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ABSTRACT

This research develops concepts, flow diagrams, and statistical meth-

odology for an informalion system to estimate the magnitude and scope of

nuclear attacks. The system is designed to operate in the transattack

and immediate postat tack period when data on the attack can be expected

to be i•complete and inaccwjrate, The underlying principle in estimating

attack size is that of statistical inlerence, which permits an estimate

to be made of the total at tack from intormation on only a sample of the

attack. Heuristic decision rules are applied as needed to make the system

operable. It Is demonstrateo how the target synthesis procedure thus de-

veloped may he coupled to a variety of survival estimating techniques to

viel survival estimates. Thu reýearch als-o develop• statisti.cal method-

ology for processing reports of nuclear detonations.
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PREFACE

This research was conducted for the Office of Clvil Defense as part

of OCI) 's program to dev'elop appropriate in formation systems relevant to

survival estimatiorr, The report presents information flow and processing

diagrams for a statistical concept ol survival estimating.

Robert MI. Rodden was the principal investigator f"or SRI. The sta-

tistical methodology described in Section VIII of the report was developed

by Charles It. mrormpsoul, and the more detailed£ floW diagrams of Apiwinditx B

Wr-r'" drILvised by Frederic A. hiercort. Benjamin E. Suta and Peter' B.

B1jorkhund assisted in development of the ,tatistical methodology.

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

Llaoririo, Manager, Operal ion1s Anal v sl, Program.
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I I.TRODUCTION

Th, purpo-ýo of t1i1, report jý, to, support research directed at Improv-

Ing e xisting ,urvivaii estimating 4ystcnms. and to develop new systems by

%hi'h civil (def ense can undertake a realtistic postattack assessment of the

e.xtent and damge of enemy Attack and the resulting surviving people and

retourve,. Executive Order 10952, as amended, assigns civil defense re-

-ion.ibilitles in this area as follows:

"...divelop plans ant operate systems to undertake a nationwide

postatta'k asessment of the tatutre and extent of the damage re-

iulting from enemy attack and the suiviving resources. including

-~tems to monitor and report specific hazards resulting from the

detonation or use of special weapons..

In this Investigation, effort is centered on postattack assessment at

the national level during the transatltack and immediate postattack periods.

Postattack damage assessment systems at subnational levels are also con-

sidered, but detailed investigations of these systems are left for future

re,4earch

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

s.vqtcms based on the use of high speed computers for determining damage to

population and resources under almost any type of nuclear attack. The

data produced by such systems have generally proved useful for purposes of

pri•ttack 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 thnt are

supposed to meet the information requirement for civil defense operations.

In recent years, the continuing study of the nature of the problems in the
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postattack environment has made it increasingly evident that the planning

L system damage assessment methodology will not supply adequate information
for postattack civil defense op-rations. This is largely due to the fart

that real-time information or, the magnitude and sco;-,ý of the attack will

be needed to apply existing damage assessment metiiodology, but will un-

fortunatelv 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 decisions that must he

made dUi ing this period demand the availability of the bes. possible as-

se.;sment of the extent of enemy attack. Accordingly, thin investigation

develops and describes an attack estimating system that wil] provide timely

Information needed for olj.ra, tonal purposes and that will minimize the ef-

-ects of inadequate and inaccurate information. It is further shown how

'the attack estimating system can be used with existing damage asses•.erient

rne t hod s.

U1

- 2



This research develops and presents a statistical concept for making

national survival estimates in the transattack and early postattack

periods. Statistical methodologies are used to process reports of detona-

tions, and the principle oif statistical inference is used to estimate the

magnitude and scope of the attack. .st ing sYstems for the preparation

of national survival estimates in the transattack and early postattack

periods are bisEd largely on orealtack planning methods or on the tabula-

tion of direct damage reports as theýN are received. Adequate and accurate

data of the kind nCedCed to pro(uce survival estimates with these techniques

uill not be available in the transattack and earlv postattack periods.

The I our princi pal .,ticviti .. of the concept devv.logped by this re-
search are (1) real time input pro(essing and data prepration, (2) sta-

tlitital conversion of data Iot 2nijirmnAion), (3) inference Oe attack size

and target c;ystem, (1) c.stima.tl)n (A effects on resources and population.

Activitieb I and 4 above maiy hae(- much in (ommnll with certain existing

survival estimat ing s•iL' ic- T ib main 1 i-, tilittil.n- betv-ecn this and other

s• ur vival estimating s,'s cTic tr i ic i acltivit ies 2 and 3. The concept

deve loped by lhis ricsar'ir :,:, .•ttazi-tictil ii:ference and heuristic

decision rules to e..timat, the ringnitude oe the total attack. The method-

ology thus devised caUl Ujertitt c s ith incompletLv and inaccuirate information.

Targets arc infcrred by stati',ti.al infervnce after appropriate giouping

of target candidates o jio ltarget catcgories and vulnerability groups.

The methodology includes: the receiving and process ing of burst

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

babic concepts for orgwnizing inputs irom various sources into appropriate

data files; and provision ler supplying measures of reporting performance

to the system oper;itor. Detviation reports and other data are converted

tlautistically to intormallon that is more directly applicable to survival

L.stimating. E-stimatcd at( lual roI'7)U1I zeros iand targets for the initial
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target list are determined statistically. Areas where data are incomplete

or possibly inaccurate arc, identified, and( status reports are requested to

F ~correct these deficiencies.. An initial target nvstem is developed that

y~elds inflorma tionl on the larget categories hit and on the sevc-ritv 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-

nerabilitv; groupings. At the completion of thi!; step, 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 rvquested to cover areas of doubtful or inadeq4uate

in format ion.

The final step of the concept is; to estimate effects on rcesoorceý

and population by- means of the siynthesýized target sys;tem. It i.- shoAn

how a target system nay be coupled with several survival esýtimating tech-

niques to produce survival est itattes, The -surv] vat e:,timating technique

seclected maY well depend upon the requi remernts Wl the system operator at

a given point in time. A -ýummx.r~v of the systein and] its principal ac tivi -

ties is given in Table 1.

Sec:tion VIII presents details of statistical methodologv for esti-

rnatin~; actual ground zeros and targets relevant to it group of detonation

reports. A basic tool is the use of confidence regions and conf idence

intervals to determine the actual number of burst.- and estimate actual

ground zeros associated with a partic.ular group of detonation reports.

The -selection of targret caindi(Lzues for thc initial tai-get list -Is also

accomiplished statist ically,, using a lvast -square5 methodology. Weapon

yields anid heights of burst oic a given group of detonation reports are

derived mathematicallv.

Appetndix A provides more d~tai ledl flow chart- for so)me parts of the

conceptual s;ystem. The basic purposýe of these flow charts i;to dlocumen t

the ideas that havc been developed in the coursc of thi!s research but

that aýre not Jppropprid tu cu t he ger izdf 1 ow charts of t hi mainl
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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

befor. 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.

4 This research effort has developed methodology for estimating attack

size in the transattack and early postattack periods, and has shown how

this methodology 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 asscss-

ment more directly, are briefly explorcJ. Survival estimating systems _ i
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 methodologiesi

presented herein, will require much additional effort.

6
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III FUNCTIONS AND ORGANIZATION OF CIVIL DEFENSE

The general organization of civil defense is indicated in the Federal

Civil Defense Guide,* which describes functions in the national, state,

and local governments. The objectives and responsibilities of civil

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

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 is 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 Defense, under control of the Secretary of t~c

Army, is 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, tjid through them, with

local clvil defense organizations. The Office of Civil Defense coordinatus

Federal Civil Defense Guidc," 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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fede:,al activities in support of situation analysis for civil defense

purposes . OCD also acts as a depository for preattack and postattack

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

situptAon analysis center for civil defense planning and operations. The

National Civil Defense Computer Facility, operating under control of

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

survival estimating.

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

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

civil defense, and for planning, directing, and coordinating the total

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

other federal agencies and cuordinates their civil defense activities with

each other and with thobe of the states, OEP further aids in arranging

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

defense purposes. The National Resource Analysis Center (NRAC), a

facility operated b) OEP, -oordinates federal ac-tivitles in support of

situation analysis for purposes of continuity of government and for central

programming of resources. NRAC, using its own and associated facilities,

acts as a depository for preattack and postattaQk resource data and as an

information exchange mechanism to support emergency decision making.

Other federal agencies participate in the national resource evaluation

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

grams, and operations. They also maintain the capability to assess the

effects of attack on resources under their cognizance, and provide OCD with

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

analysis for civil defense purposes. Civil defense responsibilities of the

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 -

during 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-

ments is to assist civil authorities in restoring order and civil control. j

_____ _____ __________________ ________ _____ _______________ ___



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 take other actions as directed to insure national survival

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

tary support would be in coordination with, and supplementary to, the capa-

bilities of state and local governments and would be terminated as soon as

possible, to conserve military resources and to avoid infringement on the

responsibility and authority of civil government agencies. However, several

military systems are available for civil defense purposes routinely--for

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

of Engineers and the Naval Facilities Engineering Command provide engineer-

ing support in such civil defense activities as the shelter survey wid

marking program and community shelter planning, as required. A ba.sic

function of the National Military Command System Support Center, operated

by the Defense Communicatin-, .Ai:ency, is damage estimation. This lacilli-v

is an important part of the national damage estimation capabilitN, and

%ould undoubtedly contribute to postattack survival estimating for cikil

defense purposes.

State and local govurnmiint.ý a responsible for civil delene opera-

tions within their jurisdiction, These governments develop the necessary

z plans, capabilities, and procedures to carry out civil defense activities

in accordancc with state la* and federal policies and guidance. State and

local governments collect data and prepare materials required 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 iield

offices and the OCD regional offices.

0
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IV PoSSIBLE DiEC'ISIONS RltUIRI) IN POST,\TTACK OPERATIONS

It would be futile to try to predict exact postattac" situations in

advance, There is no doubt, howcve', that ma,•y Important decisions would

he required in the very early time period following a major nuclear attack

onl the United States. This section Will identify some of the types of de-

c'si ons likely lo be eoquil ed and the ,wople who maay make them. This dis-

cusslion is centered on decisions to be made at the national level. Deci-
si,)ns likely to be ,equired at the local level e ill be simijar in many

instances, but their scojx: and nature nay be quite different.

Some Likely LycLsi,,ons

Amung ýornw of thei mulet iMiw-rtant decislions that are likely to be re-

(cilired at the national level and that will be strongly affected by damage

assessment re-u lt arc diecr,,lol ret'-al'ding :

* Direct ion and coordiniation o.' state and local governments

a Provision ol area warning, and public information

* Conservation and di trci hu! ion o1 nma power

* Relocation of population to ieduce direct threats to life

* Allocation of military support to civil authorities

* Maintenance or reestablishment of government control

* Formulation of plans and procedures for future actions

* Protection and restoration of essential utilities

* Allocation of rel'ourc.cus and facilities

* Protection and relocation of essential stocks and inventories

*Reallucation or restoration of communications channels

* Maintenance or reestablishment of transportation links

e Relocation of survival resources, such as emergency hospitals
and mudliical supplu)1s

l ,s tatl) Is nlmenlt of requirements Ior additi onal 1 lorma'll ation

11



Early decisions at. thle lower levels will often be concernlod with di-

rect threats to life, such as fire and fallout, 'They will also be needed

regarding protect ion arid alIlocation of' food, wa ter, medical suppliclo, and

other Inventories and facilities necessury I or protectiing liife in I he

Immediate future.

The Decision Makers

The indiv~idualis or orgaiz. a t i on, who make th lieImpur I Iti de(l~t.is 13,ý at

the nat ional level may well dej~eiid onl who the ,u rvi vor's are. since vivi I

defense and national gOVernment are ain extensive and highlycmlenvt

work, the dvciý;ions to bc made: will IIWCVesari lv InvllVl a1 lar, Ilnuhero

individuals and organizations. Certainly thu Prreidenl and his staff will

be closel13 connected wit Pinos t of th lie I rnortallt dec~iSions, and thU Presi1-

dent may well make many. (A them himse if. 1,heL heads of government depart-

ments will clearly' be called on lot many' decisions. The head of the De-

partment of Health, Educ~ation and Welfare wou'd unquestionablv be called

on for decisions regarding the utilization and allocation of me-dical manl-

power and resources. The Secretar-Y of' Defense and heads of' the militaryN

departments would be expected to assist the President in decisilons re~gard-

ing continuation of the war. The, Off ice of Civil Defense and Office of

Emergency Planning would heý Called onl for decis ions regarding: d I reet lonl

and coordinat ion of state anld local governments-, provi sion o~f artca warn-

Ing and public information; emergency assistanct; and many other- matters.

Altho'jgh it will of'ten be difficult to identify the decision maker-

in advance, nevertheless tl' rt- ions must and will be made, and the

bes t possible damage assessr4 formativn is needed for such decisions.I

12



V Ir)STATTACK SURVIVAL ESTIMATING PROBLEMS

Trie nature (if the lniputis available in tht, pootattack environment would

hia~e a significant effect on the character of the survival estimating sys-

tIem. The po!;!.attack actuality would in some ways be mtore helpful than pre-

attatik asunpptions. as in the case of dose rates, where direct reports would

1'ullacj predictions based on assumed yield, average winds, and other fac-

ttrA. On the otller hand, pii-.tattack data could often be quite misleading

hcau.s, ofi incompletenve.-. and blase.; introduced by sensors and communica-

ton.. In general, the data following attack are likely to be much more

'•iel'id in content, reliablilty. and timing than inputs normally assumed in

preat tack planning.

The survival estimating -iystem must be able to accept these varied,

bia-ed. andi! tifl•-i)hased reports, translate them into a reasonably unbiased

pitCture of actual damage conditions, and present findings In a form suit-

able for making operational deci.sion-s. Since the data will be basically

Inadequate, it will be necessary to make a variety of assumpti'-ns about

the attual enviro2nmental conldtions. Systematic rules must be applied

ifr acceptance or rejection of these assumptions. Rules must also permit

modification and repeated testing of assumptions against incoming data.

Availabie data augmented by accepted assumptions would provide the rati-nal

basis for decision.

Differences Between Preattack and Postattack Survival Estimating

11ajor differences between the damage assessment problem as it is cur-

rent lv approached in the preattack period and the problem as it would be

in an ope.rational. prostattack environment have been discussed by Spence

and Nloll. Some of these differences have been expressed in terms of

-;vwtem input and output requirements. and are presented in Table 2.

-n;tence, Richard If. and Kendall D. Moll, "Rapid Damage Assessment in the
Po-tattacl; Environment,' Stanford Research Institute. Menlo Park. C1tif..
SFbruary 1961.
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Input, differences appear to be the most signi ficant. Inputs can gen--

er-allyv be specified exactly in the preattack sYstem, but portattack inputs

covering actual weapon strikes may be approximate, incomplete, or inaccu-

raBLte. For example, postat tack inputs may consist -simply of reports of

nuciear detonations; in a general area, whereas preattack inputs provide

the exact yield and '.Location of each assurncd detonation. Wind data pre-

sent si~milar problems; such data mav be exactly specified for the pre-

attack case, but there will probably be inacc.urate 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 possible duiring such pariods. Many attacks no longer assume

simultaneousý burs-ts, an imp? ivement o,.er' the situation that existed when

Table 2 was prepared.

The format for in~puts to the preattac-k system can be standardized and

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

systm. o~eer.it. might 6ell result in unaccep~tableŽ consumptions of time.

Thus the postattack syster. must be much more flexible than the preattack

s *s t e!. CloselN related to thisý is the mat icr of burst times. Preat tack

)ystems in the piast h1aVe Of tQn assumCed siffultaneous bursts, but in post-

aL taciX svstems.-, burst ti;me', %kill probaiji v occur and he reported at varying

intervals. YThese ant! other sporadiý inputs must bý! prukcessed it: they b )--

cOn~e- available, and then revised a- new irformatiun is received, Stag-

gcred rV-port, vi'll be rrcuiveud from a ~ii uout-Les, in cuntrast to pre-

at tack aria tvse., ass.uming a single group oi data .from one source.

Preattack systems are generally designed to produce the total output

In a single computer run from one set of input conditions. In the post-

alt t-k period, on the other hand, decisýions- to be made require that output

be produced on request by users,, or whenever damage information changes.

Postat tack decision makers will probably want periodic reports as well as

'the ability to Interrogate the system on specific points of interest.

Fornmats for preattack systems are generally designied to minimize pro-

gramming and computei computation rather than to provide ease in interpre-

tat ion and arialys is of output. For a postattack system, easily read for-

mats based ctm rapid anal ysý, isn an operational environment aire, nece!osary.



I Much of the detall generally required of preattack analyses will probably
not be needed for postattack systems. Only the amount of detail Lhat i,needed for essential postattack decisions should be provided.
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VI OBJECrIVES 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 apparent 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-

ing populations and taking countermeasures.

Operational survival estimating systems are similar in many ways to

preattack planning systems, but significant differences exist. For exam-

ple, an operational system of survival estimating should provide for veri-

fication and correction of indirect damage assessments. The range and

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 functions: (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

weapon data needed for damage and resource evaluation will be available

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

aerial and ground observations. Since portions of the sensing and Intel-

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

nonavailability of complete information must somehow be compensated for if

* This in turn can be used to predict the development of the attack.
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FI
the damage estimates are to be complete. One way to accomplish this pur-

pose is to employ a combination of judgment and inference from available

I uureinformation relying mainly on the latter. Synthesis of the attack strategy

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

I As oriented toward civil population, military retaliatory forces, indus-

trial resources, or other objectives. This tvp-_ of attack-pattern projec- -

tion and its ability to iuentify probable t&;gets as the attaek progresses

could be crucial to population or other resource warning systems.



VII A STATISTICAL CONCEPT OF SURVIVAL ESTIMATING

General

The requirements to be placed on an operational 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 underlying principle is that of statistical

inference, i.e., the definition of an entire attack design from an early

and probably small sample of attack reports. The statistical inference

techniques devised are then coupl-vd with heuristic reasoning to provide

the information required to implement the survival estimation procedure.

Unique features associated with the survival estimating s~stem pre-

sented include:

1. The system opevate:. with ncomlte and inaccurate data, a.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 iollowed 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 reports. 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 system is designed
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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.

4. The conceptual system described by this report is a real time syý

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-

I 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.

5. The system may also identify certain target areas in advance of

their being attacked, based upon the attack pattern produced from

the sample of attack data.

6. 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 Laurino 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. Screening of incoming reports

2. Definition of the target system

3. Determination of average yields per target

4. Determination of fraction surface yield

* Laurino, Richard, David Goodrich, and Donald Doane, "Statistical ,ict!i-

ode of Estimating Damage from Nuclear Attacks on CONUS (U)," Stanford

Research Institute, Menlo Park, California, 1962. (SECRET)

20



Figure 2

SUMMARIZED LOGIC OF DAMAGE ASSESSMENT PROCEDURES

BURST

PARAMETERS

YieldGz
HOB

ATTACK PATTERN ANALYSIS

Message Screening
Target Categories Command

Weapon Densities Review

Weapon Yield

TOTAL YIELD SURFACE YIELD
CHARACTERISTICS CHARACTERISTICS

PRELIMINARY

DIRECT EFFECTS RESOURCE FAPLLUT
DAMAG SE FASLUAT WINDS

BASESIEN CASUALTYASSESSMENT ASSESSMENT

I I
TOTAL

DAMAGE AND

CASUALTI ES

Source: Bkothun, R. B., "Uses of Radiological Fallout Information in Operational
Postattack Damage Assess.ment Systems (U)," Stanford Research Institute, Menlo Park,
California, January •965 (CONTIDEFNTIAL)

21



I|

5. Augmentation of target system

6. Determination of attack parameters

7. Determination of damage estimates

The proc,.dures presented by Laurino provided gross estimates of popu-

lation casualties and resource damage within the limitations of the data

base and the approximating procedures used. The procedures provided only

for survival estimates derived from precalculated survival functions of

L yield versus damage. In the event of computer malfunction, and where
t

precise location of damage is not required, this system makes possible

quite rapid manual calculations that ýake 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 suhmodels of the system are as

simple as possible, consistent with the general requirements for accuracy -

and flexibility.

Ma•ny 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-

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-

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 employed 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



y-Ield, height. of burs t, gou Id ze ru, anld time of burst. The( data n)ay be

snrnn~la li ed for use wi th paraimelfi Ic systems, (I i d on prcatt¶ark pl ann ing

cal1cul1at ions) or mav be used[ %~it h individual g mounid zeros for mnore accu-

rate survival e.-timat logsstus

Some oif the surv ival estimating and damage test mat lug systems that

might be employed are shown as a functi on of t irfl in Figure J, The t ime

axis of t hi s figure i s not intended to Ixe exact, but nlyý SoMeWha t I-jV

sen tat iye . Thu ti me period, shown raniges f1'ron~ UIM-hou (ton s idered to be thle

time Of the fir-st rletonmt io), to the time wher reporting is Completed, or

essuntiil lv comple¶ ed, liom all al feitod!1 auraslý

The first svs tern i ndicatetd in Fi guru 3 is-. that whimch emipio'.NS preat-

tUCk calculated dam-age flloort InS. The prinr1i pil advanltage of hie pam-a

mletri'. systeml i-s that it I-very% rarpid andi (-an -,l he aucrovipiistied manu -

ally if ne.cessary. Thle principal disadvantagm of this system lies in the

uncertainty regarding itis accura(~v Unliortunately . the at tack designs -e-

i(cctel I or the preen leo inted dairage functions, MayV not closeUI lx iesemb Ic the

actual attack. Thle ac~hýex enent Of sur prise is a fundamnental cmil11tary

principle, and hlis-tory% Is replete whith cvuiplJe'- it- which surprise- has been
ach iev*ed. Thus, an actual at tack oni this count it may not c:ompare well withi

assumptions made for any of the prt.,t tack- calculated danmage functioen,,

The second major cate,6urv ofsux a]e t :,imaiding and dlamtage assessment

si Nstems that might be employed is based 01n a combi nation of weapons ef-

fects scaling models and resource data bases. 'Nho such systems are ilIlus-

trated in Figure 3--those bas;ed onl SRl SAMcPRO and DASTAP programs. These

Sysvtems; are current ly used fir preat tack plannin~g St udies, but they may

ea~il- headamted IUr sucI iii estinmat ing in t ransiattack- and -postat tack

periods. IJASTAP employs, a rather completme data base- of some 44,000 re-

sourcýe points. Thle SAUNIR0( program employs only a snmallI fract ion of

DASr7AP's resource pxuints--abeot 4,0t0). Thus thle SAMPRO program may he

runl with much less compuiter t ime than thle complete data base DASTAP pro-

gram. The running oA a SAIMPRO program nlay reuLiLre a bent a mi notes or

less, whereas the running of a I)ASTAP program maxy require an) hour or more.

Although SAMPRO run~s ar-e less accurate than 1)ASTAPI runs. SANIRO is accu-

r'ate enough to be sui table for- quick i'muis concerniing national estimate,..
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S/A1MPRO thus appe-ars to be eminently sulitedi fol. us, with st ti cdl IIa

v s -tem~s ,wn tiI i LI # samp 1 Au i., re I ati %e.ev snota I 1 ct pri1ncipal di.sadvanxtagu

of thle SAIl¶PI) systern as ('ovipatvLd wItith tilie pacamiet ii c svs tern is, that SAINIPRO

I, tqIt i res a corn pu t or. awl ,IIt Ihe par*a me it Iics .yNs terin maY be opewra tecd ma nua IlY.

I owe verI th 1 Is adv'a n t age may be mol e I hie o e t t ua I t h an ac lIla 1 ble ca us e 1in coming

renorts from at fee ted areas, are like ly to be so numerous, p~ar ticularly

014ýe collce~lti flg rldi 1 ogi cal laza,.ad conri it jonl tat a cornpu ter wil h e

Heeded fo prJ~oUces sing ',Ii( quanity t l iiyi]aitcom~i g diat a it' anly ease.

The ne xt surIvi val est1 at i g s ý!tcnl deIejItedt 111FI a 3 is )Ine based

on a comb nat ion oA weapons, ci teet s :scallnit an'I ic poxtý 1 I onl thle field.

T1hibsN-Ssterll WOold VilIpItir thle statistical tarret synrthesis, metliiul presented

by this .,vpo't, together with we!apons, effects scaling models InI the very

varly t ransat tack and poxstat tack perjoua-. InI thjsý Iespet, it \h'ld 1e u

like the SAIMPRO antd IIA2TAP based survival estimating models det-scribed

above. but wAotld also diffe Io' oi,, then 1), usiing direct reports I tor af-

I cetcd areas to cottrect anti update qi ick ;uitx ixal eutmltat es matte lin the

very ear ly js r oti wilth SXM10PRO or 1)ASTAP. Thai is, direct dantage. and

status repoiT'L. from the tv I Ot> L'S0t- points inl the IlLittd výa11 be used

to provide new survival ptobabi lit ic- at. eachi rc ource poinit and replace

earlier survi val probabi lit ics deir]ved I tor weapons effeccts sealing node ls.

Titus, in t his partiacular mottel. -;Ul-vItal Icaalti~ at a1 gi teneouc

poinlt will initially be based onlY upon the s~tat istical target -identifica-

ticil system, and weapons efecets sealing. Theisv survival irob)LabiljIlies will1

all be replaced] Lis direct damage reports and status reports, art. ('eceivedl

I-roir. the operating areas. A transit ion perioid would exist, in which thle

total suirvival est. ate would be part.lv basetI cix weapons efflects scaling

anid partly on direct rep-ris. This systemi has the advantagc that it can

1rootide a ConI inlUOUS total Frv.cional survival estimate using thle best

available data at all times. This model has not been developed, anti

considerable additional research will be requi red to complete it.Thle remainnarg. surival%, est irnati ng s)stemf indicrated iln Figure 3 is one
based oH direct repor-ts only. "'lie obvious disadvantage of this sys.ýtem is

that it pjrovidý ties n~ ational 3urv lva I est imate in the t ransat tack anti

eacly postattack pj'viod15. sutli a 3.ste is leanly tiot sui ted, Icr) meetinig



civil defense obJectives. Furthermore, it has no advantage over the svs-

tern described in the paragraph above.

The preceding discussion has described how a statistical target syn-

thesis system might be used with various survival 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 systfý,. 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 will 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 national level,

Target Information

Certain target categorizations are desirable in the aevelopment of

the statistical concept. First of ali, it 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 lists currently used In preattack planning studies.

The target list will be divided into target categories, and the total

target list might typ1.iflly con in some 20 to 30 target categories. For

example, a target category might consist of Minuteman sites. Other ex-

amples of possible target categories include submarine bases, Strategic

Air Command bases, and population centers.

For purposes of developing decision rules and estimating uncertain

weapon parameters, the target list will also be broken down by vulnera-

biiity groups. The three vulnerability groups used aro designated as

military hard, military soft, and nonmilitary. The way's in which targut

categories and vu :ierability graops are used will he described in follow-

ing sections.

The statistical iargt1 syltLhests system also uses a target pri'lority

list, by category, pjrovided that such a list i;-.aivwilabble. The a.jability
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of a target priority list is helpful but not essential for the system.

Such a list would presumably be based in large part on strategic intelli-

gence and pattern analysi- of the early attack reports. It would also

presumably be based upon the assumption of a rational eneny, but not nec-

essarily. Use ot a target priority list will be further explained later

in this report.

Componentp of the statlstical Target Syntiesis System

The statistical target synthesis system is made up from a number of

subsystems. The subsystems include data input and verification, direct

damage report processing, requested status report processing, detonation

record maintenance, initial target selection, and final target system

oefinltion. Each of these subsystems will be described briefly below.

Th* inputs, principal steps to be accomplished and outputs of each sub-

.ystem are shown in associated 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.' d 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

NUDY.T, satellite, direct damage reports, and requested status reports.

The receipt and initial processing of this information presents many var-

ivd problems. Some of the data received will probably be accurate and

ý,uoe of the data will, no doubt, be highly inaccurate. The report reli-

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

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

data for making reliable estimates. As time progresses and even in, reas-

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

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

2!7
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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, ground zero, and time of burst. The accuracy of each piece of

information may vary coi.sderably, 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 quite accurate, whereas the reported ground zero might

not be very accurate if the sensor and detonation are separated by consid-

erable distance.

Manual N1JDET reports made by trained and untrained ubservers will

probably also be received. Various techniques for estimating N"UDET 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 z,±ro may

be estimated by the time interval between the initial weapon flash and

irie arrival ot the blsRt wave at the observer's iocation. These and other

techniques may be used to estimate NJUDET data manually. In general, one

would expect the accuracy of manual NUDET data to be considerably less than

that of Sensor NUDET data. However, the existence of one or more manual

NUDET reports for a given detonatioi1 would enable oie to accept with some

confidence that a detonation had actually occurred. Faulty or incorrect

data concerning the existence of a detonation might conceivably be re-

ceived from electronic sensor systems.
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A further main source of data indicated in Figure 4 is 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.ý In this concept,

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

status by specified basic operating situations. The categories proposed

give basic data 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 requests for operating area status when initial

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

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

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

eeral 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 is

"* "National Warning System (NAWAS) Operatiuns Mrnual," Department of

Defense. Office of Civil Defense, December 1936.
+ "Concept of Operations Under Nuclear AttaLk,' Of lice of Civil Defense,

Washington, D.C., June 26, 1967. (Working P'raft)
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flexible enough to accept inputs from many different sources and is not

dependent on any single source ior its operation.

Subsystem Accomplishment7.

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- A

tained whether the reported ground zero is within range of the sensor.

Another possible consistency test might be to ask whether the reported

time of burst is later than the last O.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 yield outside these limits

is reported, it should be subjected to scrutiny by the system operator,

and if consistency is questionable, status reportý from these particul.r .

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

After consistelncy tests, the ntxt activit.y will be to transcribe

incoming reports to punched card form iii i standard format. Once this has I
been done, these reliort-s are referred (. as detopation records. Detona-
tion records az• initially. derived only frum sensor IV-DET, manual NTUDET,

and satellite data. The elements of data that are proposed for each det- I
onation record are as follows:

1. Location and type of reporting unit

2. Yield of weapon

3. Height of burst (HGB)I

4. Time of burst (TO13)

5. Ground zero (UMNI coordinates)

6. Report number for later identification

_ _ _ _ _ _ _ ___

Subs ystem Outputs

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

onation records, diract damage records, and requested status records.

31
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These outputs will presumably be in the form of punched cards. They will

be immediately available as inputs for other subsystems.

Possible Future Extensions of the Subsystem

The subsystem activities described above are by no means intended to

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 sources 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

input 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 a 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, Wash-

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.

32

__________ _____________________ ______________________ _________________________ _________________________ __________ ____ _______________ _____



C: >

L. c

tr..

d. 0 w~ 0f 5-1
5.. 0 V.- 4-j tt-

tic 0. CL r .

00 0 0 0-4 +4 ý

Q)- 0 C3 it .E. c.i 0
w ttE 0 0 ) 0 m.

0 .1 4. 4 f5 '.E (U 4- c
c & . C, Q -Q)s

0J 'C. u0 - 0 r (Z

-. cj~ 0 -- C £L-4 c'-E.

to~ 5 tn ".5 ,L ~-C
C.) 0 0 C: - W m 0

CL cl - 4 S. LC
w0.C

LUJ
u-

00

Lo 0

CL 41 Q .0 4o~~ 5.E.-

0
(.5.1 4u10

0-0 )
±1 c >~ '-

LL a)~ v"

330



This particular code will probably change as new reporting systems

develop, but it is 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 by 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 record is received, the first action is to

update the direct damage file. This is done by changing the status 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 other interested persons for system

review. The next activity oe the system, therefore, is to record all

changes and operating area and facility status for the change and summnary

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. Another" possible

indicator would be the fraction of the system not reporting by areas.

Such indicators should provide a measure of overall performance of the

reporting system.
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One of the principal uses of direct damage reports is 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 satisfy a current status request.

Subsystem Outputs

Outputs of the direct damage reporting subsystem include an updated

direct damage file, updated requested status file, and change and summary

reports for system review.

Requested Status Report Processing Subsystem

inputs, activities, and outputs of this subsystem are indicated in

Figure 6. In general, the handling of requested status reports is sim-

ilar to that given for direct damage reports.

System Inputs

System inputs for the requested status repKort processing subsystem

are the rcqucstcd status records themtselveý, the reu.,e- ted ýtatus file,

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 operating areas and

facilities.

The requesting system .hould also be cleared of reqtiest- for status

that have been received. Finally, reports of changes in detonation rec-

ord and d rect damage fill.-i should be printed out I"or insl,:c tion by the
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Initial Target Selection Subsystem

The principal components of the initial target selection subsystem

are indicated in Figure 8. The main purpose of thi:s subsystem is 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 associated weapon parameters (NjDELT-

type Information) as well as target categories that are associated with

estimated actual ground zero,,. Other inputs for this subsystem include

¶'u direct damage file, detonation record 1Ile, and the target candidate

file.

Subsystem Accomplishments

The first principal action of thi, subsystem is to estimate thL fvasi-

bility of estimated actual ground zeros by checking the status of facili-

ties in the area. The detonation is highly suspect and should be removed

from the estimated actual ground zero file if either o1 two conditions are

mfet: ii there are facilIties with "no hit" status reports lalet. than the

estimated time of buist; or it the reported damage: is gro.,sl incompatible

with the estimated characteristics of the detonation (e.g., all 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,

inleasible detonations are printed out uotr revjew by the system operator.

Each detonation record group (a.ssociated with an estimated actual

ground zero) is thtn c(oinjared againsi a list uf target candidates. The

.,p:,thu.s-is that a given targe.t caiididat_- was thu target lor the group is

tusl ed hv u'- * g rarjit and azimiuth data to Lotliputc a variatu that is dis-

tributed ap,,-puximnitely Lhi-square, When the khi--squ;ire lett Jails to

'L aa .. elar t ( .e., a given det(,'nation recrit group apparently

has; no Ifeasiblt target) (hUi, intori'at ion i.4 printed out 1,J the system

U p- ra t('4
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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. It may turn out that there are no possible targets con-

sistent with the associated detonation 0,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 output of this subsystem is an initial target list.

The various environmental inputs of the overall system, including NUDET

reports, dire, damage reports, etc., havc been analyzed and processed

statistically to produce an initial 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 infeasibli estl-

mated actual ground zeros.

Final Target System Delinition 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 is

estimated from a sample of the targets that have presumably been attacked.

The principal elements of thi,, subsystem are indicated in Figure 9.

Subsystem Inputs

Subsystem inputs include the initial target list, the direct damage

file, and the target caiididati' (ile. Priorities are a9signed to 1he

target candldatec by categurv.
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I

j |Subsystem Accomplishments
E

The principal activity of this subsystem ij 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

I 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

Ireports have been made for that particular target candidate, with time of

report later than the relevant time of burst.

Target categories are considered for inclusion in the final target

system even 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 list and such categories are rejected when no other cate-

gories in the associated vulnerabilitv 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 previlkisly determined. Avcrage weapon ,tields

and average fraction surface yields arc 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 is available foi a target that has been added to

the target list by i..'erence, the target location is used as the esti-

mated ground zero.
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Subsystem Output-,

The principal output of this subsystem is all of the information that

is needed as input information for paramet-ic DASTAP and SAMPRO type sur-

vival estimates. For the parametric system, the essential inputs are total

F and surface yields by target category. NUDLT-type information is required

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

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

Sample Target System

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

as described by the preceding sectiions, is coopled to various survival

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

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

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 candidatcs can be placed in one of four classes as follows:

1. On the initial target list ano having confirmed damage

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

3. Confirmed "no damage"

4. No report at all-

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

get list," are po.i-ible and might be included.

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

gets 1 and 3 are or. the initial target lict, and damage to these targe~s

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

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

from target 4, and a confirmed "no damage" report has been received from

target 5. Target category 1 is thus selected for inclusion in the final

target system, except that target 5 is deleted. Status reports will have

been requested lor targets 2 and 4, %here no confirmed damage ata no re-
ports have been received, respectively.

'I 3 '
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Target categories 2 and 3 prov..td further examples similar to those

given for target category 1. Target cutegory 4 is not selected for inclu-

.Ion it L'he 1inal target svs term since no targets lit that cate gry i have been

placed on the initial target lirst Similarly, status reports are not re-

quested for the target candidates of target category 4 lor which there are

no reports, since there is no apparent activity in this target categoryv

If target category 5 is e(qual to or higher than target categories 1, 2,

or 3, it Would alo be inc ued in the final target system. This would

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

The simplified example described above applies to the final target sys-

tem at some specilied point an time. In actual pir-ttce, the def .nition of

the final target svstern, being a dynamic process-, is constantly improving

with time.

Parametric Survival Estimating

A parametr•c suutistei: mi -o ,il est mnatinlg, xith inliormation llpro-

vided by the final target >ys tein delinition subsystem, is indicatied in Fig-

ture 11. This i- a highli\ simfplified %vstem that could be eitltier manually

or machine, operated.

Subsystern inputs

Inputs fur this sunsvstem inc loud total anid surface yield !o)I- ths at-

tack by tar6 et ca. egor-d,. and ,reza1cilat edsuri'ival functions. The survival

±unction.s Will be baseo on preattack p lanring calculations bor Var'i,ons

types and weights of attack. Such survival funClionsn are currentlv avail-

able for a wide range of types of attack. One example of tbis kind of sur-

vival function is given in Figure 12, "Expected Fatalities Versus Weapons

lietcnating at U.S. Cities. ' Figur'e 12 enables one to make gross predic-

tions of the percentage sUt'invors aý a lunction o! total attack design.

Im],ortant panameter-s toI he (onsidered in uch func'tions inc lueu a tack oh-

,iective, height of burs3t, and shelter posture. 'lhe assumptioni made will

t have important effects on the lunctions. Similar survival funct ions are

available for survival estimates concerning damage to various types of in-

dustdýr anti other resoul ce:.

* Fxemnlar only1N not based on actual 'aidoltUto()ils.
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As suggested earlier in this report, however, there is no assurance

that the actual attack will closely resemble the hypothetical attacks upon

which precalculated survival functions are based. This is a major limi-

tation of parametric survival estimating based on precalculated survival

functions. Such functions art L_ zrly applicý.ble only to naý nal esti-

mates. For example, the prc ice or absenc,_ of ballistic r'. ssi~e defense

systems could have in,. ortant t plications for precalculated functions, as

well as for the planning parameters mentionod above.

Subsystem Accomplishment and Output

The principal function of this subsystem is to provide quick national

estimates of surviving population and other resources. Steps required to

carr' out this function are indicated in Figure 1]1.

DASTAP and SAMPRO Survival Estimating Subsystem

Survival estimating based upon the DASTAP and SAMdPRO models 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,

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

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

mean lethal radii, and yield scaling features. Comparable survival models

are in use by NRAC, RMND, 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

ol attack and whether or not fallout is present. Attacks involving fall-

out require more time.

The SAMPRO model is a modification of DASTAP and employs statistical

sampling techniques to reduce the number of required resource points to

about o,,e-tenth ol 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 SAMPRO model appears to ht quite

3()
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VIII STATISTICAI, NIU-TIOI)OLOGY*

(kin i.al ,cctionl of thcU )Cjiuit diCV(Aoij', and ,isuse ta s ia ethodb

f or Processing nue:lvar att ik.ck inilorhi;a t inn that have been mentioned in the

precedingý Chapter. Theý-,e muthods art? duveloped primarily in terms of a

stanarid1ici7PCI repo Vlt Iodel 111.1t utilize tci Imf of hburstI, repor't ing station

location, azimuth, and rzuige2 betweenI stotig atition andi detonation.

The inode 1 deovelop.s- lstm Ior, t hc niumber 1'o l pn - III he Ccat IOns,

t imes of burs 1, arnd he p ht s ol hursýt of the wkeaponls, the "Capon Yieldis, and

the targetsý aga n st Ah ith Ilthe we anon.s were a imed.

Knowledge oif g4round zeros and t.imes of burst is a prereqJuiSite for

c1 I I I )tilt ;illo( ("~l L00 ofi&"(OVlsor~c(: aia I- also impiotltnt in Plre-

dictinig fallout patll.s [)al a on ground zeros (tog.ether A ith data oil yields

and f i-:,ion rat los) can alobe U5cd %kll)I lnz sesun tecLhnlque.s to

provide civil ian and mi lit arv p1 anners a jkt P cs t iiat us of sOurvivjnlg national

rescource s. Thue u! I iyritS t ol liituelded I arge t- k c an be useud to predict the

at tackcer s choice of t arl-ctI SuIch pro(d let ionSI might e:nable ev'acuation or

movement to shelter to he, carried out before a loCationl i6 actuallN attacked.

Alt hough isiilual NUUET and ,censor NIJDET report., may he the princ ipal

informiation sýources lcr this stat i-tiA ~ process, 'lhe myethod is presenited in

a general %kay that is riot dependent enl thesQ systems. Thus, major chianges

in .'pcrt lag -tysterns will not require corresponding change~s in the stals --

t ical process jog. This independence 1, possi ble b-cause the different

reporting; systeins provide sinjiilar inlo mation even though the formats and

methods ace verY dif1ferent.

Thisý chapter isý based oil the working; paper "Statistical Methodology for
Nuc lear Altiark Inlorma I ion Protvs. ing, TN-4JAII- 2i , by Charles R. Thompson,
St anltord Research In- lit utvu, Menlo Pa rk, Calli I., Aug us 19(67.



The Report Model

The standard report model consist.ýi of~ data thot can be obtained or

Inferred front a report O'x-ut vin attack. In 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

R range of burst from reporting station

t -~time of burst.

k =identifier of the reporting system used

g = geographical coordinates of- the reporting station

y = weapon yield

h hefiight of burst

Azimuth is given in Jegrcgs clockwise from true north. Range is in

nautical mile6. Time of burz-t is given in hour-s after N-hour (start of

attack). Item k identifies- the reporting system bY a code such as 1 for -
aýu2 1 r seiisor Nuo I . The coordinates, g, of the reporting

stations are given in terms of the Universall Transverse Mercator system

in hundreds of meters.

The moKdel describes thle statistical properties of the report items bN

means of probability densit~v itunctions and confidence regions. ThL range,

azimuth, and hur~t time es!mnatcE uilla Zc assiumejjd to be Iindt:IataudexC, nor-

mally distributed random variables with means at the true vsllue6 and known

standard deviations dlependent onl the reporting system.

The standard errors are in hour:;, degrees, or miles; they may be the

same f'or all stations in a reporting system, or may. be derived from a var-

iance given in thle original report from a station.

Confidence Intervals1

The confidence interval for the hurit- time of a weapon, reported by

statioii is obtained from tables of the normal distribution. A number, b,

is obtaiiaed from the tables so that
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Pr -b z Z . b. = 1 a

)A he IeA

Z I s t he l. n~d rda 1 z.:c n ormu.. I va r a 1l1e

a is t hc probability of a x'ari able exceeditig t he conftidulnce bound.

Theý coif idi~l(L llituvi (I! I( I lie t rue buist tiw tI of thw reported

burst is

t t ) t IY

wkic re

G I', the ýt,illdarld d-%Iit tlk1Il Of h1w tat ion repo)rt bur. I lirfl( and

1: 1s the reponi ed ti( (-)ol burý,l

11 111V ru k (l1(dkj~iv lic ý(Lt.- 1Ml I., I ent I t heni

would be t 11(2 cull. adicIL. it.' 1(11 ()I~ ar I air-k(. l"i.111) at I tAk 111 ur~ia.t lull

IIn1)u ts, 9 (J per CenIIt o f thIIve ,"t b I -%l , ru- ,?I r i o ted 11n 1h i m ai iner sill c oniit.a in

ihe time of bur~'t.

ConI f I ( dellL Re' 1 0)n1

The: cont i denc e r-eg o-n for I he ,t Lit i on -rupoited lou at ion of the ground

z ej ru I,) can al,ýe be developed . Onc reg ion an 4u de.l mned bY

R 4:2 b-

-. ~ stwidard deviation of az'imuth

= st aridard (I vvI atI i oi of ranlg.

ab 1. ol= 1



This region it a hector of a circle abt)ut the line-tf-sight determined bý

the reported azimuth. The con.vtants4, a and b, are obtained t from tablei ,

the normal distribution, so that

rr -

7 r a ý Z - i. P. - !S; Z J S.I 1

If thbt confidence level is 10 percent, then a b 1.960 will prov-..,-e

suitable confidence reg'o.. for (8, r), the true position of the grouw;::

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 reglons for the locatifon

of an actual ground zero by two different reporting Ftations. The con-

fidence regions for the two station reports overlap, indicating that a

sfngle burst may hav. elici Led both reports. Note that a confi-dence re-

gion Is associated with each repo-t.

ine conliuenLe regions may be approxinlatU 6y rveal'ge the

estimated ranges, R, of the bursts wIll be large wLth rcnect to the range

standard deviation, and small variances in angles are to be expected. The

rectangular representation will allow manual processing of station reports

by graphical technique!s, as a back-up for a computer processing system.

Asociating Standardizcd Station Repcrtz .ith Buri;t-

The standardized station .- eports are the basic data for determining

weapon characteristics. Each report gives data for a particular burst.

Moreover, the ýamne burst may have been reported by many statiouz. The

more stations reporting a given burst, the morc data aval;able to develop

information on weapon characteristics. in ordur to develop this Informa-

tion, the reports must be separated into group, corresponding to separate

burst s . Because of the statistical nature of tht, separ.ttion, it Aill be

impossible Io tell exactly which burst a station reported, th"s causing

some retorts to be associated with more than one burst.
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Figufu 14

_ K 90% CONFIDENCE REGIONS

ON GROUND ZERO LOCATION
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The conf~idence regloion wnd t Me- of burs t a.-.sociated wkith the s tation

report,, can surve as classi Vicatl ls "'f report S inlto groupS; pert aillIng ito

ai single burst or clus ,I er ol bursi s. Thlt b.1 Iidtii- U.sed inIhi e11. i

f ient loll are: (1 t le s ame COe11 id L1nCt're ' Ie2 oil 0or Sera ret I tI 'Io )'IS;iWI ca ~-te
a s Ingl Ihcours t fotrI a IlI; ( 2) LtI J I e reit t kcoi f P1l en" k 1e rc i ons 1 or 'A-)o or more'

reportis Ifld I cat es d i f I[e,-in t bu rýt st and ()overn appting u.' cont Iden c re -

glans Indicates that the reports Trax N, for theit s ame bu r st. 'Ihe time of

burst intI ry al' sAa v t hen he iu ed as it chvcl 'i oThle e alc gor i CS Set vip 11v

confidlence, regions,. For example, it conid hence regionis ovvrlap for tAwo[reports, then overla~ippn f of the conil dtenee hit ervals for their burst t I mc.s

Would indticate t hat 1 tie ItA(. r.poý_r ts peIL a Iiti to it g ivev sinl bur-- ht t :1id

tthey would be placed in that group, Figure 1-1 shows the overlapping ease.

De-toia t ion iliet-Cni UrOUp ingý'

The s;imple rule sýtuted abo.ve I-s complic.ated by the "chaininkg o.f conl-

fideuice rvgeIoll' YJizure V) Wle- In ii Ult tt ion) 0111 1, I hiI Ii I~ t t iI ~I
report, 1 aod :3 are scaA ,but tilt'\ ;ire( Cli~ilru' .L togthet 1), I't'l)Ot 2.

There may be a s ing le ta t Ili rclii -, ir hurttt it , re'; o:. 1 :.1, -1

Since it isý uiid'si rattl. to )V~s iitetunumiibr of b~urst., a, sjnglc

group cvntainotg rv:ord.s 1, :2, andI : is Made, 'tlbjet- To Sepira"t jon LN

ti1mes.- o)f bur st. Si mi I nr IY reco rds 1o 8 alIso form a s ing le g roup.

Burst fitirit

The reco rd., touuped bý pus 313 on mal bt -separated fuort her oir the ba.' jS

of timesý of bur t . Iin somui cases., thlt time-~ nay di I *er A~dvl v and hencev

a I Io- a simple di ~erimiiiat ion. 1o-r L XaiqtJjle, it report u; Figure 53ha

a bu rst time of 6 hour:- liter than the o1 het records lin thec group, and tile

St ardard dt'viat ten is 1 hour, then recur-i 6 mut-;It eron adstji

bu rsýt. After- !!w reLmo)Val oi record 6 I rowa the g~roup, n crhee:'. indicatei

thait two) pu(S1,11 J''n totlAs a', e- now1 pr1eSent. In the iibscaikc of further- time

di scrimiflitt lonl, t hx-r Lrs groupsý areL formeT.d fro I IT thC. 0- onig ma group11 oI

SIV e t-e L )!d. ThleN arv ((6), (41, 5), arid 1,7, S) ; ah Ljrsita

t irict birs-,t.
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In many cases, the ime.ý of burst intervals will overlap, but dis-

cr.minatiun can stll 114e performed by-. cons r ting frequency plots of the

time data. The modes of thele plots can be used as estimated burst times,

-amd the records that have cotlidence intervals containing thes.e estimates

are grouped together.

The plots are obtained by sorting the upper andi lower bounds of the

confidence irtervals by time mnd assigning frequency values from the lowest

time to the highest. If the sorted values aro numbered by i 1, 2, ... , n,

and iI fi is itie frequency of the ith value, thcrn

fl = f, + 1 if 1 is a lower b~ound

= fl - 1 if i is an upper bound

It s -ould be clear that fn 0 bevau.se there are equal numbers of

upper and louer bounda.

An example Aill clarifyh pocc anud also illustrate the reduction

of position groups by time of burs' . Table 3 gives the estimaled burst

times from station rcports 1 to 8 (Figure 15). 1; a 90 percent confidence

L

Table 3

REPORTED TIMES OF BURST FOR RECORDS OF FIGUPE 15

Time of Burst Standnrd Deviation
Record (hours after H hour) (hours)

3,0 1.2.£.

2 3.5 1.2

3 10. 1 1.2
4 8.2 1.2
5 1(). 1 1.2
6 13. 1 1.2
7 6.3 1.2
8 7.1 1.2
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level i- required, then the eonfidence interval about cr('h reported time is

±.2.0) hour.- The iorting of record groupI) (l, 2, "3,) Ai 11 produce (1, 1. 5,

5, 5.5, 8.1, 12. 1); the freo'uencv plol Irom t his s(orting is given in

Figure 16. Note that the I reue0y ,es u (er'o be'fo)re the records . are

completely plotted. This indicates that the rccord-s should i be separated --

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

Figure 16 also shows a plot of records 'I to M. This plot does not

provide the high confidence separati.,n that t.he plot of records 1 co :3

provides, but it doe- have two modes. The modus a* 12 wid 8 hours indi-

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

The first group *.,zn be furlther sul•lividud on a lwoation ba;is 2nto (4, 5)

and (7, 8). This illustration aiqo shoýks the use of a single record, 5, in

two different burlt group,.

Bur-.t Tirw Di,-,.rimnia,t ,)n -- it ior Thayt Ore- Report ing Vý(:l

The records represented In the aboveu exampIpie (Table 3 and Figures 15

;.ni 16) are a lnipliI iud c:ae since. zill records ( ime from the same reporting

sywtem (standard dcv:ation 1.2 hours) . in practice, at least Ivo reporting

system, (two different stalla rd deviations) 'm 11 be. in us(e; any set of

recordl %k I be( a mi xture of ret( or I> I rom varnou> svsturs. Flgure 17 illus-

t rat us this general situtitutin for two reporting s)y temS.

The rules for separatijng tl ese i,"cord(- lit grIorups are similar to those

for the simple case. The smral ler conf idence areas are grouped without ref-

erence to the larger areas, An} larger areas overlapping the small area

groups are added to thes.e groups. Alter this operation, any larger areas

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

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

Group Record,

1 9, 1, 2

2 j(i, *, 5

11, 12, 13, 8
1 3, 2, a

(6, 7,
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Figure 16

FREQUENCY DIAGRAMS FOR REPORTED TIMES OF BURST

2
RECORDS 1, 2, and 3

0• 2 4 6 10I 12 14 16

TIME (HOURS AFTER H HOUR)

RECORDS 4, 5, 6, 7, and 8

3

0 2 4 6 8 10 12 14 16

TIME (HOURS AFTER H HOUR)
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Figure 17

REPORTS FROM TWO SYSTEMS WITH DIFFERENT STANDARD DEVIATIONS

I0

L Z•



II

Some of the records appear in more than one group because of the uncertainty

of an exact placeme!-t 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 Inversely to

the standard deviation. The modified rules are:

[ ~f1 = q

fj = fi + l/cJ1 if i is a lower bound

f 1i/ci if i is an upper bound

The bounds have been arranged in order of reported times and i-numbered

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

1=1

* John, Floyd 1., "Statistical Problems in Position-Fixing," WP-63-5,

Office of Research Analysi3, Office of Aerospace Research, Holloman
Air Force Base, New Mexico, May 1963.
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where

th
"= reported azimuth of the i report

azimuth of the estimated ground zero Irom the ith

reporting station

i= standard deviation of reported azimuth for thQ ith

reporting station

n = number of reports in the report group

Figure 18 illustrates the general idea behind the method.

in order to apply the method, a rectangular coordinate system must be
established. Let (Xi, Y.) be the coordinate of the I th reporting station

in this coordinate system. Thu lines o. sight Irum the ith reporting

station to the burst are written in terms o0 this system as

Y cos - X sin 9i P,

whelre

5~7

(X, Y) coordinates of an arbitrary point on the

line of sight

Pl Yi cos i- Xi sin 0.1

The appropriate transformati.on for establishing this system is 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 is along a radius of the tarth. The important feature of the
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Figure 18

ESTIMATING THE ACTUAL GROUND ZERO -3 REPORTiNG STATIONS

FIND) 1 '[HAT M.~IA. IIM i
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Est imnating the Target

At I he I itnI*e ,)I Iauicbh orr- , ac ,V, rr uei-c % ipl ha•s an in tended t arget

The :ttantdard ruport. t'- an lx uutd t, provide informat.ion regardintg tile

tarjCet to be aýso;ci atl d It h L at 1) horst kgA r)o .

loIt the rnpor o r 1 t tces hal would bc considered as Large t be

iLic'iT, • b( T, , T .. . il ' ,t.ii Oi tiLt' Il 'gtct "tiA otL U t e 111V

..J;;,'e mluýsi D I;I•ojn IIdI ' to calcuklate azimuths and ra1ýes wilh

respect to the reporting st,ttiun-. Tairgcts with large areas for which no

one _et (if coordinates i 1 It iti(,tactorv niuý' t be considered separate!%.

The burst groups and target candidat-es are r.lated by the :,tatistic

S) ( %i ( R. r --)

n - number ol stati on re po rt t 1 2roup

RI = stat ion reportt-d a. 1irut h and rang• to e,. t imatei

S. .calculated aziriuth and rangc to target j from
ii. 1 .1

report ing -tat ion

'= =azimuta and range standard deviations

under the hypothesis that the intended target was TY the statistic S

isc distributed a- a chi-squarc variable with 2 degrees of freedom because

the parameters are estimated from -amplC values. The hypothesis can be

accepted or rejected by rferene to the distribution tables of the chi-

squarc r• i able.

10 •)m" eat,- a l tar'.1 t candidate2 will be rejected--considered as

not beitig associated with a burst group. This leads to three poasibilities:
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1. Ther s A It4 1li b~irtI'I foHrI t he burs"l grIoup

2. Thc target candidate list is incomp le te

J. Tho Nkcapon missed its I argot hNy a largu d 1st aint

Hvtur is Ii c- may, 1w devi-loped to rcloll vt ttic-( u'-~o- pls11

s ys t.eV -s.

A f urt lici plo:-s hi I i f Y i ~ thait the I a 6,kws a levourcc area of

1arg s ize, suchI as an urban arcioi o 1od TheL r epo i-ldgo

zeros of the record g roup can ho, t es I d q'All't Ili ilr(." I i-gets. Ali

area may be accepted ais a targotb us ru i a high fract ion of

the repui;, in !I,,, ......- i*-' 'ati- a g rOUra zero in th' a rca.

It May also oc( ur that TIAO azrgitA alrO alCCptejd tar a iii bUrst

gro(p This may mean that there is more than one burst represented b.

the group, b-i I itI ma a 1 so mean that Tt ho d .i ta are riot good eiioua ýh tu

discriminate I argotý i n a]l1 ca~e's .A u~elu hvur is t~k t hat can be u.se(d

1in thil caSe is to s~eight the t'Ao targets by sttrategIC 1mpo 1 Ialice and

resolve fimhiguitvy by selecting the more important target. Matny variants

el this Acig;ntin., %-stem canii be- develo-ped. One such l(2%cl()ptnvw has.

been presented by Laurino * asý a 1likelihood function, and provis on for

SuAch tune Iionsý i .s made! in the sa hsys ii o t Figure 8s 1Initial1 Ta ego I

Scloct ion.

Until heuristicsý or moru advujicel :sta! it ical mrode 1- are dove lupcd ,

however,. a role that utses tht. stat i -Iic (j 1.2 -p a-.,; is ued to

estimate the tiargets of an attack. The rul IL:is toE selIect Icvery resou rce,

T. , for which S Is signi Iicant at the 10) pelereen conif idence level. The

selected T. are the estimated targets of the attack.

*Laurino, Richard, David Goodrich, and Donald Deane, Sat istia ehd

of Estimating Damage from, Nuclear Attack., on CONIJS (U)," Stutiford Re-
search Institute, Menlo Park, California, Alecembvtwr 1962 (SRI 2-1506,
SECRET).
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Alikpundiix A

STAT ISTI FAI SUllyI AI 1-.F I MAT IMN; ('tiNt' UI-'I FLOW (I!AIIT. ( iiiTA IIiiD)

1,Svct ioni VI1 I thi l r'port' the \a 'S I)~~u2,nmiI gthe

nl h-ail ý-LILW'IAli u e 11 1;1atI k k'lll~tji aI0lu i-k cI:)1( aiml I lkw c'havtý

I~ VVresentud 'Ahll CI 1t lin1e 1the steups- ill each sklh•sN.tewrn act Ix:I tv hi

a I, pc n dl x cc) tLit i i I2-, m,)i dv lc 111eL I I Io uit I-t . 1Ioi sotme (-Ii the unvtn'

ihiŽ'-t more dictkl 1.1 le I lou thart- were dlcvi si-U (inl Ing ouve lopment o1 thle

'ias Itic ui ol I, )d ki'1Alg I v 1) u I It U(I l ) t1 L' )0 1 a.s su h . I hIe.v a I,(- c n M IS I -

Uie ti U I1 eA oVI- I ald ab1 Ove lit AII 0aT- ) O)Lct' iX k- )l tIi- I s t ink. . T;- rt Pu -

s,10 - I r.t ! i r ~ c 1 1 i lfdI fll, I I i I he ha , I ( Tr I Ii odn I ogle I u 0 ,1 oiri~ht)t c v i 11,

a inti t 14, r I(( II l Int. It u ti l e ICI u ! t i .1t Ithie v I I101 t un tI ' loiu!1 'A III T"'It hi- lost

III:uIi'oc-- 1. - A -2 , . -3, iand A -.1 1)s lt I11)W j~ Ib t-; t< I (I thle ft)ll1,PAI lg[

I. l ta . 1011111 t i;I \c ý~li l l I t 1111)1

3. RŽ1' mnIt loll o1 tht i I Ia I Iaa I. I( S t e 11n

" I ra met I 1'I. Surk I %x al YE1 I- ll;

'Ijc- I loA t ch r11- ii)nt I do ll outý I],, t Ilk t-vnt sVqtwnt.e as thlit "ll-v iý k r

I) 1i i 1e' de I !AR-'! iii it, S ln_ nr I Iq, I -o A-d~pc tint ±C I ' ) -11 n u iniunj

1 n I-i 'iie O I ata I li put and~ Ver 1 I kci '1011 n ol )(ludvs litos't 01 ,t.he a( t 2 tI -

t ie (it: nr-1 bud i n inuct i~inV 'I I widiio the u iding.L, : dat a 111 put arlid % U!i I I-

i-1at 101n (i 1c 1 daniail Ie ;u 01' ice sI lIg , lequc.s tud st La tls re 1)01t proc

v,', i ng and de torn~i! I i-nizv oenntl I Ii malt vli-tce. Al S.o, t~he lev-el tof dendi1 I lý

no')t uilf tInIti throu g 1tnult I Itic I I (nk ch iirIt. Thim c I rut, lts t he fac t t hat aIt

pre ~nI)tt curtain act ivit i is wI. hill the proptosedl stat ist IcalI survival vs -

t I Ilia t 1 lig L olIcv- pt have(_ It'(- eI% viA 11itre S t Udv , a d cl't re MOre T kLI I 1i1 lItN tiV -

filled. than other at tiiti.cs.-

The- con1cUit pre'Lsun ed Ill Figlklli- A--4, P'arametrlic Survival 1• t Iimat ing,

rI ttl'c~ i~t - a dorw~i il I it!1tlnt al-Illoach1 to parameftric n Lirvivil v c1 -st imiting

g~n Iu u 1 1ii Ill ui' ti ]()]I V1I. 111 9V He i-I- , I t I~ Ct)Tzille I'Ui( 1)% lth
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aunhIrh *si to be Mrnie cumbersome arid proha h1 no more accur t u than the

parzametIr ic sur cviit es ~ a in rcdiI fSc¶01 I It is Inclu ided

huret olliv fori 1pusSible filtII tie ea bat 101ii ~hikki 11 lIe hai C iiefoh~i~~ of

*1his Stilnk are iniplemielitvd.

III Spite kj I lit, i r ixcomlip1t t cric8s lt- I oi I Ii Oiw 111 g I W id~ I )w u111 sholl Ii d it1

u."lZili oulilme I lwes 1cjiiusl'lt I 1 Itnt, at tutlyt at dul ining the logic and

inti terratiotiships of ccrtain essential. akt ixit~lvý of thuv statist iCal not-I

vival cstirnal ing coutlipt Ili it Dllore dct~itiltd nmanierVI. WIhth adili I iona I work,

they COUld be exteunded to ir'ix'Ide the hasi.s for- ; comiputer'ized systiet imple -

n11Iunt I fig thle pri-oposed S*' I'I i:~i jig concep1)t
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I~ki'll l "L, II ol It I 111 l I AN X., - I l fI 1UI CT1 d , t 'ut.)lkII l

- 111v he InI I 2III-ed I r011 d~ rue I dalMage t I p')OI t h "lid I I 0111 4 I. 1, L Z, I'V ,I) I I,

lit- I ti1 pa I (1a Izi I tha I rli I h in III urrod 1 11 1k I t A(a poll i O I~ ve I oI hi. i: hi of il I'
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LIFigure B-i

I NINE BASIC OPERATING SITUATIONS

t

NEGLIGIBLE CONTROLLABLE UNCONTROL-
FIRE FIRE LABLE FIRE

14 7

NEGLIGIBLE NEGRAD NEGRAD NEGRAD
FALLOUT NEGFIRE LOFIRE HIFIRE

MODERATE LORAD LORAD LORAD

FALLOUT NEGFIRE LGFIRE HIFIRF

13 6 9

SEVERE HIRAD HIRAD HIRAD

FALLOUT NEG':IRE LOFIRE HIFIRE

SSo.rce: "Concept of Operations urder Nuclear Attack," Office of Civil Defense,
Washington, D.C., June 26, 1967 (Working Draft)
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Figu-t A-]

DATA INPUT AND VERIFICATION
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Figure A-2

DEFINITION OF THE INITIAL TARGET SYSTEM
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Figure t,-3

DEFINITION OF THE FINAL TARGET SYSTEM
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Figure A-4

PARAMETRIC SURVIVAL ESTIMATING
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It is sugges tedt that early reports frvom IWFI RI and adjacent NEbIFIIIE

7.11114' iltile I ýI ciill ofy0 a 1101 luai cx p1 oý:I-o coulid then he useud to 05 t ab

lis4h thtu local ion anflt approximitie Yiul I o1 the' litonlat iOn bNy measurement

of tilhe di ametel' of thle 10IRK'it- area and( volpiitrijstln with a cuirve or table

.showlnýz the ant xci patudi dt amte Icr aý a tim. t ion o~l viv 10. Ani aiternal Ive

procCO(Iii wonuld be it) a 11) YINCi tuwla tus o1 piW'vdict ed LOFIREil areas for Weapon

vielis LLo a map showing opevrating area siltuat ior ruports to estimate loca-

iotio t and bid oil Titiaios. he later pvtirc~duru 1 1 1us~rati .. inl Fig-

toe( 11-2. In t his5 1 11win a tioti the 10Y11 E ic l ion extend-, to a pprox i ate iv

thle. I psi range, w~i-11ýil\il eeal ccc pted es-timrates;

A stat isticalA aip¶)ilalIh lii -I h -tinmat ion of NkeuAlorl it Idi also pos-

s i h Ile, One. pos ,1 )i Ii t N i- to! make, u- c o I smal s~amp 1Le t he,)rly t u chniiiq ol.

yorICh a, wse o I t-1e noncent-lt ia 1 t ude ,tt It i it ri li t i on, %i 11 V tet t I-Ihe

hypol ht- si t tha t t he is-un pt-lirel m ir opetIat i ag it Lea rad io u., eIS a to(1d a

JI C1i I~ I ale J I ii' 1:1 t s jI Iil hlnt i~l tW I~ -. tt j 'I ji I die I i nkd h

whv*rl-

N il"Iribur2 01 'amleli p,); ItI or (t per) flit~tu ojperut tog area5

= hYlo theiicIzud mneanl raii-a lo e we~round zeroi a nd ceniter. of0

1t- i met Cr OCC rpuat iiiog alea- i 4 1 oi I MT 5 NIT, 10 NIT, or
20 NIT.

nivmanl of sarijlte rai'ai net woeni groundj z7eu andt centers of perimeter
upe~rating areas.

-staindard itex-jatioit of! ample radii .

Th is -3.NsIeir migh t he- used il ns-uch a waN-s that 1 or thei weaplon y ield 15

i (-,te 101I u var ious hN pot lif-, -uitei x a loe-s o I pe~rhaps4 1, 3, 10, and 20 mega -

(Nil" The Ilse of a s tat i-s! ica 1 approachl has4 the important advantage that

cooilidenecf interva i; maY the s(et wlyikh supplyv tlie system. opera! 0l' with inl-

tiozMalt on~ aS to) 1101W mUlCh i con Iid(nce mtigh t he placed upon a given weapon

F j i eetin



I Figure 8 -2

NDTESTIMATE

EI~ Contains ZE)I w. 1i 3asic Op) SitUaLiUnIS Higher Than 3.

source: "Concept of' Ojwrat ion-s under Nuclear At tack"
Office of 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 tihe weapon efreet's such as observable

blast damagu and scat tured Iiesu. A comparative aralysis of these two

circles lor the purpose ol estimating ground zero Is possible that would

have a morc quantitative basis than simple pattern recognitiotn. In actual

practlice, however, it may- well hie that simple pattern recognition is ade-

(itlatV for estimating g'rouind zue'n.

The above discussion has illustrated that in many cases, a combina-

ti (I of pattern recognition, heuii,'stic decision rules, and qtatistical

analytical techniques can be used 1- estimate essential NUI)ET data from

extrerely elementary direct damage reports,. Yet because of the obvious

r nccrtaint its involved, sensor and manual NUDET reports should be used

when avai lable. An obvious di ffICLuilty with the inference of detonation

rleports Itrom direct damage repor.ts is that direct damage reports probably

wIll r.ot, have been received f rom all op,_rating areas, particularly ill the

ca lr \ me Il [i m hfis. • i• n in-ý u1 I lcit', diliicr damage replorts are a ai lab)L.

for ýsitmatlion purlpose', 01 when addi tional direct damage reports arc Lie-

sired. statu, reports should the r.;quewsted for the appropriate opeJrating

ar'vas.
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A STATISTICAL INFORMATION SXTSTIJA FOR E:3TIMATT'iG
THE MAGNITUDE ALND SCOPE OF NINLEAP A-17ACKS

By Robert M. Rodden

Stanford Research Institute
February 1968

0CD Work Unit .161.5A
DEI'ACIIAPLE .SUW&MRY

Thisz rezsearch develops zild presents a statistical conef-pt for making

national survitva] estimate, in the transattac~k and early p,-'stattack

per iods. Statistical methudoiogie's are us!ed to process reports of detona-

tions, and the prlr.Aple of statistical inference is used to estimate the

magnitude and scope of the atta-k. Existing systems for the preparation

of national survival estimates in the trarqattack and early postattack

periods are based iargely on pceattack planning methods or (in the tabula-

tion cl direct damage reports as they are received. Adequate and accurate

dat; of the kind needed to produce survival estimates with these techniques

will noT be available in the tran-sattack and early postattack periods.

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

search are (1' real time input procr-ssing and data preparation, (2) sta-

tistical conversion of data to information, (3) inference of attack size

and target -.;stem, (4) estimation of effect-, on resources and population.

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

survival estimating systems. The main distinctions bel.'eon this and other

survival estimating systems are in activities 2 and 3. The concept devel-

oped by this research uses statistical inference and heuristic decision

rules to estimate the magnitude of the total attack. The methodology thus

devised can operate with incomplete and inaccurate information. Tar-gets

are inferred by statistical inference after appropriate grouping of tar-

The methodology includes: the receiving and processing of burst in-I formation and direct damage reports for use in making survival estimates;

basic concepts for organizing inputs from various sources into appropriate

*daata files; and provision for supplying measures of reporting performance

T1



to the systeýA operator. Detonation reports and other data ale converted

I • statistically to information that is more directly applicable to surviva)

estimating. Estimated actual ground zeros and targets for the initial

targct list are determined statistically. Areas where data are incomplete

or possibly inaccurate are identified, and status reports arl requested to

correct these deficiencies. An initial target system is developed that

yields information on the target categories hit and on the severtv of the

at tack.

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-

nerah]lity 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 stati!;tical inference. Again,

status reports will be requested to cover areas of doubtful or inadequate

information. 4

The final step of the concept is to estimate ellects on resource, and

population by means of the synthesized target system. It is shown how a

target system may be coupled with several survival estimating techniques

to produce survival estimates. The survival estimating technique selected

may %ell depend upon the requirements ul the system operator at a given

point in time. A sununary ol the system and its principal activ±'tie:; Is

given in Table 1.

bection VIII preseirts details of statistical methodology f(;r cesti-

mating actual ground zeros and targets relevant to a group of detonation

reports. A basic tool is the use of conlidence regions and coniide.ice

inteials to determine the actual number of bursts and f.3stimate actual

ground zeros associated with a particular grr)up of detotiatio,, reports.

The selection of target candidates for the initial target 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 basih purpose of these flow charts is to document

2
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Ihe ideas that have been developed in the course of this research but

that arv not appropriate to the generalized flow charts of the main re-

port. The ilow charts of Appendix A will help provide the basis for de-

veloping the system to a pino)1!t where cOmp)uter programs for" the system can

be written. However, considerable additional work will be needed before
these [low charts are adequate for that purpose.

The feasibility of inferring detonation records from direct damage

I reports as investigated briefly in Appendi.\ B, which also gives a frame- -

Swork for sýuch inference, using pattern recognition and hypothesis testing.

This research effort has developed methodology for estimating attack

1 size in the transattack and early postattack periods, and has shown how

IL* I this methodology can be combined with exi.-ting damage as.sesment methods -

to produce national survival estimates;. More advanced survival estimating A

( techniques, that would integrate attack size estimating and damage azsess-

-,men' more directlý are briellx explored. Survival e.;timating systems

recommended for lull development and implementation by the National Civil

Defense Computer Facility are identified.
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