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Memoréndum 69-113

Subject: Study 65.40 - Inverse Condemnation {Noise Damage From Operation
of Aircraft)

Attached to this memorandum is s draft statute (Exhibit I, pink
sheets) which attempts as faithfully as possible to implement the tentative
policy decisions made at the September 1969 meeting regarding inverse
condemnation liability for aircraft nolse damage. As with the earlier
draft statute, this draft iz intended primarily to serve as a starting
point and focus for further discussion. Accordingly, the comments to the
sectlons are not drafted as though the statute were already enacted but
rather suggest starting points for further discussion and revision of the
statute itself.

The staff believes that the Commission must indicate at least ten-
tatively the approach and direction 1t wishes to tazke before too much
more can be accomplished. In short, what are we attempting to accomplish
here? For example, should tﬁe basic theory be inverse condemnation or
tort? Consider how the answer to this guestion can affect so many decisions.
For example, the pericd of limitations for injury to real property is three
years., Code Civ. Proc. § 338. The basic period of limitations for an
inverse action is five years on the theory that a prescriptive taking
requires five years to be completed. Whether our statute provides a three-year,
five-year, or some other period of limitations is not controlled by existing
law, and the staff i1s not suggesting that the answer--inverse or tort--
should control subsidiary questions such as the proper period  of limi-
tations, but some idea of the underlying approach would, it seems, be useful.

For example, if the theory is lnverse, it seems when the period has run,




the entity will heve acquired a right to continue its activity at that
level forever. If the theory is tort, and the activity is continuing, the
period of limitations only operates to cut off claims for damage that
oceurred beyond the applicable pericd. The latter approach seems to offer
grester leeway for liability over an extended periocd. Should the action

be in rem or in persconam? Should the focus be on the value of the right

the entity acquired {or should have acquired) or on the amount of damage to
the individual interests in the property affected? Can the presentation of
valuation evidence be alded by the nature of the right? For example, is
the value of an avigation easement easier to measure than damage to one or
more property interests? Can the problem of mitigation be aided by the
characterization of the right? For example, if the action is in rem, post-
Judgment mitigation can be provided in all cases, and the defendant may
only be obliged to pay for a temporary easement and whatever future damage
will occur. If the action is in persconam, post-judgment mitigation can
properly be provided, 1t seems, only if the plaintiff is still in possession
of the property. Should the statute attempt to be neutral concerning
direct condemnation or should it attempt to coerce condemnstion? If the
substance and procedure provided is & mirror image of direct condemnation
law, will this encourage entities to place the cnus of going forward on
individual owners?

These are only = sampling of the prcoblems presented, but it dees
appear to the staff that some decision concerning the inverse/tort,

in rem/in personam dichotomy would aid our progress. At the October




meeting, we hope that the Commission will engage in & "brain storming"
session and be able 10 make significant progress in our attempt to identify
and resolve scme of these basic problems. We also hope that we will be
able to have some "asirport-noise experts" attend the October Cummission
meeting and obtain their vilews, opinions, and suggestions regarding the

draft proposals, as well as possible alternative solutions.

Respectfully submitted,

Jack Horton
Associgte Counsel




.

“jemorandum 69-113

EKHIBIT I

DRAFT STAWTE

(Provisions to Be Added to Part 2 of Dlvision 3 6 of Title 1
- of the Government Code}

Section ,1.
| 1. Anairport ownet-cperator 1s liable té'tpe'aﬁﬁe£. 
of renl‘nrcpefty located adjacent'to or in the viecinity of the
airport for any diminution in the fair market vaxue of . such pmoperty
_ occurring during the period of his ownership caused by airoraft
| noise, and accompanying\vib@ations; fumes, anﬂ lighta of such
frequency and- magnituﬂe as to interfere materially and substantially

i-with the owner s use and enJeyment of such prnperty.

Commont.; Section 1 states the basic conditions of 1iab111ny for
aircrafﬁrnoise.- The party hald liable is the “airport Gwner-aperator »
This term will have to he defined once the Commission &etermines that a
workable sta‘l:.ute can 'be pz'oduced covering this ‘area of potential li&bilu:y‘ L
The definition should identify the party (or parties) owhing tho benefidﬁal

interest in the airport and best able to minimize ‘the aamage and to

'-distribute the cost arising'from the”airport and,aircnart operations.

This will: generally be a public entitya-an airport district, city, or.

, count -~} however, the section, 1ndeed the entire chapter, aould be

equally applicabie toa private 1ndiviﬂnal, corporation, or associatiOn.
Section 1 continues to provide a cause of action cnly for thn "owner"

of property for damage incurred during “the period of his ownership.; The

term "owner" must also-be defined, but what is intended here is any person

{or persons) vith_a-bonefieinl interest in nhe'proPerty‘in question. It
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§1

would appear that this person iz the one most deserving of,oompensétion.
If the right were made to pass with the property in Questioo,\it seens

doubtful that the price paid for the property would reflect such passage.

The original owner woulﬂ therefore suffer the 1055, the subsequent purb

chaser could reep a windfall. Treatment in the manner provided 1s, j ;

analogous to ‘the treatment of the right to recover “in tort for damage to |

property, e, g., automobiles, and the like On the other hanﬂ, Af we make

the right in Tem we will avoid certain prohlene in later sections, e. g.

the incongruity of penmitting the defendant o mitigate or eure. after

the judgment when the plaintiff may no longer own the: property; treatment

as an in Tem right would be analogous to dinect condemnation.' 7
Ho provision has heen includea concerninglthe assignability‘of the

cause of action. Without such a orovision, thelright oresuEEDiy would

be assignable. The owner would be permitted to sell the right if he

‘could £ind 2 buyer and there would be that mich greater chance of his

being compensated and the statute being “enforced b On the other hand,
making the right nonassignable would prevent "land shazké" from ‘profiting
from & trade in such rights and, of course, rould cut down on ‘litigation.
The staff believes that the right should he assignable, but either posi—
“tion. seems supportable

Lo Substantively, Section 1 providea 1iability for any diminution in
the fair market value of property oaused by aircraft noise, anﬂ accom-
panying vibrations, fUmes, and lights. Hote any.overflight requirement :

is eliminated. On the other hand, since;redcvery s limited to a dimimi- .

- tlon 1n the fair market walue of the property, damages baeed on personal
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a8 reflected in the market place. Similarly, although proPerty is

rendered totally unsuitable for r951dential use, if its value for com-
mercial or industrial purposes iﬁ unaffected and these latter uses
constitute the highest and best use for the pmoperty, no recovery will
be allowed ‘This. feature hecomes particnlariy impartant if, under
other prw:.aiOna, +the defenﬁant is ahle te secure a aoning change to
reduce potential damage | |

- Section 1 further provides that the airport operations st inter-

- fere materially and substantyally with the owner's use and enjoyment

of his. prbperty This formulation ia intenaed to. reenrbrce the idea that

personal fears, petty annnyance, and minimal intrusion and interference

- do not proviﬂe a. basis for recovery.
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§ 2
Section 2.
| | 2. In any action under _this chapter, any person with '
an interest in rth‘e property during the period in questibn is an
indispensable party [if peréonal service of proce_sé can be had upon

such person within this state]. .

Comment. Section 2 makes a’ﬁy peréon- with an iaterest in the property

at the time demage occurs an indispensable party 0 the act:ton. This

. should insure that lienholder or any other affected person will be

: represented and his rights protected in the litiytion._ However, if

such a persqn_ is made an i-ndigpe_nsable ;ar_ty,' the court must have personal
jurisdiction over him before 1t mﬁy'rmoéeed“with the case. See 2 Witkin,

California Procedure- P1 di_n_g § 72 et. et. seq. {indispensable parties)

: ”I?his can cause problems beeause, in general* for the caurt to have per- -

sonal Juriadiction, the perbon must either appear in the action, or bg
personally served and he "a reaiﬁent of this state (a) at the time of the
cmencement of the action, or (b) at the time that the cause of action
arose, or (c] rat the- time of sewice.'f See COde Civ. Proc. § hl? |
Inclusion of the material in brackets WO‘Llld 1nsure tha'b one plaintiff'
cause of action wcmld not be thwarted by his inability o hring another
potential plaintiff under the court's power. A aifferent ﬂay of resolvixig
the 1ssue, which seems just as satisfactory iz to provide that any |
interested person 1is a "cpnditionally necessary party.“ ‘,frhia_ makes
joinder mandstory only 1f thg_paffy is subject to the jurisdiction of the
court. | | | '

Tt might be noted phét the entire problem is short-circulted if the

action is made in rem rather than pei‘sonal tc the property owher. In the

latter case, the situation woruld Beem analogous to & guiet title action
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Section 3
3. No recovery shall be ﬁermitted under this chapter, unless.

the trial court determines thst the cla:l‘.mnt has establiahed that,

* during the twelve-month period of time immediately preceding the
filing of the action: (1) separate ineidents of imposition of
noise from aircraft oPerations averaged or more per day;
(2) peak aircraft noise preasure levels during such incidents
averaged more than _ PNdB, and (3) during at least one-third
of such :I.ncidel.:tsr,_ peak aircraft noise pressure le*_lels e.);cee&ed

'PNGB for a period of __ seconds or more.

ﬁomnent.ﬂ Section 3 -sets a fixed miﬁimﬁm ievel of "’m:isineas" which .
met be exceeded before any recovery will be pemitted under this chapter.
The section is attractive bee&use it esta'blishes a standard based on
reasonably ob:!ective criteria. that can be uged to elimipate the nuisance
and de minimms ‘type claims. The question is ,whethe'r‘ the section can be
zade elther effective or ﬁq;‘k,able. It must be recognized at the outset
that we are dealing ﬁ1th;11ab111ty_thst'ultiﬁately,has a eehstitutional
source. Statutory stendards that do not satisfy the undefined constitu-
tional mininﬁnﬁs will be ineffective. -NevertheleSS P reasonable standards
would problably be permitted to stand and the leglslative determindtion
that sets these standards would be given great weight in Judging tﬁe_ir
reasonableness. | -

The problem of establishing worksble standards is 10 less perplexing.
The comission will, of course, need assistance in setting the standards

provided in Section 3. How mich noise is "motsy” the staff cannot begin
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to guess, and for th:Ls reason we have left these criteria undefined.
The applicable test period is now fixed with reference to the date af
filing suit. Professor Van Alstyne has suggested in an analdgous
situation fixing the period with reference to trial. One;e belief as

to whether the cause of action should be in persona‘m‘or 'i'n rem—has agaain'

some bearing on this problem If the period is fixed with reference to
trial, the claimant has little or m idea when he files his act:l.on

whether the ccndition wil-l centinue and 'he will be pemitted to ‘Tecover. ‘

If we think of the action &8 in rem,. the 3;roblem still yemaine but the value
of the af‘fected pmperty will be restored 11' the condrition 15 abated ‘and -
therefore the denial of recovery aoes not seem so-.striking- *Moreover,

fixing the period with reference to the date of tris.l would ‘be congistent

‘with the rule that often requires valuation to be. detemined as of the -

date of trd.s.l and with su'bsequent seetione herein which permit ‘reduction
of damages by defendant's ‘post-tr’iel actions. Finally, it wou.'l.d_‘give-

the defendant & ‘netter opportunity t;, check':the aceuracy of the basic
facts. On the. other hand, if one believee the right should be persenal,
there will be owners who will hmre suffered loss and by the time the N
action is tried no longer own “the property in questien. Tt will certa:l.nly
be of no conseguence to them thet conditions have beenr or cen be altered.
They will be concerned only with the damage c&used them which motivated
their filing suit.

The duration of the _'te_et‘perioc_i raises thé problem of seasonal or

other variations in operations. Where, for example, a certain mﬂwa";-,r'_

is used enly one month or ‘three months oﬁt of the year, ave;'eg_e_ figures
may not reflect the impact of such use on the eurrounding property. Certain-

ly, this problem should be covered. If the basiec approach is approved,

perhaps several different situatians will requi.re descriptinu here and 1n ‘
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Section 4

h. {a) Any dimirnution of property value claimed to have
resulted fram.aircraft operations shall be presumed to Have been
. caused thereby if the plaintiff establishes to the satisfaction
of the court that, . during the twelre—month period of time immediately
preceding the filing of the action: (l) separate incidents of
imposition of noise frozn aircraft operations av.eragea . or more
 per day, (2) peak aircraft ncise pressure levels during suéh 1nci—
dents averaged more -than | PNdB, and (3) dnring at leaat one-third
of such 1ncidents, peak aircraft noise pressnre levels excee&ed
PNdB for a period of ten seconds or more |
{b) Tbe presumption provided in subdivision (a) 1a . presump—

tion affecting the burden of proaf
Conment éectibﬁ 4 ﬁrcvideé a réﬁutﬁéhlefprééumyfiénfwhigh_ahifts
the burden of proof to the defendant to sho thét'tﬁéVaircraft noise was

not the cause Qf the-thange in—mérket valués. The prasumptien could be

_strengthened by providing that 1t can only be overcome by clear and con-

vincing proof or it could be rade conclusive. - the that in any oase, thg
claimant mnst still establish that his property is reduced in value and
the extent‘of this reduction;-this section_only a;ds_him 1n egtablishiqg
the cause of the reduction.‘ S .

Section h'preSents.many:éf rhe aﬁme problems raised.under-sectién 3:
e.g., vhen and how long éhpﬁld the tést‘period ﬁe;rwhaf_noisé-levels

should glve rise to the presumption. It is not necessary, however, that

| the same standaxds be applied. That is, there may be @ significant
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difference between the level of noise which the plaintiff must show exists
to avold the conclusive presumption agaiﬁst anq'that which gives rise to the
 rebuttable presumption. Similariy,nit 18 not necessary that the test
‘period here be of the same duration or Véqﬁﬁfencp at f}_:e same time as that

under Section 3.
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Section 5.

' (‘a) Any airport' owner-opemtor may prepare, publish and ‘

.gerve a statement of exieting operations in the form anﬂ manner -

and with the effect pr0v1ded below.

(b) Such statement ehell contain a deecription of the exieting

operetions, the real property affected by such operations, and the

effect of such operatione s including the quantity and q,ualit_v of
aircraft noiae : imposed on each paroel of real pmperty descri'bed.
(e) Such statement shall provide that any person owning or

baving any legal or equitable interest_ in any real pnoperty vwhich

has suffered 1eéa_J_.- damage by reason of the,e_xieting ‘operations may

file a written clain of dasages with-the'airport'ownersoperator at

a time not 1ater than & date 80 fixed, that such written claim muet _
describve the real property as to which the cleim ie mde, mist state
the exact nature of the o]ﬂimant'e interest therein, mst state the
nature of the clamed damage thereto, and must state the emount of
damages cl&imed, that failure to file such written claim within the
time provided shall be deemed a waiver of any claim for damages or -
compeneation and ehall opexate as a bar to any eubeequent action

seeking to recover damages on account of such esta‘blisbment, and

: that the filing of such a claim shall oyerate aa a bar in any sub-

sequent action to the recovery of any damages. or compensatio_n in
excess of the amoﬁnt etated ir such claim. _

(d) The stetement of existing operations shall be published

pursuant to Section 6065 of the Government Code [once & week for

P
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| § 5
eight corsecutive weeks] in & newspaper of general circulation
published within the county, city, or ci.t;,r and ceunty, as the case
may be, where the airport is located. E[he first publication shall
be not lees thae 180 daye -i)ribr to the ate fixed therein.’ In 8
{::I.‘l::ar where no such newsp&per is published, the statement shall |
1nstead be 50 pu‘blished :l.n 2 newspaper of geneml circulation
pu'blished in the county 1in which the city is located.

(e) A c0p3r of the statement shall be mailed, by certifieé
iuail with return receipft; requested, _not..\less,than 180 days ‘prior to
tﬁe date fixed to each person towhom any parcel of 1and described’
in the 'até.tement 'ia essesseﬁ as sm 6n' the'leat" equa'.ﬁ"fseﬁ aaaees..
ment r03:1, -at ‘hig address Vas_"ehma‘n? upohfsﬁch roll,andtn any pers-o:-x,
whether owner in fee ‘or &aﬁ-ng a lien ufpon, or legal or ;e_qu:_li_'-able
intérest in, 'any of such lam’:le-.whose name iand--'addresa"and a designation -

of the lend in which he is interested is on file in the ofi‘iee Of'

' the city c.lerk or county clerk,- as the caBe may te. The airport

owner-operator mey determine that such statement sh&ll also be
mailed to such other peraon as 11: my syeeify '

(f) Not later than the date set fnrth in 'l:.he statement o:f'
existing operations any: person mming, or. having an;r leml or
equitable 1nterest in, any real property which has a‘uffered legal _

damge by reason of the existing 0pera'tions may fue withthe airport

owner-operator a written claim of damages. Such. writﬁen claim mast

describe the real property as to which the cla:l.m is made, must state
the exact nature of the claimnt',s interest therein, must state the

pature of the claimed damage thereto, and must state the amount of




o

§ 6
damages claimed. The failure to file such written claim within the
time provided shall be deemed a ueiver of any ciaim for damages or : -
compensation and shell operate as a bar to eubsequent ection seeking
to recoverfdamaéee‘on account of eech‘qperations,.rgxceﬁt a8 pievided'_'
inrsuhdi#ision (g) bf this sectiOn, the'filing of-suehJélaim shall
cperate ag & bar in any subsequent action to the recovery of any |
‘damages or campensation in excess of the amounm stated in sueh claim
(g) Rotwithstanding subdiviaion (f), no claim for damages pur-
suant to this chapter shall be barred, where the claimant estah&ishea
_ either that his property V&g not included in ‘the descriptien eet
forth in the statement of exlsting operationa or that the quality or
quantity of aircraft nolse affecting his property is greater than

that described,in such statement._

Comhent.uksection 5 18 besed in part an‘£he "holler if you're hurt”
provisions of the-Pedestriaﬁ‘ﬁall Law of 1960. Sts;'& Bvys. Code §§ 11200,
11300, 11302, 11304, . The latter statute, however, is prospective ™y |
effect. That ie,‘the entity gives nntice of its future plans and then
places the omus of eamplaining on’ the property cwner. In other wnrds,
it ie more properly & "holler if yuu are ggigg to be hurt" statute._ The
staff believes that this concept would be impossible in our context It
seems ccmpletely unreasonable to ask a prcperty cwner to anticipate the
property 1osa, if any, e would suffer under some proposed airport ogeration
that almost unavoidably would be described in technical Jargnn.

On the othar hanﬁ, it does-seem possible-to~provide a procedure that ~

would permit the airpbrt owner—operator_thESteblish a definite cut-off

i




§5
date and to precipitate claims based on existing operations. There are;
of course, difficulties. Bearing in mind, that the owrey must base his
" cleim on loss in market value, the apﬁlicable pericd of,limitéﬁions $hbu1d
be.loﬁg encugh to pérﬁit himgfo'maké at leastfan édﬁéated gueés.as_tp what
his loss ﬁill be. The staff.haé?profided a sixémonthlferiod'anﬂ believes
this is practically e minimum However, if the period 1§ too 1ong, one
suspects that the procedure would. simply be ignored There_is the initial
expensewof,preparing a survey of existing noise levels-and makihg.the title
search required for prcviding notice. If the normal.statute of limitations.'
is relatively shnrt anyway {g;g;,one year], the expense of the pmecedure
 and the philusophy of "letting sleeping dogs 1ie," all suggest that the

airport awner-operatcr is better off doing nothing.
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§ 6

Section 6.

6. Any airport Wner-eperator subject to 1iapilit3r under this
chapter nay undertake reasonable eteps, including physical improve-
ments to the property affected, to minimize or prevent demage caused

or :tminently threatened by aircraft operatians.

Cogment, . Section 6 ei.mply anthorizes the airport opemtor to under-
take “physical eolutions" te the problems caused by the operations of the
airport. As & general proposition it seems Bound, -but-- (1) should the
operator be permitted to enter propexty over the proteet cf the mrner‘?
(2) if not, dces the protest aperate as & bar to recoveryt (3) should
the suthorization cover only pre;}udgment steps? . _Eie_e_ Section 7. If so,
the operator is compelled to guess whether he will ‘be held liable without
mitigation. On the other hand, 1f he may wait until after judgment, is
the’ procedure provided by Section T adequate to cover the situatiun? At
the very 1eeet 1t eeems to require a tremendous emeunt of guesswork as
to the effect of the mitigating stepe upon the feir market value of the

property. {4) If the cause. of actien is a pereonal one, whet ehmﬁ.d be

" the e.‘t‘fect on this section of a eale of the prc»perty by the owner-plaintiff?

-13-
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Section 7.

T. In determining any daniages recoverable under this chapter,

- the trier of fact shall consider the effect as thm:gh eompleted' of
 any r_hiti@tiné steps undfei'téken or proposed by the airport operator
purauant to Section 6. Where sﬁch steps have not been completed,
the court '.!.s authorized to render a conditionﬂl Jud@en’t subject to

: final completion of the steps as proposed.

Coﬁment. ‘ 'I‘he basic PUTrpose offthis _sec‘tion is t.o' provide for the

~effect on the trial of - post~judgment miti@tion. ,The section. highlights

again the importance of t.he 1n personam/in rem issue:
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§ 8
Seétion 8.l
8. | (2a) In determining any dameges recoverable under this
chapter,. the frier of,fﬁcf éhall consider the value of the property
| at its highest and best use in accordance with zoning restrietions
applicable at the time of trial.

(b) Notwithstanding subdivision (a), the;cdurt 1S-aﬁth6rized
to render a ccnﬁitional judgnent based upon A change of zoning and
allow the airport operator 8 reasonable period of time to secure
such zoning change where the - change wauld permit the use of the

rcperty affected for a purpose that wau.'ld significantlz,r reduce the

damages otherwise ‘recoverablen

Comment. Subdivision (a) states the rule that'wmid presumably apply

in the absence of a specific ~proviaion. It ,‘i-s subject to the implied

exception that the trier of fact shall consider ‘the effect of future zon-

ing where there 1s & Tessonable probability of zoning change.’
Suhdivision {v) permits the court to render 8. conditional :}udgment

in the stated cirmmstances. To implement this procedure, as early as

pretrial, the poselbility of a zoning change should‘ be thoroughly explored._

Evidence could be introzhcéﬂ- (éppraisal test_imoﬁy.) sﬁowing the value of the
property with and ’;rithout a zoning change»; ,and a spécial'verdict reflecting

these alterna‘tives rendered by the trier of fact., The c¢hief advantage of

| this procedure is that it permits post-trial changes to be made based on

greater knowledge of the consequence_s. of change. On ‘the other hand, the
procedu‘re does introduce an adﬂed ‘source of confusion into what .already

promises to be a diffimzlt case to litigate. Morewer, it woul:i not work

satisfactorily if me ;plaixitiﬂ‘ P mager m'm pmpeﬁy.




Reprinted from AMEricAy PsvcmoLocist, Vol. 23, No. 4, April 1968
Printed in T. 8. A,

AN EXAMPLE OF “ENGINEERING PSYCHQOLOGY":
THE ATRCRAFT NOISE PROBLEM*®

K. D. KRYTER

Sitanford Research Institutle
Menlo Park, California

fined as the application of psychological re-
search Information to the design and/or
operation of man-machine systems. It also, of
course, involves the doing of the research when that
is required, as it often is; but without the applica-
tion intent, the activity, I believe, does not qualify
as “‘engineering” psychology.
Traditionally, a man-machine system has been

ENGINEERING psychology is usually de-

taken to be a human operator or operators plus a .

simple or complex set of electronic or mechanical
devices performing some useful function. The
purpose of the engineering psychology in this con-
text is, of course, to increase the efficiency and
efficacy of a particular man-machine system.

A second, perbaps sometimes secondary, role of
engineering psychology has been to provide design
criteria or information relative to the protection of
the well-being of the operator or user against psy-
chophygiological harm from the machine, even
though such harm may not interfere with the os-
tensible performance of the man-machine system
in question. Here we would include design criteria
for excessive noise, vibration, light, etc., that could
bring annoyance or eventual physiological damage
te the operator. This aspect of engineering psy-
chology represents a broadening of responsibility of
the engineering psychologist; for example, partial
permanent deafness resulting from exposure to the
excessive noise made by a piece of machinery may
be a handicap to the operator of the machine only
when he is nof operating the machine itself—when
he is in the relative quiet of his home or in an
office, etc.

The subject of this paper is concerned with a
third, even more remote, type of engineering psy-
chology. It has to do with the fact that machines

1 Presidential Address presented to the Society of Engi-
neering Psychologists at the meeting of the American Psy-
chological Association, Washington, D. C., September 1967.

sometimes have a way of reaching out and affecting
people other than the direct operators or users of
them; in particular, we will be concerned with the
effects upon people of the external sounds from
aircraft. The neighborhood noise from ground-
based transportation vehicles and heavy industry
is, of course, another similar example.

Engineering psychology qualifies for involvement
in this problem area merely by broadening, I trust
justifiably, our definition of a system to include all
the people affected directly through their senses as
the result of the operation of the machine part of
the system. Extending the definition of man-
machine systems this way probably seems reason-
able to most of us, but the kinds of research in-
formation required for this somewhat “global” man-
machine system and the avenues of application of
this information are sometimes a bit startling, as
T will attempt to show.

THE AmRCRAFT NoOISE PROBLEM

Fundamentally, the aircraft noise problem re-
quires two kinds of psychological research informa-
tion for the man-machine system problem I wish
to discuss:

1. Basic hehavior or characteristics of the audi-
tory system as a receptor of acoustic energy and

2. The reactions of people to aircraft notse in the
environment of, primarily, their homes.

The latter is obviously the true criterion against
which we must work and evaluate the results of
the basic laboratory-generated information and the
results of anmy human engineering system design
recommendations that might be made. These en-
gineering design recommendations will be:

I. For the design of aircraft engines and the
operation of the aircraft to produce the least ob-
jectionable kind and amount of sound and/or

240
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2. For the design of the airport-community sys-
tem so that the sounds and the communities are
compatible, ie., placing the airport away from
residential areas or zoning the areas near airports
for industrial use only,

But the design recommendations to be made
with respect to either, and especially the second, of
these parts of the system run head-on into ex-
tremely complicated economic, social, legal, and
political matters on both a2 national and interna-
tional basis. The engineering psychologists who
wish or have the opportunity to work on the air-
craft noise problem need to consider and, to some
extent, understand these practical, real-life parts of
the problem if they are to behave and interact
sensibly with the people who are responsible for
creating and solving the problem.

So before presenting some of the research facts
and data that might be used for the “best” engi-
neering of the aircraft noise problem, I will burden
you with a few brief comments on the more politi-
cal-legal aspects of the problem. Most of my com-
ments to follow in this regard apply strictly only
to the United States, although the arguments can
usually be applied to other countries.

In some countries, such as the United States
of America, aviation is a private enterprise and has
the right, if not the obligation, to promote its own
interests first, If making noise results from these
activities, restraints on making neise will be self-
imposed by the aviation industry only if the noise
hurts aviation business; such restraints may also be
government-imposed if it creates a public nuisance,
damages health, or destroys the value of property.

Some parts of the aviation industry are making
valiant efforts to self-impose noise lmits for the
benefit of persons on the ground near airports as a
matter of good public relations and public re-
sponsibility. However, the aviation noise problem
has become so acute, and promises to become even
worse (Greatrex, 1963}, that some government par-
ticipation in setting and enforcing limitations on
aviation noise seems unavoidable at natiomal, if
not international, levels. But, regardless of who
sets tolerable limits for aircraft noise in a com-
munity, a rational reason for setting these limits
must be developed.

Three bases for such action have been argued
from time to time: that noise () is a public

nuisance, (5) damages health, and (c) destroys
property. Let me remove from consideration the
question of “damage to health.” I think, although
some may disagree with me, that aircraft noise as
we know it is not demonstrably dangerous to the
health of people in a community near an airport—
and I am including not only direct physiological

effects but possible indirect effects from loss of

sleep, startle, etc. There is no convincing evidence,
in my opinion, that significant adverse effects of this
sort occur in real life as the result of exposure to
aircraft noise per se. Fortunately, man, at least
physiologically, seems to be able to adapt more or
less completely to most noises.

The question of “public nuisance” is also a
slippery basis for predicting the need for the estab-
lishment of aircraft noise limits. In the first place,
what bothers some people is acceptable to others;
but more importantly, a nuisance can be made legal
if it is in the general interest of the public to bave
the nuisance. Aircraft noise, to a considerable
extent, qualifies as legalizable nuisance, inasmuch as
aviation has become such an important part of our
economy and way of life. Ultimately, this balance
hetween different and conflicting “values” can prob-
ably only be settled by application of some form
of governmental judgment.

Tt would seem, however, that damages to property
values may provide legal grounds for limiting dir-
craft noise in communities. (I do not mean to say
that in some courts of law and in some legislatures
aircraft noise above certain limits will not be con-
sidered as hazardous to health and well-being and,
therefore, an illegal nuisance. This is certainly a
possibility.) Tn the United States of America and
elsewhere it is maintained that neither the govern-
ment nor any private party can take or destroy
property without adequately compensating the
owner of the property. Property can, of course, be
partly taken or destroyed, and if the presence of
aircraft noise at a person’s house makes that house
less desirable as a house, its value is reduced and
the property has been partly “taken” by the
presence of the noise, be the noise in the pubHc
interest or not. In short, noise may damage or
cause a relative decline in the value of a property
because it is not acceptable to people trying to live
on the property.
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AN ExXAMPLE OF ENGINEERING PsycHOLOGY

THREE CRITERIA FOR ACCEPTAELE
AmcrarT NoBSE

Let me now turn to a discussion of possible
criteria of acceptability of aircraft noise in a com-
munity. The term “criterion” needs to be de-
fined because it is often misused. By “criterion”
I here mean the behavior or response to sound,
such as airplatie noise, that is deemed to be on the
borderline between acceptable and unacceptable.
It is not the noise level that produces the behavior
that is the criterion, although it is common practice
to refer io these just tolerable {according to the
criterion) noise conditions as *“‘noise criteria.”

In any event, I have recently (Kryter, 1966) had
the temerity to describe how, on the basis of exist-
ing acoustical, psychological, and sociological data,
one could: (@) specify criteria of acceptability of
aircraft noise in a community, and (&) specify the
noise conditions that would result in behavior that
just on the average meets these criteria. Most of
the next few paragraphs are taken from the above-
referenced article and also were presented at the
Inaugural Meeting of the British Acoustical Society

‘on Aircraft Noise (Kryter, 1967).
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Fic. 1. Typical levels of intermittent noise produced by
(An increase of 10 PNdB is usually equivalent to

a 100% increase in judged noisiness. See Kryter, 1964.)
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Criterion 1

A new or novel noise environment that is com-
parable in basic noisiness to a noise environment
known and considered by the average person to be
significantly unacceptable at a residence will like-
wise be considered significantly unacceptable at a
residence. Obviously, the expressions “average per-
son” and “significantly unacceptable” render this
criterion open to interpretation and adjudication.
But the approach may have some merit in that it
allows persons to evaluate a noise environment that
is relatively unknown to them with another with
which they are more familiar. Many of the people
making decisions about the possible effects of air-
craft noise upon people in communities near air-
ports have not been repeatedly exposed to such a
noise environment.

Figure 1 suggests that aircraft noise having a
perceived noise level {Johmson & Robinson, 1967)
in excess of 100 PNdB # might be considered by a
significant number of people to be unacceptable in
their homes, inasmuch as that is the approzimate
noise level 50 feet (15 m) from trucks or motor-
cycles at maximum highway speed or in the course
of acceleration, or 200 feet from a diesel train
going 30 to 50 miles per hour. ,

These comparisons, to be most meaningful,
should include not only peak PNdB levels, but also
the number and duration of occurrences. In these
respects the exposures to aircraft, truck, motor-
cycle, and train noise differ greatly, not always in

2 So.called perceived noise level in PNdAB is presently
being used for a basic unit for measuring the sound from
alrcraft and other sources in terms of its most probable
“gnnoyance” effect on people (Kryter, 1963). A PNdB is
found by making certain calculations on octave band or
one-third octave band sound pressure level measurements
of a sound; the effects on annovance or the “noisiness”
of a sound in terms of pure-tone contsnt {which is an
important contributor to the annovance value of a sound)
and duration of a sound can also be evaluated by *cor-
rected” PNAB units.

It might be noted that the informatien developed for
and contained in the PNdAB values for a given sound is at
least potentially of direct use by the engineer designing
aircraft engines, in that the engineer can conirol the spec-
trum and frequency lod of pure-tone components and
thereby make the engine noise as compatible as possible to
the person on the ground under the aircraft. Likewise,
engine power settings and other landing and take-off pro-
cedures on the aircraft can be specified on the basiz of
perceived noise levels to reduce community noise in pre-
sumably the most effective way possible.
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favor of the aircraft noise. Two very similar
methods have been developed whereby PNAB val-
ues and numbers of daily occurrences of intense
sounds are used to depict the total daily noise en-
vironment present in a community, as will be de-
scribed below,

Criterion 2

A noise environment in which vigorous complaints
and concerted group action against the noise are
made is considered to be an unacceptable noise
environment. These are the expected responses
from a community when a composite noise rating
(CNR) of 100 to 115 is present, see Figure 2. A
CNR is calculated, incidentally, according to the fol-
loewing formula: CNR = PNdB — 12 4+ 10 log,¥,
where NV is number of aitcraft flyover events.

Criterion 3

It has been found that in a noise environment
having a noise and number index (NNI) of
435 about 50% of the people will report that they
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Fic. 2. General relation between community response to

aircraft or other noises and composite poise rating or noise

and number index. ({See Bolt, Beranck and Newman, 1964 ;
Wilson, 19563.}

are disturbed by the noise in various ways, and

that it tends to be rated the worst aspect of a
residential environment. Figure 3 illustrates the -

type of sociological data that substantiates the NNI
method of measuring daily exposure to aircraft
noise. NNI is calculated as follows: NNI = PNdB
— 80 + 15 log,,¥, where ¥ is number of aircraft
flyover events.
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In sliurt, it is deduced that a noise, repeated
fairly often during each day, having a peak level

- of 100 PNdB would probably be considered as

unacceptable; thus 30 to 40 daily repetitions of an
aircrait noise at 100 PNdB would be rated unac-
ceptable by each of three rating methods described
above.

SoNic Boom

Finally, let me make a few remarks about a
noise from a proposed commercial aircraft of the
future—the so-called sonic boom. This new noise
will be a significant problem, it appears, not be-
cause it will have any worse effects upon people
than the noise from present-day subsomic air-
craft near airports—as a matter of fact, research
in the United States {Kryter, Johnson, & Young,
1967; Pearsons & Kryter, 1964) and Great Britain
{Broadbent & Robinson, 1964; Johnson & Robin-
son, 1967) indicates that the effects of sonic booms
and noise from subsonic jets near airports may
actually be roughly comparable—but because the
sonic boom will be heard by so many more people

‘and because it may cause some slight amount of

structural damage, the overall noise problem could
become much worse. For example, it is estimated
that " transcontinental SST operations over the
United States could expose 50,000,000 or so people
to 15 or so booms per day. I think that the
“absolute” number of bothered people becomes im-

~ portant for two reasons:

1. Practically speaking, there probably is a “crit-
ical mass” of people required to exert sigmificant
political and social action against a nuisance, and
the number of people near present airports appears
in many cases to be fewer than this critical size or
number.

2. Also practically speaking, whereas it is con-
ceivable that compensation for taking property

~around airports might be economically feasible,
" compensation for taking of property in the United

States by sonic booms (the property of 50,000,000
people) is hardly conceivable.
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The problem of setting maximum tolerable ex-
posures to sonic booms for communities would per-
haps be amenable to solution a priori if some resolu-
tion of the question of the acceptability of the
noise from subsonic aircraft were forthcoming and
if some realistic and convincing estimate could be
given as to the political response to complaints of
possibly millions of persons, in comparison to the
present-day complaints about aircraft noise from
but a few tens of thousands near major airports.
Indeed, whether the SST will be permitted to op-
erate supersonically when over populated Jland
areas may be largely decided on the basis of re-
search information bearing on these specific points
—information which I like to think belongs to the
field of engineering psychology, broadly defined.
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Sonic Booms from
Supersonic Transport

The operation of supersonic transport is considered in
the light of the effects of sonic booms on people.

When the British-French Concorde
and the Boeing supersonic transporis
(S5T) are fully operational, sometime in
the late 1970°s according to present
plans, it is expected that about 65 mil-
lion pecple in the United States could
be exposed to an average of ahout ten
sonic booms per day (26 million re-
ceiving 10 to 30 booms, and 39 mil-
lion receiving one to nine booms). In
contrast to these expectations, some
people claim that such exposures will
not be tolerated, and that an SS8T will
be usable only over water, or sparsely
populated land, and only very occasion-
ally over populated areas. Whether
these restrictions make the building and
operation of a commercial SST eco-
nomically attractive is a critical gues-
tion, but one not evaluated in this paper.
This paper, except where specially
noted, is directed solely to the question
of the feasibility of full anticipated
operation overland of presently planned
S8T and in no way is it concluded that
operation of the SST essentially over
water is not practical or desirable.

The opinion is sometimes expressed
that the existence of air and noise pollu-
tion in our country is prima facie evi-
dence that sonic boom pollution will be
allowed to develop. But the proposed
advent of the S8T and its sonic boom
is unique in that (i) the available knowl-
edge from research and experience
about the effects of noise and sonic
booms on people permit forecasting
with probable accuracy the reactions of
people and society to sonic booms from
the S5T; {ii) the federal government is
underwriting much of the cost of the
58T, and (iii) the sonic boom from pres-
ently planned SST's would represent

The author is direcior of the Sensory Sciences
Research  Certer, Stanford Research  Institute,
Menlo Park, California.

Karl D. Kryter

an increase of orders of magnitude in
the amount of noise present in the
United States and in the numbers of
people to be exposed to intense noise.

In view of the costs and commitments
of aviation facilities involved in produc-
ing and operating the SST, it would
seem prudent for varicus governmental
and scientific bodies, if not the general
public itself, to examine closely the per-
tinent data from psychological and soci-
ological research and their relation to
arguments for and against the overland
operation of the SST. The general un-
availability of an integrated interpreta-
tion of the implications of the psycho-
logical, sociclogical, and acoustical
research related to the acceptability of
sonic booms to people has prompted the
publication of this paper. In the last
analysis the sonic boom is a psycholog-
ical-sociological problem, and it would
perhaps be regrettable if all relevant
information, such as it is, from these
scientific disciplines were not available
and discussed in the practical context of
the problem.

Before presenting a detailed analysis
of relevant data, I will first briefly
review, by way of further introduction.
some of the argements for and some of
the arguments against deprecating the
severity of the problems to be created
by sonic booms from planned Boeing
and Concorde SST's.

Argument . Information from re-
search on the effects of noise on people
is too vague to permit one to predict
how people will behave toward the sonic
boom in the 1970’s or 1980's. Related
to the latter point of the argument is
the notion that an estimated $15 billion
or s0 investment in an SS$T fleet and
other financial considerations would
mote or less oblige the public and gov-
ernment to behave favorably toward

the S5T. Also, it is presumed that, inas-
much as the number of sonic booms will
be relatively few for the first few years
of operation (until inventory of the air-
craft is enlarged), people will gradually
become accustomed to the boom,

Counter argumenis.

1) Sonic booms from the SST will be
subjectively so unacceptable, both ini-
tially and after adaptation, people will
not permit the boom to become part of
their environment, A boom will initially
be equivalent in acceptability to the
noise from a present-day four-engined
turbofan jet at an altitude of about 200
feet (60 meters) during approach to
landing, or at 500 feet with takeoff
power, or the noise from a truck at
maximum highway speed at a distance
of about 30 feet. (The effect of number
of noise incidents versus intensity level
and other data are presented in detail
below. )}

2) The number of people using the
SST will be exceedingly small as com-
pared to the number of people exposed
to sonic booms (unlike the case of in-
tense noise from trains, automaobiles, or
subsonic aircraft).

3) The sonic boom will have, from
the start, in populated areas a very high
equivalent level of noise unlike, in gen-
eral, the train, automobile, and subsonic
aircraft from which the initial levels of
noise in populated areas were much
lower than they later became.

4} With respect to predicting the
behavier of people in the 1970, it
would seem highly questionable to pre-
sume that the attitudes of our society
toward noise, or that the legal and po-
litical] mechanism now available as a
means of exercising attitudes and be-
havior against noise, will be changed ip
the direction of preventing society from
effectively stopping operations of the
SST if the sonic booms become suffi-
ciently oboxious,

Argument 2. The SST represents
progress that benefits all concerned and
therefore will be accepted. For example.
the noise from the automobile did not
stop its development.

Counter arguments.

1) The S5T is not a new form of
transportation, but only a somewhat
faster version of an existing and appar-
ently reasonably satisfactory form. It is
to be questioned that the overland use
of the 88T would significantly increase
the amount of air travel within the
United States or within Europe, or im-
prove the economy because of increased
production of aircraft. Proportionally



more subsonic planes will have o be
manufactured if the SST is not made
for overland use. It is probable, how-
ever, that the 85T would significantly
increase travel for long-range overwater
air routes, and would also, therefore,
increase the total number of aircraft
required for that purpose.

2) The use of transportation vehicles
has, in fact, been tempered with con-
sideration of and, to some extent, con-
trolled by noise; the noise from rail-
roads, trucks, cars, and aircraft has
been and will, probably even more in the
future {as measurement technigues and
understanding of the control of noise
are further developed), be the subject of
lawsuits and government codes, laws,
and regulations, Legal and semilegal
codes in some cities and states of the
United States, as well as of some other
countries, set limits on road vehicular
noise that are more reflections of the
noise existing vehicles make than what
are "acceptable™ noise levels; even so.
these levels are well below the equiva-
lent noise level of a sonic boom from
an S8T. Adjustments have taken place
in property values (in some cases com-
pensation has been paid for noise ease-
ments), and in the selection of people

living within a few hundred feet of
certain railroads, highwayvs, and near
some airports where the noise environ-
ments are equivalent in objectionable-
ness to that anticipated for the sonic
boom from the 88T, These more or less
natural adjustments that can take place
over lime, unfortunately, are probably
not practical for the sonic boom be-
cause it will fall over such large areas
of the country and cannot be escaped
by wvery large numbers of people re-
gardless of their socioeconomic status
or ather abilities.

3} It is well established in the
United States that a nuisance required
for the general “well-being” of society
can be declared as legal and, therefore,
as a nujsance, unassailable by court
action. Aircraft and other noises can
often qualify as a legal nuisance; how-
ever, if a legal nuisance makes a given
piece of property less desirable for its
intended use and therefore less valuable,
the owner of the property must be com-
pensated for the loss or partial loss in
value, The sonic boom, if a continuous,
persistent condition over certaip areas
of the country, could be viewed by the
courts as a compensable taking of prop-
erty, but undoubtedly would not be so
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viewed for practical reasons (the fact
that millions of pieces of property
would be involved). This possible com-
pensation is more or less independent
of, or at least in addition to, the pay-
ment for repairs of broken windows or
other structural damages caused by the
booms; the homeowner would presum-
ably be compensated for such damages
as a matter of course.

4} Another basis for legal suit to
enjoin someone from making undue
noise could be damage to health. There
is no threat of damage to hearing from
exposure to sonic booms, and it is my
personal conviction that there are no
conclusive data that show that general
environmental noise as we know it, or
sonic booms as projected for the future,
can cause significant problems of physi-
ological or mental health. However, this
latter assertion is debatable; when a
sufficiently large population is exposed
to sonic booms, there may be found
valid damage to the physiological or
mental well-being of some presumably
small number of people.

5) When a noise nuisance is created
that engages millions of people, in con-
trast to the thousands or even hundreds
of thousands now exposed to environ-

125 MILES TO SIDE

Rt o S UNDER FLIGHT PATH OF FUGHT PATH

l. MEDIAN BoOM _INTENSITIE TRANSSONIC | CRUISE TRANSSONIC | CRUISE
BOEING 2.1 pofiest) | 1.8 psflesth 16 psfiest) | L3 pstlest)
CONCORDE 2.0 psf (est) | 1.9 psflest) L5 psf (est) | 1.4 pst(es)

2. 50% OF LONG HAUL U.3, MIR TRAVEL ON SST WOQULD PRESENT {0-20 BOOMS PER DAY TO;

d. GREAT CIR(LE ROUTES

65,5 MILLION PEOPLE (WITHIN 25 MILE EOCM PATH}

f. CIRCHTOUS ROUTES

35 MILLIGN PEOPLE (WITHIN 25 MILE BOOM FATH)

GCENERAL CONCLUSIONS

I. WIDE SPREAD POLITICAL AND LEGAL ACTION AGAINST BOOM FROM SST SEEMS CERTAIN WHEN RESULTS OF BOOM-NDISE JUDGEMENT
TESTS ARE RELATED TO REACTION OF PEOPLE NOW LIVING WEAR A(RPORTS AND IN VIEW OF OBSERVED COMMUNITY ATTITUDES TO ACTUAL 55 OVERFLE
2."BEST ESTIMATES™ OF ANWUAL PAID DAMAGES (BASED ON 50% OF ACTUAL: PAID DAMAGE RATE EXPERIENOED T0 DATE)
a. 6REAT CIRCLE ROUTE - § 86,000,000

b, CIRCUITOUS ROUTE £ 37,000,000

NOTE: COST OF PROCESSING CLAIMS NOT INCLUDED
STRONG POINT OF RESEARCH DATA
PATA FROM LABORATORY, FIELD, AND COMMUNITY RESPONSE STUDIES CONSISTENT WITH EACH OTHER

’ WEAK POINTS IN DATA
1. LABORATORY AND FIELD SUBJECTS NOT IN OWN HOMES OR ENGAGED [N TYPICAL ACTIVITIES
2. REACTIONS OF PEOPLE iN COMMUNITIES TO SUBSONIC JET NOISE AND BOOMS POSSIBLY NOT SUFFICIENTLY MEASURED,

Fig. 1. Sonic boom problem from the supersonic transport and research conclusions. Sonic boom intensity is given in pounds per
square foot {(psf).
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ments of equivalent noise, it seems
likely that the courts will act against the
noise on the basis of present laws or
that new legislation against the nuisance
will be enacted.

Argument 3. It is argued that as a
matter of economics the United States
cannot afford to purchase S8ST's from
another country or to lose such a large
share of the international market for
aircraft to another country. This argu-
ment has perhaps had the most influ-
ence and has been used to override
questions concerning the sonic boom.

Counter argument.

The SST being developed by other
countries, as near as can be determined,
will have as great, if not greater, sonic
boom than the 58T now being devel-
oped in the United States. These air-
craft cannot be expected to be any
more successful in this regard than the
Boeing 88T, and therefore would also
not be in demand as an overland air-
craft.

Argument 3 is, however, a legitimate
and powerful argument in favor of
having the United States develop an
S§ST. provided that there would be suf-
ficient demand for an aircraft that op-
crates supersonically essentially solely
over water or very sparsely populated
areas to make such an aircraft econom-
ically successful. The number of people
exposed to sonic booms from the over-
water operation of the SS5T, primarily
those on decks of ships, would probably
be too few to provide a significant
social-political force against the over-
water operation of an S8T. In addition,
the acoustic environment, as it affects
people, aboard ships incident to ship
motion through heavy seas is at its
maximum probably equal to or greater
than that which would be caused by a
sonic boom from an 8ST; however, 1
know of no direct physical measure-
ments made on this latter point. Also,
calculations show that the acoustic dis-
turbance, as would be perceived by
marine life, that would be caused a few
feet under water from sonic booms
from the SST can be expected to be
appreciably less than the acoustic dis-
turbance present in the oceans because
of normal wave action and from some
ships moving through the water (1).

Argument 4, Finally it is argued that
scientists will scon develop solutions to
the sonic boom. In fact, however, the
following points hold true.

1} The Boeing aircraft now being
developed and built will have as large
if not somewhat larger a boom than

now expected because the weight of
the aircraft has been increased from
its original planned weight.

2} A fundamental factor in creating
the sonic boom is that of gravity (that
is, the weight of the aircraft and its
contents must be lifted and moved
through the air). Research on anti-
gravity to date has resulted, to my
knowledge, in but one partial solution
to this problem—that of the ballistic
vehicle in which the gravitational forces
are overcome by making the speed of
the vehicle such that it becomes essen-
tially weightless. Ballistic transports are,
of course, a possibility for the future,
but they will probably not evolve from
S58T's.

3) A possible solution is to tonize the
atmosphere in front of and surrounding
the aircraft, This possible approach is
one not concerned with the effects of
gravity directly, but with changing the
apparent geometry of the aircraft dur-

ing flight. This ibnization would, it is
believed, have the effect of reducing
the boom for a given size aircraft. How-
ever, it remains to be seen, if one as-
sumes that there would be an econom-
ical and practical reduction to practice,
whether or not the increase in size and
weight of the aircraft as required to
carry the power source for the jonizer
do not cause an increase in intensity of
the boom that offsets or more than off-
sets this “gain.”

4) Conceivably a practical structure
could be built that would not create a
boom when passing through the air at
supersonic speeds; examples are hollow
cylinders or two-plane surfaces arranged
so that the shock wave from one pan
of the structure is out of phase, at some
point in space away from the craft, with
the shock wave of the opposite part of
the structure, so that the two shock
waves cancel each other. Unfortunately,
such a structure would not fly through
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the air because it would lack lift: it
could, however, be propelled through
the air ballistically.

5} While designing an 85T with a
much reduced boom seems very un-
likely, at present, it is probable that
future research will provide methods of
designing an aircraft which creates a
boorm whose temporal waveform and
spectral content on the ground is more
acceptable to people and structures than
the typical W wave.

Overland Supersonic Transport

and Political Pressure

The fundamental difficulty the SST
will face is that the political pressures
brought by citizens and government
officials against the operation of SST
over land can be expected to be much
more powerful than the insignificant, in
a comparative sense, complaint and

legal activity now brought against noise
from aircraft. For example, the 150
homeowners at Skylandia, another 200
or s0 in the area of Millbrae, and
another 200 or so in Foster City who
complain about the rather intense noise
(subjectively less, per occurrence, than
sonic booms) from aircraft using the
San Francisco airport, can probably not
hope to bring sufficient political and
legal pressure to stop the noise, particu-
larly in view of the positive values of
the airport to the entire San Francisco
area. (All or nearly all that can be prac-
tically done at the present time 1o re-
duce noise in these localized areas
has been accomplished by the Fed-
eral Aviation Administration and the
aitlines.)

Most people do oot learn to accept
noise from aircraft that is subjectively
equivalent in annoyance value to a sonic
boom, although they may learn that
little can, or even should, be done about
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it because of the common good. Bul
because there is not a sufficient number
of people exposed to such intense noise
from aircraft as to cause serious prob-
lems to the operation of most, but not
all, airports, should not lead one to
underpredict what the political and legal
persuasiveness will be of 30 million or
so people, at least 30 percent of whom
feel they cannot live with the sonic
booms, and 70 percent or so of whom
either dislike or at the best are neutral
to it. The question then is, How many
people can be expesed to how many
booms before the situation becomes
unmanageable in a manner that is soci-
ally, politically, and legally acceptable?
Data are presented below to show how
the people will behave as a function of
number of exposures to sonic booms:
but how many people can be exposed
without serious social-political-legal con-
sequences is not quantifiable at present.

With respect to the latter, it can be
noted that the U.S. Air Force sees fit
to restrict, over any given populated
areas of the country, regular flights of
supersonic aircraft creating sonic booms
of lower intensity and lower frequency
than would be the booms from the 55T,
These restrictions come about because
of complaints and damage caused by the
sonic booms and in spite of the fact
that the military supersonic flights are
deemed by the government to be nec-
essary to the defense of the country.

Some of the fundamental questions
and answers involved can be succinctly
stated as follows.

1) Can people “pay” physiclogically
and mentally the price of being exposed
to the from one to 50 booms per day
anticipated from regular operation of
planned 88T's? The answer is probably
“yes,” and there is not sufficient relev-
ant data to prove otherwise.

2) Should, assuming the answer to
guestion 1 is yes, people “pay” the price
of the annovance and discomfort of
being exposed to the booms from regu-
lar operation of planned S8T's? The
answer is moot and can only be a com-
promise among the relative values held
by the people making the decision.

3) Will the population of the United
States “pay” the price of the annoyance
and discomfort of being exposed to the
booms from the regular operation of
planned SST’s? This is the most, if not
the only, necessary question, and the
answer, as is discussed below, appears
to be a definite “no."”

Clearly, these deductions emphasize
the need for further research on ways




of reducing or appropriately modifying
the sonic boom, and for further studies
of human response to the sonic boom
that would be aimed at verifying,
sharpening, or disproving conclusions
made on the basis of research con-
ducted to date on the problem.

Because of the nature of the guestion
and material to be analyzed, it appears
appropriate to present first the conclu-
sions and directly related data on the
acceptability of sonic booms, with a
somewhat more detailed discussion sec-
tion following thereafter. The conclu-
sion reached is based on published
research results and not upon the sub-
jective opinion of the author. Also, the
conclusion does not lean in any way
upon humanitarian conjectures (2), with
which we largely disagree (3, 4), re-
garding mental and physiological health
of people exposed to sonic booms,

Conclusion

It is concluded that the sonic booms
from the Concorde and Boeing SST's
operating during the daytime sometime
after 1975, at frequencies presently pro-
jected for long-distance supersonic
transport of passengers over the United
States, will result in extensive social,
political, and legal reactions against
such flights at the beginning of, during,
and after years of exposure to sonic
booms from the flights. No data can be
found to suggest that any other conclu-
sion is possible. This conclusion is de-
rived from the following data,

subsequent to July 1966 and have been
found 1o agree well with the average of
actual measurements. Deviations from
the nominal values at any point in space
are usually attributable to both large-
scale and small-scale turbulence of the
air or movements of the air encountered
by the sonic boom as it moves from the
aircraft to the earth.

In the United States persons within a
path 12.5 miles on either side of the

-flight track of the proposed 5ST [ap-

proximately 35 million people, with
certain ¢ircuitous routing (5) of the SST
to avoid populated areas. and 65 mil-
lion people, with Great Circle routing
of the aircraft] would be exposed daily
to an average of about ten sonic booms
(5) that have the following peak over-
pressures; 98 percent of the booms will
vary from 1.5 to 2.0 pounds per square
foot, with 1 percent of the booms
reaching or exceeding 4.0 pounds per
square foot and 1 percent of the booms
being at or less than 1.0 pound per
square foot. In addition, persons living
as far as 25 miles to each side of the
flight track will be exposed to booms
having peak overpressures that vary on

the average from near zero to 1.0
pound per square foot (8).

For 150 miles or so (starting about
100 miles beyond takeoff, when the
aircraft is in transonic region), the
booms will have nominal peak over-
pressures of 0.2 to 0.3 pound per
square foot greater than the various
values given above; also for a very
small and variable segment of but a
few miles in this transonic region the
overpressure of the boom normally will
be about twice the pressures cited above
because of a boom ‘focusing™ phe-
nomenon related to aircraft accelera-
tions, the so-called “‘super-boom.”

Acceptability of Sonic Booms

Sonic booms from the B-58 aircraft
of 1.7 pounds per square foot nominal
peak overpressure were judged by resi-
dents of Edwards Air Force Base to be
equal in acceptability to flyover noise
of about 109 PNdB from subsonic jet
aircraft. [The PNdB is the name of a
unit that indicates physical intensity of
a noise on a scale that approximates the
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(1964-1966). Sonic boom intensities are given in pounds per square foot (psf).




response of the human auditory system
to the noise (7).] The residents of Ed-
wards Air Force Base were somewhat
adapted to booms as a result of an
average of 2 year’s exposure to five 1o
ten booms per day (&) “Unadapted”
residents from quiet civilian communi-
ties judged the sonic boom from the
B-358 at 1.7 pounds per square foot to
be equal in acceptability 1o the noise
from the subsonic jet at about 1|9
PNdB (£). Aircraft noise that equals or
exceeds (00 to 110 PNdB or so is
generally rated as unacceptable in com-
munities adjacent to busy metropolitan
airports and may be the cause of law-
suits against noise (9. Sonic booms
from the XB-70 and presently planned
SST’s will probably, for equal nominal
overpressure and relative to the noise
from subsonic jet aircraft, be equal to
or slightly less acceptable than sonic
booms from the B-58 aircraft,

Sonic booms of estimated nominal
median peak overpressures of about 1.1

130

to 1.3 pournds per square loot and a
frequency of eight to ten times per day
were rated as being “unacceptable” by
14 percent of the residents at Edwards
Air Force Base (8), “can’t live with" by

27 percent of the residents at Oklahoma

City (/0), and “intolerable™ by 34 per-
cent of the residents in two rural and
urban areas in France (/7). Exposure
to eight to ten sonic booms per day of
nominal median peak overpressures of
about 1.7 pounds per square foot were
rated as “unaccepable” by 26 percemt
of the residents at Edwards Air Force
Base (8).

Damage from Sonic Boom

The continuing annual cost of the
repair of damages (not counting the cost
of processing paid and unpaid claims
or inspection of damages) to houses as
the result of exposures to a distribution
of sonic booms having a nominal
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median peak overpressure of no more
than about 1.7 pounds per square foot,
and at frequencies anticipated for United
States long-haul, overland SST flights
(after 1978) would be about $37 mil-
lion with certain circuitous routing of
the aircraft to avoid populated areas, or
an estimated $85 million for Great
Circle routing of the aircraft (5, 72).
Supersonic transports under develop-
ment could cause, if flown as antici-
pated, somewhat more damage than
predicted because the intensities of their
booms would be somewhat greater
than the estimated 1.7-pound-per-
sguare-foot nominal levels (from B-58
aircraft) that caused the damages used
to predict possible damages from future
S5T operations. These estimates may
be incorrect, in either direction, by
a factor of 2 or so because of un-
certainties in information about the
strengths and weaknesses of siTuctures
and their distribution and locations
throughour all parts of the United
States, and possible improvements in
circuitous routings or reductions in
length of flight path during which
the aircraft is supersonic to avoid
booming populated areas.

The general nature of the anticipated
problem with the sonic boom and con-
clusions are summarized in Fig. 1. In
Figs. 2—4 and Table 1 there are sum-
maries of the basic data that are availa-
ble abour the effects of sonic booms on
people, damage to structures in com-
munities, and numbers of people likely
to be affected by the booms.

Analysis of Relevant Research Studies

Figures 2-4 and Table 1 are self-
explanatory, and a detailed discussion
of much of the data on which they are
based is presented in the references
cited. Nevertheless, the foliowing com-
ments are pertinent.

The general similarity of the results
of the laboratory and field tests (except
for the subjects from Fontana and
Redlands, California) in which subjects
judged the subjective acceptability of
simulated, recorded, or actual sonic
booms as compared with the noise from
a subsonic jet aircraft is worthy of note.
It appears probable, however, that the
sonic booms created in the laboratory
were somewhal more acceptable than
supposedly comparable “acmal” somic
booms because they lacked some of the
high-frequency components present in
actual sonic booms and because the vi-
brational aspects of the house response
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to the actual boom. which could be
felt and seen. were lacking in the labo-
ratory. Typical instructions to the sub-
jects for these tests are as follows.

You will hear a series of sounds from
aircraft. Some of the sounds will be sonic
booms and some will be the sound made
by a subsonic jet aircraft. The sounds will
occur in “pairs” and your task is io judpge
which sound in each pair vou think would
be more acceptable to you if heard in or
near your home during the day and/or
evening when you are engaged in typical,
awake activities.

After vou have heard each pair of
sounds please quickly decide which of
the two you feel would be more acceptable
to you. If yvou think the second sound of a
pair would be more acceptable, circle B
for that particular pair. If you think the
first sound in the pair would be more ac-
ceptable to you than the second, circle A.

The rate (0.5 paid claims per I,000,-
000 people per boom) of damage
claims paid in Oklahoma City probably
should not be used as a basis for pro-
jecting the rate of damage claims that
will be paid from sonic booms from
S88T. This comment is based primarily
on the fact that the peak overpressure
of the senic booms from F-104 fighter-
type aircraft was less (about 1.2 ver-
sus 1.7 pounds per square foot) and
of shorter duration (0.075 second ver-
sus 0.17 second) in Oklahoma City
than the booms in cities other than
Oklahoma City, The other cities where
the major number of paid damages
occurred  (Chicago, Milwaukee, St.
Louis. and Pittsburgh) were exposed to
booms mostly from the B-58 bomber
type of aircraft at median nominal peak
overpressures of about 1.7 pounds per
square foot, In addition, a study {(/3)
of the minor repairs made to homes in
Oklahoma City and in Tulsa in the 6-
month period for the vear before the
tests of sonic boom in Oklahoma City,
and during the 6-month period of the
tests revealed that the number and
costs of minor repairs on houses (al-
though not paid for by the government}
increased by about 60 percent between
the two periods in Oklahoma City but
remained the same in Tulsa.

The claims paid by the government
were for damages that could be ascribed
by povernment inspectors as being most
probably caused or induced by a sonic
boom. In order to qualify as a pavable
claim, the damage in question (i) had
to have occurred by actual observation
or near observation at the time a sonic
boom occurred; (ii) must have been a
type of damage that could reasonably
have been caused by a sonic boom; and
(iii) the recipient had to sign an affi-

Table [. Estimated 1975 population under euch sonic hoom categary for Great Circle routing
of medium- {120{]) to 1800 miles) and long-range (2000 to 2400 miles) SST routes in the
United States. Because of overlapping hoom paths aseross the country some relatively small
regions of the country will receive many more booms per 24-hour period than will other
regions, About one-half of the tota]l numbers of people piven in the table would receive ten
or more booms per day, and the remainder would receive less than ten booms per day,

Baam path
expectcd L0 miles wide o Ml wide
(No. per Np. of MNa. of
24 hn people CNR= neaple CNR*#
[millions) f mitlions)
14 524 (92-1031} 6.2 (95-103)
5-9 252 (9R-1061 126 (101-106)
1019 19,5 (101-109) 975 (104-109)
20-34 204 (=112 147 (1071129
15-51 29 {107-114) 1.45 (110-115)

* The composite noise rating (CMR) for exposures 10 noise during the daviime is calculated as
follows: CNR. average peak PNdIB — 12 4 10 [opwN, where W is the number of occurrences of the

novise,

davit of ¢riminal Hability that the claim
was not fraudulent. About one-half of
complaints of damage resulted in the
filing of actual claim, and about one-
half of the claims filed were ultimately
paid. Except for certain minor glass
damage claims of less than about $10,
all alleged sonic boom damages were
inspected by trained government inves-
tigators.

It has been demonstrated that sonic
booms having peak overpressures of 10
pounds per square foot or less will not
cause damage in structural elements of
normal strength (f4), but can appar-
ently trigger damages in a few struc-
tural elements under unusual stress
(72}, It is tentatively assumed that the
damage rate would decline with con-
tinued exposure to sonic booms. This
is because the unusually weak elements
in houses would be damaged early,
leaving only the normal, stronger ele-
ments. This could be true even though
the vibrations repeatedly induced in
structures from continued exposure to
sonic hooms could conceivably result in
some greater-than-normal increase, with
age, in the fragility of structural com-
ponents. It is practically impossible to
relate, or hope to relate, a specific mea-
sure of a particular sonic boom from
normal flights of supersonic aircraft
with specific occurrences of boom-
induced damage: this difficulty arises
from the very low incidence of damage
(about one every 100 square miles in
heavily populated areas) per boom (/)
and because of variations of as much
as 50 percent or so in overpressures
for a given boom between points on
the ground as close as 200 feet from

each other, due to low-altitude air
turbulence and other atmospheric
conditions.

Based on information in (J) and

(12}, the estimutes of about $85 million
in annual paid damages for Great Cir-
cle SST routes for the United States.
and $37 million for circuitous 38T
routes to avoid, as practical, populous
arcas in the United States are derived
as follows. The number of people in
25-mile-wide paths per 88T route is
multiplied by the number of daily
booms per route (1185 mitlion for Great
Circle routes, and 512 million for cir-
cuitous routes), which is multiplied by
5.5 (the average paid damage claims
rate found in St. Louis, Pirtsburgh,
Chicage. and Milwaukee per million
people per boom). which is mulitiplied
by $72 (the average money paid per
damage). which is multiplied by 365
{the number of days per year), and the
result is divided by 2 (the assumption
that rate of damages will decline by
50 percent with continued SST opera-
tions because of improvements in struc-
ture strength and repairs).

It is surmised that the damage to be
expected from proposed SST would
actually be, if they were flown as an-
ticipated, somewhat greater than the
cost of damage as estimated on the
basis of paid damages due to sonic
booms from B-58 aircraft because the
proposed SST would c¢reate sonic
booms that average 5 to 25 percent
higher in intensity and have about
twice the duration as booms from B-58
aircraft,

Behavior in Real Life and
Resulis of Relative Judgment Tests

Essentially two groups of experi-
ments have been conducted that pur-
port to demonstrate what the effects of
sonic booms from the SST might be
pupon people: (i) attitude surveys and
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observations of behavior of residents
in Oklahoma City, Edwards Air Force
Base, and France, when these residents
were subjected to sonic booms gener-
ated by military aircraft; and (ii) so-
called paired-comparison tests con-
ducted in laboratories and under field
conditions in Great Britain and the
United States in which subjects esti-
mated the relative acceptability, as
though heard under real-life conditions,
of two sounds presented in rather rapid
succession (a boom as compared to fly-
over noise from a subsonic aircraft, and
one boom versus another, different
boom).

One virtue of the relative judgment
tests is that the listeners are able to
make direct, immediate comparisons
between the two sounds without con-
cern as to the absolute acceptability of
cither one. However, the main argu-
ment in support of the relative judg-
ment tests is that they allow the results
to be related to the real-life behavior
of people as influenced and shaped by
the positive psychological, social, and
economic values placed upon the bene-
fits of commercial aviation and the
negative values placed upon the neigh-
borhood noise created by commercial
aviation by the same people. i one
accepts the notion that booms and
subsonic aircraft neise, though widely
different physically, can be wvalidly
judged with respect to their relative
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acceptability for everyday living even
though heard under laboratery or field
listening conditions, then it follows
that we can indirectly relate these judg-
ments to the likely effects of sonic
booms upon people in the general con-
text of everyday living. It is, of course,
not possible to say that the paired-
comparison judgment test can be ex-
trapolated and used with complete
validity in this fashion; however, there
is no apparent reason why the judg-
ments do not have considerable validity,
and as many arguments can be put
forth that the subjects underestimated
as overestimated the subjective noisi-
ness of the booms compared to the
noise from a subsonic aircraft. The
following points can be made in this
regard.

Inasmuch as the durations and na-
ture of the boom and subsonic aircraft
noise are so different, perhaps subjects
cannot reliably decide which of the two
is the more acceptable to them. This
criticism is not too persuasive inasmuch
as the data obtained in the three experi-
ments in which this method was used
are in agreement with each other, and
subjects in all the experiments appar-
ently experienced Jittle difficulty in
making the judgments even though
they undoubtedly equated different ef-
fects, such as being startled by the
boom as compared to the masking of
speech by the aircraft noise, to arrive

at an overall opinion on the two sounds.

The subjects, who were given a 1-
to 2-minute warning before the occur-
rence of each boomr and each noise
from the subsonic aircraft, were per-
haps more startled by the boom than
if they had not been expecting the boom
to occur; or conversely, the subijects
were perhaps less startled by the boom
because of the warning signal than they
would have been without it. Which of
these possible biases, if either, operated
during these comparison tests cannot
be determined. Whatever biases of this
sort were present, they probably ap-
plied equally to both the sonic booms
and the noise from the subsonic air-
craft; further, we believe that reason-
ably intelligent and conmscientious sub-
jects can judge the stimuli in question
not only in terms of their relative ac-
ceptability or unacceptability, but also
in terms of how they would react on
the average if the sounds had occurred
in their homes when they were en-
gaged in typical awake nctivities.

The behavior of people exposed to
what they consider intense and obnoxi-
ous noises have been studied (9, 10,
15-20) to some extent. Two major
variables related to sound that control
the behavior of people are (i) the in-
tensity, often measured in terms of
perceived noise level in PNdB, and (ii)
the frequency of occurrences and du-
ration of occurrences of the noises. The
methods of relating these two aspects
of noise in the environment to the be-
havior of people are discussed in detail
elsewhere (7, &, 21, 22); for present
purposes the reader is referred to Figs.
5 and 6. In these figures we see that
an environment with a composite noise
rating of 100 or greater can lead to 2
considerable amount of complaint and
organized group and Jegal activity
against the noise environment, (The
method of calculating composite noise
rating is given in the legend of Table
1.) Figure 7 shows typical peak levels
in PNdB of the noise produced by vari-
ous transportation vehicles.

If one accepts the equation that a
sonic boom of 1.9 pounds per square
foot from an SST will be subjectively
equal, after adaptation resulting from
several years of exposure to the booms,
to the noise from a subsonic aircraft
of 110 PNAB, it turns out that one
sonic boom per day from an SST would
provide a composité noise rating of 98.
Therefore, presumably it would cause
after habitual daily exposures, about the
same behavior expressed by small com-
munities (groups of several thousands




~

each)

habitvally exposed for many

months to composite noise ratings of 98
due to commercial aircraft operations
(Fig. 5).

Without a drastic reduction in num-

ber or length of anticipated supersonic
flights, it is estimated that, in the United
States after 1978 or so, tens of millions

of

people would be in a noise environ-

ment eguivalent to a composite noise
rating of 98 to 115 because of one to

51

daily occurrences of sonic booms

from an 88T (Table 1). It is to be ex-
pected that 25 to 50 percent of these
people, presuming a buildup over sev-
eral vears in frequency of exposures to
provide for some adaptation to somic
booms, would express behavior ranging

from extreme annovance,

to

complaints

aathorities, to legal actions, or

stronger, against the sonic booms (Figs.
4-6).

. Cornell
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