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ADBSTRACT

This research develops concepts, flow diagrams, and statistical meth-
odology for an information system to estimate the megnitude and scope ol
nuclear attacks. The system is designed to operate in the transattack
and immediate postattack period- when data on the attack can be expected
to be incomplete and inaccurate, The underlying principle in estimating
attack size is that of statistical inlerence, which permits an estimate
to be made of the total attack from intormation on only & sample of the
attack, Heuristic decision rules are applied as needed to make the system
operalle. It is demonstrated how the target svnthesis procedure thus de-
veloped may be coupled to a variety of survival estimating techniques to
vield survival estimates. The resecarch also develops statistical method-

ology for processing reports of nuclear detonations,
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PREFACL

This research was conducted for the Office of Civil Defense as part
of OCD's program to develop appropriate information svstems relevant to
survival estimation, The report presents information {low and processing

diagrams for a statistical concept of survival estimating.

Robert M. Rodden was the principal investigator {or SR1. The sta-
tistical methodology described in Section VIII of the report was developed
by Charles R. 1nompson, and the more detailed {low diagrams of Appendix B
were devised by Frederic A, Miercort. Benjamin E. suta and Peter B, E -

Byorklund assisted 1n development of the statistical methodology.

The study was conducted under the general guidance of Richard K.

Laurino. Manager, Operations Analvs:is Program.
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1 IMTRODUCTION

The purpose of this report i< te support research directed at improv-
iy existing survival estimating <ystems, and to develop new systems by
which civil defense can undertake a realistic postattack assessment of the
extent and damge of enemv attack and the resulting surviving people and
resources,  Exccutive Order 10852, as amended, assigns civil defense re-

saonsthilities in this area ax follows:

“...develop plans ana operate svstems to undertake a nationwide
postattack assessment of the nature and extent of the damage re-
sulting from enemy attack and the surviving resources, including
systems to monitor and report specific hazards resulting from the

(1]

detonation or use of special weapons...

In this investigation, effort is centered on postattack assessment at
the national level during the transattack and immediate postattack periods.
Postattack damage assessment systems at subnational levels are also con-
stdered, but detailed investigations of these systems are left for future

re<search

The problem of estimating damage resulting from nuclear attacks on
the continental United States has been the subject of continuing research
for over a decade. During this time, researchers have devised numerous
svstems based on the use of high speed computers for determining damage to
population and rescurces under almost any type of nuclear attack. The
data produced by such systems have generally proved useful for purposes of
preaittack planning. On the other hand, survival estimating systems pro-
viding information fcr operations in a postattack environment have been
studied to a much less degree. In fact, a substantial part of the con-
cepts and methodology of the damage assessment planning systems has been
carried over for use with postattack damage assessment systems thet are
supposed to meet the information requirement for civil defense operations.

In recent years, the continuing study of the nature of the problem= in the
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postattack environment has made it increasingly evident that the planning
system damage assessment methodelogy will not supply adequate information

for postattack civil defense operations, This 1s largely due to the tact

that real-time information orn the magritude and scope ol the attack will

be needed to apply existing damage assessment metinocdology, but will un-
fortunately not be available,

The accuracy and reliability of data available in the transattack and

immediate postattack period may often be low., Attack and damage reports

may be inadequate or biased, Nevertheless, -the decisionz that must be

made during this period demand the availability of the bes:® possible a

5 -
sessment of the extent of enemy attack., Accordingly, thiz investigation
develops and describes an attack estimating system that will provide timely

information needed for operational purposes and that will minimize the ef-

fects of inadequate and inaccurate information. It is further shown how

the attack estimating system can be used with existing damage assessment
me thods.
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11 SUMMARY

This research develops and presents a statistical concept for making
national survival estimates in the transattack and early postattack
periods.  Statistical methodologiles are used to process reports of detona-
tions, and the principle of statisticzl inference is used to estimate the
magnitude and scope of the attach. . 'Sting svstems for the preparation
of national survival estimates in the transattack and early postattack
periods are based largely on preattack planning methods or on the tabula-
tion of direct damage reports as thev are received, Adequate and accurate
data of the kind needed 1o produce survival estimates with these techniques

w1ll not be available in the transattack and early postattack periods.

The teur principal activities ol the concept developed by this re-
search are (1) real time input processing and data preparation, (2) sta-
tistical conversion of data to anformation, (3) 1nference ol attack size
’ : and target system, (1) estimation of effects on resources and population.
Activities 1 and 4 above may have much in common with certain existing
survival estimating systenis-. The marn distinctions between this and other
survival estimating systems are an oactivities 2 and 3. The concept
developed by this rescarch uses stutisticual nference and heuristic
decision rules to estimate the magnitude of the total attack. The method-
ology thus devised cun operate with incomplete and inacceurate information.

Targets arc inferred by statistical inference after appropriate groupang

of target candidates 1nto target categories and vulnerability groups.

St 2 e

The methodology includes: the receiving and processing of burst

SIS RO

information and direct damage reports for use in making survival estimates;

ST

basic concepts for organizing inputs from various sources 1nto appropriate

data files; and provision {for supplying measures of reporting performance

o

to the system operiator,  Detonmation reports and other data are converted z

RS L) e

stutistically to information that is more directly applicable to survival

ot

= estimating. Estimated actual prount zeros and targets for the initial

&
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target list are detlermined statistically. Areas where data are incomplete
or possibiy inaccurate arc identified, and status veports are requested to
correct these deficiencies. An initial target svstem is developed that

yields information on the target cafegories hit and on the severity of the

attack.

The next main step is inference of the full attack size and target
system. This is accomplished with the aid of the initial target list, a
list of target candidates, and a knowledge of target categories and vul-
nerability groupings, At the completion of this step, an augmented target
list that in general will be expunded considerably from the initial target
list will have been developed through statistical inference. Again,
status reports will be requested to caver areas of doubtful or inadequate

information.

The final step of the concept is to estimate effects on resources
and population by means of the synthesized target syvstem. It is shoan
how a target system mav be coupled with several survival estimating tech-~
niques to produce survival estimates.  The survival estimating technique
sclected may well depend upen the requirements of the system operator at
a glven point in time. A summary of the svstem and its principal activi-

tics 1% given in Table 1.

Section VIII presents details of statistical methodology for esti-
matins; actual ground zeros and targets relevant to a group of detonation
reports. A basic tool is the use¢ of confidence regions and confidence
intervals to determine the actual number of bursts and estimate actual
ground zeros associated with a purticular group of detounation reports.
The selection of target candidotes for the 1nitial taprget list is also
accomplished statistically, using a least-squares methodology. Weapon
yields and heights of burst for a given group of detonation reports are

derived mathematically.

Appendix A provides more detailed flow charts for some parts of the
conceptual system. The basic purpose of these flow charts is to document
the 1deas that have been developed in the coursce of this research but

that arc not appropriate to the geiteralized flow charts of the main
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report, The flow charts of Appendix A will help provide the basis for

developing the system to a point where computer programs for the system

can be written. However, considerable additional work will be needed

beforu these flow charts are adequate for that purpose.

The feasibllity of inferring detonation records from direct dJdamage

reports is investigated briefly in Appendix B, which also gives a frame-
work for such inference,

using pattern recognition and hypothesis testing.

This research effort has developed methodology for estimating attack
size in the transattack and early postattack periods, ard has shown how

this methcdology can be combined with existing damage assessment methods
to produce national survival estimates. More advanced survival estimating
techniques, that would integrate attack size estimating and damage assess-

ment more directly, are briefly exploicd. Survival estimating systems

recommended for full developm:nt and implementation by the National Civil
Defense Computer Facility are identified.

It was not the intention of this study to develop computer programs

ready to use. The development of such programs, based on metlicdologies

presented herein, will require much additional eifort,
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I11 FUNCTIONS AND ORGANIZATION OF CIVIL DEFENSE

The general organization of civil defense 1s indicated in the Federal
Civil Defense Guide,* which describes functions in the national, state,
and locel governments. The objectives and responsibilities of civil

defense are outlined in the National Plan for Emergency Preparedness.*

The principal objectives of civil defense are twofold: (1) to protect
life and property by providing the means and knowledge necessary to mini-
mize attack effects, and (2) to preserve life and property by operations
and instructions necessary to reduce attack effects. Civil defense is
also responsible for supporting services necessary to achieve and maintain
a capability for effective and coordinated attainment of civil defense

objectives. It is in this latter category that survival estimating falls.

Civil defense 1s the joint respon~ibility of federal, state, and local
governments, with the federal government responsible for providing neces-
sary coordination, guidance, and assistance. Federal government agencies,
including the Office of Civil Defense and the military, advise, guide, and
assist the states and their subdivisions. Figure 1 shows the major govern-

ment elements likely to be involved in postattack survival estimating.

The Office of Civil Defensc, under control of the Sccretary of tte
Army, 1is responsible for carrying out DOD civil defense responsibilities,
OCD has headquarters in the Pentagon and has eight regional offices covering
the United States and its territorial possessions. The regional offices
work closely with the state civil defense agencies, wnd tbrough them, with

local c.ivil defense organizations. The Office of Civil Defense coordinates

* "Federal Civil Defense Guide,” Office of Civil Defense, Washington, D. C.
March, 1965,

t "The National Plan for Emergency Preparedness,” Office of Emergency
Planning, Washington, D. C., December 1964.
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Figure 1

MAJOR GOVERNMENT ELEMENTS INVOLVED
IN POSTATTACK SURVIVAL ESTIMATING
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federal activities in support of situation analysis for c¢ivil defense

purposes, OCD also acts aus a depository for preattack and postattack -

resource data related to civil defense, and as an exchange point and

)

situption analysis center for civil defense planning and operations. The

National Civil Defense Computer Facility, operating under control of

wd sl

i the Office of Civil Delense, would play an important role in postattack

survival estimating.

The Office of Emergency Planning (OEP) is closely associated with the

ittt

W

Office of the President, and is responsible for determining policy on

'
'
a1 fhaas,

civi]l defense, and for planning, directiug, and coordinating the total

LEanpae Do

o

civil defense program. OEP also determines the civil defense roles of

cther federal agencies and coordinates their civil defense activities with

each other and with those of the states, QEP further aids in arranging

T
'
!

mutual ald compacts among the states and in enacting legislation for civil

i ki

® defense purposes. The National Resource Analysis Center (NRAC), a
facility operated by QEP, coordinates federal activities in support of
= situation analvsis for purposes of continuity of government and for central - 3
programming of resources. NRAC, using 115 own and associated facilities,
acts as a depository for preattack and postattack resource data and as an

information exchange mechanism 1o support emergency decision making.

Other federal agencies participate in the national resource evaluation

programs and provide OCD with data required for civil defense plans, pro-

-y

REPRTI T
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grams, and operations. They also maintain the capability to assess the
effects of attack on resources under their cognizance, and provide OCD with . E

data required for plans, programs, and operations in support of situation

SRR !

analysis for civil defense purposes, Civil defense responsibilities of the

IR It

other federal departments and agencies are presented in some detail in the

Federal Civil Defense Guide. In general, each federal agency develops

; civil defense plans for use of its personnel, materials, and services

durlng a civil defense emergency. Field offices of the federal agencies

work closely with the states.

In the event of a national emergency resulting from a nuclear attack

on the United States, the civil defense mission of the military depart-

S

ments 1s 1o assist ¢ivil authorities in restoring order and civil control,

9
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E by employing whatever military resources are not required for military :
¥ operations. Available military support would be used to return essential
facilities to operation, prevent unnecessary loss of life, alleviate suf-

fering, and tske other actions as directed to insure national survival

TSR

and a capability on the part of the nation to continue the conflict, Mili-

4 tary support would be in courdination with, and supplementary to, the capa- :
3 bilities of state and local governments and would be terminated as soon as
possible, to conserve military resources and to avoid infringement on the
1 responsibility and authority of c¢ivil government agencies. However, several H
military systems are available for civil defense purposes routinely--for :

example, logistic support by the Defense Supply Agency. The U.S. Army Corps

of Engineers and the Naval Facilities Engineering Command provide chgineer-

ing support in svch c¢ivil defense activities as the shelter survey und

o

marking program and cummunity shelter planning, as required. A basic -

function of the National Military Command System Support Center, operated
by the Defense Communications Agency, 1s damayge estimation. This facility
L 1s an important part of the national damage estimation capabillity, and

would undoubtedly contribute to postattack survival estimating for caivil

defense purposes.

State and local governments are responsible for civil defensc operu-
tions within their jurisdictions These governments develop the necessary
plans, capabilities, and procedures to carry out civil defense activities

in accordancc with state law and federal pulicies and guidance, State and

H
L3
T
FS
3

local governments collect data and prepare materials requirerd for estimating

damage and making situation repor:s. Local governments would report infor-

mation to the state, and it in turn would report to the federal agency field

offices and the OCD regional offices.
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1V POSSIBLE DECISJONS REQUIRED IN POSTATTACK OPERATIONS

1t would be futile to try to predict exact postattac' situations in
advance, There is no doubt, however, that many important decisions would
be required i1n the very carly time period tollowing a major nuclear attack
on the United States. This section will identify some of the types of de-
cisions likely 1o be required and the people who may make them., This dis-
cussion 1s centered on decisions to be made at the national level, Deci-~
sions likely to be reguired at the local level will be similar in many

instances, but thelr scope and nature may be guite different.,

Some Likcely Decisions

Amung <ome of the more important decisions that are likely to be re-
aquired at the national level and that will be strongly affected by danmage

assessment results are decisions regarding:

e Direction and covordination of state and local governments
e Provision ot area warning, and public information

8 Conservation and distribution ol manpower

@ Relocation of population to reduce direct threats to life
e Allocation of military support to civil authorities

e Maintenance or reestablishment of government control

e Formulation of plans and procedures for future actions

e Protection and restoration of essential utilities

e Allocation of resources and facilities

e Protection and relocation ol essential stocks and inventories
& Reallocation or restoration of communications channels

e Maintenance or reestablishment of transportation links

e Relocation of survival rescurces, such as emergency hospitals
and medical supplies

e kstablishment ot requirements !or additionhal information

11
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Farly decisions at the lower levels will often be concerned with di-
rect threats to life, such as fire and fallout., They will also be neceded
regarding protection and allocation of food, water., medical supplies, and
other inventories and facilities necessary for protecting life in the

imnediate future.

The Decision Makers

The individuals or organtzations who make the important decisions at

the national level may well depend on who the survivors are. since c¢ivil

defense and national government are an extensive and highly complex net-

work, the decisions to be made will necessarily tnvolve a large number of

individuals and organizations. Cecrtainly the President and his staff will

be closely connected witin must of the important decisions, and the Presi-

dent may well make many of them himsell. The heads of government depart-

ments will clearly be called on for many decisions. The head of the be-

partment of Health, Education and welfare wou'd unguestionably be called

on for decisions regarding the utilization and allocation of medical man-

power and resources. The Secretary of Defense and heads of the military

departments would be expected to assist the President in decisions regard-

ing continuation of the war. The Otfice of Civil Defense and Otfice of

Emergency Planning would be cailed on for decisions regarding: divection

and coordination of state and local governments; provision of area warn-

ing and public information,; emergency &ssistance; and many other matters.

Although it will often be difficult to identify the decision maker

in advance, nevertheless th - de fons must and will be made, and the

best possible damage assessm i.Jormatiun is needed for such decisions.
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V" POSTATTACK SURVIVAL ESTIMATING PROBLEMS

The nature of the tnputs available 1n the po+stattack environment would
have a signifteant effect on the character of the survival estimating sys-

tem, The postattack actuality would in some ways be more helpful than pre-

attack assumptions, as 1n the case of dose rates, where direct reports would
replace predjéttons based on assumed yield, average winds, and other fac-
tors.  On the other hand, postattack data could often be quite misleading
becuuse ol fncompletenvss and blases introduced by sensors and communica-
tions, In general, the data fnllowing attack are likely to be much more

varied in vontent, reliabiiity, and timing than inputs normally assumed in

preattack planning,

et i ——

The survival cestimating system must be able to accept these varied,
biased. and time-phased reports, transiate them into a reasonably unbiased

picture ol actual damage conditions, and present findings in a form suit-

able for making operational decistons, Since the data will be basically
tnadequate, 1t will be necessary to make a variety of assumpti~ns about
the actual environmental conditions, Systematic rules must be applied
for acceptance or rejection of these agsumptions. Rules must also permit
modification and repeated testing of assumptions against incoming data.

Avaiiable data augmented by accepted assumptions would provide the rati~nal

bausis for decision,

Differences Between Preattack and Postattack Survival Estimating

Major differences between the damage assessment problem as it is cur-
rently approached in the preattack period and the problem as it would be
in an operational, postattack environment have been discussed by Spence
and Moll.® Some of thesc differences have been expressed in terms of

svstem 1nput and output regquirements, and are presented in Table 2.

» spence, Richard H. and Kendall D. Moll., “Rapid Damage Assessment in the
Po=tattach Environment,” Stanford Research Institute, Menlo Park, Calif.,,

February 1961,
13
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Input differences appear to be the most significant. Inputs can gen-
erally be specified exactly in the preatiack system, but postattack inputs
covering actual weapon strikes may be approximate, incomplete, or inaccu-
rate. For example, postattack inputs may consist simply of reports of
nuciear detonations in a general area, whereas preattack inputs provide
the exact yield and location of each assumcd detoration, Wwind data pre-
sentl similar problems; such data may be exactly specified for the pre-

: attack case, but there will probably be inaccurate information and uncer-

; tainties associated with postattack wind data. For example, wind data are
provided in general only at 6 hour intervals, and many changes in wind con-
ditions are possibie during such periods. Many attacks no longer assume

simultaneous bursts, an imp? )vement over the situation that existed when

Table 2 was prepared.
The format for ipputs to the preattack system can be standardized and

fixed for individual computations. If this were done for the postattack

system, bowever, 1t might well result in unacceptable consumptions of time,

Thus the postuttack syster must be much more flexible than the preattack
Preattack

svsten, Closely related to this i« the matter of burst times,

systems in the past have often assumed simultanecus bursts, but in post-
altack systems, burst times will probably occur and be rveported at varying

intervals., 7hese and other sporadicv i1nputs must be precessed as they be-
come available, and then revised as new information is received. Stag-
gered reports will be received from varyving sources, inh conlrast to pre-

. attack analvses aszuming a single group ol data I{rom one source.

Preattack systems are generally designed to produce the total output

I

) in a single computer run from one set ol input conditions. In the post-
f attack pertod, on the other hand, decisions to be made reguire that output
: pe produced on request by users, or whenever damage information changes,
fostaitack decision makers will probably want periodic reports as well as

1he ability to interrogate the system on specific points ol interest,

Formats for preattack systems are generally designed to minimize pro-
gramming and computer computaticn rather than to provide ease in interpre-
tation and aralysis of output. For a postattack system, casily read for-

mats bascd on raptd analysis in an operaticnal environment are necessary.

15
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Much of the detajl generally required of preattack analyses will praobably
not be needed for postattack systems. Only the amount of detail that is

needed tor essential postattack decisions should be provided.

16
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% V1 OBJECTIVES OF TRANSATTACK AND POSTATTACK
- SURVIVAL ESTIMATING

The traditional role of survival estimating systems is to estimate

the losses of population and resources resulting from nuclear attacks.

As survival estimating techniques have become better understood and de-

veloped, it has become apparznt that the basic techniques can also be used
to synthesize an attack during the transattack and early postattack pe-

riods. This latter capability could be very useful as the basis for warn-

<l

Z ing populations and taking countermeasures.

[

Operational survival estimating systems are similar in many ways to

preattack plarning systems, but significant differences exist, For exam-
3 ple, an operatioral system of survival estimating should provide for veri-
' fication and correction of indirect damage assessments, The range and
B variety of attack parameters considered in an operational system will prob-

' ably be more limited than in preattack planning systems. Furthermore, the
’ ¢ resource base upon which the damage assessment is made should be formulated
from larger groupings, i.e.,, the unit size of the data base can be larger,

or the data base can be sampled,

The attack synthesis function of operational survival estimating per-
forms two important tunctions: (1) it permits the extension of resource
damage analyses into nonreporting areas, and (2) it can be used to estimate

the strategy being employed by the attacker.® It is expected that the é

AT L) 8

weapon data needed for damage and resource evaluation will be available

Wi

from automatic and manual sensing systems, and from direct reports based on

.

aerial and ground observaticns. Since portions of the sensing and intel-

=4

ligence gathering network are likely to be destroyed during the attacks, the

R R T PR )

nonavailability of complete information must somehow be compensated for if

Y|

Sy i

n

'

* This in turn can be used to predict the development of the attack.

GRRIbet. LR T
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the damage estimates are to be complete. One way to accomplish this pur-

pose 1is to employ a comhination of judgment and inference from available

information relying mainly on the latter. Synthesis of the attack strategy

il

could also be useful in the early stages in estimating whether the attack

'
‘

is oriented toward civil population, military retaliatory forces, indus-

: trial resources, or other objectives. This type of attack-pattern projec- =

tion and its ability to identify probable ta:gets &s the atteck progresses

i

: could be crucial to population or other resource warning systems.
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VII A STATISTICAL CONCEPT OF SURVIVAL ESTIMATING

General

The requirements to be placed on an coperational survival estimating
system, together with the probability of limited available information,
suggest a statistical rather than deterministic approach. Concepts and
some details for a statistical approach are presented in this section.
The presentation of this section is largely in terms of generalized flow
diagrams with accompanying descriptive material. More detailed flow dia~

grams are given in Appendix A.

The system described is intended to operate with incomplete and per-
haps inaccurate data. The underlving principle is that of statistical
inference, 1.e., the definition of an entire attack design from an early
and probably small sample of attack reports. The statistical inference
techniques deviscd are then coupled with heuristic reasoning to provide

the information required to implement the survival estimation procedure,.

Unique features associated with the survival estimating system pre-

sented include:

1. The system operaules with incomplete and inaccurate data, i.c.,
only a sample of the data describing the attack is needed to
produce preliminary survival estimates. The approach in this
respect is therefore somewhat similar to that followed by the
major radio and television networks on election nights in which
the networks attempt to estimate the final vote from preliminary,

and other scanty, information.

2. The system makes extensive use of direct damage rcports. Di-
rect damage reports are used to infer NUDET-type information

and to verify other reports.

3. The system identifies requirements for status reports that are

needed to upgrade system results; that is, the syvstem is designed

19
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to automatically generate requests for data where there are gaps

in the data, or where necessary data have not been provided.

The conceptual system described by this report is a real time sys
tem in that input data are continuously processed and handled
statistically to infer attack size and target system. Production
of survival estimates, the next step, can be essentially real
time if the parametric survival estimating method is used. How-
ever, generation of survival estimates using large data bases
would require appreciable time periods, thus falling outside

the usual definition of real time. Also, it should be realized
that detonation and direct damage reports will in most cases not
be received as soon as detonations occur; there will be some de-

lay before this input data enters the system.

The system may also identify certaln target areas in advance of
their being attacked, based upon the attack pattern produced {rom

the sample of attack data.

The synthesized target design can be coupled with a variety of
survival estimating techniques depending upon the needs and de-

sires of the system operator,

Statistical Damage Assessment

A highly relevant statistical method of estimating damage from nuclear

attacks was devised and presented by Laurino.* The general logic of the

overall damage assessment procedure presented by Lauripo has been summar-

ized by Bothun and is shown in Figure 2. The system logic as presented

by Laurino consisted of seven distinct phases.

1
2.
3

4.

Screening of incoming reports
Definition of the target system

Determination of average yields per target

Determination of fraction surface yield

* Laurino, Richard, David Goodrich, and Donald Doane, ''Statistical Meth-
ods of Estimating Damage from Nucleer Attacks on CONUS (U)," Stanford
Research Institute, Menlo Park, California, 1962. (SECRET)
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Figure 2

SUMMARIZED LOGIC OF DAMAGE ASSESSMENT PROCEDURES

BURST
PARAMETERS

Yield
G2
HOB

ATTACK PATTERN ANALYSIS

Message Screening
Target Categories
Weapon Densities

Weapon Yield

Command
Review

TOTAL YIELD SURFACE YIELD
CHARACTERISTICS CHARACTERISTICS
~ —
. . PRELIMINARY
DIRECT EFFECTS RESOURCE FALLOUT WIND
DAMAGE BASE CASUALTY NDS
ASSESSMENT ASSESSMENT
TOTAL
DAMAGE AND
CASUALTIES
Source: Buthun, R. B.. "Uses of Radiological! Fallout Information in Operational

Postattack Damage Assessment Systems (U)," Stanford Research Institute, Menlo Park,
California, January 965 (CONTIDENTIAL)
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Augmentation of target system
6, Determination of attack parameters

Daetarmination of damage estimates

The proci.dures presented by Laurino provided gross estimates of popu-
lation casualties and resource damage within the limitations of the datsa

base and the approximating procedures used. The procedures provided only

for survival estimates derived {rom precalculated survival functions of
yield versus danage. In the event of computer malfunction, and where l
precise location of damage is not required, this system makes possible :
quite rapid manual calculations that <ake into account the pattern and

weight of attack. This feature is carried over as a capability of the

system presented by this study. Laurino's system is based on a minimum

number of independent parameters, and the submodels of the system are as
simple as possible, consistent with the general requirements for accuracy
and flexibility.

Many of the statistical concepts presented by Laurino are employed in
the overall system devised in this study. Where Laurino's original con-

cepts have been adopted, they have been further developed and extended.

However, several major differences exist between this and the Laurino

study, including: (1) provision is made for extensive use of direct dam-

ool

age reports; (2) the system identifies and generates requirements for

status reports; (3) the system is designed to operate on a real time basis;

(4) techniques are presented coupling the basic target identification sys-

Lot 0 Wl

tem with several survival estimating techniques rather than one; and (5) the

statistical methodology and techniques have been modified and improved.

Attack Synthesis Coupling with Survivai Estimating Systems

A brief description of various survival estimating and damage assess-
ment systems will be presented before proceeding to the specific subsystem
considered in this study. The purpose of this discussion is to summarize
the various survival estimating and damage assessment systems that might

be emploved with the statistical target synthesis concept of this report.

The statistical target design system produces NUDET-type information

for each actual ground zero determined. This information includes weapon

22




yvield, height of burst, ground zeru, and time of burst., The data may be
summarized for usce with parametric systems (based on preattack planning
calculations) or may be used with individual ground zeros for more accu-

rate survival estimating svstoms,

Some of the survival estimating and damage estimating systems that
might be employed are shown as a function of time in Figure 3. The tine
axis of this figure is not intended to be exact., but only somewhat repre-
sentative. The time period shown ranges from H-hour {(considered to be the
time of the first detonation), to the time wher reporting is completed, or

essentially completed, from all atfected areas,

The first system indicated in Figure 3 1s that which employvs preat-
tack calculated damage functirons.  The praincapal advantage ol the para-
metric system i1s that it 1s very rapid and can ecasily be accomplished manu-
ally if necessary. The principal disadvantage of this system lies in the
uncertainty regarding its accuracy., Unfortunately, the attack designs se-
lected for the precalculated damage functions may not closely resemble the
actual attack. The achievement of surprise is a fundamental military
principle, and history 15 replete with exarjp:les 1n which surprise has been
achieved. Thus, an actual attack on this country may not compare well with

assumptions made for any of the preattack calculated duamage functions.

The second major culegory of survival estinating and damage assessment
systems that might be emploved is based on a combination of weapons el-
fects scaling models and resource data bases. Twe such systems are illus-
trated in Figure 3--those basced on SRI SAMPRO and DASTAP programs. These
systems are currently used for preattack planning studies, but they mav
easily be adapted for survival estimating in transattack and postattack
periods. DASTAP employs a rather complete data base of some 44,000 re-
sour<e points. The SAMPRO program employs only a small fraction of
DASTAP's resource points--about 4,000, Thus the SAMPRO program may be
run with much less computer time than the complete data base DASTAP pro-
gram. The running of a SAMPRO program may require about 35 minutes or
less, whereas the running of a DASTAP program may require ap hour or more.
Although SAMPRO runs are less accurate than DASTAP runs, SAMPRO 1s accu-

rate enough to be suitable for quick runs concerning national estimates.

23
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SAMPRO thus appears to be eminently suited for use with statistical

syvstems, when the sample 1s relatively small.  7The principal disadvantage

of the SAMPRO system as compared with the parametric system is that SAMPRO

requires a computer, and the parametric system may be operated manually.,

However, this advantage may be more theoretical than actual, because incoming

revorts from affected areas are likely to be so numerous, particularly
thoese concerning radiological hazard conditions. that a computer will be

needed for processing the quantity ol incoming data in any case.

The next survival estimating system depicted in Figure 3 is once based

on a combaination of weapons eifects scaqing and reports from the field,

This system would employ the statistical target synthesis method presented

by this seport, together with weapons effects scaling models 1n the very
ecarly transattack and postatiack periodas. In this respect, 1t would he
like the SAMPRO and DASTADP based survival estimating models described
above, but would also differ fron them by using direct reports from af-
fected areas to correct and update quick survival estimates made 1n the
very early periods with SAMPRO or DASTAP.  That is. direct damage and
status reports Irom the various resource puints in the ficeld will be uxed

to provide new survival probabilities at each re ource point and replace

earlier survival probabiiities derived irom weapons effects scaling models.
Thus, in this partacular model. survival probabilitices at a given resource
point will initially be based only upon the statistical target identifica-

tion system ana weapons eftects scaling. These survival probubilities will

all be replaced as direct damage reports and status reports are recelved
from the operating areas, A transttion period would exist, 1n which the
total survival est: ate would be partly based on weapons ecifects scaling
and partly on direct reports, This system has the advantage that it can
rrovide a continuous total nniional survival estimate using the best
availavle data at all times, This model has not been developed, and

considerable additional resecarch wilil be required to complete it,

The remaining survival estimating system indicated 1n Figure 3 is one

based on direct reports onlyv, Tne obvious disadvantage ol this system is
} 3 B )

that 1t provides no national survival estimate in the transattack and

carly postattack perrods.,  Such a system 1s clearly not suited for meeting
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civil defense objectives. Furthermore, it has no advantage over the sys-

tem described in the paragraph above.

The preceding discussion has described how a statistical target syn-
thesis system might be used with various sgurvival estimating and damage
assessment systems. In general, it appears that the capability for carrying
out a combination of these systems is desirable. The parametric system may
be useful for making flash estimates in the very early periods. If the
parametric systf. is used, it should be followed closely by the SAMPRO sys-
tem which can provide improved estimates in very short times. The most
accurate and useful system in the late- periods wiil be a system like that
described above which incorporates the best features of weapons effects
scaling models and direct report models. All of these systems should be

useful at the natiounal level,

Target Information

Certain target categorizations are desirable in the development of
the statlistical concept. First of al), 1t is assumed that the operator
of the system has available to him a reasonably complete and well-defined
target list, This target list will presumably be similar, or identical,

to target licts currently used in preattack planning studies.

The target list will be divided into targe. categories, and the total
target list might typic~lly con in some 20 to 30 target categories. For
example, & target category might consist of Minuteman sites. Other ex-
amples ot possible target categories include submarine bases, Strategic

Air Command bases, and population centers.

For purposes of developing decicion rules and estimating uncertain
weapon paranmeters, the target list will also be broken down by vulnera-
bility groups. The three vulnerability groups used are designated as
military hard, military sof!, and nonmilitary. The ways in which targct
categories and vu aerability groups are used will be described in follow-

ing sections.

The statistical targe! synthests system also uses a target priority

list, by category, provided that such m 1ist 4= available. 7The awaliabilivy

26
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of a target priority list 1s helpful but not essential for the system.
Such a list would presumably be based in large part on strategic intelli-
gence 2nd pettern analysis of the early attack reports. It would also
presumably be based upon the assumption of a rational eneny, but not rec-
essarily. Use of a target priority list will be further explained later

in this report,

Components of the Statistical Target Syninesis System

The statistical target synthesis system is made up from a number of
subsystems. The subsystems include data input and verificaticn, direct
damage report processing, requested status report processing, detonation
record maintenance, initial target selection, and final target system
definition. Each of these subsystems will be described hriefly below.
Thie inputs, principal steps to be accomplished and outputs of each sub-
system are shown in assoclated figures., A greater level of detail for

some subsystems is indicated in Appendix A.

Data Input and Verification

The principal elements of the data input and verification subsystem

are summari- 4 in Figure 4.

Subsystem Inputs

The subsystem is designed to receive inputs from many different
sources. The principal sources are thought to be sensor NUDET, manual
NUDET, satellite¢, direct damage reports, and requested status reports,
The receipt and initial processing of this information presents many var-
ied problems., Some of the data received will probably be accurate and

suome vf the data will, no doubt, be highly inaccurate. The report reli-

ability from the severzl sources may vary greatly. In the extremely early

periods (e.g., the first detonation), there will no doubt be insufficient

data for making rellable estimatus. As time progresses and even in reas-

onably early periods, vast quantities of data may hecome avaiiable. There

are many thousands of radiological teporting stations, and many of these

[
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stations will be reporting early. Dozens of manual NUDET reports cov-
ering a single detonation may be received. In this kind of situation,

a system not capable of handling large quantities of data, and selecting
important data while rejecting less important or trivial data, would be

completely ineffective, and possibly inoperative.

The subsystem assumes the availability of electronic sensors for re-
ceiving and reporting essential NUDET data. If such a system is actually
available during an attack, it presumably will provide weapon yield, height
of burst, greound zero, and time of burst. The accuracy of each piece of
information may vary couns.iderably, depending on such things as distance
between sensor and detonation, and other factors. Some elements of the
data will probably be more accurate than others. One might expect the
time of burst to be guite accurate, whereas the reported ground zero might
not be very accurate if the sensor and detonation are separated by consid-

erable distance.

Manual NUDET reports made by trained and untrained observers will
probably also be received. Variovus techniques for estimating NUDET infor-
mation manually are given in apprcpriate civil defense and other gcvern-
mental publications. For example, weapon yield may be estimated from
cloud height. The distance separating the observer and ground zero may
be estimated by the time interval between the initial weapon flash and
the arrival of the blast wave at the observer's jocation. These and other
techniques may be used to estimate NUDET data manually. In general, one
would expect the accuracy of manual NUDET data to be considerably less than
that of Sensor NUDET dataz. However, the existence of one or more manual
NUDET reports for a given detonation would enable one to accept with some
confidence that a detonation had actually occurred. Faulty or incorrect
data concerning the existence of a detcnation might conceivably be re-

ceived {rom electronic sensor systems.
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A further main source of data indicated in Figure 4 1is direct damage

reports. These reports will be received in accordance with various civil

defense directives.” Such reports may be received in the form of NUDET

data, radiological contamination data,

or other ways, such as a simple

description of damage sustained. Direct damage reports will also pre-

sumably be received from civil defense operating areas, as in the manner

described in certain current civil defense documents.? 1In this concept,

proposed by Strope, each civil defense operating area would report its

status by specified basic operating situations. The categories propoused

give basic deta regarding the fire and fallout condition of the operating

area. This concept will be discussed further in connection with the

direct damage report processing subsystem,

As indicated previously, the statistical target synthesis system

will generate its own reguests for operating area status when initial

data are needed. Status reports would generally take the form of direct

damage estimates and would be converted to & similar format when received.

The subsystem is designed to operate in the absence of one or sev-

eral of the above sources of data, Presumably, direct damage reports and

requested status reports could be made available in any case, but perhaps

not for all operating areas. An essential point is that the subsystem 1c¢

'y

i

ational Warning System (NAWAS) Operations Menual,”

Department of
Defense. Office of Civil Defense,

December 19.6.
"Concept of Operations Under Nuclear Attack,’ Oflice of Civil Defense,
washington, D.C,, June 26, 1967. (Working [raft)
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flexible enough to accept inputs from many different sources and is not

dependent on any single source lor its operation,

Subsystem Accomplishment=

Data coming from the attack environment will first be tested for con-
sistency. This test is intended to exclude data which are clearly inaccu-
rate. For example, a consistency test might be one in which it is ascer-
tained whether the reported ground zero 1s within range of the sensor.
Another possible consistency test might be to ask whether the reported
time of burst is later than the last 0.K. (unaffected or undamaged) status
report. Still another possible consistency test might have to do with
weapon yield. Strategic intelligence should tell us what range of yields
in general might be anticipated. If a weapon yvield outside these limits
is reported, it should be subjected to scrutiny by the system operator,
and 1{ consistency is guestionable, status reports from these particular

operating areas should he requested (as for other questionable cases),.

After consistency tests, the next activity will be to transcribe
incoming reports to punched card form in a standard format. Once this has
been done, these reports are referred (v as detonation records. Detona-
tion records arc initially derived only ftrom sensor NUDET, manual NUDET,
and satellite data. The elements of data that are proposed for each det-

onation record are as follows:

1. Location and type of reporting unit
2. Yield of weapon

3. Height of burst (HCB)

4. Time of burst (TCB)

[

Ground zero (UTM cuordinates)

6. Report number for later identification

Subsystem Outputs

The outputs from the data input and verification subsystem are det-

ornation records, dircect damage records, and requested status records.
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These outputs will presumably Le in the form of punched cards. They will

be immediately avallable as inputs for other subsystems.

A TR M

Possible Future Extensions of the Subsystem

L)

The subsystem activities described above are by no means intended to

e

be a complete listing. As new sources of data become available, they
should be considered for incorporation into the subsystem. For example,

it has been reported that satellites will provide photographic data, These
data should be used to obtain or supplement detonation records. Various
information scurces may also provide physical census data which can be sum-

marized or reduced to obtain detailed specific results of an attack.

Direct Damage Report Processing Subsystem

The principal inputs, accomplishments, and outputs of this subsystem
are indicated in Figure 5.

Direct damage records are treated somewhat differently in the data
inpuc and verification phase since they may vary considerably and probably
will not contain all of the elements of data required to produce a com-
plete detonation record. Direct damage records should provide, as & mini-
mum, the location of the operating area, identification code of operating

area, the status code, and time of status. Various status codes might be

employed but the status code considered here is that presented in ''Con-
cept of Operations Under Nuclear Attack,' Office of Civil Defense, Wesh-
ington, D.C. The basic operating situations and their corresponding codes
are indicated in Appendix B, For example, a heavily damaged area might
carry the following code designation:

Basic
: Map Operating
: Code Situation Situation Definition
: 8 LORAD-HIFIRE Dose rate between 0.5 and 50 r/hr. Many

fires beyond control capability,
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This particular code will probably change as new reporting systems
develop, but 1t 1is representative of possible simplified damage codes.
Requested status records should indicate facility and location code,

status code, and time of report,

System Inputs

The inputs for this subsystem are the direct damage file, direct dam-
age records, and requested status file. Direct damage records are received
from the data input and verification subsystem and are sorted by location.
Direct damage records also receive a minor or secondary sort Ly time of
report, The direct damage file is created upon receipt of the first di-

rect damage record, and is maintained thereafter.

Subsystem Accomplishments

when a new direct damage recoird is received, the f{irst action is to
update the direct damage file. This is done by changing the stutus of op-
erating areas and facilities that have previous reports so that the status
agrees with the new report. If no report had previously been received from
the relevant operating area or facility, the status would be changed from

"no report’” to the current status code.

One of the outputs of this system is a change and summary report which
is presented to the system operator or uvther interested persons for system
review. The next activity of the system, therefore, is to record all
changes and operating area and facility status for the change and summary

report.

A further activity of this subsystem is to provide indicators to the
system operator regarding the overall status of the reporting system. Vari-
ous indicators might be employed--for example, the ratio of the number of
reporting operating areas to the total number of operating areas in the
system would be of interest to the system operator. Anotheir possible
indicator would be the fraction of the system not reporting by areas,.

Such indicators should provide a measure cf overall performance otf the

reporting system,
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One of the principal uses of direct damage reports 1is to provide data
for generation of detonation records. This is discussed in the section on

detonation record maintenance and in Appendix B.

The final step in direct damage report processing is to determine
if requested status records <an be satisfied by a search of records in
the direct damage file; that is, it should be ascertained whether the

incoming direct damage record can satisiy a curvent status request.

Subsystem Outputs

Qutputs of the direct damage reporting subsystem include an updated
direct damage fi1le, updated requested status f{ile, and chunge and summary

reports for system review,

Requested Status Report Processing Subsystem

Inputs, activities, and outputs of this subsystem are indicated 1n
Figure 6. 1In general, the handling of requested status reports is sim-

ilar to that given for direct damege reports.

System Innputs

System inputs for the requested status report processing subsystem
arce the reguested status records themselves, the reguested slatus [ile,
and the direct damage file. The requested status records should be sorted

by location with a minor sort by time of report.

Subsystem Accomplishments

Status reports will result only in response to a specific request.
Therefore, one of the first and perhaps most important actions will be to
update direct damage file records for appropriate cperating areas and

facilities.

The requesting system should also be cleared of requests for status
that have been received. Finally, reports of changes in detonation rec-

ords and direct damage files should be printed out tor inspection by the
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system operator and other interested persons. As with dirvect damage proc-
cusing, detonation records will altimately be anferred from requested

status records as needed.

Subsystem Qutputs

The principal output ol this subsvatem is an updated dircev damage
file. Other outputs are an updated requested status ftle, and printouts
of changes in files and status of facilities confirmed by requested status

records,

Petonation Record Maintenance Subsvstem

Some of the statistircal procedures covered 1n this subsystlem are
described in greater detail in the next chapter ol this report. several
of the key points relating to the statistical basis dor the survival esti-
mating concept center around this part cular subsystem.  The principal

components of this subsviten are indicated o Figute 7.

Subsystem Inputs

The inputs for this subsvstem are detonation records, the detonation
record file, the direct damage f1le, and the estimated actual ground zero
file, Determation recuids ai'c suvited by time ot pburst and by geographical

locations,

subsystem Accomplishments

As new detonation records are recelved, they are used to update the
detonation record fi1le.  Superseded records should be replaced, and new
records should be added tu the tile, In addition, detonatiron records
shoula be compared with relevant direct damage records, to determine
wircther they ave compatible. 1f the detonation record is not compatibile
with aciual status, then the detonation record should be modified to

climinate the ancempatibrlity
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Initial Target Selection Subsystem

The principal ccmponents of the initial target selection subsystem
are indicated in Figure 8. The main purpose of this subsystem 1s to make

initial target selections from the various target candidates.

Subsystem Inputs

One of the principal inputs for this subsystem is that derived from
the detonation record maintenance subsystem-~i.e., a file of estimated
actual ground zeros together with assuciated weapon parameters (NUDET-
type information) as well as target categories that are associated with
estimated actual ground zeros. Other inputs for this subsystem include
the direct damage file, detonation record file, and the target candidate

file,

Subsystem Accomplishments

The first principal action of this subsvstem 15 to estimate the feasi-
bility of estimated actlual ground zeros by checking the status of facili-
ties 1n the area. The detonation is highly suspect and should be removed
from the estimated actual ground zerov file if either of twe conditions are
met: 1f there are facilities with "no hit” status reports later thuan the
estimated time of bhurst; or 1! the reported damage 1s grossly incompatible
with the estimated characteristics ol the detonation (e.g., aill facilities
in tne area report light blast damage and no significant fallout, while
the detonation is supposed to have been a 10 MT surface burst). Also,

infeasible detonations are printed out Jor review by the system operator.

Each detonation record group (associated with an estimated actual
ground zero) 1s then cumpared against a list of target candidates. The
hypothesis that a gaven target candidate wias the target for the group is
tested by usang rangs and azimuith data to ctompute a variate that is dis-
tributed approximately chi-square, Wwhen the chi-square test failsg to
vield a possible tarpget (1.e¢.. a given detonotion record group apparently
has no teasible target), ihis intormation is printed out tor the system

aperator,

41




d L e Gk T e Y T T TP

MY Y 1SANG POLTWI NS Ol utyr o aagv !

$14040d NITI. 11y O Yirw o irlror ] ”
SIE DSOYL SdaU¥ oNOG) PUT uotruo)ap

SYL JO 3I01ISTIIJANAVYD PORUTI~ 1Y) Yltw :

J{qrigdwnout st

rwey poraodad oul oazoyw i
ASOY ) APNTIUT SUOTITUOLAIP »TqLtojul A
I

‘pagcnboa g
AP YoBa JO (s1orarl a0)
JOHdIeL TOJO UGS UL OaNvw '
01 (ydeoddde uovildun; poull 1oLt i
B Ha) poylom alisianay roosg t

SOIDT . * A*
punocds (unide L, ragafirey juapstsuoaur yoal
PaINWT Ive oY (U030 asang JO ydtay Cplacd ™~ .
; o —1 ; H 01 “oADUNG
Iqrsvauyg JO waal Uur) LOTIVLOLIIP Yt AoUN \ a1ty atrg At o vy eaar
—STSLOD Jdoj siefue] o1gruesoed yoaayy % s

1TaN4AT ] pPardag ”
Ay OU yglim i

SOd4AL punold e T1oNZe) PR1JS(AS YU YITw sadas punogt
180308 pajvw THNIDE poledl psa 11 a0 gutag N i
-1182 !0 18I ,,
f

‘yorjruo

41

AJUppue paoana \ afcwrp punosd

oty YA TIrUQ RO L vnyov
UOTITUO LI YorD } 1 ut va Predg LA
! [ESRR L]
JOJ S1aTAEY alQissod Jo s auiw - - “— - ,
ENEH 3 (ST T bo- 1y o z - ;
Tert 1op 01 DEESTI0LS 948N [ETIREN N z //1\\

i
jadaeyl i
(e1atug TSUOTIBUOIOR «[qQT1sBajul [TE 1IN0 jurld |

€22C Y Ul ~IOTIITIICY GO “nyv,;s

/I JUIASOYD NG hoaad punoal rrnioe o

PBIRWT D Ju AGTLIGinED) dUTLY g 1

NCILDIT3S 208V 1VILING ]

2 ;oL




U TP Bt s d 2

The next principal action is to check all possible targets for con-
sistency with the associated detonation parameters, i{.e., yield, height
of burst, etc. 1t may turn out that there are no possible targets con-
sistent with the associated detonation (i,e., the estimated weapon charac-
teristics are not appropriate for use against the vulnerability group or
groups of the possible targets). In this case, this information is printed
out for the system operator. Heuristic methods are then used to make the
final selection of a target (or targets), if more than one target candidate

passes the chi-square and consistency tests.

For example, a likelihood function might be used to favor the selec-
tion of target candidates in those target categories that have a higher
percentage of reported hits. The reliability levels of associated reports

might also be used.

Subsystem Outputs

The principal ocutput of this subsystem is an initial target list.
The various environmental! inputs of the overall system, including NUDET
reports, direc damage reports, etc., havc been analyzed and processed
statistically to produce an 1nitial list of targets based on a sample of
the environment. The subsystem also prints out a listing of estimated ac-
tual ground zeros with no selected targets, and a list of infeasible esti-

mated actual ground zeros.

Final Target System Definition Subsystem

This subsystem takes the initial target list and develops an estimate
of the complete target system, which in turn becomes the basis for sur-
vival estimates; that is, in this subsystem the full attack design 1is
estimated {rom a sample of the targets that have presumably been attacked.

The principal elements of this subsystem are indicated in Figure 9.

Subsystem Inputs

Subsystem inputs 1nclude the initial target list, the direct damage
file, and the target! candidate f1le., Priorities are a-signed to the

target candidate- by category.
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Subsystem Accomplishments

The principal activity of this subsystem is to develop the full at-
tack design. This is done by accepting as part of the final target system
all of the target cagegories that have sustained hits, and by selecting
additions from the target priority list. All targets in each target cate-
gory that have been hit are included on the final target list unless no-hit
reports have been made for that particular target candidate, with time of

report later than the relevant time of burst,

Target categories are counsidered tor inclusion in the final target
system ever. though none of the target candidates in that category have
been reported hit, provided the target category is higher on the priority
list than accepted target categories with no hits, or is at the same level
with them, However, decision rules are applied to target categories thus
added to the lisu. and such categories are rejected when no other cate-
gories in the associated vulnerability group have been hit or when there
are no-hit status reports for target candidates in that particular target
category. Status reports are requested on all unreported targets added
to the target system if status reports have not already been requested.

These targets should be warned that they may be on the enemy target list.

Certain weapon yield determinations must then be made in connection
with target candidates included in the final target system for which
weapon yields have not been previoysly determined. Avcrage weapon vields
and average fraction surface yvields are determined for each target cate-
gory and for each vulnerability group. Appropriate decision rules are
applied so that needed weapon yield information for the final target sys-

tem can be determined. See Appendix A,

when no ground zero i< available for a target that has been added to
the target list by 1. erence, the target location is used as the esti-

mated ground zero.
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Subsystem Output:.

Z The principal output of this subsystem is all of the information that
£ is needed as input information {or parametr-ic DASTAP and SAMPRO type sur-
vival estimates. For the parametri~: system, the essential inputs are total

and surface vields by target category. NUDET-type information 1s required

e e

for the DASTAP and SAMPRO systems. The subsystem also provides an updated

requested status file and a list of target candidates to be warned.

RRRIRETT I <

Sample Target System

Before proceeding with a description of how the final target systum,

et pe it e

: as described by the preceding sectiouns, is covpled to various survival

e bl

i estimating systems, an illustrative example is given of how the final tar-

get system selection process operates. A simplified target system, con-

sl e

sisting of only fou. target categories and up to six targets per category,
is shown in Figure 10, For purposes of this example, it is considered :

- that the target candidates can be placed in one of four classes as follows:

On the initial target list ana having confirmed damage

T
. 16 o
—

On the initial target list, but having no confirmed damage as yet

Confirmed "'no damage'

SOowN

No report at all.

Other target codes, such as damaged but net selected for the initial tar-

LR T eI T

get list,’ are pous=zible and might bLe included,

Target category 1 contalins an example of each of these classes. Tar-

Wy e |

gets 1 and 3 are on the initial target li<t, and damage to these targe‘s

has been confirmed. Tdarget 2 of this category is on the initial target

[ TR

list, but damage has not vet been confirmed. No report has been received .

: from target 4, and a confirmed "'no damage' report has been received from
D target 5. Target category 1 is thus selected for inclusion in the final
target system, except that target & is deleted. Status reports will have
been requested for targets 2 and 4, vwhere no confirmed damage ana no re-

norts have been received, respectively.

O B, g
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Target categories 2 and 3 provade further examples similar to those
given for target categery 1. Target category 4 is not selected for inclu-
sion in the final tavget system since no targets n that category have been
placed on the initial target list. Similarly, status reports are not re-
quested for the target candidates of target category 4 for which there are .

no reports, since there 1s no apparent activity in this target category. e

1f target category 5 is equal to or higher than target categories 1, 2,

Ly

or 3, it would also be included in tie final target system. This would

depend on its meeting other decision rule criteria that may be established.

3 The simplified example described above applies tuv the final target sys-

tem at some speclliied point i1n time. In gctual practice, the definition of

g

the final target system. being a dynamic procvess, is constantly improving

with time.

PR

Parametric survival Estimating

o e g

A parametric subsysten for survival estinating, with information pro-
vided by the final target syvstem delinition subsvstem, is indicated in Fig-
ure 11, This i= a highiy simpltified <ystem that could be exther manually

’ or machine operated.

: Subsvstem lnputs

Inputs for this subsvstem 1nclude total and surface yield ior the at-
tack by target category and precaleulated survival functions. The survival
functions will be based on preattack planning calculations for various
types and weights of attack. Such survival f{unctions are currently avail-

able for a wide range of types of attack. One example of this Kind ot sur-

: vival function is given in Figure 12, "Expucled Fatalities Versus weapons
, L. " N a )
Detenating at U.S. Cities. Figure 12 enables one 10 make gross predic-

tions of the percentage survivors as a lunction ol total atrtack design.

Impertant parameters to be considered in such functions i1nclude attack ob-
Jective, height of burst, and shelter posture. The assumption- made will
have important effects on the functions., Similar survival functions are
available for survival estimates concerning damage to various types of in-

dustry and vther resoutces.

* txemplar only: not based on actual calculations,

47
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As suggested earlier in this report, however, there is no assurance

0IEPRABIR i

that the actual attack will closely resemble the hypothetical attacks upon
which precalculated survival functions are based. This 1is a major limi-

tation of parametric survival estimating based on precalculated survival

et b derd LOTToudl Ty Lo S

f 4 functions., Such functions are o. arly applicoble only to na: . nal esti-
mates, For example, the pre 1ce or absenc. of ballistic . ssi.e defense

systems could have ir ortant i plications for precalculated functicns, as

well as for the planning parameters mentioned above.

Subsystem Accomplishment and Out put

I
o

The principal function of this subsystem is to provide quick national
estimates of surviving population and other resources. Steps required to =
carry out this function are indicated in Figure 11,

DASTAP and SAMPRO Survival Estimating Subsystem

Survival estimating based upon the DASTAP and SAMPRO modcls is suit-

able only for machine operation. The DASTAP model calculates survival

probabilities, standard intensity, and equivalent residual dose for each
of some 40,000 resource points (depending on the data base used). Results

of these calculations are inputs to an environment tape which, in turn,

|
!
i
i

is used to develop total survival estimates. Other inputs to the environ-

ment tape include wind ratierns, weapon descriptions, damage functions,

é mean lethal radii, and yield scaling features. Comparable survival models
é : are in use by NRAC, RAND, and other organizations. The principal limita-
' tion of this type of model is the time required for running the program.

; ) Running times range typically from 1 to 3 hours, depending upon the type

‘ of attack and whether or not fallout i1s present. Attacks involving fall-

out require more time.

The SAMPRO model is & modification of DASTAP and employs statistical
i sampling techniques to reduce the number of required resource points to
about oue-tenth ot those used by the DASTAP model. Running time is thus
greatly reduced and there is very little sacrifice in acc'::racy for na-

tional estimates. In general, the SAMPHO model appears to hc quite

il

it

PR PO FRTRTR
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suitable for use with a statistically designed target estimating system,

The principal components of the DASTAP and SANMPRO survival estimating soh-

sVslcas ave 1ndicated in Figure 13,
Subsystem Inputs
Inputs for the DASTAP and SAMPR2 models ainclude: (1) resource peoint

data, (2} weapon data, (3) wind d
ter conditions. Weapon data will
detfinition subsystem, Wind data

otherwise obtained as desired.

Subsystem Accomplishment and

The DASTAP and SAMPRO models
probabilicies, H + 1 intensities,
paravneters.  The cnvironment tape

This edit results in survival exst

Survival Estimating Svstleris
K A

This scction has prescented methodology for estimating the magni tude
and scope ol nuclear attuacks, and for combaining this methodolegy with

existing damage assessnient technigques (o prodace national survival esti-

mates, Thus the objectives of ti

than one survival estimating svstem, ecach capable of ¢oping with incom-
plete attack information, has been devised, In the opinion o! the auth-

ors, systems based on the parametiric and SAMPRO metiovdologies should be

fully implemented {or use by the

Further, another syvatem that sheuld be fully develor~d and implemented is
a survival estimating system basced on the statistical methodology for es-

Limating attack size and damage assessment techniques that collate weapons

ellects with facility =tatus and

details regardirn;:, -tatistical me

ata, (1) damape functions, and (3) shel-
be derived from the final target system

and shelter conditions may be assumed cor

Output

produce environment tapes ol survival
caquivalent residual dose, and cther
1~ then cdited against resovurce points.,

imates tor population and othoer resources.

I R

e study are wmet and excecded, since nore

Natinonal Civil Iefense Computer Facility.

damape reports, The next section gives

thodology for cstimating attack size,

51
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VII1 STATISTICAL METHODOLOGY' : 3

General -

A

This scction of the report develops and discusses stalistical methods -

ior processing nuclear attack i1nformation that have becn mentioned in the =

preceding chapter. These methods are developed primarily in terms of a
standardized report model that utilized time of burst, reporting station

location, azimuth, and range between reporting station and detonation.

The incdel develops cstimaies {for the number of weapons used, the locations,
times ol burst, and heirghts of burst of the weapons, the weapon yields, and

the targets against which the weanons were aimed. -

Knowledge of ground zeros and times of burst is a prerequisite for -
cirivrent allocatron of recovery sesource= and 1= also 1mportunt in pre-
dicting fallout paths, Data un ground zeros (together with data on yields ;
and fis=ien ratiog) can also be used with damage assessnent techinlques to
provide civilian and military planners with estimates of survivang national !

rcsources.,  The estaimates ol 1ntended targets can be used to predict the

attacker's choice of targets. Such predictions mipght enable evacuation or

movement to shelter to be carried out before a location 1s actually attacked,

Although manual NUDET and sensor NUDET reports may be the princapal
information sources jor this statistical process, the method 1s preseinted in
a general way that 1is not dependent on these systems, Thus, major changes
in seporting systems will not require corresponding changes in the statis-
tical processing. This independence 15 possible hecause the different
reporting systems provide similar info mation cven though the formats and

mcthods are very different.

This chapter is based on the working paper "Statistical Methodology for
Nuclear Attack Intformation Processing,  TN-OAP-22, by Charles R, Thempson,
Stantord Research Institute, Menlo Park, Calii., August 1967.

(%]




1
£
E
iE

i
i

et

i
£
£
z
x
£

e R oLl R

e T

TR Y TN

The Report Model

The standard report model consists of deta that can be obtained or
inferred from a report about en attach. 1In some cases, the data may be

available directly from a report by a station, but this may not necessarily

be the case.
The items of data in the standard model are:

= azimuth of burst from reporting station

= range of burst from reporting station

- time of burst

identifier of the reporting system usecd

= geographical coordinates of t(he reporting station

= weapon yicld

o «w /R ¥ o+ e
i

= hcight of burst

Azimuth 1is given in Jdegrces clockwise from true north. Range is in
nautical miles. Time of burst is given in hours after H-hour (start of

attack). Item k identifies the reporting svstem by a code such as 1 for

- . N smmye
e Lwea iVl

anu 2 for sensor NUUET, The coordinates, g, of the reporting
stations are given in terms of the Universal Transverse Mercstor system

in hundreds of meters.

The model describes the statistical properties of the report items by
means of probability density functions and confidence regions. The range,
azimuth, and buyrst time esztimates will be assumed to be independent, nore

mally distributed random variables with means at the true values and known

standard deviations dependent on the reporting system.

The standard errors are in hours, degrees, or miles; they may be the
same for all stations in a reporting system, or may be derived from a var-

iance given in the original report from a station,

Confidence Intervals

The confidence interval for the burst time of a weapon rcported by a

station is obtained from tables ol the normal distribution. A number, b,

1s obtained from the tables so that

4]
>
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Pre-bozsbl=1-o0

where

Z is the scandoardized normal variable
a i1s the probability ol a variable exceceding the confidence bound.

The confiydence anterval for the truce burst time, t°, ol the reported

burst is

vhere

-

¢ 15 the stundard deviation ol the station report « £ burst 1ime, and

t is the reported tuoae oi burst.

It the vonirdence level were 90 poercent, then
t - 1.615 v 1 s U+ 1.640°

would be the confidence intervgl. For a large group of attack 1nformation

inputs, 90 percent of the intervals constructed 1n this manner will contain

the tame of burst,

Confidence Regions
[

The confidence region for the station-reported locgiion of the ground

zero (8, r) can alsc be developed.  One region can be detined by

standard deviation of azimuth

]
1]

o = standard deviation of range

a,b = constants
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This region is a sector of a circle about the line-of-sight determined by
the reported azimuth., The constants, a and b, are obtained {rom tables «*
the normal distribution, so that

b

r N [ )
Pr 1- 4 = & ﬁ} « P, 1— b s 2 = h} =1 -

P

1f the confidence level is 70 percent, thep a = b = 1,960 will proin..e i
suitable confidence reglo. for (8, r), the true position of the grous:
zero relative to the reporting station., For a large group of reports,
90 percent of the intervals constructed in this way will cover the true

ground zero.

Figure 14 illustrates 90 percent confidence regions for the location
of an actual ground zero by twe different reporting stations. The con-
fidence regions for the two station reports overlap, indicating that a
single burst may have elicited both reports., Note that a confidence re-

glon 1s assocliated with each repo-t.

1N€e CONIiluence regluns nay e approximdiec vy recianglies wecaus€ the
estimpted ranges, R, of the bursts will be large with respect to the range
standard deviation, and small variances 1i1n angles are 1o be expected. The
rectangular representation will allow manual processing of station reports

by graphical techniques, as a back-up four a computer processing system,

ting Standaordized Station Repeorts with Burstco

The standardized station -eports arc the basic data for determining
weapon characteristics. Each report gives data for a particular burst.
Moreover, the same burst may have been reported by many staticnc. The
more stations reporting a given burst, the more data availahle to develop
information on weapon charucteristics., In order to develop this informa-
tion, the reports must be zeparated into groups corresponding to separate
bursts.  Becausce of the statistical nature o!f the separation, it will be
impossible to tell exactly which burst a station reported, thuas causSing

sone reports to be associated with more than one burst,

56
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The confidence regions and time- of burst assoctated with the station
reports can sorve as classifications of reports 1nto groups pertaining to
u single burst or clusters of bursts.  The bas-ic ldeas used an this classg -
fication are: (1) the same confidence region for several reports indicates
a single burst for all; (2) difterent confidence regtons for two or more
reports indicates different bursts; and (3) overlapping of contidence re-
glons indicates that the reports may be for the same burst, The time of
burst intervals may then be used as a chect on the categorfes set up by
confidence regions. For example, 1t confidence regions overlap for two
reports, then overlopping of the contidence intervals for their burst times
would indicate that the two reports pertain o a glivep single burst, aud

they would be placed in that group. Figure 14 shows the overlapping case. :

Detonation Record Grouping

The sample rule stated above 1s complicated by the “chaining ' of con-
faidence regirons. Fapure 10 gives an 1llu-tration ol thi- chartacteristicg
reports< 1 and 3 arce separate, but they are chained together by report 2.
There may be a single bLuest an reglon 2 or bursts 1o resions 1 oand 2.
Since 1t 1s undesirable to overestimate the number of bursts, single
group centaining records 1 2, and 3 1% made, subject 1o separation by

times of burst. Similarly, rceords 4 to 8 also form a single group.

Burst [ine Daiocorimiioizz.

The records grouped by position may be separated further on the basis
of times of burst. In some cases, the times may differ widely and hence
allow a simple discrimination.  For cxample, 11 report 6 of Figure 15 has
a burst time of ¢ hour: later than the other records in the group, and the
standard deviat:ion 1s 1 hour, then record 6 must represent a distinct
burst, After the removal of record 6 from the group, a cheex indicates
that two posciisn groups are now present. In the abseace ¢f further time
discrimination, threa burst groups are formed from the original proup of

five records.  They are (6), (1, 5), and (7, 8); vavh representls a dis-

tinct burst,
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In many cases, the times of burst intervals will overlap, but dis-
crimination can st1ll be periormed by constructing frequency plots of the
time data, The modes of these plots can be used as estimated burst times,
and the records that have corfidence intervals containing these estimates

are grouped together.

The plots are obtained by sorting the upper and lower bounds of the
confidence intervals by time and assigning froquency values from the lowest
time to the bighest. If the sorted values arv numbered by i = 1, 2, ., n,

and i1 fi 15 the frequency of the ith value, then

£, =1
f, = f; + 1 if 1 is a lower bound
= f;, -1 1if i is an upper bound

It s-ould be clear that f, = 0 because there are equal numbers of

upper and lower bounds.

An example will clarify this process and also 1llustrate the reduction

of position groups by time of bursi. Tabhle 3 gives the estimated burst
times froim station reports 1 to 8 (Figure 19). 10 a 90 percent confidence
Table 3

REPORTED TIMES OF BURST FOR RECORDS OF FIGURE 15

Time of Burst Standard Deviation
Record (hours after H hour) (hours)
3.0 2

>

3.
10.
Y.
10.
13.

e,

[ (A (V]

N

o e s b e bt
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about each reported time is
(,

is given in

level i< required, then the confidence interval

4 2.0 hours. The sorting of record group {1, 2, 3,) will produce

5, 5.5, B.1, 12.1); the frecuency plot trom this sorting

Figure 16. Note that the frequency goes to zero Lefore the records are

vompletely plotted. This indicates that the rcecords should be separated

into two groups: (1, 2) and (3).

Figure 16 also shows a plot of records 4 to 8. This plot does not

provide the high confidence separaticon that the plot of records 1 to 3

provides, but it does have two modes, The modes at 12 and 8 hours indi-

cate that two groupings should be fermed, They are (4, 5, 7, 8) and (5, 6).

The first group «an be

(7,

further sulbdivided on a location basis i1nto (4, 95)

and 8). This illustration also shows the usc of a single record, 5, in

two different burst groups,

Bur~st Time Discrirnnct:on «ath More Than Ore Reporting Systom

The records represented in the ahove examples (Table 3 und Figures 15

all records

In

and 16) are a simplified case since cime {rom the same reporting

system (standard deviation 1.2 hours). practice, at least tvo reporting

systems (two different standard deviations) wi1ll be an use; any set of

records will be a mixture ol records from various systems.  Figure 17 11ilus-
trates this general situatlon 1or tws reporting systems.
The rules for separating these records 1nto groups are similar to those

for the simple case. The smaller confidence areas are grouped without ref-

crence to the larger arecas, Any larger areas overlapping the small area

groups are added to these groups. Atfter this opcration, any larger areas

not yel processed are grouped, and these larger areas that overlap these

groups are placed therein. For Figure 17, the following groups are derived:

Group Records
1 9, 1, 2
2 i6, 4, 5
3 11, 12, 13, 8
4 3, 2, 1
5 6, 7, 8
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Figure 16

FREQUENCY DIAGRAMS FOR REPORTED TIMES OF BURST

RECORDS 1, 2, and 3

FREQUENCY

TIME (HOURS AFTER H HOUR)

RECORDS 4, 5, 6, 7, and 8

FREQUENCY

TIME (HOURS AFTER H HOUR)
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REPORTS FROM TWO SYSTEMS WITH DIFFERENT STANDARD DEVIATIONS
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Some of the records appear in more than one group because of the uncertainty

of an exact placemeut or grouping.

The position groups are tested for time of burst discrimination by the
method of frequency distributions. The confidence intervals are of differ~
ent sizes when different standard deviations are involved. The frequency :
function is modified to account for this by weighting the fj inverselv to :

the standard deviation. The modified rules are;
f1 = 101

fy = fj + 1/uy if 1 is a lower bound

il

f; - 1/03 if 1 is an upper bound

The bounds have been arranged in order of reported times and i-numbered i
by i =1, 2, ...,n,

Estimating Actual Ground Zero

Each group is considered to represent a single ground zero. The co- :
ordinates of the ground zero are unknown, but may be estimated by statisti-
cal methods using the azimuth data from the standard report. Range data are .
not used because they are generally less accurate than azimuth data. If a %
burst group contains a single report, then the range and azimuth given in :

the report determine the estimated ground zero.,

A method for determining the position of an object from several
azimuth measurements has been developed and presented.' This method can be

used to determine an estimated ground zero which minimizes the sum

n " v
s ¢1- N2
-3 (59
N0
1=1

TRRRTNLY

* John, Floyd I., "Statistical Problems in Position-Fixing,' WP-63-5,
Of fice of Research Analysis, Office of Aerospace Research, Holloman
Air Force Base, New Mexico, May 1963.
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where

t
= reported azimuth ot the 2 h report

Ti

;1 = azimuth of the estimated ground zero from the ith
reporting station

¢; = standard deviation of reported azimuth for the 2 th
reporting station

n = number of reports in the report group

Figure 18 illustrates the gencral idca behind the method.

in order to apply the method, a rectangular coordinate system must be

established. Let (X;, Y;) be the coordinate of the pth

reporting station
in this coordinate syvstem. The lines of sight {from the ith reporting

station to the burst are written inh terms of this system as

Y cos ei - X san 91 = P,
where
~ or .
i T3 T
(X, ¥) = coordinates of an arbitrary point on the

line of sight

P =Y cos 91 - Xj sin §)

The appropriate transformation for establishing this system 1is a
gnomonic centered near the reported ground zeros. The earth coordinates
of the station and reported ground zeros are moved by this transformation
to a plane tangent to the earth at the center of the transformation. The

projection 1s along a radius of the carth. The important festure of the

65




Figure 18
ESTIMATING THE ACTUAL GROUND ZERO = 3 REPORTING STATIONS
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Estimating the Target

Al the time of lauinch or relea-e¢, cvery weapon has an intended target.
The standard reports can be used to provide Information regarding the

tarpet to be associated with cach burst proup.

Let the important resowrces that would be considered as cargets be

Mdensaaed by Ty To, o0 ror vall 00 Luene LArgel Caldluaits, e

0

coeordinate must be known oan order to calceulate azimuths and ranpes with
respect to the reporting stations.,  Targets with large areas for which no

once sct ol coordinates 1s satis{actory must be considered separately.

The burst groups aml target candidates are related by the statistic

n - & R - r )
: Y 1 1] i 1
S = \; ¥ -— + )
) . ( oy oy ‘
1]
where
n = number of station reports 1N group
Sy R1 = station reported azimuth and range to estimated
cround zero
t ., r. . = ¢alculated azimuth and range to target j from
11 1]
reporting station
©ys @4 = azimutn and range standard deviations

under the hypothesis that the intended target was TJ, the statistic Sj

15 distributed as a chi-square variable with 2 degrees of freedom because
the parameters are cestimated from sample values. The hypothesis can be
accepted or rejected by reference to the distribution tables of the chi-

square variable.

In some cusos, all tarpet candidates will be rejected--considered as

not being associrated with a burst group. This leads 1o three possaibilities:
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1.  There was no burst for the burst group
2. The target candidate list 1s incomplete

3. The wecapon missced fts target by a large distance

Heuristics may be developed to resolve these questions 6 operating

sSystems.

v T

A further pussability 3 that the target was a resource area of
large size, such as an urban avea or oil fi1eld.  The reported ground
zeros of the record group can be tested apgainst the area targets,  An
arca may be accepted as a target for a burst group if a high {raction of

the reputis in the grovs dwdvepgte a ground zero 1n the area. i

It may also occur that two targets are accepted for a single burst

group. This muay mean that there 1s more than one burst represented by
the group, bat 1t may olso mean that the data are not good enough to
discriminate targets in all ca<es, A useful heuristic that can be used

1in this case 1s to weight the two targets by strategic 1mportance and

regsolve ambhigulty by selecting the more important tarpet, Many variants
of this welghting system can be developed.  One such development has
been presented by Laurino® as a likelihood function, and provision for :
such functions 1s made 1n the subsysten ot Firgure 8 Inrtial Target

Selcction. B

Until heuristics or mote advanced statistical models are developed, :

however, a rule that uses the statl tacs 51(3 = 1.2,...,m) 15 used 1o

estimate the targets of an attack. The rule 1s to sclect every resource, :

Ti' tor which Si 1s signiticant at the 10 percent confidence level. The :

Vot e

selected Ti are the estimated targets ol the attack.

et

Laurinc, Richard, David Goodrich, and Donald Doane, "Statistical Methods
of Estimating Damage from Nuclecar Attacks on CONUS (U)," Staniord Re-
search Institute, Menlo Park, California, December 1962 (SRI 2-1506,
SECRET),
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Appendix A

STATISTICAL SURVIVAL ESTIMATING CONCEPT FLOW CHARTS (DETAILED)

Fin Section VIT of this report, the various subaystems comprising the

st 0 o ostleal survival estanciting concept oare descoribeed, and lew charts

|

are 1resented which outline the steps 1n each subsystem actavity,  This

IR

appendix contains more detailed flow charts for some of the subsystems,

y

These more detanrled tlow charts were devised during aevelopment o1 the

basic methodolopies presented by this repori; as such, they are consid-
cred 1o be over amd above the baste objective ol this study.,  Tuoy repre-

sent A first o step in o amplementing the basic methodologies jJor computer u-se, -

and they are documented here so tiat the etfort expended will not be lost,

e

"

Fipure- A=, A-2, A-30 and A=l present {low chavts for the following
dAclaivites:
1. bata Input and Veritication

! 2. Detinition o! the lTootaal darget System

3. bDelinition ol the iwnal Target Svstem

Parametric survival k-timating

ey
-

These flow charts do not follow the same sequence as the subsysten

Sy e

. . s s PO ey % . v P e PPN N .
due LIy L hles uauesul iea 1 Sed 1o yia. ot UAdIprAY, [N L ST G S N ] uu‘xl 1w

e

1 Figure A-1, BData Input and Verilication, oncludes most of the actaivay -
ties described in Seetion VII under the headings: data input and verifia- Z
cation, direct damage report procvessing, requested status report progc-

essing, and detonatieon record maintenance.,  Also, the level of dewall is =

not uniform throughonut the flow charts, This retlects the fact that at

present, certain activities within the proposed statistical =urvival vs-

timating concept have recelved more study, and are more specitically de-

fined, than other activities,

The concept presented an Figure A-4, Parametric Survival Estimating,

represents a somewhat different approach to parametric survival estimating

from that given 1n Sectyon VI, In gencral, 1t 1< considerced by the

£
=
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authors to be more cumbersome and probably po more accurate than the :

parametric survival estimating procedure of Section VII. It iy included

here only for possible further evaluation when the busic methodologies ol

R T e L L T T TUTTTTENI e

this study are implemented,

In spite of thedr fncompleteness, the tollowing low charts should be
ustvlul tecause they represent a tarst attempt at defining the logic and

interrelatsonships of certain cessential activities of the statistical suv-

el g g )

vival estimating convept dn a more detailed manner. with additional work,

NPT AU

they could be uxtended to provide the basxis for w computerized system imple-

menting the proposed sorvival ostimatiag concept,
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Appendis B

INFERENCE OF DETOGNATION RECORLYE, PRON
DIRECT DAMAGE REPURTS

Farlier scations o! this report have tatoed that detonation records
miy be inlerred from dircet damapge reports and from status reports.  The
prirveipal data that must he anferred anelade weapon vaeld, helght of burst,
and ground zeros 10 1S hoped chat direst shasage reperts and status reports
will contain time otf burst intormation. 1f not, however, time of burst
must also be dnferred, and 1n this case the time that the rejport was made

would probably become the principal basis for inleriing time of bLurst,

Radivlogical fallout information might alsoe be usclul for this purpose,

Varilous technyques and methods e avallable tor inferring thic wedpon
vield, height of burst, and ground ccro data, A meihod 1or valinating
these essential data from radicologrcal fallout reperts has been devised
and prescnted by Bothun.®  Other o oable methods 1ndlude pattern reeag -
nition, hypothesis testing, statistical appiications, and heuristic deci-
sion rules,

A syv-toem hased mainly on pattern recopnition has been suppested by

9 N

+
\ s Le 3 Ne e [N
tliv Cliice of Civil Deienac, i

vothis systom, omergoney oprating centers
will tirst receive estimates of operating situations from subordinate op-
crating arcas and plot this ivtormation on a map to ¢stahlish the general
si1tudation within that region, The basic operating situations corresponding

to the suggested map codes (1 through 9) are shown in Figure B-1,

s Bothun, k. B., "Uses of Radiologlcal Falleowt Information in Qe rational
Poctattack Damape Asseccment Svstems (U),” Stanford Recearch Institute,
Menlo Park, California, January 1965 (CONFIDENTIAL).

+ Concept of Uperations under Nuclear attack,” Otfice of Civil Delense,
washington, D.C., June 26, 1967, (Working Drafu)
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% Figure B-I
¢ E NINE BASIC OPERATING SITUATIONS
:
€
E § NEGLIGIBLE CONTROLLABLE ~ UNCONTROL-
rol FIRE FIRE LABLE FIRE
P 1 4 7
. NEGLIGIBLE|  NEGRAD NEGRAD NEGRAD
FALLOUT NEGFIRE LOFIRE HIFIRE
E : 2 5 8
i
MODERATE LORAD LORAD LORAD
‘ FALLOUT NEGFIRE LCFIRE HIFIRE
é |
: 3 T 6 9
L.,
SEVERE HiRAD HIRAD HIRAD
: FALLOUT NEGIRE LOFIRE HIFIRE
t z Source: ""Concep! of Operations under Nuclear Attack, " Office of Civil Defense, :
{ Washington, D.C., June 26, 1987 (Working Draft)
%
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Figu-s A-1

DATA INPUT AND VERIFICATION

Transcribe reports to
punched card form, in
standard format

(man-mechine system)

1. Location and type
of reporting unit

2. Yield
3. HOB
4. TOR
5. GZ

6. Report number

Satellite
reports b — e ————— — ]

1. PFacility or opeérat-

Vst st il

Direct

damage
file

TOB later

Gz than last OK

within range status report of

of sensor? all facilities in

the area?

No

ing area identifi-
cation ccde

Direct
2. CD status code
damage
reports 3. Time of report
r—.-_—-—--—-————
1. Pacility or operat-
ing area identifi-
Requested cation code
status

2. CD status coae
reports

4 3. Time of report

Update

direct Does this report
damage satisfy a request
file for status?

Yes

v

Update Icquested

status file

1
|
L}
Update /J\
direct / Requested \
damage s7atus -
file file
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s b
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Detonation
record

file

|

;B later X
t last OK Update Get next
Yes
3
B report of detonation detonation record
&culttes in record repii_/
]
F area? file
i
K No No
— Print out
unacceptable
: reports
bhis report Get next T
¥y a request direct damage I
Status? report \ &
= Unacceptable
Yes report
o) 118t
} requested /
s fite
—_—
Update
Get next
requested
———ss T requested status
status
report
file
:
1]
f
: {
4
i ‘
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Figure A-2

DEFINITION OF THE INITIAL TARGET SYSTEM

/ -\
1 Group detonaticn recoris All detonations \
(by TOB and G2) exapined for Yeos
\ fessibtisty?r /
2. Por each Jdetonation rec-

ord group. dete

inc

parametcry of the 1m- No

plied single detonstion

Get next

a. HOB {onne of meversl Eatimated

detoration recora
cdefinitior of discrete prggibity- Get next actual

- e s o e  #C3 S88O0C18180 p——

tnttial target ties - e g ground gero

file

. surfsce, catonation

detonation record
Ju0° SHOB. 700° SHOB)

group
b Yield (one of seversl "
discrete pussibilities - |

e g . I MT, S MT, 10 MT,

ete }
< G2 1 1a detonation
. N Detonatice
?
o 108 foasibie? (1.0 , GZ.

recard

file

yield. #tc , con-

3. AdJo to detonstion file

sistent with Jtatus

¥
|
|
|

reports of facilities

in area)

No
Estimateq De turation
sctusl [rc.ur«a, recra
tero ‘il fite
eiete !roe astonation 2 Priot out or
file asd print out on _J list Of cetonaticons

infeasible detunsiion ( ) with no feasidle
i1t target

____r___l'

List of
Infeasibla dexonations

detonation with no

list fuazibie

target

i
|
'




candidate

file
[}
pt detersinsation ' to inition
; t 1t .
bowp 1 {¢hed for s 1. Use a pattern recognition of the fimai
LS h to synthesize de-
i detouations? ' pproac oy target ay:tos
] torations from direct
po i demage reports in those e ———— ——— e —————
‘ rogions where there are -1
Deternine posnible targets for the no reported detonations
Get naxt detonation: that could Kave ciuse the / Initinl
tice record 4 {
a. Por point tergsts, gensrate amage . - — target
aspociated ground zero
{10 record x7 gtatiastic for each tar- 2 Update the detonatian and tile file
get candidate and pick initial target files
grovp
' thoss witn a sulficlently
| mall value of the atlatistic l
l b. Por each area targets. pick l
those for shich the detons- l
Deicnation tion e sufficlently close l
racord to the area |
Qx- I

Noare L
Is there none, /Kﬂ' many of the gosmible Upcate the initial target f3le
I3
prct ot oo targets are consistent (1 e , 800 those targets to the
one, or sore than
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* ne feasible teras of yield, HOB, otc )? ¢luded), and then ¢o to (1)
target
! > One
|

fde tonationa

with no

fetaible
Use a heuriatic eethod or

target

likelihood function approach

Yield, HOA. etc.,

tu deteralne »hicd cne (or

consistent with

several) uf the possible
t:pe of target?
targels to add Lo the initial

1arget flle.
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Figure A=3

Call in next

targel category

E DEFINITION OF THE FINAL TARGET SYSTEM

Initial
target
file

Is this target

catsgory included

Target
candidate

{1le

.on ol

arhy. Call in f1irst

final

the target cateyory

target system

in the initial
target file?

Yes

Direct
damage
file

Are thare "no hit”
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this target ceate-
gory?

Do not add category

> — - -

Have target castegories
in the associated wvul-

nerability group been
hit?

No

to the target system

Request status
reports from
targets 1n the
category for
which there s
no status, if

not previously

requested

lo— — - ==

L

[ —

Requested
status

file

Additional

target

file

Add every target in the category
(except those with "no hit” sta-
tus, or those which are already
included in the initial target
system) to the additional target
f1le:

s. Assign average yield of
the associated vulner-
ability group

b. Assign GZ at the target
location (central point
in the area, . ares
target)

C. ASSign approprisiwc . 3
(e.g., could set SKI)8 = D
for military-hard target,
und SHOB « 300°' or 700
if target is militaryesoft
or non-military)
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Figure A=-4

PARAMETRIC SURVIVAL ESTIMATING

S~
Start

parametric
survival

esiimaticn

Detsrmine average yield
delivered/target for
each target category

Datermine fraction sur-
Zace yiala for each
vulnerability group

w
n
Compute N = v
t
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r
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military targets, and
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in the attack
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Note: B = BN
Tw
J
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T byj
r 1 1\
[ 0 by /i

where
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target in the jtB
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Use the values cf M
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rapeters to determine
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damage functions)
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the entirs country
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1
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damage
function
file
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It is suggested that early reports from LOFIRE and adjacent NEGFIRE
zones in the vicinity ot a nurlear cxplosion could then be used to estab-
lish the location and approximate viell ot the detonation by measurement
of the diameter of the LOFIRE area and comparison with a curve or table
showing the anticipated diameter as a function ol yield, An alternative
procedure would be to apply tewiplates ol predicted LOFIRE areas for weapon
vields to a map showing operating area situatior reports to estimate loca-
tion and vield of detonations. The later procedure is illusirate. in Fig-
ure H.2, In this 11lustration, the LOVIRE region extends to approximately
the 1 psi range, which 1= in agreeasent with generally accepted estimates
tor scattered fares,

A statistical approach to the estimation of weapon vield is also pos-
s1hle,  One possi1bility ax to make use of small sample theory techniques
such a= use ol the noncentral “student's” t distribution, wh'c¢h te<t« the
liyvpothesis that the mean perimeter operating area radius is cqual to a

specitiod value,  In this distribution, the stati-tic t a1~ defined as:

. NS S
~
where
hY nurber ol sample point<, or perimetér operating areas.,
i = hypothesized mean radius betweern ground zero and centers of
peifimeter operating avex~, i.e.. for 1 MT, 5 MT, 10 MT, or
20 MT.
X - mean of sample radiil between ground zero and centers of perimeter
operating areas.
s - standard deviation ot <sample radia,

This system might be used 1n such a way that ¢ for the weapon yvield is

tested Jor various hypothesizea values of perhaps 1, 5, 10, and 20 mega-
tons, The use of a =statistical approach has the important advantage that
confidence intervals may be set which supply the system operators with in-
formation as to how much conlidence might be placed upon a given weapon

vield selection.,

B-J

A

s

e




Figure B -2
NUDET ESTIMATE

=3 -
, Contains Zon w. h Basic Op Situations Higher Than 3,

Source: "Concept of Operations under Nuclear Attack’
Office ot Civil Defense, Washington, D.C.
June 26, 1967 (working Draft)
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The statistical approach might also be used in estimating ground zero,
for example, a circular area of weapon effects may be derived through pat-
tern recognition for two or more of the weapon effects such as observable
blast damage and scattered fires. A comparative analysis of these two
circles for the purpose ot estimating ground zero is possible that would
have a more quantitative basis than simple pattern recognition., In actual

practice, however, it may well be that simple pattern recugnition is ade-

quate for estimating ground zero,

The above discussion has illustrated that in many cases, a combina-
tion of pattern recognition, heuristic decision rules, and statistical
analytical techniques can be used to estimate essential NUDET data from
extremely elementary direct damage reports, Yet because of the obvious
uncertainties involved, sensor and manual NUDET reports should be used
when available,  An obvious difficulty with the interence of detonation
reports tfrom dircect damage reports is that direct damage reports probably
will rot have been received from all operating areas, particularly in the
carly time periods.  when insufficient direct damage reports are available
for estimation purposes or when additional direct damage reports are de-

sired. status reports should be roguested for the appropriate operating

aieas,
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A STATISTICAL INFORMATION 5rS8TEM FOR ESTIMAT
THE MAGNITUDE AXND SCOPE OF NUCLEAR ATTACKS
By Reobert M. Rodden
Stanford Research Institute
February 1968

QCD wWork Unit 461347
DETACHAELE SUMMARY

ING

This research develops and presents a statistical concept for making

national survival estimates in the transattack and early postattack

periods. Statistical methudeclogies are used to process reports ot detona-

tions,

magnitude and scopc of the attack.

and the prirciple of statistical inference 1s used to estimate the

Existing systems for the preparation

of national survival estimates in the trarcsattack and early postattack

periods are based iargely on preattack planning methods or on the tabula-

tion cf direct damage reports as they are received.

dat:

Adequate and accurate

of the kind nceded to produce survival estimates with these techniques

will no: be available in the transattack and early postattack periods.

The four principal activities of the concept developed by this re-

search are

tistical conversion of data to information,

and target system,

Actavitie.-

(1Y real time input processing and data preparation, (2) sta-

(3) inference of attack size

(4) estimation of effects on resources and population.

1 and 4 above may have much in common with certain existing

survival estimating systems. The main distincticns be

survival estimating systems are in activities 2 and 3,

t*eegn this and other

The concept devel-

oped by this research uses statistical inference and heuristic decision

rules to estimate the magnitude of the total attack.

The methodclogy thus

devised can operate with incomplete and inaccurate information. Taigets

are infervred by statistical inference after appropriate grouping of tar-

get candidates into target categories and vulnerability groups.

The methodology includes:

the receiving and precessing of burst in-

formation and direct damage reports for use in making survival estimates,

basic concepts for organizing inputs from various sources into appropriate

data files,; and provision for supplying measures of reporting performance




to {he systen operator. Detonation reports and other data are converted
stiutistically to information that is more directly upplicable to survival
estimating. Estimated actual ground zeros and targets for the initial
target list are determined statistically., Areas where data are incomplete
or possibly inaccurate are identified, and status reports are renuested to
correct these deficiencies. An initial target system is developed that
yields information on the target categories hit and on the severity of the

attack,

The next main step 1s inference of the full attack size and target
-system, This is accomplished with the aid of the initial target list, a
list of target candidates, and a Knowledge of target categories and vul-
nerability groupings. At the completion of this «tep, an augmented target
list that in general will be expanded considerably from the initial target
list will have been developed through statistical inference, Again,
status reports will be requested to cover areas of doubtful or inadequate

information,

The {final step of the concept 1s to estimate elfects on resources and
population by means of the synthesiczed target system. It 1s shown how a
target system may be coupled with several survival estimating techniques
to produce survival estimates. The survival estimating technique selected
may well depend upon the requirements ol the system orerator at a given
point in time. A summary ol the system and its principal activities is

given in Table 1.

section VII1l presents details of statistical methodology for esti-
mating actual ground zeros and targets relevant to a group of detonation
reports. A basic tool is the use of confidence regions and contide.ace
intervals to determine the actual number of bursts and s2stimate actual
ground zeros associated with a particular gronup of detonation reports,
The selection of target candidates for the initial target list is also
accomplished statistically, using a least-squares metinodology. Weapon
vields and heights of burst ior a given group of detonation reports are

derived mathematically.

Appendix A provides more detailed flow charts for some parts of the

conceptual system. The basic purpose ol these flow charts is to document
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the ideas that have been developed in the course of this research but

that are not appropriate to the generalized flow charts of the main re-
port. The flow charts of Appendix A will help provide the basis for de-
veloping the system to a point where computer programs for the system can

be written., However, considerable additional work will be needed before

these flow charts are adequate for that purpose.

The feasibility of inferring detonation records from direct damage

reports is investigated briefly in Appendix B, which also gives a frame-

work for such inference, using pattern recognition and hypothesis testing.

This research effort has developed methodology for estimating attack
size in the transattack and early postattuack periods, and has shown how
this methodologyv can be combined with existing damage assessment methods
to produce national survival estimates. More advanced survival estimating
techniques, that would integrate attack size estimating and damage assess-
rnent more directly, are brietly explored. Survival estimating systems
recommended for tull development and implementation by the National Civil

Defense Computer Facility are identified.
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