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ABSTRACT

From visual andphotoelectricdata,a sky brightness— populationfunction for cities
andaskybrightness— distancefunctionfor averageatmosphericconditionsareobtained.
Thesefunctionsareused in a simple mathematicalmodel to calculatelevelsof light
pollution over Ontario. From direct observationsand model calculations,thereare
few observingsites free of light pollution in southernOntario and thesewill degrade
rapidly in the future.

Introduction. The spreadof artificial lights in Ontariohasbecomea serious
obstacleto professionaland amateurastronomersalike. Despite its im-
portance,however,light pollution has beenlittle studied,perhapsbecause
of thereluctanceof astronomers(andphysicalscientistsin general)to study
man-madephenomena.But light pollution is of such importancetoday that
it cannotbe ignored.The study reportedin this paperhasbeenundertaken
to assessthe amount anddistribution of artificial light in Ontario skies by
seekingthe relationof the light emissionof cities to their populationandthe
attenuationof this light with distancefrom the cities.Theserelationshipsare
thenusedto calculatelight pollution levels over the entireprovince.

Reviewof PreviousWork. Severalusefulpapersaboutlight pollution have
beenpublished, most notably Riegel (1973) and Walker (1970, 1971,
1973). Their work pertains mainly to light pollution around the major

observatoriesin the Americansouthwest.Riegel gives a generalintroduction
to theproblemof light pollution andtheimpact it hason astronomy.Walker’s
papers are concernedwith siting future observatoriesand with rules of
thumbfor locatingpresentlyunpollutedskies.They also give light-pollution
mapsof California andArizona.Bertiauet al. (1973) andTreanor(1973)

97

R.A.S.C. JOUR., Vol. 70, No. 3



98 Richard L. Berry

presenta model of light propagationin the atmosphereand a calculated
mapof light pollution for Italy. Their model forms a partial basis for the
work in this paper.Normandin(1974) has obtaineddatafor the siting of
an observatoryin the provinceof Quebec.She has deriveda brightness—
populationfunction anda brightness—distancefunction that agreewell with
our resultsin Ontario.

Light Pollution andPublic Awareness.“Light pollution” meansthe overall
brighteningof the night sky by man-madelighting, not the glare causedby
luminariesneartheobserver(suchasa neighbour’sbackporchlight), except
insofaras thesecontributeto the illuminationof the wholesky. Light pollu-
tion is thus a large-scaleproblem,becausea small town can light an area
of several hundredsquare kilometres; and a difficult problem, because
officials who have lights installedfeel completely justified in doing so (see
PublicLightingNeedsandJESLightingHandbook).Theproblemis compli-
catedby public ignorance:so fewpeople— includingamateurastronomers—
know whatanaturalnightsky lookslike, know what theyare losing.Articles
in semipopularperiodicals(Lovi 1972, Nelson 1973,Weyman1973,Hoag
1972,Neff 1974,RoosenandMarsden1975) havespreadawarenessamong
professionalandamateurastronomers,but the generalpublic remainsob-
livious to thedamagebeingdone.Indeed,in the caseof light pollution, as
distinguishedfrom otherkinds of pollution of the environment,the society
at largedoesnot valuewhat is being destroyed(Lopez1975).

The Sky BrightnessProgramme.The Sky BrightnessProgrammeof the
Toronto Centreof the R.A.S.C. was institutedduring the summerof 1974
underthe auspicesof the ObservationalActivities Committeeto measure
andevaluatethe extentof light pollution andthequality of the night sky in
Ontario. An announcementappearedin the National Newsletter (Dec.
1974) of the R.A.S.C. inviting Canada-wideparticipation. The methods
usedfor makingmeasurementsare briefly describedin a latersectionof this
paper.Data for Ontario werecollected for about one year, from August
1974to September1975.The majorfeaturesof our modelof light emission
by cities and its propagationthroughthe atmosphereweredevelopedvery
quickly, andmuchof the subsequentlyaccumulateddatawasusedfor refin-
ing andtestingthe predictionsof prelimifiary models.The collection of data
in the Programmecontinues;thesewill be usedfor the study of seasonal
variations,lunarlighting, etc. andfor furthertestingof themodel.Weintend
to developa more sophisticatedmodel in the future andalso to extendthe
work to covermoreof Canada.
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TABLE I

APPEARANCE OF THE SKY AT GIVEN LEvELS OF LIGHT POLLUTION

Visual
Level of

Pollution
in S~o
Units

Mag/ArcsecZ
(Natural

Background=
250 Sio Units)

Naked-EyeAppearanceof theSky
(M.W. Milky Way)

0 21 .7 Thesky is crowdedwith stars,extendingto the horizonin
all directions.In the absenceof hazethe M.W. canbe
seento the horizon.Cloudsappearasblacksilhouettes
againstthe sky. Starslook largeandclose.

20 21 .6 Essentiallyasabove,but aglow in thedirectionof oneor
more cities is seenon the horizon. Cloudsare bright
nearthecity glow.

100 21 . 1 The M.W. is brilliant overheadbut cannotbeseennear
the horizon.Cloudshave agrayishglow at the zenith
andappearbrightin thedirectionof oneormorepromi
nentcity glows.

500 20.4 To acity dweller theM.W. is magnificent,but contrastis
markedlyreduced,anddelicatedetail is lost. Limiting
magnitude is noticeably reduced.Clouds are bright
againstthe zenithsky. Starsno longerappearlargeand
near.

2000 19.5 M.W. is marginally visible, andonly nearthezenith.Sky
is bright anddiscolourednearthehorizon in thedirec
tion of cities.Thesky looks dull grey.

5000± 18.5 Starsare weak and washedout, and reduced to a few
hundred.Thesky is bright anddiscolouredeverywhere.

Measurementof SkyBrightness. Astronomicalsurfacebrightnessis com-
monly expressedamongastronomersin termsof stellarbrightnessperunit
area.Theunit “magnitudespersquarearc-second”isgenerallyusedin small-
areaphotometry and in measurementsrelated to stellar physics such as
isophotometryof galaxies. The scale is logarithmic, as are all magnitude
scales.

Theothercommonlyusedunit, “tenthmagnitudestarspersquaredegree”,
usually occurs in large-areaphotometrysuch as studiesof the Milky Way
and zodiacal-lightphotometry.This unit is linear and relatively easyto
visualize.Primarily becauseof its linearity, it is chosenas the basicunit in
thispaper.TablesI andII give equivalentswhich will help thoseunfamiliar
with theseunitsof sky brightnessto visualizethem.
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TABLE II

EQUIVALENT MEASURES OF SKY BRIGHTNESS

Light Pollution
in S10 Units

EquivalentMagnitudeUnits
No Background 250 Sio Background

mag/arcsec
2 mag/arcsec2 mag/deg2

0 — 21.7 4.0
20 24.5 21.6 3.9
50 23.5 21.5 3.8

100 22.8 21.4 3.7
200 22.0 21.1 3.4
320 21.5 20.9 3.2
500 21.0 20.6 2.9

1000 20.2 20.0 2.3
2000 19.5 19.4 1.7
5000 18.5 18.5 0.8

20,000 17.0 17.0 —0.7

1 Sio unit = 1 10th magstar/squaredeg
= 10.00mag/deg2
= 27.78 mag/arcsec2
= 2.3 ~ l0-~ millilambert

7.2 x 10-11stilb
= 3.6 x 10—3 rayleigh/angstromat 5500A

PhotometricInstruments.Photometryfor the Sky BrightnessProgramme
is done using visual and photoelectric instrumentsstandardizedagainst
variablelow-brightnesssources,which are themselvesstandardizedphoto-
electrically againststars. The basic visual instrumentconstructedby Sky
BrightnessProgrammeobserversconsistsof a hollow box with a peephole
at oneendandopenat theother.A screennearthe openendis illuminated
throughavariabledensitywedgeby a low-voltagelamp drivenat aconstant
current.By sliding the wedge back and forth, the observercan vary the
brightnessof the comparisonscreenuntil it matchesthe brightnessof the
skyseenthroughthe open end of the box. The readingis a measureof the
wedge position. The screenoccupiesa 20 X 3~ rectanglein the observer’s
field of view,andtheskyoccupiesan80 square.The observerviewsthrough
a yellow acetatefilter (equivalent to a Wratten #12). Each observer/
photometercombination is calibrated against a calibrated low-brightness
sourceovertherangeof interest (from 16 mag/arcsec2to 22 mag/arcsec2).
(SeeBerry (1974) and Berry and Pike (1975) for constructiondetails.)

Two photoelectricphotometershavebeenused,oneaportablephotometer
tobeusedon automobiletripsandtheotherfor standardizations.Theformer
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photometerconsistsof an inexpensive 1 P21 photomultiplier mounted in
a watertight box, fed by a 50 mm simple lens of 100 mm focal length. A
metal stop limits the field of view to 90, and a yellow filter gives approxi-
matelyvisual response.Theinstrumentis well baffled to preventinterference (
from othercarswhenusedon theroof of an automobile.The standardization
photometerusesa betterquality 1 P21 photomultiplierin a watertighthous-
ing incorporatinga 50 mmfocal length Fabrylens.The objectiveis a 60 mm
lens of 400 mm focal length. StandardB and V filters are used.A field of
view of 10 is normally usedbecausethe middle calibration levels of the

4

low-brightnesssourcethen give nearlythe samedeflectionsasthe standard
starsused.

The electronicsof the photoelectricphotometersare run from battery
power supplies;the stabilizedhigh-voltagepower supply from ± 18 volts
(lanternbatteries) and the electrometeramplifier (basedon the LH0042
FET inputoperationalamplifier) from ±9volts (transistorbatteries).

Thelow-brightnesssourceis a woodenbox 20 cm squareand60 cm long. r
A lampin the rearilluminatesa small opalglassscreen.Ten aperturesfrom
1mmto 30mmplacedin front of thescreenallowcontrol of the light shining
on a 17cm squareof opal glassat the front of the box. A brightnessrange
of 1:1000,or 7½magnitudes,is attained.

Standardization.To standardizethe low-brightnesssource, two stars of
aroundfirst magnitudewereobservedon severalnightsin bothV andB over
four- to six-hourperiodsas they rose in the sky, theseobservationsbeing
interspersedwith observationsof the low-brightnesssource.The average
stellarextinction coefficientsdetermined(k1~ = 0.22, kB = 0.36) wereused
to correctfor atmosphericextinction the deflectionsproducedby the stars.
Knowing the field of view of the photometerand the cataloguebrightness
of thestars,we thencalculatedthe surfacebrightnessof the low-brightness
source.The readingsof the standardizationphotometer,whenobservingthe
low-brightnesssource,wereusedas aseparatecheckon the stability of the
latter. Theseremainedwithin 0.05 magovera six-monthperiod.

Calibration. Calibrationof a visual photometeris performedby havingthe
observermeasurethe entireset of tenlow-brightnesssourcevalues,usually
oncein descendingorder of brightness,then twice in random order. A
calibrationcurve consistingof a graph of wedge position readingversus
sourcebrightnessinmag/arcsec

2is thenconstructed.The probableerrorfor
a set of threeobservationsis about0.1 mag at 16 mag/arcsec2andgrows
to 0.3 magat 22 mag/arcsec2for anaverageobserver.

Before andafter an observingtrip by automobile,the sensitivity of the
portable photometeris calibratedagainst the low-brightnesssource.This
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alsoconstitutesa further checkon thestability of the low-brightnesssource.
Readingsremainedwithin 0.10magof expectedvaluesduringseveralchecks
overa six-month period. Consideringthe rough treatmentencounteredby
theportablephotometer,this stability is quite surprising.

Observations.
Dependenceof Sky Brightnesson Zenith Angle. The zenith-to-horizon
variationsin intensityof a light-pollutedandanaturalskyare quitedifferent.
The naturalskyshowsanincreaseof about0.5 magfrom the zenith to 850
zenithangle, this increasebeingdueprimarily to the airglowcomponentof
the naturalsky light (Roachand Gordon 1973).Light-polluted skies,on
the otherhand,show a very markedincreaseof 2 mag from the zenith to
800 zenithangle,suchthat thebrightnessof the skyincreasesproportionally
with thesecantof the zenithangle(but only for zenithanglesless than800).

The secantlaw becomesdistortedverycloseto largecities,but it shouldbe
notedthat the horizon is brighterin directionsboth toward and away from
a city (see figure 1).

Horizonto zenithto horizon (HZH) scansweretakenat heavilypolluted
and naturalsites in Ontario and the resultsare shown in figure 2. Data
resulting in curvesof similar shapeare reportedby Walker (1970, 1971,
1973) for observationsat light-polluted Mount Hamilton (Lick Observa-
tory) andvariousdarkskysitesin California andMexico. It shouldbe noted
thatoncethe naturalsky light becomesinsignificant, the shapeof the HZH
curve remainsconstant.If city light is uniformly scatteredby one or more
uniform layersof scatteringmaterial,in a transparentmedium,the observed
brightnessof the layershouldbe proportionalto its line-of-sight thickness,
which increasesas the secantof the zenith angle. The observeddeparture
from a secantlaw nearcities is due partially to forward scatteringandpar-
tially to the greaterintensityof the incident light in the citywarddirection.
Therelatively greatbrighteningat largezenithanglesin light-polluted skies
is a phenomenonthat can serve as a useful diagnostic tool in assessing
whetheror not thereis light pollution at agivensite. Figure 3, aphotograph
takenat CyprusLakeParkon the BrucePeninsula,showsonly slight bright-
ening at thehorizon, indicativeof a low level of light pollution.

Population Function.To determinethe light output from cities of different
populations,we measuredthe backscatteredlight from the centresof cities
andtowns (figure 4). In small towns (under5,000) the observationswere
usuallymadefrom anunlightedlot orparkingareawithin 250m of the main
traffic intersection.In largercities the observationswere madefrom un-
lightedresidentialstreetsnearthecentreof thecity. Becausetheskybright-
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Fxo. I—Fish-eyephotographof the night sky at Palermo,Ontario.Notethebrighten-
ing atthe horizon.

nessis very greatly increasedif the scatteringlayer is unusuallyclose or
opaque(i.e. if fog, haze,or cloud is present)observationsare shown for
very clearnights only. We find that the downtown zenith brightnessof a
city is proportionalto thesquareroot of its population.A similarconclusion
is reachedby Normandin(1974) for the zenithsky 8 km outsideQuebec
towns.Otherworkers(Walker1970,1973;Treanor1973) havebasedtheir
work on the assumptionthat the output is proportionalto population,but
presentno corroboratingdata. We suspectthat in large cities the back-
scatteredlight is not proportionalto the total output of light by the city
since light from distantparts of the city is somewhatattenuatedandthus
doesnotcontributefully tothedowntownskybrightness.Our datashowthat
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FIG. 2—Horizon-zenith-horizonscans,on the meridian,of five night skies:a) down-
town Toronto,March20, 1975; b) Palermo,Ontario,September16, 1974; c) Lynden.
Ontario, September14, 1974; d) Cyprus Lake Provincial Park,September6, 1975:
e) Junipero-SerraPeak,California,from Walker (1973).

smallcities, for which the entirecity contributeslight equally,fit the square
root relation reasonablywell.

If we assumethat light output is directly proportional to population,
fitting the observedlight levels seenovercities in the 1,000to 60,000range,
we predict a zenith brightnessin downtown Toronto that is a factor of
20 to 100 timeshigher than observed,dependingon the assumptionswe
makeregardingthe transferof light from the moredistantpartsof the city.
Sinceanylight pollution modeldependscritically uponthe assumedrelation-
ship with population,a subjectof some debate,further studyis necessary.
The ideal way to determinetotal light output by cities is by photometry
from airplane or satellite altitudesand compilationof completedata on
thelighting of cities from therecordsof their PublicWorks Departments.

Radial-DistanceFunction. The decreasein zenith illumination at increas-
ing distancesfrom cities is difficult to measurebecausethe decreaseis so
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FIG. 3—Appearanceof a non-pollutedsky near the horizon. The photographwas
takenat CyprusLake ProvincialPark on the Bruce Peninsula.
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FIG. 4—The relation betweendowntownsky brightnessat the zenithandpopulation
for twelveOntario cities and towns. Thestraight line is the square-rootproportionality
describedin the text.
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Fyc. 5—Observed(filled circles) and calculated (solid line) sky brightness along
Highway 6 south of Hamilton, Ontario. Broken lines show the sky brightness contribu-
tion from eachcity along the route.

rapid that the naturalbackgroundfrom other cities andtowns soon domi-
nates.Smallcities suchasGuelphare not bright enoughto permit accurate
assessmentof their contributionsto zenith light at distancesgreater than
20 or 30 kin, while largecitiessuchasTorontoare surroundedby interfering
suburbsand satellite cities. Observationsof the radial-distancefunction
were obtainedaroundHamilton, Ontario, becauseit is large enoughto be
a bright sourceof light, but hasrelatively few suburbs.Figure 5 has been
constructedfrom datatakenon automobiletrips to the south-westalong
Hwy. 6, to the west along Hwy. 5, and to the north along Hwy. 6. Small
towns and the naturalbackgroundrapidly obscure the contributionof a
large city. Thesedata, as well asvisual and photoelectric measurements
takenat many sites in southernOntario, were usedto define the radial-
distancefunction.

TheMathematicalModel. The Sky BrightnessProgrammemodel is based
on Treanor’s (1973) “light propagationlaw”, modified to fit observations
obtainedin Ontario.

Consideran observerlocatedat 0 (seefigure 6). A layer (or multiple
layers) of air abovehim atZ is illuminatedby townsT, only oneof which is
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‘I

C.

Flu. 6—Schematic model used in deriving the Q function. Seethe text for an ex-
planation of the terminology.

x
shownin the figure. The illumination of Z will be takenasproportionalto
the flux passingthroughit. From the observationalmaterialit is seenthat
thecontributionof a singletown to thebrightness,B, of the sky at distance
D from the town, is

wherea is an empiricalconstant,p is the populationof the town, andQ is
the distanceattenuationfunction.

Although we haveempiricaldata for the function Q, let usconsiderthe
functional form we can expectQ to assume.Threeeffects will presumably
operate.First, direct light from the town will decreasein accordwith the
inverse-squarelaw; secondly, singly-scatteredlight from points P along
the pathwill reachZ; andthird, light will be absorbedin the atmosphere.

The intensity ‘d of the directlight may be written

(2) ~ = 111VX
2exp(—kX),

whereV is aconstant,k is the atmosphericabsorptioncoefficient,andX is
the distancebetweenP andZ.

The singly-scatteredray is assumedto be scattereduniformly inside a
coneof semi-angle~; thus all scatteredlight reachingZ must originate
within the figure of revolution generatedby arc TZ. This volume is built
up from many thin disks with areaSD and of thicknessdx at distancex
from T, eachcontributingillumination ci!,:

(3) dI, = 4SDO {[X2 exp(—kx)] [(X — x)2 exp(—k(X — x))]) dx.

The first term representsthe inverse-squareloss from T to the disk, the
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second,that from the disk to Z. The parametero- is a forward scattering
coefficient.The areaof the disk is

(4) Si~ = ~r4x2(X — x)2X2.

Substituting(4) into (3) andsimplifying

(5) dIR = I
0r~X~ exp(—kX) dx.

The totalscatteredlight is

(6) 1., = I(,UXI exp(—kX),

whereall the constantsare combinedinto U. Substituting

(7) X
2=D2+h2,

combining(2) and (6) gives usthe functionQ:
(8) Q(D) = (I(,+IR)/Io= (U(D2+h2>1+V(D2+h2)1/2}

Thus,from (1) and (8), X exp (k(D2 + /~2)I4

(9) B(D) = a\/j {U(D2 + h2)’ ±V(D2 + h2)½)

>( exp {—k(D2 + h2Yz}.

The total light at Z is the sumof the light from all cities near enoughto
contribute significantly.

By judicious fitting of the individual terms of (9) to the observational
data,we chosethefollowing valuesfor the constants:

a = 50
U = 259 km2

(10) V=O.O8km
h = 2.4 km
k =0.026km1

With theseconstants,B will be in units of tenth-magnitudestarsper square
degree,alsoknownasS

10 units.

AssumptionsImplied by the Model. A mathematicalmodel is significant
only insofar as it describesa realistic physical situation. Examinationof
themodel showsthat it assumesor implies the following pictureof reality:

1) that a city acts as a point sourceof light emitting uniformly in all
directions;

2) that all cities obey the “luminosity proportional to square root of
population” relationempiricallyderivedfrom a smallsampleof cities;
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3) that the luminosity constanta is the samefor all cities at any given
time;

4) that the light is scattereddownwardsto the observerfrom a thin
layerat a singleheight; 4

5) that the atmosphereis a uniform absorber,butscattersin the forward
/

direction overa small angle;
6) that all light is emitted by cities (i.e. negligible light is emitted by

farmsand otherrural sources).

The model breaksdown where theseapproximationsare least accurate,
i.e. (i) where the sprawl of the city becomessignificant, (ii) near resort
townswhich are lit abnormallywell, or (iii) in meteorologicalconditions
thatalterthenormaloptical propertiesof the atmosphere,suchasabnormal
clarity or hazeandfogs.

1,

Determinationof theConstantsUsedin the Model. The constantsa, U, V,
hand k weredeterminedby fitting the model to suitable Sky Brightness
Programmedata.Upon examinationof equation(9), it is seenthat all five
constantsneednot be fitted simultaneously,since undercertain conditions
the equationmay be simplified:

1) In small towns where the “point source” assumptionis valid, the
valueof h may be inferreddirectly from the shapeof the measured
Q curve.

2) Nearcities,whereD is small, the scatteringandabsorptiontermsare
small; thusthe inverse-squarelaw is dominant,permittingthe evalu-
ationof a if U is set arbitrarily (U = 1.6092kin2).

3) From 20 to 40 kin, the valuesof V andk aredominant.
4) At distancesgreaterthan60km, k becomesthe mostsignificantfactor.
Severalsetsof trial valuesmay beneededbeforethe model fits well at all

measuredpoints.Thechoiceof V andk is difficult becausethe dataarepoor
at larger distancesfrom cities. Choosingk is particularly difficult because
it fluctuateswith atmosphericconditions(PritchardandElliott 1960). The
final valueof k wasdeterminedby usinga preliminaryk to calculateapre-
liminaryV for the middle rangeof distances,thenby usingthat Vwith data
at largedistancesto find the bestk for thesedistances.Thevalueof V was
revisedfor thenew k,andsoon, until the observationswerewell represented.

The final valuesof k andh are in reasonableagreementwith values in
the literatureandrepresentreasonablevaluesfor the averageopticalproper-
ties in the troposphericaerosolmixing layer (Rozenberg1966, Elterman
1966, 1970,Eppers1968,Divan 1970).
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FIG. 7—The attenuationfunction,Q (heaviestline), the direct (U/X2) andscattered
(VIX) components(light lines), andtheir sum.

The valuesof U and V are markedlydifferent from the values usedby
Treanor(1973) in thatTreanorfinds a verymuch higher level of scattered
light. However, he has assumeda different population function, in effect
decreasingthe importanceof satellite cities and giving the appearanceof
additionalscatteredlight. In principle, the ratio of direct to scatteredlight
couldbemeasureddirectly from an airplane,butthis would posesubstantial
experimentaldifficulties.

Production of a Light-Pollution Map. The greatestvalue of the model is
its predictivepower,i.e. the ability to calculatelight pollution at specified
siteswith theaim of theselectionof possiblegoodones.To thisendwe have
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produced light pollution maps in both coded grey scale and isophote forms.
The mathematicalmodel was applied to Ontario, including contributions
from nearly all cities over 1,000 population in Ontarioand large cities in
adjacentareasof Quebec,New York, Michigan, Ohio, and Pennsylvania.
Some 325 cities and towns were considered.Ontario was divided into
6,000 blocks,each 8 km square,andthe light contributedby all of the cities
was calculatedfor each block using a PDP-11/45 computer.A detailed
descriptionof the method is found in Pike (1976).

Figures8 and9 are contour mapsproducedfrom a numericallisting of
light-pollution levels in each 8 km block. Five sky brightnessisophotesare
shown (20, 100, 200, 500 and 1,000),enclosingthe five critical levels of
sky quality definedin TableI. Extra contours(50 and 320) are shownin
areaswhere the local structureof light polution may play a role in site
selection. The isophotesrefer to the visual region of the spectrumand
averagemeteorologicalconditions.Note that the naturalbackgroundlevel
is around250 to 300 Sj(, units at deep-skysites in Ontario with no moon
andin the absenceof auroral activity. (Refer to TableII for conversionof
these light-pollution levels to the conventional units of magnitudesper
arcsec.~)Thevaluesof thecontourlevels shouldbe increasedapproximately
10% peryearafter 1975 to compensatefor the increaseof populationand
lighting.

Seriousnessof Light Pollution. Light pollution affects all populatedparts
of Ontario; few people,thusfew astronomers,live in regions where the sky
can be considerednon-degraded.Light pollution is so prevalent, in fact,
that many amateursof high school age have never seena non-degraded
sky andreactto ratherbadlydegradedskieswith greatexcitement.The loss
of the natural sky is largely unnoticed by those not acquaintedwith
astronomy.

The cost of commercialand outdoor lighting in termsof energy is great,
sincelighting accountsfor around20% of totalelectricpowerconsumption
(MacAdam1975) andnight outdoorlighting takesa large fraction of this.
Riegel (1973) statesthat outdoor lighting levels in the U.S. aregrowing
at about20% peryear,manytimesfasterthanthe population.Riegel gives
five reasonsfor the rapidgrowth rate:

1) the growth of suburbsand concomitantgrowth of lighted streets,
shoppingcentres,andother services;

2) the fear of crime, andthe belief (not necessarilytrue) that lighting
deterscrime;
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Fxo. 8—Contourmap of light pollution in south-westernOntario.Solid areasrepre-
senturbanlanduse.Contourlevelsarein S10 units.
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Fjo. 9—Contourmapof light pollution in south-easternOntario.Solid areasrepre-
senturbanlanduse.
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3) increased efficiency in modern lamps and ongoing conversion to
brighterlamps;

4) increasedbusinessand recreationalactivity at night;
5) vigorous promotionalcampaignsby manufacturersand suppliersof

outdoorlighting equipment.

These trends are presentin Canadaalso, very noticeably in southern
Ontario.

We haveattemptedto assessthe growth rateof light pollution and find
that an annualincreaseof about 10% is consistentwith availabledata. It
is worth noting that in 1935 the Milky Way could be seenin downtown
Toronto (Hogg 1975)! Pike (1976) hasmadeextrapolationsof light pollu-
tion levels in Ontariofor the next 25 years.Unlessthe trendchangesdras-
tically, it is evidentthat fewreasonablyaccessibledark-skysiteswill remain
by the endof the century,andthat suburbanand semi-rural skieswill be
seriouslydamagedby light pollution.

The mosteffectivelimit to thegrowth of light levels may be the needfor
energy conservationand more efficient use of light sources(MacAdam
1975),includingtheuseof shieldsandreflectorsto directless light upward
(Hong and Peterson1974).

Conclusions.
Wehaveobtaineddatafrom visualandphotoelectricinstrumentsto dcfine

a population-brightnessfunction for cities and a distance-brightnessfunc-
tion for averageatmosphericconditionsin Ontario. We haveusedthese
functions to constructa simple mathematicalmodel of light pollution in
Ontario. Data from many locations indicate the model gives essentially
correct results.We find, from direct observationand model calculations,
that there arevery few observingsites in southernOntario unaffectedby
light pollution, and that thesewill degraderapidly in the future. We fear
that,within a fewdecades,therewill be virtually no opportunityfor anyone
to view the naturalsky in southernOntario, which will be a great loss to
our culture,as well asto astronomyandstar-gazing.
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