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Preface

The purpose of this paper was to develop a detailed
model of the Soviet effective labor force as determined
by educational attainment and integrate these results with
a four-sector model of the Soviet economy. Data is set in
the model based on a hypothetical nuclear attack and economic
recovery rates are predicted.

The study is an extension of work done by Major
Robert J. Wasilewski in his thesis in 1979. Both the
education model and economic growth model have been
expanded. This model should provide further insight into
the subject of targeting strategies and the effect of skilled
labor losses on economic recovery.

I wish to thank Dr. Joseph Cain, my thesis advisor,
for his help in clarifying the economic issues involved in
this study and for his encouragement and advice throughout

this effort.
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Abstract

This research was conducted to investigate the sensitivity

of economic growth in the USSR to key parameters in the

sectoral production functions, A simulation of the Soviet
education system is linked to a four-sector growth model

of the Soviet Union. School graduates enter the labor

PVTTSE T |

force by planned allocation to each sector. Capital require-
ments are determined for each sector and an iterative

procedure is used to determine aggregate GNP, Results of

k the sensitivity analysis show a decisive link between defense
spending and growth as well as prediction of growth rates
following a nuclear war, Additionally, sensitivity to

capital growth and distribution is demonstrated.
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A HEURISTIC MODEL FOR EVALUATING SENSITIVITY TO LABOR

AND CAPITAL INPUTS, ALLOCATIONS, ANL GROWTH RATES IN A

FOUR-SECTOR SOVIET ECONOMY FOLLOWING A NUCLEAR ATTACK

I. INTRODUCTION

In the event of a war, the real economic output of a
nation will be lowered due to a loss of capital and labor.
If the use of nuclear weapons occurs, it can be assumed that
the loss of human life and production facilities will be
greatly magnified. Economic recovery from such a catastrophe
will be greatly influenced by the growth of the labor force.
Growth in the labor force is dependent not only upon the net
reproduction rate of the population (birth rate - death rate)
but also upon the skill levels embodied in the labor force
and upon the distribution of labor by skills across the
major sectors of the economy. Labor skills depend on the
level of education and on-~the-job-training. The major
sectors of an economy can be grouped into four categories:
industrial, agricultural, construction, and transportation
and communication,

Ma jor Robert J. Wasilewski, AFIT/GST/79M (Ref 20)
investigated the impact of the loss of skilled labor
after a nuclear attack and the subsequent economic recovery
in the industrial sector of the Soviet Union. It was shown
that the different labor skills survival rates have a signifi-
cant impact on economic recovery. Due to time limitations

and in consideration of the fact that Wasilewski's effort




was the first of its nature, several limiting assumptions
were made. Among these assumptions was that the labor force

is divided into three groups based strictly on education

o o o

level. Secondly, only recovery in the industrial sector

was modeled. Of a less important nature, but still

4 significant, was that residual effects of the nuclear blasts
3 were not considered.

E Problem Statement

A model which considers the economic recovery of the
k- Soviet Union after a nuclear attack has not been developed
to a refined enough stage to be of significant use in
targeting strategy planning., The purpose of this research
is to develop a model which will be useful in analyzing

sensitivity to the key parameters which influence growth in

the Soviet economy.
Approach

A model of the Soviet educational system is developed
using the Q-GERT simulation language. Length of time in
the process and Soviet planning goals are incorporated and
this model is linked to a four-sector model for estimating
economic growth,

More specifically, length of time in the process
refers to the time required to complete a particular
phase of education., Three levels of education are considered
i which roughly equate to elementary school, secondary and college.

Allocation of labor to the four economic sectors is made from

l, each education level and according to a hypothetical




Soviet plan,

Utilizing a four-sector break out of the economy
permits analysis of possible effects on economic growth
of channeling capital and labor into a specific sector.
Also, linking particular labor skills to specific economic
sectors will lead to an understanding of the extent of
economic damage imposed by striking a particular target area.

Finally, residual blast effects are incorporated in
the model in order that a more accurate assessment be made
of the actual rate of economic growth. Undoubtedly, these
residual effects will retard growth, but to what extent is the
gquestion that is addressed.
Goal

The goal of this study 1s to determine the effect on
Soviet economic recovery following a nuclear attack utilizing
a four-sector economic model while explicitly modeling the
production of human capital. Expansion of Wasilewski's
central concept to allow for more variable input and the
resulting control over the model will permit greater flexibility
in sensitivity analysis. This model can then be used to
evaluate economic growth after a nuclear attack along with
sensitivity to changes in Soviet planning. The next chapter

reviews the literature on Soviet growth philosophy.




II. REVIEW OF LITERATURE

This chapter reviews the philosophy of growth in
the Soviet planned economy. Findings on the interrelation
between the education systems and the labor force are
presented. Capital growth projections are given and
finally Wasilewski's nuclear damage model is reviewed.

Soviet Growth Philosohpy

In the Soviet Union, the crucial economic decisions -
the allocation of output among consumption, investment, and
defense and the rates of expansion of different sectors are
made administratively (i.e. by central planning), not by the
market forces (Ref 11:116). This is what will make the model
unique from the perspective we are accustomed to viewing the
U.S. econonmy.

The Soviets develop 5-year plans from which guidance is
ascertained for all businesses. The centralized planning system
-« was born during the period of the first 5-year plan, around
1929 - 32 (Ref 15:17). Tc¢ emphasize the importance of this
plan,it is noted that Stalin said this was no longer a plan
forecast or plan-guess-timate, this was a compulsory, directive

plan with the force of law. Much has changed since then - the

Sy vl
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Soviet economy has grown much larger and more highly developed.
;] There have been repeated reorganizations of the administrative
! structure and new techniqes of pianning have been devised,

None the less, the essential principles of its operation were

established by 1932 and remain little changed still today (Ref 15:18),
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Education System

Over the past 30 years, economic requirements have
played an important role in the development of the Soviet
educational system. The rapidly developing postwar economy of
the 1950's demanded a skilled labor force that could only be
provided by expansion of educational opportunities (Ref 14:1),

Soviet children begin their primary education (grades
one through three) at age seven and progress autoratically into
the incomplete secondary education program (grades four through
eight). Graduates of the secondary school are then eligible
to enroll in higher education (Ref 14:2), This system is not
unlike that in the U.S. as can be seen in Figure 1.

Labor

Educational progress improves the quality of labor by
increasing an individual's ability to contribute to production
and thereby to increase his earnings (Ref 14:11),., Based on this
assumption,such noted economists as Abram Bergson and Stanley
Cohn have developed weighting schemes to combine individuals
with different education levels into an effective labor force.
Wasilewski uses this concept by comparing average wages for
each education level (Ref 20:63). If L, is the labor of the
elementary education level, L: labor from high school, L, labor
from the college level and W,, Wz, Wi their respective wages

then the effective labor can be considered as:

W W

L=+ P+ P (1)

Wi Wi
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Determination of labor staffing is part of the planning
process just as much so as the use of capital (Ref 11:194),
In direct contrast to a market economy such as in the U.S.,
the planned economy of the USSR permits some control over the
education of individuals and their eventual work place.
This is why it is important to consider how many graduates
there are from each education level and into what sector of
the economy they enter the labor force,
Capital

Increase in the capital stock is equal to gross
investment minus depreciation or in other words net investment.
The amount of capital in each sector plays a major role along
with the labor force in determining output. Capital growth
is at about 5% annually according to Desai (Ref 5:409)
although,Wasilewski used a 10% per year growth rate (Ref 20:64),
To complicate the matter further,growth is assumed by Bergendorff
to be 20% per year (Ref 1), All of these growth rates are
addressed in this study.

Nuclear Damage

Wasilewski develops and explains a damage model based
on targeting the 200 largest cities in the Soviet Union (Ref

20:59)., Results indicate a 53% decline in output from the

base values prior to the attack, 50.5% loss of capital and

50.,2% loss in labor. Based on the 1970 Soviet census,

IRTRUURT SE

55.5% of the total urban population live in the 221 largest

cities (Ref 13:124), This scenario is based upon attacking

SRR G V.

an "area" (i.e. a city) rather than a particular target
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(a missile silo or a factory). Even though nuclear targeting
is probably not done this way, for simplicity, it is
assumed in this study.

The model developed in this study allows for
incorporating various damage results, but Wasilewski's
results are used for illustration.

The next chapter discusses the education model that

is used to generate the labor force.
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IIT. EDUCATION MODEL

The purpose of this model is to simulate/describe
the educational system of the Soviet Union so as to enable
determination of labor force effectiveness in each of the

four major economic sectors. Labor force effectiveness is

determined by a weighting scheme based on level of education
as described in Chapter II. The model outputs the number of
each type labor according to education level in each of the
four sectors: industrial, agriculture, transportation and
communication, and construction. From this data the

f welghting scheme is applied and the data is used as input to
a model for predicting growth in the Soviet economy. The

3 ultimate purpose, then, is to demonstrate the influence of

education on economic growth.

Since education institutions graduate classes on an

annual basis, statistics are gathered yearly. Workers

& leave the labor force through retirement or death, thus, a
100 year simulation should give rise to somewhat of a steady
state (i.e. a fairly stable rate of increase/decrease of
labor in each sector each year). This depends on the

: starting levels which are left as a variable so as to aid in

:j sensitivity analysis.

3 The Soviet education system consists of three
i levels much like the U.S. Schoolhouse 1 or education level
}

one (EL,) is the primary grades (elementary), education level 2

i (EL2) is the secondary (high school) and education level 3




) (EL;) is the higher grades (college). The process flow model

(Figure 2) demonstrates the activity paths in the system.
Schoolhouse 1 draws its input from the population or

perhaps more significantly from the number in the population

having reached age 7. Graduates from each schoolhouse proceed

to the next level of education or into the labor force. The

{ labor force consists of four sectors: industrial (I),

%" agriculture (A), transportation and communication (T), and

% construction (C).

- Education can have a very positive effect on the growth

of an economy. The population with higher education levels

is more apt to be innovative, both in a technical and philo-

sophical sense, These innovations will lead to easier, faster

and more efficient means of production. It must be remembered,

also, that an individual with a college education could be

placed in a position requiring less skill but the opposite
does not hold. That is, a high school graduate could hardly
be expected to perform very well as a nuclear physicist.

With this background and the results of the model,it
will be possible to study the effects of State policy on
education, labor force, and ultimately economic growth.

This type of analysis may be of particular concern when addressing
the issue of targeting strategy say during a nuclear war,

If one assumes that the majority of college graduates reside

and work in urban areas and these people have a greater impact

on economic growth,then it might be one good reason for

targeting cities.,

10
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The model is designed to generate a flow into the
education institution and then into the labor force,
Inflow to education level 1 is through the birth rate and
flows from that level forward are based on historical
trends. Once the education process is complete, labor force
entry is based on a priority basis as determined by the State.
Desired levels of entry into each sector were determined
somewhat arbitrarily, but quotas were kept realistic in that
obviously impossible and impractical levels were not requested.
Once the sector with priority 1 is satisfied,attempts are
made to satisfy priority 2 and so on for each education level,

Sensitivity analysis can be performed on many different
inputs to the education model alone, however, only one aspect
was chosen for this study. It is considered that the percentage
of high school graduates going on to college will impact
the overall labor force structure. Therefore, separate
runs of the model were made to determine the sensitivity of
the makeup of the labor force to changes in the percentage
of college entrants.

The model was run for 100 years with output for the
first 25 years being ignored,* since it would take at least

23 years for the first group to graduate from college,

* the first year the data is output is actually the 26th year
of the simulation

12




Structure and Variables

A QGERT simulation model of the education system
was designed (Ref 16). A structural model along with
variable definitions is given in this section. The next
section gives a detailed description of the model.

Variable Definition

ELi - education level 1 = 1,2,3; primary, secondary,
and higher respectively

I - industrial

A - agricultural Ma jor economic
T - transportation and communication l sectors

C - construction

L(J) - labor (number of workers) in sector J = I,A,T,C

amount of labor with educational level i

1,(J)
employed in sector J

Required Data

+ Population by age

+ Level of education by age and employment sector

* Current trends in education specialities (to determine
sector of employment)

* Probability of traveling along each path in the system
+ A distribution function for the birth rate
» Time in each schoolhouse (a constant)

« Time of service in each sector (which will be a factor
of expected years until retirement and the death rate)

13




Inputs

Population
, State Priorities

i Initial # in each
Sector & educ. level

Probability of proceeding to next node
(Ed. level or Labor Force)

Birth Rate Death Rate

Process
Simulate # of persons
graduating from each educ.
level and where they go
EL; - Elp, I, A, T, C
EL2 - EL3| Iv A' T! C
EL3 - I, A’ T, C

(see Figure 2)

Qutputs
L(I)* = 1,(I) + 1o(I) + 1,(I) *'"-,,.
L(A)* = 1;(A) + 15(A) + 15(A)
i L(T)* = 1,(T) + 12(T) + 15(T)
L(C)* = 1,(C) + 1a(C) + 1,(C)

Figure 3., Structural Model

* This is the total number of workers in the sector not the

14

’ effective labor force as described in equation (1) page 5
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QGERT Model Description

The QGERT Network! used to model this problem is
included in Figures 4 - 7 . Appendix A contains the respective
computer code listing. The meaning of this network, in
relation to the Soviet education system and labor force is
as follows., At node 1, one transaction is generated each
year. One transaction represents the specific number of
people travelling along a given path in the system (ex. number
of students entering elementary school this year). Attribute 1
of this transaction is assumed to be the number of births in
that year in thousands of people (normally distributed with
mean 2200 and standard deviation 100).® Seven years later
this transaction reaches node 2, where it splits into two
transactions., One of these goes to node 3 - this represents
those who enter the labor force directly from the 8 years of
elementary school. Attribute 1 is changed at node 3 to reflect
that this transaction represents 1% of the births of that year.’
This means that 1% of the elementary school graduates do not
enter secondary school (see page 35). Attributes 2,3,4, and 5,
assigned at node 3, are the requirements for education level 1

workers by Industry, Transportation/Communication, Construction,

1 If Figures 4 - 7 are arranged in quairant fashion bli
the whole network will fit together 7

2 See page 35 for a more detailed explanation of how these
values were derived

5 Attribute values in QGERT are simply storage cells associated
with transactions and may be redefined at any time

15




and Agriculture.! The other transaction from node 2 represents
those who complete the 8 years of elementary school and go
on to enter high school. Attribute 1 is changed at node 5
to 99% of the births. From node 5 (high school entrants),
transactions go five ways. Four percent drop out the first
year, 3% the second and 3% the third year of high school.
These percentages are plausible assumptions based on data
given in the CIA report (Ref 14) and are explained further
on page 35. Attribute 1 (set of elementary educated population)
is changed to reflect this at nodes 6,8, and 10, and the
value is stored in a user function® at nodes 7,9, and 11,
Fach year these stored values are added into those entering
the labor force directly from education level 1 at node 4.
This means that high school dropouts are equivalent to
elementary school graduates thus imparting a downward bias
to the skill level of the labor force,
The transaction passing from node 5 to node 12
represents the 70% of high school students who graduate
and enter the labor force (see page 35), and attribute 1
is adjusted for this. Attributes 2,3,4, and 5 are the require-
ments for high school students in the four sectors, as done
at node 3. The transaction going from 5 to 14 represents

those entering college; attribute 1 is decreased to 20%

1 The specific numbers and the rationale for choosing them
is given on page 41

2 A user function is FORTRAN code which interfaces with QGERT
to enable the user to store or manipulate values in a manner
not possible with QGERT code

16
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;‘ of itself at node 14, Four paths lead from node 14. Three
of these represent dropouts; 10% drop out at each year.
Transactions going to node 15 represent those dropping out
the first year, second year dropouts go to node 17, and
third year dropouts to node 19. The attributes are stored
in nodes 16, 18, and 20, and are added into the high school
graduates entering the labor force each year at node 13.

Once agin this reinforces a downward bias in the effective
labor force. The transaction going from node 14 to node 21
represents college graduates entering the labor force after

4 years. Seventy percent of those who entered college
graduate; attribute 1 is adjusted for this at node 21, and
attributes 2,3,4, and 5 represent the requirements for college
graduates in each of the four levels as before.

The second main section of the network describes how
the entrants into the labor force from each educational level
are divided among the four economic sectors. The priority
is the same for each education level; Industry gets the first
choice, Transportation/Communication second, Construction
third, and Agriculture fourth.®* Since the procedure is
identical for the three education 1levels, only the network

at education level 3 (college) will be described.

* This priority system is based upon the historical development
of the Soviet economy as described by Gregory (Ref 11)

| 17

wlen Aee M




In order to set up the college graduates for assignment
to the sectors it is necessary in the QGERT model for the
transaction from node 21 (where the college graduates are
accumulated) to pass through node 32 (to be described
later), to node 22 (which is set up so that a conditional
take first branch can be done).! If the number of people

this transaction represents (contained in attribute 1) is

less than or equal to the requirement for industry (in
attribute 2), the transaction goes to node 23 where all the
"people” are put in attribute 2 (number of education level 3

people assigned to industry) and attributes 3,4, and 5

T

(representing the number of college graduates assigned to
the remaining sectors) are set to zero, and these values

are stored in user function six.® Otherwise, the transaction

goes to node 24, where the number of people required by
industry (attribute 2) are subtracted out and the excess
left in attribute 1, If the remaining people in this
transaction (represented by atiribute 1) is less than or
equal to the requirement for Transportation/Communication
25‘ (attribute 3), the transaction goes to node 25; here, the
number of people going to T/C is set to the value of

attribute 1 (unassigned college educated people), and the

1 This branching technique is designed so that the first
path in which specified conditions are satisfied is taken

: » This stores the assigned graduates in an array (matrix)
! which is later added to the existing number of workers
in each sector

| 18




number going to Construction in user function 6.

If attribute 1 is greater than attribute 3 at node 24,

the transaction goes to node 26, where the requirement for )
Transportation/Communication is subtracted out. If the |
remainder is not greater than the requirement from Construction,
the transaction goes to node 27. At this node, the remaining
people are put in Construction, the number for Agriculture set
to zero, and the values are stored in user function 6.
Finally, if there are college graduates left after the
requirements for Industry, Transportation/Communication, and
Construction are filled, the transaction goes to node 28.
Here, the requirement from Construction is subtracted out, the
remainder is placed in attribute 5 - Agriculture - and these
values are saved in user function 6. Note that the
meaning of attributes 2,3,4, and 5 have changed; where
before they were the requirements, they now represent the
number of people entering the economic sector.

The third main part of the network describes the
labor force itself. The purpose of this section is to add in
the new graduates to the existing labor force and establish
a cycle for subtracting those leaving the labor force
through death or retirement. There are three sections,

one for each education level. Again, the section for educa-

Ao

tion level 3 (college graduates) will be described since the

e -

other two operate identically. Node 29 is an initialization

| node with attributes 2,3,4, and 5 representing the number

19




of college graduates assumed to be in each economic sector.®

After a .01 year delay (set to insure that this event occurs

after the sectoral allocation of the graduates) the

transaction is sent to node 30 where the college graduates

B et i Aini LY

of the current year are added to the existing education
level 3 labor force in each sector,

User function 11 is now called so that the new labor

TR T ey TR

force values can be printed out. At the same point user
function 11 increments time by one year before moving to
node 55. At node 55, the percent of the labor force that
; does not die or retire in a year is put in attribute 6

; ( 1 - death/retirement rate which is explained on page 35)
for use at node 31 where the population is reduced by the

number of deaths and retirees. The transaction then goes

back to node 30 where the next year's graduates are added
in and the cycle begins again.

A few other things about the network should be noted,.
First,note the conditional branching (equivalent to a
FORTRAN IF statement) at nodes 3,6,8,10,12,15,17,19, and 21.
This causes no transactions to proceed beyond these nodes
(drops them from the system) until after the 25th year;
this is done to give those born in the first year time to
complete college, so the rest of the simulation can start
with entrants from all education levels. Second, note the

branching from node 32 to nodes 29,40, and 51. This brings

* Starting values for each sector were determined from data in
the CIA report (Ref 14), See page 36 for values and explanation,

20
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the first transactions to these three nodes on the 26th year
(first year used for output), at which time these nodes are
used for one time only to place the initial values of the
labor force matrix (page 36) ir the system. Another thing
to note is that the times on the "dropout" activities are
.01 years short. This is done to insure that the attributes
are stored in user function 2 before they are needed at

node 4, The same reason applies to the 0.0l times on activities
26,32, and 37; it insures that the new entrants are stored
in user function 6 before they are needed at nodes 30,

42, and 53. Last, note node 58 at the far right. This

F sink node is used to remove unneeded transactions from the

system when they are no longer applicable to the model

(i.e. fhose transactions generated in the previous year).

21
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IV. GROWTH MODEL

A four-sector model Jf the Soviet economy as designed
by Bergendorff and Strangert was programmed to interface
with the education model described in Chapter III (Ref 1).
The growth model divides the economy into four major sectors:
industry, agriculture, construction, and transportation and
communication, which represents 94 percent of the output
and 94 percent of the capital stock employed in material
production. The model is input-output based and uses an
iterative procedure for calculating GNP growth. To begin,
an allocation rule is used to distribute spending among
investment, defense and consumption. Figure 8 illustrates
the basic flow of the model,

100},

n

An assumed level of capital stock is given (ex. Ko
and an initial level of Gross National Product is assumed
(where GNPO = 50 + To + ﬁo). Using an allocation rule, the
values of Co' IO and Do are determined. The input-output
model decomposes C, I, and D into the provisional outputs of
the four sectcrs. Sectoral production functions are used to
determine the amount of capital required to produce the
provisional outputs. The required capital is compared to
the assumed level of capital stock,and,if KR > Ko’ GNPO

is reduced downward and we iterate again, Once KR = Ko + 4

the iteration stops, the actual capital stock is augmented

(Ky = Ko+ IO), and the iteration begins again.
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.
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4 D = Defense T = Investment

Figure 8. Generalized Flow of the
Disaggregate Growth Model
Allocation Rule

Bergendorff and Strangert propose three possible rules
for allocating spending (Ref 1:400). Two have consumption
as a residual and the other leaves investment as a residual.
Based on general readings on Soviet philosophy,an assumption
is made that consumption is viewed as the residual. The
choice now is whether investment and defense should get
fixed portions or if investment is a residual of defense
expenditures. In general it would not seem to be illogical

reasoning to assume that the Soviets insure defense spending

first and leave investment and consumption as residuals.

In addition, empirical data tends to support this approach

(Ref 1:396)., Thus, the following allocation rule is

27




. chosen for this model:
- Dy = (1 + &by, (2)
' I, = (Y, - Dt) (3)

-
Q
I

L= (1-a) (Y, - D) ()

state specified growth rate of defense expenditures;
constant share of investment in non-defense GNP)
(Ref 1:401)

Ry
[}

Within the Soviet economy g and aare decision variables
of the state planning commission (GOSPLAN). Within this
model they can be varied.

Sectoral Production Functions

Time series data were used by Bergendorff and Strangert

to estimate production functions for each of the sectors.
For industry, both a Cobb-Douglas and a CES function with
Hicks-neutral technical progress are estimated. Since
economic aggregates such as GNP exhibit very regular growth
in the Soviet economy,problems with multicollinearity and
high variance in parameter estimates make it difficult
to discriminate statistically between production functions
(Ref 1:398). Therefore, based on programming ease and the

k- note by Bergendorff and Strangert that the Cobb-Douglas

? production function did not fit the data well, the CES

‘; production function was chosen for industry. Only

Cobb-Douglas functions were estimated for each of the

S R

H other sectors. The relevant production functions are

listed as follows:

28
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Industry

v, =AM ek e (1 - o)L 1y
A= .9763 & = 7974
A = ,00451
Agriculture*®
Y, = A« K* 137 QMY
A =1,097 a = ,298
Construction
v, = A Mt rP (7)
A= 1.0 A = 0148 1= .066
B = 1.0767 ]
Transportation and Communication
Y, = A ;P (8)
A = 1,047 A= .,0233 a = 574
(Ref 1:429;

Disaggregate Iterative Procedure

Figure 9 is a flow chart of the growth model. The

code for this model and its interface with the education
model is given in Appendix A. The growth model is designed
as a subroutine for the education model and is solved in

the following way (Ref 1:400). A trial level of GNP (Yt)

* The production function for the state farm (Sovholtz)
is used to account for all agricultural production. This
impacts an unknow: bias to agricultural production due to
differenzes in the technology coefficients (A). For
instance moving all production from collective farms
(Kolkhoz) to state farms could increase output by 22% and
moving all output from state farms to private farms could
increase output by 100%. However, neither of these moves
is assumed to be plausible,
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(initial conditicns
at time = 0)

YT = YT - 1

= (llGD) Dt-
= a(YT-D,)
= (1 -a) (YT—Dt)
= Dt + It + Ct

1

Y.
X; = AT * BjY¥p * Ci¥5 ¥ DyY¥q
(Output determined from I-C Matrix

Y |
[Ii =EL1 + 1,57EL2 *+ 2.1&EL;J ;

Compute Ki i=1,4
From Production Functions

< Kt-E%y — N Qutput
YT, K¢y D

I Cyo

YT/hOP, Ct/PGP

tl

! NI = .202 Y7
i Koo ® NI+ K
M=M=+ 1

3
' @y~ < 3N

Figure 9. Growth Model
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is guessed or derived from earlier iterations. Defense,
investment and consumption are determined by the allocation
rule. Then the sectoral outputs are computed by using the
input-output matrix, the labor, as allocated between the
sectors in the education model, is input and an aggregate
capital requirement is computed from the production functions.

Required capital (Kt) is now compared with available capital

(K,) as described earlier in the chapter with GNP being

)
adjusted accordingly. Iterations continue until Kt - Kt

is less than 5 percent of Kt' Net investment is then

B Lol ot o

determined as a percentage of GNP, capital stock is

T

incremented by net investment and a new iteration begins,

The model is run for a 30 year period.

Note: All of these production functions exhibit constant
returns to scale (homogeneous of degree one) except
for the "construction industry" which exhibits
increasing returns to scale (although not by much).
This means if all inputs in the four sectors were
increasing at the same percentage rate, aggregate
output would also be increasing at approximately
that rate (approximate because of the construction
industry). For example: if y; = f(Ky,Li);
yz = f(Kz,L2) are production functions for industries
1 and 2 and are both homogeneous of degree 1 then:

Eyl = Trkl *EK; + (1— Trk )EL1

1
Eys = m, «EKp + (1- w,  )EL,
kg ko
where Ey, = dy; "kl = K;fk1 etc.
Yi Y
i Aggregate output is Y = yi+ye
sot EY = y; Ey:1 + yo Ey»
Y Y

: if EK; = ELy = EKp = ELy = Ey
2 EY = Ey
This result is consistent with the neoclassical steady
state growth model. The result approximated this as
! shown in the next chapter.
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V. DATA DESCRIPTION

This chapter describes the data used in the education

and growth models. In the growth model the starting values

of GNP and capital were set at 100 and 75 respectively. In
later runs of the model the value of capital was changed to
638 to reflect 1970 data (Ref 5:409). The GNP value was
chosen so that the distribution could be made in percentage
terms. According to Campbell (Ref 4:100) consumption accounts
for 56 percent, defense 11 percent and investment 33 percent
of the final GNP, These are used as the initial values in
the model (see code listing - Appendix A).

To determine sectoral output the following balance

equation is used:

(x-a)  [v] = el o+ pu| o+ ’Il.f
Ya Cz Dg I,
Y, Cs D3 Is
Y4 _C4_ [Dg | ,_L;J
Y g D T
(I¥-A) Y=D+I1+C (9)
thus ¥ = (I*-8)"" (D + I + C) (10)
Where ; = vector of sectoral output
A = input-output (I-0) matrix

I*= identity matrix
D = vector of sectoral demands for national defense
I

= vector of sectoral demand for gross investment
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n

vector of sectoral demand for consumption

D + i + C = vector of sectoral GNP as described above

>
n

GNP = i'i(.where i is the unit vector

The I-0 matrix A is defined as follows (Ref 1:427):

Industry Construction Agriculture Trans/Comm
Industry 4377 4992 , 0986 L2194
Construction 0 0 0 0
Agriculture 0 .00113 .2382 0
Trans/Comm » 0544 0 .0106 0

Each sector of the economy then accounts for a specific
share of consumption, investment and defense spending. The

composition of sectoral demands is as follows:

€, = .10(i'C) D, = .85(i'D) I, = .32(i'7)
Cz = 0 Dz = .10(i'D) I = .60(i'I)
Cs = .90(i'C) D3 = 0 I, = .03(i'I)
Cs = O De = .05(i'D) I, = .05(i'I)

Narkhoz used 60% construction, 32% industry and 8%
other for the composition of investment (Ref 1:427). 1In this
model,other has been decomposed into 3% agriculture and
5% transportation and communication. Based ocn U.S. and
Swedish data,defense is composed of 90% industry and 10%
construction. In this model, 5% less is attached to industry
and attached to transvortation and communication. The
assumption that transportation and communication contributes
to defense is based on the construction of the Baykal-

Amur Mainline (BAM) railroad. The BAM in the southeastern
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1

USSR is approximately 100 miles from the Chinese border 1
(and the TransSiberian Railroad) and it is a plausible

assumption that it will have military implications. No

specific data was available for the composition of
consumption so,with a nuclear scenario in mind,an assumption
was made that heavy emphasis on rebuilding consumption

would be in agriculture. Thus, consumption was assumed to
be composed of 90% agriculture and 10% industry. This
assumption would probably not be plausible in nonrecovery
situations since a greater percentage of consumption would
likely originate in industry.

With agriculture accounting for 90 percent of comsumption
expenditures and with only a small amount of investment in
agriculture, there is consistency with the choice of the
allocation rule which leaves consumption as a residual (Ref 15:132).
Construction receives the bulk of investment expenditures in
this model (60%). This coincides with Iudaeva's statement

(Ref 12:63) that the integrated character of construction

is the basis for increasing the effectiveness of capital
investments. It is alsoc obvious from the data that industry
is the basis for enhancing the USSR's defense potential
(Ref 3:105).
Education

Data for input to the education model was derived
mainly from the CIA report (Ref 14) with the exception of

retirement/death rates which were obtained from Feshbach(Ref 7)
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and DeWitt (Ref 6). Assumptions as to nodel design and
priority structuring were based on personal conclu~ions
drawn from reading several sources on the educational system
and school of thought in the Soviet Union.

Specific data was derived as follows:

Birth rate: growth in school age population was observed
over a 10 year period 1970 - 1980. The mean
value of the births is 2,200,000 with a standard
deviation of about 100,000. (Ref 14:17)

As stated in the CIA report, most people attend
secondary school, therefore it was assumed that 1% of EIL,
graduates go directly into the labor force implying 99%
proceed to EL, (Ref 14). Graduates from EL, are approximated
to be 10% less than the number admitted (Ref 14:7)., The
10% that dropout are distributed as 4% the first year and 3%
the second and third years. Approximately 10% of the graduates
proceed to EL; leaving 70% to enter the labor force. Of the
EL; entrants it is assumed that 70% graduate leaving 30% that
dropout (Ref 14:14)., Dropouts are assumed to be 10% each year.

Workers exit the labor force through death or
retirement. Feshbach gives the death rate based on 1975 data
as 9.3 per 1000 which is approximately 1% per year (Ref 7:116).
DeWitt states that EL; has a higher rate of attrition because
people with higher education are more likely to be lost to the
labor force due to political reasons (Ref 6:231). Therefore,

the death and retirement rates are given as follows:

EL, - .01
EL. - .01
EL; - .02
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Labor

An initial allocation of workers by skill level is
assigned to each sector. The starting number in each
sector for each education level is given as follows:
Table 1

Initial Sectoral Labor Allocation

Ed. level Ind. Agr., Trans./Comm. Const.
1 6059 56806 5301 7574
2 17581 5748 7100 3381
3 4704 746 1344 672

These numbers are in thousands of people and are
derived from tables in the CIA report (Ref 14)., Specialty
groups listed in Tables 2 and 3 were sorted into the four
sectors with most questionable groups being assigned to
industry. The tables illustrate the choices in the first
column according to the following code: industry (1),
transportation and communication (2), construction (3) and
agriculture (4). Percentage of the total enrollment was
then computed., Similar data was not available for education
level 1,therefore the breakout was assumed to be 75% going
to agriculture and 7, 8, and 10 percent going to transportation
and communication, industry and construction respectively.
These figures are based on the assumption that agricultural
labor in any country consists of mostly low skill level workers.
Total values for each education level are found in

Table 4, Enrollment percentages were used with the totals
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Table 5§
USSR: Educational Attainment
y of the Labor Force in Percentages (Re? 14:27) - ‘
. Total Higher In_complelc Specialized General
. o __Higher Sccondary Secondary
E ‘ 1970 100.00 _6.48 130 10.53 15.94
1971 100.00 6.82 1.33 11.08 16.70
1972 100.00 715 1.36 11.48 17.44
4 1973 100.00 7.47 1.33 12.03 18.17
i 1974 100.00 785 1.31 12.40 19.06
i 1975 100.00 8.15 1.29 12.83 20.04
: 1976 100.00 8.43 1.31 13.24 21.16
1977 100.00 5.65 1.29 13.62 22.47
, 1978 100.00 8.96 1.2 1390 23.17
- 1979 100.00 9.27 1.27 14.33 23.89
1980 100.00 9.59 127 14.79 24.62
1981 100.00 9.93 1.27 15.27 25.35
1 1982 100.00 10.28 1.27 15.79 26.12
2 1983 100.00 10.64 1.27 16.31 26.94
1984 100.00 11.02 1.26 16.84 21.78
1985 100.00 1147 1.27 17.45 28.12
1




.

from Table 4 to calculate the numbers in Table 1. These
totals for each education level were then compared with
percentages of labor force in each education level to
insure that they coincide (Table 5).

Data from the growth model is based on 1970 statistics,
therefore as much as possible 1970 data was used for the
education model. It was assumed that areas of specialization
indicated for 1975 are not significantly different from

what they were in 1970,

New requirements for each sector from each education

level are calculated as follows:

Table 6

Sectoral Labor Allocation Requirements

Ed. Level Ind. Agr. Trans./Comm, Const.
1 5 20 5 5
2 915 300 370 175
3 275 4s 80 40

These figures were chosen on an assumed average of
2200 graduates per year and keeping required percentages
the same as the starting percentages used to compute Table 6.
Priority for assignment is given te¢ Industry,
Transportation/Communication, Construction and Agriculture
respectively. This implies,for example,if 1500 people flow
out of education level 2 into the labor force,they are

assigned as follows: 915 to Industry, 370 to Transportation/

41




Communication, 175 to Construction and 40 to Agriculture.
These priorities are what one might expect from a state
which is heavily defense oriented and shows little concern

for personal consumption items.

L2




VI. OSCENARIOS AND RESULTS

Several scenarios were run to test out the sensitivity
of the model and in order to establish the "best" base case.
Best implies the case that might be assumed to be the most
logical based on understanding of the operation of the Soviet
economy. These trial cases are discussed first, followed by
two possible base cases and respective nuclear scenarios,

Net Investment - Constant 20% Growth

For the case where net investment grows at 20% of
GNP each year, Figures 10, 11, and 12 show plots of the
results. Defense is assumed to have a constant 11% share of
GNP each year. Consumption is determined residually. Figure 10
shows that GNP and capital growth roughly parallel each other.
GNP growth during years 18 - 30 indicates a slowing down of
that rate so that the rate of capital growth exceeds that of

GNP, By comparing Figure 10 and Figure 12, it is clear that

K> %. S0 in aggregate the economy is acting in ancordance

K 9 ©

. TSP GNP _ K
with the law of diminishing returns ( hence GNP < K)'
Figure 11 shows per capita GNP growing at the same rate as
GNP* and per capita consumption growing at a slower rate.

Figure 12 shows the effective labor force increasing at a

decreasing rate,

* This implies that the population is fairly constant
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Net Investment - Decrease after 10 years (Figures 13, 14)

This case leaves growth in net investment at 20%
for the first 10 years and then decreases according to the
following formula for the next 20 years.

g = rate of increase in net investment

= .05 + o(-1.897 - .035¢t) (11)
Where t = year and the rate of decrease is 3.5% per year
to a steady state of 5% per year. This is assumed to be
close to aggregate Soviet experience. The resultant rate
of increase in capital stock is unlikely to be sustainable in
the long run. During the 1930's, *the USSR had a very rapid
accumulation of capital stock,but as the economy has matured
the rate of capital accumulation has fallen. As in the
previous case, defense receives a constant 11% of CNP each
year. Results indicate similar trends as in the first case
except at slower rates. The rate of capital accumulation
is clearly less than the growth rate of GNP. The labor plot
is exactly the same as in Figure 12,

Defense - Constant Increase (Figures 15, 16)

In this case, defense expenditures increase by 10%
each year and growth in net investment is at 20% per year for
the 30 year simulation. In this model the capital growth
rate exceeds that of GNP at the 20 year point as GNP begins
to increase at a decreasing rate. The crossover is in part
due to noncapital intensive sectors such as agriculture

accounting for more of the GNP. Defense spending is down from

b7
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the previous model which implies GNP in industry is down. This
rec.ces capital requirements since industry is the most capital
intensive sector. Another factor contributing to this phenomena
is that the effective labor force increases at a decreasing
rate and by year 20 the slope change has become quite significant.
If the percent rate of change in capital is greater than
labor then the rate of increase in per capita income will not
be as great as the percent rise in capital. If we assume our
aggregate production function to be homogeneous of degree one
then this can be proven.* Assume y = f(K,L) is the aggregate
production function where K is capital and L is effective

labor and differentiation is with respect to time.
. dK . _ _d._Il_

= r .=g'M = ——— =
y fKK + fLL where y at’ K at’ L at (12)
i ) K E . fLL E (13)
Yy y K y L
Kf Lf y . :
Ey=TI§EK+—-}7LELwhereEy=§,EK=%,EL=% (14)
define Z = % as real per capita income
z =iy - XL (15)
=3V - T2 5)
Z_1y_y L_LL}_yx L;
7 T%7 T2z ©TyY- 12yl (16)
- 2 _y _L
| 'Z"%;'"f_; (17)
|
E EZ = Ey - EL (18)
1
)
3 o : :
i * The construction industry in the four-sector model is
» homogeneous of degree greater than one but it is fairly
| close (see page 29). The other three sectors have production
» functions that are homogeneous of degree 1.
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=y

Substituting Ey from equation (14)
Kf Uy gL - 5L (19)

y y
f(K,L

If y = ) is homogeneous of degree 1 then by

' Euler's Theorem:

y = Kfp + Lf; is a true statement (20)

4+t

so, y - Kf, = Lf

K L

From equation (19):

EZ Tk EK (y-KIy) EL - BL (21
= D $ — B -
y y )
K Kf
X K
Bz = —& gx - —X EL 22
7 v (22)
KEy
EZ = 5 (EK - EL) (23)

if EK = EL 2 EZ = 0

if EK > EL =272 > 0
KfK
In this model EK > EL and~j;— is a positive

fraction®! so EZ < EK or the percent rise in per capita income
over time is not as great as the percent increase in capital
over time,Z

Defense Constant Share (Figures 17, 18)

This case allots a constant 11 percent of GNP to

defense each year as well as the net investment decreasing

‘ Kf
kK
N 1 If y = AK*1* ™ then K. a and from Chapter V., all the
E y
X a values are positive fractions,

|

2 This can be seen by comparing plots in figures 15 and 16.
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after 10 years model which was explained with equation (11).
Figure 17 shows the crossover of GNP and capital at year 30
: indicating a better utilization of capital than in the

previous model., Per capita consumption does not reach as

R

high a level in this model,but the rate of increase does
not begin to decline in the 30 years as 1t does in the previous
case (Figure 16).

These results were assumed to be from the most
reasonable combination of inputs and therefore this is used
as the base case in the nuclear scenario., For comparison
purposes constant net investment growth rates of 10 percent
and 5 percent cases were run and the results are included
in Appendix B. As previously mentioned (page 7)

arguments for either of these cases might also be brought

forward and substantiate their use as the base case. To
demonstrate the implications ,the 5 percent capital growth
rate nuclear scenario results are also given in

Appendix B.

Nuclear Scenario - No C ange in Death Rate (Figures B-1, B-2,
B-3; Appendix B)

The nuclear scenario is as described in Chapter III.,

that is, new starting values for capital and labor are
assumed. Capital is reduced 50.5% from the base case.
Reduction in actual manpower is 50.2% for industry,
transportation and communication, and construction and

10% for agriculture. Since the scenario assumes bombing of

cities it is assumed that the labor loss in the rural
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agricultural areas would be much less,

Results indicate that capital recovers in 5 years,
effective labor 23 years and GNP 5 years.

Nuclear Scenario - Increased Death Rate

In order to capture the effects of residual nuclear
radiation,the death rate for education levels 2 and 3 was

increased by .5%. Since most education level 1 labor is in

the agriculture sector its death rate was only increased by

.2%. Research conducted by the Cancer Research Institute and
Japanese medical teams on survivors of Hiroshima and Nagasaki
indicate higher levels of cancer. However, there were no more
abnormalities among the offspring of the survivors than among
the general population (Ref 19:98). This would seem to indicate

that a death rate inrnrease for much longer than the 30 years

simulation of this moael woul? nct be Jjustified.

Results (Figures B-4, B-5, B-6) indicate that capital
recovers in 5 years, effective labor 29 years, and GNP 5 years.
Thus, the increased death rate (as small as it is) has no
significant impact on economic recovery. As in the previous
case, the capital recovery rate appears to be quite short.
During World War II the Soviet Union used capital taken from
Germany and it seems reasonable to assume that similar use
of European capital is possible, Effective labor recovery
4 is constrained by the education model (i.e. the time
requived for an individual to get through the education

system) .
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The constant net investment growth rate of 5% case
results (Figures B-9, B-10, B-11) indicate that capital

recovers in 13 years, effective labor 29 years, and

GNP 12 years.




VII. VERIFICATION AND VALIDATION

Verification is the process of assuring that the model
does what it is expected/designed to do. This can often
be checked simply by comparing hand calculation results
with those of the computer model.

Validation is the process of bringing to an
acceptable level the user’'s confidence that
any inference about a system derived from
the simulation is correct. It is impossible
to prove that any simulator is a correct or
"true" model of the real system. Fortunately,
we are seldom concerned with validating the
insights we have gained or will gain from
the simulation. Thus, it is the operational
utility of the model and not the truth of its
structure that usually concerns us.

(Ref 17:29)

With those explanations in mind,a few words about
the specific model of this research effort will be given.

Education Model

If 2200 births were generated in a year we might
expect that on the average:

2200 enter primary school (EL,) which implies
(.01) (2200) = 22 enter the labor force with primary
education (LF,) leaving 2178 (2200 - 22) to enter secondary
education (EL,) which implies (.70) (2178) = 1525 enter LF,
and (.10) (2178) = 218 drop out of EL, and are added to LF,.
This leaves (.20) (2178) = 435 entering college (EL;).
O0f the 435 entrants (.30) (435) = 131 drop out and are added
to LF, and (.70) (435) = 304 graduate and enter LFj.

Thus, the total entering the labor force at each

59




el cemen ke .

education level is:

EL, - 240
ELp - 1656
EL;- 304

Results of the simulation show gains in each sector total

to the following for each education level:

EL, = 30 + 30 + 50 + 129 = 239
EL; = 600 + 325 + 300 + 432 = 1657
EL; = 250 + 56 = 306

Since the population birth rate is generated from a
normal distribution by random numbers the actual results
are quite in line with the expected results. It is also
easily verified that priority is given to the sectors in
the order and amounts as specified in Chapter V. Thus, it
can be concluded that the education model is doing what it
was designed to do.

From Table 5 (p. 40) it can be determined that in 1970

the educational attainment of the labor force in percentages

was:
Higher (3) Secondary (2) Primary (1)
6.48 27.77 65.75

Results of the model show similar percentages:

6.52, 29.75, and 63.73 respectively. From this we can conclude

that the model is valid in that it generates data which is

fairly consistent with actual 1970 statistics.

Growth Model

Since the growth model is a straight-forward Fortran

program, verification was made by performing one iteration
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by hand calculations. These results are simple enough and

She e

do not warrant illustration here. Checks were also made

to verify that the sum of all defense, investment, and
consumption expenditures totaled to the GNP figure and that
the difference between required and available capital was less

than five percent of the required capital. It is thus

; concluded that the model is verifiable,

Validation of the model lies in the "economic sense"

of the results as indicated in Chapter VI, That is, the
model is based on plausible assumptions and it produces
results which are economically defensible. Additionally,it
can be noted that GNP and capital growth rates closely
parallel each other which agrees with Desai's statistics!?

(Ref 5:409) and results of SOVMOD I (Ref 10:113).%

Validity of this model for use as a predictor of
economic recovery in the Soviet Union following a nuclear
attack lies ultimately in the economic and historical base
of the underlying assumptions. If the assumptions are
accepted as valid and the data as plausible,and since there
are no historical statistics with which this model can be

compared, then overall validity of the model must be accepted.

1 These are actual historical values of GNP and capital stock

2 SOVMOD is the most comprehensive econometric model of the
Soviet Union available

|
}
| 1
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VIII. CONCLUSION

It is important that the reader not take the absolute
values of the results as reality. What is most important
is the relationship between the parameters of the model.
For example, whether capital recovery takes 5 years or
13 years is not as important as the fact that the difference
occurs as a direct result of the investment formula. It
is obvious that effective labor recovery is contingent on
parameters in the education model such as dropout rates
and percentages allowed to proceed to the next education
level. Thus it is important that the interrelationships
between parameters in the model be examined to determine
how these relationships effect recovery. Another real
value of this model lies in the simplicity of being able
to change much of the data in order to do sensitivity analysis.

Limitaticns

This study is based on many assumptions which directly
affect the results. Some assumptions were made because of
data limitations. For example, the damage model data is
necessarily restricted by the fact that the study was kept
unclassified. Most assumptions were made in order to reduce
a complex problem to one simple enough to enable examination
of interrelationships between key variables in the economic
growth model. One such assumption is limiting the economy

to four sectors. The many assumptions are explicitly

62




stated throughout the report and are written in the model so

they are easily changed. The reader should examine these

| assumptions in order to assess their impact on the results.

: Recommendations for Future Study

The following is a list of recommendations for future
study which would enhance the validity of the model.

A. The present model permits free exchange of capital between
the sectors. This implies that a tractor used in
agriculture could be melted down and made into a drill
press, instantaneaously and without loss of value. 1In
reality - he assumption of free substitutability of
capital yields a too optimistic prediction of Soviet

economic recovery. It is conceivable that following a

nuclear attack, machinery, for example, may be left
intact but no source of fuel will exist. Until fuel
can be obtained, substantial delays would result in
rebuilding the industry needed for recovery of the
economy.
B. An improved nuclear damage model could be developed
4 by considering bombing of specific targets such as
communication and transportation centers.
f? C. The finding of data sources to eliminate some of the
3 assumptions would enhance the model. For example,
! if actual Soviet planning desires were known for the
sectoral requirements of college-educated labor, a more

!
p 4 accurate estimate of effective labor could be made.
[ 1

i
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Such data requirements would probably necessitate

upgrading the study to a classified document.

A more refined education model to include a breakout

of secondary schools by type (vocational, technical, etc.)

along with an accounting for on-the-job training would i
have an impact on the effective labor.
An additional loop could be added in the QGERT model to i
account for college graduates that enter the labor force
as academic instructors. This would result in fewer
highly skilled workers available for the producing
sectors. Also, if a shortage of instructors existed,
then a delay in turning out high skill labor would |
result. Similarly, government bureaucrats and other

administrative (nonproductive) personnel could be

considered separately.

The assumption of a steady state in the education system

prior to the nuclear attack may not be valid following

the attack. It is possible that since people will have

to go where they are needed most (such as growing

food and building shelters) no one will be in school

until basic economic recovery is attained. This may

reduce the effective labor force for many years.
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