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Chapter 1
DarkSkiesfor all

Prof. Mark E Bailey,
Director,
ArmaghObservatory,
CollegeHill,
ArmaghBT619DG,
NorthernIreland
Email: meb@arm.ac.uk

Thefollowing articleis takenfrom Astronomy& Geophysics- thehousejournalof theRoyal
AstronomicalSociety. It is reproducedherewith permissionandwith thanks.

1.1 Abstract

More than100peopleincludingmembersof theBritish AstronomicalAssociationCampaign
for DarkSkies(CfDS),representativesfrom localandcentralgovernment,lighting profession-
als,environmentalists,astronomersandjournalists,metin Portsmouthfor theSixthEuropean
Dark-SkiesSymposium,on the15th and16th of September, 2006. Themeetingcoveredthe
adverseimpactsof light pollution on various�elds, for examplehealth,theenvironmentand
the economy, aswell asastronomy. With supportfrom the Campaignfor the Protectionof
RuralEngland,thepublicationin 2003of a comprehensive reportby theHouseof Commons
ScienceandTechnologyCommittee,andthe recentrise in energy costs,light pollution has
becomeasubjectof growing publicconcern.Professionalastronomershaveanimportantrole
to play in commendingtheargumentfor a returnto darkerskies.
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Chapter1. DarkSkiesfor all 1.2. Introduction

Figure1.1: An exampleof poorchurchlighting in Malvern,illustratingskyglow, glareandtheeffects
of light wasteshininguselesslyinto space(C Baddiley).

1.2 Intr oduction

The Sixth EuropeanDark-SkiesSymposiumthrew a spotlighton advancesin a rapidly de-
velopinginterdisciplinary�eld. Thesubjectencompassesnot just thephysicalandtechnical
aspectsof outdoorlighting, and its obvious impact on astronomy(e.g. Mizon 2001), but
thesocial,environmentalandecologicaleffectsof thephenomenonaswell. In Englandand
Wales,light pollutionhasbeenrecognizedasastatutorynuisance.

Theconferencecontaineda�ne arrayof scienti�c andtechnicalpresentations,all of whichare
now availableon theinternet(Mizon et al. 2006),andwasnoteworthyalsofor thehospitality
andenthusiasmof theorganizers.Eveningvisitsto theSouthDownsPlanetarium(Chichester)
andtheHampshireAstronomyGroupssuiteof telescopesin Clan�eld weregreatlyappreci-
ated. And with openingandclosing speechesby MPs Lembit Opik and RobertKey, it is
evidentthatthesubjecthasagrowing political pro�le.

Thetonewassetwith anexcellentintroductoryoverview by JohnMason,highlightingpoints
that werediscussedlater in moredetail. Noting the advancessincehe �rst spoke on light
pollution some15 yearsago, his main messagewas that the issueis now at a crossroads.
Greatstrideshave beenmadein the past10 years,to the extent that the battle for peoples
heartsandminds is �nely balanced.However, more needsto be doneif we are to obtain
darkskiesfor all andretainthebene�tsof a sourceof inspirationthathasled peopletowards
scienceandascienti�c wayof thinkingfor thousandsof years.Whereasmany peopleareable
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Chapter1. DarkSkiesfor all 1.3. Theproblem

to recognize,at leastwhenthey arepointedout, theworstexcessesof light pollution,we still
have to overcomethenovelty factorof beingableto makenightasbrightasday.

Most people,for example,probablydo not think aboutlighting at all, just installingrandom
lights as they see�t; othersinstall light-polluting external lights simply becausethey look
nice.Some,suchasthearchitectswho quiteliterally �ood buildings(andtheir surroundings)
with light, shouldknow better. Their efforts with new lighting technologyoften swampthe
veryarchitecturalfeaturesthey seekto display.

By bringinglight pollution into thepublic domain,thelargely amateurastronomicalcommu-
nity hasperformedasigni�cant publicservice.TheCfDSwebsitey holdsawealthof detailed
informationandlinks to othermaterial. Moreover, asthe subjecthasmatured,so the small
minority preparedto lobby for their hobby hasbeenjoined by a growing numberof other
special-interestgroups.Theseembracesubjectsasdiverseastheecologicaleffectsof exces-
sive lighting; the legal implicationsof light pollution asa statutorynuisance;andthe social
andenvironmentalcostsof thewastedenergy.

Many peoplerealize,for example,thatwhenthey illuminatetheir homeswith up to 1 kW of
so-calledsecuritylights, they areburningmoney. Perhapsthey canafford to wasteup to £500
peryear?But how many understandthat in thecourseof a yeartheadditionalCO2 pollution
emittedin producingthewastedelectricity is equivalentto driving the family carhalfway to
Australia?

1.3 The problem

Light pollution is light in thewrongquantity, in thewrongplaceandat thewrongtime. It is
responsiblefor the sky glow aroundour townsandcities; the light nuisancein our gardens;
the glarein our eyes;andlight waste. In the wordsof Martin Rees,the AstronomerRoyal:
“Youdon't needto beanornithologistto wantto beableto seesomebirdsin yourgarden,and
you don't needto beanastronomerto wantto beableto seethestars”.Thenight sky is part
of our environmentindeedtheonly part thathasbeenexperienced,equally, by all culturesat
all times.

Theoverwhelmingmajorityof peoplenowadays,perhapsevensomeastronomers,havenever
seena really dark sky, nor a shootingstar, nor even the Milk y Way. This creepingdispos-
sessionof our night-sky experiencehascaughtmany unawares.But thereis a rising tide of
opposition.

JohnMasoncapturedthemoodwell: Light pollutionis all aboutqualitylighting for everybody
- it is verymuchanenvironmentalissue.

yhttp://www.britastro.org/dark-skies/
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Chapter1. DarkSkiesfor all 1.4. Healthandenvironment

Figure1.2: Comparisonbetweentwo views looking towardsToronto,Canada.The left imageshows
theusualview, dominatedby sky glow; thaton theright shows how many morestarsarevisible from
thesamelocationduringapower cut (T Carlson,takenfrom CfDSImageLibrary).

1.4 Health and envir onment

Somespeakershighlightedtheimpactof light pollution on health.It cancauserifts between
neighbours,andlack of sleepcanbring increasedstressandirritability. The suggestionthat
too much night lighting may causecanceris more worrying. The CfDS websiteprovides
links to studiesthatsuggestthatexposureto light atnightcandisruptthebodysproductionof
melatoninandso increasean individualsrisk of developingoestrogen-relatedmalignancies,
suchasbreastcancer. This is anotherrapidly growing areaof research,but theprecautionary
principlewouldsuggestremoving lights whereverpossible.

Bright lights canhave a violent effect on health,aswhenthe glarefrom an inappropriately
directedsecuritylight dazzlesapassingmotorist.In at leastonereportedcase(Dryden2002),
theresultingaccidentcausedthedeathof a pedestrian,andin law the lighting engineerwho
installedthelight couldbeliable in contractor tort for anunsuitableor dangerousdesign.

However, while lawyers and someacademicsmay rejoice in the employment possibilities
provided by this new �eld, light pollution remainsa menace.It is responsiblefor the loss
of the tranquility andvisual amenityof the countryside,andto a blurring of the distinction
betweentown andcountry. It seriouslydamagestherural idyll.
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Chapter1. DarkSkiesfor all 1.5. Economy

The environmentalimpactof light pollution on �ora andfaunais well documented.Outen
(2002), for example,notedhow night lighting can critically affect the behaviour of birds,
plantsandmammals.Thedawn chorusof thrushesis in�uencedby acritical light level; some
plants,exposedto a brief �ash of light duringdarkness,canceaseto �o wer; andin mammals
thechanginglengthof theday, in�uencedby arti�cial lights,canaffect thereproductivecycle
andpeakbodyweightduringautumnfatdeposition.

Similarly, Henshaw andClif f (2006)have highlightedthe increasinglysevereeffectsof light
pollutiononthenumberanddiversityof insects,andhenceonbirdsandothercreatureshigher
up thefood chain. In themeeting,Alex Pollard(Universityof Cardiff) presentedsomefasci-
natingresultsfrom herPhDthesison theeffectsof arti�cial lightson thebehaviour of robins.
In NorthernIreland,theinstallationof anew lighting schemeontheseafrontin Newcastle,Co.
Down, wasrecentlydiscoveredto havehadadisastrouseffecton themigrationof salmonand
seatrout up theRiver Shimna.Fishdon't like bright lights! Herethelaw of unintendedcon-
sequencesdamagedthevery tourismproductthattheschemewasintendedto promote.These
examplesdemonstratethe wider impactof light pollution. Although quantitative studiesof
theecologicaleffectsof light pollution arein their infancy, thesubjecthasalreadybecomea
goldminefor environmentalresearch(e.g.RichandLongcore2006).

1.5 Economy

Trying to make night as bright as day comesat a high price. Indeed,with sharplyrising
energy costs,everyoneis awareof theproblem.In a recentpoll in Essex, 83%of respondents
expressedsupportfor the introductionof curfew lighting: that is, turning external lights off
whenthey arenot needed(e.g. from midnightto 5 a.m.).Theannualsavingsto theratepayer
werearound£1 million per year. In NorthernIreland,23%of domesticelectricity costsare
attributableto lights. Thereareconsiderablepotentialsavings if lights areusedonly when
necessary.

1.6 What next?

Martin Morgan-Taylor(deMontfordUniversity),stressedthatthenew CleanNeighbourhoods
andEnvironmentAct is astepin theright direction.But it mustbestrengthenedif thecontin-
uing growth of light pollution is to bestopped.Thepresentlaw is poorly draftedandhastoo
many exclusions.Theopeningspeaker, Lembit Opik MP, offeredthescienti�c communitya
possibleway forward. To helpchangethe law, participantswereurgedto spend10 minutes
writing shortlettersto their MPs,arguing for additionalstatutorycontrolson light pollution.
RobertKey MP madeasimilar request.As theconstituency of partiesinvolvedin light pollu-
tion hasgrown, sothesubjecthasbecomeacallingcardfor astronomers.It providesavehicle
for educationandoutreach,andareasonto contactdecision-makersatall levelsto convey the
importanceof astronomyandrelatedscienti�c issues.
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Chapter1. DarkSkiesfor all 1.7. References

Eighty yearsagothe FrenchNobelphysicistJeanPerrin(1870-1942)wrote: “It is indeeda
feeblelight thatreachesusfrom thestarrysky. But whatwouldhumanthoughthaveachieved
if we couldnot seethestars?”.Similarly, RobertKey emphasizedtheuniquecultural impor-
tanceof accessto dark skies,fully half of our nighttime�eld of view. It is the onepart of
our environmentthat we have sharedwith all culturesin all periodsof humanhistory, and
is a key part of mankindscultural inheritance.Professionalastronomershave an important
responsibilityto advancewiderpublicunderstandingof science;theBAA Campaignfor Dark
Skiesshouldbewidely andstronglysupported.

Mark E Bailey is Director of the Armagh Observatory. Acknowledgments:It is a pleasure
to thankChris Baddiley, Darren Baskill, Bob Mizon and Mike Tabb for helpful discussions
and correspondenceconcerninglight pollution, and this article in particular. Astronomyat
Armagh Observatoryis supportedby the NorthernIrelandDepartmentof Culture, Arts and
Leisure.
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Chapter 2
ThreeEventfulYears

BobMizon,
TheCoordinator, CfDS,
38 TheVineries,
Colehill,
Wimborne,
Dorset,
BH212PX
England
Email via: http://www.mizarastro.freeserve.co.uk/mailsend.html

The British AstronomicalAssociation's Campaignfor Dark Skies(CfDS) has137 local of-
�cers, andpromotes”star-quality lighting” aroundthe UK, speakingto designers,councils,
lighting professionalsandanybodywhomakes,choosesandinstallslights. Its GoodLighting
Awardshave publicisedthe valueof the night sky andthe needto protectit. CfDS hashad
probablyits mostinterestingthreeyears(2003-06)sinceits inceptionin 1989.

Seventeenyearson,thereis apositivetrendin lighting in theUK. Mostpeoplenow understand
the term ”light pollution”, and the installationof �at-glass or shallow-bowl 'sky-friendly'
lamps,directing light downwards,is now the rule ratherthanthe exceptionalongBritain's
mainroads,andon side-streetsin many local authorityareas.Thedecisionby theHighways
Agency to usewell-directedlights on main roadsin 1995wasmostwelcome. Therehave
beenimportantstepsforward in recentmonths,notably in Parliament. The Of�ce of the
DeputyPrimeMinister (ODPM)/DEFRAhave announcedan”annex (sic) to PlanningPolicy
Statement23”. PPS23dealswith theenvironmentalimpactof new developments.Theannex
speci�cally directslocalauthoritiesto takelight pollutioninto accountwhengrantingplanning
permission.Theresponsibilityfor thishaspassedto DEFRA,andCfDSof�cers havemetwith
them,andcontinueto do so,to try to speedup theinceptionof thisannex.

Even moreencouragingwasthe recentCleanNeighbourhoodsandEnvironmentAct (April
2005),a sectionof which makeslight intrusiona statutorynuisancealongsidenoise,fumes
andotherpollutants(seeJBAA June2005).So,is light pollutionnow againstthelaw?
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Chapter2. ThreeEventfulYears

Yes,in a restrictedsense(seechapter6 for full details). It maybe againstthecivil law (i.e.
wherethecomplainantsues:therehavebeensuccessfulcases,suchasBonwickvsBrighton&
Hovecouncil,or BaconvsGwyneddCountyCouncil)andasof April 2005intrusivenuisance
lighting is againstthecriminal law.

Commonlaw privatenuisanceactionshavebeensuccessfullybroughtagainstnuisancelights
in several cases. It must be notedthat noneof the complainantsin thesecaseswere as-
tronomers.However, suchan actionrequiresthe complainantto suethe party responsible,
althoughthecasesaboveshow thatbadlighting is becomingincreasinglyunacceptableto the
reasonableperson.Exterior lighting hasnow becomesubjectto thecriminal law of statutory
nuisance,wheretheStatemayprosecutea party for a nuisancelight. Thechangein the law
wasintroducedby sect. 102of theCleanNeighbourhoodsandEnvironmentAct 2005. The
provision hasbeenin forcesinceApril 2006. A complainantwill be ableto take thematter
up with the EnvironmentalProtectionUnit of their local council, who in turn may initiate
proceedingsin the Magistrate's Court. The issueof whetherstreetlightsarecoveredby this
new law is a vexedone,which remainsto betested.Transport-relatedpremises,e.g. docks,
railway stationsandbusdepots,are(for no goodreasonCfDS canfathom)exempted.CfDS
will work hardto overturntheseexceptions.At a meetingof EnvironmentalHealthOf�cers
at de Montfort University in April 2006,a DEFRA representative wasunableto justify the
exclusions.Why shouldabusstation,for example,beallowedto createanuisancewith stray
light on onesideof your premises,but your neighboursmaybe liable to proceedingson the
otherif their ”securitylamp” is badlyangled?

TheCN&E Act doesnot speci�cally protectthenight sky, but any adaptationor removal of
poorlydirectedlampsis goodnews for astronomers.TheCampaignfor DarkSkiescontinues
to �ght for all lighting to becontrolled,andfor thestarrysky to haveasmuchprotectionasany
otherpartof theenvironment. TheAct is a major stepin the right direction: but remember,
it doesnot speci�cally protectthe night sky, but greatlyreinforcesCfDS' argumentthat the
night sky is, like any otherbeautifulpartof our fragile environment,worth theGovernment's
attention. The CN&E Act is a direct resultof the ScienceandTechnologySelectCommit-
tee's deliberationsof 2003,in which theCampaignplayeda majorpart,andthemomentum
of thedark-skiesmovementhasbene�tedgreatlyfrom theSelectCommittee's very positive
recommendations(e.g. that light be a statutorynuisance,that FCOsbecomestandard,and
thatplanninglaws includelighting asa matterof course).The Campaignwill work hardto
overturnthefactthattransportpremisesare,nonsensically, excludedfrom theAct.

As mentionedalready, theCampaignhas137volunteerlocalof�cers, andthey aremuchin ev-
idence:presentingBAA GoodLighting awardsfor goodpractice,giving talksto localauthor-
ities,environmentalandothergroups,advisingindividuals,andmonitoringlighting schemes.
CfDS is increasinglycalleduponto adviseon majorlighting projects,andmaintainsits good
relationswith the lighting community, centralandlocal government,andenvironmentalists.
It hasparticularlycloselinks with the Campaignto ProtectRural England(CPRE),andthe
two organisationswork closelytogetherin publicisingthe needto promotedark rural skies.
TheCPRE's ”Night Blight” campaignof 2003wasa big factorin in�uencing thework of the
SelectCommittee.
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Chapter2. ThreeEventfulYears

To �nd anenormousamountof informationonthesubjectof light pollutionandhow tocounter
it, pleaselook attheCampaign'swebsite(http://www.dark-skies.org)or try BobMizon'sbook
“Light Pollution”. ThePhilip'sDarkSky Mapof theUK is alsonow onsalefrom theBAA or
in largestationersandbookshops.

CfDSlocalof�cer andwebmasterDr DarrenBaskill, of thePhysics& AstronomyDepartment
of theUniversityof Leicester, hasdoneasplendidjob recentlyrefurbishingandexpandingthe
website.

CfDS pursuesits links with like-mindedmovementsall over theworld, andit is particularly
goodto welcomedelegatesfrom elevendifferentcountriesto theSymposium.Pleasenotethat
theSeventhEuropeanDark-Sky Symposium(2007)will beheldin Slovenia.
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Chapter 3
Theimpactof luminairedesignonskyglow

Dr ChrisBaddiley,
1 Kingshill Close,
Malvern,
W14 2BP
England
Email: cj.baddiley@physics.org

3.1 Overview

Thispresentationcovered:-

- Thespectrumandluminancevaluesof skyglow.

- Luminairedesignsandtheireffectof obtrusionandon theenvironment.

- MeasuredPhotometryof skyglow in ruralareasfrom scansof all sky andwideangleimages,
showing a rangeof over50 to 1 from a few degreesabove thehorizonto zenithastypical.

- Measurementsof skyglow overaperiodof threemonthsin all weatherconditionsshowing a
factorof over30 to 1 in luminanceaccordingto cloudandvisibility.

- A descriptionof the mechanismsof surfacere�ections andatmosphericscatteringin my
skyglow model.Someexampleplotsform testcases.

Themodelandsomecasesaresummarisedbelow.
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Chapter3. Theimpactof luminairedesignonskyglow 3.2. Summaryof it mainfeatures

In the last year my skyglow modellingprogramhasbeenrewritten and includemany new
features.It is ableto comparetheskyglow from differentluminairedesignin openor built up
roadlocations,by readingin publishedluminairephotometry�les. It alsohasabuilt-in globe
light modelwith variablecut off angle,for reference.

3.2 Summary of it main features

* It runsin Excelspreadsheets,asfunctioncallsto generatetablesthatareplotted.

* Readsindustryphotometry�les in thethreecommonformats(CIB,IES,INR)

* Plotsluminancedistribution polar diagramsin the standardlighting engineeringspherical
co-ordinatesystem,in stepsof gammaangle(the anglefrom the nadir at gamma=0o, up to
the zenith at gamma=180o) either along a road (at a C angleplaneof 0o in front or 180o

backwards),or acrossa road(wheretheC angleis 90o or 270o). Also, polarplotsfrom above
areavailablefor all C angles(0-360o), andfor steppedgammaangles(0-90o).

* Plotslux distribution givenpole spacing,both onesidedandalternatesidedstaggered,as
colourcodedsurfaceplots. Plotscanbegeneratedfor horizontalsurfaces(on andoff road),
andin verticalplanesacrosstheroad- bothin-front of andbehindthestreet-light(parallelto
theroad).It alsocalculatesthehorizontalplanesurfaceuniformity.

* Calculatesintegratedspherelumens(or for partof asphere)up to agivengammaangleand
atagivenangleband.It alsoplotstheseasa fractionof thewhole,overall gammaangles.

* PlotsBi-directionalRe�ectivity Distribution Functions(BRDFs)for a singlesource,both
specularandscattercomponentsandcombined.Theseplotsof re�ectivity arepolarmapsin
gammaangleacrossa road(includingsurroundings)andalonga road,alsoaroundin C angle
in steps,for gammasfrom 90o (horizon)to 180o (above horizontal).This is for specularand
scatterpartsor combined,alsofor eachview pathor direct.For verticalsurfaces,this includes
all re�ectionsandobstructions,accordingto view angle.

There�ectivity of eachsurfacecanbespeci�edin cell input,alsoroughness,andspectraltype
(e.g.road,concrete,walls,trees,grass,etc),whichis referredto by atypenumber. Up to three
surfacesareallowedfor now, but thismaybeexpandedto mixesof several.Thethreesurfaces
are:1. road(e.g.asphalt),2. surroundings(e.g.grass),and3. vertical(eitherconcreteor brick
wall, or treesof several types).If verticalsareincludedthey aremodelledascontinuousand
two sidedabouttheroad. i.e. a simpletroughgeometry, usingbasiccornerre�ection optics
rules.

* Luminousre�ection plotsareshown in thesameformatasthespecularandscatterre�ectiv-
ity plots,but with thegivenincidentluminairesourcedistribution.

* Thesearethenintegratedfor all C anglesvaluesfor a sphere(or part sphere),to a given
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Chapter3. Theimpactof luminairedesignonskyglow 3.2. Summaryof it mainfeatures

gammaangle,andplottedaswastheluminairedistribution.

* The atmosphericmodel is �x ed asstandardbut aerosolscanbe switchedon or off, both
shown on theoutputatmosphericscatterplots. Theatmosphericscatterplotsareall donefor
threecomparisonluminairessimultaneously, asselectedfrom a �le.

* At agivendistancefrom thesourcespeci�ed,theincrementalcontributionof scatterperkm
of view path,into a givenobserversview directionandat a givenview elevationangleto the
sky, is plottedfor all atmosphericview pathincrementsalongtheview directionto thesky, for
molecularandaerosolparticles.

* The integratedpathscatterfor view elevation is plottedfor all elevationswith andwithout
aerosolscatter(for threelumimairedesignsin parallel).Theplotscanbebasedon the lumi-
nousoutputof eachluminairerescaledto a commontotal, or not asselected,for comparison
of opticaldesign.

* The skyglow at a givenview elevation is alsoplottedfor increasingsourcedistanceup to
100km distance.A curvedEarthsurfaceis used.Pathdistancesarecalculatedanddisplayed
logarithmically.

Thefull atmosphericscatterprogramrunsin about2 minutesona3GHzPC.

Threeluminairelight distributionsarereadin andalsoplotted.All intermediateplotsareonly
shown for oneof theluminaire�les, but that�le canbeselectedfrom any.

Plotsareon darkbackgroundsfor usein presentationsor white asrequired.Plot resolutionis
5 degrees(thecomputationstepinterval).

This work is thebasisfor a guidancenoteto bepublishedin conjunctionwith theInstitution
of Lighting Engineers,“TowardsUnderstandingSky glow” showing themechanismswhereby
differentkindsof lampscreateskyglow at variousdistances.It particularlycondemnstheuse
of SOX luminaires.Thosewithin thelighting industrywhoarecallingfor shallow-bowl lamps
ratherthan�at-glasscut-off typeswill, it is hoped,beconvincedthatthenightsky canbebetter
protected,androadsasef�ciently lit, with thelatter.
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Chapter3. Theimpactof luminairedesignonskyglow 3.3. Sampleoutputplots

3.3 Sampleoutput plots

3.3.1 Sampleoutput plots for SOX, CTG cut off and full cut off luminair e study.

Figure3.1: This log-log plot shows the amountof light scatteredtowardsan observer viewing at a
45o elevation, for eachkm incrementalongthe observers line-of-sight. The sourceis placed10 km
away from theviewer. Theviewer is at thebottom-rightof thegraph,andthesourceis left of centre,
at the 10km mark. At 14km alongthe inclined viewing path,the scatterpoint is directly above the
source.Hence,to the far left of the graphbeyond 14km, we seethebackscatteroff theatmosphere
from pointsbeyond the source.Above the source,the scatteringis nearorthogonalandmostly from
air molecules.This is the �rst bumpon the left, for all threesources.The illumination of this scatter
point is not the lamp itself (assumingan opaquecover), but by groundre�ection. The rising line to
the viewer for the SOX luminaire(deeporange),is the effect of its direct radianceto the sky dueto
its badlycontrolledoutputabove thehorizontal,causingexcessive scatteringin the lower atmosphere
particularlyby aerosols.Note in ideal air with no aerosols(thin dottedcurves), the SOX casefalls
thecloserto anobserver. Thefull cut off luminaire(pink) with no direct radianceinto thesky shows
no forwardscatterpeakat all. Theshallow bowl cut off designcurve lies above thefull cut off curve
mostnoticeablyat thenearerdistancesto theviewer. For all the luminaires,the luminanceat a �x ed
gammaanglealongtheroadwasscaledto thesame.Dottedcurvesrepresentskyglow in idealair with
no aerosols.Unitsof cd=m2 for a singleluminaire.
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Chapter3. Theimpactof luminairedesignonskyglow 3.3. Sampleoutputplots

Figure3.2: This diagram,with a logarithmichorizontalscale,shows therelative total skyglow lumi-
nanceat a 45 degreeselevationview path,asa functionof distanceof sourceto observer. Thesource
is on theleft. Theobserver movesfrom thereto theright. NoticethatSOX (deeporange)createssig-
ni�cantly moreskyglow thanthecut off case(pink) at all ranges,especiallyat largedistancesbeyond
10 km. It is visible aftercut off (light orange)andfull cut off (pink) SONareno longercontributing
signi�cant skyglow. Theexcessfrom theshallow bowl cut off luminaire(light orange)is alsoclearly
seen.Unitsof cd/m2for asingleluminaire.
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Chapter3. Theimpactof luminairedesignonskyglow 3.3. Sampleoutputplots

Figure3.3: Thisdiagram(ona logarithmicverticalscale)shows therelative skyglow luminancefor all
elevations,from 0o to 180o overtheentiresky (from horizonto horizon),by SOX (deeporange),cutoff
(light orange)andfull cut off (pink) SONlighting. Theviewer is 10 km from thesource.Noticethat
at very low viewing anglescloseto thehorizonall havemajorimpact;while atany otherangleit is the
SOX luminairesthatarecontributingby farthemostto theskyglow atall elevations.Theleastpolluting
is full cut off SON.Furtherwork hasshown thattheeffect of buildingsabouttheroadis to reducethe
skyglow a little from obstructions,andat thesametime signi�cantly �atten thecurve, thoughvertical
surfacere�ections. At closerdistances,the curvesbecomevery much�attened, asskyglow spreads
throughre�ectionsto all elevations.Unitsof cd/m2for asingleluminaire.
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Chapter3. Theimpactof luminairedesignonskyglow 3.4. Varyingthecut-off gammaangle

3.4 Varying the cut-off gammaangle

I have developeda modelto vary thecut-off gammaanglefor a uniform globelight, looking
at theskyglow at a rangeof view elevations(from a gammacut off at thehorizontalandon
to gamma=90no cut-off). This is calculatedasseenfrom 10kmand1km distance,througha
rangeof view elevationsto thesky. Themodelhasa roadandit is with grasssurround.

Theeffect of walls is to obstructdirectpathsat low gammaabove thehorizontal,andfrom a
limited rangeof gammasabove the horizontal. At the sametime, from wall sectionsabove
poleheight,light is re�ectedbackin theoppositedirection;for sectionsbelow thepoleheight,
thelight is doublere�ectedbackoff a wall anda horizontalsurface(or vice versa,according
to angle).

Table3.3showstherelativeskyglow in thedirectionof thesourceatsteppedelevationsto the
zenithandbeyond in theoppositedirection. It is comparedwith theskyglow generatedby a
globelight (with no cut-off), hencethepercentagefraction.

Thecaseshown hereis for a globelight of cutoff gammaanglesbetween73o and107o in 1o

steps(90o is horizontaland180o wouldbenocutoff).

Theviewing elevationsareshown at thetop from 30o to 150o, at 30o intervals. I have posted
thisasseveralpeopleatvarioustimeshaveshown interestthedependenceoncutoff anglenear
thehorizontalfor globelights.

3.5 Rural Skyglow: Conclusions

Sky-glow in rural areas,under goodatmosphericconditions

� Verticalbeamsof light into air scatterlittle atright anglestowardsanobserver. However,
they do scatteroff clouds.In town centres,groundre�ection dominatesskyglow, since
light emittedcloseto thehorizontalis usuallyblocked,andre�ected,by buildings.

� At a distancefrom towns, skyglow is dominatedby emissionfrom streetlightsat low
to mid elevationanglesabove thehorizontal,which is thenre�ectedoff theatmosphere
backto below thehorizontal.

� The re�ected light is mostly off the surfacessurroundingthe roads,andnot the road
itself. This is usuallygrassin suburbanareas,which is lessre�ective thantheroad. In
theverticaldirection,thestandardroadsurfacehasre�ectivity of 4%but adirty onecan
bedoublethat(5% is typical). At very inclinedangles,there�ectivity of a roadcanbe
twiceasmuchagain.

� Maximumscatteris atsomedistancein front of thesource,from enhancedaerosolscat-
terat shallow angles.
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� At bluer wavelengths,skyglow at high elevations increasesdue to the much greater
scatterfrom air molecules.Theobserveralsoseesmorescotopicmatchingy

� Shallow bowl luminairesdo not causelesssky glow thanfull cut-off types,evenwhen
fewer are usedper given road length. They have a higher beaminganglesand side
emissionandthehigherre�ectivity of surfacesat theseanglesenhancesthis,socausing
moreskyglow.

To minimise skyglow in the countryside

� All lighting shouldbeshieldedfrom horizontalview.

� The reductionin skyglow by universallyadoptingfull horizontalcutoff lighting in all
areasoutsideof town centrescanbeafactorof 3 to 5 accordingto elevationanddistance
of view.

� Shallow bowls cancausemoreskyglow thanequivalentFCOs,andarevisually more
obtrusive.They shouldnotbeusedin openareasandshouldberestrictedto towncentres.

� Measuressuchasdimmingandswitchingoff whennotnecessary, shouldbeusedwher-
everpossible.

� PFIsareavailablefor improvedquality lighting. But thereis moreandmorelighting for
town centres,new housingandamenities.UsingFCOsalonemaynot reducesky glow
suf�ciently , againstthegrowing amountof lighting in theUK.

y In scotopicmatching,a white light canbedimmeduntil it looksto have thesameappearanceasa high-pressuresodium
lamp.This is becausetheeyerespondsto multi-colour(polychromatic)light muchgreaterthanto nearmono-chromaticlight.
Thescotopicregime is the low light level case,but in roadlighting conditionsit is really measoscopic,theregion between
scotopicandphotopic,wherebothrodsandconesarepartially functioning.

17



Chapter3. Theimpactof luminairedesignonskyglow 3.5. RuralSkyglow: Conclusions

LuminaireType Upward
light ratio
(fraction of
total above
horizontal)

Ground
re�ection

Upward
fraction
including
ground
re�ection

Relative skyglow at

45o elevation to near

zenith, 10 km distance

(FCO=100%)for same

ground illuminance at

30o gamma)

Relative skyglow

at 135o elevation,

(FCO=100%)for same

ground illuminance at

30o gamma)

LPS standardSOX
(5 degreetilt)

7.9% 4.6% 12.5% 450% 990%

HPS cut off (shal-
low bowl)

0.43% 4.8% 8% 210% 420%

HPS SON Full cut
off

0.% 5.7% 5.7% 100% 100%

Table3.1: All theoutputvertically down luminances(lm/sr) werescaledto thesamevalue,to make
theskyglow comparison.At a distanceof 10km,theSOX luminairein this examplegivesnear450%
moreskyglow to theFCOabove 45 degreeselevationand990%moreskyglow thantheFCOat 135o

elevation(45o beyondzenith,facingawayfrom thesource).Theshallow bowl cutoff casesshow215%
and420%moreskyglow thantheFCOrespectively. Comparethatwith thedifferencesin upwardlight
ratio. In practice,thedifferenceswill varywith exactdesign,surfaceroughnessandlocation.

LuminaireType 45o elevationat: 1km 6km 10km 25km 40km
LPSstandardSOX (5 degreetilt) 228% 366% 450% 930% 1500%
HPScutoff (shallow bowl) 135% 182% 210% 370% 560%
HPSSONFull cutoff 100% 100% 100% 100% 100%

Table3.2: This tableshows thecontribution to theskyglow at view elevation45 degreesat a rangeof
viewing distancesfor the threeluminairetypesof above. Thereis a switchover from predominantly
groundre�ection atclosedistancesto directradianceat largedistances.Thecontributionsof directand
surroundasymptoticallyincreasewith distance.
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Skyglow ratio to nocutoff at view elevationsof:
30 60 90 120 150

73 2.5% 2.2% 2.4% 2.2% 1.8%
74 2.5% 2.2% 2.4% 2.2% 1.9%
75 2.6% 2.3% 2.5% 2.2% 1.9%
76 2.6% 2.3% 2.5% 2.3% 1.9%
77 2.7% 2.4% 2.6% 2.3% 2.0%
78 2.7% 2.4% 2.6% 2.4% 2.1%
79 2.8% 2.5% 2.7% 2.5% 2.1%
80 2.8% 2.5% 2.7% 2.5% 2.2%
81 2.8% 2.6% 2.8% 2.6% 2.3%
82 2.9% 2.6% 2.8% 2.6% 2.3%
83 2.9% 2.7% 2.9% 2.7% 2.4%
84 3.0% 2.8% 3.0% 2.8% 2.5%
85 3.1% 2.9% 3.0% 2.8% 2.5%
86 3.2% 2.9% 3.1% 2.9% 2.6%
87 3.2% 3.0% 3.2% 3.0% 2.7%
88 3.4% 3.1% 3.2% 3.0% 2.8%
89 3.5% 3.2% 3.3% 3.1% 2.9%
90 5.7% 5.0% 4.5% 4.2% 4.2%
91 11.2% 10.6% 8.6% 8.0% 8.6%
92 16.4% 16.0% 12.7% 12.0% 13.1%
93 21.2% 21.0% 16.5% 15.8% 17.5%
94 25.7% 25.7% 20.1% 19.6% 21.9%
95 29.7% 29.7% 23.4% 23.4% 26.3%
96 33.3% 34.3% 26.8% 26.8% 30.2%
97 37.0% 38.0% 29.8% 30.4% 34.7%
98 40.6% 41.4% 32.9% 34.0% 38.7%
99 43.4% 44.6% 35.9% 37.2% 42.4%
100 45.4% 47.9% 38.8% 40.4% 46.3%
101 49.9% 51.1% 41.3% 44.1% 49.8%
102 50.7% 53.1% 44.1% 47.0% 53.7%
103 54.6% 56.2% 47.0% 49.3% 57.2%
104 54.6% 58.6% 48.8% 52.5% 60.3%
105 59.4% 60.4% 52.1% 56.2% 63.0%
106 59.7% 62.8% 53.9% 57.5% 67.3%
107 61.1% 64.4% 56.2% 61.6% 69.3%

Table3.3: Relative Skyglow whenlooking towardsthe sourceat steppedelevationsfrom 73o to the
Zenith andbeyond in the oppositedirection. It is comparedwith the Skyglow producedby a globe
light with no cutoff at all at thesameelevation,hencethepercentagefraction. Thecaseis shown here
arefor aglobelight cutoff gammaanglebetween73o and107o, in 1o steps;90o is horizontaland180o

wouldbenocutoff.
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4.1 Intr oduction

Humansrely uponarti�cial lighting to function in the modernworld. Not only is lighting
usedfor completingtasksin otherwisedarkconditions,but it is usedto highlightarchitectural
featuresandfor aestheticreasons.Agricultural techniquesemploying lighting to manipulate
breedingseasonsin horsesandotherfarm animals(Sharpet al, 1975;Bolla, 2001); reduce
aggressionin poultry (Moinardet al. 2001)andincreasefood production(Davis et al 1993;
Rozenboimetal 1999)arewidespread.However, very little is known in comparisonaboutthe
effectsof arti�cial lighting onwild animals'behaviours.

A studylooking at nestingturtlesshowed thatadultsandnestlingsbecamedisorientedafter
laying their eggson beaches,andinsteadof headingto the sea,they headedto the lights or
areasof skyglow. This is dueto theturtlesnaturallydirectingthemselvestowardsthebrightest
object,whichwithoutarti�cial lighting wouldbethehorizon(BertolottiandSalmon2005).In
addition,Witherington(1992)foundthattwo endangeredspeciesof turtle (Loggerheadturtle,
Carettacaretta,andGreenturtle,Cheloniamydasemerge)lay lessfrequentlyon arti�cially il-
luminatedbeaches.Conservationprogrammesutilising alternativeandmoreef�cient lighting
schemeshaveallowedtheturtles' breedingsuccessto beimproved.

Wise and Buchanan(2006) highlight that arti�cial lighting can affect foraging behaviour,
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predatoravoidance,territorialbehaviour, endocrinefunction,metabolicrate,timebudgetsand
orientationof salamanders.Also, Buchanan(2006)providesa detailedreview on theeffects
of arti�cial lighting on anuranamphibians,andstressesthat therearecomplex effectson the
wholeecosystemrelatingto theseanimals.

Studiesinto theeffectsof arti�cial lighting onbird behaviour arenotcommon(Jones& Fran-
cis 2003;Miller 2006;Molenaaret al 2006),but therehave beenmany observationsof oth-
erwisediurnalbirdsbeingactive underarti�cial lighting. For example,lesserkestrels(Falco
naumanni),coots(Fulicaatra)andruby-throatedhummingbirds(Archilochuscolubris)have
beensightedforagingafterduskunderarti�cial lighting, whilst Europeanblackbirds(Turdus
merula)andcommonwrens(Troglodytestroglodytes)have beenheardsingingadjacentto
streetlights during thenight (personalobservations). Europeanrobins(Erithacusrubecula)
have evenbeenobservedfeedingtheir offspringduringthenight by the light from a window
(England1977).

It is clearthat while we know that lighting doesaffect wildlife, not enoughis known about
the mechanismor extent of its effects. I shall now discusssomerecentresearch(Pollard&
Thomas,submitted)studyinghow bird behaviour is affectedby streetlights in SouthWales,
UK. Thiswork involvedobservingEuropeanrobins,E.rubecula(henceforth,”robin”), singing
andforagingovernight.SubsequentlyI will outlinesomemediatorymeasuresfor reducingthe
impactsof arti�cial lighting onwildlife.

4.2 The effectof arti�cial lighting on the EuropeanRobin

Therobin is a diurnalsongbird (passerine).It is highly territorial andmaintainsits territory
by bothsongandaggressive encounters.This meansthat it singsthroughoutthewinter and
eachindividual is easilyrecognisable.It mainly foragesfor invertebrates,andit canbetrained
to feedfrom a dishcontainingreadilyavailablemealworms. Therobin haslargeeyeswhich
allow it to seerelatively well underlow light conditions.This makesit oneof the�rst British
speciesto becomeactiveduringtheday, andperhapspredisposesit to besensitiveto arti�cial
lighting.

Eachrobin territoryhadonestreetlampin it. Within the12arti�cially lit territories,6 hadlow
pressuresodiumstreetlights,and6 werehighpressuresodiumstreetlights.Spectrogramswere
obtained(see�gure 4.1) usinga GER 1500spectrophotometer(NERC Field Spectroscopy
Unit) duringtruenight (prior to theonsetof astronomicaltwilight in thewinter mornings).

This studyfoundthatEuropeanrobin behavioursareaffected,oftenquitedrastically, by arti-
�cial lighting. Both the foragingandsingingbehaviourswereabnormallytimedwhencom-
paredto a robinwith anunlit territory.

Robinsnormallybegin to singat approximatelymorningcivil twilight (whentheSunis less
than 6o below the horizon) and ceaseafter the end of civil twilight in the evening, when
they restovernight.Thesongoutputpeaksat dawn anddusk,giving obviousdawn anddusk
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Figure4.1: Spectralradianceof a high pressuresodiumlamp(left), anda low pressuresodiumlamp
(right).

choruses.After thedawn chorus,robinsbegin to feedoncetheenvironmentbecomessuitably
visible, andthey continueto singandforagethroughouttheday. Birds sing to attractmates
anddefendterritories,anddo soatdawn andduskto utilise thetimeavailablebeforethey are
ableto forageef�ciently . Robinsareparticularlydefensivebirdsandsingthroughouttheday
to maintaintheir territoriesandstopneighbouringrobinsfrom takingover their “patch”.

Robinsthat hold territorieswhich are illuminatedby streetlights begin to sing and forage
earlier than thoserobins within unlit territorieson the sameday. It seemsthat a shift in
behaviour occurs,asrobinswith lit territoriesbeganto singandforageasanearlyextension
of thenormaldawn chorus.No differencein timing wasseenin thesamebirdsat dusk,and
therewasno continuoussongor foragingfrom duskuntil dawn. Therealsoseemedto bean
individual-level responseto thelighting, with onerobin foragingseveralhoursafterduskand
severalhoursafterit hadcompletedits duskchorus.

It is quitesurprisingthat thearti�cially lit robinswerenot active throughoutthenight, when
their visualability wasnot constrainingtheir behaviour (thelight intensitiesmeasuredat �rst
activity wasnotdifferentto timesduringthenightwherenoactivity tookplace).Onepossible
explanationof this is thatall robinsneedsomerestregardlessof lighting environment,andthe
periodof inactivity mayhavere�ectedthis requirement.

Anotherexplanationmaybethatthearti�cial lighting magni�esthecolourchangeof thesky
shown asthesunrises.Thearti�cially lit robinsbeganto singat timesnot signi�cantly dif-
ferentto thestartof astronomicaltwilight (whenthewintersunis 12o-18o below thehorizon),
andtheunlit robinsbeganto singat timesnot signi�cantly differentto thestartof civil twi-
light or sunrise.It is clearthat robinsuselight asan importantcueto initiate their daytime
activities.

Arti�cial lighting alsolengthensthe amountof time that a robin spendssingingwhencom-
paredto a non-illuminatedrobin. This meansthatwhile a robin with anunlit territory is able
to awaken,singandforagein relatively quicksuccession,arobinwith a lit territorydelaysthe
startof foraging.Eventhoughthestarttime of foragingis earlierin robinswith arti�cially lit
territoriesthanrobinswith unlit territories,thedelayis signi�cantly longerbetweentheonset
of singingandtheonsetof foraging.
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Figure4.2: A robinbeingweighedafteranightof observationon its territory.

This would seemto suggestthat robins with unlit territoriesare able to gain energy lost
overnightthroughforaging,quicklyafterwaking,androbinswith lit territoriesarenot. Pollard
andThomas(submitted)however connotcon�rm this suggestion,astherewasno difference
betweentheamountsof masslost overnight.Theresultfoundmaybedueto therobinswith
arti�cially lit territoriesemploying a differentstrategy to energy expenditurethanthosewith
unlit territories.

I performedabasicanalysisto examineif therewasadifferencein robinbehavioursbetween
thetwo typesof streetlight.Theresultssuggestedthatwhile therewasnosigni�cant difference
in timing of songor foragingunderlow pressuresodiumlampsor highpressuresodiumlamps,
therewasatrendfor singingtobeginearlierin territorieswith low pressuresodiumlamps.Due
to thelow numbersof territoriesinvolved(6 of eachtype)therewaslow statisticalsigni�cance
for this comparison,and so further researchis currently being undertaken to elucidatethe
hypothesisthat robinsareparticularlyresponsive to low pressuresodiumlighting. With the
trendtowardsextendedactivity underlow pressuresodiumlighting, theuseof thisparticularly
populartypeof lampmayneedjusti�cation in areasusedby certainwildlife, andperhapsnew
moreef�cient andeffective lighting to beinstalled.
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4.3 Conclusions

Therecenttechnologicaladvancesin LEDsandotherlight sources,andtheknowledgeof how
to make luminarieslight areasef�ciently andeffectively, shouldbe appliedin local govern-
mentschemes.Molenaaretal (2006)explain thatresearchontheimpactsof arti�cial lighting
on wildlife led to the Dutch governmentimplementinga schemewhereonly low-intensity
orientationlighting wasusedalongmajor routesbetween2300hand0600h,andremoval of
lighting duringparticularlysensitivetimesof theyeare.g.breedingseasons.Similarreduction
in overnightlighting would notonly reducetheimpactson wildlife, but would reduceoverall
costsandthereforebeof greatbene�t to thetax payer.

Therearemany conservationissuesconcerningtheuseof arti�cial light thatariseout of this
study. Breedingsuccessmaybediminishedin arti�cially lit territory holdersdueto immune
function reductionas a result of circadianrhythm disruption. The inadvertentwide scale
manipulationof wild habitatsby arti�cial lighting is very under-researchedandmorestudy
is requiredbeforewe canunderstandthe effectson differentspeciesbehaviour andecology
within anarea.Nevertheless,thisstudyandothersrevealthattherearemarkedchangesin the
behaviour of wildlife dueto arti�cial lighting.
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5.1 The idea

Direct measurementsof sky backgroundwould bethebestmethodto monitorthechangesof
light pollution. However, suchmeasurementsareonlymadeatsomeprofessionalastronomical
observatories,whicharerarein centralEuropedueto thebadweatherconditionsandthehigh
light pollution.

The light emittedup into thesky canbe trackedwith datafrom theDefenseMeteorological
SatelliteProgram,publishedby theNationalGeophysicalDataCentery. Normally thesedata
arenotcalibrated;in bright regions(like largecities)they areoverexposed.Roughlow spatial
resolutionimagesarepublisheddaily, dataof higherresolutionmustbepurchased.Specially
calibrateddatatakenin 1997havebeenusedby Cinzanoet al. (2001)to modelthescattering
in theatmosphereto derive thesky brightnessover thecontinentsof theearth.

yTheNationalGeophysicalDataCenterinternetaddressis http://www.ngdc.noaa.goc
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5.2 Data sourcesand processing

In 2005,theNationalGeophysicalDataCenter(NGDC) publishedmapsof the wholeearth
for theyearsof 1992/3and2000.Theoriginaldatafrom individualsatellitepasseswerecom-
bined,selectingthosewheretherewerenoclouds,nomoonlightandthesunlow enoughbelow
thehorizon. Assumingthat thesereductionsdoneby theNGDC arehomogenous,it wasthe
ideato subtractthe1992/3datafrom the2000datato show changesin upwardlight emission.
After downloadingthe 300 MB compresseddata�les we encounteredsomecomputational
problems.The decompressedTIFF-�les have a sizeof about700 MB (43200x 21600pix-
elswith a resolutionof 30 arcsec)andaregeo-referencedandthereforecouldnot beopened
andprocessedwith ordinarygraphicsprograms.UsingthefreewareprogramTatukGisViewer
(http://www.tatukgis.com)smallerareaslike centralEurope(2338 x 1892pixels) could be
produced,andin additionoverlaysof rivers,borders,streetsandcitiescouldbeaddedfor bet-
ter orientation.Thesedataareavailablein thearc/infoexport formatfrom thedigital chartof
theworld server at thePennStateUniversity(http://www.maproom.psu.edu/dcw/).With the
freewareastronomyprogramIris (Buil, 2006)andthe programAstroArt (MSB software) it
waspossibleto adjustcolourpalettesfor bettervisualisation.Thedataarenot calibratedand
vary betweentheintegervalues1 and63. Lights in thecentresof largercitiesaremostlysat-
urated(overexposed)andthereforehaveavalueof 63. We tried to visualizethemin a similar
wayasin theNight Bright studyof England(Campaignto ProtectRuralEngland,2003),and
theresultingdatafor theyear2002areshown in �gure 1. As thedataaregeo-referenced,they
canalsobeusedwith moving-mapsoftwarewith a GPSreceiver, to show whereon themap
oneis locatedat thatmoment.Thoughthesedatado not show thesky backgroundbrightness
like theCinzanodata,it provedveryhelpful to �nd darkobservingplaces;thegeo-referenced
datafor centralEuropecanbedownloadedfrom http://www.lichtverschmutzung.de

Furthermore,it is possibleto make computationswith the imagedata,suchassubtraction.
First resultswerepresentedat the5thSymposiumfor theProtectionof thenightsky in Genk,
Belgium, in 2005. Thesereductionsshowed that geo-referencingof the DMSP datawere
partly erroneousby aboutup to 3-4 pixels,unfortunatelynot homogenouslyover the whole
area,but differentin smallerareas.In generalthedatashoweda generalincreaseof lights in
largeareasof centralEurope.

Sincespring2006,theNGDC haspublishedmoredatafrom 1993to 2003from thedifferent
satellitesF10-F15(see�gures 5.1, 5.2, 5.3). This offeredthe possibility to investigatethe
changeof upward light emissionover a longertime scale.As a �rst test,two datasetsfrom
oneyearbut differentsatellitesweresubtracted;normally theseshouldshow no differences.
However, differenceswerevisible, which could be dueto errorsin the calibrationprocess.
If theseareexcluded,thentheremight still be real changesin the light emission.The2001
datafrom thesatellitesF14andF15wereanalysed.Figure5.3 shows thedifferencepicture,
whereyellow correspondsto a small increaseof light, red to an even larger increase(more
than10 units), violet andblue correspondto a decrease(of more than10 units), andblack
to no change(herea differentcolour palettehasbeenusedas in the presentationgiven in
Portsmouth).Especiallyin the centreof the cities, no changescanbe seen;this is because
theseareaswereoverexposedandassubtracting63 from 63 gives0, thereappearsto be no
changesin the city centres. Again the datawere poorly geo-referenced,with errorsof up
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Figure5.1: Upwardlights in 2002asmeasuredwith theDMSPsatelliteF15.Darkanddarkblueareas
have few upwardlights,yellow andredareas(especiallycities)have higherupwardlight intensities.

to 3-4 pixels (correspondingto about2-4 km). The result in the differencewas that small
citiesshowedon onesideanincrease(yellow/red),on theothera decrease(violet/blue). We
attemptedto correctthis by applyinga coordinateshift, but thenotherregionswereaffected
by acorrespondingshift.

In �gure 5.2mostareasshow only small increases(thereforeyellow is dominant),indicating
thatthedatafrom thedifferentsatelliteswithin oneyearshow nolargechanges.In theNether-
landschangesareobvious,andthis seemsto bedueto thepracticeof illuminating largeareas
of greenhouses.When�ying over theNetherlandsatnight, thetremendousareasof lit green-
housesareclearly visible. However, thesearemorelit during the secondhalf of the night,
dueto regulationsthat restrictthedisturbanceto neighboursduring the �rst half of thenight
(Schmidt,2006).Thereforeit is possiblethatonedatasetwasobtainedin themorningwhen
thegreenhouseswerelit, thesecondduringtheeveningwhenthey werenot yet lit, indicating
adecreasein light emission.Unfortunately, dateandtimeof theindividualmeasurementsare
notknown for thecombineddata.
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Figure5.2: Datateston thedatafor theyear2001taken by the two differentsatellitesF14andF15.
Yellow correspondsto asmallincreaseof light, orange/redto alargerincrease,whileviolet corresponds
to small decreaseof light, blue to a larger decrease,black is no change,as for examplein the city
centres,wherebothdatasetsweresaturated.

5.3 Changesin upward light emission

Combiningdatafrom different yearsshow that the datafrom 2003 have lower intensities,
whichseemsto beacalibrationproblemof thesatellite,ashasalsobeenindicatedby Cinzano
(2006,giving 40%lower intensity). Thereforethedatafrom 2002(satelliteF15) wereused
andthosefrom 1993(satelliteF10)subtracted;this imageis shown in �gure 5.3. Thesame
colourpaletteasin �gure 5.2hasbeenused,andbordershave beenoverlaidfor betteridenti-
�cations. Theredor yellow ringsaroundthecitieslike Berlin, Munich,Luxemburg, Parisor
Toulousearethesignsof moreupwardlightsaroundthesecities,mainlydueto anincreaseof
residential,commercialandindustrialareas.Very conspicuousdueto the redcolourarethe
large areaswith increasinglights in theRhein-MainareaandnorthernItaly. Furthermore,a
generalincreaseof upward lights in many rural areascanbeobserved,a trendthatwasalso
well documentedin theNight Bright studyof England.

In thenorthwestof Germany, partsof theNetherlandsandin England,violet andbluecolours
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Figure5.3: Differencein upwardlight between2002(satelliteF15)and1993(satelliteF10).Thesame
colourpaletteasin �gure 5.2hasbeenused.

indicatea decreaseof light. For theNetherlands,this maybedueto thedifferenttimeswhen
thegreenhousesarelit, asexplainedearlier. But thedecreasearoundcities like London,the
RuhrgebietandBremenappearsto contradictdirect experiences.It is unclearif this is due
to instrumentaleffects,cloudcoverageor realreductions,maybedueto theexpandinguseof
cut-off luminariesfor streetlighting. Combinationsof the dataof otheryearsshow similar
behaviour and the decreasehasalsobeenobserved by NOAA researchers(Elvidge, 2006).
Thereality andthecauseof this effect canperhapsberesolvedby usingtheoriginal satellite
scans,which is beyondthescopeof thisarticle.
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Chapter 6
Light PollutionandtheUK Law
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6.1 Intr oduction

TheUnitedKingdomhasrecentlyintroducedits �rst law aimedexpresslyat tacklingcertain
aspectsof light pollution. Section102 of the CleanNeighbourhoodsandEnvironmentAct
2005hasmodi�ed section79(1) of the EnvironmentalProtectionAct 1990 to provide that
”arti�cial light emittedfrom premisesso as to be prejudicial to healthor a nuisance”may
constitutea statutorynuisance(for a legal analysis,seeMorganTaylor 2006,andMorgan-
Taylor & Hughes2005;for a moregeneraldiscussionon light pollution, seeMorganTaylor
1997,HughesandMorgan-Taylor2004,andMizon 2002).

This provision hasthe effect of addingexterior lighting into the pre-existing Environmental
ProtectionAct 1990,alongwith establishedclassesof statutorynuisancesuchasnoiseand
smells. However, it mustbe statedthat the new law is not able to tackleall forms of light
pollution, but only incidentsof badlighting that meetthe criteria for statutorynuisance.It
will beshown thatthenew law cannotfully protectastronomers.Defrahasstatedthatthenew
law is not intendedto dealwith all formsof light pollution, ”...althoughlight pollution might
affect theaestheticbeautyof thenight sky andinterferewith astronomy, it is not necessarily
alsoastatutorynuisance”(guidanceparagraph90). Thetwo arenotnecessarilythesame.The

� TechnicalAdvisor to Defraon light pollution andnuisance,Legal Advisor (Light Pollution) to theCampaignfor Dark
SkiesandtheSocietyfor PopularAstronomy
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inability of thenew law to tacklethefull broadrangeof light pollutionrelatedproblemsis due
to thecriteriawhich mustbemetin orderto amountto astatutorynuisance.

Theinclusionof arti�cial lighting asapossiblestatutorynuisancefollowstherepliesto recent
consultationsfrom CentralGovernmentanda Reportof the ParliamentarySelectCommit-
tee into Scienceand Technology. The then Of�ce of the Deputy Prime Minister (ODPM)
publishedthe”Li ving Places- Powers,RightsandResponsibilitiesConsultation”(2002)and
”Li ving Places:Cleaner, Safer, Greener”(CleanNeighbourhoodsPaper, 2004),which asked
for responsesconcerninglight pollution and15 per centof respondentsraisedthe issueof
lighting y

This paperwill outlinestatutorynuisanceandhow it mayapply to thenew law. Therestric-
tions imposedby thestatutorynuisancecriteria will alsobeaddressedanda discussionwill
begivenasto possiblefutureavenuesfor tacklinglight pollution.

6.2 What is a statutory nuisance?

It is �rst necessaryto outlinethedifferenttypesof nuisancein law, asthereareseveralforms
recognisedby domesticlaw. This permitsthe new law to be placedin context. First, there
is commonlaw nuisance,which is wherea complainanttakes the action personallyto the
civil courts. Statutorynuisanceis however, a criminal offence,wherethe stateactson the
victim's behalf.Sothevictim mustcomplainto their local authority's EnvironmentalHealth
Department.Needlessto say, therearespeci�c criteriawhich mustbemetin orderto make a
nuisancecriminal,wheretheStateactson behalfof thevictim.

The main criteria which mustbe met arethat the lighting mustbe ”prejudicial to healthor
a nuisance”,andadverselyaffect the enjoymentof the complainant's land. This meansthat
complaintscannotbe madeaboutlighting affectingcommonland,which will rule out quite
a lot of problemlighting. Moreover, it is unlikely that the night sky over propertywill be
included.This is becausetheclaimant's useof their propertymustbeadverselyaffected.As
a result,the new law is unlikely to cover skyglow, althoughit will de�nitely apply to direct
glare,if theothercriteriaaremet.

The interpretationof what is meantby ”prejudicial to healthor a nuisance”is of critical im-
portance.TheCharteredInstituteof EnvironmentalHealth(CIEH) is theregulatorybodyfor
EnvironmentalHealthOf�cers who arechargedwith enforcementof the new law. It takes
theview thattheremustbea negativehealtheffect to amountto a nuisance.Moreover, it has
statedthatit doesnotbelievethatlight cancausethenegativehealtheffectsrequiredto trigger
astatutorynuisance.Thisview is probablybaseduponthehistoricaldevelopmentof statutory

yTheFull RegulatoryImpactAssessmentof theCleanNeighbourhoodsandEnvironmentBill, DEFRA December, 2004,
p.67,is availableathttp://www.defra.gov.uk/corporate/regulat/ria/2004/cleanneighbourenv-bill.pdf .
Moreover, the Seventh Report of the House of Commons Science and Technology Committee for the Session
2002-2003 consideredthe issue in its ”Light Pollution and Astronomy” consultation, HC 747-1, is available at
http://www.publications.parliament.uk/pa/cm200203/cmselect/cmsctech/747/74702.htm#evidence
Theauthorssubmissionis at: http://www.publications.parliament.uk/pa/cm200203/cmselect/cmsctech/747/747we48.htm#n3
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nuisancewhich hasits rootsin themid-nineteenthcentury, asa meansof tackling ill health.
However, therearetwo problemswith this interpretation.

First, thereis two terms- prejudicial to healthOR a nuisance- andso the negative health
effect is not neededif the light is a nuisance,otherwisethe”or a nuisance”phrasewould be
redundant.Secondly, light may indeedcausesigni�cant negative effectson humanhealth.
Indeed,lighting maybe comparedto noiseasa statutorynuisance,which wasnot regulated
centrallyuntil 1960,andcertainlycould not causeillnessesasunderstoodin the nineteenth
century. Noiseandlight maykeeppeopleawakeatnight,whichin turnmayleadto depression
aswell asgeneralmalaise,or a generallossof quality of life. Moreover, therehave beena
numberof studiessuggestingthatnight time lighting may leadto an increasedrisk of colo-
rectalandbreastcancers.Dueto theexpansionof statutorynuisanceduringthe20thandnow
the21stCenturies,it is proposedthatenforcementof�cers areawarethatthefull scopeof the
negativeeffectswhichlighting maycauseandthatthey maybeaddressedaspossiblestatutory
nuisances.

6.3 How the criteria can bemet by arti�cial lighting

For the statutorynuisancecriteria to be met, the healthlimb is probablythe moststraight-
forward in theory. Lighting that shinesinto bedroomwindows affecting sleepmay lead to
clinical depression,or a generallossof functioning,but it hasalsonow beenlinkedto breast
andcolo-rectalcancer. Claiming that thevictim shouldbuy thicker curtainsis unreasonable,
if curtainsareof averagethickness.Sayingotherwiseis like telling someoneto put a peg on
their noseto avoid a badsmell. Lighting thatcausesa danger, suchasby shiningacrossyour
propertymakingit dangerousto manoeuvrea car, mayalsobea healthrisk andsoshouldbe
covered.Thelighting will however, have to bemorethanamereirritant.

Thesecondlimb, ”or a nuisance”,is lessstraightforward,needinga negative effect on ”per-
sonalcomfort”. Lighting shiningacrossproperty, suchasobservingsitesor observatoriesis
complicated.A claim may only be madewherea personis suffering interferencewith the
normaluseof their property. So, is the enjoymentof a hobbya reasonableuseof land? It
mustbe notedthat lighting which preventsthe enjoymentof a hobbycould leadto clinical
depressionandsoperhapscouldbeconsideredunderthehealthcriterion. Theunderlyingis-
sueis whethera householderof the21stcenturyis beingreasonablein carryingout a hobby
from their property. If not, thenthe amateurastronomersuffering from light shiningacross
their gardenis not protected,but they shouldbeprotectedif thelight causesproblemswhich
may affect anybody, suchasby shininginto a window preventingsleep.Moreover, thereis
a defenceof ”hypersensitivity”, wherea claim is nulli�ed if theclaimantis doingsomething
that is abnormallysensitive. Therehasalreadybeenonelocal authoritythathassaidthatas-
tronomyis hypersensitive. It said”nuisancerelieson theconceptof theaverageperson.It is
not designedto take into accountindividual hobbiesor unusualsensibilities.AlthoughI can
sympathisewith theproblemsyou facewith regardsto your interestin astronomythis cannot
betakeninto accountwhenassessingif anuisanceexistsor not.”
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Thenew law wascreatedbecauseof concernsoverthewiderimpactof light pollution,particu-
larly by amateurastronomers.Therefore,thiscouldbetakenonboardby enforcementof�cers
andthecourtswhenconsideringthesecond(”nuisance”)limb involving ”personalcomfortfor
statutorynuisance”.Thenight sky is often lookedat by many ordinaryandreasonablepeo-
ple. Most peoplehave hobbies,andit is submittedthata hobbythat is really only adversely
affectedby badlightscannotbehypersensitiveasit doesnot requireanyonegoingoutof their
wayto accommodatethem(indeed,thesolutionsto light pollutionaretrivial andinexpensive,
simply requiringshieldsor just redirectinga light). It is hopedthatenforcementof�cers will
considertheseissueswhenassessingif lights thatshineacrosspropertydisturbingastronomy
may meetthe criteria asa potentialnegative effect on personalcomfort for the purposesof
the provision. Whilst it is acceptedthatnot all complaintsfrom amateurastronomerscould
meetthe criteria,someshould,andall oughtto be initially investigatedby local authorities.
Otherwiseany complaintwhich would otherwisemeetthe criteria couldbedismissed,if by
co-incidenceit comesfrom an amateurastronomer. For example,a complaintabouta light
shininginto a bedroomwindow couldbedismissed,if theinvestigatingof�cer noticesanob-
servatoryin thegarden.Complainantsof light areadvisedto considerall thenegativeeffects
thelighting is having andto makeit absolutelyclearif light is causingnoneastronomicallyre-
latedproblems.Indeed,thecomplainantis advisedto statetheseasthemaincauseof nuisance
wherepossible.

6.4 What lights arecoveredor exempt?

No formsof lighting areexempt(but streetlighting maynotbecoveredin practice).However,
somepremisesuponwhichthelighting is basedareexempt.TheDEFRAguidancenotes(para
13.83)statethatthefollowing typesof lighting areexpectedto generatethemostcomplaints:
domesticandcommercial�oodlighting, sportsfacilities,domesticdecorative lighting, �ood-
lighting of buildings and landscapes,lasershows and light art. However, the last category
is much lesslikely to meetthe criteria of statutorynuisance.The nuisancemustaffect the
claimant'sproperty, andsotheissueis oncemorewhetherlight shininginto thenightsky, and
notdirectly acrossyour property, will meetthecriteria.

6.5 What premisesareexempt?

”Airports, public servicevehicleoperatingcentres,harbours,goodsvehicleoperatingcen-
tres, railway premises,lighthouses,tramway premises,prisons,bus stationsandassociated
facilities,premisesoccupiedfor defencepurposes”areall exempt(guidanceparas.116-117).
Theseexemptionsprobablyowe moreto lobbyingthanlogic. However, goodsvehicleoper-
atingcentresmustbe registeredandsupermarketsarenot usuallyregistered,but their distri-
butiondepotswill be.Theseexcemptionsbecomeevenmoreillogical whenyouconsiderthat
badlighting is prejudicialto healthandsafety, andso goodlighting at the exemptpremises
shouldbeevenmoreimportantandsubjectto evenmorestringentcontrols.
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The new law is silent on streetlighting, which is interestingasstreetlighting continuesto
be a problemfor many people. Indeed,the new PFI fundedstreetlights, which are often
white lights, are invariably on taller polesandso the lights themselves,whilst usuallyof a
cut-off type, will shinedown and into bedroomwindows, or gardens. As a result, many
local authoritieswill believe that they are providing good lights, which are helping to cut
the regional (macro)problemof skyglow, but inadvertentlyincreasingthe localised(micro)
problemof light nuisance.

To addto this, it is highly debateablewhetherstreetlights could be classedas”premises”.
DEFRAhasstated”the Governmentexpectslocalauthoritiesto takereasonablestepsto inves-
tigateand,whereappropriate,resolveproblemsfrom streetlightsasamatterof goodpractice
andconsiderationfor thelocalenvironmentandthecommunitytowhichthey areaccountable”
(guidanceparagraph104). This of coursemeansthat local authoritiesneedto understandthe
microaswell asthemacroproblemswhichmaybecausedby lighting. Theresultis thatlocal
authoritiesarealreadyappearingto besurprisedat complaintsrelatingto new streetlighting.
Sounlesslocal authoritiesunderstandthebroaderaspectsof theproblemsstreetlighting may
cause,DEFRA's adviceis likely to gounheeded.

Sportsgroundandall businesspremiseshave a defenceof ”best practicalmeans”,theBPM
defence(it mustbe madeclearthat sportsgroundsarenot exemptfrom thenew law, ashas
sometimesbeenstated). This defencemeansthat premisesmust take all reasonablesteps
to prevent a nuisance,but that their utility trumpsany nuisanceafter all reasonablesteps
have beentaken. This defenceis very muchsubjectto the views of EnvironmentalHealth
Of�cers who decidewhetherto investigateor not, but it mustbebornein mind that it is the
courtwhich givesa de�niti ve ruling of the law. Factorssuchasthedurationof the lighting,
the costsinvolved in its reductionandthe purposefor the lighting areclearly relevant. So,
the �oodlighting of emptycarparksall night long for securitypurposesshouldbe lookedat
carefully, especiallyin view of thecurrentattitudestoclimatechangeandenergy conservation.
Curfews canbea goodcompromise,but bearin mind childrengo to bedearlierthanadults,
andbearin mind thestudiesindicatingcancerrisksassociatedwith night time lighting.

6.6 How to makea complaint

A sufferer of badlighting shouldcomplainto their local EnvironmentalHealthDepartment
at their local authority. However, they areadvisedto try politely speakingto the light owner
�rst, ratherthanrisk a neighbourdispute.A rudereply from the light owner or the spiteful
useof lighting will berelevantfactorsfor consideration.Rememberto usetheright terminol-
ogy whenyou complain. Thenew law concernsnuisance,not trespass(in law nuisanceand
trespassaredifferent;trespassis adeliberateact,andmustbeprovenassuch).
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6.7 What if a complaint hasbeenrejected

Localauthoritiesareunderanobligationto investigateandshouldnot rejectacomplaintsim-
ply becausethe complainantis an amateurastronomer. It is possibleto complainabouta
non-investigationto the ParliamentaryCommissionerfor Administration(the Ombudsman).
However, it is of coursebetterto try and�nd a peacefulsolution,but this takeseffort from
bothsides.A statutorynuisanceactionmayalsobetakenby thevictim (section82 Environ-
mentalProtectionAct), althoughthecourtwill askthelocal authoritywhy it did not act,and
aclaimantmayendup with coststo payshouldthey lose.

6.8 Conclusions

Statutorynuisanceis notapanaceafor theamateurastronomerasstatutorynuisanceis unable
to cover all sourcesof light pollution per se. Making light subjectto statutorynuisancehas
meantthat light must�t in with the pre-existing criteria,which have long beenin existence
for theotherstatutorynuisances.This is why thelargegapsin thecoverageexaminedabove
exist. Thereis no questionthat thesecriteria or the de�nition of statutorynuisancecanbe
modi�ed for arti�cial light. Light is or is notastatutorynuisance.To changethecriteriawould
underminethe legal certaintybuilt up by previouscaselaw for all otherstatutorynuisances.
This would result in many morecasesof statutorynuisancegenerallyhaving to be taken to
court;in shorttheresultwouldbelegalchaos.Enforcementof�cers wouldnotbeableto cope,
norwould thepublicpursebeableto afford thecostlylitigation.

If the intentionof the ParliamentarySelectCommitteewasto ensurethat skyglow and the
broaderaspectsof light pollution wereto becoveredin law underonesystem,thenthestatu-
tory nuisanceregimewasnot themosteffectiveway to proceed.Nuisancehasaspeci�c legal
meaning,andwanting to make light ”trespass”subjectto ”nuisance”beliesa fundamental
mismatchbetweenwhat is possibleunderthe legal system,the intentionsof theCommittee,
andhow bestto reconcilethetwo. This mayexplain thesurprisethat is now comingto light,
at theinherentlimitationsof thesystemchosen.Thus,recommendingthatlight bemadesub-
ject to statutorynuisancewasat besta partialsolution.However, in suggestinga pre-existing
regime,theCommitteeavoidedtheneedfor a completelynew law. This would have run the
risk of failing dueto theextra time requiredto enact,andthegreateropportunityfor thepro-
posalto besidelinedfor projectsdeemedmoreimmediate.Moreover, thenew law hasshown
thatfurthercontrol is needed,andsoit representsanexcellentsteppingstonefor thefuture.

Thereis little doubt that the new law will have a positive bene�t in as far as it goes,but it
now needsto be augmented.The new law is reactive, in that it dealswith lights alreadyin
place. Clearly the missinglink is a preventative measure,andplanningis the logical point
to catchbadlighting schemes;beforetheproblemarisesin the�rst place.Theexisting local
authoritiesareguidedby PlanningPolicy Statementsor PlanningPolicy Guidancenotesfrom
CentralGovernment.However, thereis atpresentno expressguidancegivenon lighting. The
resultis amismatchof differentapproachesbeingtakenby localauthorities,of widely varying
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effectiveness.It is for this reasonthat DEFRA is producinga lighting annex to PPS23,the
guidancenoteonplanningandpollutioncontrol.Thiswill, if adopted,provideclearguidance
to local authoritiesthat light pollution is to beplannedout. It is hopedthat thedual routeof
preventativeandremedialactionwill, in time,haveatangibleeffectin reducinglight pollution.

It mustbebornein mind thatnobodydeliberatelyputsupbadlighting with theexpressinten-
tion of wastingmoney or causinga nuisance.As a resultthereis in theoryno logical reason
asto why light pollution cannotbecured.Lighting that is low in pollution is invariablygood
for healthandsafety, aswell asenergy (andso�nacially) ef�cient. Sothesolutionin theory
is simple: preventative planningregulationandeducationof thepublic andbusinesssectors.
Moreover, Centraland local governmentsmustsetgoodexampleswith their own lighting.
Hopefully, now that thedamageto theeconomiccompetitivenessof thenationandtheenvi-
ronmentaldamagewhich energy wastecausesis beingmorewidely acknowledged,change
will follow.
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Chapter 7
Are theclaimsof lighting bene�tstrue?

How canwe tell?

Dr Paul Marchant,
CaedmonHall,
LeedsMetropolitanUniversity,
Leeds,
LS63QS
England
Email: P.Marchant@leedsmet.ac.uk

7.1 The needfor soundstatistics

Thebasicpointsare:

1. We needsoundsciencein orderto �nd thetruth. Otherwisepoormethodsmayseethings
which arenot there.(We don't wantto missthingswhich reallyarethere,of course,but both
errorscanbeavoidedby soundscience.)

2. Weshouldrecognisethatclaimsmaybeusedby amarketingoperationto promotesales.

3. An understandingof thedisciplineof statisticsmustbeencouraged...
a) soclaimsin generalcanbeproperlyinvestigatedthroughsounddata
b) And to justify bene�cial policieswhile avoidingwasteful,potentiallydamagingandcostly
schemes(of all sorts;not just lights) beingimplemented.
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Figure7.1: Inef�cient lighting, asviewedfrom space.

Picturesof the Earthby night (�gure 7.1) showing light beamingupwardsareviewed with
concernby thosewho are environmentallyaware, becauseof negative impactscausedby
this light pollution (Clark 2006). However the dark partsmay also be seenas marketing
opportunityby salespersons.

To sell somethingrequiresa potentialbuyerto beconvincedof its bene�t. Strongclaimsare
madeby the lighting industryfor lighting's bene�t, evenclaimingit is a necessity. However,
aretheclaimstrue?Clearlyexterior lighting helpsusto seeat night (although,suchlighting
needsto be glare-freeto optimisehumanvisual performance).However, what aboutother
claims?For example,is lighting neededto reducecrime?

KarenBuck,a UK TransportMinister saidon 8 December2005at anInstitutionof Lighting
Engineers/Surveyor MagazineSeminar. “Weknow goodlighting canreducenight timetraf�c
accidentsby up to 30%. It canalsoreducestreetcrimeby 20%.” y However, aretheseclaims
true?Whatindeeddoesthestatementmean?

The words “can” and“up to” are problematic. In sciencewe would have a statementlike
“X, in circumstancessuchandsuch,hasan expectedeffect Y within a likely range(Y lower ,
Yupper )”; i.e. within acon�denceinterval. Thereductionin roadtraf�c accidentsclaim is not
examinedhere.However, if it werefoundthatthe30%claim,dueit wouldseemto Hargroves
andScott(1979),is toohigh,thenperhapsothermorecosteffectivemethodsof reducingdeath
andinjury in collisionscouldbepreferred.However, I haveconcentratedon investigatingthe
claimsthatlighting reducescrime.

Home Of�ce ResearchStudy 251 (Farringtonand Welsh 2002) claimeda crime reduction
effect of 20% within about15%-24%. (i.e. a de�nite crime reductioneffect is said to be

yThe30%claimfor traf�c accidentreductionis beingdroppedby theUK HighwayAgency whichis issuingnew guidance
in 2007which suggeststhat thesavingsareonly 10%androadlighting might not be installedor evenbereplacedbecause
othermethodsaresuperiorfor reducingpersonalinjury accidents.
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detected.)I pointedout problemswith HORS251in its statisticalanalysis. In response,its
authors(in 2006)still seemto beclaimingthat lighting reducescrimebut now, afterrecalcu-
lation, with a lower con�dencelimit down from 15%to about9%. Their claim that lighting
reducescrimeoughtto beindependentlycheckedby quali�ed statisticians,takinginto account
suchmattersasmodeluncertainty. Checkingshouldcertainlybedonein all thecaseswhere
new lighting is beinginstalledat considerableexpense.For example,my homecity of Leeds
is spendingmorethan£100perman,womanandchild on a new lighting schemefundedun-
der the UK Government's PrivateFinanceInitiative (PFI) anda greatdealis madeof crime
reductionin thebusinesscasejusti�cation document.

I maintainthatHORS251remains�a wedandtheeffect of lighting on crimeis unknown. On
thefaceof it onecouldeventhink thatlighting encouragescrimebecauselighting maps,such
as thoseproducedby the Campaignto ProtectRural England(CPRE)for its Night Blight
campaign,show the mostbrightly lit areashave the highestcrime ratesi.e. cities. The old
associationof timesof thefull moonwith 'badthingshappening'mightsuggestanundesirable
effectof light atnight.

A brief history of lighting andcrime shows that for many yearsstudiesdid not claim any
demonstrablebene�t of lighting asfarascrimereductionwent,for example,Ramsay& New-
ton (1991)andAtkins et al (1991).However, shortlyaftertheCrimeandDisorderReduction
Act 1998waspassedby theUK parliament,the Institutionof Lighting Engineerspublished
two documents,oneby Ken Peaseandthe otherby Kate Painter, both of which claim that
lighting reducescrime andalsodraw attentionto the fact that the Act makespublic bodies
responsiblefor working to reducecrime. The Peasedocument(paid for by theLighting In-
dustryFederation)re-analysedan earlierHomeOf�ce commissionedstudyby Atkins et al
(1991)which foundno demonstrablebene�t of lighting, andclaimedthatin fact,therewasa
bene�t. Theotherby Painterrefersto her research(fundedby Urbis Lighting) to claim that
lighting reducescrime. However, neitherof thesestudiesrecogniseimportantkey statistical
issues;overdispersion,throughthecorrelatednatureof crimeevents,andregressiontowards
the mean- moreof theseissueslater. A pressreleasewasmade20 January1999,drawing
attentionto theclaim that lighting reducescrime,at the launchof an 'Early Day Motion' in
theUK Parliamentto encouragestreetlighting by theParliamentaryLighting Group;a body
fundedby theLighting IndustryFederationy.

Unfortunately, the TransportMinister Ms Buck is unlikely to have checked the claim that
shehasbeentold. Yet sherepeatsthe claim in a way with little hint of doubt (ratherlike
PrimeMinister Blair assertingtheexistenceof Weaponsof MassDestructionon a 45-minute
warning,in therunup to theinvasionof Iraq in 2003).

Scienceis the methodby which the truth of claims, including thoseaboutlighting, canbe
tested.As MichaelRutterput it at 'EvidenceBasedPolicy andIndictorSystems'in July2006
“...scienceprovidesthemeansof answeringfundamentalquestions...[it] goeswaybeyondthe
collectionof facts...we shouldview with considerablecautionandwarinessthepeddlersof
certainty”. Thereforewe needto beclearabouttherealuncertaintythatsurroundstheclaim
thatstreetlighting leadsto a reductionin crime.

ysee:http://www.prnewswire.co.uk/cgi/news/release?id=59996
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7.2 Lessonsfr om healthcare

Astronomyandmedicine/healthcarearesuperbexamplesof successfuladvance,whereen-
trenchedideashave beenoverthrown by scienti�c thinking. Thehistoryof ill-health /health-
caremakesinterestingreading.Why did peopleof old believe suchstrangethingsin regards
to healthandsickness?(Why do somestill?) Peopleof old might seekout strangeremedies,
now known to beineffective(or worse),andof courseotherswouldgladlymakea living from
providing them(seeGratzer2000,particularlychapter7 “What thedoctorordered”).It must
benotedthatcrimehassimilaritiesto ill-health in its effect on people,bothactualexperience
andthefearof it.

FarringtonandWelshin their 2006paperstate“The clearimplicationsof Dr Marchant's cri-
tiquesare that nothingworks” [againstcrime]. This is not somethingI have said,andnot
somethingthatI believe. Somethingsmaywork againstcrime- but it is hardto tell, for sound
statisticalreasons,what does. Even in pre-scienti�c medicine,somefolk medicalremedies
did/dowork. For example,foxglovefor heartconditions.Thiswasshown by the18thcentury
doctorWilliam Withering (1741-1799).He wrote “It would have beenan easytaskto have
given selectcases,whosesuccessfultreatmentwould have spoken stronglyin favour of the
medicine,andperhapsbeen�attering to my own reputation.But Truth andSciencewould
condemntheprocedure.I have thereforementionedeverycasein which I haveprescribedthe
Foxglove,properor improper, successfulor otherwise.”

This is anearlyexampleof therecognitionof thepotentialfor selectivereporting- partof the
phenomenonof publicationbias/ disseminationbias.Publicationbiasy is a problemtodayin
medicaltrials - trials which show thata treatmentworksaremorelikely to bevisible in the
publicationrecordthanthosethatdo not. Onemustwonderto whatextent it occursin other
research,for example,thatinvolving lighting.

Unfortunately, thereis nothing to stop “the burial” of researchwhich doesnot supportthe
interestsof thosepayingfor it. This is oneof thereasonswhy trialsneedto beregistered(see
e.g.Simetal. 2006).

Statisticsis muchbetterunderstoodin healththanin many otherdisciplines,however there
arestill majorproblems.Sometimes,resultsseemto be'spun' for pecuniaryreasons(seethe
bookby Angell 2004;“The Truth aboutDrug Companies”).Commercialinterestcanindeed
beproblematic,everywhere.Onenotesthat tobaccoandasbestosusedto beseenasbenign.
However, whenevidencewasfoundthattherewereproblemswith thesesubstancestheindus-
triesfoughtvery hardto protectthecompaniescommercialinterestratherthanlook after the
publichealthinterest.Tobaccocompaniesstill forcefully market their productworldwide.Of
course,money-makingis not everything,yet con�icts of interestneedto bedeclared(Private
Eye 2005publishedan article entitled“Con�icts of Interest: Let therebe light” on matters
surroundingthe lighting andcrime issue).Distortionscanhowever occurfor a whole range
of reasons,includingsimpleerroror subtlebelief. The latter is thereasonthat it is bestthat
physicians/assessorshave no knowledgeof who getswhat treatmentin clinical trials (blind

yBenGoldacre's excellentcolumn'Bad Science'in theUK nationalnewspapertheGuardian,hada pieceon publication
biasJune10th2006http://www.guardian.co.uk/life/badscience/story/0,,1794440,00.html
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test).

To ensurethatwehavegoodpoliciesin healthandelsewhere,weneedtransparency andgood
science.Thatway we all bene�t in theend. No onewantsineffective, or evenworse,coun-
terproductive policies/treatments(eventhougha sales-personmight bene�t from a particular
sale).A usefulandaccessibleresourceaboutfair testsof treatmentis theJamesLind library
(seehttp://www.jameslindlbirary.org).

7.3 Statistical issuesin crime reduction research

The disciplineof statisticsis crucial in knowing “what works” in crime reduction. This is
becauseweneedto beclearthatany changein crimelevel, seenwhenacrimereductioninter-
ventionis in place,really is differentfrom whatmight have happenedanyway; i.e. how does
thechangecomparewith thevariationswhichoccurwhennothingin particularis introduced?
A majorproblemin crimeresearchis thatlittle is known abouthow crimevarieson thesmall
scale(the kind of scaleof testareasfor crime reductioninterventions,suchaslighting; see
�gure 7.2), andthereforeit canbe dif�cult to know for certainif any changesaredueto a
crimereductionintervention.

Much moreneedsto be known aboutthe occurrenceof crime, in termsof its variation, to
know how to analysedataproperlyandto beableto �nd effects. We needaccessto suitable
datasetsto examinethis issue.I askedfor thecomparisonareadatafrom astudyof theimpact
of CCTV on crimeto examinethematter, but sofar I have not receivedit. Whenconducting
testsof theeffectivenessof interventions,we alsoneedto guardagainstsystematicerrortoo,
in (for example)datacollectionanalysisandinterpretation.

A truly marvellousscienti�c inventionis the RandomisedControlledTrial (RCT), routinely
usedin researchinto healthcare. In a RCT, treatmentsareallocatedto subjectsat random,
which ensuresthat the differenttreatmentgroupsarestatisticallyequivalentat the start - so
like is comparedwith like. Therefore,any difference(i.e. a lack of statisticalequivalence)
observed after the treatmentshave beenappliedcanbe attributedto the effect of treatment.
To avoid biasandmessingup statisticalperfection,the randomallocationto groupsis best
madetamper-proof andthoseinvolved (patients,physicians,assessors,andanalysts)should
be blinded to the treatmentallocation. Blinding may of coursebe impossiblein particular
circumstances,but it hasto berecognisedthatun-blindedstudiescanbeproblematic.

A designusedfor experimentsin researchinto crime reductionusestwo areaswhich are
compared.Crime countsaretaken in each,beforeoneareagetsthe interventionundertest.
The otherareastaysthe same.Thenthe crime countsarerecordedagainandthe beforeto
aftercountratiosarecomparedbetweenareas.Theratio of beforeto afterratiosis known as
theCrossProductRatio (CPR),andthis valueis usedto determinewhetherthe intervention
hasworked.

It is vitally importantto notethis is not thesameasa RCT setup (eventhoughit wastreated
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assuchin HORS251)because:
1. It is not randomised,sono statisticalequivalenceexistsat thestart. Theremaybea host
of underlyingdifferencesbetweenthe areasbeingcompared,for examplethe crime level is
higherat thestartin theareato berelit.
2. The”unit” understudyis area,ratherthancrimeevent.
The consequenceis that onecannot sayhow 'reliable' the CPR(the ratio of the beforeto
afterratiosof crimecounts)is. Thatis, couldthevalueseenhavereadilyoccurredwithout the
intervention?

It canbeseenfrom thedatain HORS251thatthereis far too muchvariationin crimecounts
in areaswherenothingis changed,thanthe methodusedin the authors'analysissupposes.
An exampleof wherethis largevariationcanbereadilyseenis in theBristol studyof Shaftoe
(1994;see�gure 7.2). Note this is an intrinsic problemwith the natureof crime events,as
theseareclearlynot independentasthemethodusedin HORS251assumes.An exampleof
this lackof statisticalindependencegiving riseto largevariability is thefactthatmany crimes
maybecommittedby few individuals,sowhetherthey areactiveor inactive is likely to make
a largedifference.

A waytocompensatefor thelargevariability is to stretchthecon�denceintervals(i.e. increase
theuncertaintysurroundingthechangein crime;in thiscase,throughaquasi-Poisson/binomial
model).This hasbeendone(seeFarringtonandWelsh2006)afterI hadpointedout thevari-
ability andotherproblemsin theBritish Journalof Criminology, Marchant(2004;I hadearlier
sentcommentsto thoseresponsiblefor thepublicationof HORS251).Thestretchingfactoris
takenby FarringtonandWelshto bethesamefor all studies,but studieswhich on their own
arestill, after thestretching,supposedto show a cleareffect for lighting, do not seemto; for
exampletheBristol study(Shaftoe1994). This suggeststhat thesimplestretchingapproach
maybe inappropriate.Also thestudiesincludedin HORS251arefew in number(13), some
originatefrom the'grey literature' (i.e. internalreports)andsomeotherscouldnot betraced
by theauthors.

It shouldberememberedthat theproblemof publicationbias,mentionedabove, loomslarge
- it is oftentheresearchshowing positiveresultswhich is morevisible.

Anotherproblemstemsfrom thelack of equivalencebetweenareas.Invariablyit is themost
crime-riddenareathatgetsthe lighting, whereastherelatively crime-freecomparisonareais
not re-lit. Sothereis lack of equivalenceat thestart.Oneeffect of this is to allow regression
towardsthemean(RTM) to operate.

TheRTM effect wasdiscoveredby FrancisGaltonin the1880swhenhe examinedheredity
(Marchant2007).In particularhewasstudyingtherelationshipof theheightsof parentswith
theheightsof their adult offspring. Justlike crimecountsin an areafrom oneperiodto the
next, thesedataare correlated. Galton found that the childrenof tall parentstendedto be
tall, but on averagenot as tall as the parents.Also, the childrenof shortparentstendedto
be short, but on average,not as short as their parents. That is children tendedto become
moreaverage,that is, they regressedtowards the mean. The effect is morepronouncedfor
weakercorrelations.If thecorrelationwerezero,it wouldbeexpectedthattheaverageheight
of the offspring would be the sameirrespective of whetherparentswereshortor tall. This
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Figure 7.2: The numberof crimesreportedin the Bristol intervention andcomparisonareasin the
lighting studyof Shaftoe(1994),who madeno claim for lighting bene�t. Thelargevariationin crime
level whenlighting is not changedis striking (note the increaseafter the completionof the lighting
re�t). Thisvariationis muchlargerthanthatsupposedby themethodusedby FarringtonandWelshin
their HORS251analysis.Notealsotheearly1987valueswereinexplicably omittedin theHORS251
analysis.Suchlarge variationsin crime levels make assessingthe effectivnessof crime intervention
techniquesdif�cult.

effect appliesto the crime experimentstoo. High crime ratesareexpectedto fall and low
crimeratesareexpectedto risesocomparingahighcrimerateareawith a low crimeareawill
leadto bias.Thisis a problemwith theHORS251studies(aspointedout in Marchant2004),
althoughthesizeof theRTM effect is not readilydetermined.

However, FarringtonandWelsh(2006)claim thatRTM is not a problem.They saythis from
examiningcrimesrecordedin 250 Police 'Basic CommandUnits' (BCU) areasgoing from
2002/3to 2003/4. BCU areasare large areasassociatedwith police organizationwith 292
coveringall of EnglandandWalesandon averagecontainnearlytwo hundredthousandpeo-
ple. TheRTM effect observedwith their choiceof datais small; only a few percentandit is
claimedthat this thereforehasa negligible effect on theresultsof lighting studies.However
this cannotbeguaranteedastheareasinvolvedin the lighting studiesin HORS251arevery
muchsmallerin sizethanthe BCUs. The year to yearcorrelationmight be expectedto be
higherfor theBCU data,thanfor thesmalllighting studyareas.(Note,Wrigley (1995);”This
tendency for correlationcoef�cients to increasein magnitudeasthesizeof thearealunit in-
volvedincreaseshasbeenknown sincethework of GehlkeandBiehl (1934)”.) It is important
becausetheweaker thecorrelationbetweenthebeforeandaftercrimelevelsfor areaswhere
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thereis no intervention,thegreatertheimportanceof theRTM.

Another importantconsiderationis the differencein the crime ratesat the start in the areas
beingcompared,asthegreaterthedifferencethegreatertheRTM effect maybeexpectedto
be.

In generalwe know neithertheyearto yearcorrelationnor crimesratesbeingcomparedfor
the lighting studies.However, we do know that the crime ratefor the interventionareawas
40%higherthanthatfor thecomparisonareaat thestartof theDudley study. For theStokeon
Trentstudythecrimeratewas151%higherin theinterventionthanthecomparisonareagiving
aparticularlylargeexpectedRTM effect in this lattercase.Withoutbetterknowledgewecan't
judgethe impactof RTM but the indicationsarethat it couldbe serious.With a correlation
coef�cient of 0.8 anda crime rate ratio at the startof 2, the artefactualRTM effect on the
CPR,basedon a plausiblemodel,might beexpectedto beon averagein excessof 10%; i.e.
CPR> 1.10. That is, undersuchcircumstancesa fall in crimeof 10%in theinterventionarea
relative to thecomparisonareawould beexpectedon average,andsosucha fall is nothingto
do with theeffectivenessof lighting. It is simply theresultof RTM, causedby notcomparing
like with like whena correlationis lessthanperfect.This suggeststhat theeffect of lighting
claimedin HORS251might in factbeanartefactdueto RTM. (It shouldbenotedthat there
aresomeotherproblemsin theindividualhouseholdsurvey studies,i.e. Dudley andStokeon
Trent,amongstthemtheexistenceof spatialcorrelation.Thesearenot takeninto accountin
thepublishedanalysesof thesetwo studies).

In summarytheassertionof FarringtonandWelshthatRTM is not a problem,basedon large
areas,seemsill-foundedwhenappliedto theresultsof lighting studiesin muchsmallerareas.

It is importantto bewary of �imsy costbene�t analyses.Costbene�t analysishasbeendone
basedon very few studiesby lighting andcrime researchers(PainterandFarrington1999,
2001)andgivesahighly favourableresultfor lighting. Howeverdoingthisonly increasesthe
problem,asan unknown andunproven 'bene�t' is beingcompoundedwith uncertaincosts.
Small systematicerrorssuchasregressiontowardsthemean(RTM) canhave a majoreffect
in this,giving a falseresult.We needto getmuchbetterinformationto do sucha costbene�t
exerciseproperly, asotherwiseit tendsto look 'scienti�c' to theeyeof a novice,whenin fact
it isn't, becauseof �imsy dataandmethods.

7.4 Mor eand better research is needed

My take on lighting andcrimeis thatperhapslighting reducescrime,or alternatively perhaps
lighting increasescrime.Wehaveto look at theevidenceasgiven.Theconclusion,atpresent,
is thatwedonotknow whatlighting does.It is worthnotingthecommentsfrom thepresenter
of Radio4 “More or Less”statisticsprogram,Andrew Dilnot; “Paul Marchant'sdoubtsabout
thestatisticsare seriousandreasonableandshowushow�endishly careful wehaveto bein
evaluatingevidence. Thesedoubtshavenotyetto ourknowledgebeensatisfactorilyanswered,
andthoughweaskedvariouspeopleinvolvedin theresearch to take part in this programme,
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Figure7.3: Photographicevidencesuggestingthatstreet-lightingdoesnotnecessarilyreducecrime.

nonereplied.” Note that the programmemakerswereup-to-dateon the referenceson both
sidesof theargumentat the time of thebroadcaston 27 July 2006. It canbeheardfrom the
programme'swebsitey. Wereallyoughtto know theeffectof lighting in orderto spendmoney
rationally.

Anothercaseof interestis that of domesticexterior lighting. I know of no scienti�c trials
or soundevidencefor effectivenessof exterior, so-called'Security', lighting. So it is not
known if thesework or whetherin fact risk is increased,for exampleby actingasa beacon
suggestingthattheownerperhapshasthingsworthstealing.Yetwearesometimestold by the
crimepreventionindustrythat lights area methodfor reducingtherisk of crime. TheLeeds
Policefor exampleencouragetheuseof exterior lighting throughits 'Lighten-Up' campaign,
(in accompanying informationit statesthe adviceis endorsedby the Institution of Lighting
Engineers.)However, it shouldbenotedthatlighting doesnot featureasaconsiderationgiven
by burglars'HO249 Findings'. (HearndenandMagill 2004). It would beunfortunateindeed
if thepublicwereaskedto payfor thingswhich in factincreasedrisk.

We oughtto take a 'Popperian'view andentertainthepossibilityof light beingineffectiveor
worse,againstcrime. Of coursewe all needlight at night, to seeby. However I have seenno
soundscienti�c evidencethatweneedlight to protectusfrom crime,in spiteof claims.

Weneedbetterresearch(andsoundevaluationof existingprojects)to beableto tell theeffect
of lighting oncrime.Extrastreetlighting mayincreasethecrimerateby bringingmorepeople
on to thestreetsatnight. Weneedto comparethecountsof crime,day, nightandtotal,before
andafter in areasreceiving extra lighting, in well designedandexecutedtrials which take
confoundersadequatelyinto account.

yhttp://news.bbc.co.uk/1/hi/programmes/moreor less/
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Thephotographin �gure 7.3 suggeststhat lighting doesnot alwaysstopcrime. Yet thepho-
tographhasbeenusedin a lighting company's continuousprofessionaldevelopmentseminar
“Lighting asacrimedeterrent”.Theexplanationgivenfor theburntout carandgraf�ti under
the streetlamp is that nobodycould seefrom the othersideof the road. But they could - I
know, I took the photograph!The certaintyof explanationshows the “poor science”in the
lighting salesbusiness.A scienti�c approachwould recognisethat little canbe saidfrom a
singleinstance,evenexcellenttreatmentsdo not work every time. (Thereis indeedquackery
in crimeprevention,for examplethatof “Yogic Flying”, seePark,2000).

We needto encouragea thoroughscienti�c approachin policy matters.Gorard(2002)makes
interestingpointsin regardto scienceaboutfosteringscepticism.He alsocommentson the
reactionthatcanresultwhenerrorsarepointedout. Scienceis thebelief in theignoranceand
unimportanceof experts(the view of RichardFeynman)so do not acceptclaimswithout a
clearline of reasoningandchallengethoseclaiming“expertise”.It is notgoodenoughfor the
claimsof othersto besimply repeatedwithout proof. Simply repeatingclaimsis of coursea
devicegreatlyusedin marketing.

7.5 Conclusion

Statistical/scienti�cissuesneedto be properlyaddressedandembeddedin decidingpolicy.
Credibility shouldbe basedsolely on soundevidencebearingin mind that the processof
understandingtheevidenceis likely to take us into thedisciplineof statistics.We needgood
research;entirely independentand transparentin order to decidethe truth. It canbe done
at a fraction of the costof the implementationof policies,which may otherwisebe in fact
ineffectiveor counter-productive. Thereforewe needto “trust no-oneandcheckeverything”,
in thewordsof StephenSenn,andusesoundscienti�c principlesthroughout,recognisingthe
wisdomof HGWells. “Statisticalthinkingwill onedaybeasnecessaryfor ef�cient citizenship
astheability to readandwrite”.

7.6 Additional Material

MarchantP.R. (2006),presentationfor “EvidenceBasedPolicy PoliciesandIndicatorSys-
tems”(July 2006),availableathttp://www.cemcentre.org/eb2006

MarchantP.R. (2006), invited seminarpresentedat the Centrefor Censusand Survey Re-
search,Universityof Manchester(December2006),availableathttp://www.ccsr.ac.uk/seminars/2006-
autumn/ExptDesinSocResearchC.ppt

MarchantP.R. (2006)“Investigatingwhethera crimereductionmeasureworks”, articlepub-
lishedin RadicalStatistics(91p43)isavailableathttp://www.radstats.org.uk/no091/index.htm
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Chapter 8
Making it happen- Thepolitical imperative

RobertKey MP,
Houseof Commons,
London,
SW1A0AA.
Email: rob@robertkey.com

8.1 Parliament

In 2003theScienceandTechnologyCommitteeof theBritish Houseof Commons,of which
I wasa Member, resolvedto carryout anenquiryinto light pollution andastronomy. We set
ourselves� veobjectives.

1. Whatwasthe impactof light pollution on UK astronomy?At universitylevel, which uni-
versitiesoffered�rst degreecoursesandabove?Did they accessto opticaltelescopes?If not,
did it matter?At schoollevel, wasastronomybeingtaught?Werechildrenstill attractedby
studyof theheavens?Andwhatcontributioncamefrom thethousandsof amateurastronomers
throughouttheUK? How muchwasall this hamperedby growing light pollution - if indeed
thatwasproven?

2. Do local planningauthoritieswishing to addresslight pollution have suf�cient legislative
powersor planningguidancefrom Government?Are they strongenough?

3. Are light pollutioncontrolsstrongenough?

4. Is light pollutionmeasurablein sucha wayasto make it legally enforceable?

5. Do weneedmorecontrolson lighting design?
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OurReportto Parliamentcameto � vemainconclusions.

1. Therearenow no world-classopticaltelescopesin theUK.

2. Thegovernment's sciencebudgetspendsover 50 million a yearon operationaltelescopes
in Australia,La Palma,Hawaii andChile for useby British academicinstitutions.

3. Amateurastronomyis very important,especiallyin observingnear-earthobjects,asteroids,
cometsandsupernova.

4. Ourchildrendeserve to studythenight sky ' live', not justonacomputerlink.

5. Thestudyof spaceencouragessciencein schoolsandin universities.

8.2 Government

Wemade� vemainrecommendationsto theGovernment.

1. Therewasanurgentneedto updatelighting guidelinesfor roads.

2. Weneedednew planningrules,andlight nuisanceandpollutionshouldbecomeastatutory
nuisance.

3. Specialprotectionfrom light pollutionwasneededfor ourobservatories.

4. Sky glow andglareaffectusall andlower thequalityof life.

5. Internationalactionis neededon aviationvapourtrails.

TheGovernmentresponseto ourReportmade� vemainpoints.

1. Trunk roadsandmotorways(the responsibilityof the Government's HighwaysAgency)
wereupgradingto high-pressure(white) sodiumandto full cut-off lanterns. Evidencehad
beenre-examinedthatbright roadlighting alwaysreducesaccidents.

2. Light pollution would bedesignateda statutorynuisancein theCleanNeighbourhoodand
EnvironmentAct.

3. The UK will pay £40million (20%) towardsthe ExtremelyLarge Telescopethroughthe
EuropeanSouthernObservatoryProject.Thelocationwouldbechosenfrom La Palma,Chile,
Morocco,Argentinaor Australia. A decisionwould bemadeafter2008andlocationfactors
would includeproximity of light pollutionandhigh-volume�ight paths.

4. The governmentrecognisedthe signi�canceof aviation vapourtrails for climatechange
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throughradiative forcing. The Tyndall Centrefor Climate ChangeResearchforecastthat
uncheckedaviationgrowth couldtakeuptheentireemissionsquotaof theEU undertheEmis-
sionsTradingSchemeby 2040.

5. TheCambridgeInstitutefor Aviation andtheEnvironmentwasundertakingresearch.The
NaturalEnvironmentCentresfor AtmosphericSciencein Readingwasworking on theprob-
lem. Sowerescientistsat theEngineeringandPhysicsScienceResearchCouncil,theUniver-
sity of ManchesterInstitutefor Science& TechnologyandtheEU LIFE Programme.

8.3 Local Government

Localplanningauthoritieshadgivenevidenceto theCommittee,andrespondedto ourReport.

1. Many planningauthoritieswereshowing greaterawarenessof light pollutionandplanning
applicationwereregularlybeingreferredto trainedstaff.

2. LocalCouncilswerepurchasinglight meters(ataround£500each).Mostcomplaintswere
in factaboutsecuritylights from neighbouringhomes.

3. PlannersandCouncillorswerenow moresensitive to the�oodlighting of buildings,sports
centres,carparksandhospitals.

4. New statutoryenforcementpowersoftenstoodor fell onaCourtsinterpretationof whether
light pollutionwasanuisanceor anannoyance.A bodyof caselaw wouldbuild up.

5. Goodlighting makesroadsandfootpathssafer, anddeterscrime.

6. Badlighting is unsafeandencouragescrime.

8.4 Energy waste,the lighting industry & the taxpayer

It is easyto blame the national Government; in fact the Highways Agency controls just
145,000streetlights while local Councilsrun 4,355,000of them! Most Councilscannotor
will not sayhow muchtaxpayer's money they spendeachyearon lighting public openspace
includingroads.Ask yours! TheCountyof Essex, which spends£3ma yearon electriclight,
hasdecidedto switchoff many streetandroadlights aftermidnight. They estimatethis will
save their taxpayers£1mayear.

Is lighting really signi�cant asa contributor to climatechange?A 1kw light left on for 12
hoursa night causes3.5 tonnesof carbonemissionsa year. A 100w bulb left on 12 hours
a night produces0.35tonnesof carbona year. Incidentally, thelighting industrysaysthat in
mostcasesa150wsecuritylight is adequate.SupermarketsandDIY storesarenow competing
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on greenissues.

8.5 Our heritage

“But I amasconstantasthenorthernstar,
Of whosetrue�x edandrestingquality
Thereis no fellow in the�rmament...”

Shakespeare,JuliusCaesar, III.i.60

“It is thestars,
Thestarsaboveus,governourconditions...”

Ibid, King Lear, IV.iii.34

What canour childrenmake of this language,if we deprive themof their heritageof dark
night skies? What canit mean,if they have never seenthe NorthernStar? Never seenthe
�rmament?Today, it is possibleto seetheMilk y Way from lessthan30%of thelandmassof
theUK - virtually noneof it in themostpopulatedpartsof our island.

“...thenightsky is onepartof ourenvironmentwehavesharedwith culturesin
all periodsof humanhistory.”

Prof. Sir Martin Rees,AstronomerRoyal.

“Astronomyis theoldestscience,with rootsextendingmorethan� vethousand
yearsto thebuilding of Newgrange,Stonehengeandsimilar structures.It is a key
part of mankind's cultural inheritancewhich attractspeopletowardsscienceand
into a scienti�c way of thinking ... to draw a veil acrossthis aspectof humanity's
culturalheritage...is to deprive usof a sourceof inspirationthathasoperatedfor
thousandsof years”.

Prof. Mark Bailey, ArmaghObservatory.

It will not just be astronomerswho will be the losersif light pollution goesunchecked. As
parents,students,teachers,energy users,taxpayers,journalists,the lighting industry, good
citizensandaspoliticians- weareall in this together.

Membersof Parliamentof all PartiesontheScienceandTechnologyCommitteemadeastart,
and madea difference. The law and its enforcementhave their place. More important is
a changeof public recognitionof the relationshipbetweenlight pollution, dark skiesand
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climatechange,andthewill to takesociallyresponsibleaction.In thepastwehaveintroduced
legislation,oftennot strictly enforced,to in�uence thewearingof seatbeltsin cars,drinking
anddriving, smokingtobaccoandusingmobilephoneswhile driving. In every casegrowing
public rejectionof thesepracticeshasbeenmoreimportantin in�uencing humanbehaviour,
backedby education.Sohow dowemake thathappenwith light pollution?

I will make thisaGeneralElectionissue.

Whatwill youdo aboutit, personally?
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