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I INTRODUCTION AND SUMMARY

The use of cost~effectiveness analysis and other advanced techniques
of economic analysis is becoming increasingly important in evaluating the
merit of civil defense programs. Such analyses are usually difficult to
prepare both because of problems in selecting proper criteria for evaluat-
ing effectiveness and because of dirficulties in computing a numerical
vaiue for the effectiveness of proposed programs. The purposes cof this
report are, therefore, to present a method that can be used to compute a
numerical value for warning system effectiveness, to show how to compute
warning syntem effectiveness using the method, and to describe the as-
sumptions, computations, and data that lie behind the techniques presented.

This introductory section describes the evaluation criterion selected
and shows how the criterion is related to warning system performance. A
sot of charts and worksheets is presented in the second section. The re-
mainder of the report presents ingstructions on the use of the charts and
the worksheets, and gives an exampla o the use of a numerical measure of
effaectiveness. The appendix describes the mepthematical model that was
usged to geneoratc the charts.,

Choice of an Evaluation Criterfon for Warning Systems

Civil dciense programs aure established to save lives 1in case of
uttack. Therefore, n frequently used mcasuro of the effectiveness of a
¢ivil defonse system 18 the number of lives that could be saved with the
implemontation of the system. However, for the design snd evaliuatlion of
the subsystems, i.e., warning, shelters, cotc., that muke up complete asys-
tems, other moamures may be cotablished which may pe eagier to Use and
which, if used to optimize system performauce, will usually result in the
optimizution of the porformance in terus of the more desirable measurc¢ of
lives maved.

Tho traction oi the population in sholter before fallout arrives has
bewn celectod in this analysis us a muasuie of the effectiveness for warn-
ing esystems. It is assumcd that the number of lives saved will bhe related
to the fraction of the population in sholter, and that muximizing the
fraction in sholter will thorefole aleo generally maximize the numter of
lives saved in j fullout-shelter-bused civil defensa program. Tie abbre-
visted term "fraction of the population in sheltor” 1s used throughout the

1
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remainder of this report, and implies that the fractiova 1s measured at
the time that fallout arrives. in other words, if the people arce better
off inside the shelters that have been provided them, the valuc of{ the
warning system may be measured by the degree to which the system allows
utilization of the shelters provided.

Choice of the time at which Iraction of the population in shelter
is to be measured is complicated by great uncertainty as to the expected
allocation of nuclear weapons to targets and as to their arrival times
on target. It is known, however, that the first fallout from a nuclear
explosion will arrive on the ground about 30 minutes after the explosion.
For planning purposes, it has therefore been assumed that all metrcpoli-
tan areas are potential targets, or are near potential targets for attack,
and that the time available for warning the population of these retropoli-
tan areas and for moving them to shelter is 30 minutes plus any time in
advarce of the detonation in which the warning is received. It has fur-
ther been assumed for planning purposes that nonurbanized areas will not
be subject to nearby nuclear detonations, but thst these areas are sub-
ject to a fallout threat. Since the nonurbanized areas are not near the
explosions, it has been assumed that the fallout will require at least
60 minutes to reach the nonurbanized area, and that the time available
to reach shelter will be 60 minutes in addition to any advance warning
before detonution. These times, 30 minutes for urbanized ereas and
60 minutes for nonurbanized areas, plus any advance warnjag of the deto-
nation, are the times at which the fraction in shelter hx- Leen measured.

¥hile the traction of the population in shelter before fallout ar-
rives is potentially a complete description of warning system performance
in terms of the contribution of the warning system to the life-saving
potential of civil defense, two areas of performance have been omitted
in the method for computing the measure. Warning system survivability
etfects are not included in the computations because the attacks under
which the warning system must operate are so varied and so uncertain
that the reduction of the coverage to that which might be expected over
a range of attacks would contain such a large uncertainty as to mask
other warning system perfor ance features. The risks of false~-alarm and
no-alarm failures (due either to equipment failure or to overt action)
are quite uncertain, as is the effect of such failures upon subsequent
operation of the warning system. In the comparison of alternative warn-
ing systems, therefore, these two areas should be subjected to separate
analysls,

s
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Relat:onship Between Warning System Performance and Fraction cf the Popu-
latior. in Shelter

A discussion of the relationship between system performance and
fraction in shelter introduces the i1llustrations and examples of the usc
of fraction of the population in shelter and summarizes the detailced de~
velopment of the measure described in the appendix. This introducticn
and summary describhes the nature of warning, how it is transmittec, and
how warning systems are specified. There follows a description of an
individual's actions between the time the alert signal sounds and the
time that individual arrives in shelter. The variations in the times re-
quired for these individual actions and the factors affecting the times
required are examined. Finally, the way in which the fraction of the
population in shelter depends upon the warning system specifications 1is
shown.

Civil defense attack warning may be thought of as a public alerting
signal followed by a verbal confirmation cf the alert. The alerting sig-
nal may be generated by an outdoor siren, by a radio loudspeaker, or by
any other noisemaker that is capable of attracting public attention,
while many combinations of noisemakers and message delivery devices are
available, only a limited number have been considered as having a usetul
application to civil defense warning. For convenience, the combination
of the method for delivering the alert signal and the method for deliver-
ing the voice message is called a mode. Four modes are considered. They
are called: Radio Warning, Indoor Alerting, Siren Alerting, and Nc Alert-
ing. The sources of the alerting signal and the confirming message f{or
each mode are shown in Table 1.

Warning systems may then be described as collections of hardware and
procedures associated with warning the public by one or more of these
modes. The performance of each mode may be specified in terms of cover-
age, response time, and reliability. Coverage is the fracticon of tlie
populatioa that can be warned by the node; response time is defined as
the time between initiation of the national warning at the National Warn-
ing Center and the beginning of the alert signal sound; and reliability
is the factor to which coverage must be reduced because of inoperative
equipment in the system when the warning is to be sent out.

Consider the individual who is within the range of the alerting sig-
nal. Before he arrives in shelter, he will have pertormed three distinct

¥inds of activities.

The first set of activities will be to hear the signal, to recognize
the signal, to interpret the meaning of the signal, to seek verification

i
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lable 1

CIVIL DEFENSE WARNING MODES

Source of Source of
Name of Mode Alerting Signal Confirmation
1. Radio Warning Radio warning Radio warning
receiver receiver
2. 1Incoor Alerting Indoor alerting Commercial radio
device (NEAR or or TV
radio alert-only
receiver)
3. Siren Alerting Outdoor sirens Commercial radio
or 1V
4. No Alerting Accidental, word- Commercial radio
’ of-mouth, etc. -or TV

of the validity of the signal, and to decide to act in response to the

signal. This set of actions 1s called the alert veriiication proceoo,

and the time required to complete the process is called the gzlert veri-
fication time.

The second set of activities that tke individual must complete is
that of gatbering personal clothing, blankets, and other items to be
taken to the shelter, and of securing his residence betore lcaving. This
Process 45 Colled wuvemeni prepararion, and the time required iu complete

it 18 called the movement preparation time.

Finally, the individual must travel whatever distance is required
to reach a fallout shelter. 1his travel process is called movement to
shelter, and the cime required to complcte it is called movement timc.
It may =easily be seen that the movement time for all individuals will
not be the same, since everyone will not be located at the same distance
from the shelter when he begins his move. The movemeat times for a group
of persons must be described by a distribution of movement times for the
group. Such a distribution would be a table, curve, or formula describ-
ing the numbers of persons who would require, say, exactly 10 minutes to
complete their move, 11 minules to complete their move, and so on for
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Table 1

CIVIL DEFENSE WARNING MODES

Source of Source ol
Name of Mode Alerting Signal Confirmation
1. Radic ¥Warning Radio warning Rudio warning
receiver roceiver
2. Indoor Alerting Indoor alerting Commurclal radio
device (NEAR or or TV
radio ulert-only
recotiver)
3. Biron Alerting Outdoor sirons Commurcial radio
or TV
4. No Alerting Accldontul  wurd- Conmerciul radiv
of=muuth, etc, or 1V

vl tho validity of thoe signal, and to declde to sct tn reoapotise to the

signal, Thim mrot of usctions is culled the aulert verilication pPloucenn,

and tho timou requirod to completae the process ip callod tho alort verl-
fication {imo,

The s~cond sot of activitios that Lthe individuoul musl completo s
thut of guthoring pormonsl clothing, blankets, and ather tltoms to bo
takun Lo the sheltor, and of mocuring his rogidence befores loaving. Tht=s
procoss 18 callod movomunt preparation, and tho timo reoufrod Vo comel

[

il 16 Called lhe movemont proparation time.

-

o ¥

Finally, tho individual mustl travel whatever distahce 18 requlired
to reach a fesilout sholter, This travel prucoess td culled movement to
ghol toer, and the time required tu cumplote 1t 1e cadlod mouvemonl time.
It may eayjly bo moen that tho muvement time for wll Individuals wil]
not be thy wamu, rince evuryone will not be located at the mame distance
from the sholter when he hegins his nove. The movemont Uimes Yor u group
uf porgons mudt be described by a d stribution of movaement times {o) the
group. bBuch w dimtribution would be u table, curve, ur formuila dencrio-
ing the number's of permsuns who would reQuiru, say, uxactly 10 minutew to
conplota thelr move, 11 minutes to complaeto thelr muve, and so on fuyp
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cacl ainrute Intoerval in the rango of travel timus. Thu distribution ol
rovemcnt times might also be described by a cumulative distribution, that
{8, a table, curve, or foraula that describes the numbore ol persuns who

would require, say, 10 minutes or less to complete thutir move, 1l m utus

or lusy to complete thelir move, and su on for each time within the range.,

Bimtlariy, not all persuns will require thy seme amuunt of timu lor
aleort verification nor will all require the same amount of timg for movoe-
ment preparation. Theao timoes must slso Le described (n terms of thelr
distribution for a large group of persons.

For a single individual, the time between the utart of the alert
signal and his arrival in sholter could ho found by edding his slort
verification time, movement preparation time, and movement time. Find-
ing the number of persons in shellear hefure a givon time, however, to-
quires thet statistical techniquas he applied. Using theme techniquos
it 1m punssible to find Lho expucted nusber {n shelter at any time Jiom
the distributions of the verification, preparation, and suvemont timne,

The relintfonship belwoen the warning ayptem performance whd Lhe
fraction of the populstion §n whulier depemls, {4rat, upan the fomponse
time of the various modas of Lthe warning system, Lhon upon the relation=
sliip of the alert vertfiowtion, movement pruparation, and movement time
dintributtions tu the prriurmance of Lhe warning ayatom modos,

The vrespoiise Lime of the warning ayslem mudo reduces the amount of
Ltime avatlable fur the population to roach sheltor hofoiro the fallout
grrtven,  For exsmple, 1o an wrbanizoed area, talloul will arrive 50 min
Utea after impact, und warnipng aa much am 1D minutos i advanca af the
detonatiaon may hoe avallublo., A systen with u D-minule response {imo wauld
ullow 40 minutas to resch sheltsr, one with 10 m{nutes lespunse Ulne would
allov uuly 35 mbautes, sl mo o,

The slert verlflowt fon Cimer will 4o ";i'“uniiiy Gapoiient ey e

-
mody of waraling. T™e suporiur sudidid ity mind diatinctivoehose of tho
aleovt sigaal frum the radlu waranlng recetver, togutliey with the autlamati
bruadeast of the confirming volou mompags, Fesull Lo any glvan Iroacilun
of the vadlo=wariied pupulation having completed Lhe verification procoans
in & shorter limg than by any uther mude. The rank of spesd of ruafonass
lo the modes Lal festont, radio warning, toxt fasteal | indoor alerting,
Huxt, shren alerting; ‘omnt faot, nu aisrting. A range ol glort verilis
uvation responmna la conatdered ful wilens, MiE range la neuensary | e
cause ¢clvil defonto slren eigonules die Lol diatinetiver—~thoy may bu sle
Ltakon for wirens an vmergency vohivlan, ‘The Lime Juyulied o vevughlae
the slgnal may be reduced by increased awareness on the part uf the public
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either because 0f an fnternational crisis condition or bocause o! highur
levels of effort to infarm the public about civil dolonkwe. VYerification
of airen alerting signals can also he speeded up hy providing prompt
radioc bruadcest mossages foliowing these sighals. The combinatioun ol
public awareness of the airens and the radio support to wirens givus risg
L0 cases of siron effuctivoness within the range of alert veorilication
timo for siroens,

The movesent preparation tine is not cunaidored to bo alloctod by
the mude uf warning, nur by any othor foaturu of warning system poerlor-
mance.

The movemont Lime distributions dopand upon the number and location
of mhnltor spaces telative to the numbor and location ol the peouple whom
thewe mholloars are tu protect, Hihce theuwe faclors gre expected to change
ovoer time, two majul ceaos havo Louen soalyrad--une {or the resldent popu=-
latiun an dolotrminod by the 1HGU cenmsus and the Jocvaticn ol the uhalter
ppacenr thal oxleated 1n Janunry 1000, which (p catled the exilatling akeltar
posture; the othar for the population distribation projecled fur the 1070
conaua Al the number and location of ahelter apaces gatsling aflor the
implemontation Gf a wheltar develojment program with fedoral funds, This
second situalion Lo called Lhe 1970 sheltor posture,

Movement tine dlptiribytions an well aws fallout ayrival times will he
difforen’ Tfor wthanlzed and o0 nonurbanized wivas,  Furthet, becauso
thot> o dilferencur balwoon the dietitbution of peuple sl phol tera
withtn uthanizod pregn, A diuwtlnction e made betwaea central oily ahd
it hat Tringe stean ol \hanlzasd arean, A ma,ar hreakdown of mavoment
Uimos foy analysia will theieluvie boe mado belwuen central oltlem, urban
Iringe ntapn, and honusrbanized arsan,

Thua, glven a complote ahalter sltualton under whish tre evalunle a
particubat aystom, 11 may he magn that the fraction of the population iy
pliel ter befure falluutl arrives is dapandeit upuii the Yewpunse Liwe of
ench ol the mnies ui the warning systom ang upon the cuvarags 61t aach of
the wudes mahlug Vi The warning systom in central cities, urvan tiLnge
wloss, abd hony bvanlzud arcaa,

Londitions under Which Warning Hystoms Muy He Kvaluatoed

In order tu preserve Lhie usability of the fraction of Lhe populatiun
1h alivlter an o moamits ufl affoctivenean, and lu Jimit Lhs wcops of the
devoelupment of the measuwre, fractiun 1n shelter can e compuled for unly
& lialied humbar of conditiuns snd warning moden. While U 4w belluved
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that the applicability of the computation is sulficluntly brocd to handle
almost any problem that may ariuwe, 1t 48 nuvoertholuses noecessuly tu deseribe 3 z
thesv limits. S
: First, only the four warning modew describod above van bu vvaluuted,
é Since miren alerting and no alerting predomitiate th thu oxtisting system
! and since this aAtudy has boon uade tn support analysis of radio walning
% systems, anhalysis of other modes msuch as moblle loudspeakers has boun
. omttted., Alurting resulting from the effocts of & nuclear dotonation
han wlso received attontion us 8 vussibleo warntng mwde, butl tnclusion of

a modo based upon such alerting hps not bnun possible within the time
avallable for thiw anslyasis.

Sinve the atudy 1s cuncerned with indoor radic warning, only resi- N
g dont populations have hoon usod--daytine bhuslness populations are eacluded, -
: The data ot the locations of resident populption are vastly mure abundant
and vellable than data on dagytime population Jocations., ™is Lmpllus an
assun:ption that the attack would vceur 1n the late avenlng or ewrly morn- 2
1hg hours, Aleo {mplied 1m thnt overyuno is tidours. Tho llkelthood of
attack occurring duriag the nighttine hours auggemtud by the 1ndour roni-
dont populstion te aubject to prior delermination,

e

RTINS

Finully, population ahalter deta at'e based Upun the Gotermilwus
Unitad Btates (48 mtaton),
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I COMPUTATION OF WARNING SYSTEM EFFECTIVENESS

The chertls and workahests used to compute the fraction of the popula=
tlon in shelter are preosented and demcribed in thins section. UGfven also
in thip avction are fnstructions for uding the charts and worksheets end
uh oxample furthor fllustruting the use of the computational ald. Appls-

cations uf the use of ftraction in shulter probiems of cost-offwctivensos
anulymis ete presnrtod in Section III.

The charts shown tn Figures 1-8 ropresent the output of a muthematt--
cal model that hax bhoon used to generate the fraction of the population
{n phaltor as a functjon of ths time after the alert signhal scunds, Two
pele of charte ate 1ncluded, one for the exiating shelter posturg and one
for tho 1870 shelter posture, Each set i{ncludes rour chartyn, one far
ouch warning mode to be conatdered: radio warnlng, (ndoor ulerling, airen
alorting, and no glerting., For sach mode, vcurves showing the fractton of
the populatiun tn shelter am a function of vhe time after the alerl mig-~

nul asunds nre apuwn fur cuntral vlty, urban fringe, and nonurbanized
Alona,

Vallawipryg the charts ia Flgure 9, a workeheet Yor computing the
fraction of the population in shelter, The workaheuvt provides fur anp

ordetrly srrangoment of pystom onvironmenl and porformunco dala, whil proe-

nunts the atoepa neaded (o convert Lhe vartaus aogmonta of che population

#hoeitorad Into a ningle figure fTor fraction ol the tota)l population in

Bholtor {n al) srous and up n tesult ol all the aades of the warning

Aystom. The workehoot is dividod $nto thiev paite, Vet 1, Warntng

ghilrlan dueciibhing environmsttal

Ginditione purtinent (o the analyalns vl all werning moden Al Lhe nystm,
LERIU § B S

Hystom kiv!rvanmen:, vontuing spacen [u)

EUmNaiy O deiuiled oveivattone of the madus o the warning
syaton Under anslysin, and fa atractuted so thu! the conteibution of each
ol the mades of the postuluted warnting ayntem (computud tn Fart 1V, helow)
may ho enlotod gnd compared, Pert I] tncluden the sddittonal step frum
which the uverall wairniig msymilem effutctivenseamn In daotormined, et T[]
containe tiie struclure tor detatled cumputations hscasraiy 1o computb

the population tn shelier as u result of wach warndng molo,  Part 1]
¢onntatla ol four sections, ohe for evalusting vach uf the fuul walnlig
modes vonpidured L6 Lhis repurt,
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Figure §

FRACTION IN SHELTER vs TIME

1970 SHELTER, RADIO WARNING
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Figure 6

FRACTION IN SHELTER vs TIME

1970 SHELTER, INDOOR ALERTING
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Figure 7

FRACTION iN SHELTER vs TIME
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FRACTION OF THE POPULATION IN SHELTER
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FIGURL 9
WOHKSHEET FOR EVALUATING WARNiNG SYSTEM EFFECTIVERESS

PART 1, WARVING SYBTEM INVINIMIENT

Tioe ers

Fallout errival time computstianm

1, Time from detection of attuck 1o impeit of sedpons

2. Time from datection of stisck to initistion of
watning nignnl (decision to warn tiwe, PE—— LR

3, Pemaining time from devision to impast win.

tline | minus line 2) =
COLUNN o COl.bup COLUER
CENTRAL CITY URBAN FRINGE RONUNBAK § ZED
AREAY APEAS ANEAS

4. Time from impact ta {allout

arrival 10,8 min. J.0 min, 0.0, m=ia.
8§, Tims fron Ascinisn to fallout

arrival

(line 3 plus line 4) AR, —min, p— 1N

PART 11, WARNING SYSTEM EVALUATION AUNMARY

(Mae fallanting sheats fur dotvatled sralustive of snraing
aysten sodus: Listed below inosunmary vl the eveluviion,)

FRACTION OF POPULATION
WARNING BYSTFN MODE IN AHELTEN YHO W HE
VARNID BY FACH MOIX

Radio Warning

Indvar Alerting

Siren Alerting

Mo slarting

Tota) pepulation in ahelter
renulring from thia earming
systam configurstion

(sum of fractions from lines A, B, C, and D sbove)
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FIGUHE 9 (Cuntinued)

FART B,

Hadio 'nrnln£ Mode

Tiwa from deciston to fallout arrive: (from Purt 1n,

bina %)

Syatem reaponse tine (time {rum derision to wary Lo
hexinning of glett wignul)

Tims 1owasning to teacl shalter {jane | loan bine 2)
brucvion al radio warned populetion in shelver hefore
{allout arrival. (Uae redin warning rhart fur nrprn-

priste time a1, FPnter chart with tiwe from 1 whove
rond ‘rectinn from chart)

Hrdio warning covarags cfraction of ¢ pulations
coverad by aignal and recarvor distrihution, multa-
plied by reitability. by arersl

Fractyan of ares populetiune in shelter as s rosull af the
stimulun from radio warning thire 3 times line 41

Fracvion of U 8. populetion reniding 1n esch srae
Fxinting
1910
Other

(Cromn ot inapplicabile Jine)

Fraction ot U8, populstionin shelter sn earh arag wa
A reaultof radio warning stamulys (Line 7 Limes Jinat)

Frattion of U.S. population 1n shelter dus Lo radio
#arning (aum aof lYne 8, columna a, b, and ¢)

Lndour Alarting Mode

Time from decision to fallout arrivel (from Pago I,
tine %)

System respoise tima (Lime [rom decision to warn Lo
Laginniag ot alert mignal)

Time romaining to reach sheltar (line | jeaan lane ¢}

Fracvian af sndoor-alerved populations in shaltesr
before fellait arrival. (Use indoor alesting chatt
{or |gprupr|nln time ara. Fnter chast with time
from 3 above. reed (1acvion from chart

Tl

Indrur alerting coverage (fracvion of populations
cove~ad by mignsl and recusver distribution, mults-
plied by relialilivy by atca)

Fraction ol ares pupulations in ahelter sa a result
?{ Lhz)-vinulu- from indoor alarting (line 5 timan
ine

Fruction of U.S. population reaiding in each area
Fxisting
1970

ther
(Croas aut inapplicable line)
Froction of 1LS, population in shelter in each sres
as 8 result of indvor alerting atimulus {line 7
times line 6)
Fraction of U.S. population in shelter due to in-
dour elerting (aum of line B, colusns a, b, and ¢)

18

OLTAIL OF WARNING SYSTEM EVALUATION

COALUMN o COUIAN
CEATRAL CITY UMBAN FRINGT
AREAS AREAB
win. win.
;in. LN

—_—min.

— B e

colimn
NONURBARTZED
AREAD

——— 1D,

—m—— 0,

— W0

X 0,212 v, 467
U, 3313 0.324 0. 143
COLUMN o COLUNN & oL ¢
CENTRAL CITY  URBAN FPRINGE  NONURBAM]IZED
AREAS AREAY AREAYN

min, min. min.
@in. min, —in,
min, min. — ML

0,323 0.212 0,800

0.333 9,324 0,343

g
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FIGURE 9 (Concluded)

L. Siren Alerting Yode

Y.

10,

COLU b

COLUNN o
CENTRAL CITY UARAN PRINGE
AREAS ARZAS
Vimo (1w dacinson to fallout arrival (from Pect 1B, line 5) comeee. B, ——— i
Syatey response Lime (Lime from decisior vo warn Lo
begrining of alert aignel} ain. win.

Time ramatninginrench sheleer (Jine | leas line 2)

—— iR,

Siren Effectiveness Group (nee ehert helow)

/PUhlI( (V9]
ieadinass Hi

Fractiunof airen.-alarted populations in ahelter he.
fore {aliout arrival (aelect siren glerving chert for
proper Lims &fa, rnter chart withtime from 1, alova,
determine {reciton corrasponding tu airan ef fac.
tivenean gloup)

———ne BTV

Colinm
NORURB AN | ZED
MEAS
ain,

e AN

——e———— L0,

Redio Suppurt for Sirens

Existing

Closu

11

[ 1
11

v

Induor aiten covarags (fravtion of populntion thet
can hear aitenn 1ndoora, hy ares)

Fraction af ures populutions in slealter ena tesult of

the svimulus fromasren alerting (line 6 timens {1pe )

Fraction of U.8. populatiun resrding in esch stas

Extating o323
1970 Ll

Ouhar

Lai
[ ¥{ E—

-

(Croas out 1napplicable linae)

Frattson ol U 8. population in ahnlter in each aven ax
norenult of asren alartingatimulus ({inal timen Jine 7)) e cenmemm——

Feaction of 1S, populstion in shelter due tu sifen
alarting (aum of hn! 9, columas a, b, and ¢)

D No Alerting Made
—E

COLUMN o
CENTRAL CIYY
ARCAS

Time from dociaren ta {allout arrive) (fromPart IR, line 5) min.,

Syatem reapunnn Lime (Limo {rom docimion tu warn to
l.r”llllllllu Uf umeIpgent y anpauncemente)

—— MIN,

Time romaining to reach ahelter (line ! laas sino 2)

crrenee AT

Fractron of population warnad by theNo Alert ine Mode
tn shelter bufore Follout srrtval tins,  (Use cCiimriw
for no rlerting mode in appropriste time ers. Fnter
chare with time from 3, ebovs, read fraction from
curves)

COLUMN »
URBAN FRINGE
ARFAY

min,

mih,

—

S TV P

COLUMN ¢
NONURBAN ) 760
AREAS

—_—

J—— 11 P

Fraction of populstions not covered by other warning
modes, by erea -

Fractinn of urea populetiona in whelter who did not
recaiva olerting stimulus ‘line 5 times line 4)

trection of U.Y. populstion residing in each ares

Existing 0. 323 0.214 9.445
1970 0,333 0,324 g.it3 .
Other

(Cross out inapplicable line)

Fraction of U 4. pogulation in shelter in oach arra
o2 & rasult of stimulus (line 7 times lins 6

Fraction of 1.8, Kopuhliml in shelter who have been
varned by the No Alerting Made {sum of line 8,
coiumns a, b. and ¢/
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Instructions for Uwing the Workshnot

Tu compute che offectivenoss ol w warning eystum, the foullowing
oight steps must he taken;

1. Identify the environmont {n which the pustulatod warning symtom

nust operate (Part @ of the form). The {{rst part of the envi-
ronment analysis iw a wiatoment of the time eora, wiethor 1865
or 1970, ‘1he population and tho sheltor configuralion are de-
tormined by this tiwo era. The mycond part of the environment
analyains i an entimato of tho time from attack dotecljon tao
impact and an estimate of tho time that will be required to
Toach u decision to warn the population after attack Jdetection,

Tho final purt of the anvironmunl analyuls is the computation

of the time from the docision Lo warn to the arrival ot fallout,

This 1s the timo wvailable for the warninhgy sysdlem componentas to
operate und for the population t recognize sighals, proepure to
move, any move into sholter. The time {8 the time from decistion
to impact plus the Lime from impuact to falloul arrtvel, loss thy
docixkion to warn time; Lt {8 computed &n Part 1 vl the wurkshoet
and then ontoerdd on line 1 of Part II1.

2, Estimate tho rogponue time, 1.u,,

tho timu hotwoon cumpletion
ol

the docinstlon to warn and tho start of the alert signal fur

oeach warning systum modo undor anulysls. Enter on ilne 2

o

Purt III.

3, Compute the time betweun dtart ¢f aleort signul and falloul ar-
rival , indicatod am "Time Romuining to Reach Sholter” tn Itng d,
Part III of the form. This L tho timo avallable for the popu-
lation to rocogniza the aiginal, prepare 1o muve, aid move 1o
shol tor.

4. For the siron alorting, a determination ol ote ol four Hiren

effectivenuss cuses 18 to be made on the basls of populution
readinuvss and radjo support for the siren system. 8Soluct the
"L0" pupulation readiacss for conditions of surprise sttuck or
for an attack thut follows a very rapid buildup of tonuions,

on the order of less than two days. For longer crisis buildups
or for a period of time {ollowing u concerted campalgn toe muke
tho public aware of the sirens, use tho "HI' public readiness.
Similarly, for systems where the radio broadcast may not come
on for as much as ten minutos uiter the airen start, use¢ the
"existing' category ©{ radio support; for systemz that tie in

20
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the radlos wheru escrgoncy brogdeansty commence within two min-
utes vf the alert sigaal, uso the “Close” calegary, ihe miron
tunponao catlegury will usually be the same four all throv types
of aroas,

Notermine the fraction af the populatlion ol each Ltype af aiea
i1 shelter who were pierted by ouch modo, Heloct the chartl Jor
the shaltar and populstion condition under whicn the evaluatlion
18 being wade atd for the warning aode being evaluated. load
the Iraction from the rurve for each area atl tho time hetween
mlert slgnal atart and feilout urrival, hacord this fractiun
in the proper column uf the worksheet.

Yhoan reading the f[ractlon in shelter for siren alerting, inter-
polatu helwoen the odgea of the gray hands according to lhe
afleclivendan Cube, ss sphuwn Ly the dlagram and formulas un the
plron alefrting charts.

Petermine the warning covaerage In eath of the cenaus areas for
vach uf the waraing mpden. The coverages of all the mlon of

a watnlhg syatom {n each nrea (ypo should total unity, f,e.,

o une person will be covered by more than one mode, I mudoa
ovurlap, give preferenca to the fanter vne. Awsign all populae=
tiun not vovered by othet modea to the no alerting miula,  Lnter
thewe covoruge dala tn the appropriste line aha column of Lhe
wutrkshent .

Doturmine the {ractioun of the talal pupulation In aholtor arn u
rosult of tho stimulus from cuch of the typos of alerting and
warning dovices by fullowling the Instruct)ons oh the worksheot,

Entor the romulting tractlon of the totu; populatton tn sholtor
ar u dusull ol tho stimulus from cach of Lho typus of aloerting
&lld warning doevicos an tue summary section 6f the worlahegt
(Part £1) and wdd the irsctions togothur to obtuln the Irupction
of Lhe tutul population din shelter am 4 result of tho warning
syatom configuration under avaluation. Thiws 18 the humorical
moasute of effuctivenows that can bo used to vvaluute prospuec-
tive aymstomn,

Evoluation of a lypothotical Wurning System: An Example

To $llustrate the computation process just described, considor the
following preblum statement:

21
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Deturmine the offoctivencanr, in torma of fruction of the pupula-
tton tn sheltor before fallout arrival, of a warning aystoem con-
sisting of outdool slrens in ell 1ncorporated and unjacorporatoed
places with populationr over 4,000, where the sirens are centrally
controlled from OCD warning center via » natlonwide radlo command
ratwurk, Tho system is to boe evaitated npe part of the civil de-
funse progrem that might exist during the 1976 docade, {ollowlng
tho {mplenentation of a nationnide sheltor daveloupmoent program,

Tho performance of the ulron—-u;ﬁnt\ng syantem 18 such that 4n
maotropolitan (urbanized) areas, the activating signal reachea
the airon 0.4 minute aftor t)e signael 1§ sant out from the warn-
ing centor, and, tr nonurbanized arcas, because uf sacurity de-
vices {n thu system, the fgnal will not reach sirens unttl

0.7 minuts after the slgnal ta nont out, All atrens will ro-
Gulre 1.0 minute tu coaw up to speod and reach tull sound pouwer
output

locul Lrvadecasting stations will be tied fnto the radio warn-

ing circulty 80 that thoy begin broadcasting emergency mna-~

sagen 4 minutem after tho signal im sont cut from the natlonal
! warning center.

For the purposes of the evaluntion, assume Lhal an atteck Ls
dotovted fullowlng a vory hrief crimsia period. Dotection s
. assumed 1.0 occur 15 minutos prior to impact ol the woapons,
and, because of thoe coinds, tho doclistion to warn tho pupulu-
tion oceurs i nogligible timo,

Blep 1

Enter 1970 in Part lA, Enter tho data from the last parvagraph cof

the problon alutemeni 1n Fart IR of thov worksheet, and compute the time
from docision to warn to fallout arvival. Part I of the workshoet should

now look like thim:




! 1,

WORASHLET FOIE LY ab AL ING WANMING SYHEEM BERRLEIYINESS

PLAT ). WANNIAG aYSTEM EAY LHONMINT

A, Time ars /m

1, Fellvut stiivel time computations

Time from dajectiopn of attack tu ympact ol wespons

Time feom detection of attack to initistion of
warning sighal (decintun to warpn time)

i 1. Wemminiig time fiom decsagon Lo impect
: (hine | wivus line 22
g‘
% Ol o
' CIRTAAL CITY
AREAS
4. Time (rom impart 10 fullout
attivel 0.0 min.
S, Tise “l“- deconsup (u fTalloul
atriva
tline 1 plus Line 4) ) H‘_mn,
i
Htop o

Uso art IIL1C of the worksheet to
alren mode, Line 1 6 the
the ayatem renpopse time of 1.4 minutos tor
urban fringus, obtuined by adding the 0,4 aiiwie for the

CyUBN &
URBAN PRINGE
AREAY

!Q Q an,

‘t’:ﬁLnlm

min,

1250
yr

[NURL I
NONURRARI YD
ARFAY

min.

1N
ml‘h.

compute tho offoctivenous of the
Bumo ams llno 5 ol Part

il, On line 2 ity whown

sighal

contrul cities and thotr

tu reach

the siron 1rum the warning cuntor and the 1.0 mtnute for Lho siren engine

1o reach itla opuruting spaed. Likowise,
{zod arcan 1s 1.7 minutes,

Line 3,

computod by subtracting line 2 from line 1,
liko this:

Stug_g

thoe time from alert signal start to fallout arrival,

the rusponse time 4in nunurban-

18 now

Purt I1IC should nuw look

jll
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Siren Alertaing Mude
D e ——————— el

UMY o (4 L & [RITRY]
CENTRAL CJYY  UPMBAN FRINGE  MIRUROANL 7O D)
AREAN ARFAN ANF AN

Lo Vimn Do dacisvan o fallut artaval (frem Port Jn. liee %) “ﬂ.-m. m shn, m"'""

7. Myatem rrepungs time (Lime [row deciajun t arh Lo
lizglnnnu u‘l elesl signal) v Al_nin. Ll win. Lz_,n.u.
3 Time rematning to tnach ahelter (lins ) laoas lins 2) milﬂ. m-la. Mom.

Btop_i

Line 4 shonld next Lo completed to ahow thinl the siren elloclivenoan
¢umo 1e L1, moeluctod from thy table with LO public rewdiness (due to the
repld crisis bhutldup) butl clome radio suppurt (radlo broadeasts tiovd 1ntu
slren actlivation dystoem) an fulluws:

4, Miren Elfeciiveneas Group {sea ehort balow)
ladin Support for %

Yxialing .%
Publye [¥4] |
Ieadinoas Hi 111 Wy

Blop O

Now, from tho cnart for 1970 sheltier posture and slron alorting,
detormine in the following menher the frection 2f tho siren=alurtod




For rontral c.tice, the range f fraction 4{n gholtor al 43.6 minutos

{0 0.900 to 0. 944, The inact figuro on the chart shows thut effectivo~

noss group IX1 $s found by adding 1/3 of tho height of the range tu the
lowor adge.  Bince the helght of the range §is 0,044, the fractiun in

shoitor for a group Il offoctivaeness {n 0,000 » 0,156, or 0.9815.

this value {h column a, line 5, as ARown bulow, Using Lho gamo proco-

dure, dotermine the fraction ol the urban fringe and nonurbunizoed area

populitions tr sholtor. Miter thosu velues on line B, coiumhas a, b,
and ¢, aa follouwn;

Enter

bVractiopnof arrsn-slertnd pirpulationn in ataiter bt
fore falloul srrival (aeloct siron slertingchart for
propsr time exa, enter charl withtima fron §, shave,
detaymine frectivn cortravponding to siren effet-

’

Livaness group) atm a-lﬂ) a.lm

Btep 0

Frop the problmm statomont that outdoo)r siren coverage existr in
all placos wiih a population groator than 2,300 persons, cutimato tho
fndour piren avorage for the arvas in Lhy fullowing mannoer,

Contral Citios. From tho conmun® dofinition of a cuntral city ax a

placo huving a populution ol 50,000 or more, 11 centiml cities fa L 1uto

the categary of places having ¢ population over 2,500 persons. Outdoor
covoragu i thoruforoe 100% i{n central clilewe. Indoor coverags ls avbi-

trurily estimated at BOR of %ho outdoor coverage. Resuliing indoor cov-
vrugo 48 Lhen BO%,

Urbgn Friggg Al'oan.

In 1960, about 7%% of the residents of urban
Iringe arcvas lived vutside placos having a population of 2,500 or moro.”*

+ U.,B. Burcau of the Consus, U.§. Census of Populatior: 1960, Vol. I,

ggprnctgiiutics of the Populotion, Part 1, U,S, Summary, U,S, Govern-
ment Printing Office, Wachington, D.C., 1964.
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¥hile B congidurabloe tncressu in the population of thesce urban [ringe
rroas 14 projocted Tor 170 (sce Scction AlIl of this report), the hest
ostimute of the distribution ot péorsong living in places of over 2,500
population and those¢ living ocutside such places 18 the same zproportion
that oxists today. The vutdoor coverage in these urbsn fringe areas in
1870 ts therefore projocted at 75%, and thue tndoor coverage is then
37.5%, uning the arbitrary ratio of 1:0.0 bygtwoon outdoor amd indoor
coverago.

Nonurbuq}}ud Aroas. In Section AIII, the urban population residing
in nonurbanized arens has been projected as being 40% of the tntal popu-
lattor of the nenurbanized areas. Bince these urban places are defined
ag having 2,500 or moro residents, the outdoor siren coveorage in these
aroas is 100%, according to the problum statement, The indoor siren cov=-
erago for nonurbanizod areas in 1970 would then be 207, again using the
arbitrary ratio of outdoor to indoor covorage,

Trese coverage ostinutes arc onterod on line 6 as shown:

Indour airen coveraga {fraction of populstion that .M
can hear sirens indoora, by srea) M _'lﬂ.

Steg_z

The computations necessary to convert these rractions of both popu-
lation and coverage by area, intc fractions of the total population are
shown on lines 7, 8, and 0. Note that on line 8, both the existing and
other linews ave crosccd cut, leaving the distribution fur ihe 1970 popu-
lation remaining. These computations are shown below.

Fiuction of srea populations in ahelter asn resultof P

the stimylus fromsiren alerting (line 6 times line 5) m _'_m m

Fraction of U.5. population residing in each area
Exiating

ta -~

ﬁ

. RN A2 ampEs
197¢ 0,333 0.32¢4 0.343
Oth — _oum—

er
(Crose out inapplicable line)

333
Fractianof U.S. populaticnin shelter in each area as
e resultof siren slerting scimulus (line8 times line?) ’__‘_i, '& .',,! "."
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Step 8, Preliminary

The addition of columns a, b, and ¢ on line 9 will result in the
fraction of the total population in shelter as a result of warning from
the siren alerting mode. The result is entered on line 10 as shown
below, and on the summary, Part II of the warkshest,

10. Fraction of NS uopulation in shelter due to siren
slerting (cum of Y'i)ne 9, columns @, b, and ¢) .‘.ﬂ

Bafore step B is completed, the fraction in shelter who were warned by
the no alerting mode must be determined. The no alerting mode must be
include’ in the system tc bring the total coverage for all modes up

to 100%.

Reiteration of Steps 2-7 for Persons Warned by the No Alerting Mode

Agein following the instructions and ‘the worksheet, the fraction of
the populatjon in shelter who were warned by the no alerting mode is com-
puted, as illustrated by the sample worksheet belouw.

‘ N. No Alerting Mode

COLUMM o CoLUMN & COLUNN ¢
CENTRAL CITY URBAN FRINGE  NONURBANIZED
AREAS AREAS AREAS

. Time from decision to fallout arrival (fromPart 18, line 5) _!H.in. ﬂ;_miu. Mnin.

2. Systen response time (time from decision to warn to ) _
beginning of emergency announcements) . L’Q_mn, ﬁmn.

3, Time remeitin:: to reach shelter (linel less liuc 27 ,#M_-in. i

4. Fraction of population warned by the No Alertang Mode,
in shelter before fallout arrival time. (Use charts
for no alerting mode in wppropriste time era. Enter

chare pich viee froa 3. sbove, rend frecuion froe - 9 30 0,319 93RO

5, Fraction of populations not covered by other warning “‘ "‘2‘

wnodes, by ares e

Epaeri 3 . ior :

RO P S S S PR Sl A VIR Y/ 7

7. Fractian of U.S. population residing in each area -
Existing - s e SR
1970 0.333 _0.324 _..Q.c:)'l}.....—
Other _mme— A Y-

(Croso out inapplicable line) - :
AN SRR L Ve e T 9.03 . A

9. Fractéon of ’J.ﬂ Rtl:pulﬂio;:‘oén ?helte; ‘!'},"’ have beer
warned by the No Alertin e (sum of line B,
d ¢} & 00”0

columng a, b, an




The results of the computations of fraction of the population in R
shelter as a result of the siren alerting and no alerting modes may now :
be entored on lines C and D of Part Il of the workshec!. The sum of - ;
thesc two fractions is the total fraction of the population in sheltev
for the waraing system described, and is the numerical value of etffec-

tiven:ss that was specified in the problem. Part II of the worksheet
18 8l »wn below,

PART [l. WAANING SYSTEW EVALUATION SUMMARY

(See followiug sheets for detsiled evaluation of verping
dyates nodes. List=¢ balow 1m s symnary of the evaluation.)

FRACTICN OF POPULATION
IN SHELTER WhC VERE
WARNED BY FACH MWODE

WARNING SYSTRY WOLL

Radio Warning

8. Indoor Alerting

Siren Alertnig

—2.320
D. No alerting _QL!.ZL
E

Total pupulation 1n shelter . i
rescliing from this warning
system configuration

(sum of fractions from lines A, B, (, end D above) ’ ‘!9/ .
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IIT APPLICATIONS OF THE EFFECT1VENESS MEASURE

Computations of warning system effectiveness such as those made in
Section Il arcmade as part of an analysis that will lead to a particular
decision related to warning systems. The present section shows how the
numerical expression for effectiveness can he used in twe cost-effectiveness
analyses of warning systems. The first of the two exambles is an applica-
tion of cost-effectiveness analysis to a system design decision; the sec-

ond, an application to shew the contribution of radio warping to civil
defensc prograns.,

The two applications are preceded by a general description of cost-
effectiveness analysis.

The examples presented hereln are designed only to show how to make
the analysis with the aid of the numerical measurc of effectiveness,
rather than to prepare an analysis upon which conclusiecns should be based.
Definitjve analysis cannot be made without having reasonably firm costs
available for warning and shelter.

Applicable Theory of Cost-Effectiveness

In the use of cost-effectiveness analysis to rcach a decision on an
investment, two persons are involved: an analyst and a decision-maker.
The task of the analyst 1s to present to the decision-maker data on rele-
vant alternative courses of action in zuch a way that the decision-maker's
function is expedited. The analyst must therefore use some technique for
eliminating alternatives that are not relevant and find a way cf pr nt
ing Lhe remaining choices in a meauningful fashion,

A schedule of the cost and effectiveness of the varlous alternatives
prov-.des the analyst with the tool he needs to eliminate nonrelevant al-~
ternatives and to prescnt the data to the decislon-maker inr a meaningiul
way. Fox*
way:

descrives the schedule and 1ts preparation in the following

Peter D. Fox, "A Theory of Cost-Effectiveness tor Military Systems
Aralysis,” Operations Research, Voi. XIII, No. 1 (Januarv-Febru
1905).

arv
haba”]
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The analyst estimates the cost that would be incurred and the
effectiveness which would result if each of thc alternaiives
were acquired. . . . The analyst may normally discard an al-
ternative that both costs more and is less effective than
another alternative. On the other hand, if vnc alternative
costs more but is more effectlve than another, the analyst
should present both alternatives to the decision-maker 1o
determine whether the additional effectiveness 18 worth the
additional costs invelved. Thus, a series of effectiveness
leve!s may be available at ditferent costs, and the maximum
effectiveness or minimum cost alternatives each regresent only
the end-points of a range of possible solutions,

The task of the analyst, then, is to determinc which systems
need not be considered by the decision-maker because there wre
one or more alternatives that either cost no more and are more
effective, or cost less and are at least as efrective, The
systems that are not eliminated from counsideration form the
schedule of efficient alternatives. This schedule may con-—
815t of a serles of specific alternatives or of a continuous
curve.

Figure [10) illustrates the formulation of a schedule for the
specific alternatives case. The analyst has estimated the cost
of each of seven alternatlves, Aj through Ag; he has also esti-
mated the eftectiveness of each system relative to the mission
that the system 1is designed to perform. He now seeks to derive
Lthe schedule, assuming that the oaly information he has con-
cerning the preference of the decistion-maker is that, for sys-
tems with equal costs, the most effective system is desired,
and, for equally effective system:, the lowest cosl one is
desired,

Fux further statcs:

Systems are compared pairwise to derive the schedule. Alter-
native A3 need not be coansidered further since Alternative Ag
both costes less and is more effective. Thus, Ag is said to
dominate A3, 1.e., it is superior to A3 based on the two cri-
teria that are assumed tc be relevant. It can be noted that
Ag 18 also dominated hy A4 and Ag. Similarly, 44 need not be
considered fturther since system Ag 1s clearly superior. It,
after eliminating Az anl A4, the remaining combinations of
pairs are examined, the analyst will be unable to find two
alternatives, say Ay and AJ, such that Aj; is both more effec-
tive and cusis less tnen,\J. “The remaining five, then, are
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Figure 10

COST AND EFFECTIVENESS ALTERNATIVES--
SPECIFIC ALTERNATIVES CASE

@A,
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EFFECTIVENESS

Source: Fox, Peter D., " A Theory of

Cost=Effectiveness," previously cited.

members of the schedule of efficlent alternatives that should
be presented to the decision-maker. Thecse are represented by
dots surrounded by circles in Figure (10]. A do-nothing alter-

native, represented by the origin, might be viewed as a sixth
member of the schedule.

Application of Cost-Effectiveness Analysis to a Radio Waraing System
Design Decision

Consider this hypothetical decision that

........ thal atlses during the Jd scign
of a radio warning system: wuse of an improved component in the system

design will lmprove system response tlme for all of the radio-controlled
modes in a warning system by 10 seconds~-should the component be used?

To prepare a cest-efifectiveness schedule for the two alternatives
(use thc component, or do not use it), 1t will tirst be necessaury to con-
struct a set of conditions under which thc evaluation 1s tn take place.
With these conditions, the effectivencss of systems both with and without
the faster component will be computed. Finally, a schedule will be pre-
pared from the computed effectiveness and the assumed costs.

il
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To compute the effectiveness (fraction in shelter) for each of the two
systems,

1,

2.

<

assume the following conditions:
1970 shelter and population prevail.

The United States has the capability to detect attack 15 minutes
prior to impact.

The decision to warn can be made in negligible time.

Radio warning coverage may vary from zero to 1007: depending upon
recelver distribution.

Response time for the radio warning mode is 43 seconds in urban-
ized and 33 scconds in nonurbanized areas. This can be improved
to 33 and 23 seconds, respectively, with the improved compounent,

Sirens gre activated as part of the radio warning system. Siren
node response time is 1 minute, 33 seconds, for central city and
urban-fringe areas; 1 minute, 50 seconds, for nonurbanized areas.
Usc of the improved component will irprove each of these times
by 10 seconus.

Siren effectiveness will be eveluated for the case of close
radio support and LO population readiness (effectivencss
Case II). )

Qutuoor siren coverage is assumed to be 100% for central cities,
88% for urban~fringe areas, and 28% for nonurbanized areas. In-
door coverage (to be used in this analysis) is assumed to be

50% of the outdoor coverage.,

Emergency radio announcemcnts over commercial broadcast stations
will be activated as a part of the radic warning Sy5tens.  Dmes-
gency annourcements will start 1 minute 30 seconds after deci-
sion to warn. With the improved component, announcements will

v

begin 1 minute " geconds after decisgion.

To determine the increase in effectivencss due to the lU-second
improvement in speed of response, four eifectiveness computations need
to be made to cover the range of radio warning modes:

oW N

0% radio warning receiver coverage, slow response;
100% radio warning receiver coverage, slow response;

% radic warning recelver coverage, fast response; and
106% radio warning receiver coverage, fast response.
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Effectiveness at intermediate values of receiver coverage will he
directly proportional to the receiver coverage in the interval betwcen
zero and 100% coverage.

The four computations of effectiveness to be made differ slightly
from the example given in Section Il because of the need to preserve the
accuracy of reading the charts. Rather than trying to read the time
values (which are only 10 second: apart) from the charts, use the follow-
ing interpolation technique to compute the radio warniag effectiveness
for central cities for the slow responge and the fast response system:

[

The time available to reach shelter {(time from decision to warn
to time of fallout arrival less system response time) is between
44 and 45 minutes. The fraction in shelter at 44 minutes after
the alert signal sounds for radio warning, 1970 shelter posture,

in central cities is 0.368. At 45 minutes this same fraction
is 0.972.

2, The fraction of the population in shelter at 44 minutes 17 sec-
onds is 17/60 of the difference, 0.004, hetween the fraction in
cshelter at 44 minutss and the fraction in shelter at 45 minutes,
plus the fraction in shelter at 44 minutes. The resulting frac-
tion in shelter at 44 minutes 17 sceconds is: 0.968 + 17/60
(0.004) = 0.969.

3. S8Similarly, the fraction in shelter at 44 minute. 27 seconds is:
0.963 + 27/€0 (0.013) = 0.970.

This same technique 1s used to compute the fractior in shelter for
radio warning, 100% recelver coverage, for urban-fringe and nonurbanized
areas, followed by the computation on the worksheet for lines 6-9,

Likewlse, the zerc ccal radiu warning receiver covorage eilec-
tiveness values are found by using the interpolatior from technique
above, to find the contribution to the fraction in shelter by the siren
alerting and no alerting modes.

The cost-uffectiveness schedule can nowv be prepared i1 the receiver
cost 1s estimated at $15 and the esiimate of 65 million receivers te
achieve 100% receiver distribution is made. The receiver cost and the
cost of faster response are the only costs being considered here,

The cost-effectivcaess schedule for the four system configurations
19 shown ir Table 2.
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Table 2

COST-EFFECTIVENESS SCHEDULE FOR

IMPROVED RESPONSE TIME

Corfiguration

1.
2.
3.
4.
Figure
COsT-
IMPRO
1,000
800
600
£
< 400
€
A
200
%
9)
v 0

0% receiver coverage, slow response
100% recejver coverage, slow response
0% receiver coverage, fast response
100% receiver coverage, fast response

The schedule is plotted in Figure i11l.

11

EFFECTIVENESS SCHEDULE FOR
VED RESPONSE TIME

0 o2 .4 .6 .8 1.0
FRACTION IN SHELTER
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Fraction Cost

in (millions
Shelter of dollars)
0.53% $ 0.000
0.977 975.000
0.537 0.250
0.978 975,250

} . 250 millions

.537 /
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In Figure 11 the lower enlarged portion shows thce cost plotted
against effectiveness fur coniigurations 1 (slow response, zero coverage)
and 3 (fast response, zero coverage), identified by the circled numbers.
Both points 1 and 3 must be preseuted to the dccision-maker, since
point 3 has higher eifectiveness than point 1, but also has a higher
cost. ‘the decision to approve configuration 3 would imply a willingness
to spend $0.250 million in order to obtain an added fraction in shelter
of .03, which the analyst could express as a ratio of dollars per added
person sheltered 1f such information is useful to the decision-maker.

Thne heavy line between configurations 3 and 4 indicates that the

3-4 configurations dominate the 1-2 coafigurations at all points; 1.e.,
they obtain greater effectiveress for the same or lower cost, This domi-
nznce may be seen clearly in the lower enlarged portion, where point 3
dominates all points from A to B inclusive on the 1-2 configuration line,
indicating that spending $0.250 million or configuration 3 is preferable
to spending even greater amounts on added receiver coverage for configu-
ration 1. Below point A, the heavy line follows the slow response con-

figuration line, indicating that if less than $0.250 million 1is availabie,

system effectiveness could best be increased by adding receiver coverage
to configuration 1.

Application of Cost-Effecciveness Analysis to Determine the Contribution
of Radio Warning to Civil Defense Programs

In the following example a cost-effectiveness schedule is prepared
for four hypotheticel civil defense programs. [n these programs only the
warning and shelter portions will be considered. The four programs are:
exicting shelier aud warning capability, existing shelter capability plus
radio warning, shelter development (1970 shelter) plus existing warning
capability, and shelter development plus radio warning. For each of the
programs that include radio warning, the cost and effectiveress are
computed over a range of receiver distribution coverage from zero to
100 percent.

In the analysis of each of the systems that follows, the detection
capability is assumed to be 15 minutes from detection to impact, and the
decision to warn will require negligible time. 1In all cases, the attack
is a surprise, or it comes after a very rapid crisis buildup, which
leaves the populption unprepared to respond to warning. Alsc, in the
following analyscs, the total cost of programs includes capital outlays
for equipment, plus estimated operating and maintenance costs for 10
years,
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The four systems are described in the following paragraphs.

Program I, Existing Shelter, Existing Warning System

In thic prograin the number of shelter spaces grows at about the same
rate as does the population, and distribution of the population growth is

such that the coverage from existing sirens remains about the same in
terms of percentages of population whoe can be alerted by girens. These
assumptions allow the use of the charts for the existing shelter posturc
to be used over the 10-year period,

For the existing siren system, assume that the outdoor siren cover-

ages are 50 percent of central city residents, 20 percent of urban fringe

area residents, and 10 percent of nonurbanized arey residents. Indoor

coverages will be one-half of these figures. Response time for the sirens

in central cities will be 30 minutes, in urban fringe areas 40 minutes,
and in nonurbanized areas S50 munutes. Each of these times includes

1.0 minute for the siren motor to come up to speed and begin delivering
full output.

Emergency radio broadcasts will begin five minutes after the deci-
sion to warn.

Cost of this existing system is estimated at $30 million. This in-
ciudes operating costs of $2.5 million per year and warning maintenauce
costs and cost of finding new shelter to total $5 millionr over the five
vears.

Ezggram II, Existing Shelter, Radio Warning

This secaond nprogram

includgs the same shelter posture as the fiist,
but also includes a radic warning system. To allow for uncertainties in
receciver distribution, a range of coverage from zero to 10C vercent for
the radio warning mode is analyzed. Response time for the raaie warning
mode is 0.7 minute in central city and urban fringe areas, 0.5 minute in

nonurbanized areas.

Sirens and emergency announcements over commercial radio are con-
trelled by the radio warning system. Since coverage is the same as in
the first prcgram, response time for sirens is 1.5 minutes for central
city and urban fringe areas, 1.8 minutes for nonurbanized areas. Emer-
gency announcements begin over brouadcast stations in 1.5 minutes. !
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Cost of this system is estimated to be $35 million pius $15 per re-
celver up to 65 milljzn receivers. Jf the $35 million, $30 million will
be required for control and broadcast transmitters, receiving equipment,
and the operation and mai.tenance of this eQuipment and transmitters.

Five million dollars will agani» be required for additional sheltler survey
and siren maintenance.

Program III, Improved Shelter, Lxisting Warning

This program includes shelter develcpment to bring the shelter sys-
tem up to the 1870 shelter posture shown, tut cdoes not include improve-

ment of the wirning system. Siren coverage remains about the same as at
present.

Siren coverage and response time are as estimated in Program 1I.
Energency broadcast response time is also the same as in Program I.

Program cost is estimated at $1.001 billion. Of .his cost, $1 bil-
lion will be required to survey and develop the additional shelter spaces,
and $1 milljon for siren maintenance and cperation over the 10-year
period,

Program IV, Improved Shelter, Radio Warning

The fourth program includes both the shelter deveiopment of the
third program ard the radio warning system described in Program II. Sys-
tem performance for these parts is the same as in the earlier program.

Program cost is estimated at $1.031 billion, plus receiver cost of
$15 each. This cost is made up of $1 billion for shelter deveiopment,
830 million for radio warning transmitters, receiving equinment, znd

Dl

Sperailion | ana §1 million fur siren maintenance and operation.

Cost-Effectiveness Schedule

The effectiveness of each of the programs is computed from the
description given. A tabulation of the cost and effectiveness of the
four programs is shown in Table 3. -
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Table 3

COST-EFFECTIVENESS SCHEDULE FOR
CIVIL DEFENSE FROGRAMS

Fraction Cost
in (millions
Shelier of dollagﬁ)
I Existing Shelter, Existing Warning 0.149 3 30
IT Existing Sheiter, Radio Warning,
0% coverage 0.161 35
100% coverage 0.354 1,010
III Improved Shelter, Existing Warning 0.316 1,026
iV Improved Shelter, Radio Warning,
0% coverage 0.349 1,031
100% coverage 0,977 2,006

The cost and effectiveness are plotied in Figure 12.

Figure 12

COST-EFFECTIVENESS SCHEDULE FOR
CIVIL DEFENSE PROGKAMS
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Analysis of Figure 12 shows only a few dominant points. For Pro-
gram II costs somewhat higher than $800 million, Progsam 1I dominatcs
Program II1, since each level of expenditure on Program Il over this
level will provide more effectiveness at less cost than would Program 111,
Likewise, thae extreme high range of expenditure on Program II dominates
the extreme lower cnd of the range of receiver distribution in Program IV,

Neither of these extreme ranges is likely to be oblained in practice,
however.

After elimination of these domirated points, the remaiascr of Fig-
ure 12 shows that increased efiectiven-.ss can ce obtlained at increased

leveis of cost. The selection of a leval of cost and effectiveness are

now the respoasibility of the decision-maker.

Figure 12 illustrates an interesting interrelationship between the B
effectivencess of warning and the effectiveness of shelters. The increase:
in effectivencess from the additional sheiter spaces together with radio

warning is greater than the increase ia effectiveness lrom auding shel-
ters alone plus the increase in eifectiveness from adding radio warning
alone. That is, the effectiveness of Program I is .149 of the population ,
in shelter. Adding additional shelters to Program I (resulting in Pro- i
gram III with an effectiveness of 0.316) 1esults in an added eifective-
ness ¢f 0.167 of the populatior in shelter. The jincreased gained in
fraction in shelter by the addition of radio warning with 100% receiver
coverage to Program I (resulting in Program II with 100% coverage, with
an effectiveness of 0.354) is 0,205%. The sum of thesc

two increases,
taken separately, is £.354. Taken together, the added number of shelters
and radio warning with 100% coverage (resulting in Program IV with 1C0%
receiver coverage, with an effectiveness of 0.977) gives an increase of ‘
0.828 of the population in shelter, almost thr:e times the increase in B o

the sum of effectiveress of the two programs taken sepavately. The in-
terrelationship thus illustrgted sirongly suggests that a combinalion of
partial veceiver covergge and pariial accomplichment of the shclter de-
velopment might result in a greater eflfoectiveness at any level ol cost

than the sequential accomplishment of the two nrogram

Qilo e

The same conclusion could be reached by observing that the lesser
slope of the Program IV line (compared with the Pruogram il line) indi-
cates a riuch greater effectiveness perv dollar expended for increased
radic warning covergge when the lacreased coverage'is accompanied by tho
shelter development of Prograr IV.
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Al INTRODUCTIOW

The curves of fraction of the population vs time after slert sigial
sounds (Figures 1-8) are the basis of the computation of the effective-
ness of radlo warrning as described in this report. Thess curves have
been generated by a model of the movement to shelter process. This model
is a simplified and idealized description of the rtimes people take to do

the things they must do before they arrivs at their assigned fallout
shelter.

Tiese things that people must do before they reach shelter are
divided into three groups: alert verification, movement preparaiion,
and movement. Alert verification is the process of hecaring the warning
signals, understanding them, and deciding to uact upon them. MNovement
preparation is the piocess of getting ready to wove to shelter. Movement
to shelter is the process of traversing the distance between the pre-
warning location and shelter.

The times required to accomplish these actions will not be the same
for everyone: indeed, the time to accomplish an actlon might not be the
same for the same person on two separate trials. Because of this varia-
bility, the times required for a group of persons to complete an actiion
must be described by a formula, curve, or table, which describes the
fraction of the number in the group who are expected to complete the
cction within o given interval, or by 2z given time. 3Such a formula,
curve, or table descrlbing the times associated with a fraction of the

populattion completing a process 15 called o distribution function, or a
Jistribution,

The time to complete the three actiong ancg thus resc? shelter 1s
the sum of tho times required for the three actions 1f oo dndividual is
Loiug conniduroed. Agatn, however, the Iunction of the sum of these threo
disributions for a group ot porgons is 1tself ¢ diwvtrivution.
'

Opurations Hesearch, Inc.” (OKI) devoloped a model that uses theso
timos to find tho aumber ol poggoens in sheiler ut a given time after the

* W. A. Mamborg, A. M. Yuloe, and Y. Watkins, "A Study of Tuctlcal Movu-

ment Concepts In CLvil Dutonse Pluoing,” Operutions Nosewrch, Inc,
Tochnica, Roport No, 210, August 1903,
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alert signal sounds. In the study reported herv, ORI's model has neen
adapted to fit the data and computational scheme required for usc on a
naticnwide basis. A schematic diagram of the model ic shown by Figurce 13.
This diagram shows how availoble exporimental data have beer used to pro-
duce eetimates of the distributions of alert verification times and mouve-
ment prepu.ation times. The distributions of alert verification timc aad
Bpovement preparaticn time are combined into a distribution of starting
times. Census data and fallout shelter data, used with assumptions about
the speed o1 travel, resvlt in a distribution of movement times. The re-
sulting distributions of starting times and movement times are finally
combined into a aistribution of times to reach shelter after *he alert
signal starts, which, when plotted, result in a curve showilng the frac-

tion of the population in shelter as a function of the time after the
alert signal sounds.

The analysis used to arrive at the distributions is presented in
Sections AII and AIII. Section AL describes the analysis of the alert
verification time distribution, movement time distribution, and the re-
sulting starting time distribution. Section AIII describes the analysis
of movement times and discusses the combination of movement time aad

starting time distributions into the final distribution of time required
to reach shelter.

-
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AII STARTING TIME ANALYSIS

The analysis of starting time distributions includes an analysis of
alert verification time distribution and of movement preparation time
discribution, and an analysis of hcw the two distributions are combined.

Alert Verification Time

Alert verification time begins when the alexrt signal first begins
to sound, and ends when the individual decides to take action and begins
to prepare to seek protection from the event warned against. The indi-
vidual may perform a number of subordinate processes during the alert
verification time. They are:

1. Hear signal

2. Recognize signhal

3. Scek confirmation of signal meaning and validity
4. Fing confirmation of signal meaning and validity
5. Relate signal meaning to seli

6. Decide to act

To jllustrate thesc sub-processes that take place during the alert

verification time, consider a persor who is asleep as the telephone begins

to ring. Scme time after the ringing starts, he will become aroused
enough to be consciously awarc of the ringing (hear signal). Shortly
thereafter he will recognize the sound as that of the telephone (recog-
nize signal) He may walt for another ring to assure himself that the
ringing 15 not the result of a dialing error on the part of the caller
(confirmation of waliditly) wad t:ae someone really waily to talk to him
(relate meaning to self), after which he decides he must get out of bed
and answer (decision to act). Finally he takes this action. In this
t1lustration, the repeated sounding of the telephune serves as a confir-
mation tu the listencr. 1In tho civil defense warning modes, & scparatc
volce confirmation 1s udsed. The procougses are otherwisce identical.

As part ot a study to dotuvrmine the Sime requirod to loave home {or
a fallout shceltier in sesponge to a wuraning, ORI conducied an experiment
to detormine the responsy vf a wlevping populution Lo un varly-rorning
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telephone call.* ORI called approximately 100 persons in Atlant., Georgtia,
between 12:00 midaight and 5:00 a.mu. and measured the time betwecn the
first ring ¢f the telephone and the time tha. the respondent spoke the
tirst word. The results of this expveriment are shown in Figures 14 aad 15.

Unfortunately, it is not as eusy Lo obtain data on the responsc of
people to civil defense alerting devices as on their response to the tele-
phone ring. Not only is the response to the civil defense alert more com-
plex and hence more difficult to measure, but the mcasurement of the
response is more difficult becausc there is no two-way communication with
the person when he responds, as there is in the case ot the telephone.
Then, too, there are coastraints that would make the sounding of an alert-
ing device unfeasible or insdvisable for such a test,

Since there is difficulty in measuring alert verification time for
an individual, the following approach is used to construct the alert veri-
fication time distribution. TFirst, data collected in the telephone ex-
periment arc¢ used to define the form of &« probability distribution assumed
to represent the response time fur any alert signal. This formula, which
describes the distribution, contains a constant @, which determines the
spread of the distribution of alert verificatjion times. Fach warning
mode is then analyzed to determine the appropriate value 0of «.

Determination of the Form of Alert Verification Time Distributions

The histogram of measured responses to the telephone call shown by
Figure 14 shows a rate of responses that increases rather rapicly with
time, then falls oif more graduvally. This rapid rise and niore gradual
fall can be described by a relationship of the ferm: 1(t) = a2 Le_ai;
viere £(t) is a probability density distributing function,‘r or mcre simply,

# T. L. Newberry, J. C. Edenficld, and D. T. Kelley, Experimental Mea-

surement ol the Time Required for an At~Home Sleeping Population to

repare 1or Movemuni cooa Civil pelense Fallout Shelier,” Operations

eseurchi_lﬂg., Dratt Report No. TM-i51-62,

t The probability density distributing function muy be interpreted in
the folliowing way: If one sclects a smull interval about a glven

value of v, say vy, and samples indaividuals at random fiom thoe papu -

'Y

-

=

letion, ‘he frequency witli which the so-gampled time vnlucy fall in
the tnterval 1z glvon approximatuly by t{vy) times the width of the
interval (the accuracy of thu approximatioln is tmproved oither by mak-
tng the dntorval smullor vr tle sawmple lurger, or both).
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th=- .distribution of alert verification tiwes; t is the time since the
alert signal has sounded; and &« is a constant that determines the shape
o inhe distribution. The mean time for this distribution is 2/, and
the maximum valuc of the funciicen occurs at t=l/Q.

Using the mean values of the ORI telephone data to determine the
mean velne for the formula for distribution of alert verification time,
a di-i~inuticn for response to a telephone ring is computed. A compari-
sor of the resulting frequency distributions and cumulative distributions
with the ORJ telephone data is shown by Figures 14 and 15. These figures
show u goou f1t between the data and the assumed {formula.

Alart vorification Time Distribution for Padio Warning

T3¢ radio warning mode consists of an ulert signal delivered the
population by indocr radio warning receivers, followed by a warning mes-
sage automatically delivered by the soime receiver.,

The alert verification time for radio warning was determined by
assuming that the peak of the distribution {(i.e., the ma* unum number ot
responses in a unit time) will occur at the end of the iirst repetition
oi the cycle of alert signals and conlirming messages.

From the curve Zor reshonses to the telephone call, it appears that
avout 90% of the population would respond 1o a signal in 0.5 minute. It
15 assumed for the durpvuses of thils report that this 1s the optimum time
tor sounuing the alert signal. It 1s fucther assuned
warning message can be delivered {a one-hualf minute,
alence ¢l spoi radio and TV announcemditls
messuge in this period ot time,

that an eifective
based upon the prev-
that are cxpected to cunvey a

The worning message will (hus be complete ane minute alter the alert

signal starts.  The value of 4, which places the peakh number ol persons
Tespondlng at 1.0 minute, is & = 1.0, This valuc of & (1.0) is the one
tnal has beun used tu construct the curves of fiaciion o1 The Populatioi
i

10 shiier vs time alter glert signal sounds for radio warndng.

Alcx}_VaniicuLiun Time Distribution for Indour Aiffpgﬂs

e Indoog uler ting mode consists of an alurt signal
thie publ i«

duliveroed to
by ab induor signaling dovice such as u NEAIRL rucolver or un
alort-only rudio vocslvar aidl o conlirning message deliverod ovor coin-
mal clul radio and tuloeviwion stutlong.
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The alert verification time distribution for indoor alerting is
derived trom the alert verification time distribution for radio warning.
The indoor alerting mcde differs from the radio warning mode in that the
individual who hears the alerting signal from the indoor alerting device
must £cek confirmation from anotier source (home radic or TV), wnereas
in radio warning, voice confirmation is automatically provided. It is
reasonavle to assume that the peak number of responses per unit time will
still fall immediately after the completicn of the confirmin; voice mes~
sage. The vuice message in the indoor alerting mode cannot, however, be
received until the indlividual geces to his radio or TV and aciivates 1it,
Thz tire to activate the confirming source must therefore be added o
the time for the alert signal and voice messasge found for radio warn.ag
to determine thbe time to the end of Lhe voice message.

The time required to find and activate the confirming source will
not be the same for everyone. Another distribution will thus be requirea
to describe it completely. Unfortunately, no data are available to aia
in describing such a distribution. It does seem reasonable, however, to
estimate that about ¢ne mirnute would be required to turn on & radio, wait
for warnings, and find a station. It has therefore been estimeted that
the effect of adding the distribution of times to activate the household
radio after the alerting signal has been heard would be the same as the
effect of adding one minute to the time of the peak response in the dis-
tributing function of alert verification times for radio warning.

The value ot &, which mpkes the alert verification time distribucing
function peak at two minutes, is 0.5. This 15 the value used to detrumine.
the fraction of the population in shelter as a result of having beeun ;
warned by the indoor alerting mode,

Alert Verification Tiwme Distributions for Siren Alertirg

The siren glerting mode consists of an alerting signal deo!ivered by
ap outdoor sircen, and a conlirming message dolivered 2ver commerciul radio

T I PR
and CLCViIs10n byt iviiy.,

o

Whervas u single distribution <.uwio be develoned for thoe alevt veri-
fication timcs [or radice wz.nlng and fcr Zndoor aforting, a range of dis-
tributions must be presonted for the giren glerting mode because ol the
Tahge ol ro.aio suppurt thut mnay accompany the sirens snd the less dis-

ti72live sound of sirons us compased to tho induor aiarn devices judt
digcuscud,
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In the development of the parameter, u, for thce alert verilication
time of the lndoor alerting mode, it was anticipated thal the cmergency
radic breoudcast would be on the air by the time peopie responded to the
alerting signal and turned on their radios, since an asdvanced syslcm
such as indoor alerting would require simultanecus radio broadcasting to B
Jjustify the relatively high cost of such a system. On th2 other hand, -
the outdoor sirens might operate in a condiiion such as prevalls today, :
where the radio emergency announcements would not be made for several
minutes after the sirens had begun their alert signals.

okl

The fact that siren alerting signals uare similar to siren signals
heard routinely by the public from ambulances, fire trucks, and police
vehicles also dictates that a range of alert verification time distribu-
tions be considered. The differences betwecen civil defense sirens and
those on emergency vehicles are duration, movement, pitch, and, in some f
cases, coding. To distinguish between these features of the two signals i
will require a period of time and concentration on the sounds. The

casual listener will not give the congentration required unless he is
invimately familiar with Lthe signal and pitch dif{ferences of the two
types of emergency signals, but he may offer this attention i{ the siren
signal persists Jor an extended period of time. The population may offer
the required attention tc the civil detense sirenr signals more quickly
under twc conditions: (1) in a period of crisis during which the threat
; of attack becomes more immediate anrd civil defense instyuctions are given
) ‘exiraordinary heed, or (2) when a concerted effort is made to make the
population awarc of the civil] defense siren sounds through a massive pro-
mntional program. Even ipn the crisis period, however, time is reguirced '
to leairn %0 listen to the signais, vith the result that an attack after
a crisis of only a day or two, or a surprise attack, might find the pub-
lic unpreparzd for the siren signal. Under these conditions the alert
veritfication process would be speeded up, in the sensc that a greater
fraction of the population might be alerted within a given time. or a
given fraction of the population would complete the verification process
faster under the crisis or training condition, =

&

Since a single distributicn cannot be constructed for the range of
conditlous under which (.ac¢ siren mode might Le uscd to warn the popula-
tion, a rangce of values of (0 is determinced, and guidelines are formulated
for selecting value# of fraction of the populution in shelter within that
rango,

.h;;ﬁiﬂ‘

;
[
5

The conditions for siren acde warning where radio support 1s sluw

and where the public 48 unpropared for wurning roprusuils the slow limit !
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of the distribution. In a false air raid alerl in Chicago in 1959 ,°
sirens were sounded at night under conditions where radie breadcasts
were not made and wherc the population was not prepared for warning.
Using as a basis the study of the responses of the people to this falsc
alert, SRI has prepared estimates of the numbher of persons who came to
recognize the siren signal within various tiwes after the alert began.?
The estimates are ploited as x's on Figure 16, while the solid line on
the figure shows the values cbtained from the alert verification time
distributing fucction with a value of @@ that makes the megn value os the
functicn represented by the curve the same as the mean value of the esti-
mated points. The value of (Y used is 0.17, resulting iu a modal vslue
of 1/.17 or about six minutes., F1igure 16 sbows a good correspondence
between the frevious e¢stimates and the distrikuting function seclected,

Figure 16
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* Ellhu Kotz igxmkg_nudvillg, National Opinjicn Hesearch Centav, Una-

versity of Chicago, Juae 1960,
t+ Roburt A. Harker, Pichaxd L. Goen, and Kendall D. Moll, A Muthod tor
Evuluating Local Clvil Defonse Eltoctivonoss, Btantord Rescarch Iusti-

tute, A draft report prepured fer thu Instituty for Dolensy £halysis,
Octobor 1964,
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A pupulation that is ready to react to the sirens and is in a warn-
ing environment where emergency aanouncencnts cver radiv and TY arc
broadcast at the same time as the siren signals will have an alert vers-
fication time distribution approac. ing that for the indoor alerting mode,
However, it is believed that the siren alerting mcede cannot cqual the
speed of indoor alerting hecause the lack ¢l distinctiveness in Lhe siren
signal will alwayvs result in listeners requiring more time Lo rucogaize
i%2. A value of 0.33 was therefore cheser. as the value for the fust re-
sponse tc sirens, resulting in a modal valuc of 1/.33 or throee winutes.

Between the limits of ther two cases jusi described--sirens unsup-
ported by radio broadcast warning an unprepered population end sirens
supported by radic broadeasts warning a prepared population--two fntcer-

_mediate cases are of interest. 7lhesc cases arce thuse of sirens supp-ried
" by radio broadcasts warning an unprepared population and sirens unsup-

ported tv radio broadcasts warning a prepared population, The two limits

‘and the .wo in‘ermediate cases are assigned siren cllectiveness case num-
to Table 4.

t

Table 4

OIREN ENFHCTIVERESS CASES

Rndio Support

Populatisn fos Sirens

Ruadigpgp Exdsting Cluse
L0 ¥ 11
HI I1l 1v

In Table 4, population preparedness s dentiflod by LO readinoss, tho
state that e¢xists todey, and HI, wh’oh wauld result trom gn extondoed
crisis or from an axtreordtnavy oltuert ¢ incronse public roadlinons
through public informution. Rudlo bruadcesl support tn fndtcated by
exisiing, the cupe that oxlsls toduy, whoere suvelal minutas would elnpso
butwuun the siroen signal start and Lho wlart ol omorgency hanounooiacenlg,
pad Closyu, whoere the start of wrorgency anhouncomvits o Fuulo woild
closuly foliow thy wturt of the slron signulw,

Tho slert vertfjcation timy distifbutions [l cuwos [ and LY ato

the limlting cusve., bince the eproad between Lhe limlte te hol great

b1
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(sec Figures 3 and 7)., the iaterval between the two linitls of perlormance

has been divided into threec equal parts in such a

way that the intervals
between the four cases arce equal.  The upper fimit of

the curve is then

the {ractian of vonulation in shelter for Case TV ciron clfoctivencss [or

the particular time after the alert signal scunds;

interpolating one-third

down into the region gives the iraction tor Case III: onc~third ol the

region measured from the lower 1limit gives the traction {or Casc II: and

the lower edge of the region is the fraction for Case I.

Figure 17 ilius-

trates the spacing of the siren effectivencss cases in the areca shown by

the curve,

Figure 17
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ON FRACTION OF THE POPULATION CURVES

TIME AFTER ALERT SIGMNAL STARTS, min,

Yormulas for the necessary interpolations of Cases Il and III arce

given, for convenience, on Figures 3 ang 7,

_ Alert Verification Time RMstribution for No Ale

oL an alerting signal,

LTI NN
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The no alerting mode of warning consists of warning without the use
Persons warned by this mode may he

ar cmergency
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broadcasts vver radie or TV it they have thelr radio and TV scls on and

are listening. Persons nmay alse be warned, without using alerting devices,
vhrough community actions of spreading th: waraning by word ol nouth, Con-
tacts by telephone arce not considerced bLecause the telephone system may bo
overloaded or subjected Lo restriction by the telephone company during

the emergency period.

GRI has prepared an estimate of 1 e fraction nf the population warnced
for a nighttime condition withcut using alerting devices. ¥ These csti-
nates are based on an earlier SRI analysis of the responsc ot the resi-
dents of several Caliiornia communities te nighttime tlood warnings. The
estimates are shoewn by x's on Figure 1%, Also shcwn on Pigure 18 is a
solid line computed from the alert verification time distributing ftormula
with a valuc of d obtained by matching the mean value of the formula with
that of the points in the estimate. The resulting value of & 1s 0.0G275.
This is the value of alpra used in the alert verification time distriout-
ing formula that was used to preparce the curves for fraction ot the popu-
lation in shelter as a function o time after emergency broadcast starts
{for the no alert warning mode.

Ficuie 18
ALERT VERIFICATION TIME DISTRIBUTIONS ——-NO ALERTING
Z
'®) 1.2
<
2 L0
9 .’/'/x'?‘ "
w ]
o -8 >~ -
yid / k I
O x
= N Ve -
Q / ¥
A
l.‘>_“?—_) i /x xSRI ESTIMATE
’5'9 ’ 5/ -—~~ COMPUTED FROM
55 i/ FORMULA
S a
S8 L2 |
O e 0

0 20 40 &0 80 100 120 140 160 180 200
TIME - minutes

* Harker, Guen, and Moll, previcusly citel,

53

-y

.

AU L N s e




RTINS SIS I I I

mmun'..m-u-un-m I R,

Movement Prepavation Time

Once the individual has decided that action is required. preparations
must be made before he can begirn the rovemert toward shelter, The time
consumed in making chesc preparations is called movement preparation time.
Movement preparation time bepins when the individual verifics the alert
and decides to act, and ends wheo he begins movement toward shelter.

These preparations include the shutdown of utilitics. the colluection ol
clothing and pcersonal effects that will be needed in the si:eloer, and
securing the home.

ORI performed an experiment to determine the preparatior tire for a
nighttime population.* The results are shown in Figure 19. While ORI
gave certain caveats about using these data ior a nationwide preparation
time, the set of modifying circumstances is closc enough to this situa-
tion Jor their data to be usable here. The cxperimental probability dis-
tribution indicated by the cxperiment has, theretore, been approxinated
by a formula similar to that used for the alert veritfication time:

(1) = 52t0 - 2U; where 1£(t) is probability density distribution function
for preparation times; t 15 the time since prepuarations bhegan; and = is

a constant that determines the shape of the curve. The assuwned distribu-
tion with this formula is also plotied on Figure 19. The valuce of %,
computed from the mean of the sample data, is 0.41. Again, Figure 19
shows good agreement between the sample data and the a sumed formula.

Figure 19
MOVEMENT PREPARATION TIME DISTRIBUTIONS
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Computing Starting Time Distributions

Once the pgrobability that an individual will complete the alert
verification process and the movement preparation in a given time has
been determined, the next stlep is to compule the proubability thut he
will be ready 1o lcave lur the shelter at a given time after the alert
cignal begins., Since the individual is now being considered, the two
times cannot be simply added together, because tiere is no discrete time
assigned to either event. Rather, a distributing function must be con-~
structed for the sum of the two times, alert veritication ancd movement
preparaticn. using the distributing functions for the two times. The
value of the distributing function for the sem of the two times, ai any
time, T is the sum of lhe prnducts of the two distributing functicns
evaluated for ull possible combinations ot the twoc times, which add up
to T. This is simply a statement thut the traction ¢t the population
that reguires, say, 10 minutes to complete both verificatvien and prepara-
tion is the sum cf the following fractions or the population: the frac-
tion that would comp c¢te verification in 5 minutcs and preparation in
5 minutes, the iraction that would complete veriticalion in 4 minutes
and preparation in 6 minutes, the fraction that would corplete verifica-
tion in 6 minutes and preparation in 4 minutes, and s0 on for all ccmbi-
nations of time that total 10 minutes. This process is repeated for all
values of T.

Figure 20 illustrates the shape of a starting time distribution.
Also shown on Figure 20 is the movement preparation time distribution
and alert verification time distribution from which it is obtained.

Lhan
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DENSITY DISTRIBUTING FUNCTION

Figure 20
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AIII MOVEMENT TIME ANALYSIS

The manner in /hich the novemen! time distributions for the existing
and 1970 shelter po: ures were developed, is described in
Alsn discussed is the mcihcd

this section.
Ly wiicn che starting time distribution was
combined witli the movement time distribution to yleld the number expected
in shelter as a function of timec after the alert signal starts.

Movenent time is the time elapsing between the instant an individual
completes his prepziaiions to move to shelter and starts moving toward

shelier and the instant at which he arrives at the shelter. The movement

time for an individual is¢ determined solely by the distance he must Lravel
between nis location at the time of the eme.gency and his uassigned shel-
ter, and the average speed he is likely to sttain in traversing this dis-
tance.

1o simplify the problem of deriVing the distributing functions for
movement time, the location of the population at the time the warning is
delivered will be specified as the resident population.

This population
distribution would be appreximated

if an attack occurred during the night-
time hours. This approximation 158 sufficiently accurate, since this
method hua: been designed for evaluation o! systems involving radic warr-
ing, wlhich employs an indoor device most applicable to these periods when
most of the population is at home.

The number and location of the population, as well as the number and

lecations of the shelters for tne public, will change with time. To pro-
vide a range of these variables over which to analyvze warnjing systems.

TWC S¢ils wi muvement Taime distributions have been derived: one for the

1960 resident population and the number and lccation ot fallout shelter

spaces in existence on January 1, 1965; and the second for the estimated
1970 resident population and the estimated number and location of shelter
spaces that would result from the implementation of a nationwide shelter
development program These two sets of conditions of pceople and shelters
are called the existing shelter posture and the 1970 shelter posture,
respeclively.

Because population density and availuability of shelter are different
in large cities, in suburbs of large citles, and in rural areas (includ-
ing small towns), warning system performance may not be the same in cach
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o1 these areas. Also, ithe arrival time ot the fallout frem a nuclear
attack is assumed to be longer in nonmetropolitan areas than in metro-
politan areas. 70 allow tor these diffcrences, three movement time dis-
tributions have been prepared and kept separated for ecach shelter posture.
The three distributions are for central cities o! urbanized arcas, urban
fringe areas, and nonurbanized arcas.

The census defines anh urbanized avrea as one which

. . . ccntains at least one city of 50,000 inhabitants or move
in 1960, as well as the surrounding closely settled incorporated
places and unincorporated azreas that meet the criteria listed
Lelow., An urbanized acea may be thought of as divided into the
central city, or cities, and the remainder of the area, or the
urban fringe . . . .

In addition to its central city or cirics, an urbanized area
contains the following types of contiguous areas, which to-
gether constitute ite urban fringe:

1. Incorporated places with 2,300 inhabitants or nmore.

2. Incorporated places with less than 2,300 inhabitants,
provided each has a closely settled area of 100 hous-
ing uinits or nore.

3. Towns ir the New Eugland States, townships in New Jer-
se€y and Pennsvlivania, and counties ¢lsewhere which are
classified as urban.

4. Enumeration districts (ED's) in incorporated territory
with a population density of 1,000 or more per squale
mile. (The areas of large nonresidential tracts de-
voted Yo such urban land uses as railroad ya 'ds, fac-

«nd cemeteries were cxcluded in computing the

P4 A€ o TN
“y Ca an .y

5. Other ED's, prouvided that they served one of the fol-
lowing purposes:

a. To eliminate enclaves.

b. Jo close indentions in the urbanized areas of
one mile or less across the open end.

c. To link outlying ED's of qualifying density that
were no more than 1-1/2 miles from tke main body
of the urbanized area.”

* Characterlstics of the Population,
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Movement Time Distributions for Existing Shelter Posture

The shelter spaces that have been identitfied by the National Fallout
Shelter Survey are predominantiy located in the downtuwn areas ol central
cities, where the corve areas of multistory oitice buildings offer a con-
siderable amount of space with an adequate protection from fallout radia-
tion. Smaller amounts o!f space are located in arecas ocutlside the downtown
area. Shelters outside the downtown area usually serve only a limited
nunber of persons in the immediate vicinity of the shelter, requiring
most of the residents of urbanized arcas to seek shelter in the downtown
area of the central city or to improvise their own protection, For the
purposes of this discussion, the shellers located away irom the downtown
areas are called neighborhood shelters, and those located in the dowintown
arca are czlled downtown sheliers.

The approach vaken to iind tihe movement time distributions for the
central cities, urban fringe areas, and nonurbanized areas {or the exist-
ing shelter posture has been to derive one form of distribuiion for move-
ment tc neighborhood shelters and another for movement to downtown shel-
ters, Thnese basic movement time distributions contain parumeters for
time to complete the move, for population involved, and for population
gensity distribution. Each area--central cities, urban fringe, ard non-
urbanized--is analyzed to determine the parameters to use and the alloca-
tion of the area population between neighborhcod shelters and downtown
shelters, and for thoese who will not be able to tind shelter.

Although many comnunities sc¢ek to provide shelter fcr all of their
residents, using overcroading or shelters of lower protection factor where
there are not enough bona fide spaces for the residents, such interim
solutions are not considered herc. Only the number of spaces identified
in the survey is considered.

Basic Movement Time Distributions

Rigtribution of Movement Times to a Neighborhood Shelter. The ser-
vice area feor a shelter (or shelter complex) is the area containing the
residents assigned to that shelter for which the area is defined. The
shelter service area provides the shelter plarner with a convenient
method of assigning persons to shelter, since the identification of the
service area on a map is an explicit instruction of where 1o go for
shelter.

Neighborhood shelter service areas will usually be a square area
with the shelter, or shelter complex, in the center of the square. This
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foliows because the planber must usually limit himsel1l to assigning al)
the residents of whole blocks within the service area, and because he
hopes Lo fill the shelter as quickly as possible. The restriction to
whole blocks, made because of case of describing the area and avoidance
of discriminavion beilween next-door acighbors on the Yasis of estimated
data, means that the shelter scervice area must be rectangular. The at-
temptl to fili the shelter as quickly as possible results in taking blocks
equidistant from the shelter, and nence the square shapc.

For the purposc of this analysis it is assumed tlat the sSuclier ser-
vice area has a uniform rcsident population density. The assumption of
equal poupulation density is justified by the earliexr premise that the
area served by the ueighborhood shelters is small. Further, all persons
moving to the snelter must follow the streets; that is, must *ake a path
consisting of -egments parallel to the sides of the arca--~shortcuts are
not allowed.

The restriction of travel tuv a rectuzngular grid system of streets
resulis in a locus of equal distance to the shelter, which is square,
rotated at a 45° angle te the strezt axis, as shown in Figure 21.

Figure 21

ILLUSTRATION OF SHELTER SERVICE AREA
AND LINE OF EQUAL DISTANCES
TO CENTER OF AREA

o SHELTER ™.,
O e —
,
"... T Line of equal distances along
. rectangular grid to center
o of a.ea

BOUNDARY OF SERVICE AREA
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Consider such a square, constructed to represeat the lowus oi all puints
a distance, r, from the center of the arca The number oi persons who
are located a distance r or less from the shelter is the area of tnc
square times the population density tor the area. The cumulative distri-
bution of the population with discance caa thercfore b2 described by
describing the area ol the sguare ot congtantl distance that is also in-
side the servicc area, as a function of r and multiplving the resulting
expression by the constant density.

For neighborhoed shelters it will be assumcd that the service areas
are small enough that if all the population were to walk to the shelter,
they would reach it within the required time. The speed oif walking is
not the same for everyone, which means that a precise descripticen of the
wallking speed could be made only by a distribution ot speeds for the
population. However, the variability cof walking spced is considered
small enough that a good representaiion of the distribution can be made
by using a single average speed. Use of a single, rather than distrib-
uted, walkiag speed also greatly simplifies the computation of movement
time and fraction of the population in shelter.

Using the average walking speed, the cumulative distriburion of dis-
tance can be converted to a distribution of movement time by dividing the
distance scale by the movement! speed. The final foraula for cumulative
movement time distrioution i« derived by expressiing the movement time as
a fraction of tie maximum m~- ment time in the area, i.e., the time re-
quired for the rerson fartnzst from the shelter to move te the shelter.
The population in the final formuia, is expressed as a fraction oi the
total number of resigents of the area. Explicit requirements for the

velocity term and the value of the population density are thus eliminated.

The formula for cumulative distributiorn that results is:

2
Foltr V ~ .}. _tJng 0 < ¢ T2
i TR U 2 T m .

2

T ~ ty ) i
Fpn(tm) =1 ( 2 ) r T2 <t < T
Fpn(tp) =1 T< ty.

where :

Fpn(tm) is the fraction of the population served by the neighbor-
hood shelter who will require a time, t,, or less io move io the shelter,
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1y s the movement to shelter time, usually in minutes.
T is the movement time required hy the person in the arca who is
farthest from the shelter.

Distribution of Movement Times to Downtown Shelters. Becausc the

- nunber of shelter spaces in tlhe downtown sections of urbtanized areas is
relatively large, the area served by thesce downtown shel .ers, taken as
a group or cluster, is large. Because of this relatively large area
the assumption of coastant population density over the shelter service
area does not apply. The population density of nmetropolitan areas is,
on the average, however, fairly predictable in terms of distance frum
the center of the ar2a. With the dersity known as a function of distance
{rom the center of the metropolitan area, the distribution of the popula-
ticn with distance frem the center cun aiso be found.
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Weics™ describes the work of Clark in the late 1940s and calrly
1950s, which shows the¢ exponential trend of decreasing populatior den-
sity with increasing distance from the ceater of the arco. From Clark's
distsibution of population density, Weiss develops a formula for the
nunter of persons who live a glven distance, or less, from the center of
an urban area, as follows:

P(r) = P, [1 - e + b))
where:

P(r) is the numb. r oi persons wbo live ou, or within, a circle of
radius r, whose center is in the center of the urbanized grea.

P, 1s the total populatton ai the urbunized ares,

r i1s the distance Lrom the center of the urbanized arca, and

h is a constant tor cuch urbanlzed arca which describes the rate at
which the population density fulls of{ with distance fvom the ceater ol
the area.

Herbert K. Wetss, "The Dhistribution of Urban Populution and un Appil-
cation to g Servicing Problum,” Operationy Rescarch, The Journal of
the Opersiions Rescarch Socloty of America, Vul. 8, No, 6 hut
Ducember 1961, pp. BGO0-74.
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Welss also develovs a method for estimating L, based upen the popu-
lation of the urbanized area, as follows:

wheure:

b and Pm are ag defined above.

This expression was derived by fitting a strafght lince to a set of
b-vulues plotted against population. The variance of points from this
1ine is considerable. This mecans thet the valuve oi U thus obtauined may
be in crror for a particular city. Fortunately, however, the meen valuc
for several cities combined 18 satisfactory from such an estimate; hence
the use ol this expresston for tihe nautionwide distribution vl persons s
also satisfactory.

The distribution of movement Ulmey to duwntown sheltery may be de-
rived from Weiss's formulus by again assuming thut an avorage speed can
Le used Lo approximate the distribution vl movement speeds, and by naking
gn assumplion about the distribu.ion of the neighboerhood shelters.  Whiie
some cstimales of the distribution of shelter spaces have been mndc,‘ the
estimates otrer no way of predicting the distribution of the spaces tor
any plven ctty.  VYor this reason, the distribution of those sheltered in
nelghborhood shelters wilt be assumed to be proporttonal to the popula-
tion, With thiy wssumpiion, the movemeht time Jddstribution for muvemeat
to downtuwn sheltlars ts:

whutu:

Fpa{ty) ts the fraction o tne populution ol g motropolitun arvn
thut can roach downatown sholtor in a time, tg, or lussy;

* John Cenin od Charlow DL Blgelow, Clvi) Betenge Renscuo Hogulremonts
Following a Nuclour Attuck, Stanlvid Husvarch Institute, February
1Yo, pp. 17-19,
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th is the movement time,

b is a constani that describes how urban population density f{alls
off with distance from the center of the are¢a,

v is the average movement speed with which persons in the arca can
move to the shelter.

The speed, v, used in this expression, must bc reduced by a factur of
/4, because the distance from the center of the urbanized area is mea-
sured radially in the Clark distribution, but the people can travel only
along the stireets. The factor #%/4 is the average radial speed of persons
truveling with a spe-d of one unit glong rectungular streect pattern.

Modcl Urbanized Arcas Used to Construct Distributions of Movement
Times in Central Cities and Urban F -inge Arcas

Because of large ditlerences in the number ot shelters available to
the populations of the difilerent urbanized areas, and, to a lesser extent,
because of ditferctices in size of standard locations, population densg -
ties, and 8o on, indlvidual analysis of each of the 212 urbunized arcas
would be desirable,  Such en analysis, however, would be vxcessively
timc-consuming for purposcs of this study. As a compromise in the detad)
o1 analysls, 28 model urbanized arcas bave been constructed to represent
whe 212 arcas Ln the 48 states under consideration. A desceription of bhow
these 28 models have been constructed follows.

Model arceas one through twenty-four correspond to the urbanfized wrcas
associated with the 21 SMSAS whose population exceeded one million in
1960, The numbering of the model arecas corresponds to the ranking by
number o! fnhabitants ol the 24 SMSAs tn 1960, Each of these first 24
model arcas corresponds in every way to the correspuldlng urbanized area,
that ts, by land arca, number of inhabitants, punber ol shelter spaces,
number ol standard locations. The combincd nopuletion of thene 24 SMUAL
s abour hatt the total population of SMSAs, but thesce sreas contarn
about two-thirds ot the exisbing sheller spuces,

The twonty~f4fth model Ls a conposite ol the urbanized ureas covre-
sponding o the hext 13 largest SMSAs, reaked according to thelr 1960
populations.  Tho chidacleristics vt this composite aren are nuch that
the total populution rupresented by the model 185 the sum of the popula-
tions ot the 1y cities (slightly ovoer 10 millton); and the land area,
numbetr ol standard locations, ole,, v likowibe the sum vl these uanti-~
tlus for all tho 13 avvas.

il
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The iwenty-sixth model i1s a compeslte of the urbanized arcas asso-
cliated with the next 18 lavgest SMSAs.  The twenty-scventh is o compusite
cf the next 29, and the twenty-cighth is a compusite of the remaining 128.

Movement Time Distribution for Residents ot Central Cities

The following approuch has heen uscd to analyze the movement time
distribution for central cities. The central city of each of the 28
mnodel urbanized ereas 1s divided into two parts, a downtown and the re-
mainder of the central city. Hepresentative movement time distributions
to netghborhood shelter were constructea for each area subdivision of
each of the 28 model cities. FEach of these distributioas 1s weightoed by
the population sheltered in cach of the subdivistons of each city. There
welghted distributions are combined by adding the weighted valucs of all
the distributions at each value of movement Lime. Atter deducting the
number sheltered in nedighborhood shelters, a movement time distribution
for downtown shelters is constructed for each of the 28 model central
cities, cach resulting distributjon {5 again welghted by the number of
persons represenhted by the model, and the distribution i< truncated 1
the number ol shelters is loss than the central city pepulation.  The
resuiting weighted aistributions are added at ecach value oif movement
time. The two welghted movement tine distributions, one for neighbor-
hood shelter, one for downtown shelter, are then added at cach value of
movement time and divided by the total popuiation ol central cltics to
produce the resulting movement time distribution for all centrual citicw.

For purposes od this study, downtown ;s used tn two senses in this
analysis: first, when used to describe the process ot moving to shel ter
in the dousntown arca, downtown {s a non=-spectfic term for the center ol
town., When usced to describe part of the city, however, a Specilic part
vl the city {s deftned. The part of the ctty that 15 defined as the down-
town 1s that which 1ices inside a clrcio whose radtas 1s cequal to vne-
fudith Lhat of u Clicle vyuivaieai lu slee Lo Lhe wtbanized aren, ihe
center ol the dowrtown circle lies 4n the center of the central city.*
Downtown arcas have Lbeen fdantified for the 100 lurgest urbantzed arcas.
This dedinition 4s arbitrary in the gsensce Lthot there I8 no ovssential
charaucteristic of tho area, such as prosencoe o1 commercial or large multi-
story residential buildings, or other land use, which dolines the arova.

* David W. Goodrich, Uttlization of Existing Shelter in Metropolitan

Arveas, Gtanford Hescarch [nstitute Roport No. RM-UAP-12, Menlou Purk,
Californ!a, VFebruary 1965, p, 1J.
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It may slso be seen that the downtown und the central city may not cven
be coterminous, because the central city's boundaries are legally estab-
lished, and irregularities of the central city boundary, or a2 small cen=-
tra) city ln a large vrbanized area, somelimes result 1o parts ot the
dovntown area lying in the urban fringe. The number of persons living
in such arcas is small, however; so the effect of ¢he anomaly on the

movement time distribution is small. LFor puarposes of this analysis, 1t

wlll therefore be sssumed that the downtown ljes entirely within the cen-
tral ciuy.

The standard lotation arcas (SL) have beer ldentified by the Census
Bureau fto factlitate damage assessment computations. The standard Joca-
tions consist of census tracts in areas that have been tracted. and wards,
minor civil divisions, census county division. small towns, and enumera-

tion districts in arcas that have not been tracted. Populution, as well
as number of sheller spaces and ollicr resources have been tabulated by
SL for usce In compuler-based damage asscssmenl programs.  For this pur-
posce, cach stancard location area is numbered and 1ts center located by

geographic coordinates.

SRI has compiled a listing of tne traction ot popnlations of compo-
nent parts ol ctandard metropolitan statistical o eas ((MSAs) who can be

sheltered In thetr own SL.T This tabulation 1s uscd as rhe basls ol

determining the numbor who will be sheltered in neighborhood sheliers
for the urbanizod areas under constderation fn this
arc uscd 1n vhe followlng way.

report. The data

1. For cach of the 28 nodel cities, the downtown arca s compuated

according to the detinition of downtown as ohe=sixteenth ol the

aree ol the urbantzed arca represcented by the model The areas

4
vl the urbantized arcas are tabulated 1in census data,?

N

The number of standard locations (n Lhe downtowl garea of cach
mode! ety Is detormined from data prepoared o congunction with

the rodoruncod tuuulution.1 Thee averar:, Ul sdcoe Tor the dowy

towi urve 0t vach ol the 28 mudel citles 19 then computed {rom
the number of Shs and thedr arca,

J.  The wssumntion §s made that ocach SL had ouc, and only one

, shel -
tor or clustor of sheltors,

Tho average gserviere arcea for nefgh-
bornood shelters in tho downtown arca o eacl of the 28 modul

» EE&AQ?H}"!PiF}}i”LEpﬂﬁ' Buroau ol the Consus, 1W6Z.
Goodricl, previougly cited,
Churacterdistice of thu Population, proviously cited.
()
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cities is determined by multiplying the average SIL size by tha
fraction of the pepulation ol the model city's population who

could be shelte=red in their own SL, from the tabulation.

4. The time for the furthermost person in the scrvice area

1o rewch
shelter, T in the movement time distribution

farmula, 15 found
by regardinyg the average drainage arva as a squale, making the
maximum distance to the center equal to tae sGUaie rout ol the
arca, and considering that the persons in downtown alcas can
walk gt three miles per hour.

[4;]

The welgnted dilstribution is found by multiplying the distribu-
tioin coastructed from the T for each downtown area by the number
ol personrs whu can be sheltered in their own SL for that area,
from the tabulation.®

The process used to determine the weighted distributions of

movemnent
times tu neighborhood sheiters in the remainder

of central cities is the
same as that used in finding the distritution for the

downtown arcas.
The area of

the remainder ol the central city t= found by subtracting the
dovntown area troum the central city arca, also tabulated by the census.t
The number ot standard lucations and the number
shelter in thelr own standard locations arc
lation.™

0' persons who can find
dotermined {rom the SRI tabu-

The distribution of movement times to downtown shelters for resi-

dents ol centrul cities is found by the {following drocess:

1. The value of the expunent b, which describes the drop-ott ol

populativin dernsity with distance from the city center, is com-

puted trom Weiss's formula, using the population of the model
urbanized arca tor models 1-24,

and the average population for
models 20~26.

Z . ror cach

urbaniqdvd urca represented by the models of urbanized
arcas, the resident population of the arcea is reduced by the
number of persons who can {ind shelter ia neighborhood shelters

for thatv arca. This pupulation 1s uszed to welght the distribu-

tion obtaincd fur cach of thie 28 mode) urbahjzed arcas.

* Guodrich, previously cited.
1

Chnruuteriatlgs_gl the Populatign, previously cited.
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The welghted distribution of movement times Lo downiown shelters,
using the value of population and b jusi cumputed, is compared
with the number o! shelters available in the downtown area. ‘This
number ot available shelters is determined by subtracting the
number of persons in each, sheltered in theldr own S, in each metro-
politan area corresponding tc each of the model areas, from the
number ot shelters in that metropolitan areca. The distribution

18 truncated Lf the number of Bhelters is less than the popula-
tion of the central city moving to shelter in thez downtown area.

In each of the model urbanized areas it is assumed that persons
can walk at three miles per hour in downtown areas, and that
they can ride in autouwobiles at 20 miles per hour in thne remain-
der of the ¢ :nirel cities when moving tou downtown shelters. It
is further assumed that, whether by plan or not, an cifective
cordon vould exist around the downtcwn area that would rcquire
parking cars used to transport per:ons from the remainder of the
central city. Persons who had u:ed automobiles to ride to the
edge of the downtown arca would walk from there to the shelter.

Because the effect upon the result is small and because the com-
putations are greatly simplified, the movement velocity is taken
as three mph for everyone if the radius of the downtown is
greater than one and one-half miles, corresponding to a travel
time of 30 minutes. This simplification 1s made under the as-
sumption that the f{raction ot the population in shelter 1is evalu-
ated at about 30-45 minutes after the alert signal startis, or
about 30 minutes otf rovement time. The numnber of persons outl-
side the downtown area who can get Lo the downtown shelters is
small for this period of time. In those model urbanized areas
where the radius of the downtown area 1Is less than one and one-
half mlles, the riding velocity of 20 miles per hour is uscd
throughout the trip, but a time delay 1s introduccd to adjust
for the valking trip to the shelter. Again, this is a gonod

approximaticn £01 the range oi movement time under consideration,

Finally, a weighted movement time distribution for central cities
under the existing shelter posture is formed by adding the
welzhted distributions for movement to both neighborhood and
downtown shelter, in bcth the downtowr area and in the rest of
the central city. The movement time distribution for central
cities is found by dividing tne resulting weighted distribution
by the total population of all the central cities.
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Movement Time Distributicen for Residents of Urban Fringe Arcas

The weighted movement time distribution four movement to neighborhood
shelters in urban fringe areas i1s computed in exactly the same manner as
that for movement to necighborhood shelters in central cities. However,
the SRI tabulation® used as a data base for both areas is made for SMSAs,
with no distinction between the urban fringe ot the urbanized arca and
the part of the SMSA that does not include the urban fringe. Some wmodi-
fications in the SRI tabulations have therefore been necessary because
the SMSA includes the entire ccunty associated with the central city of
the metropolitan area, while the urban fringe area has been identified
on ihe basls of whether the character of the area 1s, in fact, urban.

This difierence between the part of the SMSA outside the central

city and the part of the urbanizea area outside the central city is dra-
matized by the following comparison of census data for the two arcas:

Land Arca

Population (sq mi)
Urbanized Areas 57,873,358 14,707
SMSAs 54,880,844 299,895

The large discrepancy in the land areas and the much smaller rela-
tive difterence in population indicate thut the populetion density in
the urban fringe arceas 1s much greater than the average for SMSAs outside
the central cities. Data developed for the SMS5A nas thercfore been con-
verted to urban fringe data by representing the urban iringe as a part of
the SMSA wholly contained within the SMS8A.  The namber of SbLs and the num-
ber of persons sheltered within their own SL (which had been tabulated
for the SMSA) arce allocated to urban {ringe and nonurbanized areas accord-
ing to the ratio cf the population o1 the urban fringe portion to chat of
the non ity puriion of the SYMSA in which {1 iIs countuaineda. Wwith the hum-
ber of urban fringe SLs, thelr arcu, and the number of persons wheo could
be sheltered in thedr own SL thus determined, the welghted distribution
of movemcnt tinces to neighborhood shelters tn urban fringe areas is found.

The distribution of movement times tu downtown shelters for urban
fringe arca residents is constructed by continujng the distribution of

%  Goodrich, previously citod.
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the movement of central city residents 1f the shelter capacity docs not
terminate the distribution. That is, the distribution of movement times
to downtown shelters for residents cf central cities becomes the distri-
butivon of movement times to downtown shelters for urban fringe arcas when
the residents of the central city have all reached shelter.

Movement Time Distribution for Residents of Nonurbaunized Areas

Cf about 123 million shelter spaces that had been identified by the
National Fallout Shelter Survey by January 1965, almost 22 million aure
located outside urbanized areas. 7To describe distributions for movement

time t¢ rthese shelters, it is assumed that all of these spaces are located

in urban places as det.ned by the census. 1In gereral, an urban place is
an incorporated or unincorporated community with a population in excess

ot 2,500 persons. The shelter spaces in these urban places outside urban-

ized areas are also considered as being divided into downtown and ncigh-
borhood shelters.

The movement time distribution for the neighborhood shelters is de-
rived from a model .1ty with a population and population deunsity equiva-
lent to the average of the 4,000 communities falling into the category
of urban places outside urbanized arcas. Using the techniques for esti-
mating the movement time distribution for neighborhood shelters in uiban-
ized areas, the average scrvice area 1s computed. The population of
these communities is determined from census data, and the land area com-
puted from popularion density figures. The number of persons sheliered
in their own standard locations in these communitics is estimated at
11.5 million for arecas outside SMSAs, based upon gome intermedlate com-
putations prepared in conjunction with a study of nationwide expedient
shclter,* plus arother £.5 million persons who are located in EMSAs but
oulside urbanized arecas. The latter group was left over when the popu-
lation in sheltiers was allocated in the determination of those sheltered
in their own SL in urban {iinge areas.

The remainder of the 22 million spaces outside urbanized areas care
assigned distribution times based upon a distribution for movement to
downtown shelter, using a value of b corresponding to a place witi a
population >f abcut 7,00C, the average size o! places in this dlscussion.

*  Ernest C. Hervey, Prelimlnary Evaluution of a Nationwide Expedient
shelter Program, Stantord Rescarch Institute, Draft Interim Report,
Docomber 1964.
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Again, the movement time is truncated when the number of shelter spooces
is cqual to ~he weighted movement time distributiun. Moveaent speed is
assumed to be 40 mph in nonurbanized arcas, and a short time delay is
introduced to account for parking and terminal congestion.

Finally, the weighted movement time distribution for nonurbanized
areas is computed by adding the weighted values of the distritutions for
neighborhood and downtown shelter for each value of movement time, then

dividing the resulting weighted distribution by the number of persons
residing in nonurbanized areas.

Movement Time Distributions for 1970 Shelter Posture

8y 1970, according to Census Bureau projections,* the population ot
the United States will be about 210 million. Of these 210 million, it )
is estimated by SRI that about 70 miilion will live in the central cirties
of urbanized areas, about 58 million in urban fringe arecs, and about

72 million in nonurbanized areas. Tnis projection of the components Of

the national population has been made by extrapolating the trend from the
1950 to 1960 censuses to a 1970 distribution., This rough projection may
somewhat overstate the growth of the central city areas, which individu~
ally have shown a slowing trend of growth. However, annexation and defi-

nition ¢f new areas as urbanized areas will contribute tov the projected
increase.

A goal of civil defensce is to provide fallout shelter for the entire
population. If has been estimated? that 240 million shelter spaces will
be required to shelter this 1970 population of 210 million persons in
both the dayvtime and nighttime population distributions. These 240 mil-
lion spaces will be so distrihbuted that residents of urbanized areas will
be ablc to travel to sihelter in less than 45 minutes
urtanized areas will be able fo travel to shelter in

and residents of non-
less than 75 minute.:.

The description of a projected set of distributions for the movement
of tre 1970 populaction to the shelters, so located as to meet the goals
of the fallout shelter program, 1s given below.

Jacob S. Siegel, Meyer Zittner, and ix 'ald S. Akers, 'Projections of

the Populatioun of the United States by Age and Sex: 1964 to 1985,"

Current Populution Reports, Population Estimates, Series P-25, No. 286,

July 1964.
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Movement Time Distribution for desidencs of Central Cities

From the movement time distribuations developed for the existing
shelter posture, 36.8 million persons alrecady have movement times less
than 45 mjinutes. Assuming that these same sheltev spaces will still be
used in 1970, an additional 33.2 million gpaces need to be added to the
shelter inventory in central cities to shelrer the projected resident
population. Movement times to these additional shelters will have the
same distribution as the movement time to neighborhoud shelters in the
existing shelter posture. Use of this same distvibution assures that the
movemeni times wi1ll be within the goal of being accessible within 45 min-
utes, and will also allow for the fact that the sizes of shelters and
shelter complexes will be about the same in 197Q as today.

Movement Time Distribution for Residents of Urban Fringe Areas

In the existing shelter posture, about 6.3 million persons in urban
fringe areas are able to reach shelter with movement times less than
45 minutes. All but a hundred thousand of these are sheltered in neigh-
borhood shelters. Although some of these 6.5 million spaces will be lost
to central city areas by annexation and redetinition, cthers will be
galned from annexations and redefinition of nonurbanized areas into urban-
ized areas. The net result will be about the same number of usable spaces
in the urban fringe areas. An additional 61.5 million spaces must there-~
fore be provided to shelter the 1970 urban fringe area population. Again,
the distribution of movement times to these additional spaces will be che
same as ithat to the existing neighborhcod shelter spaces in these urban
friage areas.

Movement Time Distributjion for Resicents of Nonurbanized Areas

In the existing shelter posture, abcut 22 million shelter spaces are
avallable for the rosidents of nouwurbunized areas. ‘These are all assumed
t0 be iocated in urban places in the nonurbianized areas. Some of these
shelter spaces will be transferred to central city and urban fringe arcas
through annexation and redefinition of areas, but it is assumed that new
shelters will have the same characteristics as those transrerred. The
1970 population of these urban places in nonurbanized areas is projected
at 29 million using the same rough projection technjque as was used to
find the distribution of the population between urbegenized and honurban-
ized areas. The distribution of movement times to the additional shel-
ters required to complete thce sheltering of these 29 miliion persons will

be the same as that to2 the existing shelters in these urban places tn
nonurbanized areas.
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The remaining 43 nmillion persons in tho 1970 nonurbanized population
will live in rural arcas. These arecas will have mucl: luwer population
densities and longer travel times than the urban places. This lower den-
sity and longer travel time vequire that a new distribution ol movement
time be constructed tcr residents of rural areas. To construct this move-
ment time distriLtutijion, i1t has been assumed that shelter service arcas
have been laid out in such a way that tke maximum travel time to the shel-
ter is no greater than 75 minutes. In allowing for this 75-minute travel
time, it is assumed that autowmobiles will be usea to travel to the shelter.
It will not be pessible to drive to the door of the shelter because of the
large number of automobiles that will be used, the limited number of ac-
cess roads, and limited varking facilities. The line of parked cars and
parking delays will be such that the last 30 minutes of the journey to
chelter will be covered by walking at three miles per hour. It has also
been assumed that the population density cf the sarvice areas thus definea
is constant, although not the same for all service areas.

The final distribution of movement times f~r residents ol nonurban-
ized areas in 1970 is obtained by weighting the distribution of movement
times derived for the residents of urban places in these nonurbanized
areas by the projected populations of these areas and adding the weighted
distribution to a distribution for rural residents similarly weighted by
the rural popula‘ion, and dividing the sum by the total projected popula-
tion for nonurbanjced areas.

Distribution of Tim~- Required to Kkcacu Shelter after Alert Signal Sounds

Finally, the movement time distributions developed above, and the
starting time distribucions developed in AIl are combined to form a dis-
tribution of the times required to reach shelter. This distribution ot
times to reach shelter is the traction of the population in shelter as
a funection of the timo after aléeit sigual sounds., The pr
ing the starting time and the movement time distiributions is exactly the
same as that used to combine the ale t verification time distributions
and the movement preparation time distributions to ootain the starting
time distributions. The combiraticn of starting times and movement times
has been carried cut for each of the four starting time distributions
aspociated with the four warning modes, and for the twc movement time
gistributions associated with the two shelter postures ccpnsidered. The

result of these combjinations is the eight curves shown in Figures 1-8.
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Figure 4
FRACTION N SHELTER vs TIME
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Figure 6

FRACTION IN SHELTER vs TIME
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FRACTION IN SHELTER vs TIME
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. ' PAHI 1. WARNING SYSTEU ENVIRONMENT

A. Time 2ra

B. Fallout arrival time computations

) 1. Time frem detection of attack te impact ol wespons

2. Tume from detection of atteck to initiition of
warning signal (decision to warn time)

3. PBemain:ng time f{rom decision to ‘mpact

WORKSHEET FOR EVALUATING WARNING SYSTEM EFFECTIVENESS

ain.
(line 1 minus line 2)
COLUMN o CULUMN & COLUMN ¢
CENTRAL CITY URBAN FKINGE NONURBANIZED
AREAS AREAS AREAS
4. Time from impsct tuv fallout )
ercival 3 0 min. 30.0 ain, 60.C min.
5. Time from decision to fallout
arrival )
\ (line 3 plus tine 4) . min. min, min
i
!
!
E PART T1. WARNING SYSTEM EVALUATION SUMMARY

{Sze following sheers for dotailed evalvation of warning
system modes. Listed beluw ic a summary of the evaiuation.)

FRACTION OF POPULATION
WARNING SYSTEM MOUE IN SHELTER WHO ®ERE

WARNED BY EACK MODE

A, Radio Warning
B. Indoor Alerting
C. Siran Aleriing
D. No slerting
| E. Totsl population 1n shelter

resulting from this warning
system configuration ]
(aum of fractions from lines A, B, C, and D above)
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FIGURF 9 (Conttnued)

PART I11. DETA)IL OF WARNING SYSTEM EVALUATION

A.  Pacio Warning Mode

COLUMM o

CENTRAL CITY

AREAS

1. Time from decision to fallcut arrival (from Part IB
line 5)

ain,

COLLMR )
URBAX TRINGE
AREAS

@min.

2. Sysiem rcsponse time (time from decision to warn to
beginning of alert signal)

—— BT

3. Time remaining to reach shelter {line 1 less line 2) win.

—— e DA

@n.

4. Fraction of radio warned populaticn in shelter before
fallout srrival. (Use radio warning chart for appro-
priate time era. Enter chart with time from 3 above,
vead fraction frai chart)

COLUE® ¢
NONURDAN T 2ED
AREAS

©win,

min,

min.

5. Radio warning coverage (fraction of pcpulations
covered by signal and receiver distribution, multi-
plied by reliability, by area)

6. Fracticnof area populations in shelter asa resultof the
stimulus from radio warning (line 3 tines line 4)

7. Fraction of U.S. population residing in cach arca

Existing 0.323

0.212

1979 0.333

0. 324

Oher

(Cross out inapplicable line)

8. Fraction of U.S, populationin shelterin each area as
a result of radio werning stimulus {line? timesline é)

9. Fraction of U.5. population in shelter due to radio
warning (sum of line 8, columns @, b, end ¢!

8. Indoor Alerting Mode

COLUMN .
CENTRAL CITY
AREAS

1. Time from decision to fallout arrival (from Pari !B,
line $5)

2. System response time (time from Jecision tu warn to
beg'nning of alert signal)

3. Time remsining to reach shelter (line 1 less line 2)

4. Fraction oi indoor-alerted popuiations in shelter
befava §allere orrival, (Use indoor alerting chaeit

foi app'upriaste time era. Enter chart with time
from 3 above, read fraction fiom chart.)

min,

min,

s 111,

COLUsN b
URBAN FRINGE
AREAS

. min.

———— e U110,

. BN,

COLUSN ¢
NONURBANIZED
AREAS

min.

- min,

e AT

(&1

Indoor alerting coverage (fraction of popnlations
covered by mignal und receiver distribution, multi-
plied by reliability by erea)

6. Fraction of area populations in szhelter as a result
of the stimulus from indoor aierting (line 5 timea
line 4)

7. Fraction of U.S. popniatioa residing in each area

0.2)12

5465

Existing 0,323
1970 0.33

(%]

-

0.324

Och

Sui__

er
(Crosa out inapplicable line)

8. Fraction of U.S. population in shelter in each area
as a result of indoor alerting suimulus (line 7
timea line 6)

9. Fracrion of U gopilation in shelter due to in-
door slerting (aum of line 8, columns a, b, and ¢)
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FIGRE 9 (Concluded)

C. Siren Alerting Mode

COLUMN « COLUWN b COLLAMR ¢
CENYRAL CITY  URBAN FRING: MORUCBAN ] ZED
AREAS AREAS AREAZR
1. Time from decision to fallout arrival (from Pert I8, line 5) weucmen.®in. —— R S— 1
2. Suatem rrsponse time (t'me from decision to wera to ) i
bLzyinning of alert signal) ———— W T, min. —— e BN
3. Tine remainingto reach shelter (line i l2as line 2) e = P T, —_—— mIr, min.
4, Siren kLifectivenass Group (see chart below)
Radic Support for Sirens
Existing Cloze
Public LO 1 11
Feadiness HI 111 1v
5. Fractionof siren-aserted populstionsin shelter be-
fore fallout arrival (select siren alcrtxnggl‘.art for
preper Lime efa, enter chert with time from 3, sbove,
determine fraction corresponding to siren effec-
tiveness group)
€. Indoor siren cuverage (fraciion of populstion that
can hear sivens indoors, by sarea)
7. Frac.ion of urea populationsin shelier asaresvitof
the stiulus fromsiren alerting (line 6 times line 5) C—
8. Fracuion of U.S. population residing in each area
Existing 0. 323 0,212 0.5
1970 0.333 0.324 0.342
Other —
(Cross out inappliceble line}
9. Frecticnof 1J.S. pogulation in shelterin cach area ay
n vesuit of siren alerting stimulus (1ine8 timesline?)
10. Fraction of U.S. population in shelter due to siren
alerting (sum of ?ine 9, colums a, b, and ¢)
D. No Aierting Mode
COLUMN COLUMN b COLUMN ¢
CENTRAL CITY URBAN FRINGE NONURBAN]ZED
AREAS AREAS AREAS
1. Time from decision to fallout arcival (fromPart I8, line 5) min. ————il__min
2 System response time (time from decision to warn to . )
beginning of emergercy announcements) —_————mn. - min rin
3. Time remaining to reach sheiter (linel less line 2) ——min. e __min. ———min
4. Fiactiunof pcpulation warned by the No Alerting Mode,
in shelter before fullout arrival time, (Uae charus
for ne alerting mode in appropriate time era. chter
chart with time from 3, above, read fraction from
curves)
5. Fraction of populetions not covered by other warning
modes, by cres
6. Fraction of area populstions in shelter who did not
receive alerting stimuius {lirc S times iine 4)
7. Fraction of U.S. population residing in eech area
Existing 0.323 0.2]2 C.465
1970 0.333 9. 324 0,343
Ocher
(Cross out inapplicable line)
8. Fraction of U.S. populetion in_shelter in esch srea
ns a result of stimuius (line 7 times line 6) N
9. Frarcion of 1.8 o fon 1o

cpulati in sheiies whu have been
warned by the No XIernng Mode (sum of line 8,
columns a, b, and ¢)
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