.S. recovery potentials. The preliminary 

results do point out »here empirical analysis of the two economies could 

he most profitable for Improving the present data base. 

Soviet input-output tables are based on Intersector material flows 

and ignore services contributing directly to personal consumption and 

government functions. This Is consistent with the national incom,, con¬ 

cept used In the national accounts of the USSR. To distinguish the Soviet 

concept of national Income from that of the United States and the West, the 

Soviet final demand total (following A. Becker) Is commonly referred to as 

net material product or NMP. It Is approximately equal to the value of 

goods and structures going to final demand and differs from ONP only by 

excluding nonproductive services (services not contributing to the produc¬ 

tion of tangible product) which are, however, included In ONP. me recovery 

data shown in Table II-3 and the curves shown In Figure II-3 are thus based 

on NMP but are expressed as percentages of its preattack level. Because all 

services are assumed to be colocated with and to have vulnerabilities equal 

to population, percentage losses for ONP from the attack model would tend 

to be less than those for NMP. Because services tend to require minimal 

investment, recovery rates for ONP should tend to be more rapid than those 

D* general Observations on the Simulations 

The limitations of the approach followed in this report and in the 

data on which the computer runs were based, have been indicated. In spite 
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Of «h. «o...!,.,«, Oy ,0... ,1.1,.tio»., .<™ „b..rv,tlon, 

on th* results of the simulations are in order. 

1. The steady recovery after the first two years shown on all 

schedules is built into the models but is considered to be 

realistic in view of firm government controls suppressing 

the political or economic perturbations which normally occur 
in peacetime. 

mu 1. largely the r..ult of the .truotur. of the .Upl. .roots 
.od.1. ployed th. 0hj.ctlv„ 0( th. co^uter ,l(p>ritll„ ^ 

to hl.Ul„ Inhálense. ,„d to op,1.1». recover, r.t.., ,» th. mi.tl p..c._ 

'l"* 0C0"0'y' ■UCh ““ou growth 1. not ..Int.lnod hec.ueo of porturb.- 

tloo. Introduced hy recelen, and unonployct; rigidities inpc.«, by 

corporate or labor union practico, or by other ln.tltutlon.l crtr.lnt.; 

military and other govern.ent.l .ctlvlty; lntern.tlon.1 condition.- and 

al.ll.r exogenous fetor,. 1» the po.t.tt.ck energenc, period ch.r.c.rUod 

by general ahorfg.s, the polltlc.l and econonlc enylrcnt «„id preaun- 

•hl, no, be ailed to constrain recover, unduly, and the emphasis .hlch 

the models place on production would be rather realistic. 

2. The results all show a down-turn in the second year 

and many cases exhibit a two-year cycle. 

The two year cycle is largely a consequence of the two-year lag 

assumed to be required for capital replacement, and the fact that capital 

construction in process from preattack years is assumed to have been lost. 

Whether or no, the teo-year lag „ ,o„.r.iiy .ppucie, somo inUul down_ 

turn is to bo expected. The «dois may exaggerate thla .„.c, or orr In 

Its predicted duration, but some such effect seems very likely. 

3. The cur«, for the USSR start lower, corresponding to a 

greater degree of Initial damage than even the case of 

1,250 reliably delivered weapons on the U.S. 

This difference is suspect because it may result from inadequacies 

in the population data used for the USSR, and the fact that damage to 

industry was taken to be proportional to loss of urban population. The 

Soviet damage levels are at best hypothetical and were intended only as 

basis for alternative tests of the rocovery model. 
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4. The curves for the USSR show a faster recovery than those 

for the U.S. 

This results in part from the arbitrary assumption of uniform indus¬ 

trial damage across all sectors which precludes postattack Imbalances. 

It may also result in part from the lower starting base assumed and dis¬ 

cussed under (3) above. 

5. The values assumed for the key parameters such as the 

capital cost coefficient, k, the depreciation rate and 

the peacetime growth rates from which these were inferred 

are very similar for the USSR, 

It is gem rally felt among students of the Soviet economy that the 

USSR does not retire capital as rapidly as would appear optimal or as is 

the practice in the West. Moreover, it is often asserted that the marginal 

output to capital ratios (related to the factor k) for the USSR is low and 

has been declining. The limited sectoral data available failed to indicate 

any great differences between the two economies or any clear trends of the 

character mentioned. 

E. Tentative Conclusions from the Simulations 

1. The general characteristics of the U.S. and Soviet economies 

may not be as different as often asserted, and may lead to 

similar recovery capabilities. 

2. Comparative analysis of recovery potential in the two 

countries must develop better data on sectoral relation¬ 

ships between output and inputs of capital and labor and 

the current allocation of capital stock between structures 

and equipment within individual sectors. 

3. Estimates of industrial damage for the USSR require data 

on location o' industrial capacity about as complete as 

the unclassified SRI data base for the U.S. 
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4. labalancing attacks can present particularly severe 

problems for tha initial postattack period, but if full 

resources are devoted to relieving the most critical 

imbalances, their Influence can be restricted to the 

first five to ten quarters postattack. 

5. Analysis of the dynamic aspects of the recovery process 

can thus be concentrated on detailed examination of the 

first two or three years postattack. 

6. Estimates of postattack recovery rates over longer periods 

can best be inferred from analysis of possible attack 

induced changes in capital costs and in the productivity 

of capital and labor. These involve the most critical 

parameters in peacetime growth. Attack induced changes 

in them will largely determine recovery rates. 

F. Possible Extensions of the System of Models 

The weakest parts of the system of models as actually used for the 

trials reported at this time are those relating to capital structure, 

depreciation rates and the costs of capital replacement and capacity 

expansion. The use of a single average depreciation rate and a single 

value for k, the cost to purchase a given increase in capacity, can be 

tolerated only in a preliminary trial of the models with very aggregated 

data. On the other hand, information on facilities and capital equipment 

and on the service lives relating thereto is available only in rather 

aggregated forms by general categories of facilities and equipment. 

Estimates of the distribution of structures and equipment by economic 

sectors Involve some variant of a perpetual inventory approach using data 

on plant and equipment expenditures, capital consumption charges and es¬ 

timates of net and gross stocks of producers durables and structures for 

major (highly aggregated) parts of the economy as check totals. 

With wage and employment data available by sectors and capital 

estimates generated as above, Cobb-Douglas or more general production 
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functions (e.g., the constant elasticity of substitution, CES functions)—^ 

could be fitted to the inputs of capital and labor services for individual 

sectors. Tfcj effects of vintage (average age) of capital and estimates 

of age of capital by sector may be required, but could probably be averaged 

out for each sector. Capital construction times and input requirements by 

2/ 
type of capital could be inferred from BLS capital flow data— and data on 

3/ 
capital expansion parameters from the National Planning Association .- 

These data sources and methods could thus be applied to generate the 

full matrix G = o£ requirements on sector i to sustain a balanced 

investment of one dollar in plant and equipment for sector j, and also 

for (1/kj) the change in capacity (value added) per dollar of investment. 

Ideally, detail approximately equivalent to that for the 1958 and 

1963 input-output tables as published in the Survey of Current Business-^— 

would be desirable. Problems in generating capital data would probably 

force some compromise with this and would force some aggregation of sectors. 

The rather sketchy treatment of labor supply in the initial model was 

improved by the introduction of an economy-wide labor constraint into the 

1972 model. This did not involve the special complications of the capital 

allocations but increased by one the number of constraints and (by 5 or 9) 

the number of decision variables in the linear program. 

The extension of the planning horizon to 9 years facilitated exam¬ 

ination of recovery from heavy and imbalancing attacks. The computer pro¬ 

gram currently used is not capable of handling more than 9 years with 16 

sectors. 

1/ Grimm, Bruce T., Estimation of CES Production Functions for U.S. 

Manufacturing by Input-Output Sector. Institute for Defense Analyses 
Research Paper, p. 525, Washington, D.C., July 1969. 

2/ Department of Labor, Bureau of Labor Statistics, Capital Flow Matrix, 
1958, Washington, D.C., October 1968. 

3/ Waddell, et. al., Capacity Expansion Planning Factors, National Planning 

Association, Washington, D.C., April 1966. 

4/ Survey of Current Business, September 1965, Vol. 45, No. 9, U.S. Dept, of 

Commerce, Office of Business Economics. 

5/ Survey of Current Business, November 1969, Vol. 49, No. 11, U.S. Dept, of 

Commerce, Office of Business Economics. 



The attack model has been used in other connections with allowances 

for active and passive defense. The latter is treated by variations of 

the vulnerability factors. The active ABM defense has been simulated by 

reducing the number of delivered missiles. Both refinements could be 

introduced to provide other analysis of the attack results. Combined 

effects of mixed counterforce and countervalue attacks could also be 

accommodated. 

The simplifications employed in the present version of the models 

resulted in parallel movements of the various recovery curves following 

alternative attack objectives and thus similar growth rates independent 

of attack levels and initial postattack conditions. Moreover, all the 

recovery curves show maximum potential and are thus optimistic, partic¬ 

ularly so in the few cases of imbalancing attack. The refinements cited 

could lead to more realistic simulations of recovery processes. 

1/ 2/ 
Soviet data include the input-output tables for 1959— and 1966— , 

and Judith Thornton's fits of Cobb-Douglas functions to Soviet capital 
3 * 

and labor input data- . Data on labor requirements are also available 

from Treml's 1966 1-0 tables and may also be used for these. Population 

location data are available on an unclassified basis, but full application 

of the attack model would require capacity location data by sector. The 

recovery model has been applied, however, to arbitrary uniform specifica¬ 

tions of surviving capacity and labor force without considering the means 

or plausibility of inflicting the damage implicitly assumed or the attack 

levels required to achieve such damage. Thus the recovery rate method¬ 

ology has been applied to the USSR. Some capital flow data are available 

by sector, for the USSR for 1959 but not for 1966. 

1/ Annua-1 Economic Indicators for the USSR, JEC, Congress of the United 

States, February 1964. 

2/ V, G. Tremí, D. M. Gallik, B. L. Kostinsky, K. W. Krugor, The Structure 

of the Soviet Economy, Analysis and Reconstruction of the 1966 Input- 

Output Tables, Praeger, New York, N.Y., November 1972. 

3/ Thornton, Judith, "Estimation of Value Added and Average Returns to 

Capital in Soviet Industry from Cross Section Data," Journal of 

Political Economy, December 1965. 



Ill DESCRIPTION OF THE ATTACK MODEL 

This chapter describes the attack model employed and its underlying 

concepts. It has been appliod only to resource location data within the 

counties comprising each Standard Metropolitan Statistical Area (SMSA) 

as defined by the Census Bureau and comparable urban complexes in the 

Soviet Union. Each such area is a possible target for one or more weapons. 

The percentage of any resource surviving an optimized attack delivering 

weapons on such a target area has been approximated by a function which 

depends on the square root of the number of weapons, modified by a factor 

related to the characteristics of the weapon type, the target and the 

sector or entity attacked. More specifically, it is assumed that the 

fraction f of entity j in target i destroyed by the attack given by 
A sJ 

where N is the number of weapons reliably delivered on target i, f is 
* A J 

the fraction of entity J in target i that is destroyed and k is a con- 

stant appropriate to each i and j. The allocation is assigned in such a 

way as to maximize the damage nationally to a stipulated target system, 

i.e., to a particular j or to total value added or some other weighted 

composite summed over all j. 

Assumptions about target and sector hardness are implicit in the values 

assigned k 
ij 

Assumptions about abort rate, miss distances, etc., are avoided 

by or subsumed under the assumption that weapons are reliably delivered on 

target i, with perfect knowledge of aborts, prior damage and other tactical 

circumstances. Passive defense could be incorporated in variations of the 

parameter k ; active defense could be reflected in the difference between 

weapons penetrating and a larger group M^ assigned. Assumptions relating 

to the differences between the vulnerability of population and facilities 

are already incorporated in differences among the k but facility vulner- 
• J 

abilities were taken to be the same for all sectors except for the diffuse 
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sector which was treated as not at risk and the services sector which 

was treated as collocated with and vulnerable like population. 

Thus with the exception of population, the services sector and the 

diffuse sector, all estimates of the fraction of damage to sectors at a 

given SMSA for a given number of weapons are the same regardless of the 

economic sector in question. Differences in the absolute amount of damage 

to the various sectors reflect differences in the sector values associated 

with each particular SMSA. For the same reasons, the allocation of weapons 

over the whole target system (i.e., over the full set of SMSAs) varies 

with the resource used as the objective for the design of an optimal attack. 

The formula used can be obtained empirically as an approximation to 

the results of direct effects damage assessment simulations. It can also 

be derived from the assumptions that population density declines exponen¬ 

tially with the distance from the center of the city and that a standard 

weapon has a fixed lethal radius. This is discussed in Appendix A. The 

same function (with different k values) has been found to hold for other 

target value systems, such as the value added by manufacturing for some 

particular sector of the economy. Given the distribution of a particular 

resource ’mong the SMSAs, the vulnerability of the resource to direct 

effects, and its dispersion or concentration in each SMSA, the model 

assigns weapons to different SMSAs to maximize the total amount of the 

resource destroyed. 

The value systems considered have been population, the capacities 

certain selected aggregated industrial sectors with known distributions, 

and a weighted composite of all sectors, roughly equivalent to gross 

national product, i.e., total value added from all sectors. The diffuse 

sector, including dispersed industry largely outside the SMSAs, has been 

treated as not at risk in the attacks. No denial of access to facilities 

or casualties from fallout have been considered. 

The model is applicable to any resource for which geographical distri¬ 

bution by SMSA is known. The model algorithm essentially depends on a single 
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parameter which is varied continuously from large to small values to yield 

attack levels of increasing size. This parameter, X , can be thought of 

as a limiting or marginal amount of damage per incremental weapon. If the 

damage to any SMSA from a single weapon is less than X , that SMSA is not 

attacked. If it is greater than X , as many weapons are assigned as neces¬ 

sary to bring the damage that could be obtained from one more weapon 

below X . The total number of weapons assigned thus depends on X . As A 

is decreased, more weapons are assigned; as A is increased, fewer weapons 

are assigned. Thus one way to arrive at an optimal allocation of N weapons 

is to manipulate the value of A until the given number of weapons is used 

in the attack. This can be done with a computer program that cumulates 

the total value of the resource A destroyed in the cities attacked for 

specified levels of N. Such a computer program was used to allocate weapons 

to targets in the 1971 analyses. 

The damage estimating procedure assumes that the damage produced by an 

optimally targeted weapon is independent of any subsequent weapon alloca¬ 

tions to the same SMSA. Under this assumption, the model algorithm described 

above is equivalent to allocating N weapons to the N aimpoints having the 

largest damage increment. For reasons to be discussed below, the latter 

formulation was incorporated into the computer program that was used for 

designing the 1972 U.S. attacks. 

Although the attack is always optimized against a particular resource, 

collateral damage to other resources can be calculated in the same run from 

the weapon assignments made. The collateral damage is always less than or 

at most equal to the damage that would be sustained had that resource been 

the explicit objective of an imbalancing attack. 

In the 1971 studies, the fraction of collateral damage to any economic 

resource was assumed to be the same as the fraction of damage for the 

resource used as a primary objective, i.e., for the resource used to allo¬ 

cate weapons to aimpoints in the design of an optimal attack. With this 

assumption, computation of the collateral damage was most easily carried 

out with the algorithm based on A . 
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In the 1972 studies of U.S. recovery, the only primary resource 

objective used was urban plant capacity measured by manufacturing value 

added. The procedure used to prepare empirical estimates of individual 

weapon damage (l.e., damage increments) was also used to prepare collateral 

damage from individual weapons for five other selected value systems. 

These primary and collateral damage estimates were obtained with the aid 

of a target representation that gave the geographic distribution of each 

value system in terms of a five km grid. The five collateral value sys¬ 

tems were population, chemicals, petroleum, primary metals, and machinery. 

Each of those five value systems was taken as a surrogate for one or more 

of the 78 economic sectors that comprise our basic description of the U.S. 

economy. With this input, computation of the overall collateral damage 

from an optimized attack was most easily carried out with the algorithm 

that assigns weapons to the aimpoints having the largest damage increments. 

Some of the sectors considered are rather specialized. One was petro¬ 

leum refining, the other primary metals. A small number of weapons directed 

against petroleum refining would eliminate most of the productive capacity 

located in the SMSAs. The capacity in the SMSAs account for about 85% of 

total output. For petroleum refining, therefore, the concept of reliably 

delivered weapons was relaxed somewhat and it was assumed that 225 weapons 

(of a total of 250) with a reliability factor of 0.8 were directed against 

71 targets in the SMSAs and 25 weapons were directed against the largest 

of the targets outside the SMSAs. Rough calculations based on an assumed 

form for the cumulative distributions of targets ranked in order of decreas¬ 

ing value indicated that perhaps 10% of preattack capacity might survive. 

For the 500 weapon attack, 425 weapons were allocated against SMSA targets 

and 75 weapons were directed against the largest of the remaining refinery 

targets. From such an attack only 1% of preattack capacity would survive. 

With such over-saturation of the target system, the estimate of the surviving 

percentage is subject to a large percentage error. In these attacks, collateral 

damage to other resources was calculated considering only weapons on SMSAs, 

thus ignoring collateral damage to resources outside the SMSAs. Even in the 
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case of the 10% survival rate for petroleum, sectors using petroleum 

products would be drastically affected and the survival of inventories, 

expedient production of diesel fuel, imports or other sources of gasoline 

would greatly affect the first year postattack economy. The results 

obtained cannot be regarded as precise, but merely as Illustrating the 

gravity of such a situation and its temporary character. 

Strictly speaking, the damcge percentages obtained relate to population 

loss or to physical capital associated with the industries in question. Sur¬ 

viving capacity measured in terms of potential contribution of each sector 

to GNP depends on the capital destroyed and the surviving labor supply. It 

has been treated as a composite of these losses. Value added produced in 

a sector may fall very short of this potential depending on bottlenecks in 

other sectors as disclosed in the recovery model. 
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IV DESCRIPTION OF THE ECONOMIC RECOVERY MODEL 

The economic recovery model is basically an input-output model 

supplemented by production-function relations between value added from 

each sector and inputs of the services of capital and labor to the sector. 

This model is based on an aggregation of U.S. and Soviet input-output 

tables which show interindustry requirements. For the U.S. these are 

based on the input-output tables for 1963 first published in the Survey 

of Current Business for November 1969. For the Soviet Union, Tremí's 

reconstruction of the 1966 tables have been used. A major assumption is 

that the technology implicit in these tables still applies to a postattack 

situation. The errors introduced by this assumption could be considerable 

and could be greater for less aggregated models but may nevertheless be 

less than the changes between 1963 or 1966 and some future date, say 1984. 

Only two sources of demand are distinguished. One relates to invest¬ 

ment in capital plant and equipment and is equivalent to the gross private 

domestic capital formation category of the national income accounts and 

the official input-output tables. The other comprises all other final 

demand including i>ersonul consumption expenditures, government purchases 

of goods and services (for defense and all other functions), inventory 

change and net exports. For some comparisons of recovery times under 

alternative policy decisions, the total demand of the second or catch-all 

type is assumed to be proportional to population and the sector distribution 

of such demand is estimated from per capita requirements. The peacetime 

distribution of such per capita requirements was not used in the initial 

7 sector runs and a so-called recovery vector prepared by the Office of 

Emergency Preparedness (OEP) was used as more representative of the mix of 

products required in a postattack situation. Similarly the peacetime mix 

of sector requirements per dollar of investment (in gross private domestic 
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capital formation) was replaced by an OEP vector presumed to be more 

representative of postattack conditions. The peacetime distribution of 

final demand, however, was used for the 15 sector runs and the 16 sector 

Soviet runs. 

The input-output coefficients used relate final demand to required 

capacity b means of a matrix equation 

V = E-1 F 

where V is a vector showing the value added required to meet F, a specified 

vector of final demand, and E is the inverse of a constant input-output 

matrix E. 

The vector V has one component for each sector, each of these compon¬ 

ents represents the value added required from the corresponding sector. The 

vector F also has one component for each sector, each of these components 

represent the total final demand for end-products from that sector. The 

input-output matrix E (or more precisely its inverse E ) translates final 

demand into required value added after allowing for interindustry demand 

for materials and other intermediate products. 

The vector F for the recovery model is separated into two parts: 

1) one part is proportional to total investment and has 

components proportional to the expected allocation 

of each investment dollar among the supplying sectors, 

and 

2) a second part is proportional to surviving population 

and has components proportional to per capita require¬ 

ments for consumables including military and other 

government uses. 

The proportions in these vectors for the 7 sector experiments were derived 

from OEP data on anticipated requirements for gross private investment in 

fixed capital in a recovery situation and similar recovery requirements for 

personal and governmental consumption. These two vectors have been derived 

from a more detailed listing of anticipated £er capita requirements shown 

in Appendix C. 
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Input-output coefficients normally relate intermediate requirements to 

total sector activity levels, i.e., total sector sales. For convenience 

the input-output coefficients have been modified by dividing each column 

by the ratios of value added to sector sales. Intermediate requirements 

can thus be related directly to value added rather than to sector sales. 

In effect, it is assumed that the purchase by any sector of intermediates 

from each sector is proportional to the value added in the purchasing sector 

and that the coefficients of proportionality (the modified input-output 

coefficients) are constant and are unchanged by the attack. 

On the other hand, changes in capital stock or labor supply induced 

by attack losses or by investment are assumed to affect value added from 

each sector in accordance with production function relations of Cobb- 

Douglas type. Specifically, it is assumed that a given percentage change 

in capital services combined with another given percentage change in labor 

used results in a percentage change in value added that can be calculated 

by taking a weighted average of the given percentage changes in capital 

and labor inputs, respectively. Stated differently, it is assumed that 

the logarithm of value added is a linear function of the logarithms of 

the inputs of labor and capital. Available capital and labor thus deter¬ 

mine potential sector capacity measured in terms of potential value added. 

The value added actually achievable, however, may fall below this potential 

because of shortages of required intermediates resulting from capacity 

constraints on other sectors. 

In many of the postattack cases considered, surviving capacity proved 

inadequate to meet the specified per capita requirements and this component 

of final demand had to be scaled down to some fraction of the stated require¬ 

ments. This does not necessarily imply that the survival of the postattack 

population would be in jeopardy, since the minimum per capita requirements 

were only about half the peacetime levels and gains in real GNP (in dollars 

of 1963 purchasing power) since 1963 would raise total capacity above these 

levels. The U.S. has gradually grown to the current standard of living 

over many decades and has survived periods of greater relative austerity 

(the Great Depression and World War II) without major problems. 

IV-3 



In any case, the two final demand vectors (investment and other final 

demand) have been used merely to indicate the allocation of final demand 

among sectors rather than the total level. The recovery model, as explained 

elsewhere, assumes that the noninvestment demand is kept low enough to 

permit at least minimal investment even during the first two postattack 

years. 

The economic recovery model allocates the total investment allowed 

among sectors in such a way as to provide the best rate of recovery. Dif¬ 

ferent recovery objectives are possible, but the one that has seemed most 

defensible and has been used for most trials is to maximize the present 

value (at a high rate of discount) of the future flow of GNP. 

One weakness of the economic model in its present form is the reliance 

on a single final demand vector for investment, regardless of the sector 

in which the investment is to be made. Lack of adequate data rather than 

any theoretical or computational constraint has forced this over-simplification 

of economic reality. Consideration is being given to possible analysis of 

available investment data to ameliorate the difficulty. At least a split 

between requirements for producers durable equipment and plant facilities 

or other structures appears to be a future possibility. 

The attack model provides estimates of surviving population (and labor 

force) for the country as a whole and of plant capacity by economic sector. 

The economic model translates these results into estimates of potential 

value added. The attack model has no further role, but the attack results 

are used to transform the economic model into a recovery model. The input- 

output coefficients from the peacetime data are applied to the normalized 

final demand vectors (i.e., normalized by expressing each vector component 

as a percentage of the column total for each of the two types of final 

demand) to estimate the total direct and indirect requirements on each 

sector to meet one dollar of investment or one dollar of noninvestment 

demand. These requirements are in units of value added and for conven¬ 

ience have been converted to percentages of preattack GNP. Exogenous to 

IV-4 



the model, a policy decision Is made to set the initial level of non¬ 

investment final demand. The model gives some guidance for this policy 

decision by rejecting settings which are too high as measured by potential 

value added capacity surviving. In particular, the level of noninvestment 

final demand must be less than i;he sum of the total potential value added 

surviving in the various sectors. Once the noninvestment demand has been 

set within feasible capacity limits, the model invests as much as possible 

in capacity generation. In fact, it also allocates this investment among 

sectors and by years in '■uch a way that a specified objective function is 

maximized subject to a large number of constraints. These constraints 

enforce the following conditions: 

1. Final demand in ary year mast not require capacity in any 

sector in excess of that available. 

2. Capacity in each sector during any year is equal to that 

available the preceding year less a fixed fraction cor¬ 

responding to physical depreciation (capital retirement 

or necessary repairs) plus any capacity generated by 

investments two years prior. 

3. During the last year of a preassigned planning period, 

investment in each sector must be great enough to 

maintain indefinitely a fixed uniform rate of growth 

in all sectors of the economy. 

4. During the planning period, noninvestment demand is 

allowed to grow in accordance with a stipulated 

schedule usually taken as a fixed rate of growth from 

the second year on to the end of the planning period. 

5. The capacity purchased by any specified investment is 

proportional to the investment made. 

For the experiments conducted in 1972, the OEP recovery vector for 1958 

was abandoned for the U.S. data and new vectors were derived directly from 
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the final demands reported in the 1963 U.S. and the 1966 Soviet 1-0 tables. 

The derivations of the vectors used are also given in Appendix C. 

For the economic model, the economy is described in terms of seven 

sectors for the 1971 experiments and in terms of 15 U.S. sectors and 

16 Soviet sectors in the 1972 experiments. Data from each sector of the 

input-output tables and the final demand vectors in the source documents 

have been reclassified into one of these sectors as shown in Appendix C, 

where tho systems of classification used are also indicated. 

The level of aggregation in the models used has been dictated by 

expediency and a desire to have a model useful for gross sensitivity 

experiments. Conversion from 7 to 15 or 16 sectors increased computer 

times by a factor of 4. Conversion to an 80 sector model would require 

runs longer by a factor of 20 or more and would require more elaborate 

data collection and investment policy specifications. 

The recovery model assumes a fixed two year lag between the year an 

investment is committed and the availability of output from the Increased 

capacity. It further assumes that the labor force can be shifted among 

sectors as needed to man the facilities provided. The labor force con¬ 

straint is thus applied only to the economy as a whole. 

Capital flow data exist for the U.S. for 1958—^and show minor inter- 

sector differences but these proved to be small in comparison to changes 

in the investment final demand vector between 1958 and 1963. The major 

differences appear to result from changes in the allocation of investment 

funds between plant and equipment. 

1/ Department of Labor, Bureau of Labor Statistics, Capital Flow Matrix, 1958 

Washington, D.C., October 1968. '™ 
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Appendix A 

MATHEMATICAL FORMULATION OF TOE ATTACK MODEL 

Let population density in area i at a distance ^ from the center 

of the SMSA be given by 

-b r 
Pi = a e i i (1) 

Then the population in a circle of radius ^ with center at the center of 

the target is 

P(r1)=2TTa1^ e"biri ^d^ 
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As increases indefinitely P(r^) approaches the total population P(®) = 

2Tiai 
—X— = P . The population in a circle of radius r concentric with 
K 1 I 

the center of the city is 

Ptr^ = P1 
H* Vi)e'bir‘ 

(3) 

If d is the radius of lethality of a standard weapon, then the number of 

2 2 
weapons required to cover a circle of radius is given by = nr^ /rrd 

= (r^d)2 and ri = d/Ñ^. The fraction of P¿ lost with reliably de¬ 

livered weapons is thus 

-b d Æ (\ -b d i/N 
i + btd j e 1 1 (4) 

The fraction of the population surviving weapons is 

si =1 - ri = (1 + bid A)e" 
<5) 

Tills is generalized to state that the fraction of any resource J in target 

-kA 

i surviving weapons is given by 

ij 1 - ^ ( ^ Sj A) 
U (6) 

where depends on the weapon size, the area of the city, and the nature 

and hardness of the resource j. If V is the total value of resources 
A J 

j in target i, the value destroyed by weapons is thus 

, , , , -kidA 1 _ / 1 a. L- /U 1 « 1J V 1 w = V F = V 
ij ij ij ij - (1 tkijA) 

(7) 

f ' 
tv 

An alternative way to treat damage estimates against individual target! 

is to work with damage increments. In terms of the above notation, these 

can be approximated by 

dW. . ...... 

sir1 « ir'1 = vij [Fij ‘"i» - W1»] 

A-¿ 

(8) 
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where AN^l and the or can either be obtained from (7) or empirically 

by numerical integration of a damage function over a geographical represen¬ 

tative of V in the SMSA. Both methods have been used. 

The attack strategy given N deliverable weapons is to assign to 

particular targets to maximize 

W = X W 
J 1 ij 

(9) 

subject to XN^ = N. This may be done by the use of a Lagrangian multiplier 

A in a constrained maximum where A represents a desired level of damage 

per weapon. 

Weapons will be assigned until the incremental damage from the last 

weapon is equal to the value of A appropriate for a given N. If damage 

increments are used, the computational procedure consists of sorting through 

the set of increments until the N largest increments are found. The overall 

damage (to the resource used for designing the attack) is obtained by sum¬ 

ming these increments. 

Corresponding values using the analytical expression (7) are obtained 

as follows. Let =0i- 

We have 

üíi= V 
dF d0 

ij i 
dN ij d01 dN1 = A 

Since F 
-e< 

U 
1-(1+ 9i)e 

(10) 

(ID 

dF 
= (1 + ei)e 

-e. 
- e (12) 

and 
w~ = kij /2 A (13) 
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o 

so that 

or 

Hence 

or 

’i, ei*'81 -i.,/ (29i/k ij 

1 2 -0i 
- V k e = X 
2 i j i j 

V k 

log - 0i = log X, 

9i '-ij-/5! = 

(14) 

(15) 

(16) 

(17) 

The parameter X can be adjusted until 

Ni = ^i 2 

ku 

vijku 1<>e4H = N (18) 

^iere the summations are understood as Including only targets for which 

N^> 1. that Is for which 

kij * 108 2X (19) 

In practice we may proceed by starting with a very large value of X 

obtaining a small or zero N and continue to reduce X obtaining successively 

larger values for N. The relation between X and N Is monotone decreasing, 

if the minor effects of the integer nature of N are Ignored. In any case 

assertions about X can be translated into assertions about N or vice versa. 

The parameter X can be interpreted as a marginal return desired, as measured 

by damage produced, per incremental weapon in each SMSA attacked. 



Substituting .», v.l„. lor X i„ (17) yl.ld9 ^ (x) ,u 4 ^ ^ 

'‘J ,0r *U 1 “d J *,ter •“»■‘itutln, 9l l„ au. Hence the percentage 

d"“e t0 re,OUrCe j l" 1 - directly e.t.bllebeU ., . fll.ctlo„ of , 

for each 1 and j. By tbe value of j destroyed over the cities attacked 

we have total value lost 

WJ = f VU rU <K) ■ Î Vlj ‘j, (X) (20) 

», have been obtatned as a function o, K or* eltb tbe attack optlnlzeU 

against resource J. ^o netbod. o, obtaining the collateral danage to an, 

other resource systen,, h, ».re used. the 1871 studies, the fraction of 

danage to the resource h »as assuned eq„a. to the fraction for th. resource 

selected as primary attack objective, J. Th. total collateral damage to 

resource h fro. an optimal attack on resource j, „(h/J) „ given by 

W(h/J) = I tr<i,h/j) 
i 

(21) 

where 

W(i,h/J) = VF (N ) 
ih i j i (22) 

In the 1072 studies, the expression for W(h/j) was the same, but the 

expression for W(i,h/J) is given by 

(23) 
W(i,h/J) = V F (N ) 

In is 1 

where Fls Nt is the fraction of damage obtained by ^ weapons against 

one of six surrogate resources selected to represent damage to resource h 

where the index s refers to the surrogate selected. We can write 

* * ®(h), s =1, . . .6, (24) 

The surrogates used consist of urbsn plant capacity, population, chemicals, 

petroleum, primary metals, and machinery. »1th the exception of population, 
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.11 surrogates »er. expressed In terms of Urge plant v.lue sdded. Damage 

to the last five surrogates »as computed as collateral damage from an 

attack optimized against the flrat. In all si, surrogates, the damage 

Increments »ere obtained empirically by numerical Integration. 

Strictly speaking, the resource, at risk are the population or the 

Physical facilities and equipment associated »1th each Industrial sector. 

The damage estimates reflect the general level of vulnerability of such 

resources to »e.pons of a specific yield »Ithln the situation existing 

1” ea<!h target Cl,y' “»»‘«.ring Its geographical concentration and other 

aspect, of the local terrain and the Intrinsic hardness of the resource 

In question. If facilities and population sere equally vulnerable, the 

surviving percentages as sho»n In Table C-3 of Appendix C »ould represent 

the percentages of productive capacity surviving for each sector measured 

either In term, of value added or gross output pr,ctlce, phy8lc>1 

plant and equipment and population or labor force have different survival 

expectations, and the plan, capacity associated ,1th physical assets may 

he operated to exceed normal output If labor can be substituted for capital, 

and helo, normal output If labor shortages are more serious than loss of 

capital assets. 

As input to the economic model the attack results are translated Into 

expected loss of g»°-tl,l v.lue added by averaging the percentage loss of 

capital and the percentage loss ,.bor. The »eights used In this average 

have been derived fro. the assumption that v.lue added Is a function of 

capital and labor available. The specific function used Is that called 
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the Cobb-Douglas function for which the logarithm of value added is a 

linear function of the logarithms of surviving capital and labor force. 

For small changes this assumption results in estimating the percentage 

change in value added to be a weighted arithmetic mean of vhe percentage 

changes in labor force and capital, with weights equal to the peacetime 

fraction of value added represented by compensation of employees or to 

its complement. This is further discussed in Appendix C. 
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Appendix B 

MATHEMATICAL FORMULATION OF THE ECONOMIC RECOVERY MDDEL 

The economic model ie simply an Input-output model adapted for 

application to an unbalanced economy such as might be expected in a 

postattack situation. 

of sector i to sector j. The basic assumption of input-output (10) 

analysis is that 

(1) 

where the a^ are constant or at least are slowly changing with changing 

technology. The portion of s^ that exceeds the total inputs of raw 

materials or other purchased semifinished intermediates is called value 

added. We thus have 

(2) 

Value added can also be interpreted as the sum of the cost of the services 

of labor and other social or intangible cost elements. Specifically it 

is the sum of compensation of employees including fringe benefits, current 

capital consumption allowances (current contribution to or charges for 

depreciation reserves), taxes including property taxes, corporate profits 

taxes, and indirect business taxes such as sales and excise taxes, and 

net profits after taxes whether paid out as dividends or proprietor income 

or retained as undistn‘iuted surpluses. 

Equation (2) can be rewritten in matrix notation as 

V = DS (3) 

B-l 



where V and S are n-component columnar matrices (vectors) having v^ and 

Sj as their components and where D is a diagonal matrix having (1 - Z a ) 

i ^ 
as its Jth component down the diagonal with zeros everywhere off the 

diagonal. D is thus a matrix 

D • (V 
where 

dij 6ij (1 " J akj) (4) 

(5) 

and 6 is the Kronecker 6 such that 6.. - 1 if i - j and 6 - 0 
ij y 

if i + j. 

On the other hand the total sales of sector i can be written 

8i ' j + fi ‘ J aij sj+ fi 

where f^ is the sales of i to final demand, i.e. , to some ultimate consumer. 

Final demand includes personal com.unption expenditures, gross private 

fixed capital investment, net exports, change in business inventories and 

government purchases of goods and services. 

Equation (5) can also be written in matrix form as 

S - AS + F (6) 

where A - (a^) is an n x n matrix of 1-0 coefficients and F is a columnar 

matrix (vector) called the final demand vector. 

Equation (6) can also be written as 

S - AS - (I - A)S « F (7) 

whet*. I is the unit matrix consisting of ones down the diagonal and zeros 

elsewhere. In terms of Kronecker deltas I - (6^). As long as value added 

is positive, equation (7) can be solved for S in terms of F by inverting 
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the matrix (I-A) obtaining 

S - (I •• A)"1 F 

Similarly equation (3) can be solved for S in terms of V writing 

S = D-1 V - (I - A)'1 F 

or 

V - D (I - A)"1 F 

Also (7) can be written as 

(8) 

(9) 

(10) 

F ' (1 - A)S - (I - A)D_1 V - EV 

where E « (I - A)D . With this definition of E, we also have 

(11) 

V » E-1 F (12) 

If V is capacity surviving attack, one is tempted to use (11) 

to estimate the output available postattack to meet final demand writing 

EV 
(13) 

This could give meaningful results if the changes in capacity were very 

slight corresponding to those likely in the case of a slowly moving 

economic equilibrium:" In general, however, and most certainly under the 

drastic changes in capacity that would occur after a massive attack, EV 

would have some negative components. These would not be economically 

meaningful, except as indications that surviving capacity could not 

satisfy some of the implied intermediate (intersectoral) requirements. 

1/ Some approximation of an economic equilibrium is tacitly assumed in 
tne usual applications of input-output theory. 
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Unless these can be met from inventories, the economy must be operated 

at levels below those that might otherwise be expecteù from surviving 

capacity. Equation (13) is thus unacceptable and must be replaced by 

constraints in the form of inequalities. We thus require that E ^ F < V (14) 

where these vector inequalities are understood as applying to each 

component of V. 

The relative distribution of surviving capacity postattack is likely 

to be very different from that prevailing preattack and from that for a 

balanced or equilibrium state. Thus, final demand postattack (F) must 

usually be set in such a way that some sectors operate below the levels 

permitted by their individual surviving capacities. In other words, in 

the system of n inequalities (14), the inequality sign (and not the equal 

sign) must apply for some components (i.e., sectors). The wastage implied 

can be minimized by linear programming tecnniques in such a way that the 

rate of recovery is maximized. The program developed, however, accepts a 

number of alternative optimizing functions corresponding to alternative 

measures of recovery. It also treats a number of alternative systems of 

constraints. Selections amonj all these alternatives correspond to alter¬ 

native recovery planning policies. 

Thp following discussion develops the constraint equations, and is 

followed by a description of the admissible objective functions. 

Let v^(t) be the potential value added (capacity) for sector i 

in postattack year D + t, that is, t periods after the attack. The 

initial vector V(l) - ^¿(1)j is derived from the attack effects and 

the economic model. For convenience V(l) will be expressed in percentages 

of preattack GNP. It is thus proportional to (but not equal no) postattack 
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value added in real terms, that is, in dollars of constant purchasing 

power, with the final preattack year as the base year for the prices. 

Let F(t) ■ (f^it)} be the final demand vector in which f^t) is the final 

demand for output of sector i in year D + t. The model requires first 

that v^(t) ■> f^t) for every year and for each sector i. Where convenient 

we will write vector inequalities such as V(t) F (t) to indicate a 

system of Inequalities holding for each component of the sectors involved. 

We will separate F(t) and each of its components f^(t) into two 

parts to be treated differently. One covers investment and is written: 

(15) 

amount of investment in each sector j. The other portion of final demand 

covers all the rest including personal consumption expenditures, govern¬ 

ment purchase of goods and services, net exports and inventory change. 

In particular it includes defense expenditures. We express this non¬ 

investment demand as proportional to a requirement vector H - |h^j 

normalized so that Z h^ = 1. We have therefore 

n 

(16) 

where x(t) and Fjil) are both expressed in terms of percentages of 

Unfortunately only scattered data exist relative to the sector dif¬ 
ferences in rows of the matrix G and each row muse be approximated 

by an average taken over all kinds of investments. We have thus been 
forced to assume that 

If detailed data were available on individual g.,, the programs developed 
could accommodate the appropriate G matrix. 
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preattack GNP where x(t) is required to exceed a value given exogenously, 

i.e., 9 value calculated from a stipulated level of austerity c and the 

number of survivors n, with x(t) > c(t) tt. The system of equations (2) 

can be written in matrix form as 

F(t) - x(t) H + G Y (t) (17) 

where 

Y(t) is the vector Y(t) = 

The capacity each year is given by a system of recursion relations 

as follows : 

V1(t+1) = v1(t) - 6 Vi(t) + £ yi (t-1) 

* (1-6) vt(t) + ^ y. (t-l) 

« r vi (t) + ¿ Vi (t-l) (18) 

where 5 is the depreciation rate or capital consumption rate and ^ is 

the number of dollars of investment in i needed to increase potential 

value added in i by one dollar per year. The capacity discount factor r 

is merely shorthand for 1-6. We ignore capacity under construction at 

time of attack (or assume none survives) and set y^(t) = 0 for t < 1. 

The lagged variables yi (t-l) in equations (18) reflect the assumption 

that an average two year capital gestation period applies throughjut. 

The system of equations (18)may be written in matrix form as 

V(t+1) = r V(t) + K Y (t-l) (19, 

where K is a diagonal matrix with components or elements 1/^ down 

the diagonal and zeros elsewhere. The constraint equations are now 



where the V(t) vector changes over time in accordance with (19). 

have initially 

We 

V(2) - r V(l) 

V(3) - r V(2) + K Y(l) - r2 V(l) + K Y (1) 

V(4) - r V(3) + K Y(2) - r* V(l) + K (r Y(l) + Y(2)] 

(21) 

V(t) - rt_1 V(l) + K [rt-3 Y(1) + rt_4 Y(2) + 
t-2 

+ Y (t-2)] 

t-1 
V(l) + K r 

t-2 
r“8 Y(s) “ r 

In order to avoid infinitely many decision vectors Y(t), it is assumed that 

for t > T, where T will be called the planning horizon or planning period, 

Y(t) is given by (1 + X)^1 Y(T). In other words, it is assumed that 

Y(t) grows at a rate X per year from t - T on. In effect, we will assume 

that x(t) also grows at the same rate X from t * T on, but it will be 

useful to distinguish the growth in x from that in Y. We will therefore 

set x(t) » (1 + y)t T x(T) for t > T and will find that we must take 

X ^ y. The strong inequality X > y makes poor sense economically (al¬ 

though it may characterize growth policy in centrally planned economies) 

because there is really no economic reason for expanding capital faster 

than needed to cover anticipated noninvestment demand. The distinction 

between X and y is thus introduced only to clarify the mathematical 

analysis. 

If we replace Y (T + T) by (1 + X)T Y(T) for r > 0, equations (7) 

may be written for t > T as follows: 



o 

i 

+ 1) « r V(l) + K r1"1 r 

V(T + 2) - i:T+1 v(l) 
T-l 

+ Kr7 ^ r'S Y(s) + K Y (T) (22) 

V(T + 3) - rT+2 V(l) 
T-l 

, „ T+l r-r -s , 4 
r X r Y(s) + K I1 + d + ^)] Y(T) 

and 

V(T + T) - rT+T_1 V(l) + KrT+T'2 

T-l 

£ 
T-2 

-s 
Y(s) + K (1 + A)7"2 ) M-\y<T) 

s=í) \1+A/ 

T+1-2 
T-l 

■£ r V(1) + K ) f"8 Y(s) 

S-l 
n A (23) 

+ K (1 + \) f~2 —- Y(T) 

or 

V(T + r) - r T+r-2 
T-l 

rV(l) + K > r"8 Y(s) 
Mxlï7""1 T-1 

+ k (1^) ~r 

À+Ô 
Y(T) 

(24) 

since 

(1 + A) - r * 1 + A - (1-6) 

= A + 6 

The constraints for t > T now become 

V (T + r ) >^ (1 + p)T X (T) H + (! + A)T G Y (t) 

fvom (20) . Making use of (24) we have 

T-l 

(25) 

T+r-2 
r V(l) + K ^ r"S Y(s) 

s-1 

n, 1,/-1 T-1 
+ K-^-=-±- R 

A+6 
Y (T) 

> (1 + y)T X (T) H - (1 + A)T G Y (T) 
(26) 
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I 

u 

or 

T+r-2 
T-l 

rV(l) r_S Y(s) + fr-1 K Y (T) 

A+<5 

- (1 + p)T X (T) H - (1 + X)T G Y (T) > 0 

(27) 

Dividing (27) through by (1 + À)T_1 gives 

T-l 
T-l r 

1+À rV(l) + K r"® Y(s) 
i r1 

+ K 

A+Ó 
Y (T) (28) 

' (1 + U) (l+ï) 1 » (DH - Cl + A) 0 Y (T)£0 

The expression on the left side of inequality (28) can be expressed as 

a function of T as follows: 

.T-l T-l 

M(T' " aN '+ B - “(rfxr - cjmf1 - - (29) 

where 

A - r 
T-l 

T-l 

rV(l) 

B - K Y (T)/(A + 6) 

*■£ 
r~8 Y(s) V (T + 1) (30) 

(31) 

C - (1 + JJ) X (T) H 
(32) 

and 

D - (1 + A) G Y (T) 
(33) 

Hence M (1) - A + B - B - c - D - A - C - D > 0 fron (25) end the eecond 

e,nation of (22, because A - V (T + l) and C + 0 la the right hand aide of 

(25) with I » 1. 



+ B - D Md + d .(a - B)(rfr)T - c (fff)1 

M(T +1) - M(t> ■ (a - b) 1 -1)- c (fH)T '(fri - ) 

• (B -A) fH(r+r) + c rri (fri) 

M 

- X 
X 

T-l 

T-l 

(1 + X) 
T (B - A) (6 + X) + (X - y) 

M(t + 1) - M(t) >^0 if and only if 

(B - A) (6 + X) > (y - X) (36) 

Since (l+y)>l >r*l-ô , the right hand side of (36) increases 

in absolute value with x. If y > X then the »-ight hand side would 

eventually exceed the left hand side even if B - A is positive. For 

M (x + 1) to be greater than M (t), that is, for M (x) to be monotone 

increasing we must have y X and hence (y - X) 0 . If y ■ X (36) 

merely requires that B > A or from (30) and (31) that 

T-l 
K Y (T) > (X + 6) r 

or from (22) that 

[' * ‘ 1 r"8 Y(s) (38) 

K Y (T) > (X + <5) V (T + 1) (AO) 

which states that Y (T) must be large enough to meet retirement losses 

and growth requirements. If on the other hand y < X so that y - X < 0 

then (36) requires that C ^ ^A - ßj 
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r - 

o Since l-6«r< (1+y) the final inequality is satisfied for all 

T > 1 if it is satisfied for T * 1, that is if 

C > (A - B) 

or 

or 

- A - U 

» - Hi c 

b-a_ Hi 
K Y (T) > (<$ + A) V (T + 1) - (A - u) (1 f y) x (T) H 

(41) 

(42) 

(43) 

(44) 

U 

If (40) is satisfied, so is (44) and M (t) is monotone increasing, 

but (44) implies (40) only if A - y. The general case (44), however, applies 

for all A ^ y, and insures that the inequalities M (t) > 0, holds for oil T if 

the inequality (25) holds for T = 1. In summary we require 

V(l) > X (1) H + G Y (1) 

V(2) - r V(l) > X (2) H + G Y (2) 

V(t) - r 
t-2 t-2 1 

r V(l) + K à ' 1 r Y(s)I > X (t) H + G Y (t) 

T-2 
V(T) - r 

V(T+1) » r 

T-2 “I 

r V(1) + K k ■ nr- 
3 

r Y(s) > X (T) H + G Y (T) 

r V(l) + 
r~8 Y(s 

> (1 + y) X (T) H + (1 + A) G Y (T) 

and the monotonicity constraint (44) 

K Y (T) > (6 + A) V (T + 1) + (/m- A) (1 + y) x (T) H 

B-ll 

(45) 



or 

K Y (T) > (6 + A) r1"1 r V(l) + 

K r“8 Y(s) - (A - m)(1 + p) X (T) H 

(46) 

Note that in case A - p, the meaningful case, when (46) reduces to (40) we 

have 

K Y (T) > (A + 6) V (T + 1) 

MA + Ó) (1 + A) |^x (T) H + G Y (T)j 

(47) 

If the matrix K reduces to a single scalar £ and we sum all components 

on both sides of (47), 

(T) £ k (A+d) ( 1 +A) (GNP),, (48) 

where y(T) is total Investment. We thus conclude that the fraction 

of GNP invested in the horizon year must exceed k (A + d) (1 + A). 

This completes the discussion of the constraints imposed on the lines; 

programming formulation used. The objective function maximized under these 

constraints has been taken to be the present value of the future stream of 

GNP or some variant of this. If p is the discount factor, the linear 

objective function when defined as the present value of future GNP becomes 

oo 

S - X(1) + p X (2) + ••• + pT"2 X (T-l) + p1"1 X (T) V* (pp)s 

s=b 

+ y(l) + py(2) + ••• + p 
T-l 

y(T) £ (pA)1 

s-0 

,s 
(49) 

where y(t) is the total investment in year t. 

Summing the geometric series in (48) gives 

(50) 
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Appendix C 

DERIVATION OF DATA USED IN TOE MODELS 

This appendix presents the data used in the models and computer 

programs and Indicates now these data were derWed. The data include 

the input-output matrices, the final demand vectors and the Cobb-Douglas 

production function coefficients. Aggregated versions of all the 1-0 

tables were used based on the classifications of industries into major 

sectors as shown. The data for the 1972 runs were different from those 
i 

for the seven sector 1971 runs. Those used in the 1971 runs are shown 

first; those used in the 1972 runs follow. Some data considered for 

the models but not used are also shown for purpose of comparison or 

general interest. For reading convenience, all tables have been 

placed in sequence at the end of this appendix. 

Data used for the 1971 runs 

Table C-l shows the composition of the six economic sectors 

assumed to be at risk as well as that of the diffuse residual treated 

as net at risk. It indicates the assignment of industries to these 

sectors for both the U.S. and the USSR. However, none of the runs in 

1971 used the Soviet data. U.S. industries are numbered in accordance 

with the system used for the BEA's 1-0 tables for 1958 and 1963. Soviet 

industries are identified by numbers used in Tremí’s 38 sector 1-0 

tablo for 1959. 

Table C-2 shows the precent damage to the six sectors at risk for 

attack levels increasing in weight from 225 to 1,000 reliably delivered 
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Table C-7 shows alternate sources of estimates of s for both the 

U.S, and the USSR to Indicate degree of uncertainty. 

Table C-8 shows the aggregated version of the U.S. (BEA) inter¬ 

industry transaction table for 1963. Table C-9 gives the matrix 

multiplier that converts value added to final demand, the modified 

direct requirements coefficient matrix. Table C-10 gives the inverse 

of the matrix in Table C-9 and represents the total (value added) 

requirements per dollar of final demand. This is the matrix E_1 

referred to in Appendix B. 

Table C-ll shows the aggregated version of the USSR interindustry 

transaction table for 1959. Table C-12 converts this to a matrix of 

direct requirements coefficients referred to as E in Appendix B. 

Table C-13 is in the inverse of the matrix E. 

Table C-14 shows ger capita final demand in 1958 dollars for the 

OEP recovery levels and for 1958 as actually observed. Since the OEP 

data are not available for 1963, the ratios derived below from Table 

C-14 are not as recent as might be generated if the OEP study were 

repeated . 

Table C-15 distributes the final demand generated by capital 

investment among the seven aggregated sectors and sums these demands 

for each of the seven aggregates. 

Table C-16 similarly distributes that part of final demand 

remaining after excluding investment demand and aggregates the demand 

for each of the seven major sectors . 
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Table C-17 summarizes Tables C-14 through C-16 showing for the 

seven aggregates the final demand for 1958 and for the OEP recovery 

vector data. These final demands are then expressed as percentages 

of their respective totals. The percentages thus obtained are used 

for the vectors H and G of Appendix B, the noninvestment demand 

representing H and the investment demand representing G. The 1971 

run used the recovery vector versions of these percentages but the 

1958 actual values are shown for comparison. 

The values of 8 and k used in the models were intended to bracket 

plausible values while relating properly to historical growth rates. 

The simple equation of the one variable model of economic recovery 

which is also basic to the models used is 

(GNP)t+l = (1 "6) (GNP)t = £ (GNP)t_i 

where f is the fraction of GNP invested, k is the cost of capital per 

dollar of incremental GNP and 8 is the depreciation rate. This equa¬ 

tion is a second order difference equation leading to a constant 

growth rate. Let r = (GNP)t=1/(GNP)t so that r - l+g where g is the 

growth rate. Then the basic equation above transforms into 

|r (1 - 6)r - —J (GNP)t l = C(GNP)t l = 0 

from which C=r - (1 -8 )r - £ must vanish. Replacing r by (1+g) gives 

2 "f 
1+2g+g -l-g+8+ 8g - - = 0 or (g+8) d+g) = £ 

This equation* relates k and 8 to the more readily established parameters 

f and g. 

* Note the similarity of this equation to the inequality (48) of 
Appendix B when g = A = /u and f = y(T)/(GNP)T. 
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For the Ü.S. for the period 1952-1972, investment measured by 

gross private domestic capital formation has averaged 15.2 percent of 

GNP and the growth rate g has averaged 3.4 percent. An imprecise 

estimate of average depreciation can be obtained by dividing capital 

consumption allowances by gross capital stocks both in constant dollars. 

This gave a rather high figure of 6.6 percent for 6 . Substituting 

these values for fi , g and f in k = f/ [(g+¿ )(l+g)] gives k = 1.47 which 

is rather low. On the other hand, allowing for possible increases in 

k for postattack inefficiencies and increases in real (constant dollar) 

costs suggests using a k of 2. This value could be inserted in the 

equation g+d = f/ [k (l+g)] to obtain g+ ¿ = .074 for a <J of 4 

percent. 

In general higher k values correspond to lower¿values, but the 

plausible ranges seem to be 1.5<k<2.0 and .040< <J <.064. 

The input-output tables for the USSR are based ou an aggregate 

called national income in Soviet accounts but referred to by A. Becker 

as net material product (NMP) to distinguish it from the concept of 

national income as used in the U.S. As defined by the USSR, NMP 

differs from GNP by the exclusion of many services classified as non¬ 

productive and approximates the net production of material end-products 

The estimates for <5, k, f and g for the USSR are similar to those for 

the U.S. except with NMP used instead of GNP. In constant rubles,. 

NMP has grown at an average annual rate of 7.2 percent and the fraction 

invested has averaged 26.2 percent. Data are given on capital de¬ 

preciation in the 1966 Soviet input-output tables. With the exception 



of one sector, sector rates (also available) were either 7.2 percent 

or 7.6 percent. Using the average value of 7.3 percent gave a k of 

1.67. Retaining g = .073 and f - .262, imputed depreciation rates of 

9 and 5 percent are obtained corresponding to k values of 1.5 and 2.0 

respectively. 

Data Used in the 1972 Runs 

The 1972 runs increased the number of economic sectors from the 

seven sectors used in the 1971 runs. These were generated as aggre¬ 

gates of industries in the BEA 1-0 tables for the U.S. for 1963 and 

in Tremí's 1966 tables for the USSR. The classification of industries 

into aggregated sectors for the U.S. is shown in Table C-18; that for 

the USSR is shown in Table C-19. Individual industries are designated 

by numbers as used in the 1963 U.S. tables and the 1966 Soviet tables. 

The 15 aggregated sectors used for the U.S. and the 16 used for the 

USSR are given descriptors intended to indicate their coverage, but do 

not represent any established nomenclature. Tables C-20 and 21 give the 

aggregated versions of the U.S. and Soviet transactions tables. Table C-22 

shows the matrix multiplier (E) that can be used to convert final demand into 

value added for the U.S. Table C-23 similarly shows the E matrix for 

the USSR. Table C-24 shows the inverse E * of the E matrix of Table 

C-22. Similarly Table C-25 shows the inverse of the Soviet E matrix 

given in Table C-23. 

Table C-26 shows the vectors H and G used for the U.S. as des¬ 

cribed in Appendix B. The H vector shows the allocation of one 

dollars worth on noninvestment final demand among supplying sectors 

and is derived from Table C-20 by subtracting gross private domestic 
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investment from total final demand and then normalizing so that the 

components of H add to unity. The G vector is similarly derived from 

Table C-20 and shows the allocation among supplying sectors of one 

dollar investment in gross private domestic capital formation. The 

last two columns of Table C-26 show, for purposes of comparison, 

rounded versions of G as obtained from the 1958 and 1963 U.S. 1-0 

tables. Aggregated sector number one, the diffuse sector, shows an 

appreciable increase over the five year span involved, at the expense 

of most of the other sectors. Table C-27 shows the results of ag¬ 

gregating (to 15 sectors) the 1958 capital flow matrix. Were such 

data available for 1963 or later years, the equivalent of Table C-27 

could be used as a matrix G = (gjj) • The 1972 runs used instead a 

matrix with 15 identical columns as given by the G vector of Table 

C-26. To facilitate comparison, the last column of Table C-27 repeats 

that column of Table C-26 derived from an aggregation of the 1958 

U.S. 1-0 transactions table. Although the individual columns of 

Table C-27 differ from the average values shown in the final column, 

the change in the latter from 1958 to 1963 (as shown in Table C-26) 

are more significant than the column differences in Table C-27. An 

adequate G matrix for 1963 or later years could provide a desirable 

improvement over the vector (i.e. the matrix with 15 identical columns) 

actually used. No such detailed data have appeared for the USSR. 

Table C-28 shows the vectors used for H and G for the USSR. 

These were derived from the 1966 1-0 tables for the USSR, Table C-21, 

by a somewhat inferential calculation. Although the 1959 1-0 tables 
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= .I IMMB mrmm 

gave a suitable breakdown of total final demand between investment and 

other final demand, the 1966 tables showed merely public and private 

consumption and other final demand. The latter presumably includes 

net exports and inventory change as well as investment. Some ad¬ 

justments were therefore made to other final demand based on the 1959 

data to better represent investment alone . The G vector was calcu¬ 

lated first and the investments so inferred were subtracted from the 

total final demand before calculating the H (or noninvestment) vector. 

Table C-29 indicates the calculations and results of estimating 

the Cobb-Douglas coefficients for the U.S. for 1963. These were ob¬ 

tained simply by taking the labor coefficient s to b-j ti.c ratio, by 

individual sectors, of the compensation of employees to the value 

added. Table C-29 also shows the labor requirements coefficients 

used in the labor constraint. These were obtained simply by 

dividing, for each sector, the number of full time equivalent employees 

by the value added. 

Table C-30 shows the calculation of the Cobb-Douglas coefficient 

for the USSR obtained by dividing wages by value added for each sector 

as obtained from the 1966 1-0 tables. These tables also showed depre¬ 

ciation charges and total capital. Dividing depreciation by capital 

gave estimates of the Soviet depreciation rate as developed in the last 

three columns of Table C-30. The depreciation rates and the capital 

cost per dollar of increased output (NMP) actually used were treated as 

variable parameters in both the U.S. and. Soviet runs and the values 

used are indicated separately for each run. In general the larger 
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k value of 2 dollars (rubles) per dollar (ruble) of Increased GNP 

(NMP) was used to reflect postattack inefficiency with lower depre¬ 

ciation rates, 6, of from 4 to 6 percent. 
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Table C-2 

PERCENT DAMAGE TO ECONOMIC SECTORS WHEN ATTACK IS OPTIMIZED 
AGAINST SELECTED SECTORS* 

Attack 

Optimized 
Against 

FN 

No. of 
Reliably 
Delivered 

Percent damage to: 

Weapons FN BN SV FM BM EN 
250 
500 
750 

1000 

44.146% 
55.220 
60.660 
63.858 

33.236% 
43.453 
50.407 
54.151 

24.048% 
34.690 
41.492 
46.259 

47.182% 
62.000 
68.995 
73.319 

32 .805% 
47.634 
55.871 
63.149 

28 .803% 
41.453 
49.568 
56.002 

BN 250 
500 
750 

1000 

38.278 
50.234 
56.101 
60.116 

39.044 
49.707 
55.257 
58.607 

23.753 
34.090 
40.668 
45.323 

46.393 
59.443 
67..525 
71.979 

34.541 
46.098 
57.31 . 
63.9CO 

39.429 
53.030 
60.855 
65 .030 

SV 250 
500 
750 

1000 

39.281 
51.522 
58.026 
61.647 

33.079 
45.599 
51.403 
55.362 

26.436 
37.354 
44.258 
48.997 

49.388 
63.872 
70.814 
75.012 

37.506 
53.126 
62.100 
67.961 

34.462 
46.899 
55.317 
60 .065 

FM 250 
500 
750 

1000 

37.190 
49.341 
55.586 
59.509 

31.502 
42.122 
48.058 
51.956 

22.837 
33.828 
40.483 
45.220 

56.906 
69.100 
74.846 
78.176 

34.719 
50.415 
58.526 
65.704 

30.464 
41.199 
47.038 
53.820 

0 
BM 250 

500 
750 

1000 

27.659 
37.899 
46.063 
50.680 

24.482 
34.193 
41.889 
45.810 

18 .809 
27.694 
34.292 
38.640 

36.656 
50.617 
59.707 
64.515 

57.630 
69.533 
75.157 
78.361 

29.140 
41.845 
52.438 
58.329 

EN 225 
425 

23.506 
30.735 

22.643 
29.312 

14.707 
20.689 

30.213 
39.459 

27.948 
38 .802 

Weighted 
Compos ite 250 

500 
750 

1000 

39.580 
51.589 
58.008 
61.776 

35.068 
46.812 
52.942 
56.723 

24.290 
34.974 
41.961 
46.697 

55.081 
67.303 
73.440 
77.060 

44.308 
59.218 
67.127 
71.715 

38.846 
52.291 
60.477 
64.951 

* Industries included in aggregated sectors are shown in Table C-l 
F7J = Finished nonmetals, BN = Basic nonmetals, SV = Services, 

Petroleum FM = Finished metals, BM = Basic metals, EN = Energy 
refining. 

** Based on estimate of percent damage to petroleum refineries from the 
joint effects of 225 or 425 weapons with reliability factor of 0.8 
directed against refineries in SMSA's and 25 u- 75 similar weapons 
directed against largest refineries outside the SMSA's. 
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Weighted 
Composite 

39.770% 
52.463 
59.193 
63.442 

40 . 747 
52.506 
59.695 
63.869 

40.818 
54.152 
60.756 
64.871 

43.326 
55.032 
60 .953 
64.842 

33.084 
44.821 
52.831 
57.101 

90.000** 
99.000** 

26.842 
34.952 

44.814 
56.856 
63.007 
66.704 
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Table C-3 

PERCENTAGE OF CAPACITY SURVIVING VARIOUS ATTACKS 
DIRECTED AGAINST ALTERNATIVE TARGET SYSTEMS* 

250 

Attack optimized against: 

No. of 
Weapons Sector 

FN 
BN 
SV 
FM 
BM 
EN 
DR 

FN 

66.764 
75.932 
52.868 
67.195 
71.197 

BN SV FM BM EN 
Weighted 
Composite 

55.854% 61.722% 60.719% 62.810% 72.341% 76.494% 60.420% 
60.956 
76.247 
53.607 
65.459 
60.571 

66.921 
73.564 
50.612 
62.494 
65.538 

68.498 
77.163 
43.094 
65.281 
69.536 

75.518 
81.191 
63 .344 
42.370 
70.860 

77.357 
85.293 
69.787 
72 .052 
10.000 

100.000 100.000 100.000 100.000 100.000 100.000 

64.932 
75.710 
44.919 
55.692 
61.154 

100.000 

Q 

Weighted 
Composite 

500 

60.230 59.253 59.182 56.674 66.916 73.158 

FN 
BN 
SV 
FM 
BM 
EN 
DR 

Weighted 
Composite 

1,000 FN 
BN 
SV 
FM 
BM 
EN 
DR 

44.780 
56.537 
65.310 
38.000 
52.366 
58.547 

100.000 

49.766 
50.293 
65.910 
40.557 
53.902 
46.970 

100.000 

48 . 478 
54.401 
62.646 
36.128 
46.874 
53.101 

100.000 

50.659 
57.878 
66.172 
30.900 
49.585 
58 .801 

100.000 

62.101 
65 .807 
72.306 
49.383 
30.467 
58.155 

100 .000 

36.142 
45.849 
53.741 
26.681 
36.851 
43.998 

100.000 

39.884 
41.393 
54.677 
28.021 
36.040 
34.970 

100.000 

.'*.353 
44.638 
51.003 
24.988 
32.039 
39.935 

100.000 

40.491 
48.044 
54.780 
21.824 
34.296 
46.180 

100.000 

69.265 
70.688 
79.311 
60.541 
61.853 

1.000 
100.000 

47.537 47.494 45.848 44.968 55.179 65.048 

49.320 
54.190 
61.360 
35.485 
21.639 
41.671 

100.000 

* * 
* * 

* * 

* * 

* * 

* * 

* * 

55.186 

48.411 
53.188 
65.026 
32.607 
40.782 
47.709 

100 .000 

43.144 

38.224 
43.277 
53.303 
22.940 
28.285 
35.049 

100.000 

Weighted 
Composite 36.558 36.131 35.129 35.15S 42.899 * * 33.296 

* Derived from Table 1 using lines for 250, 500 and 1,000 weapons 
except for attack against EN which uses the line for 225 weapons and an 
estimate for damage to EN by 250 weapons, and the line for 425 weapons and 
an estimate for damage to EN by 500 weapons. 

** Not applicable because approximately 500 weapons suffice to complnle 
dest-uction of petroleum refineries, the principal type of facility included 

in EN. 
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Table C-5 

COBB-DOUGLAS PRODUCTION FUNCTION DATA FOR THE U.S. 

Percentage of Substitution 
_Sector_ Total Value Added1» Parameters 

£ l~s 
.54 .46 

.65 .35 

.58 .42 

.74 .26 

.66 .34 

.41 .59 

.38 .62 

♦ Total value added is GNP 

Finished Nonmetal 5.7% 

Basic Nonmetal 8.3 

Services 56.8 

Finished Metal 11.7 

Basic Metal 2.4 

Energy 0.9 

Diffuse Residual 14.3 
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Table C-6 

COBB-DOUGLAS PRODUCTION FUNCTION DATA FOR TOE USSR 

0 Percentage of Substitution 
--ect01!_ Total Value Added* Parameters 

s 1-s 

Finished Nonmetal 20.9% 

Basic Nonmetal 14.7 

Services 14.4 

Finished Metal 10.0 

Basic Metal 2 .4 

Energy 2.2 

Diffuse Residual 35.3 

0.46 0.54 

0.55 0.45 

0.54 0.46 

0.61 0.39 

0.53 0.47 

0.17 0.83 

0.54 0.46 

* Total value added is GNP 



OF 

U.S. Data 

Strell 

OBE 

Used 

USSR Data 

Strell 

Judith Thornton 

revised classes 

Tremi, labor 

cost data 

Used 

Table C-7 

COMPARISON OF ALTERNATIVE ESTIMATES 

OOBB-DOUGLAS SUBSTITUTION PARAMETERS "s" 

EN 

.52 

.406 

.41 

.79 

. 53f 

.54 

.59 

.653 

.65 

.71 

.584 

.58 

FM 

.79 

.744 

.74 

BM 

.81 

.658 

.66 

.48 .57 

.46 .55 

.22 .22 

.46 .55 

.54 .61 

.39 .61 

.52 .41 

.54 .61 

.53 .52 

.53 .17 

.51 .09 

.53 .17 

DR 

n.a. 

.380 

.38 

n.a. 

.54 

.66 

.54 

C-17 



A
G
G
R
E
G
A
T
I
O
N
 
O
F
 
I
N
T
E
R
I
N
D
U
S
T
R
Y
 
T
R
A
N
S
A
C
T
I
O
N
S
 
F
O
R
 
T
H
E
 
U
.
S
.
 

(
I
n
 
m
i
l
l
i
o
n
s
 
o
f
 
1
9
6
3
 
d
o
l
l
a
r
s
)
 

... m 

C-18 



(-. 

T 
U 

£> 
a 
H 

n to «o ao to pi a) 
O N ^ N 00 01 N 
<H Ol V Q 00 N N 
m ao N tr> f n ph 
O ^ O O 01 

I I I I 

n 

oc m n o o ^ ao m o n i-* iñ go 
<o « « ^ (O ^ R 
o R m o n <o oo 
o >”• <o o o ci o 

i n N 

S 

ai'toooc'jRt» 
N N 9 « oo « 01 N te ^ œ o «o V o « ao n R r-i « 
o o 'r ih ai o ea 
i 

PO (O iH R 00 R M ai m (C ao ai >h te 
n V oí ^ «o R ai >H n m tt o o »-ï 
o ^ N R n 5 o 

I |H 

m ao (0 ao <0 o o 
<n o o o oí A oi 
N oi to (D ih o n V <0 PO o >-< <0 
o o <-• o o o o 

I 

(0 Ol (0 O 01 
1 N R R Õ n ^ oo 

5 p^moSvioSí 
col POROTíOF^nv 

o «o pi o o o ^ 
i fH 

N 
P4 
N 
01 
(0 

s e 'T R 
o n 
t V 

(0 01 01 V 
m oi ih oi 
^ 01 R o Ol o o 9 
O O O R 

CM I I I I 

£ § W Em S M Q 
X as 

C-19 

■Mía .... 



m 
9 

2 
X 

i 

u 

O 

¿ ^ 
® H pH ^ 
A E 
® X 
H M 

(X 
O 

U 

w* 
æ 

§ 

3 

CO « ® W 0> h- N 
Q ® 0> ^ ^ O CO 
CO 05 Q Q pH c~ in ¡5 cm o m 
o o cm o o o m 

N « 
t» ï» 
® in ® N 
O N 
o o 

Q CO <0 iH 00 
9 ® ® ® m 

« (0 CM 
<H m o 
O CM CO 

® CO 
CM O 

CM CM ® C* «0 CO 
CO o ^ O ® ’S' C“ v So o in « V h 
o Hf ® m ih g ® 
o o cm o m o o 

m in co 10 
o rH 

■n o 
in ® co co w 
m cm ao g co co to 
o to o m ® o co 
5 o cm m o o o 

3 

CO CM ® ® ^ (0 Q 
o- o to ® ph n n 
m ^ co » m to • 
g co ® >h g g co 
oo«oooo 

to O CO <0 v o co 
§|H ® « N pH CM 

* pH CM rH h- oo 
pH pH in CO «H Q (0 
o to cm g o o o 

§ 8 
in * CO CM CM 
to o> ® g ■o’ 
N cm co in •v 't 
r* cm to g t» 
CO pH CM O O O rH 

3 3 * 3 3 3 a 

C-20 





) 

ao n in m 00 p o v N pH 00 
N ^ N 0> N OI o 
«H oi eo <o cm n S 
pH iH pH O O O in 

H 

S cm m 
•H CO 
0> 0* 
■h m 
o m 

o «o 
00 CM 
N CO 

§ 
I I 

ä 

c* 
m 
m 
eo 
o 

n g 
00 CM 
00 00 
o oo 

CM N 
O 00 
<b o 
o oo 

(O CM 
Oí 00 
N M 

O) 
O N 

I I CM I I 

CM 

I 
U 

£ 

CO 
o oo 
oo 
o 

OÍ pH 
oo o 
O Oí 
rM O 

N U) 
Oí 

S g 
m cm 

<o r* ce K 
S g 
o o 

I pH I I I 

A 
Cl 
H 

M 
00 
U) g 5 
00 
o 

00 
Oí CM 
O 00 

s g 
CM X 
N CM 
O O 

CM « 
cm 

00 CO 
# m 
o o 

pH I I I 

g 
m 
Oí 
o 

O CM M* <0 pH 
Ift rH CO Tf r-l 
CO pH M* t. 
n m oo cm ph 
CO CM o o o 

0» 
o 
m 
CM 

I I I I 

* 
(0 
O 

£j «H O- 01 X 
O' Oí CM tf) C0 
CM X X 00 lO 
MO MO pM © pM 
CM CM O O O 

M1 

$ 
MO 
M3 

CM I I I 

£ § £ g g £ g 

C-22 

... . 



in ao n 
« rH ^ 
(O 0) 10 
*•<0 0 
o o <-i 

m 
0) 
o> 
M 
o 

m 
»H 
o 

0> 0) 
<0 ^ 
00 N 
^ o 
O f 

*• 
<0 
o 
o 
o 

• 

Ci 
oo 
00 
N 
o 

V 

Cl 
^* 
N 

CO 
<0 
01 
01 
o 

in 
N 
N 
O 
o 

to c 
m oi 
« in 
H *• 
<0 O 

• • 

t* N r* *• eo 
m oi cm oo oi 
to *• n N n 
oi *• to co *• 
O O H o *• 

m 
<0 i-t 
CO r-t 
01 to 
O 01 

m oi oo oo o m i-i 
o to oo m m o co 
O 00 *" CO 01 01 rH 
oi m ci m N f-i « 
o o o to o o o 

O 04 01 
H CO 00 
oo n ci 
<h m oo 
o o N 

• • • 

m o 
to oo 
m m 
cm m 
o o • • 

o Cl 
oi c* 
oo CO 
CO 04 
O to 

o c* 'j' <0 
» co co in 
o- co *• oi 
Ol H H CO 
0 0 0--1 

c- i-i in ci 
co *• tr to 
co o to *• 
ci o *• oi 
*> ft i-l o 

to m 
o ^ 
01 *• 

§ 3 

to 
CO 

t 
iH 
01 

g § ^ g s g g 

C-23 

. 





g s s s s ssss; 2 ; S * 5 s :I S S SSSSï 
w V m • a» n * i r» r* — «O N i n cm X » <r i 

<n + >n 
• r» <0 

Or»« 
« r» o 

>nr»inifip) ooxtc« cü»«ç®n ««^©«r* ^o»cx^ x 2¡SÍ! 
n Kl cs A o —vo — T» —xS««ft r» r» <n cs V «cn^tãn n n ® *7 

(ocoin^n ^Oiiftr» o N n n — -< »n o N «ft r» » vc s 

•n o> in «■ 
« M «n A 

’ ri oi r»' N X » X 
; ïS a : C2ï;s ï ? a § S 
in •/■> 0> I o w x r> N 

I m4 pX X V lO 

2*3So 2 3 5 8$ 5*2 SS R 8 

trixioi' o * xi r» cm o -x cm -x « 

o — 0¾ >rj o xr»r»x»o •orïioio *x©r>ox 
ï -x n cm ld 3 r» ^ -x *f rj T. -* in n cm ff> rî x -x 

CM ri CM *x -X .X ’ «X »X (MMP CM X CM CMJ» © «X«»«® sss 

*r r» » T r» o^ninx xovor» 
x-xxom r-vccocx 5ir»xov 

tr cr» r- x -• -x x o x n 
r»ar»iftO> »»xrjxx 

x -^ n cm c cm x m r* 
*x 

V cm r» 
« N r» 

;25; ÏS CM 0* O CM O 
cm V o c n 

X *> ® 
r» o o 

CM CO CM X X «n ® I 
O CM O CM in O CM 

SSSSï SS22S S3S5S 2 S S S S RS5SS £ SSS 
o cm cm o n n 

cD«xcm9» x r» «x c o o n cm n o ocmCco^ 
«r x cd o cm -xncMXCM co»or»nr» xxcmv© 

n .x cm x* -- X« CM O CM en • 

(nx40>io© -rtnooio «n ç x «r ® «n S«!2 
cnvOirtr» r* x »r er •xortv© en ô«o«n 

MJ* CM CM Mf x 

•o co in x x 
O C C 10 O 

CM Ä 
n* cm «r en to ^ 
»x co • r» cm 

* o r» 
• cm en 

«- V. 

3 trf 
■O 3 

£ï 
C. k 

I C S 
a & a 

g.3 

tS" £ 3 W 

2* 
c O 

*4 
«au« 

>. 3 « 

c u 
2 « 

S M 
-x U 
C U 
2 < 

s á H 
ü >. -« o 
« k x. a n 
x a» w a *> 

< £ U 

» b a, *- . 
k n . 
u u 

II 
JC «■* 

e £ 
x« r k k k 
r * - ^a 

*91 es ^ b «ü 
S a u 

U x C tí 
c >. k a c 

•X k X» xM xM 

a k 
■ £ 

i a - 

c 5: 2 

a h 3 3 a 

¢1 £ »X ix W 

3 vi 3 a £ 
a 3 -c a u 
5 *5 c < 2 

i-II 
U 2 ü 3 

- Sis’ 
§ . 
•x a a x a £ U <T. k 
x o x b a 
> u k* ^ a 

[I Ig! 
. 0 x « 
! X £ k 3 r c a 3 o 

o ►* *0 

x 3 Ê e 
x c a o 

en O u a u 

* 0 — x b 
h » a a e 
k X X k X 
b a u o £ 

Kf- « 

y x . 

asm o 

k £ 
X b x 
u 5 y 
b 2 b 

— w »M o X 
o CO U x U 

X ü H C x 0) x o X 0 W > x 

x «a c. b 
ex a k 
o o y x a 
x k x 3 st 
x x ■ c 

2 o a S ^ 
k u £ c 
C X « 0 a J £ 3 X 

c u o b a 

e 
a 
co 

c «a 
_■ X 
b x k 
un« 
k a 

k x .a 

w _ _ 
TJ » 

n S - 
o ffl S 

^ u X > 
• H * 

H 
3 
a a 
X k 

5 
S 

« x 

« 4 

x k 

• k 
0 X 
X y 

a x x b x 
K U S Z < 

4 
k c u « w 
b b x u e 
£ x x a a 
x y a x k O co O Z H 

3-ï 
3 0 

13 ü| S 
o a x £ x 

: s 
3 g 

Si 

‘oôoio xcMcnvun to ^ ® O 
i *}* «* V) V) V) tO ir) iT. «OtOlAiOtO 

x cm n «• <n 
«O to to to to 

(O i - 00 © O 
to to to o r» 

C-25 

J 





...= 



g ' 
m i 

^ * 

; 3 h 
3 « k 

s s ■ t 
si s 

¿ 

î\ 

25 S £1 
& t 

S! 
2l 

äi I ! 
■j 

i 

s 
A 

TU 
r " 

: ; : £ 
SA S 

S 3 r t c c i* o a» ve 
« n 

a ; s e 
N o -! ' 

*» 
G 
0 
U 

m 

? £ 
§ ï 

ó 

XI 

5 

s 1 : 

vos 
& •* M 
k t> - 

a o 

« N 

■o 
0) 
3 
C 

k >. 
> -. - 
W > 

51 
Oil 

S C S 
M X 

“ï * 
k - - 

îï 

—■ cr. 
ANiAiA OiAr. O 

o a r* N ^ at to 

r- n — — — * 

*r ? n O o 
O A ® A 

ssass 
O — f' ^ 

<fi n -4 cm 

a** O O « 
V — f» iA 

N* O CM* 

k a 

ü o 
3 O 

^ V2 

f- U 

►» C ' 

k* >. :•. U U 
k. k c 

4) rt o ^ ^ 
CISCON 
O *• -H O 
♦-kUOf 
t/l P C- î' K 

2¾ 
Ch k 

C ^ H-. rt 
i: w 

^ ..V 

c- O 
&* 

i( C> C K 
o ♦- •»< >. 
U rt A U * 
ü ü U O C 

W ^ 3 C O 
». H '3 -h 

• JD .: +< 
u a .K »> u 
Ch. r 3 

u. k 
L 0 -3 U V 
n r to C c ♦3 ♦' r. n & 
IA O M (m U 

I 11 
■S. £3 
cr- c — cr 
U O 3 u 

13 S'5-* 
►> 3 «2 h. 

£ C £ 
O >. -H ü 
rt ». £ rt tfi 
rî O U hi 

en u 
u ü - ? 
C £ rt TU 

■H ü >. -h O 
^ rt ». ». k 
•c i* ^ 0. 
c mm 
n te 3 s a 
S3 C TU TU O 

-J c C £ 
U ►-• Uj 

u 
fj o -* •-* O 

+• ^ ^ h. 

o r u 
rt o P* o n 
•4 ¡2 CA O Ss 

a s- 

H 

C >. ». rt c 

3 m 3 a £ 
a n V a u 
K TU C < -i 
o d *-r j 
O *H tu 

> O r u 
•M ». 0 3 O 
w. C '-T 0 
O IA U S3 U 

nS 
*• 
C o 

n 

u '«a 

U n £ • 
♦»0 3 

Jl c rt r 

c Sa 3 
C O -» «I rt 
•h a o +J 
V) C V V u 
r1 o - o « 
> ü k a 
o «-■o 

o u —« <2 
O ^ C- £ 
H g rj o ♦* 

0 W > «M 
► k ri 

0 *> • k k 
*« I» O 0 o 
T t) tr ^ k 

0 ■« w 
3 tf £ k 3 
o* c a 3 o 

W —t ♦» £ 
^ O o 

C « k 
O 0 O V. €8 

k U £ C 

a^s 3S 
c o o t» rt 
rt -* c ♦» 
k V. * rt k 
H P ♦» a a 
k C O 0 K 
O O -H O £ 
£«.♦>» rt 
^ u a «4 k 
O IA O li H 

a « 

« uw« 

ts*t 
O »1 o • 
K « ♦» M 0 
id o rt «4 e 

TU 3* • rt 
- a ** k 
r 0 • «) 3 

o è « ^ S 
^ O di ►* 

c H • • 
U O -» 
•H dt <H • • 
C k « 0 
3 O •» «» C 

|5^S 
0 rt -4 £ *4 
u « w £ ï». 

r-* CM fA Mi <A 10 t- * A O •-« CM CA 4j* lA «) I 
■A to A IA ÍA « 

r-< CM n TT »A 10 r- » A p 
«010(01010 (0(0(0(0^ 

C-28 



P* 





T
a
b

le
 

C
-1

6
 

(c
o
n
ti

n
u
e
d
) 

3 
i 

X 

3 
«i 

op o«>a>inC' X h» r» <71 i 
— o — n cm *.• O r» r- — « 

— — CM «r CM 

n« « V r io ^ -* r i c lo Nviexx 
M «O -* — N ’ -• * 

í S » g ï 
+ ’ cm n -- 

«rer*x — r- O r- í5 9> 

iZZÏi ZIÏÏ* 22225 8> : 
W ( 

ffi cm ° o c-o>«no 
n t* o — »fl ô«-noíto o V ▼ 
— cm CMneM* ’* ^ «M * pm ’ 

Sm> n n co *<08« 

8 n 10 

S33 — p- CM * CM 8 CM CM C0 

X o> V Q r» 
ft I*. 8 O * 

* CM Cfl -- 8 — n CM O cm <0 n »fl r» 

SCM r- 
cm n 

z* 3 
C - 
Sí rt 

s-ä 

u w 
c- a 

tr 
m c: 

I £ 
O " r. 
*« I. k C> b 

2¾ 
0. U 

r «j 

Ia W -H 

U -rl o /> 
-CE 

►. C «-• -« 3 
COCO-- 

C p* 0» UM* C 
a >. >.u ù 

h ». t. d t: 
t r. ♦. 

u » u ü e 
<0 •- 3 C O 

I« |-< «4 -H 

ti r .y u o 
C i>. a 3 
•H O ï- »• 
r ». r: ♦> 
C fc. -H E «. 
i: / ir C c 
«» «• li rt O 
<fl O M t « U 

ï H 
-4 f -< 
3 ♦> D. 3 
cr »: --4 cr 
W 3 U 

JÎ í. w *í 
i». 3 «X K 
». r w 

cg 
gs 

O >. -PI u 
n ». je n m, 
;• o ü :£ .» en V 
tr -H ^ ^4 3 
c ä rt -y 

■H ü ►. --4 6 
p4 fl »« ». ». 
•y íi 4J ♦- ¢. 
« u § 3 r. 
u SI'è ê 

•p* « ♦> 
£ C- C ■ B ■ 
5 : ! 
g - s- 
•H C M 

ï g « 
9 Vi a c 

c >. t. e c 
■H ». 44 *4 --4 
44 44 V) -- 44 
3 V 3 C. £ 
a 3 r 6 tx 

g?£<3 

■»4 > V r y 
«- ». y 3 y 
«MbrPO — 
O (fl M S U 

. & 

3 V 
er C 
U Y G 

= s a 
•2 0 3 

c* * bf 
ü b - 
C U >. 44 
3 < ». C 

f-H 
U V £ -h 

44 G 9 

•* Siff 
0 ç - J m 

; rs 
-4 0 M C 8 
> u »• — a 
G «4 G 
M w b M 41 
G -h G £ 

H ? 3 î: î; 

¿ï . V s 
«i y u o y r c * 44 », 
« - 5 C U X s < 

- y m • 
T G O C 

_ a -4 £ -4 
u a m « a 

<0 r* « o» o 
* * * «r »o 

C-31 

r-4 CM C») T O 
m m «o v> in I Ifl tfl 10 (0 C0 < 

.. 





? 



H
o
u
s
e
h
o
l
d
 
I
n
d
u
s
t
r
y
 



: 

ù 

U 

JO 5 

a 

8 
2 2 
h » 

•o o 
« o 

iH 
u 
e 

0) 
« 

m 
3 ? 

h 

i 

§ 
X 

c 

» 
■o « 
h 
*» 

e 
o 

a 
o 

1 
ft b 
go 

be o 
be 9 
< co 

£1 
: s 
£ « £ c 

o 
Ç - -H o 
O « •M O 
•rt t « -H 
*» O *• ** 
U V U 3 

2¾ R5 
« «< U « h 

« )-i M -H B V 
tt « B h a n 
E 5 Q be h -H 
O h O < H TJ 

•** ♦> 
C B 

II! 
ta h 9 3 

J8 ? ë 
i a a 
h u u -H 
A -H -H h 

h h «j 
h +> *> (0 
® ü ü 9 
B t) O T3 
+J r-( r-t C 
O H M M 

? 
« 

a 

£ 

u 

I 
♦* 3 
e a 
g o 
a h 

3¿ 
<T ♦* 
O O 

§? 
•n a 
** n 
uno 2bL 5 

a -H 
•P -H w 
«kB 
safe ¿25 

k* 

I 
9 B 

o m n 
PH N N 

i-t I O • * 
N N pH TT 

»• N 

m 
i-H 
« 
V £ 
■o s s 

9 
tn <h 

£S 
O Q 

v «o 
N 

(0 pH I I QQ I 
N pH N |v èî N ph ph n 

PHlg 
a -h 
V «H 

$2 
*0 a 
B Ul 
« 

« 
be a 

. O 
k -H «-> 
« -a a 
»pH « 
o -h y 
a 3 X 

ou ee 
y 
•h y be 
h B S 
HJ -H -H » 
y A JM o 
o y k ph 

pH (9 O ® 
W SE * XJ 

n (O N 
pH pH N 

4J 
B V 

0 
•H ►. 
3 k 

be b 
e V 

tn n 

I 

fc- 

I 
í| i i 

TJ -H 
B 9 

" ? 

ÏV 
« S 
B « 
•H 

y £* 

S S 
•H 

be n 
B O 

» S 
n 

£ § 
O. -H 

♦J 
* y 

B 2 
■H HJ 
be n 
U B 

£5 

9 
er « 

■o 
B 
a 

S 
■H 
JS 
y 
« 
B 

HJ 
k 

a 
« 
B 
es 
k 
H 

a 
« 
o 
X 

§ 

Í § 0h hH « 
HJ HJ HJ 

« y B 
y be 3 
B B ** 

B be a -ph b 
U k B 3 • 
a o o o* k 

SB Ik U W H 

9 
CT 
• 

X> 
B 
B 

>> 
k 

JS tn 
y ph 
B B 
fl y 

•H 

¡Í 
*H 
m ^ 

tn y 2 

2Ï8 
g be h 
< < * 

tn 
pH 
B 

►> 
k 
HJ 
n 
3 

B 

k 
tn « tn 

«■H Æ HJ 
B XI U 
0 3 3 

■pH k -O 

® y 2 
ÎS * 
i U 

k k 

2 S? J! 
k S2^ 

J§ a? 
a -h b 

'S 

£ 

! 
S 5 B 

w 
V 
C 

■H 

a 

■§ 
B 

u JS y 
•pt HJ Ä -o tn tn 

S 2. 3 1 O " oo n as X o o 

y 
« HJ "H 

y HJ tn 
n« a y ph 
O HJ fi B 
B b HJ y 

►> B •p* 
» tn X e 
• n 6 

g ? « ® "k 'S y y 
B k pH HJ B -H 

■O 3 « 

fc M ò o o 

S S 5 $ 9 s 
® pPHttQ^I*! ISpTToil • 
cm nnn^B’B’otminojcHtOpHin 

♦ « K) CO B* B" 
9 

I 

5 8 2- I 
„ -h s a 

•h « 
3 ph 

_ B 

■pH B 

y o 
B -ph be 
■H HJ B 

O- B B « « y *pt 
«ypHfiHJXpja 

•H B fi y ET k HJ 
■ “ y-- - - 

1 
- y 3 3 HJ HJ o 

«•■HOÍ-OBBpH 

SS ! « c-g §u 
S-SS^S8? 

BtnykySyHJk1* 
0 O *pH y -H HJ fi fi y TJ 
♦J+JkßtnBfite5.5 
33be-piB>.3-H«o 
<<<aoQcooeiJo.ik 

n 
HJ 
B 
■H 
B 
a 

tn 
y 

& 
CO 

N « B" m «o n o» o -n m n B1 m 

ai 

ï« 
HJ . 

2& 

y 

'S“ 
B • 

2-^ 
M § 
►*2 

■ fl k 
3 tn ^ 

i 00 

® fH 

Is 
JS*. 
♦* o 

U 
H 
l o 
a • eo > 

X 
A a 

■ ï - 
« « 

B 9 
2 pj 
^ fi 
fl 5 

2 ♦J 
M 3 

a 

:f 
2 a 
" a 
a c 
k M 

IS 
**1 

0-35 





Table C-20 (concluded) 

u !▼ >• I* 20 21 22 2) 2« 

»««»■g 

T1002900 

TM2I10 

MSTMi 

0212113 

4095402 

*55>o* 

22002 

933854 

659186 

9196391 

15300551 

121026T 

100*1 Tl 

21260OO4T 

0 

0 
3755402*0 

46404597 

*2520 

125596o 

0 

0 

10106 

0 
22159 

707*39 

12520*00 

4751997 

567143* 

1*11*19 

1012*61 

60*225* 

n 

o 

*05o97S4 

71741* -13*09323 33*3*05 

*279*6 264*945 4*049 

3*142* **03*7 2442* 

112571 20793*1 1153*7 

177144 67*1*2 T1U0 

50144 3344*6 iTSlo 

130975 223*11 3505 

221*47 *03777 3427 

2*264* 579*14 1321* 

362*57 3507323 12*6** 

4*073* 1102552 5647*7 

611257 130647o *62*o 

1*11*9 121*01* 11955*5 

*•7*2 510**5 5521* 

13*7*1 2*o***2 5}25*6 

• • 
0 • 

512*000 9*120** »*'1540 

9217*21» 162*46757 11*1*112» 1551 

5*5*25 43182953 li*6**Tl* 761 

7*110* 19»¿*52* 51211951 Ul 

564369 2*702015 3*74»**S 9* 

1*1171 117)710* 21*36*2) 10* 

10154* *7»9**6 142*4726 55 

*96*2 11900*02 12*795)9 • 

2»So 37600797 )0***T9* 12 

1***9 2264)9*6 *5)59504 *7 

31*059 1*)21097 )4*4)*|4 1*6 

105112 1*70424* 4000*716 21* 

04446o 1567)055 40*)**)7 24) 

12652 6*22)91 255129)* 1*6 

1010*1 3*5*604 0*141)1 )) 

2*5*204 12*177*94 35*102*04 22*9 

t 592151*22 * 

• *11*27405** 

5*0*2220 * * 5*0)1 

NOTES; 

Column 16 
Column 17 
Column 18 
Column 19 
Column 20 
Column 21 
Column 22 
Column 23 
Column 24 
Column 25 

column 17 

is personal consumption expenditures, 
is gross private fixed capital formation, 
is net inventory change, 
is net exports. 
is Federal Government purchases, 
is State and Local Government purchases, 
is total sales of intermediates, 
is total sector sales, 
is total final demand. 
is total noninvestment final demand which is column 24 minus 

10*9 

762 

1*1 

It* 

55 

• 
12 

l* 

*• 

IT# 

1** 

1*7 

2) 

223* 

25 





Table C-21 (concluded) 

IT i« i* ï« ti 

1 l«*«691« »600 

t I00T611 IT t31?«000 

3 5638252 1156*00 

» 16»2u2*0 *52250» 

5 60**T « 

6 11560 o 

T 2302*3 6 

8 STToT* o 

0 2*61*}» 9*1)900 

lu 2TT0330 6 

11 39616* 6 

■ 2 ?TT2**19 **200 

li 1100900 0 

I* 253*213 T3800 

15 8*19/022 9*T*/7ou 

16 62*3/8» 555700 

9*T. *ühCh 723360000 0 

TO|. HijOCh 28*510000 127216*00 

UCt'MEC. 21*5**00 590**00 

•*6E5 92763162 * 

v)l* Nt INC 10*579238 o 

N»/. INC* 2013*2*00 0 

707 0j7L*7 *81510600 0 

*.»N7* 81153 0 

707. C»9* 29*080000 0 

ÍUUG/SIBJC 172526490 0 

*0». *.£ 6d6»r»T 6 

OI. i* *«ï 2997651* u 

SPEC. 9«C *8870190 Q 

7*465. *•£ 1725*616 0 

07m. C4P. 20583**3 n 

9»L. 4J0C0 223000800 998«*00 

829300 

2733*00 

68*100 

1239100 

0 

0 

0 

*0600 

157*00 

0 

0 

6*000 

0 

3**300 

587*100 

813700 

0 

1278**00 

*013600 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

*015600 

506191 

519838*3 

*85*8 

21*06010 

896553 

190612 

767957 

33*2321 

176**6« 

19*9*70 

268«* 

5399*1 

-1*7900 

662687 

.*51087 

-2588« 

0 

•3000800 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13*0081 

777*70*3 

]869o«8 

27167610 

896553 

190612 

767957 

3*22921 

28*316« 

1989670 

26*«« 

650181 

-1*7900 

10*0787 

101792/13 

13*351» 

0 

223000800 

10000000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10000000 

22 

20707000 

10750816* 

7527300 

«3567900 

977200 

200200 

996200 

3600000 

5365000 

«760000 

«23000 

3*25000 

913000 

3615000 

1*99905*0 

7627300 

0 

*81510*00 

31650*00 

0 

0 

0 

c 

«I 

0 

0 

0 

0 

0 

0 

0 

31658*00 

C-39 



The numbers 1 to 16 at the left of the first 16 rows and at the top 

of the first 16 columns identify aggregate sectors as described in Table C-19. 

The first 16 rows and columns comprising the 16 x 16 sqare in the upper 

left hand corner show in each row the intermediate sales of one sector 

(identified by the number at the left of the row) to the 16 possible pur¬ 

chasing sectors ( as identified in the column headings)• Entries in 

columns 17 to 22 are either total or sales to final demand. Specifically 

Column 17 is total sales of Intermediates 

Column 18 is private consumption 

Column 19 is public consumption 

Column 20 is other final demand 

Colvu 21 is total final demand 

Column 22 is total sales of the sector Including all intermediate 

sales and all sales to final demand. 

The rows below row 16 show elements of value added and other data for the 

sectors identified in the column headings. The row labelled MAT. PURCH 

is the material portion of intermediate purchases. The row labelled 

TOT. PURCH is the sum of the entries in the first 16 rows (for each column) 

and is total intermediate purchases including services as well as material 

goods. The row labelled DEPREC gives total depreciation allowances for 

each sector. The row labelled WAGES gives the sector wage bill. The row 

labelled OTH NI INC gives contributions to national income (net material 

product) other than wages. The row labelled NAT. INC. is national income 

(or net material product). The row labelled TOT OITOjAYS is the sum of 

TOT PURCH, NAT. INC and DEPREC and also represents total outlays of the 

sector for the column in question. This is also equal to total sales of 

that sector as shown for the appropriate row in column 22. 

The row labelled BMP K-MNYR gives total employment in thousands of man- 

years for each sector. 

The row labelled TPT. CAP. gives the total capital investment in each sector. 

The row labelled HLDG/STRUC gives the total investment in building and 

structures by sector. 

C-4«. 



The row labelled POW. MbE gives the total investment in power machinery 
and equipment. 

The row labelled GEN. MbE gives the total investment in power machinery 
and equipment. 

The row labelled GEN. MbE gives the total investment in general purpose 
machinery and equipment. 

The row labelled SPEC. MbE gives the investment in special machinery and 
equipment. 

The row labelled TRANS. MbE gives the investment in transportation machinery 
and equipment. 

The row labelled OTH. CAP. gives the rest of the capital investment. 

The final row labelled VAL. ADDED is simply value added in the sense of 
net material product as is the difference between TOT. OUTLAYS and TOT. 
PURCH. that is the difference between total outlays and the total purchases 
of intermediates. 

0-41 
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Appendix D 

INVESTMENT SCHEDULES AND OTHER RESULTS 

FROM THE RECOVERY RUNS 

Results from the 1971 runs 

This appendix presents recovery schedules obtained from a selection 

of runs of the recovery model, including those summarized in Chapter II. 

The tables show a run number and the parameters used including: 

1) the value of k (either $1.50 or $2.00 investment 

per dollar of capacity), 

2) the initial level of noninvestment demand that 

had vo be met in the first two years, 

3) the percentage Increase in this initial level 

permitted for each year from the second year 

to the end of the planning period, and 

4) the growth rate assumed for the economy after 
the fifth year. 

The attack parameters specify the sector attacked and the number of weapons 

reliably delivered. The recovery objective was to maximize the present 

values of the future stream of GNP discounted by a 10% discount factor. 

Investment and noninvestment allocations by year are expressed as 

percentages of preattack total GNP. They sum to postattack GNP also 

expressed as a percentage of preattack GNP. 

The tables show the most significant runs completed, but many other 

runs made to determine maximum values of the permlssable noninvestment 

demand or other experimental parameters are available in work sheets. 

Results from the 1972 runs 

Recovery schedules from a representative selection of 1972 runs are 

also shown including those summarized in Chapter II. Most of these runs 
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were based on a five-year planning period but some were repeated for a 

nine-year period. Again many other runs made to determine maximum values 

for the possible levels of noninvestment are available. 

One set of runs shown in Tables D-10 to D-14 used a hybrid objective 

function for which investment in the fifth and subsequent years is Ignored. 

This optimizes the present value of noninvestment demand plus the investment 

for the first four years subject to the constraint that initial noninvestment 

demand (for the first two years) be at least equal to a stipulated level and 

that this lower limit be permitted to grow at a specified rate (4% was used) 

from the second to the fifth year. For these runs, noninvestment exceeded 

the stipulated limits in the fourth and fifth year and thus reached a high 

value in the fifth year as the take-off point for uniform growth thereafter. 

In interpreting all the runs it should be remembered that the variables 

determined by the optimizing program are the total amount and sector distri¬ 

bution of investment in each year of the planning period and the actual level 

of noninvestment demand met by the economy. The stipulated lower limits on 

noninvestment demand are in fact exceeded only in the case of the hybrid 

objective function or in case Investment is excluded from the objective 

function altogether. Because investment in the postplanning period need 

be no greater than required to maintain the specified rate of growth, there 

is seme economic sense in excluding it from the function to be maximized. 

Over the long run investment is an intermediate good. It has significance 

only to the extent that it enhances future welfare measured ultimately 

by the noninvestment portions of GNP. asterisks(*) in the following 

tables indicates a value less than .005. 
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Table D-l 

nrVESTKEMT SCHEDULES AND OTHER DATA FROM 

THE RECOVERT 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nimber: 7-1 

Perene tere 

Cepitel coet per Increnentel doller of 

poetetteck GNP: $1.50 

'Initiel noninvestment demand required: 20% 

Annual percentage growth allowed in non- 

investment demand after the second year: 48.75% 

Attack level: 250 

Attack objective : Energy 

Recovery objective function: Present value of GNP 

Growth rate after the fifth year: 4% 

Year 

Investment in 

Finished nonmetals 

Basic nonmetal 

Services 

Finished metals 

Basic metals 

Energy 

Diffuse Residual 

D+l 

« 

* 

* 

0.93 

0.15 

0.39 

2.27 

D+2 

e 

* 

e 

0.27 

0.13 

0.20 

1.16 

D+3 

2.25 

2.93 

16.42 

3.23 

0.75 

0.36 

5.67 

D+4 

0.94 

1.99 

11.11 

4.58 

0.92 

0.18 

6.66 

D+5 

0.99 

2.10 

11.69 

4.86 

O.t'j 

0.18 

7.07 

Total Investment 

Noninvestment 

Total GNP 

3.74 

20.00 

23.74 

1.76 

20.00 

21.76 

31.61 

29.75 

61.36 

26.38 

44.25 

70.63 

27.87 

65.82 

93.69 
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Table D-l (Continued) 

INVESTMENT SCHEDULES AND OTHER DATA FROM 

THE RECOVERY 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 7-2 

Paraaeters 

Capital cost per incremental dollar of 

poetattack CMP: $1.50 

Initial noninveatment demand required: 45% 

Annual percentage growth allowed in non- 

inveatment demand after the aecond year: 9 5% 

Attack level: 250 

Attack objective: Weighted composite 

Recovery objective function: Present value of CMP 

Growth rate after the fifth year: 4% 

Year 

Inveatment in 

Finiabed nonmetala 

Baaic nonmetal 

Servicea 

Finiahed metals 

Baaic metala 

Energy 

Diffuae Residual 

Total Investment 

Noninveatment 

Total GNP 

D+l 

0.97 

1.69 

4.17 

5.65 

1.13 

0.19 

7.36 

21.16 

45.00 

66.16 

D+2 

0.93 

1.53 

9.54 

2.69 

0.56 

0.15 

4.09 

19.49 

45.00 

64.49 

D+3 

1.21 

2.51 

14.14 

5.65 

1.14 

0.23 

8.25 

33.13 

49.28 

82.41 

D+4 

1.08 

2.75 

14.24 

7.23 

1.43 

0.23 

10.33 

37.29 

53.97 

91.26 

D-4 

— 

D+5 

1.30 

3.63 

18.23 

10.02 

1.98 

0.30 

14.22 

49.68 

59.11 

108.79 

— 



Annual percentage growth allowed In non- 

Inveatment demand after the second year: 10.6% 

Attack level: 500 

Attack objective: Weighted composite 

O 

Recovery objective function: Present value of GNP 

Growth rate after the fifth year: 4% 

Year 

Investaent in 

Finished nonmetals 

Basic nonmetal 

Services 

Finished metals 

Basic metals 

Energy 

Diffuse Residual 

D+l D+2 D+3 D+4 D+5 

0.89 

1.52 

3.06 

5.36 

1.09 

0.19 

4.96 

0.80 

1.24 

7.99 

1.96 

0.41 

0.12 

3.04 

1.09 

2.20 

12.54 

4.88 

0.99 

0.20 

7.14 

0.91 

2.32 

12.06 

6.09 

1.21 

0.20 

8.69 

1.11 

3.08 

15.48 

8.48 

1.67 

0.25 

12.03 

Total Investment 17.07 15.56 29.04 31.48 39.02 

Noninvestment 

Total GNP 

37.50 37.50 41.49 

54.57 53.06 70.53 

45.89 

77.37 

50.77 

89.79 
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Table D~1 (Continued) 

nrVESlUENT SCHEDULES AMD OTHER DATA FROM 

THE RECOVERY 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 7-4 

Parameters 

Capital cost per Incremental dollar of 

postattack GNP: $1.50 

‘Initial noninvestment demand required: 30% 

Annual percentage growth allowed in non- 

investment demand after the second year: 11.5% 

Attack level: 1000 

Attack objective: Weighted composite 

Recovery objective function: Present value of GNP 

Growth rate after the fifth year: 4% 

Year 

Investment in 

D+l D+2 D+3 D+4 

Finished nonmetals 

Basic nonmetal 

Services 

Finished metals 

Basic metals 

Energy 

Diffuse Residual 

0.76 

1.27 

2.34 

4.88 

1.01 

0.10 

2.55 

0.64 

0.87 

6.00 

1.08 

0.24 

0.09 

1.77 

0.93 

1.86 

10.65 

4.10 

0.83 

0.17 

6.00 

0.73 

1.84 

9.61 

4.78 

0.95 

0.16 

6.84 

Total Investment 

Noninvestment 

Total GNP 

13.00 

30.00 

43.00 

10.69 

30.00 

40.69 

24.54 

33.46 

58.00 

24.91 

37.32 

62.23 

D-6 

..- 

0.90 

2.48 

12.49 

6.80 

1.34 

0.20 

9.65 

33.86 

41.62 

75.48 



Table D-l (Continued) 

INVESTMENT SCHEDULES AND OTHER DATA FROM 

THE RECOVERY 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 7-5 

Parameters 

Capital cost per incremental dollar of 

postattack (VP: $1.50 

'Initial noninvestnent demand required: 25% 

Annual percentage growth allowed in non¬ 

investnent demand after the second year: 18.5% 

Attack level: 1000 

Attack objective: Weighted composite 

Recovery objective function: Present value of (VP 

Growth rate after the fifth year: 4% 

Year 

Investment in 

Finished nonmetals 

Basic nonmetal 

Services 

Finished metals 

Basic metals 

Energy 

Diffuse Residual 

Total Investment 

Noninvestment 

Total OTP 

D+l 

0.47 

1.32 

1.05 

6.23 

1.25 

0.17 

4.25 

14.84 

25.00 

39.84 

D+2 

0.81 

1.10 

7.59 

1.38 

0.30 

0.12 

2.26 

13.56 

25.00 

38.56 

D+3 

1.19 

2.26 

13.22 

4.72 

0.96 

0.21 

6.98 

29.54 

29.63 

59.17 

D+4 

0.82 

2.21 

11.25 

5.98 

1.18 

0.18 

8.51 

30.13 

35.12 

65.25 

D+5 

1.00 

2.91 

14.43 

8.22 

1.62 

0.24 

11.63 

40.05 

41.62 

81.67 

D-7 
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Table D-l (Continued) 

IHVKS1MEFT SCHEDULES AND OTHER DATA FROM 

THE RECOVERY 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nimber: 7-6 

Paraseters 

Capital cost per incremental dollar of 

poatattack GNP: $2.00 

Initial noninveatnent demand requiredi 45% 

Annual percentage growth allowed in non- 

investment demand after the second year: 9.5% 

Attack level: 250 

Attack objective: Weighted composite 

Recovery objective function: Present value of GNP 

Growth rate after 

Year 

Investment in 

Finished nonmetals 

Basic nonmetal 

Services 

Finished awtals 

Basic metals 

Energy 

Diffuse Residual 

Total Investment 

Nonlnvestaent 

Total OfP 

the fifth year: 4% 

D+l D+2 

1.17 1.13 

1.17 1.58 

3.34 10.68 

5.92 2.09 

1.19 0.45 

0.22 0.16 

7.56 3.38 

21.15 19.47 

45.00 45 .00 

66.15 64.47 

D+3 D+4 D+5 

1.37 1.11 1.23 

2.31 2.32 2.71 

14.29 13.03 14.86 

4.19 5.28 6.45 

0.87 1.06 1.29 

0.22 0.21 0.24 

6.34 7.69 9.34 

29.59 30.70 36.12 

49.28 53.97 59.11 

78.87 84.67 95.23 
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Table D-l (Continued) 

raVESmENT SCHEDULES AND OTHER DATA FROM 

THE RECOVERT 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

7-7 

Paranaters 

Capital cost per Increeental dollar of 

postattack OiP: $2.00 

'Initial nonlnvestaent demand required: 37.5% 

Annual percentage growth allowed in non- 

Investnent demand after the second year: 10.6% 

Attack level: 500 

Attack objective: Weighted composite 

Recovery objective function: Present value of GNP 

Growth rate after the fifth year: 4% 

Tear 

Investaent In 

Finished nonmetals 

Basic nonnetal 

Services 

Finished metals 

Basic metals 

Diffuse Residual 

Total Investaent 

Nonlnvestaent 

Total (BIP 

D+l 

1.09 

1.63 

2.29 

5.84 

1.20 

0.22 

4.80 

17.07 

37.50 

54.57 

D+2 

0.98 

1.28 

9.02 

1.42 

0.32 

0.14 

2.40 

15.56 

37.50 

53.06 

D+3 

1.24 

2.05 

12.80 

3.63 

0.75 

0.20 

5.52 

26.19 

41.49 

67.68 

D+4 

0.95 

1.98 

11.13 

4.49 

0.90 

0.18 

6.55 

26.18 

45.89 

72.07 

D+5 

1.05 

2.31 

12.69 

5.49 

1.10 

0.20 

7.95 

30.79 

50.77 

81.56 
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Table D-l (Continued) 

ixvKsnŒirr schedules and other data from 
THE RECOVERT 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 7-8 

Parameters 

Capital cost per Incremental dollar of 

postattack GNP: $2.00 

'Initial nonlnvestment demand required: 30% 

Annual percentage growth allowed In non¬ 

investment demand after the second year: 11.5% 

Attack level: 1000 

Attack objective: Weighted composite 

Recovery objective function: Present value of GNP 

Growth rate after the fifth year: 4% 

Year 

Investment in 

D+l D+2 D+3 D+4 

Finished nonmetals 

Basic nonmetal 

Services 

Finished metals 

Basic metals 

Energy 

Diffuse Residual 

0.94 0.80 

1.39 0.91 

1.76 6.89 

5.51 0.62 

1.15 0.16 

0.22 0.10 

2.02 1.23 

1.06 0.77 

1.75 1.59 

10.96 9.00 

3.09 3.59 

0.64 0.72 

0.17 0.14 

4.70 5.24 

Total Investment 12.99 

Nonlnvestment 30-00 

Total GNP 42 •" 

10.71 

30.00 

40.71 

22.37 

33.46 

55.83 

21.05 

37.32 

58.37 

D+5 

0.86 

1.88 

10.34 

4.45 

0.89 

0.17 

6.45 

25.04 

41.62 

66.66 
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U Table D-l (Concluded) 

INVESTMENT SCHEDULES AND OTHER DATA FROM 
THE RECOVERY 1971 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 7-9 

Parameters 

Capital cost per incremental dollar of 

postattack GNP: $2.00 

Initial noninvestment demand required: 25% 

Annual percentage growth allowed in non- 

investment demand after the second year: 18.5% 

Attack level: 1000 

Attack objective: Weighted composite 

Recovery objective function: Present value of GNP 

Growth rate after the fifth year: 4% 

Year 

Investment in 

Finished nonmetals 

Basic nonmetal 

Services 

Finished metals 

Basic metals 

Energy 

Diffuse Residual 

Total Investment 

Noninvestment 

Total GNP 

D+l 

0.54 

1.39 

* 

7.14 

1.44 

0.20 

4.03 

14.74 

25.00 

39.74 

D+2 

1.01 

1.17 

8.57 

0.84 

0.21 

0.13 

1.63 

13.56 

25.00 

38.56 

D+3 

1.38 

2.14 

13.74 

3.45 

0.73 

0.21 

5.34 

26.99 

29.63 

56.62 

D+4 

0.85 

1.91 

10.40 

4.62 

0.92 

0.17 

6.67 

25.54 

35.12 

60.66 

D+5 

0.93 

2.19 

11.74 

5.48 

1.09 

0.19 

7.87 

29.49 

41.62 

71.11 
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Table D-2 

INVESTMENT SCHEDULES AND OTHER DATA FROM THE 
RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 21E 

Parameters 

Capital cost per Incremental dollar of 
postattack GNP: $2.00 

Initial noninvestment demand required: 50.0% 

Annual percentage growth allowed In non¬ 
investment demand after the second year: 4.0% 

Attack level: 250 weapon 

Attack objective: Gross UVA 

Recovery objective function: Uyorld 

Growth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0 

Descriptor 

Diffuse 

Food and Clothing 

Wood and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Primary Metals 

Fabricated Metals 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 
Trans. Equipment 

Instruments 

Trade and Services 

Year 
_1_2_3_ 

3.34 1.38 7.15 

* 1.06 1.38 

.40 .48 .83 

.26 .41 .55 

.05 .15 .20 

.11 .16 .24 

.24 .08 .25 

1.11 .05 .58 

.60 .08 .41 

2.40 * .07 

1.14 .13 .71 

1.16 .06 .48 

.15 .25 .43 

.23 .01 .13 

* 4.62 9.47 

4 5 

5.29 5.&1 

.92 .96 

.59 .61 

.38 .40 

.13 .13 

.17 .18 

.18 .19 

.43 .45 

.30 .31 

.51 .53 

.52 .55 

.36 .37 

.30 .32 

.10 .10 

6.48 6.75 

TOTAL INVESTMENT 
NONINVESTMENT 
GNP 
PERCENT OF GNP INVESTED 

11.19 
50.00 
61.19 
18.29% 

8.93 22.87 
50.00 52.00 
58.93 74.87 
15.15% 30.55% 

16.66 17.38 
59.55 65.96 
76.21 83.34 
21.86% 20.85% 
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T»bl* D- 2 (continued) 

DfVKSTMKNT SCHEDULES AMD OTHER DATA FROM THE 

RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nuaber: 21D 

Paraaetera 

Capital coat per increaental dollar of 

poatattack GNP; $2.00 

Initial noninveataent deaand required: 41.0% 

Annual percentage growth allowed in non¬ 

inveataent deaand altar the aecond year: .4% 

Attack level: 500 weapons 

Attack objective: Gross MVA 

Recovery objective function: Hybrid 

Growth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

Tear_ 

Descriptor_ 1 3_3_4 

Diffuse 

Pood and Clothing 

Wood and Paper 

Cheatcals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Priaary Metala 

Fabricated Metals 

1.43 

e 

.29 

.18 

.04 

.10 

.22 

1.16 

.61 

.71 

1.08 

.51 

.45 

.17 

.17 

.07 

* 

.04 

7.18 

1.39 

.84 

.56 

.20 

.25 

.25 

.56 

.41 

4.77 

.83 

.53 

.35 

.11 

.15 

.16 

.39 

.27 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 

Trans. Equipment 

2.56 * « .29 

1.14 .06 .71 .47 

1.23 * .48 .32 

.10 .27 .43 .67 

Instruaents 

Trade and Services 

.23 * .13 .09 

* 3.90 9.52 5.84 

TOTAL INVESTMENT 9.29 7.43 22.90 14.86 

NOtfINVESIMENT 
an» 
PERCENT OF GNP INVESTED 

41.00 

50.29 

18.48% 

41.00 

48.43 

15.35% 

42.64 

65.54 

34.94% 

52.64 

67.56 

22.10% 

_» 

4.98 

.87 

.55 

.36 

.12 

.16 

.17 

.41 

.28 

.48 

.49 

.34 

.29 

.09 

6.10 

15.68 

59.53 

75.21 

20.85% 
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Tabla D- 2 (Continued) 

nfVlSIHKNT SCHEDULES AND OTHER DATA PROM THE 

RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nuaber: 21C 

Parasetere 

Capital coat per increeental dollar of 

poatattack GNP: $2.00 

Initial noninveatnent deaand required: 36.0% 

Annual percentage growth allowed in non¬ 

inveatnent demand after the aecond year: 4.0% 

Attack level: 750 weapona 

Attack objective: Groaa NVA 

Recovery objective function: Hybrid 

Oxowth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

Deacriptor 

Diffuae 

Pood and Clothing 

Mood and Paper 

Chenicals 

Petroleum Refining 

Rubber and Leather 

Stone. Clay and Olaaa 

Primary Metala 

Fabricated Metala 

Machinery except electrical 

Electrical Equip, and Miac. 

Motor Vehiclea 

A/C, Ordnance and other 

Trana. Equipment 

Instruments 

Trade and Services 

TOTAL INVESTMENT 

noninvestment 

OfP 
PERCENT OF OfP INVESTED 

44.46 42.81 60.30 

19.04% 15.19% 37.91% 

D-14 



Tabl« D-a (Continued) 

INVESTMENT SCHEDULES AVJ OTHER DATA FROM THE 
RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nimber: 2 IE 

Parase tara 

Capital coat per increaental dollar of 

poetattack CMP: $2.00 

Initial noninveatuent demand required: 32.0% 

Annual percentage growth allowed in non- 

Inveateent demand after the second year: 4.0% 

Attack level: 1000 weapons 

Attack objective: Gross MVA 

Recovery objective function: Hybrid 

Orowth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

Descriptor 
_Year_ 

12 3 4 

Diffuse 

Pood and Clothing 

Wood and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Primary Metals 

Pabricated Metals 

.57 * 

* 1.07 

.21 .54 

.07 .51 

.01 .19 

.08 .19 

.22 .06 

1.20 * 

.60 * 

7.41 4.34 

1.44 .76 

.87 .48 

.58 .31 

.21 .11 

.25 .14 

.26 .15 

.51 .35 

.42 .25 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 

Urans. Equipment 

2.80 * 

1.16 * 

1.28 * 

.08 .29 

a a 

.72 .43 

.43 .29 

.45 .25 

Instruments 

Trade and Services 

.24 a .12 .08 

* 4.18 9.85 5.32 

TOTAL INVESTMENT 8.51 7.02 23.51 13.27 

NQNINVES1MENT 

GMP 

PERCENT OF GNP INVESTED 

32.00 

40.51 

21.01% 

32.00 

39.02 

17.99% 

33.73 

57.24 
41.07% 

46.56 

59.83 
22.17% 

_5 

4.53 

.79 

.50 

.33 

.12 

.15 

.15 

.37 

.26 

.44 

.45 

.30 

.26 

.08 

5.55 

14.29 

54.15 

68.44 

20.87% 



Table D- 2 (Continued) 

Ü 

INVESTMENT SCHEDULES AND OTHTO DATA FROM THE 

RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nuaber: 21A 

Paranatars 

Capital coat per incremental dollar of 

poatattack GNP: $2.00 

Initial noninveatment demand required: 30.0% 

Annual percentage growth allowed in non- 

Inveatment demand after the second year: 4.0% 

Attack level: 12&0 weapons 

Attack objective: Gross MVA 

Recovery objective function: Hybrid 

Growth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

_Year_ 

Descriptor_ 1_2_3 4 5 

Diffuse 

Food and Clothing 

Wood and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Primary Metals 

Fabricated Metals 

.48 * 

* 1.09 

.35 .43 

.18 .40 

.05 .15 

.16 .15 

.23 .05 

1.18 * 

.64 * 

6.65 4.17 

1.36 .73 

.78 .46 

.52 .30 

.19 .11 

.23 .13 

.23 .14 

.46 .34 

.38 .24 

4.35 

.76 

.48 

.32 

.11 

.14 

.15 

.36 

.25 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 

Trans. Equipment 

Instruments 

Trade >\nd Services 

2.53 

1.16 

1.25 

.12 

.24 

* 

* 

* 

* 

.23 

* 

4.61 

« 

.65 

.40 

.41 

.11 

8.93 

.10 

.41 

.28 

.24 

.08 

5.11 

.42 

.43 

.29 

.25 

.08 

5.33 

TOTAL INVESTMENT 8.58 7.11 21.24 12.84 13.72 

NONINVESTMENT 

GNP 
PERCENT OF GNP INVESTED 

30.00 

38.58 

22.24% 

30.00 

37.11 

19.16% 

35.58 

56.82 

37.38% 

45.31 

58.16 
22.09% 

52.00 

65.72 

20.87% 
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Tabl« D-a (Continued) 

INVUTMENT SCHEDULES AND OTHER DATA FROM THE 

RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 28G 

Parametern 

Capital coat per Incremental dollar of 

poetattack GNP: $2.00 

Initial noninvestment demand required: 54.0% 

Annual percentage growth allowed in non- 

investment demand after the second ye«r: 4.0% 

Attack level: 250 weapons 

Attack objective: Gross MVA 

Recovery objective function: Present value of future OiP 

Growth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

Descriptor 
Year 

Diffuse 

Food and Clothing 

Wood and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Primary Metals 

Fabricated Metals 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 

Tirana. Equipment 

Instruments 

Trade and Services 

TOTAL INVESTMENT 

NONINVESTMENT 

GNP 

PERCENT OF GNP INVESTED 

1.93 

.19 

.46 

.36 

.09 

.14 

.21 

.95 

.52 

1.79 

.99 

1.04 

.19 

.20 

* 

9.07 

54.00 

63.07 

1.41 

.72 

.30 

.23 

.09 

.09 

.06 

.09 

.08 

* 

.14 

.08 

.16 

.02 

3.35 

6.81 

54.00 

60.81 

5.89 

1.10 

.68 

.45 

.16 

.20 

.20 

.48 

.34 

.37 

.58 

.39 

.35 

.11 

7.62 

18.91 

56.16 

75.07 

14.38% 11.20% 25.19% 

4 

5.11 

.88 

.56 

.37 

.13 

.16 

.17 

.41 

.29 

.49 

.50 

.34 

.29 

.09 

6.17 

15.96 

58.41 

74.37 

21.46% 

_5_ 

5.26 

.92 

.58 

.38 

.14 

.17 

.18 

.43 

.30 

.51 

.52 

.35 

.30 

.10 

6.43 

16.58 

62.86 

79.44 

20.87% 
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Run Number: 

Parameters 

Table D-2 (Continued) 

INVESTMENT SCHEDULES AND OTHER DATA FROM THE 
RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

28D 

Capital coat per Incremental dollar of 
postattack GNP: $2.00 

Initial noninvestment demand required: 47.0% 

Annual percentage growth allowed in non- 
investment demand after the second year: 4.0% 

Attack level: 500 weapons 

Attack objective: Gross MVA 

«.cowry objective function: Present value of future GSP 

Growth rate after the fifth year: 4.0% 
Depreciation Rate: 6.0% 

Descriptor Year 

Diffuse 

Food and Clothing 

Wood and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Primary Metals 

Fabricated Metals 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 
Tirana. Equipment 

Instruments 

Trade and Services 

TOTAL INVESTMENT 
NONINVESTMENT 
CMP 
PERCENT OF GNP INVESTED 

3 

* 

.20 

.33 

.31 

.09 

.13 

.16 

.85 

.44 

1.49 

.83 

.99 

.12 

.16 

.24 

.64 

.29 

.22 

.08 

.09 

.07 

.12 

.09 

a 

.16 

.10 

.15 

.03 

1.98 

4.95 

.94 

.57 

.38 

.14 

.17 

.17 

.40 

.28 

.37 

.49 

.33 

.30 

.09 

6.48 

4.57 

.76 

.49 

.32 

.11 

.14 

.15 

.36 

.25 

.42 

.43 

.29 

5.3 

6.12 4.26 16.07 14.0 
47.00 47.00 48.88 50.8 
53.12 51.26 64.95 64.8 
11.52% 8.31% 24.74% 21.5 

5 

4.58 

.80 

.51 

.33 

.12 

.15 

.15 

.37 

.26 

.44 

.45 

.31 

.26 

.09 

5.59 

14.41 
54.59 
69.00 
20.88% 
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Table D-2(Continued) 

INVK8T11KNT SCHEDULES AND OTHER DATA FROM THE 

RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Nunber: 28C 

Paranatara 

Capital coat per increaental dollar of 

poatattack GNP: $2.00 

Initial noninveatnent demand required: 43.0% 

Annual percentage growth allowed in non¬ 

inveatnent denand after the second year: 4.0% 

Attack level: 750 weapons 

Attack objective: Gross MVA 

Recovery objective function: Present value of future CMP 

Growth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

Tear 

Descriptor_ 1_2_3_4_¿ 

Diffuse 

Food and Clothing 

Mood and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Prlnary Metals 

Fabricated Metals 

* 

.15 

.21 

* 3.48 

.58 .78 

.27 .52 

3.26 4.11 

.69 .72 

.44 .46 

.23 

.06 

.10 

.11 

.69 

.34 

.20 

.07 

.08 

.07 

.12 

.09 

.33 

.12 

.15 

.16 

.46 

.28 

.29 

.10 

.13 

.13 

.32 

.22 

.30 

.11 

.13 

.14 

.34 

.23 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 

Trans. Equipment 

Instrunents 

1.14 * 

.65 .16 

.87 .10 

.48 .38 

.48 .39 

.33 .26 

.40 

.41 

.28 

.07 

.13 

.14 

.03 

.27 

.09 

.23 

.07 

.24 

.08 

Trade and Services 1.20 5.59 4.83 5.04 

TOTAL INVESTMENT 4.76 3.11 13.48 11.76 12.97 

NONINVESTMENT 

GNP 

PERCENT OF GNP INVESTED 

43.00 

47.76 

9.96% 

43.00 

46.11 

6.74% 

44.72 

58.20 

23.16% 

46.51 

58.26 

20.18% 

49.24 

62.21 

20.85% 



T»bl* D-a (Continued) 

INVXST1IENT SCHEDULES AND OTHER DATA FROM THE 

RECOVERY 1972 COMPUTER RUNS - U.S. 

(Five-Year Planning) 

Run Number: 28B 

Parasetara 

Capital coat per incremental dollar of 

postattack GNP: $2.00 

Initial noninvesteent demand required: 40.0% 

Annual percentage growth allowed in non- 

inveatment demand after the second year: 4.0% 

Attack level: iooo weapons 
Attack objective: Gross MVA 

Recovery objective function: Present value of future GNP 

Growth rate after the fifth year: 4.0% 

Depreciation Rate: 6.0% 

_Descriptor_ 

Diffuse 

Food and Clothing 

Wbod and Paper 

Chemicals 

Petroleum Refining 

Rubber and Leather 

Stone, Clay and Glass 

Primary Metals 

Fabricated Metals 

Machinery except electrical 

Electrical Equip, and Mise. 

Motor Vehicles 

A/C, Ordnance and other 

Trans. Equipment 

Instruments 

Trade and Services 

TOTAL INVESTMENT 

NONINVESTMENT 
GNP 

PERCENT OF GNP INVESTED 

1 

* 

.05 

.15 

.17 

.05 

.09 

.09 

.66 

.32 

1.11 

.61 

.85 

.Où 

.12 

* 

4.31 

40.00 

44.31 
9.73% 

a 

.55 

.28 

.20 

.07 

.08 

.07 

.15 

.11 

.05 

.19 

.12 

.15 

.03 

.73 

2.78 

40.00 

42.78 
6.50% 

Year 

3 

2.33 

.89 

.55 

.36 

.13 

.16 

.16 

.39 

.27 

.42 

.47 

.32 

.28 

.09 

6.18 

13.02 

41.60 

54.62 
23.84% 

_4_ 

3.71 

.66 

.42 

.27 

.10 

.12 

.13 

.31 

.21 

.37 

.37 

.25 

.22 

.07 

4.63 

11.83 

43.26 

55.10 
21.48% 

_5_ 

3.93 

.69 

.44 

.29 

.11 

.13 

.13 

.32 

.22 

.38 

.39 

.27 

.23 

.07 

4.82 

12.41 

47.12 

59.53 
20.85% 
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Table D-4 

INVESTMENT SCHEDULES AND RECOVERY FROM MEDIUM 

UNIFORM DAMAGE, 1972 COMPUTER RUNS - USSR 

(Five-Year Planning) 

Run Number: 32B 

Parameters: 

Capital cost per Incremental ruble of 

p stattack NMP: 2.00 rubles 

Initial noninvestment demand required: 38% 

Annual percentage growth allowed In non¬ 

investment demand after the second jrr.r: 4% 

Attack level: 

Attack objective: 

Recovery objective function: Present value of future NMP 

Growth rate after the fifth year: 4% 

Depreciation rate: 5% 

_Year 

Descriptor 1234 

Ores and Metals «70 

Diffuse * 

Electric Power .71 

Machine Building & Metal 

Working except as 

specified below 1.28 

Machine Tools .01 

Forging, Pressing Equip. * 
Construction Mach. & Equip. .02 

Trans. Equip, except Autos .07 

Autos •21 
Agricultural Equipment .06 

Mineral Chemicals .03 

Basic Chemicals .22 

Synthetic Rubber .02 

Rubber Products .20 

Light Industry including 

Wood, Paper, Construction 

Materials, Food & Clothing * 

Dyes , Synthetics, Paints .41 

.24 .87 2.89 

* .40 6.58 

.24 .75 .58 

.36 1.59 1.01 
«sa 
« * « 
* * .01 

* * .05 

.06 .22 .11 

.01 .08 .08 

.01 .04 * 

.08 .26 .10 

.01 .02 .01 

.06 .19 .08 

* 12.31 4.06 

.15 .46 .17 

TOTAL INVESTMENT 

NONINVESTMENT 

NMP 
PERCENT NMP INVESTED 

3.93 

38.00 

41.93 

9.37% 

1.23 

38.00 

39.23 

3.13% 

17.19 

39.52 

56.71 

30.31% 

15.44 

43.50 

58.94 

26.30% 

5 

.66 
6.85 

.30 

1.05 

.02 
* 

.01 

.06 

.12 

.08 

.01 

.10 

.01 

.08 

4.23 

.18 

13.78 

58.46 

72.24 

19.07% 
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Table D-5 

INVESTMENT SCHEDULES AND RECOVERY FROM HEAVY 
UNIFORM DAMAGE, 1972 COMPUTER RUNS - USSR 

(Five-Year Planning) 

Run Number: 37C 

Parameters: 
Capital cost per Incremental ruble of 

postattack NMP: 2.00 rubles 

Initial noninvestment demand required: 30% 

Annual percentage growth allowed in non¬ 
investment demand after the second year: 4% 

Attack level : 

Attack objective: 

Recovery objective function: Present value of future NMP 

Growth rate after the fifth year: 4% 

Depreciation rate: 5% 

_Descriptor 

Ores and Metals 
Diffuse 
Electric Power 
Machine Building & Metal 

Working except «s 
specified below 

Machine Tools 
Forging, Pressing Equip. 
Construction Mach. & Equip. 
Trans. Equip, except Autos 
Autos 
Agricultural Equipment 
Mineral Chemicals 
Basic Chemicals 
Synthetic Rubber 
Rubber Products 
Light Industry including 

Wood, Paper, Construction 
Materials, Food & Clothing 

Dyes, Synthetics, Paints 

TOTAL INVESTMENT 
NONINVESTMENT 
NMP 
PERCENT NMP INVESTED 

1_ 

.47 
« 
.58 

.71 
* 

* 

.01 

.04 

.15 

.01 

.02 

.17 

.02 

.16 

* 
.32 

2.67 
30.00 
32.67 

8.17% 

2 

.12 
♦ 
.18 

* 
* 
* 

* 
« 

.03 
* 

.01 

.06 
♦ 
.04 

* 

.11 

.56 
30.00 
30.56 

1.82% 

Year 
3 

1.13 
* 

.83 

2.44 
* 

* 

.01 

.05 

.29 

.15 

.04 

.28 

.03 

.23 

7.65 
.50 

13.63 
31.20 
44.82 
30.39% 

4 

6.06 
* 

.24 

.88 

.02 

.01 

.01 

.05 

.10 

.07 

.01 

.08 

.01 

.07 

3.48 
.15 

11.24 
34.88 
46.12 
24.37% 

.90 
6.05 

.26 

.92 

.02 
♦ 

.01 

.05 

.10 

.07 

.01 

.09 

.01 

.07 

3.63 
.15 

12.34 
50.02 
62.36 
19.78% 
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