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FOREWORD

This study reports research sponsored by the Defense Civii Preparedness
Agency (DCPA) under Contract Number DAHC 20 70 C 2087, Task 4114B,
Evaluation of National Total Civil Defense Systems. The gcal of this
study is to integrate into an operable system those methodologies
developed under the sponsorship of the Systems Evaluation Division of
DCPA so that evaluations may be made of the effectiveness of civil
defense systems.

Authors of the study are:

Dr. Jerome Bracken

Mrs. Carolyn D. Davis

Ms. Lynn P. Dolins

Dr. James T. McGill

Mr. Hugh M. Pitcher

Miss Sheryll A. Pratt

Dr. Leo A. Schmidt, Jr.
Miss Jacqueline E. Thompson

L. Schmidt developed the active defense models and the attack
generator. Modifications to the damage assessment routine, known as
ANCET, were the responsibility of C. Davis and J. McGill. H, Pitcher
was responsible for the final development and documentation of the
economic model. L. Dolins assumed responsibility for the development
and documentation of the data for the economic model. J. Bracken
and J. McGill developed the integrating model. Major responsibility
for compiling and modifying the data bases was assumed by C. Davis,
S. Pratt, and J. Thompson.

Edward S. Pearsall and L. Dolins of IDA developed the initial
conceptual framework for the economic model. The first version of the
computer program was developed by Dr. Pearsall.

Aiding Ms. Dolins in the development of the economic data bases
were K. Glass, J. Severo, and L. Ziglar of the IDA Computer Group.
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] R. E. Kutscher, D. Eldridge, and W. Karr of the Bureau of Labor U |
Statistics and J. Rodgers of Jack Faucett Associates provided key oL
data. U 3
f Mr. Neal FitzSimons, Director, Systems Evaluation Division, and ‘
4 Mr. Donald Hudson, the contracting office's technical representative, U
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SUMMARY

This report documents methodologies which can be used in evaluating
some of the vulnerabilities of the continental United States to a
strategic nuclear attack. In the compilation and development of the

i

methodologies, particular attention was given to those that show the
sensitivity of the post-attack state of the nation to major active
and passive defense measures. Most analyses of defense measures have
used population casualties as a basis for comparison. The present
methodology also estimates casualties, but, in addition, includes

PR RPRRIRRE TR - JENT T TV P YRR AN

models for estimating the economic impact of @ nuvclear attack. With
the economic models, the post-attack recovery period is considered
so that estimates of GNP, GNP per capita, and other economic measures
can be obtained. 1In addition, a methodology for integrating costs,
the effectiveness of defense systems, and survivability requirements
is developed. The collection of component methodologies is referred

to in the report as MEVUNS, Methodologies for Evaluating the Vulner-
abilicy of National Systems.
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INTRODUCTION

The Defense Civil Preparedness Agency Work Statement (T.0. 4114B)
for IDA for fiscal year 1972 calls for a study of msthodologies use-
ful in the evaluation of the national civil dsfense system. The
results of the present study are in response to the following task
statement:
"This study will determine methodological mzans of

relating ballistic missile defense and other defense

postures to the vulnerability of national systems. The

methodologies will be responsive to changes in assumptions

about the rhreat, the missile defense, pre-attack popula-

tion posture and economic structure, and post-attack

national economic policies. The performance of the post-

attack economic system, for example, will depend upcn

surviving capital, surviving labor, and the capability to

integrate these two factors to redevelop a functioning

national econonmy.

"Available quantitative methodologies which can be used

for evaluating the effects of defense alternatives on

national system performance will be compiled and examined.

This effort will include methodologies for:

(a) targeting a ballistic missile attack on
counterforce and countervalue nodes;

(b) specifying the interactions of a ballistic
missile attack with ballistic missile de-
fenses and other defense measures;

(c) assessing damages, both in terms of the
social and economic systems; and

(d) predicting long-run post-attack economic re-
development.
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These methodologies will be evaluated with respect to their
scope, data requirements, ease of implementation, and over-
all usefulness in providing relationships between missile
defense postures and national post-attack viability.
nacessary and feasible, consistent with study time and
fundings, new methodologies will be developed. Recommenda-
tions for further development or refinement will be given.
"A selected set of these methodologies will be imple-

mented on the IDA computer. Documentation of these computer
programs will be provided.

Where

"The computer programs will be fully exercised with

reasonable data so as to provide a tested and integrated

methodology. Examples of the types of sensitivity analy-

ses that can be performed will be given."

Consistent with the formal task description, scveral guidelines

were established for the study. First, it was recoygnized that a

considerable amount of previous work had been done in evaluat:ng
the effects of nuclear attack. It was thus cesirable, and feasible,
to draw heavily on established methodologies. Second, complete
documentation of the methodologies was to be provided, so that the
computer programs could e used by a wider audience of analysts than
was previously possible. Third, demonstration of the capabilities
of the methudologies was to be accomplished by exhibiting the re-
sults of sensitivity analyses. Finally, an evaluation of the
strengths and weaknesses of the methodologies, singly and together,
was to be presented.

The report comprises three volumes. The first is Methodolcgies
and Examples, which presents an overview of all the methodologies,
describing how they can be used singly or in tandem, plus a descrip-
tion of each of the major component models and data bases. Wwhen
issued, the second volume will contain the results of sensitivity
analyses performed with the methodologies. The third volume, User's
Guide for MEVUNS Computer Programs, with restricted distribution, is
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intended for the analyst who needs a detailed understanding of the
computer programs for the methodologies. Descriptions of inputs,
types of outputs, and the program structure will be given.
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OVERVIEW OF MEVUNS
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A, TINTRODUCTION

The MEVUNS study provides the development ana documentation of
methodologies, rather than their exercise in substantive analyses.
The primary objective has been vo develop an integrated means of
evaluating the effects of a nuclear attack, which can then be used
in future analyses of substantive strategic defense planning issues,

The integrated methodology links several component models.

Each of these has utility in its own right for certain types

of analyses. The fully-linked stream of MEVUNS models, however,
gives the analyst an expanded capability for performing a broad
spectrum of studies relatively easily and quickly.

The integrated methodology consists of five main components: a
population and industrial data base with a high degree of geographic
resolution, a terminal and area defense model, ailong with attack-
generation model for targeting population and/or economic sectors,
damage assessment models for both population and industry, an economic
recovery model, and a mathematical programming model. These are
fully linked. However, options are provided so that a user need not
employ the full stream of models. In addition, a mathematical pro-
gramming model is given for integrating the cost and effectiveness of
defense measures with survivability requirements for population and
industry. This model can use the results of the other models.

The methodolcgies are national in scope. While their primary
use is in the evaluation of the effects of a nationwide attack,

certain components can be used to assess the effects in a local
geographic area.
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A brief description of each of the component methodologies is
given in this chapter, followed by a description of the links and
interrelationships among the components. More detailed specifica-
tion of the individual components can be found in the following
chapters. Major inputs and outputs for each of the models are
summarized in the appropriate chapters, This chapter concludes
with an overall evaluation of the strengths and weaknesses of the
methodologies. Some substantive analyses that could make use of
MEVUNS are also given,

Figure 1 provides a schematic of the components and how they are
linked. The boxes within heavy lines indicate the scope of each of
the five major ccwponeris. The boxes with dotted edges indicate
non-MEVUNS inputs that can be used in the models.

B. POPULATION AND ECONOMIC DATA BASES

The data base for the population distribution is the geographic
nodal network (GEONN).l The data in GEONN are aggregations of US
population into a total of 3434 urban clusters and 3041 rural clus-
ters. Each of these 6475 clusters is described by its population,

a population distribution (either elliptical normal or uniform), its
geographical location, parameters relating to its area, and several
qualitative attributes, such as OBE area and size class. Population
figures are based on a projected 1975 continental US population of
nearly 224 million; of this total, nearly 165 million are included
in the urban clusters.

To-evaluate the effects on the economy of a nuclear attack,
geographic-specific descriptors of the distribution of industry are
needed. The data base used in MEVUNS was derived from the 1964
Census of Agriculture, County Business Patterns, 1964, the 1963

1. Petersen, D.L. and L.A. Schmidt, Jr., Arrangements of U.S.
Population by,Urban and Rural Geometric Clusters, IDA pPaper P-706

(Arlington, Va., September 1370).
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FIGURE 1, Schematic of MEVUNS
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Census of Mineral Industries, and the 1963 Census of Manufactures o
and is extrapolated to 1975. There are 82 economic sectors corres-

: ponding to those used in economic input/output analyses. For each

county in the United States, the economic value added, the gross

output, and the number of establishments are given for each economic
sector,

[PR)

The GEONN has a level of geographic resolution higher than that

. of the economic data base. Each of the 6475 population nodes is -
] contained in a county,3 and there is more than one node in some

counties. Damage assessment is computed on a node-by-node basis

;i using the GEONN. A method for aggregating the nodal results to a

E county is used to estimate economic damage. This procedure is

3 described in Section E.

par S kbl

™

PRSP ¥ FOW FEU

If there were adequate warning preceding a nuclear attack, the
distribution of population and industrial capital stock might change.

ot

In particular, people might be evacuated from the urban areas, and

some of the capital stock might be dispersed. Thus, the distribu-

tions of people and industry could be significantly different at

the time of attack than those given in the data bases. While MEVUNS

does not explicitly include the evacuation and dispersion processes,

the results of such movement can be incorporated into the methodology

;: by appropriately modifying the population and economic distributions.

: In addition to the geographic distribution of population and
industry, vulnerability to the effects of a nuclear attack is also

! described, Shelters are not explicitly represented in MEVUNS, but

their effect can be modeled by changing vulnerability parameters.,

i Fallout shelters provide protection against radiological fallout,

ey

Protection factors (PFs) for fallout are accommodated in the damage

2. Jack Faucett Associates, Inc., 1963 Output Measures for )
Input-Qutput Sectors by County (Silver Spring, Md., December 1968j).

] 3. There are a few exceptions (of no consequence here) to
3 this general rule. See Petersen and Schmidt, op. Cit.
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assessment model. These factors can be varied from population area
to population area, allowing an assessment of the effect of differ- 3
ential sheltering of, say, urban nodes versus rural nodes. The !
effect of blast shelters is to increase the hardness of population
against blast effects. The mean lethal overpressure of each popu-
lation node can be specified in the damage assessment model, thus
modeling the effect of blast shelters. Industrial hardness to blast
effects can also be modeled in a similar manner,

L L AL I o W]

C. ACTIVE DEFENSE

A simple active defense model, consisting of both terminal and
area components, is used to degrade the number of warheads in an
attack that reach their specified targets. The model is optional.
If used, the size and location of the defense must be specified. ]

Lok

The terminal defense is described by the number of terminal £

interceptors at a node. Such interceptors are assumed to be per-

fect; thus, in order to inflict damage on a given node, there must
3 be more attacking warheads than interceptors at that node,
] The area defense consists of a specified number of nonoverlapping

areas, each with a given number of area interceptors. The area

covered must be specified. The model calculates those nodes in the
GEONN that are covered. It is assumed that warheads entering the
area are randomly engaged by the area interceptors, thus allowing
leakage through the area defense. The amount of leakage depends on
the size of the attack relative to the number of area interceptors.

(oo ait it £l Ll

D. ATTACK GENERATION

An attack-generation procedure determines the ground zeroes of
the warheads in an attack. Damage assessment is then made for the
weapon laydown, Descriptors of the threat must be specified. These

include the number of warheads and certain characteristics of each

'

warhead.
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An attack may be given in one of two modes; it may be geographic
specific on nonspecific. In the former case, the desired ground
zero (DGZ) for each warhead is specified by a latitude an¢ "ongitude.
In the latter case, DGZs are not given by the user, but rather a

targeting strategy is specified. Based on this strategy, DGZs are

developed by an attack-generation procedure that maximizes value
destroyed.
For a geographic-specific attack, each warhead is described in

terms of its CEP, yield, height of burst (air or surface), detona-

tion time, and fission/fusion ratio. These parameters can then be
used to assess blast and fallout effects against population and

estimate blast effects against industry. In this case; the attack-
generation procedure is circumvented. For a geographic nonspecific
attack, all warheads are assumed to have the same characteristics.

The attack generator then develops DGZs for each weapon in the attack.

A targeting or attack ctrategy may concentrate on population, on
an individual economic sector, on groups of economic sectors, on the
whole economy, or on a weighted mix of bppulation and economy. The
attack generator uses the population and economic data bases to
determine those nodes in the GEONN which are most attractive for
attack and assigns weapons to nodes in order to maximize value de-
stroyed. The maximization procedure is based on blast effects only
and uses the square root damage law as an approximation for damage
incurred., After assigning weapons to nodes,DGZs are calculated for
the weapons targeted. With an active defense the user may specify a
defense-avoidance attack (thereby not targeting any nodes covered by
the defense) or an attack of the defense.

As mentioned, the attack-generation program uses the square-root
damage law to obtain an estimate of mortalities from blast effects.
This assessment may be used in lieu of the results of the more detailed
damage assessment procedure, described below.
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E., DAMAGE ASSESSMENT

The population damage assessment procedure estimates the number

4

of fatalities and injuries to the population in nodes of the GEONN.
Blast effects, fallout effects, and combined effects are estimated.
An analytical procedure is used in calculating blast effects.5

Fallout effects are estimated by one of two standard fallout models.6

Output data are available at several different levels of aggregation,
including node-by-node, urban totals and rural totals, and nation-
wide totals.

Since the economic data are not at the same geographical
resolution as the population, the procedure for estimating damage to
economic sectors extrapolates population blast effects fatalities to
industrial destruction, The result of the calculations is an esti-
mate of the nationwide percent of capital stock that is destroyed in
each of the 82 economic sectors.

F. ECONOMIC RECOVERY

While population casualties are a useful measure of the results
of a nuclear attack, they do not provide information about the post-
attack integrity of major institutions. The economic recovery model
is designed to estimate the capability of the post-attack economy,
thus incorporating economic institutions in the assessment of

national vulnerability.

4., The model used for these calculations is ANCET. The latest
reference is: Woodside, Mary B., ANCET Improvements, Final Report,
Vol. I, Research Triangle Institute (Research Triangle Park, N.C.,
Novempber 1963).

5. Hunter, J.J., An Analytical Technique for Urban Casualty
Estimation From Multiple Nuclear Weapons, Operations Research,
Vol. 15, 1967, pp. 1096-1108.

6. Pugh, G.E. and R.J. Galiano, An Analytic Model of Close-In
Deposition of Fallout for Use in Operational -Type Studies, WSEG
Research Memorandum No, L0 (1 October 1961); and Polan, M., An
Analysis of the Fallout Prediction Models, Volume I--Analysis,
Comparisor:, and Classification of Models, USNRDL-TRC-68 (12 December
19667,
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The =conomic model embodies the structure of the pre-attack

macro-economy. It has demand and supply mechanisms linked by prices,

It is nationwide in scope, resolving the economy to 82 econom:c
sectors? The damage assessment models provide (1) the population
surviving (from which the size of the post-attack labor force can
be calculated) and (2) the surviving capital stock in each of the
economic sectors,

With these surviving resources, the economic model calculates
the time-phased recovery of the post-attack economy. Such measures
as total GNP, GNP per capita, capital stocks, relative prices, in-
vestment, and other demands are derived.

An important feature of the model is an indication of ®bottle-
neck" sectors--that is, those sectors whose capital stocks have
been sufficiently degreded to affect the workings of the remainder
of the economy. Effects of "surgical® attacks on selected indus-
tries can thus be highlighted,

The model is sensitite to several different policy-related
inputs., Recovery rates for achieving post-attack levels of capital
construction, inventory accumulation, government expenditure, and

exports are examples., The size of the labor force is another. Also,

the demand structure may be altered to reflect rationing policies

within certain sectors.

G. COST, EFFECTIVENESS, AND REQUIREMENTS INTEGRATION

A methodology for integrating the cost and effectiveness of

defense measures with given survivability requirements is presented.

The methodology computes a least-cost mix among a selected set of
defensiv~ systems that is capable of meeting a multi-dimensional

set of specified requirements.

7. There are 87 sectors in the Office of Business Economics.model
used to collect the data for the economic model. Data for the first 79

of these sectors are generated on a county by county basis. Sectors
80-82 are considered productive sectors without a geographic distri-

bution. Snctors 83-87 exist only for accounting, purposes. Depending

on the situation the model is referred to as a 79, 82 or 87 sector

model.
12
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The types of requirements that can be accommodated are restricted
only by the outputs that can be obtained with the methodclogies de-
scribed above, These include percent of surviving population (national
and/or regional), surviving capital stock (by sector), level of output
in given industries, GNP per capita {one, two, and five years post-
attack, say), and so or,

The integrating m»_hodology may also be used to consider simulta-
neously several different scenarios--Soviet or Chinese threat, amount
of warning, size of post-attack military force, and so on. In addition,
the methodology will compute optimal targeting by the offense.

The damage assessment procedures and the economic recovery model
provide means of estimating the outcome of a nuclear attack. The
effectiveness of defense sys=tems can be generated by using these
results. Outcomes are computed for different levels of defense to
allow the implicit celculation of their marginal effects, Cost func-

tions for the deferse systems are supplied to the integrating mocel.

H. OPTIONAL USES OF THE METHODOLOGIES

As the MEVUNS structure is modular, certain components, or sets
of components, may be used in isolation. Figure 2 illustrates the
options available to the user. Fossible entry points in the stream
of models are indicated. For all entry points, the GEONN and/or the
economic data bases are necessary. The user may exit at any point
in the stream.

If the type of attack consisting of a specified set of DGZs fer an
inventory of weapons is used, these laydown points can reflect warhe.d
reliability, active defense, and other such factors which degrade the
number of impacting warheads. In this case, the active defense model
and the attack generation model are not used. The second way to
present an attack is as a total inventory of warheads to be targeted
on the nation (more precisely, on some specified set of nodes in the
GEONN). The attack-generation model is then used to allocate the

13
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FIGURE 2. User Options for MEVUNS
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inventory of weapons to specific nodes. In the presence of ar active
defense, the model will degrade the number of warheads arriving at the
targets, dependent upon the size and location of the active defenses.

For the first type of attack, the population damage assessment
model must be employed. For the second type of attack, there is an
option of using instead the attack-generation model estimates of
casualties from the blast effects. The results of either of these
population assessments may be used in the economic damage assessment
mocel,
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i ‘ I. OVERALL EVAIUATION OF THE METHODOLOGIES

1. Introduction

The results of the calculations of MEVUNS should not be inter-

preted as being predictors of the outcome of any particular nuclear

‘ attack. There are far too many uncertainties associated with the

¢ pre-attack, attack, and post-attack processes to predict such outcomes ;
in absolute terms.

Many assumptions have been made concerning ?
numerical values of the inputs and the damage and recovery processes ]
; themselves. In addition, all of the models are deterministic. There %
: are no random numbers used in any of the calculations. ;
4 The lack of predictive capability notwithstanding, the
methodologies should prove useful and credible for comparative !
analyses. For instance, the relative magnitudes of lives saved or
post-attack per capita GNP can be assessed for a varying array of
E shelter postures. For such comparative analyses, the methodologies
‘ were designed to be flexible and to allow changes to be made easily
in the major inputs to the models.
Examples of the types of analyses for which the methodologies
- could be employed are:
1. Evaluating the effectiveness of a rural cheltering program
or a combined rural sheltering and urban evacuation program.
2. Evaluating the effectiveness of an urban blast shelter
program.
¥ 3. Determining the vulnerability of various industries to
] different levels of attack.
4, Determining which industries are most vulnerable to
E varying levels of attack.
5. FPinding those industries which could be surgically attacked i
to Mbottleneck" the whole economy. i
6. Assessing the effects of post-nuclear attack hostilities in
terms of the capability to recover economically.

7. Generating cost-effective mixes of defensive systems for
various scenarios and assumptions about the threat, warning
time, and technology of an active defense.
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2. Strengths

The computer programs described in this report are programmed,
iﬁplemented, documented, and available for use. The documentation
permits decisionmakers and analysts to understand and use them.
They are flexible, with a wide array of optional inputs and outputs.
The computer programs are relatively fast running.8

The scope of the models comprehends the primary active and
passive defense systems and measures. An important contribution
is the capability to assess the effects of damage to industrial
capital stock. The integrating model provides a means of simulta-
neously considering costs, effectiveness, and requirements of
defense systems.

The models have a high degree of geographic resolution. Thus,
effects of specific attacks can be assessed. When appropriate local
civil defense models are developed, they can be linked to MEVUNS

through the GEONN.
3. Limitations

The industrial data are aggregated to the county level, since
locations of firms within counties are not available. For this
reason, industrial damage is assessed as an extrapolation of urban
population fatalities., If a more detailed industrial data base
were available, an analysis of damage to plants and machinery should
be conducted to estimate industrial damage functionms.

The active defense model is a rough representation of a ballistic
missile defense. If appropriate, a more detailed model of active
defense could be accommodated. The terminal deferee consists of
perfectly reliable interceptors, and the ar... defense randomly
destroys incoming warheads.

8., Computation times for each model are discussed in Volume II.

16

4 tn s amre A —— A S

et actacd

Lar.




— ey

AT

L ol TA

PRI

|

-

S

The attack~generation procedure does not necessarily allocate
warheads to cities in an optimal fashion. One reason is that it is
not clear what measure of effectiveness should be used. The present
allocation procedure is based on the square root damage law. Coun-
terforce targets are not presenctly included in the attack generator,

The damage assessment routine assumes bivariate normal population
distributions and cumulative normal casualty functions. Furthermore,
only the effects of a limited number of weapons can be estimated for
each node.

The economic model assumes that institutional structures remain
intact after an attack, That is, the financial system, government,
and social frameworks remain unscathed, In addition, the economic
model assumes that goods and labor can flow without hindrance from
region to region.

There is no explicit representation of local civil defense
measures., A highly effective local program would change the
casualty estimates in the present model,.

Each of these limitations is discussed in more detail iIn the
following chapters.
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GEOGRARPHIC DISTRIBUTIONS OF POPULATION AND ECONOMIC DATZ

A. POPULATION DATA

The population data base used in the MEVUNS study is called the
Geographic Nodal Network (GEONN). It was developed at IDAl from
population data prepared by the B. reau of Census.2 Some 47,000
Standard Location Areas (SLAs),3 are describe’ _y a code number,
latitude, longitude, and 1960 census population. These data were
then extrapolated by the Bureau of Census to 1975 population.

The Census data distinguish between urban and rural SLAs, but

4

provide no means of aggregating population into urban clusters
other than by political boundaries. The development of the GEONN
was motivated by “he need to describe population clusters by a few
parameters.

The GEONN has population distribution parameters for each county,
for the rural area in each county, and for each urban cluster in the

1. Petersen and Schmidt, op. cit,

2. U.S. Bureau of Census, National Location Code, FG D 3.1/4
(1962).

3. A Standard Location Area is similar to a census tract; for

most urban areas the two are the same; in rural areas several
census tracts have usually been combined.

4, The Region, State, Area, County (RSAC) code consists of
eight alphanumeric symbols. The first symbol identifies one of
eight regions in the nation, the first two symbols combined define
the state, the third symbol identifies an area within the state,
and the first four symbols combined identify the county. The last
four symbols give a numbering of the SLAs in the county. No
specific order is maintained.

19
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county. Thus, counties consist of one rural node and varying

numbers of urban nodes. A distinguishing feature of this description
of population is that the urban clusters are defined independently of
political subdivisions within the county. For each node, the popula-
tion, the latitude and longitude of the centrcid of the population,
and the standard deviations of the population distribution about the
centroid are given. Two standard deviations are presented, along the
semi-major and semi-minor axes of the ellipse which best approximates
the actual population distribution. The angle of the principal axis
from the north also is presented. Figure 3 illustrates the parameters
used to describe population distributions in the MEVUNS data base,
All rural nodes are taken to be circular with a uniform density.
Certain small adjustments to the county structure were made (for
example, cities over a certain size in the state of Virginia are
defined as separate counties in the Census data but are handled
differently in the GEONN).

A total of 3434 individual urban nodes in 3041 counties were
obtained. The total population is 223,727,14C, of which 164,740,567
is urban. Population clusters crossing county boundaries, called
Multinodal Complexes, have also been constructed. There are only
124 such Complexes, containing 312 urban nodes, These tend to be
larger cities, so that the population in these Multinodal Complexes
totals 93,424,379 or about 57 percent of the urban population,

Note that this cdata base differs from that of damage assessment
routines using Standard Metropolitan Statisticsl Areas (SMSAs) as
the base. Not only is the population distribution represented
differently, but the total urban population at risk from blast
effects is different, Such differences can make comparisons of
alternative damage calculation mecdels difficult.

A data base developed from the 1270 census cnuld give a more
accurate representation of 1970-1980 popalation. Such & data base
would contain not onliy a better estimate of population and its

distribution, but aiso a better definition of urban and rural

20
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A = AREA OF COUNTY

91 = STANDARD DEVIATION OF POPULATION
ALONG MAJOR AXIS

02 = STANDARD DEVIATION OF POPULATION
ALONG MINOR AXI|S

© = ANGLE OF INCLINATION OF
MAJOR AXIS FROM NORTH

r = RADIUS OF COUNTY
= \/A/ﬂ

(lu,uu)= LATITUDE AND LONGITUDE
OF URBAN NODE CENTER

(Ac, 1 .)= LATITUDE AND LONGITUDE
OF COUNTY CENTER

TOTAL COUNTY POPULATION
URBAN POPULATION
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¢ v URBAN ! 2]

NODES

FIGURE 3. Population Distribution Within a County
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areas. Moreover, several new features, for example, distribution of
people by skill classes, could be included in a new GEONN which could
prove useful for performing damage assessment calculations.

B. ECONOMIC DATA

Only the Total Value Added (TVA) by input-output sector for each
county is used in the damage assessment routines. Other economic

data are used in the economic recovery model and are discussed in
Chapter VIII.

A 1963 data base was used as the base year for the 1975 TVA
projection. The output data were compiled by county for the first
79 input-output sectors.5 The county output measures ware based on
aggregations at the regional, state, and national levels., The
county output was constructed by first developing area measures of
economic activity closely related to output. These measures
consisted of data on (1) the value of agricultural product sales;

(2) the value of mining and manufacturing shipments; (3) industry
payroll statistics; (4) industry employment statistics; and (5)
miscellaneous data, such as selected population statistics and govern-
ment revenues and expenditures. National, state, and metropolitan
groupings of these statistics were used to calculate relationships
between output and the proxy measures, The relationships were then
applied to the county proxy data to construct county output measures,

Both the 1960 and the projected 175 population by county are
used in the projections of TVA. The TVA was projected to 1975 by
county and by sector, using the following formula:

n P75 P75
75 _ |75 k ,631°1i 63 . .
Vij = VJ E: —mvkj —-G—lej s for a1l i and j ,
k=1 Py Pi

5. Jack Faucett Asscciates, Inc., Op. cit.
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where

i,k =1, ..., m, indices for counties,

L s

l, ..., 79, an index of industrial sectors,

' Vzg = projected 1975 TVA in county i for industry j ,
Pgo = 1960 population of county i , 3
Vgg = 1963 output in county i for industry j , ;
pzs = projected 1975 population of county i , ;
%;5= projected national TVA in 1975 for industry j .6 %
E
_ Thus, it is assumed that the growth of a sector's TVA in a i
{_ county is proportional to the county population growth, PZS/PgO R :
] modified by the ratio of the Bureau of Labor Statistics (BiS) estimate ;
' of total 1975 sectoral TVA to an estimate of 1975 total sectoral TVA f
based upon total population growth: )
75 1
m P
~75 k ,,63
VO z V L] »
3 [ w1 B0 K

6. The scurce of projected 1975 total national sector TVA
was a Department of Labor projection to 1970. Annual average
growth rates between 1962 and 1970 were used to extrapolate the
data to 1975, Bureau of Labor Statistics, U.S. Department of
Labor, Projections 1970, Interindustry Relationships, Potential
Demand, Employment, Bulletin No, 1536, U.S. Government Printing
Office (Washington, D.C,, 1966).
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PASSIVE DEFENSES

A. FALLOUT PROTECTION

The main population damage assessment model (ANCET, Analytical
Casualty Estimation Technique) requires a specification of fallout
protection on a node-by-node basis. Thus it is possible to do
extensive sersitivity analyses on varying fallout shelter programs.

The fallout models in ANCET compute the total unshielded radio-
logical dose received by sectors in a GEONN node, The.effects of
fallout protection are estimated by modifying the unshielded dose.
The shielded dose for an individual in a sector is calculated by
dividing the unshielded dose by a protection factor (PF). That is,
if UD is the unshielded dose and SD the shielded dose, then
SD = UD/PF. A distribution of PFs within a node is allowed., Let
fj be the fraction of the total population, P, in a sector which
is protected to the level PFj. Then ij is the number of people
exposed to a shielded dose of UD/PPj.

The damage assessment model allows up to 15 different PF
categories in each city. Thus, fallout shelter postures are
modeled by specifying the values of fj, the fraction of the popula-
tion in a shelter which provides a protection factor of PFj, for
j=1, 2, ..., 15. For any particular run of ANCET, up to six
different shelter postures may be evaluated, The incremental
computer running time for the evaluation of an additional shelter
posture is very small relative to the total time for damage
assessment.
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B, BLAST PROTECTION

The ANCET model allows for the implicit consideration of blast
shelters, The blast-effects calculations in ANCET are based on
casualty functions relating the probability of fatality (or injury)
to distance from the weapon ground zero. This probability for any
distance will depend upon the hardness of the population. In parti-
cular, it will be a function of the mean lethal overpressure (MLOP).

Probability curves for different values of MLOP have been
constructed for surface bursts and for air bursts. The air burst
relationships are based on the height of burst which optimizes the
radius of the 10 psi contour. The basic relationships between pres-
sure and distance are given in Table l.l For a given MLOP, the
distance at which the probability of fatality is .5 can be deter-
mined from the table.

A set of six different curves relating probability to distance
has been constructed for use in ANCET. Each of the curves inter-
sects at the distance dictated by a given MLOP. Figure 4 illustrates
the curves for a surface burst with an MLOP of six, intersecting at
a distance of 2.56 miles. The choice of the curve to be used in the
calculation of blast effects is left to the user to reflect his best
information regarding its shape. Some sensitivity analysis on the
choice is given in Volume II of the report.

Differing types of blast shelter protection can be accommodated
in ANCET. Casualty functions have been constructed for MLOPs of 2,
3, 6, 10, 15, 20, 30, 50, and 90. 1In addition, the Defense Civil
Preparedness Agency (DCPA)2 has developed casualty curves for the
13 different shelter types shown in Table 2. Thus, the user has
22 sets of six casualty curves available for blast effects assess-
ment. The MLOP is assumed to be the same for all the population

L. The figures in the table are derived from S, Glasstone (ed.),
The Effects of Nuclear Weapons, United States Department of Defense,
April, 1962, p. 139. Actual calculations were made by the DCPA,

2. N. FitzSimons and G. Sisson have reported these curves in a
DCPA internal communication, dated May, 1971,
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Table 1

PRESSURE~DISTANCE RELATIONSHIPS,
ONE-MEGATON WEAPONS

Surface Burst Air Burst?
psi (Nautical Miles) (Nautical Miles)
1 7.197 11,174
2 4,735 7.197
3 3.61 5.5
4 3.087 4,451
5 2.8 3.95
6 2.557 3.598
7 2,32 3.35
8 2.140 3.125
10 1.932 2,756
12 1.80 2.5
15 1.544 2,201
20 1.354 1.061
25 1,226 .781
30 1.108 .502
50 .8606
72 . 763
90 .683
100 .633
200 477
a. Optimum Height of Burst (HOB) at 10 psi
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FIGURE 4. ANCET Blast Casualty Functions

in a node, although it may vary from node to node. It would be

prefersble to allow for differential MLOPs with a node, but this
modification would entail a major change in the damage-assessment
methodology.

There is a high degree of uncertainty in the blast casualty

functions. They are based on data obtained from the Japanese

explosions and subsequent testing. Although the relationship of

MLOP to range from ground zero is relatively well understood, the

probability~of-casualty curves (as a function of the distance from
ground zero) are tenuous.
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SN BLAST FATALITY OVERPRESSURES
L g L..J *
i Necessary Overpressure
- (psi) for Given Percent
L. of Fatalities
3 No. Shelter Description
99 | 90 | 50 | 10 1
Do 1 |Outside-exposed to thermal pulse 5 4 3 2 1
E% o 2 [Outside-shielded from thermal pulse or,
i
) One- and two-family residence:
L above ground 8 7 ) 3
: 3 |One~ and two-family residence: basement| 18 | 13 | 10
4 |NFSS buildings (weak-walled:
T above ground) 7 5 4 3 2
I S |NFSS buildings (strcng-walled:
1 above ground) 10 8 7 6
6 |NFSS buildings (massive-basement) 20| 15| 12| 9
é ; 7 {NFSS buildings (flat plate-basement) 10 7 5 3
i 8 |Slanted basement designed for
15 psi (open)¥* 29 | 27251 23| 21
- 9 [Basement designed for 25 psi
, (closed)** 92 82 72 60 50
f
10 }Basement designed for 50 psi
;. (closed )** 130 {112 | 90 | 63 | 50
] 11 |Single-purpose fallout shelter
f (r/c arch) 45 | 45 | 45 | 45 | 45
12 |{Single-purpose fallout shelter
(r/c box) 32 1 30| 201 12| 10
13 |Single-purpose 30 psi shelter
(r/c arch) 95 85 70 48 42
i
%
1600-person basement.
&%
School basement,
Note: All weapons are presumed to be one megaton.
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C. EVACUATION

The process of evacuating people from urban areas is not
ekplicitly considered in MEVUNS, However, sensitivity analyses on
the effectiveness of an evacuation program can be accomplished.
Each of the nodes in the population data base has some pre-warning
population, say P;» for node i . An evacuation changes the popula-
tion in some or all of the nodes. Thus the evacuation process has
the effect of changing p; to some pi, the post-warning population
in node i .

If an evacuation model is developed for relating warning time,
capacity of transportatior links, and other factors affectin¢ the
movement process, then it can be linked with the GEONN data base
and the damage assessment routinzs in MEVUNS, since a change in
the population of a node is easily accomplished by input. An
explicit linking of an evacuation model to MEVUNS is desirable.

This added feature would provide an expanded capability for analyzing
relevent civil defense measures.
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ACTIVE DEFENSES

A, INTRODUCTION

There are a number of levels of detail at which the capabilities
of a ballistic missile defense (BMD) may be represented. Simple
representations of both terminal and area defenses are used for the
MEVUNS active defense model. This was done to (1) allow a larger

variety of defense systems and threats to be represented, (2) simplify
the attack-generaticn problem and make it easier to see the relations
between defense assumptions and attack patterns, and (3) minimiIze the

nuirber of parametric variations that must be considered in comparing
a range of possible attack and aefense options. The mcdel selected
is one consistent with the level of detail in the other components
of MEVUNS. A translation from physZcal parameters, such as radar
capabilities, interceptor reliabilities, interceptor flyout times,
suite of penetration aides employed by the attacker, and so on, is
needed to generate the input to the MEVUNS active defense models.
The active defense parameters are listed in Table 3,

B, TERMINAL DEFENSE

1. Terminal Defense Model

The terminal defense is represented by a basic "price® model.
Each terminally defended city has a specified number of "reliable
interceptors', Each reliable interceptor can irntercept cne incoming
warhead., It is assumed that no damage is inflicted on the city
until all interceptors are exhausted, after which all incoming war-
heads penetrate to the city. In the simplest representation of

such a model, the no-defense curve of value destroyed (as a func.ion
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Table 3
ACTIVE DEFENSE PARAMETERS

marminal Defense

. Number of sites (maximum of 400) .

Number of perfectly reliable interceptors (for each site) A ;
Node identification number (for each site -

w M

Area Defense

T

. HNumber of islands (maximum of 40)

N Ee

Number of perfectly reliable interceptors (for each igland) 3
Latitude and longitude of center of island (for each island) \

.

O]

Radius of coverage in nautical miles (for each island}

ST

o

(Rt utrdy el

VALUE

NO-~DEFENSE CURVE
DESTROYED

o v Exctund A 8 s BT i

T T

al g o b

P
PRICE NUMBER OF ATTACKING WEAPONS

FIGURE 5. Terminally-Defended City Damage Functions
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of tne number of targeted warheads) is shifted to the right by the
number of reliable interceptors {see Figure 5). Such a representa-
tion requires only one parameter to charecterize the terminal
defense, namely the price or nusber of reliable interceptors. The
relation between the number of reliable interceptors and actual
interceptors depends upon many factars, including tactics of both
the offense and d<fense, as weil as physical parameters. A com-
mentary on the general applicability of this model and upon means of
translating BMD parameters to a price is giver <n Subsection 2 below.

The terminal defense model, as presently implemented, can cover
only one city at a time, No city in the population data base ex-
tends into more than a single county. This means that the coverage
of any terminal defense battery is restricted to only the part of
the metropolitan area which lies in a single county. In some cases,
e.g., Los Angeles, such a restriction may not be serious, but in
others the county structure causes artificial boundaries. For
example, New York City itself is represented by five counties in
the data base--Manhattan, Kings, Queens, Bronx, and Staten Island.
While the basic population data base is structured so that complete
population aggregations are identified, a significant amount of
additional programming would be needed to allow these population
clusters to become the object protected by a terminal defense
battery.

2, ©General Applicability and Interpretation

Because of the presente of stochastic effects, the damage curve,
as a function of number of weapons aimed, represents an expected
value, In general, it is not true that simply combining expected
values of separate processes yields a correct result, since the
expacted value of a function of a stochastic variable is rot
necessarily equal to the function of the expected value of that
viriable, If the terminal defense and damage process were modeled
in detail, then a Monte Carlo simulation, or similar procedure,
could be carried out to obtain the distribution of the results.
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From this distribution the expected value could be calculated, The

expected value model used here is justified as a simplification
arising from the lack of an explicit detailed model.

| A simulation yielding the probability distribution of damage
could be developed, As an example of such a model suppose that,
for a large attack, one interceptor is allocated to each incoming
warhead until the interceptors are all used. If the interceptors,
each with reliability p , are allocated to n incoming warheads,
then the number of attackers destroyed by the terminal defense is
binomally distributed with mean n p.l If it is further assumed
that the square root damage law perfectly represents the damage as
a function of number of arriving warheads, the appropriate summa-
tions could be performed to calculate the resulting expected damage
curve, Such a curve would be different in shape than the square

root damage law used in the terminal defense calculations, but would

approximate it in regions where the rate of change in the slope of
the square root damage law is small.

Even for this simple model, a more accurate calculation would
involve combining the distribution of warheads penetrating the
terminal defense with the probability distribution of damage from
the penet.rators, Since the latter distribution cannot be analyt-
ically expressed,2 a numerical integration would be needed to find
the overall distribution of destruction,

The defense model described in Subsection 1 represents one of
a number of possible defense models. That model would represent
an accurate portrayal of the defense if (1) none of the attacking
weapons were aimed at the defensive battery itself; (2) if all
weapons were aimed at equal-value pcrtions of the target; (3) if
all cbjects assessed as warheads by the radar were, in fact, live

1. This is true if the number cf warheads is at least as
large as the number of interceptors and if the interceptors
engage warheads independent of each other.

2. This is due to the irregular distribution of target value.
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warheads of equal yield; (4) if the defense knew the attack size
would equal or exceed the number of interceptors; and (5) if the
success of each interceptor against an incoming warhead is inde-
pendent of the allocation of all the other interceptors,

Regarding the first assumption, if some weapons are aimed at the
defense battery itself, then for an optimal defense these weapons
would be attacked with more interceptors, giving a higher probabi-
lity of kill of these particular warheads. If the defense knew the
number of warheads the attacker aimed at the battery and alsc knew
the interceptor reliability, then the optimal allccation of inter-
ceptors to self-defense and to defense of the target arsa could be
determined. In practice, neither of these factors are known a
priori (testing of interceptors cannot be done with live nuclear
warheads), Thus, the optimal seif-defense allocation is a problem
of a nontrivial sort,

Concerning the second assumption, the defense should attempt to
preferentially intercept those weapons aimed at the high-value por-
tions of the target, if possible. If the defense battery can esti-

mate the impact point of arriving warheads, additional interceptors

should be allocated to protect the high-value portions of the targets.

Moreover, the defense can save interceptors by not allocating them
to protect areas which have already been subjected to severe weapon
effects. The additional allocation of rescurces for protecting
high-value areas would depend upon the total number of attacking
warheads and whether the attacker had shifted his attack to com-
pensate for a possible preferential terminal defense, It also
should reflect the fact that the defense is probably more capable
for some portions of the defense footprint,

Concerning the third assumption, if an attacker has decoys, the
defense would have to assess the likelihood of an incoming object
being a live warhead and allocate resources on that basis. As
a longer time in the atmosphere assists in unmasking decoys, the
decoy discrimination problem tends to imply a later commitment
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time for interceptors (which couples with the preferential defense
Question). The probability of unmasking a decoy depends upon the
direction of approach, as well as the radar capability. In

an intense battle situation radar visibility will be lowered by
previous warhead detonations, possible enemy electronic counter-
measures, and radar traffic-handling capability, the decoy unmasking
at some times will present different problems than at others, thus
tending to make the optimal allocation of interceptors a function

of time.

If the fourth assumption were violated and the defense over-
estimated the size of an attack, then the defense could end up
saving interceptors for warheads which never presented themselves,
The knowledge the defense may have concerning an attack depends in
part upon its capability for early observation of enemy missile
trajectories, as well as the attacker tactics in spacing incoming
missiles.

Finally, concerning the assumption of independence, degradations
of the radar environment due to nuclear weapon detonations force an
optimal defense to look ahead in time to insure that unacceptable
radar blinding of later warheads is not caused by the engagement
of earlier ones. Moreover, limitations on radar capability may
force decisions between allocating radar effort to searching for
new objects, discrimination of penetration aids, and tracking ~nd
intercepting of particular objects. Thus, the dcctrine for alloca-
ting radar effort would of necessity have to consider several
objects at a time,

Due to the complexities of a real terminal defense system, it
was felt that an attempt to use distributional rather than expected
value calculations in MEVUNS would only cbscure the primary effects
of a terminal defense. Thus, the characterization of the terminal
defense in terms of the expec*’ed number of warheads intercepted is
judged to be adequate in the absence of a very detailed analysis.

Other types of basic models might be hypothesized. They could
include multiple allocation of interceptors on incoming objects,
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preferential defense capability, defense suppression attacks,
saturation attacks, etc. As in the case described above, varicus
factors would be operating to tend to degrade the validity of the
assumptions needed for these other types of models.

With more complex models it becomes necessary to describe the
characteristics of the attack and the defense in more detail,
requiring a more specific definition of defense system parameters,
attacking weapon parameters, and tactics on the part of both the
offense and the defense. Such studies are more appropriately
carried out with computer programs specifically designed to simulate
the battle situation in considerable detail, The results of such
efforts can be reflected in the MEVUNS terminal defense model through
the price parameter,

There would be little difficulty in modifying the terminal
defense model to use a damage curve more appropriately representing
an active defense, if a detailed analysis of a particular system
produced such a curve, Including a preferential terminal defense
capability in the model would represent a somewhat more difficult
undertaking., The basic description of the preferential defense
capability of specific hardware configurations which could be
related to the price would have to be developed. Also, a means of
expressing the attacker reaction to the preferential defense capa-
bility would have to be derived. Similar problems arise for area
ballistic missile defense, as discussed below. The assumption of
normally distributed population in cities may be inadequate to
represent properly the benefits possible from preferential terminal
defense. If this is the case, an even more extensive change in
methodology is needed.

C. AREA DEFENSE

1. General Discussion

There is a profusion of models describing the capabilities of an

area defense system. These are not reviewed in detail here, but
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some indication of the types of such models is given to place the
selection of the MEVUNS model in context,

A single defensive battery in an area ballistic missile defense
can cover a number of targets., The coverage footprints of these
batteries may, or may not, overlap and may, or may not, cover the
entire country, There is a coupling between targets within a
footprint in that the probability cf intercepting a warhead aimed
at one target is not independent of the number of warheads aimed at
other targets in the footprint.

From a modeling viewpoint, a basic distinction between terminal
and area defense is the knowledge of the opposing side's strategy.
Against terminal defenses it is usually assumed that the attacker
knows the number of interceptors protecting each target. For area
defense this assumption is riot valid; the defender can, to some
degree, allocate his interceptors to defend selected targets, the
choice of which is not known to the attacker,

A basic variable then in modeling area defense is the degree to
which the defender can preferentially defend targets within a foot-
print. If the defender is allowed perfect knowledge cf the attack
within an island and also has the capability to allocate his int --
ceptors against any incoming warhead in the island, relatively g.od

results are achieved by the defense. As a general rule, the defender

would completely defend certain high-value targets with area inter-
ceptors, and not defend other targets. This tactic is preferred,
because once the defender begins to defend a target, he obtains
increasing marginal returns for each additional warhead destroyed,
and should continue to allocate interceptors until all enemy war-
heads aimed at that target are destroyed.

Because of the all-or-nothing character of preferential area
defense, the problem of leakage through the defense is (in contrast
to terminal defense) quite significant, If interceptors are not
assumed perfectly reliable, then the defense should allocate inter-
ceptors to insure that an unreliable interceptor is not responsible
for the large increment of destruction which occurs when the first
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warhead hits the target. If the defense has adequate time, the
most efficient means of allocation would be a shoot-look-shoot mode;
|- that is, an interceptor would be launched at an incoming object,
L- followed by a second interceptor only if the first interceptor is
: not credited with a kill of the incoming warhead., Lacking such
i a shoot-look-shoot capability, the less efficient allocation doc-
trine of simultaneously launching several interceptors might be
- employed.

It is characteristic of area defense that different targets
within a battery footprint have different shoot-look-shoot capa-
bilities. Targets near the forward edge of a footprint require

% that interceptors be launched as soon as a valid track is
) established and hence have no shoot-look~shoot capability. Targets

near the rear edge of a footprint have more time between the track 1

establishment and interceptor launch. Thus, the choice of those

. targets which are defended would in part depend upon their geogra- :
phical location,

The establishment of a shoot-look-shoot capability for each
target requires a rather detailed analysis of the location of the
area defense radars and interceptor farms in relation to the target,
as well as assumptions about enemy launch locations and missile 5
trajectories.3 Some restrictions, such as radar horizons, are
primarily independent of the system, but others such as radar
power, target cross section, interceptor fly out times and distances,
etc., are system dependent. A detailed active defense model must

incorporate a number of specifics for the particular system being

studied, Even if the system components are defined, the area
defense shoot-lcok-shoot capabilities are quite dependent on siting
requirements and on the degree of cooperation between different

batteries. The impossibility of locating radars or interceptor

SIS B e PR ok e R AL

3., Primarily whether all minimum energy trajectories are
assumed, or whether lofting is permitted.
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farms in the ocean, or in Canada, renders area defense of some
locations inherently more difficult than others.

The tactics of the attacker can significantly affect the area
| defense interceptor allocation process. The attacker can deny the
1 defense complete knowledge of his attack by making his attack in
& waves, with the spacing between waves large enough so that the

defense must commit interceptors to a first wave before the next
can be seen., In such a case the problem becomes a game (in the
game theoretic sense) where each side must allocate with incomplete
knowledge of the actions of the other. In this situation, the sclu-
tion has the characteristic of both the attacker and the defender

s tending to adopt all-or-nothing tactics: the attacker either
attacks a target, heavily or not at all, and the defender either
defends heavily or not at all. The size of targets attacked and
defended and the strength of the attack are parts of the problem
which can be addressed analytically, while the actual selection of :
targets must be done in a different manner. S

The attacker may also employ various kinds of penetration aids.

[ IR

Since the area defense interceptors must be launched while the
penetrating objects are still exoatmospheric, atmospheric discrim-

ination is impossible.4 Thus, the penetration aids which might be . b
employed by the attacker are different for area defense than for :
terminal defense. In general, lighter penetration aids can be
used, but the defender has a longer time to observe incoming objects
and decide whether a particular object is on a sufficiently
threatening trajectory.

A serious problem in area defense is the obscuration of the »
radar due to nuclear weapon effects., Because the effects of an exo- - é

atmospheric explosion covers a larger volume, and recombination

4, BAn interceptor, of course, might be maneuvered after launch,
Depending on the degree of such maneuver capability and the attacker
tactics, various degrees of atmospheric filtering could be achieved,
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40

e e o i




AT AN Pl e R AR IR I . O s

s e e A3 .
r - 7 RENAAE L P I, - Ky R
’ “’a

of ionized gases is slower at rarefied densities, and area

defense radars tend to operate at lower frequencies, the blackout

problem tends to be more severe for area defense than for terminal
defense, This obscuration of vision tends to lessen the possibi-

lities of preferential defense unless the attack is widely spaced.

To some extent, area defense and terminal defense are
complementary. The large kill radii which area defense weapons might
extract from exoatmospheric detonations tend to make the attacker
spread his attack to avoid having more than one object destroyed at
a time, However, penetration of terminal defense may be more ef-
fective if an attack is closely spaced. Thus, an attacker is placed
in a quandary if it is necessary to penetrate this defense in depth.
Whether the attacker is rash or conservative in attempting to resolve
this problem can strongly influence the nature of the attack, In a
rash attack, the attacker would go for a larger expected payoff with
an appreciable chance of much smaller payoffs, whereas in a conserva-
tive attack, an attacker would go for a smaller expected payoff, with
a much smaller chance of very low payoffs,

An attacker may attempt to negate preferential defense capabi-
lities by first attacking the defense site, forcing the defender to
defend this site, and then after all the defense interceptors are
exhausted, attacking the remainder of the target system. Such a
tactic is influenced by whether the defender defends the area
defense site with a terminal defense battery. If so, then the
complications of the preceding paragraph are encountered in attempt-
ing to model the results of such an effort. 1In any case, if the
attacker spreads an attack to exhaust area defense interceptors, an
appreciable time might be required before penetration can be
guaranteed. The attacker may not wish to expend the necessary time
before doing anything besides attacking the defense site.

The simplest type of model allows for pure preferential defense
of the entire country with perfect interceptors. Next in complexity
are those models which divide the country into nonoverlapping pref-

erential defense islands and allow pure preferential defense in each
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island. Here the attacker must choose which islands to attack.
Finally, pure preferential defense with overlapping islands can be
analyzed, In this case there is a coupling between islands which
complicates the methodology considerably.

The above sequence can also include interceptors with a non-
reprogrammable reliability of less than one. In this case, the
number of interceptors allocated per warhead may be preassigned,
or it may be subject to optimization. The optimization can assume
various degrees of shoot-look-shoot capability,

Several models have investigated the degradation of preferential
defense capability when the attacker attacks in waves. These are
complications added to the well-studied situation where it is
assumed that neither side has knowledge of the opponent's strategy,
and the situation is analyzed as a game.

At the other extreme from pure preferential defense are models
which assume the attacker can attack the defense directly. The
attacker must pay a price to overcome the area defense of an island,
but then is allowed to attack the rest of the island as if no area
defense is present. If the islands are overlapping, techniques of
mathematical programming such as "branch and bound" are needed to
select the islands to attack.

2. Area Defense Model

As an alternative to the two-sided optimization approach, a
simplifying assumption is often made that the defense can allocate
area defense inter leptors at random against an attack which has
been optimized by the attacker in each island as if there were no
area defense, This approach is adopted in the MEVUNS area defense
model and also in the attack generator. The defense islands are
assumed to be nonoverlapping. The attacker is permitted the option
of not attacking an island if he can achieve a better return by
using his warheads elsewhere, The assumption of random interceptor
allocatic~ allows the area defense to be treated as a degradation
of the attacker missile reliability, where the degradation depends
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upon the number of missiles attacking each island. If this number
(for a particular island) is given by Ng» and the number of the
gctual intercepts in an island is given by da’ then the probability
of a warhead penetrating is given by
d
p=(l-2 % .

a
This model yields a large degradation in attacker capability when
only a few warheads attack an island, but only a small degradation
for large attacks.

An advantage of this model is that it allows an expected value
calculation to represent the physical interactions fairly well, The
pure preferential defense and the two-sided optimization approaches
both yield all-or-nothing type strategies. There, an expected
destruction of a target of 50 percent usually means there is a 50
percent chance of the target being unattacked and a 50 percent chance
of the target being completely destroyed. Hence, the distribution is
severely bimodal. Under the assumptions adopted here, however, a 50

percent expected damage means the most likely amount of damage is 50

percent, with only a small chance of no damage or ccmplete destruction.

This model could be readily extended by allowing the attacker to
react to the defense by reallocating his attack to account for lower
overall reliability of the attacking weapons. In fact various de-
grees of reaction could be achieved by simply allowing a percentage
degradation of attacking missile reliability. Several different
physical interpretations of this parameter might be made, such as
ignorance on the part of the attacker of defense capabilities, Or
degraded preferential capabilities by the blinding of radars.

A more desirable, bu: methodologically more difficult, extension
is to allow varying degrees of preferential defense capability.

Here some work is needed to find appropriate parameters to describe
this capability which not only are simple, but which are amenable

o physical interpretation, Examples of types of parameters are
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degradation of interceptor reliability, limits on the numbers of
interceptors which could be allocated to a single target, and use
cf a fraction of the desired interceptor allocation, It is not
clear, moreover, whether expected value calculations can be used,
or whether more complex methods will be needed to represent the
stochastic variations appropriately,

One tactic, which can readily be analyzed in cases where area

country, is to force the attacker
to bypass the defense completely, Such a tactic might represent
small attack situations where the

defense does not cover the entire

attacker cannot suffer the degra-
dataon necessary to penetrate the area defense.

It is also possible to allow the attacker to attack as if the
defense is not present, and then account for the defense action by
degrading the no-defense attack afterwards. This is most readily
done by simply eliminating some of the attacker weapons from the
attack against an undefended target. While such calcuiations are
readily performed, the rational for selecting the weapons tc be
eliminated, especially in an expected value calculation, is often
difficult to relate to any physical model.

The model implemented in MEVUNS assumes a fixed defense
deployment. Another direction for extension is to vary the
defense deployments. In order to do so (in addition to including
the appropriate defense optimization algorithms), it is probably
desirable to include a more specific representation of a particular

system to allow a better means of controlling the variation of the
description of the defensive capability.
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ATTACK GENERATOR

A, INTFODUCTION

As a part of the MEVUNS study a computer program was developed

0 generate nationwide attacks for optimizing the destruction from

the blast effects ¢f nucleer weapons. This attack generator has the

capability to structure attacks against economic resources, as well

as against population, In order to assess the influence of a ballis-

tic missiie defense, the active defense model described in Chapter V

iz linked to the attack generator., The program is written tc provide

attacks which can be used as input to the ANCET damage assessment
model, d=zscribed in Chapter VII.

The attack generator calculates the effects of nuclear weapons

upon target areas by the "square root damage law". The target

descriptors required for the square rcot damage law are a target

value and a measure of the size of the target. The standard deviation

of the population distribution is the measure of target size used

here. The required economic data consist of total value added (TVA)

for each of 79 economic sectors for each county of the United States.
Tt is assumed that the economic capacity for each sector in a county
is collocated with the urban population and is equally vulnerable.
These assumptions were not made to simplify the computer programming,
but rather because of the lack of appropriate data.

The methodelogy employed is basically a one-sided Lagrange multi

LU S
plier optimizaticu of damage. A "cell" structure of the target system

is assumed: that is, th2 damage or one target is independent of that
on others, since only blast effects are considerec.

The input data for the attack generator are summarvized in Table 4.
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Table 4
ATTACK GENERATOR INPUTS

Weapon Descriptors

Number of weapons

Yield

CEP

Overall reliability

Population MLOP

. Height of burst (air or surface)

* o

(2 RCaRF SRR

Population Descriptors for Counties and Cities
(from GEONN)

1. Identification number

2. HName

3. Population

4. Geographic parameters (See Figure 3)

Economic Descriptors

1. Torel value added (TVA)
2. TVA for each economic sector

Active Defense Descriptors (See Tabie 3)
Targeting Descriptors

1. Termingl defense avoidance (yes or no)

2. Area defense avoidance (yes or no)

3. Relative weight of population wich
respect to totel TVA

4. Weight on individual cconsmic sectors
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B, TAPGETING OBJECTIVES

| S—

To allow for various targeting strategies, a weighted payoff
function for each node in the GEONN is calculated, The attack
, generator uses a vector of weights, w = (WO’ Wis ooy w79), where

Yy is the population weight and Wis Woy waey W

79 are the weights
; for the economic sectors. Thus, an attack to optimize fatalities
-

. would have Wy = 1 and wj =0 for j=1, 2, ..., 79. To attack a

particular economic sector, the user would specify all the weights

, to be zero except the weight corresponding to the chosen sector.
The user of the attack generator actually supplies a value of

B , defined to be the weight of population relative to total
: economic weight.

WP AR )

Thus, B = 1 implies equal importance for popula-

tion and economic targets. A value of 8 = 0 instructs the attack

b
generator to ignore population in the targeting., The relative

Lot ik,

weights for the economic sectors, w., j =1, 2, ..., 79, are also

supplied by the user. The weight “y is calculated by the computer
- program: W, = g T/V, where T

is the total urban population and
- V is the total TVA.

It is assumed that each of the 79 economic sectors in a county
has the same vulnerability as the urban population in that county.

For some sectors, such an assumption is clearly false (for example,

i L
T - <4

agriculture) while for others it may be reasonably correct. In

most cases this assumption leads tc an overestimate of damage to

industry, since plants and equipment tend to be less vulnerable
then people.

S F it

For each county being attacked, a weighted payoff function is
used for optimizing the attack.

PRESLIVIFEPPNCUR- TN X

Let Pi be the populetion in urpan

e e

n
node i in a county with n urban nodes. Then P = T Pi is the
i=1
total urban population in the county. Let v, be the TVA in economic
J
sector 3j 1in the county.

whole is then

R A i
A

The paveff function for the county as a

-t

Xe
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w.P+ T w.v. .
0 j=1 JJ

The payoff function for urban node i in the county is

-
Pi 79 P, 79

z = 3
T WOP + 2 w.V. = wOPi + B j§1 wjvj .

If fi denotes the fraction of damage in urban node i , then £.P

iti
is the estimated number of blast fatalities in node i , and

£.P,
i“i

B vj is the estimated amount of value added in sector 3j that

o

is destroyed in node i

Thus, the targeting mechanism does reflect county-by-county
variations of economic capability. The output includes the nation-
wide fraction of the TVA destroyed in each economic sector which
can then be used as input to the economic model. Conversely, the
economic model can provide indicators of the criticality of various
sectors which can guide the selection of weighting factors for
generating attacks designed to maximize economic scarcities.

Different values of industrial vulnerability, expressed by mean
lethal overpressures, could be readily introduced into the model and
would probably increase the validity of the calculations. As an
example of the use of these data, the sector weighting factors might
be modified to represent a desire to attack vulnerable sectors pref-
erentially. If these vulnerabilities represent the estimated over-
pressures needed to achieve 50 percent destruction of the physical
facilities, a me sure of the loss of immediate production capacity,
or possibly of inventories of finished goods, might be obtained.

The economic model, as discussed in Chapter VIII, does not model
immediate post-attack econumic conditions, Between the attack time
and the time when the economic model is applicable, a considerable
amount of rehabilitation of damaged facilities could be accomplished,
This fact could be reflected by raising the mean lethal overpressures.
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The economic data on number of establishments in each county

could be used to estimate the degree of collocation with urban

population. For example, if a sector has a few large estabiishments

located outside of cities, then an attack on this sector could be

Fl
1
3
,;:
E!
3
i
¥
k!

better described by allocating one weapon to each establishment and
assuming that the sector is destroyed.

[P

In this case, the damage
calculations in the attack generator should be modified to allow
for this different method of destruction.

The present model does not include ccunterforce or other types

of military targets. These types of targets could be added to the

data base, allowing user-specified values to be estimated, and
calculations to be made to maximize total value destroyed.

Several other types of relationships might be approached through

variations of targeting objectives. For example, regional economic

relations might be studied by defining economic regions and struc-

turing attacks specifically against such regions to maximize dis-

ruption within the region. Economic sectors that dc not lead to

particularly serious bottlenecks on a nationwide basis might lead
to serious complications within a region.

The question of the sccial vulnerability of the nation has been
raised; however, no serious attempts toO analyze the possible serious-
ness of social disruption have been made on a nationwide basis,
Economic data, or data available on a county basis from the census
such as numbers of households, age distribution, income characteri-
zation, etc., might provide the grist for an analysis which attempts

to obtain a better understanding of societal vulnerability than
now exists,

C. URBAN DAMAGE CALCULATIONS

The "square root damage law'" can be derived by a55uming:l

e S A T B e AN P S R

PSRN

1. See Galiano, Robert J. and Hugh Everett, III, Defense Models
IV, Famiiy of Damage Functions for Multiple-Weapon Attacks, Lambda
Corp., Paper 6 (Arlington, Va., March 1567).
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{ (a) Weapons are infinitesimal in size and can be represented by
a weapon density, w . ?

] (b) The fraction of damage at any location is given by 1 - e'kw
: where k is a scaling constant.

b i

g RS
PP ) hptmﬂxmmlafxtua&m;&mhm

(¢) The target value is circular normal in distribution. %
4 (d) Weapons are optimally targeted to maximize value destroyed.

. i
From these assumptions the square root damage law can be derived :
which gives the fraction of survivors, S , as

s = e (147 -

Fand %3 nr,

where x = KN with K a constant depending on the city, and N the Sh
: number of weapons attacking the city, o
Define B8 by b

)
2 i
_TR Py »
B8 = 5 s :
o o
with RL being the lethal radius of the weapcns employed, P4 the i

non-reprogrammable reliability, and ¢ the standard deviation of
the value distribution in the target area.

A study of the applicability of the square root damage law to
a target area was done by comparing the square root damage law
results with results of a weapon-by-weapon computer optimized
laydown. Excellent agreement was found between the two methods.g
The value of X is taken to be aB , where a has been calculated
for some cities by scaling the square root damage law to obtain

4 2. Schmidt, L.A., Jr., A Sensitivity BRnalysis of Urban Blast
Fatality Calculations, IDA Paper P-762 (Arlington, Va., January 1971).
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good agreement with the computer-optimized laydowns., A value of ¢
of about 2 was found, varying by about 25 percent from target to
target, The city size, the weapon lethal radius, the slope of the
probability curve of kill as a function of distance, and the weapon
delivery probability also irduce variations in q , ranging from
about 1.5 to about 3.5. The square root law appeared to fit the
computer optimization results much better thar world be expected
from the assumptions in the theoretical derivation., The goodness
of these fits, the simplifications of the analysis resulting from
its use, and the wide prior usage of this formula all dictated its
adoption here,

The major target characteristic that affects the value of a
is target size. The square root damage law is not affected if the
target value distribution is assumed to be elliptical normal rather
than circular normal in shape. To better represent differences be-
tween targets, more descriptors (e.g., specific fits of the square
root damage law to individual cities) are needed. Since these are
not available in the present data base, only an average value of ¢
is used in the attack generator. The user has the option of speci-
fying @ = 2.0 or letting the program calculate ¢ , taking account
of weapon CEP and delivery probability.

It should be mentioned here that the damage assessment routine,
ANCET (described in Chapter VII), uses the same target data hase as
the attack generator. Because BNCET also suffers from the inability
to account properly for the population distribution in cities, errors
of about 25 percent from city to city might be expected,

Other damage assessment systems use methods different from those
outlined here to determine the value of X in the square root law.,
None of these methods are sufficiently sensitive to reflect the
parametric variations that appear to dominate the city-to-city
differences. Moreover, these other calculations of K are based
uponn different data bases than the one used here, For these

reasons, the overall damage calculations procuced here may well
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be different from those produced by other damage assessment schemes,

An appreciable effort would be required to achieve adequate calibra-
tion between methodologies.3

If comparability between different
systems is desired, or a method of properly reflecting changes in

a sensitivity analysis is needed, such efforts could be undertaken,
If, however, the intent of such calculations is to predict the out-
come of nuclear war, the unknowns of the threat or physical effects
probably outweigh errors in the damage assessment methodology.

It is possible to apply the square root damage law assumptions

to calculate injuries due to blast effects, as well as total casualties.

Suppose that a constant Ko is used in the square root damage law

corresponding to a large weapon radius which gites the area within

which someone is either killed or injured, If it is assumed that

the targeting doctrine, that is, to maximize fatalities, is unchanged,
the resulting injuries are given as

~0 X - 1
I=eV* S X ,

a

. where

X
- ¢
CL—K l .

This formula may be used to yield estimates of blast injuries to
supplement the fatality calculations.

Well over a thousand nodes are defined in the data base by a
single, isolated Standard Location Area (SLA).

It is assumed that
the SLA is sufficiently small so that a single weapon aimed at such

a node will destroy it completely., This assumption considerably

decreases the calculation time needed to estimate damage.
For other small ncdes defined by more than one SLA, a single
weapon aimed at the center would destroy most of the node. If RL

3. 1Ibid.
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is the weapoun's lethal radius, and O the standard deviation of the
node, the fraction killed is

l L4

(]"38602 )
C
..._._i—..._-.'.l

R

L

If the surviving value is found to be smaller than the least payoff
acceptable for a weapon, the formula is used to calculate the expected
payoff instead of the square root damage law. This not only simpli-
fies the calculations but provides a more accurate estimate than the
square root damage law for only one weapon.

Large metropolitan clusters of population often spread across
several county borders. By considering the population county-by-
county, instead of simultaneously for an entire area, an error is

comnitted. To investigate the possible size of this error, a severe

exemplar case, the Washington metropolitan area, was chosen and
analyzed with the square root damage law.4 About S0 percent more
weapons are needed than when the area is split into counties. This
indicates that the county division of population tends to overestimate
fatalities. While computing fatalities for an entire metropolitan
area and then splitting results into counties is conceptually simple,

the computer manipulations are somewhat involved and have not been
implemented.

D, DESCRIPTION OF TARGETING ALGORITHMS

1. Introduction

This section describes the procedures used in generating a
weapon laydown. The user supplies the size of the attack, descriptors
of the weapons in the attack, the weights for population and economic
sectors, and the characteristics of the active defense, if any. The

4, Schmidt, op. cit.
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attack generator then gives an assignment of weapons to nodes in the
GEONN and also estimates population and economic damage.
output options are available,

Several

2. No-Active Defense Optimization

Define

Xg = number of warheads targeted on node i
i=132.- ceey Ny

?

fi(xi) = value destroyed in node i by X5 warheads,
m = total number of warheads to be targeted,
r = overall reliability of a warhead,

The damage function, fi(-), is constructed for each node in the data
base, taking cognizance of the weights on population and economic
value added. Let V. denote the value of node i .

If the node has only a single census tract, it is assumed that
if one weapon arrives, all of the node value is destroyed, so that
the expected value destroyed is the nude value multiplied by the

weapon's delivery probability. Since a number of nodes in the data

. base consist of only a single census tract, this provision can ap-

preciably decrease computer running time. The damage function for
this type of node is

, if x

i
o

£,(x5) =

V. if x.
Vl s if %,

I}

1, 2.

For nodes constructed from more than one census tract, a test
is first made to determine whether the node is small enough so that

a single weapon on its center can destroy most of the value. If so,
the damage function is

£.(x5) =




T
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where 95 is the fraction of the node destroyed by one weapon.

For larger nodes, the expected value destroyed is calculated
by using the square root damage law and Vi. In particular,

-,,/'n.x.
£,(x) = vi[l - (1 + A/‘lZixi Ye 1] )

where ki is a vulnerability parameter defined in Section C.

The targeting problem is to choose an integer-valued vector
X = (xl, Xpy eees xn) to

n
maximize ¥ f£.(x.)
i=p *

subject to

Since the functions fi(-) are concave, nondecreasing, and pass

. through the origin, a straightforward multiplier method may be used
to determine x .

Tables giving the marginal return for weapons are constructed

for each node., These tables are truncated by using a specified

minimal marginal return. For example, with an attack against popu-

lation only, a specified marginal return of 60,000 fatalities per
weapon will limit the total number of one-megaton weapons on the
United States to about 400. A return of 10,000 fatalities per
weapon implies a maximum of about 3400 one-megaton weapons. The
number of weapons implied by this marginal return must be at least

as large as the desired number of weapons in an attack. To conserve

5. See McGill, J.T., Solution of Singly-Constrained Concave

Allocation Problems, IDA Paper P~619 (Arlington, Va., January 1970)
for discussion and proof of the details of the solution procedure,
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computer running time, however, the marginal return value should be

judiciously selected. The maximum number of weapons which can be

handled in an attack scenario is limited by computer storage require-
ments., Currently, the limit is 4000 weapons.

The weapons are ordered in terms of decreasing payoff
Pi(xi) = fi(xi) - fi(xi -

An optimal attack of m weapons is obtained by simply selecting the
m weapons whose payoffs are highest,

3, Terminal Defense Optimization

If a terminal defense is specified, the procedures described

below are added to thcse previousl: given., Each terminal defense

battery is characterized by the identification number of the node

it defends and its number of perfectly reliable interceptcrs,
denoted by ti for node i .

are assigned a price,

At T e

ohiabadactiks

Those nodes having a terminal defense

The price is the number of perfectly reliable B
interceptors divided by the reliability of an attacking warhead,

ti/r. The damage function for this case is gi(xi), where

o tum 2 S s L

bt and

0 , 1if x5 < ti/r s .
9;(x;) =

[P VOFRE

fi(xi - ti/r) , if x5 > ti/r

Figure 6 provides an illustration of gi(xi). As discussed and
heuristically justified in Section B.2, this damage function is a ;
function of an expecied value and is not the expected value of ' ;
damage.

The algorithm used to calculate an optimal attack against nodes,
some of which are terminally defended, begins (as in the no-defense
case) by constructing a weapons list arranged in decreasing order of
payoff. For undefended nodes, the list is made as before., For nodes

which are ter