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Chapter 1

Dark Skiesfor all

k i Prof. Mark E Bailey,
= Director,
ArmaghObsenatory;
CollegeHill,
ArmaghBT619DG,
Northernlreland

Email: meb@arm.ac.uk

Thefollowing articleis takenfrom Astonomy& Geophysics the housgournalof the Royal
AstronomicalSociety It is reproducederewith permissiorandwith thanks.

1.1 Abstract

More than100 peopleincludingmembersf the British AstronomicalAssociationCampaign
for Dark Skies(CfDS), representatiesfrom localandcentralgovernmentlighting profession-
als,ervironmentalistsastronomerandjournalists,metin PortsmoutHor the Sixth European
Dark-SkiesSymposiumpon the 15" and16™ of September2006. The meetingcoveredthe
adwerseimpactsof light pollution on various elds, for examplehealth,the environmentand
the economy aswell asastronomy With supportfrom the Campaignfor the Protectionof
Rural Englandthe publicationin 2003of a comprehensik reportby the Houseof Commons
Scienceand TechnologyCommittee, andthe recentrise in enegy costs,light pollution has
becomea subjectof growing public concern Professionahstronomertave animportantrole
to play in commendinghe agumentfor areturnto darker skies.
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Figurel.1: An exampleof poorchurchlighting in Malvern,illustrating skyglow, glareandthe effects
of light wasteshininguselesslynto spaceC Baddiley).

1.2 Intr oduction

The Sixth EuropearDark-SkiesSymposiumthrew a spotlighton advancesin a rapidly de-
velopinginterdisciplinary eld. The subjectencompassesot just the physicalandtechnical
aspectf outdoorlighting, andits obvious impact on astronomy(e.g. Mizon 2001), but
the social,ervironmentaland ecologicaleffectsof the phenomenomaswell. In Englandand
Wales,light pollution hasbeenrecognizedasa statutorynuisance.

Theconferenceontaineda ne arrayof scienti ¢ andtechnicalpresentationsll of whichare
now availableontheinternet(Mizon etal. 2006),andwasnotevorthy alsofor the hospitality
andenthusiasnof theorganizers Eveningvisitsto the SouthDownsPlanetariun{Chichester)
andthe HampshireAstronomyGroupssuite of telescopesn Clan eld weregreatlyappreci-
ated. And with openingand closing speeche®y MPs Lembit Opik and RobertKey, it is

evidentthatthe subjecthasa growing political pro le.

Thetonewassetwith anexcellentintroductoryovervien by JohnMason,highlightingpoints
that were discussedater in more detail. Noting the advancessincehe rst spole on light
pollution some15 yearsago, his main messagevas that the issueis now at a crossroads.
Greatstrideshave beenmadein the past10 years,to the extent that the battle for peoples
heartsand mindsis nely balanced. However, more needsto be doneif we areto obtain
darkskiesfor all andretainthe bene tsof a sourceof inspirationthathasled peopletowards
scienceandascienti ¢ way of thinking for thousandsf years.Whereasnary peopleareable
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to recognizeatleastwhenthey arepointedout, theworstexcesse®f light pollution, we still
have to overcomethe novelty factorof beingableto make nightasbrightasday.

Most people for example,probablydo not think aboutlighting at all, just installingrandom
lights asthey see t; othersinstall light-polluting externallights simply becausehey look

nice. Some suchasthearchitectsvho quiteliterally ood buildings (andtheir surroundings)
with light, shouldknow better Their efforts with new lighting technologyoften swampthe

very architecturafeatureghey seekto display

By bringinglight pollutioninto the public domain,thelargely amateurastronomicatommu-
nity hasperformeda signi cant public service.The CfDS websité holdsa wealthof detailed
informationandlinks to othermaterial. Moreover, asthe subjecthasmatured,so the small
minority preparedo lobby for their hobby hasbeenjoined by a growing numberof other
special-interesgroups. Theseembracesubjectsasdiverseasthe ecologicaleffectsof exces-
sive lighting; the legal implicationsof light pollution asa statutorynuisanceandthe social
andervironmentalcostsof thewastedeneny.

Many peoplerealize,for example,thatwhenthey illuminate their homeswith upto 1 kW of
so-calledsecuritylights, they areburningmoney. Perhapshey canafford to wasteup to £500
peryear?But how mary understandhatin the courseof ayearthe additionalCO, pollution
emittedin producingthe wastedelectricity is equivalentto driving the family car halfway to
Australia?

1.3 The problem

Light pollutionis light in the wrong quantity in thewrong placeandat the wrongtime. It is
responsibldor the sky glow aroundour towns andcities; the light nuisancen our gardens;
the glarein our eyes; andlight waste. In the words of Martin Rees the AstronomerRoyal:
“Youdon't needto beanornithologistto wantto beableto seesomebirdsin yourgardenand
you don't needto beanastronometo wantto be ableto seethe stars”. The night sky is part
of our ernvironmentindeedthe only partthathasbeenexperiencedequally by all culturesat
all times.

Theoverwhelmingmajority of peoplenowadays perhapsvensomeastronomerdiave never
seena really dark sky, nor a shootingstar nor eventhe Milky Way. This creepingdispos-
sessiorof our night-sky experiencehascaughtmary unavares. But thereis arising tide of
opposition.

JohnMasoncapturedhemoodwell: Light pollutionis all aboutquality lighting for everybody
- it is very muchanervironmentalissue.

Yhttp://www britastro.og/dark-skies/
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Figurel.2: Comparisorbetweentwo views looking towardsToronto,Canada.Theleft imageshawvs
the usualview, dominatedby sky glow; thaton the right shavs how mary morestarsarevisible from
thesameocationduringa power cut (T Carlsontakenfrom CfDS ImageLibrary).

1.4 Health and environment

Somespealershighlightedtheimpactof light pollution on health. It cancauserifts between
neighboursandlack of sleepcanbring increasedtressandirritability. The suggestiorthat
too much night lighting may causecanceris more worrying. The CfDS websiteprovides
links to studieghatsuggesthatexposureto light at night candisruptthe bodysproductionof
melatoninandso increasean individualsrisk of developingoestrogen-relatethalignancies,
suchasbreastcancer Thisis anotherapidly growing areaof researchbut the precautionary
principlewould suggestemoving lights wherever possible.

Bright lights can have a violent effect on health,aswhenthe glarefrom an inappropriately
directedsecuritylight dazzlesa passingmotorist.In atleastonereportedcaseDryden2002),

theresultingaccidentcausedhe deathof a pedestrianandin law the lighting engineemwho

installedthelight couldbeliable in contractor tort for anunsuitableor dangerouslesign.

However, while lawyers and someacademicgnay rejoice in the employment possibilities
provided by this new eld, light pollution remainsa menace.lt is responsiblefor the loss
of the tranquility andvisual amenityof the countryside andto a blurring of the distinction
betweertown andcountry It seriouslydamagesheruralidyll.
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The ervironmentalimpactof light pollution on ora andfaunais well documented.Outen
(2002), for example, noted how night lighting can critically affect the behaiour of birds,
plantsandmammals.Thedawn chorusof thrushess in uencedby acritical light level; some
plants,exposedo abrief ash of light duringdarknesscanceasdo o wer;andin mammals
thechangindengthof theday, in uencedby arti cial lights, canaffectthereproductve cycle
andpeakbodyweightduringautumnfat deposition.

Similarly, Henshav andCliff (2006)have highlightedthe increasinglysevereeffectsof light

pollution onthenumberanddiversityof insectsandhenceon birdsandothercreaturesigher
up thefood chain. In the meeting,Alex Pollard(University of Cardiff) presentedomefasci-
natingresultsfrom herPhDthesison the effectsof arti cial lights onthebehaiour of robins.
In Northernireland,theinstallationof anew lighting schementheseafronin Newcastle Co.

Down, wasrecentlydiscoveredto have hada disastrougffect onthe migrationof salmonand
seatrout up the River Shimna.Fishdon't like bright lights! Herethelaw of unintendedcon-

sequencedamagedheverytourismproductthatthe schemevasintendedo promote.These
examplesdemonstratehe wider impactof light pollution. Although quantitatve studiesof

the ecologicaleffectsof light pollution arein their infangy, the subjecthasalreadybecomea

goldminefor ervironmentalresearche.g. RichandLongcore2006).

1.5 Economy

Trying to make night as bright as day comesat a high price. Indeed,with sharplyrising
enegy costseveryoneis awareof the problem.In arecentpoll in Esse, 83%of respondents
expressedsupportfor the introductionof curfew lighting: thatis, turning externallights off
whenthey arenotneedede.g. from midnightto 5 a.m.). Theannualsarzingsto theratepayer
werearound£l million peryear In Northernlreland,23% of domesticelectricity costsare
attributableto lights. Thereare considerablgotentialsavingsif lights are usedonly when
necessary

1.6 What next?

Martin Morgan-Taylor (deMontford University),stressedhatthenewx CleanNeighbourhoods
andEnvironmentAct is a stepin theright direction.But it mustbe strengthened the contin-
uing growth of light pollutionis to be stopped.The presentaw is poorly draftedandhastoo
mary exclusions.The openingspealer, Lembit Opik MP, offeredthe scienti c communitya
possibleway forward. To help changethe law, participantsvereurgedto spend10 minutes
writing shortlettersto their MPs, arguing for additionalstatutorycontrolson light pollution.
RobertkKey MP madea similar requestAs the constituenyg of partiesinvolvedin light pollu-
tion hasgrown, sothe subjecthasbecomeacalling cardfor astronomerslt providesavehicle
for educatiormandoutreachandareasorto contactdecision-makrsatall levelsto convey the
importanceof astronomyandrelatedscienti ¢ issues.
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Eighty yearsagothe FrenchNobel physicistJeanPerrin (1870-1942)wrote: “It is indeeda
feeblelight thatreachesisfrom the starrysky. But whatwould humanthoughthave achieved
if we could not seethe stars?”.Similarly, RobertKey emphasizedhe uniqueculturalimpor-

tanceof accesdo dark skies,fully half of our nighttime eld of view. It is the one part of

our ernvironmentthat we have sharedwith all culturesin all periodsof humanhistory, and
is a key partof mankindscultural inheritance. Professionahstronomer$iave an important
responsibilityto advancewider public understandingf sciencethe BAA Campaigrfor Dark
Skiesshouldbe widely andstronglysupported.

Mark E Bailey is Director of the Armagh Observatory Adknowledgmentsit is a pleasue
to thank Chris Baddiley, Darren Baskill, Bob Mizon and Mike Tabb for helpful discussions
and correspondenceoncerninglight pollution, and this article in particular. Astonomyat
Armagh Observatoryis supportedoy the Northernlreland Departmentof Culture, Arts and
Leisue.
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ThreeEventful Years

Bob Mizon,
The Coordinatoy CfDS,
38 TheVineries,
« Colenhill,
Wimborne,
Dorset,
BH212PX
England
Emailvia: http://www.mizarastro.freeseevco.uk/mailsend.htmi

The British AstronomicalAssociations Campaignfor Dark Skies(CfDS) has137 local of-

cers, and promotes’star-quality lighting” aroundthe UK, speakingto designerscouncils,
lighting professionalsandanybodywho makes,choosesandinstallslights. Its GoodLighting
Awardshave publicisedthe value of the night sky andthe needto protectit. CfDS hashad
probablyits mostinterestinghreeyears(2003-06)sinceits inceptionin 1989.

Seventeeryearson,thereis apositivetrendin lighting in the UK. Mostpeoplenow understand
the term "light pollution”, and the installationof at-glass or shallov-bowl 'sky-friendly’
lamps, directing light downwards,is now the rule ratherthanthe exceptionalongBritain's
mainroads,andon side-streetén mary local authorityareas.The decisionby the Highways
Ageng to usewell-directedlights on mainroadsin 1995was mostwelcome. Therehave
beenimportantstepsforward in recentmonths,notably in Parliament. The Of ce of the
DeputyPrimeMinister (ODPM)/DEFRAhave announce@n”annex (sic) to PlanningPolicy
Statemen3”. PPS23 dealswith theervironmentalimpactof new developmentsTheanne
speci cally directslocal authoritiego take light pollutioninto accountwhengrantingplanning
permission.Theresponsibilityfor thishaspassedo DEFRA,andCfDS of cers have metwith
them,andcontinueto do so,to try to speedup theinceptionof this anne.

Even more encouragingvasthe recentCleanNeighbourhoodsnd EnvironmentAct (April
2005),a sectionof which makeslight intrusiona statutorynuisancealongsidenoise,fumes
andotherpollutants(seeJBAA June2005).So,is light pollution now againsthelaw?
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Yes,in arestrictedsensgseechapter6 for full details). It may be againstthe civil law (i.e.
wherethecomplainansues:therehave beensuccessfutasessuchasBonwickvs Brighton&
Hove council,or Baconvs GwyneddCountyCouncil)andasof April 2005intrusive nuisance
lighting is againsthe criminal law.

Commonlaw privatenuisanceactionshave beensuccessfulljproughtagainstnuisancdights
in several cases. It must be notedthat none of the complainantan thesecaseswere as-
tronomers. However, suchan actionrequiresthe complainanto suethe party responsible,
althoughthe casesabove shav thatbadlighting is becomingncreasinglyunacceptabléo the
reasonabl@erson.Exteriorlighting hasnow becomesubjectto the criminal law of statutory
nuisancewherethe Statemay prosecutea party for a nuisancdight. The changen the law
wasintroducedby sect. 102 of the CleanNeighbourhoodsind EnvironmentAct 2005. The
provision hasbeenin force sinceApril 2006. A complainanwill be ableto take the matter
up with the EnvironmentalProtectionUnit of their local council, who in turn may initiate
proceedingsn the Magistrates Court. The issueof whetherstreetlightsare coveredby this
new law is a vexed one,which remainsto betested. Transport-relateggremisesge.g. docks,
railway stationsandbus depots.are (for no goodreasonCfDS canfathom)exempted.CfDS
will work hardto overturntheseexceptions.At a meetingof EnvironmentalHealth Of cers
at de Montfort University in April 2006,a DEFRA representatie was unableto justify the
exclusions.Why shoulda bus station,for example be allowedto createa nuisancewith stray
light on onesideof your premiseshput your neighbouramay be liable to proceeding®n the
otherif their"securitylamp” is badlyangled?

The CN&E Act doesnot speci cally protectthe night sky, but any adaptatioror removal of

poorly directedlampsis goodnews for astronomersThe Campaigrfor Dark Skiescontinues
to ght for all lighting to becontrolled,andfor thestarrysky to havze asmuchprotectionasary

otherpartof the environment. The Act is a major stepin the right direction: but remember
it doesnot speci cally protectthe night sky, but greatlyreinforcesCfDS' algumentthatthe
night sky is, like ary otherbeautifulpartof our fragile ervironment,worth the Governments

attention. The CN&E Act is a directresultof the Scienceand TechnologySelectCommit-
tee's deliberationsf 2003,in which the Campaignplayeda major part, andthe momentum
of the dark-skiesmovementhasbene ted greatlyfrom the SelectCommittees very positive

recommendationge.g. thatlight be a statutorynuisance that FCOsbecomestandardand
that planninglaws includelighting asa matterof course). The Campaigrwill work hardto

overturnthefactthattransporfpremisesare,nonsensicallyexcludedfrom the Act.

As mentionedalreadythe Campaigrhas137volunteedocal of cers, andthey aremuchin ev-
idence:presentind3AA GoodLighting awardsfor goodpractice giving talksto local author
ities, environmentalandothergroups,advisingindividuals,andmonitoringlighting schemes.
CfDS s increasinglycalleduponto adviseon majorlighting projects,andmaintainsits good
relationswith the lighting community centralandlocal government,andenvironmentalists.
It hasparticularly closelinks with the Campaignto ProtectRural England(CPRE),andthe
two organisationsvork closelytogetherin publicisingthe needto promotedark rural skies.
The CPRES "Night Blight” campaigrof 2003wasa big factorin in uencing thework of the
SelectCommittee.
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To nd anenormousmountof informationonthesubjecibof light pollutionandhow to counter
it, pleasdook atthe Campaigrs website(http://www.dark-skies.ay) or try Bob Mizon'sbook
“Light Pollution”. ThePhilip's Dark Sky Map of the UK is alsonow on salefrom the BAA or
in large stationersandbookshops.

CfDSlocalof cer andwebmastebr DarrenBaskill, of thePhysics& AstronomyDepartment
of theUniversityof Leicesterhasdonea splendidjob recentlyrefurbishingandexpandingthe
website.

CfDS pursuedts links with like-mindedmovementsall over the world, andit is particularly
goodto welcomedelggatedrom elevendifferentcountrieto the Symposium Pleasanotethat
the SeventhEuropearDark-Sky Symposium(2007)will beheldin Slovenia.
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Theimpactof luminairedesignon skyglow

Dr ChrisBaddiley,

1 Kingshill Close,

Malvern,

W14 2BP

England

Email: cj.baddilgy @physics.ay

3.1 Overview

This presentatiorcovered:-
- The spectrumandluminancevaluesof skyglow.
- Luminairedesignsandtheir effect of obtrusionandontheervironment.

- Measured’hotometryof skyglow in ruralareadrom scanf all sky andwide angleimages,
shawving arangeof over50to 1 from afew degreesabove the horizonto zenithastypical.

- Measurementsf skyglow over a periodof threemonthsin all weatherconditionsshaving a
factorof over30to 1 in luminanceaccordingto cloudandvisibility .

- A descriptionof the mechanism®f surfacere ections and atmosphericscatteringin my
skyglow model. Someexampleplotsform testcases.

Themodelandsomecasesaaresummarisedbelow.

10
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In the last year my skyglow modelling programhasbeenrewritten and include mary newv
featureslt is ableto comparethe skyglow from differentluminairedesignin openor built up
roadlocations by readingin publisheduminairephotometryles. It alsohasa built-in globe
light modelwith variablecut off angle,for reference.

3.2 Summary of it main features

* |t runsin Excelspreadsheetasfunctioncallsto generatdablesthatareplotted.
* Readsndustryphotometryles in thethreecommonformats(CIB,IES, INR)

* Plotsluminancedistribution polar diagramsin the standardighting engineeringspherical
co-ordinatesystem,in stepsof gammaangle (the anglefrom the nadirat gamma=0, up to
the zenithat gamma=180) eitheralonga road (at a C angleplaneof 0° in front or 180°
backwards),or acrossaroad(wherethe C angleis 90° or 27(). Also, polarplotsfrom above
areavailablefor all C angleg0-36(), andfor steppedgammaangleg0-90C°).

* Plotslux distribution given pole spacing,both one sidedandalternatesidedstaggeredas
colour codedsurfaceplots. Plotscanbe generatedor horizontalsurfaces(on andoff road),
andin vertical planesacrossheroad- bothin-front of andbehindthe street-light(parallelto
theroad).It alsocalculateghe horizontalplanesurfaceuniformity.

* Calculatesntegratedspherdumens(or for partof aspherelup to a givengammaangleand
atagivenangleband.It alsoplotstheseasa fractionof thewhole,overall gammaangles.

* Plots Bi-directional Re ectivity Distribution Functions(BRDFs)for a single source,both
speculamndscattercomponentandcombined.Theseplots of re ectivity arepolarmapsin

gammaangleacrossaroad(includingsurroundingsandalongaroad,alsoaroundin C angle
in stepsfor gammadrom 90° (horizon)to 18 (above horizontal). This is for specularand
scattempartsor combinedalsofor eachview pathor direct.For verticalsurfacesthisincludes
all re ectionsandobstructionsaccordingto view angle.

There ectivity of eachsurfacecanbespeci edin cell input, alsoroughnessandspectratype
(e.g.road,concretewalls, trees grassetc),whichis referredto by atypenumber Up to three
surfacesareallowedfor now, but this maybeexpandedo mixesof several. Thethreesurfaces
are:1. road(e.g.asphalt)2. surroundingge.g.grass)and3. vertical (eitherconcreteor brick
wall, or treesof severaltypes).If verticalsareincludedthey aremodelledascontinuousand
two sidedabouttheroad. i.e. a simpletroughgeometryusingbasiccornerre ection optics
rules.

* Luminousre ection plotsareshavn in thesameformatasthe speculaandscatterre ectiv-
ity plots,but with the givenincidentluminairesourcedistribution.

* Thesearethenintegratedfor all C anglesvaluesfor a sphere(or part sphere)to a given

11
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gammaangle,andplottedaswastheluminairedistribution.

* The atmospherianodelis x ed as standardout aerosolscan be switchedon or off, both
shown on the outputatmospheriscatterplots. The atmospheriscattemplots areall donefor
threecomparisouminairessimultaneouslyasselectedrom a le.

* At agivendistancdrom the sourcespeci ed,theincrementatontribution of scattemperkm
of view path,into a givenobsenersview directionandat a givenview elevationangleto the
sky, is plottedfor all atmospheriwiew pathincrementsalongtheview directionto thesky, for
molecularandaerosolparticles.

* Theintegratedpathscatterfor view elevationis plottedfor all elevationswith andwithout
aerosolscatter(for threelumimairedesignsan parallel). The plots canbe basedon the lumi-
nousoutputof eachluminairerescaledo a commontotal, or not asselectedfor comparison
of opticaldesign.

* The skyglow at a givenview elevationis alsoplottedfor increasingsourcedistanceup to
100km distance A curved Earthsurfaceis used.Pathdistancesrecalculatedanddisplayed
logarithmically

Thefull atmospheriscatteprogramrunsin about2 minutesona 3GHzPC.

Threeluminairelight distributionsarereadin andalsoplotted. All intermediateplotsareonly
shown for oneof theluminaire les, butthat le canbeselectedrom ary.

Plotsareon darkbackgroundgor usein presentationsr white asrequired.Plot resolutionis
5 deggreeqthe computatiorstepinterval).

This work is the basisfor a guidancenoteto be publishedin conjunctionwith the Institution
of Lighting Engineers;TowardsUnderstandingky glow” shaving themechanismsvhereby
differentkinds of lampscreateskyglow at variousdistanceslt particularlycondemngheuse
of SOX luminaires.Thosewithin thelighting industrywho arecalling for shallav-bowl lamps
ratherthan at-glasscut-off typeswill, it is hopedpecorvincedthatthenightsky canbebetter
protectedandroadsasef ciently lit, with thelatter.

12
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3.3 Sampleoutput plots

3.3.1 Sampleoutput plots for SOX, CTG cut off and full cut off luminair e study.
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path ine rem ent fac Micn
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Figure 3.1: This log-log plot shavs the amountof light scatteredowardsan obserer viewing at a
45° elevation, for eachkm incrementalongthe obserers line-of-sight. The sourceis placed10 km
away from theviewer. Theviewer is atthe bottom-rightof the graph,andthe sourceis left of centre,
at the 10km mark. At 14km alongtheinclined viewing path, the scatterpoint is directly above the
source.Hence,to the far left of the graphbeyond 14km, we seethe backscatteroff the atmosphere
from pointsbeyond the source. Above the source the scatterings nearorthogonaland mostly from
air molecules.Thisis the rst bump on theleft, for all threesources.The illumination of this scatter
pointis not the lamp itself (assumingan opaquecover), but by groundre ection. Therising line to
the viewer for the SOX luminaire (deeporange),is the effect of its directradianceto the sky dueto
its badly controlledoutputabore the horizontal,causingexcessie scatteringn the lower atmosphere
particularly by aerosols.Note in ideal air with no aerosolgthin dottedcurwes), the SOX casefalls
thecloserto anobserer. Thefull cut off luminaire (pink) with no directradiancento the sky shavs
no forward scatterpeakat all. The shallav bowl cut off designcurwve lies above thefull cutoff curve
mostnoticeablyat the nearerdistancego the viewer. For all the luminaires,the luminanceata x ed
gammaanglealongtheroadwasscaledio the same .Dottedcurvesrepresenskyglow in idealair with
no aerosolsUnits of cd=n? for asingleluminaire.
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Figure3.2: This diagram,with a logarithmichorizontalscale,shaws the relative total skyglow lumi-
nanceat a 45 degreeselevationview path,asa function of distanceof sourceto obserer. The source
is ontheleft. The obserer movesfrom thereto theright. Noticethat SOX (deeporange)createssig-
ni cantly moreskyglow thanthe cut off case(pink) at all rangesgspeciallyat large distance$eyond
10 km. It is visible after cut off (light orange)andfull cut off (pink) SON areno longercontriluting
signi cant skyglow. The excessfrom the shallav bowl cut off luminaire(light orange)is alsoclearly
seen.Units of cd/m2for a singleluminaire.
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Figure3.3: Thisdiagram(on alogarithmicverticalscale)shavs therelative skyglow luminancefor all
elevations,from 0° to 18 overtheentiresky (from horizonto horizon),by SOX (deeporange)cut off
(light orange)andfull cutoff (pink) SONlighting. Theviewer is 10 km from the source.Notice that
atverylow viewing anglescloseto the horizonall have majorimpact;while atary otherangleit is the
SOX luminairesthatarecontrituting by farthemostto theskyglow atall elevations.Theleastpolluting
is full cutoff SON.Furtherwork hasshavn thatthe effect of buildings abouttheroadis to reducethe
skyglow alittle from obstructionsandat the sametime signi cantly atten the curve, thoughvertical
surfacere ections. At closerdistancesthe curves becomevery much attened, asskyglow spreads
throughre ectionsto all elevations.Units of cd/m2for a singleluminaire.
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3.4 Varying the cut-off gammaangle

| have developeda modelto vary the cut-of gammaanglefor a uniform globelight, looking
at the skyglow at a rangeof view elevations(from a gammacut off at the horizontalandon
to gamma=9(o cut-off). Thisis calculatedasseenfrom 10kmand1km distancethrougha
rangeof view elevationsto thesky. Themodelhasaroadandit is with grasssurround.

The effect of walls is to obstructdirect pathsat low gammaabove the horizontal,andfrom a
limited rangeof gammasabove the horizontal. At the sametime, from wall sectionsabove
poleheight,light is re ectedbackin theoppositedirection;for sectiondelow the poleheight,
thelight is doublere ected backoff a wall anda horizontalsurface(or vice versa,according
to angle).

Table3.3shavstherelative skyglow in thedirectionof the sourceat steppectlevationsto the
zenithandbeyondin the oppositedirection. It is comparedwith the skyglow generatedy a
globelight (with no cut-off), hencethe percentagéraction.

The caseshawvn hereis for a globelight of cutoff gammaanglesbetween73® and107 in 1°
stepq9(X is horizontaland 18 would be no cutoff).

Theviewing elevationsareshovn at thetop from 30° to 15C°, at 3(° intervals. | have posted
thisasseveralpeopleatvarioustimeshave shavn interesthedependencen cutoff anglenear
thehorizontalfor globelights.

3.5 Rural Skyglow: Conclusions
Sky-glow in rural areas,under goodatmosphericconditions

Verticalbeamf light into air scattelittle atright anglesowardsanobserer. However,
they do scatteroff clouds. In town centresgroundre ection dominateskyglow, since
light emittedcloseto the horizontalis usuallyblocked,andre ected, by buildings.

At a distancefrom towns, skyglow is dominatedby emissionfrom streetlightsat low
to mid elevationanglesabove the horizontal,whichis thenre ected off theatmosphere
backto below thehorizontal.

The re ected light is mostly off the surfacessurroundingthe roads,and not the road
itself. Thisis usuallygrassin sulburbanareaswhich is lessre ective thantheroad. In
theverticaldirection,thestandardoadsurfacehasre ectivity of 4% but adirty onecan
be doublethat (5% is typical). At very inclined anglesthere ectivity of aroadcanbe
twice asmuchagain.

Maximumscatteiis at somedistancdan front of the source from enhancederosokcat-
teratshallov angles.
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At bluer wavelengths,skyglow at high elevationsincreasesdue to the much greater
scatterfrom air molecules.Theobsenrer alsoseesnorescotopicmatching

Shallonv bowl luminairesdo not causdesssky glow thanfull cut-off types,evenwhen
fewer are usedper given road length. They have a higher beaminganglesand side
emissionandthehigherre ectivity of surfacesattheseanglesenhanceshis, socausing
moreskyglow.

To minimise skyglow in the countryside

All lighting shouldbe shieldedirom horizontalview.

The reductionin skyglow by universallyadoptingfull horizontalcutoff lighting in all
areautsideof town centrexanbeafactorof 3to 5 accordingo elevationanddistance
of view.

Shallov bowls cancausemore skyglow than equivalentFCOs,and are visually more
obtrusve. They shouldnotbeusedn openareasandshouldberestrictedo town centres.

Measuresuchasdimmingandswitchingoff whennot necessaryshouldbe usedwher
ever possible.

PFlsareavailablefor improvedquality lighting. But thereis moreandmorelighting for
town centresnew housingandamenities.Using FCOsalonemay not reducesky glow
sufciently, againsthe growing amountof lighting in the UK.

YIn scotopicmatching,a white light canbe dimmeduntil it looksto have the sameappearancasa high-pressursodium
lamp. Thisis becaus¢heeye respondso multi-colour (polychromatic)ight muchgreatethanto nearmono-chromatidight.
The scotopicregimeis thelow light level case but in roadlighting conditionsit is really measoscopiahe region between
scotopicandphotopic,wherebothrodsandconesarepartially functioning.
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3.5. RuralSkyglow: Conclusions

LuminaireType Upward Ground Upward Relatve skyglow at | Relatve  skyglow
light ratio | re ection fraction 45° elevation to near | at 13F elevation,
(fraction of inCIUding zenith, 10 km distance | (FCO=100%)for same
total above ground (FCO=100%)for same | ground illuminance at
horizontal) re ection ground illuminance at | 30° gamma)

30° gamma)

LPS standardSOX | 7.9% 4.6% 12.5% 450% 990%

(5 dggreetilt)

HPS cut off (shal-| 0.43% 4.8% 8% 210% 420%

low bowl)

HPS SON Full cut | 0.% 5.7% 5.7% 100% 100%

off

Table3.1: All the outputvertically dovn luminancegIm/sr) werescaledto the samevalue,to make
the skyglow comparison At a distanceof 10km,the SOX luminairein this examplegivesnear450%
moreskyglow to the FCO abaove 45 degreeselevation and990%more skyglow thanthe FCO at 135°
elevation(45° beyondzenith,facingaway from the source).Theshallav bowl cutoff caseshav215%
and420%moreskyglow thanthe FCOrespectrely. Comparehatwith thedifferencesn upwardlight
ratio. In practice the differencewill vary with exactdesign surfaceroughnessndlocation.

LuminaireType 45° elevationat: 1km  6km  10km 25km  40km
LPSstandardsOX (5 degreetilt) 228% 366% 450% 930% 1500%
HPScut off (shallav bowl) 135% 182% 210% 370% 560%
HPSSON Full cut off 100% 100% 100% 100% 100%

Table3.2: This tableshavs the contritution to the skyglow at view elevation 45 degreesat a rangeof
viewing distancedor the threeluminairetypesof above. Thereis a switch over from predominantly
groundre ection atclosedistanceso directradianceatlargedistancesThecontritutionsof directand
surroundasymptoticallyincreasewith distance.
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3.5. RuralSkyglow: Conclusions

Skyglow ratioto no cutof atview elevationsof:

30 60 90 120 150
73 | 25% | 22% | 24% | 2.2% | 1.8%
74 | 25% | 22% | 24% | 2.2% | 1.9%
75 | 2.6% | 2.3% | 25% | 2.2% | 1.9%
76 | 26% | 2.3% | 25% | 2.3% | 1.9%
77 | 27% | 24% | 2.6% | 2.3% | 2.0%
78 | 27% | 24% | 26% | 2.4% | 2.1%
79 | 28% | 25% | 2.7% | 25% | 2.1%
80 | 28% | 25% | 2.7% | 2.5% | 2.2%
8l | 28% | 2.6% | 2.8% | 2.6% | 2.3%
82 | 29% | 2.6% | 2.8% | 2.6% | 2.3%
83 | 29% | 2.7% | 29% | 2.7% | 2.4%
84 | 3.0% | 2.8% | 3.0% | 2.8% | 2.5%
85 | 31% | 29% | 3.0% | 2.8% | 2.5%
86 | 3.2% | 2.9% | 3.1% | 2.9% | 2.6%
87 | 32% | 3.0% | 3.2% | 3.0% | 2.7%
88 | 3.4% | 3.1% | 3.2% | 3.0% | 2.8%
89 | 35% | 3.2% | 3.3% | 3.1% | 2.9%
90 | 5.7% | 5.0% | 45% | 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%

Table 3.3: Relatve Skyglow whenlooking towardsthe sourceat steppecelevationsfrom 73° to the
Zenithandbeyond in the oppositedirection. It is comparedwith the Skyglow producedby a globe
light with no cutoff atall atthe sameelevation, hencethe percentagéraction. The caseis shavn here
arefor aglobelight cutof gammaanglebetweer73° and107, in 1° steps9( is horizontaland18C°

would beno cutof.

19



|Chapter 4

Arti cial lighting andbirds

Dr AlexandraPollard,
BiodiversityandEcologicalProcesse&roup,
Cardiff Schoolof Biosciences,
MuseumAvenue,

POBox 915,

Cardiff,

CF103TL,

., Wales.

Email: pollardal@Carditac.uk

4.1 Intr oduction

Humansrely uponarti cial lighting to functionin the modernworld. Not only is lighting

usedfor completingtasksin otherwisedarkconditions but it is usedto highlightarchitectural
featuresandfor aestheticeasons Agricultural techniquesmploying lighting to manipulate
breedingseasonsn horsesandotherfarm animals(Sharpet al, 1975; Bolla, 2001); reduce
aggressiornn poultry (Moinard et al. 2001)andincreasdood production(Davis et al 1993;
Rozenboinetal 1999)arewidespreadHowever, very little is known in comparisoraboutthe

effectsof arti cial lighting onwild animals'behaiours.

A studylooking at nestingturtles shaved that adultsand nestlingsbecamedisorientedafter
laying their eggson beachesandinsteadof headingto the sea,they headedo the lights or
areaf skyglow. Thisis dueto theturtlesnaturallydirectingthemselestowardsthe brightest
object,whichwithoutarti cial lighting wouldbethehorizon(BertolottiandSalmon2005).In
addition,Witherington(1992)foundthattwo endangeredpecief turtle (Loggerheadurtle,
CarettacarettaandGreenturtle, Cheloniamydasemaeage)lay lessfrequentlyon arti cially il-
luminatedbeachesConserationprogrammesitilising alternatve andmoreef cient lighting
schemesave allowedtheturtles' breedingsuccess$o beimproved.

Wise and Buchanan(2006) highlight that arti cial lighting can affect foraging behaiour,
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predatoravoidanceterritorial behaiour, endocringunction, metabolicrate,time budgetsand
orientationof salamandersAlso, Buchanan2006) providesa detailedreview on the effects
of arti cial lighting on anuranamphibiansandstresseshattherearecomple effectson the
whole ecosystennelatingto theseanimals.

Studiesnto the effectsof arti cial lighting on bird behaiour arenotcommon(Jones Fran-
cis 2003; Miller 2006; Molenaaret al 2006), but therehave beenmary obsenationsof oth-
erwisediurnal birds beingactive underarti cial lighting. For example,lesserkestrels(Falco
naumanni) coots(Fulica atra) andruby-throatechummingbirdg/Archilochuscolubris) have
beensightedforagingafterduskunderarti cial lighting, whilst Europearblackbirds(Turdus
merula)and commonwrens(Troglodytestroglodytes)have beenheardsinging adjacentto

streetlights during the night (personalobservations Europearrobins(Erithacusrubeculg

have evenbeenobsenedfeedingtheir offspring during the night by the light from awindow

(England1977).

It is clearthat while we know thatlighting doesaffect wildlife, not enoughis known about
the mechanisnor extent of its effects. | shallnow discusssomerecentresearch{Pollard &

Thomas submitted)studyinghow bird behaiour is affectedby streetlightsin SouthWales,
UK. Thiswork involvedobservingeuropeanobins,E. rubeculahenceforth;robin”), singing
andforagingovernight.Subsequentlywill outlinesomemediatorymeasurefor reducingthe
impactsof arti cial lighting onwildlife.

4.2 The effectof arti cial lighting onthe EuropeanRobin

Therobinis adiurnalsongbird (passerine)lt is highly territorial andmaintainsits territory
by both songandaggressie encounters.This meanghatit singsthroughoutthe winter and
eachindividualis easilyrecognisablelt mainly foragedor invertebratesandit canbetrained
to feedfrom a dish containingreadily available meaivorms. The robin haslarge eyeswhich
allow it to seerelatively well underlow light conditions.This makesit oneof the rst British
speciego becomeactive duringtheday, andperhapgpredisposes to besensitveto arti cial
lighting.

Eachrobinterritory hadonestreettampin it. Within thel12arti cially lit territories,6 hadlow
pressursodiumstreetlightsand6 werehigh pressuresodiumstreetlights Spectrogramwere
obtained(see gure 4.1) usinga GER 1500 spectrophotometgiNERC Field Spectroscop
Unit) duringtrue night (prior to the onsetof astronomicatwilight in thewinter mornings).

This studyfoundthat Europearrobin behaiours areaffected,often quite drastically by arti-
cial lighting. Both the foragingandsingingbehaiours wereabnormallytimed whencom-
paredto arobinwith anunlit territory.

Robinsnormally begin to sing at approximatelymorningcivil twilight (whenthe Sunis less

than 6° below the horizon) and ceaseafter the end of civil twilight in the evening, when
they restovernight. The songoutputpeaksat davn anddusk,giving obviousdavn anddusk
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Figure4.1: Spectralradianceof a high pressuresodiumlamp (left), anda low pressuresodiumlamp
(right).

chorusesAfter thedawn chorusrobinsbegin to feedoncethe ernvironmentbecomesuitably
visible, andthey continueto sing andforagethroughoutthe day. Birds singto attractmates
anddefendterritories,anddo soat davn andduskto utilise thetime availablebeforethey are
ableto forageef ciently . Robinsareparticularlydefensve birdsandsingthroughouthe day
to maintaintheir territoriesandstopneighbouringobinsfrom taking over their “patch”.

Robinsthat hold territorieswhich are illuminated by streetlights begin to sing andforage
earlier than thoserobins within unlit territorieson the sameday. It seemsthat a shift in

behaiour occurs,asrobinswith lit territoriesbeganto singandforageasan early extension
of thenormaldawn chorus.No differencein timing wasseenin the samebirds at dusk,and
therewasno continuoussongor foragingfrom duskuntil davn. Therealsoseemedo bean
individual-level responséo the lighting, with onerobin foragingseveralhoursafterduskand
severalhoursafterit hadcompletedts duskchorus.

It is quite surprisingthatthe arti cially lit robinswerenot active throughouthe night, when
their visualability wasnot constrainingheir behaiour (thellight intensitiesmeasuredt rst
activity wasnotdifferentto timesduringthe night whereno actiity took place).Onepossible
explanationof thisis thatall robinsneedsomerestregardlesf lighting environment,andthe
periodof inactiity mayhave re ectedthisrequirement.

Anotherexplanationmaybethatthearti cial lighting magni esthe colourchangeof the sky

shavn asthe sunrises. Thearti cially lit robinsbeganto singat timesnot signi cantly dif-

ferentto the startof astronomicatwilight (whenthewinter sunis 12°-18° below thehorizon),
andthe unlit robinsbeganto sing at timesnot signi cantly differentto the startof civil twi-

light or sunrise.lt is clearthatrobinsuselight asanimportantcueto initiate their daytime
actuities.

Arti cial lighting alsolengthenghe amountof time that a robin spendssingingwhencom-
paredto a non-illuminatedrobin. This meanghatwhile arobinwith anunlit territory is able
to awaken,singandforagein relatively quick successiorarobinwith alit territory delaysthe
startof foraging. Eventhoughthe starttime of foragingis earlierin robinswith arti cially lit
territoriesthanrobinswith unlit territories,the delayis signi cantly longerbetweernthe onset
of singingandthe onsetof foraging.
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Figure4.2: A robin beingweighedafteranight of obserationonits territory.

This would seemto suggestthat robins with unlit territories are able to gain enegy lost
overnightthroughforaging,quickly afterwaking,androbinswith lit territoriesarenot. Pollard
and Thomas(submitted)however connotcon rm this suggestionastherewasno difference
betweenthe amountsof masslost overnight. The resultfound may be dueto the robinswith

arti cially lit territoriesemploying a differentstrateyy to enegy expenditurethanthosewith
unlit territories.

| performeda basicanalysisto examineif therewasa differencein robin behaioursbetween
thetwo typesof streetlight.Theresultssuggestethatwhile therewasnosigni cant difference
in timing of songor foragingunderow pressuresodiumlampsor high pressuresodiumlamps,
therewasatrendfor singingto begin earlierin territorieswith low pressuresodiumlamps.Due
to thelow numberof territoriesinvolved(6 of eachtype)therewaslow statisticalsigni cance
for this comparison,and so further researchs currently being undertalen to elucidatethe
hypothesighat robinsare particularlyresponsie to low pressuresodiumlighting. With the
trendtowardsextendedactvity underlow pressuresodiumlighting, theuseof this particularly
populartypeof lampmayneedjusti cation in areasusedby certainwildlife, andperhapsewn
moreef cient andeffective lighting to beinstalled.
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4.3 Conclusions

Therecentechnologicabdvancesn LEDs andotherlight sourcesandtheknowledgeof how
to make luminarieslight areasef ciently andeffectively, shouldbe appliedin local govern-
mentschemesMolenaaretal (2006)explainthatresearclon theimpactsof arti cial lighting
on wildlife led to the Dutch governmentimplementinga schemewhereonly low-intensity
orientationlighting wasusedalongmajor routesbetween2300hand 0600h,and removal of
lighting duringparticularlysensitvetimesof theyeare.g. breedingseasonsSimilarreduction
in overnightlighting would not only reducethe impactson wildlife, but would reduceoverall
costsandthereforebe of greatbene t to thetax payer

Therearemary conserationissuesconcerninghe useof arti cial light thatariseout of this
study Breedingsuccessnay be diminishedin arti cially lit territory holdersdueto immune
function reductionas a result of circadianrhythm disruption. The inadwertentwide scale
manipulationof wild habitatsby arti cial lighting is very underresearche@ndmore study
is requiredbeforewe canunderstandhe effectson differentspeciesbehaiour andecology
within anarea.Neverthelessthis studyandothersrevealthattherearemarked changesn the
behaiour of wildlife dueto arti cial lighting.
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5.1 Theidea

Directmeasurementsf sky backgroundvould bethe bestmethodto monitorthe changeof
light pollution. However, suchmeasurementreonly madeatsomeprofessionahstronomical
obsenatorieswhich arerarein centralEuropedueto thebadweatherconditionsandthehigh
light pollution.

Thelight emittedup into the sky canbe tracked with datafrom the DefenseMeteorological
SatelliteProgram publishedby the National GeophysicaDataCente¥. Normally thesedata
arenotcalibratedjn brightregions(lik e largecities)they areoverexposed.Roughlow spatial
resolutionimagesarepublisheddaily, dataof higherresolutionmustbe purchasedSpecially
calibrateddatatakenin 1997have beenusedby Cinzanoetal. (2001)to modelthe scattering
in theatmospher¢o derive the sky brightnessver the continentsof the earth.

YTheNationalGeophysicaDataCenterinternetaddresss http://wwwngdc.noaa.goc
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5.2 Data sourcesand processing

In 2005, the National GeophysicaData Center(NGDC) publishedmapsof the whole earth
for theyearsof 1992/3and2000. Theoriginal datafrom individual satellitepassesverecom-
bined,selectinghosewheretherewereno clouds,nomoonlightandthesunlow enoughbelow
the horizon. Assumingthatthesereductionsdoneby the NGDC arehomogenoust wasthe
ideato subtracthe 1992/3datafrom the 2000datato shav changesn upwardlight emission.
After downloadingthe 300 MB compressediata les we encounteredomecomputational
problems. The decompressedIFF- les have a size of about700 MB (43200x 21600pix-
elswith aresolutionof 30 arcseclandaregeo-referencedndthereforecould not be opened
andprocesseavith ordinarygraphicgprogramsUsingthefreevareprogramratukGis\iewer
(http://www.tatukgis.comsmallerareaslike centralEurope (2338 x 1892 pixels) could be
producedandin additionoverlaysof rivers,borders streetsaandcitiescouldbe addedor bet-
ter orientation.Thesedataareavailablein the arc/infoexport formatfrom the digital chartof
theworld sener at the PennStateUniversity (http://www.maproom.psu.edu/dcw/\Vith the
freeware astronomyprogramiris (Buil, 2006)andthe programAstroArt (MSB software)it
waspossibleto adjustcolour palettedor bettervisualisation.The dataarenot calibratedand
vary betweertheintegervaluesl and63. Lights in the centresof larger cities aremostly sat-
urated(overexposed)andthereforehave a valueof 63. We tried to visualizethemin a similar
way asin the Night Bright studyof England(Campaigrto ProtectRuralEngland,2003),and
theresultingdatafor theyear2002areshovnin gure 1. Asthedataaregeo-referencedhey
canalsobe usedwith moving-mapsoftwarewith a GPSrecever, to shov whereon the map
oneis locatedat thatmoment. Thoughthesedatado not show the sky backgroundrightness
likethe Cinzanodata,it provedvery helpfulto nd darkobservingplacesthegeo-referenced
datafor centralEuropecanbe downloadedrom http://www.lichtverschmutzung.de

Furthermorejt is possibleto make computationswith the imagedata, suchas subtraction.
Firstresultswerepresenteét the 5th Symposiuntfor the Protectionof the night sky in Genk,
Belgium, in 2005. Thesereductionsshoved that geo-referencingf the DMSP datawere
partly erroneousy aboutup to 3-4 pixels, unfortunatelynot homogenouslpver the whole
area,but differentin smallerareas.In generalhe datashaveda generalincreaseof lightsin

large areasof centralEurope.

Sincespring2006,the NGDC haspublishedmoredatafrom 1993to 2003from the different
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 differentsatelliteswere subtractednormally theseshouldshav no differences.
However, differenceswere visible, which could be dueto errorsin the calibrationprocess.
If theseareexcluded,thentheremight still be real changesn the light emission. The 2001
datafrom the satellitesF14 and F15wereanalysed.Figure5.3 shows the differencepicture,
whereyellow corresponds$o a small increaseof light, red to an even largerincreasg(more
than 10 units), violet and blue correspondo a decreas€of morethan 10 units), and black
to no change(herea differentcolour palettehasbeenusedasin the presentatiorgivenin
Portsmouth).Especiallyin the centreof the cities, no changesanbe seen;this is because
theseareaswere overexposedandassubtractingé3 from 63 givesO, thereappeargo be no
changesn the city centres. Again the datawere poorly geo-referencedwith errorsof up
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Figure5.1: Upwardlightsin 2002asmeasuredavith the DMSP satelliteF15. Dark anddarkblue areas
have few upwardlights, yellow andred areaqespeciallycities) have higherupwardlight intensities.

to 3-4 pixels (correspondingo about2-4 km). Theresultin the differencewasthat small
citiesshaoved on onesideanincreasgyellow/red), on the othera decreaséviolet/blue). We
attemptedo correctthis by applyinga coordinateshift, but thenotherregionswere affected
by a correspondinghift.

In gure 5.2 mostareasshav only smallincreasegthereforeyellow is dominant),indicating
thatthedatafrom thedifferentsatelliteswithin oneyearshav nolargechangesin theNether
landschangesreobvious,andthis seemgo be dueto the practiceof illuminating large areas
of greenhousedVhen ying overtheNetherlandst night, thetremendousireasof lit green-
housesare clearly visible. However, theseare morelit duringthe secondhalf of the night,
dueto regulationsthatrestrictthe disturbanceo neighbourduringthe rst half of the night
(Schmidt,2006). Thereforeit is possiblethatonedatasetwasobtainedn the morningwhen
thegreenhousewerelit, the secondduringthe eveningwhenthey werenotyetlit, indicating
adecreasén light emission.Unfortunately dateandtime of theindividual measurementasre
notknown for the combineddata.
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Figure5.2: Datateston the datafor the year2001taken by the two differentsatellitesF14 andF15.
Yellow corresponds asmallincreasef light, orange/redo alargerincreasewhile violet corresponds
to small decreasef light, blue to a larger decreaseblack is no change,asfor examplein the city
centreswherebothdatasetsweresaturated.

5.3 Changesin upward light emission

Combiningdatafrom differentyearsshowv that the datafrom 2003 have lower intensities,
which seemgo bea calibrationproblemof thesatellite,ashasalsobeenindicatedby Cinzano
(2006, giving 40% lower intensity). Thereforethe datafrom 2002 (satellite F15) were used
andthosefrom 1993 (satelliteF10) subtractedthis imageis shavn in gure 5.3. The same
colourpaletteasin gure 5.2 hasbeenused,andbordershave beenoverlaidfor betteridenti-

cations. Theredor yellow ringsaroundthe citieslike Berlin, Munich, Luxemhurg, Parisor
Toulousearethe signsof moreupwardlights aroundthesecities, mainly dueto anincreaseof

residential,commercialandindustrialareas.Very conspicuouglueto the red colour arethe

large areaswith increasindights in the Rhein-Mainareaandnorthernitaly. Furthermorea
generalincreaseof upwardlights in mary rural areascanbe obsened, a trendthatwasalso
well documentedh the Night Bright studyof England.

In thenorthwestof Germary, partsof the Netherlandsindin England yviolet andbluecolours
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Figureb.3: Differencan upwardlight betweer2002(satelliteF15)and1993(satelliteF10). Thesame
colourpaletteasin gure 5.2hasbeenused.

indicatea decreasef light. For the Netherlandsthis maybe dueto the differenttimeswhen
the greenhousearelit, asexplainedearlier But the decreasaroundcities like London,the
Ruhigebietand Bremenappeargo contradictdirect experiences.lt is unclearif thisis due
to instrumentakffects,cloud coverageor realreductionsmmaybedueto the expandinguseof
cut-off luminariesfor streetlighting. Combinationsof the dataof otheryearsshov similar
behaiour andthe decreasénasalsobeenobsered by NOAA researchergElvidge, 2006).
Thereality andthe causeof this effect canperhapde resohedby usingthe original satellite
scanswhichis beyondthe scopeof this article.

5.4 References

Buil, C. (2006):Iris software,(http://www.astrosurf.comAlil/us/iris/iris.htm)

Campaigrto ProtectRuralEngland(2003): Night Blight, ISBN 1 90278659http://cpre.og.uk)

30



Chapters. Theincreaseén light pollutionin centralEurope 5.4. References

CinzanoR, FalchiF., ElvidgeC.D.(2001),MNRAS 328,689-707(http://www.lightpollution.it)
Cinzano,P. (2006): Recentprogressesn a SecondNorld Atlas of the Night-Sky Brightness,
papemresentedt the meetingof the AU Comm. 50 Working GroupLight Pollution, XXVI
IAU GeneralAssembly Praha23 August2006 (http://www.lightpollution.it)

Elvidge,C. (2006): privatecommunication

Schmidt,wim (2006): privatecommunication

31



Chapter 6

Light Pollutionandthe UK Law

Martin Morgan-Taylor ,
PrincipalLecturer
Schoolof Law,
DeMontfortUniversity,
Leicester

LE1 9BH,

England.

Email: Mart@dmu.ac.uk

6.1 Intr oduction

The United Kingdom hasrecentlyintroducedits rst law aimedexpresslyat tackling certain
aspectf light pollution. Section102 of the CleanNeighbourhoodsind EnvironmentAct
2005 hasmodi ed section79(1) of the EnvironmentalProtectionAct 1990to provide that
"arti cial light emittedfrom premisesso asto be prejudicial to healthor a nuisance” may
constitutea statutorynuisance(for a legal analysis,seeMorgan Taylor 2006, and Morgan-
Taylor & Hughes2005;for a moregeneraldiscussioron light pollution, seeMorgan Taylor
1997,HughesandMorgan-Taylor 2004,andMizon 2002).

This provision hasthe effect of addingexterior lighting into the pre-eisting Environmental
ProtectionAct 1990, alongwith establishedtlassesf statutorynuisancesuchasnoiseand
smells. However, it mustbe statedthat the new law is not ableto tackle all forms of light
pollution, but only incidentsof badlighting that meetthe criteria for statutorynuisance. It
will beshawn thatthenew law cannotfully protectastronomersDefrahasstatedhatthenewn
law is notintendedto dealwith all formsof light pollution, ”...althoughlight pollution might
affect the aesthetideautyof the night sky andinterferewith astronomyit is not necessarily
alsoastatutorynuisance’{guidanceparagrapt®0). Thetwo arenotnecessarilghesame.The

TechnicalAdvisor to Defraon light pollution andnuisancel.egal Advisor (Light Pollution) to the Campaigrfor Dark
Skiesandthe Societyfor PopularAstronomy
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inability of thenew law to tacklethefull broadrangeof light pollutionrelatedproblemss due
to the criteriawhich mustbe metin orderto amountto a statutorynuisance.

Theinclusionof arti cial lighting asa possiblestatutorynuisancdollowstherepliesto recent
consultationdrom Central Governmentand a Reportof the ParliamentarySelectCommit-
teeinto Scienceand Technology Thethen Of ce of the Deputy Prime Minister (ODPM)
publishedthe"Li ving Places Pawers,RightsandResponsibilitiesConsultation”(2002)and
"Living Places:Cleaner Safer Greener”(CleanNeighbourhood®aper 2004),which asled
for responsesoncerninglight pollution and 15 per centof respondentsaisedthe issueof
lighting ¥

This paperwill outline statutorynuisanceandhow it may applyto the new law. Therestric-
tionsimposedby the statutorynuisancecriteriawill alsobe addressednda discussiorwill
be givenasto possiblefuture avenuedor tacklinglight pollution.

6.2 What is a statutory nuisance?

It is rst necessaryo outlinethe differenttypesof nuisancan law, asthereareseveralforms
recognisedoy domesticlaw. This permitsthe new law to be placedin contet. First, there
is commonlaw nuisancewhich is wherea complainanttakes the action personallyto the
civil courts. Statutorynuisances however, a criminal offence,wherethe stateactson the
victim's behalf. Sothe victim mustcomplainto their local authority's EnvironmentalHealth
DepartmentNeedlesgo say therearespeci c criteriawhich mustbe metin orderto make a
nuisancecriminal, wherethe Stateactson behalfof thevictim.

The main criteriawhich mustbe met arethat the lighting mustbe "prejudicial to healthor
a nuisance” and adwerselyaffect the enjoymentof the complainant land. This meansthat
complaintscannotbe madeaboutlighting affecting commonland, which will rule out quite
a lot of problemlighting. Moreover, it is unlikely that the night sky over propertywill be
included. This is becausehe claimants useof their propertymustbe adwerselyaffected. As
aresult,the new law is unlikely to cover skyglow, althoughit will de nitely applyto direct
glare,if the othercriteriaaremet.

Theinterpretationof whatis meantby "prejudicial to healthor a nuisance’is of critical im-
portance.The Charterednstituteof EnvironmentalHealth(CIEH) is the regulatorybody for
EnvironmentalHealth Of cers who are chaged with enforcemenbf the new law. It takes
theview thattheremustbe a negative healtheffect to amountto a nuisance Moreover, it has
statedthatit doesnotbelieve thatlight cancausehe negative healtheffectsrequiredto trigger
astatutorynuisanceThisview is probablybasediponthehistoricaldevelopmenbf statutory

YTheFull RegulatorylmpactAssessmentf the CleanNeighbourhoodandEnvironmentBill, DEFRA December2004,
p.67,is availableat http://www.defra.ge.uk/corporate/rgulat/ria/2004/cleanneighbousehill.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/74 2/Adv@vidernce
Theauthorssubmissionis at: http://www.publications.parliament.uk/pa/cm200203/cmselect/cmsctech/7 448 im#n3
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nuisancewvhich hasits rootsin the mid-nineteentlcentury asa meansof tacklingill health.
However, therearetwo problemswith thisinterpretation.

First, thereis two terms- prejudicialto healthOR a nuisance- and so the negative health
effectis not neededf thelight is a nuisanceptherwisethe "or a nuisance’phrasewould be
redundant. Secondly light may indeedcausesigni cant negative effects on humanhealth.
Indeed ,lighting may be comparedo noiseasa statutorynuisancewhich wasnot regulated
centrallyuntil 1960, and certainly could not causeillnessesas understoodn the nineteenth
century Noiseandlight maykeeppeopleawake atnight, whichin turnmayleadto depression
aswell asgeneralmalaise,or a generallossof quality of life. Moreover, therehave beena
numberof studiessuggestinghat night time lighting may leadto anincreasedisk of colo-
rectalandbreasttancersDueto the expansionof statutorynuisanceduringthe 20thandnow
the 21stCenturiesit is proposedhatenforcemenof cers areawarethatthefull scopeof the
negative effectswhichlighting maycauseandthatthey maybeaddressedspossiblestatutory
nuisances.

6.3 How the criteria canbe metby 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 depressiongr a generalossof functioning,but it hasalsonow beenlinkedto breast
andcolo-rectalcancer Claimingthatthe victim shouldbuy thicker curtainsis unreasonable,
if curtainsareof averagethickness.Sayingotherwiseis lik e telling someondo puta peg on
their noseto avoid a badsmell. Lighting thatcauses dangey suchasby shiningacrossyour
propertymakingit dangerouso manoeuvrea car, may alsobe a healthrisk andso shouldbe
covered.Thelighting will however, have to be morethana mereirritant.

The secondimb, "or a nuisance”|s lessstraightforvard, needinga negative effect on "per-
sonalcomfort”. Lighting shiningacrossproperty suchasobservingsitesor obsenatoriesis
complicated. A claim may only be madewherea personis suffering interferencewith the
normaluseof their property So, is the enjoymentof a hobbya reasonableiseof land? It
mustbe notedthat lighting which preventsthe enjoymentof a hobby could leadto clinical
depressiorandso perhapsould be consideredinderthe healthcriterion. The underlyingis-
sueis whethera householdepf the 21stcenturyis beingreasonablén carryingout a hobby
from their property If not, thenthe amateurastronomesuffering from light shiningacross
their gardenis not protectedput they shouldbe protectedf thelight causegproblemswhich
may affect anybody, suchasby shininginto a window preventingsleep. Moreover, thereis
a defenceof "hypersensitrity”, wherea claimis nulli ed if the claimantis doing something
thatis abnormallysensitve. Therehasalreadybeenonelocal authoritythathassaidthatas-
tronomyis hypersensitie. It said”nuisancerelieson the conceptof the averageperson.lt is
not designedo take into accountindividual hobbiesor unusualsensibilities.Although| can
sympathisevith the problemsyou facewith regardsto your interestin astronomythis cannot
betakeninto accounwhenassessing anuisancexistsor not”
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Thenew law wascreatedecaus®f concernsverthewiderimpactof light pollution, particu-
larly by amateurlstronomersThereforethis couldbetakenonboardby enforcemenof cers
andthecourtswhenconsideringhesecond”nuisance”)limb involving "personalcomfortfor
statutorynuisance”. The night sky is oftenlooked at by mary ordinaryandreasonablg@eo-
ple. Most peoplehave hobbiesandit is submittedthata hobbythatis really only adwersely
affectedby badlights cannotbe hypersensitie asit doesnot requireanyonegoingoutof their
way to accommodatéhem(indeed the solutionsto light pollution aretrivial andinexpensve,
simply requiringshieldsor justredirectinga light). It is hopedthatenforcemenof cers will
considerthesessuesvhenassessing lights thatshineacrosgropertydisturbingastronomy
may meetthe criteria asa potentialnegative effect on personalcomfort for the purposesof
the provision. Whilst it is acceptedhatnot all complaintsfrom amateurastronomergould
meetthe criteria, someshould,andall oughtto beinitially investigatedoy local authorities.
Otherwiseary complaintwhich would otherwisemeetthe criteria could be dismissedif by
co-incidencdt comesfrom an amateurastronomer For example,a complaintabouta light
shininginto a bedroomwindow could be dismissedif theinvestigatingof cer noticesanob-
senatoryin thegarden.Complainant®f light areadvisedio considerall the negative effects
thelighting is having andto make it absolutelyclearif light is causingnoneastronomicallye-
latedproblems.Indeedthecomplainants advisedo statetheseasthe maincauseof nuisance
wherepossible.

6.4 What lights are covered or exempt?

No formsof lighting areexempt(but streetlighting maynotbe coveredin practice).However,
somepremisesiponwhichthelighting is basedareexempt. TheDEFRA guidancenotes(para
13.83)statethatthefollowing typesof lighting areexpectedo generatehe mostcomplaints:
domesticandcommercial oodlighting, sportsfacilities,domesticdecoratve lighting, ood-
lighting of buildings andlandscapeslasershavs andlight art. However, the last catayory
is muchlesslikely to meetthe criteria of statutorynuisance.The nuisancemustaffect the
claimants property andsotheissueis oncemorewhetherlight shininginto the nightsky, and
notdirectly acrossyour property will meetthe criteria.

6.5 What premisesare exempt?

"Airports, public servicevehicle operatingcentres,harbours,goodsvehicle operatingcen-
tres, railway premisesJighthousestramway premisesprisons,bus stationsand associated
facilities,premisesccupiedfor defencepurposes’areall exempt(guidanceparas.116-117).
Theseexemptionsprobablyowe moreto lobbyingthanlogic. However, goodsvehicleoper
ating centresmustbe registeredandsupermarktsare not usuallyregistered but their distri-
butiondepotswill be. Theseexcemptiondbecomeevenmoreillogical whenyou considerthat
badlighting is prejudicialto healthand safety andso goodlighting at the exemptpremises
shouldbe evenmoreimportantandsubjectto evenmorestringentcontrols.
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The new law is silent on streetlighting, which is interestingas streetlighting continuesto
be a problemfor mary people. Indeed,the new PFI fundedstreetlights, which are often
white lights, are invariably on taller polesand so the lights themseles, whilst usually of a
cut-off type, will shinedown andinto bedroomwindows, or gardens. As a result, mary
local authoritieswill believe that they are providing good lights, which are helping to cut
the regional (macro)problemof skyglow, but inadwertentlyincreasingthe localised(micro)
problemof light nuisance.

To addto this, it is highly debateablavhetherstreetlights could be classedas”premises”.
DEFRA hasstated’'the Governmenexpectdocal authoritiego take reasonablstepgo inves-
tigateand,whereappropriateresole problemsfrom streetlights asa matterof goodpractice
andconsideratiorfior thelocal ernvironmentandthecommunityto whichthey areaccountable”
(guidanceparagraptl04). This of coursemeanghatlocal authoritiesneedto understandhe
micro aswell asthe macroproblemswvhich maybecausedy lighting. Theresultis thatlocal
authoritiesarealreadyappearingo be surprisedat complaintsrelatingto new streetlighting.
Sounlesdocal authoritiesunderstandhe broaderaspect®f the problemsstreetlighting may
causeDEFRAs adviceis likely to gounheeded.

Sportsgroundandall businesgremiseshave a defenceof "best practicalmeans” the BPM

defence(it mustbe madeclearthat sportsgroundsare not exemptfrom the new law, ashas
sometimesbeenstated). This defencemeansthat premisesmust take all reasonablesteps
to prevent a nuisance but that their utility trumpsary nuisanceafter all reasonablesteps
have beentaken. This defenceis very much subjectto the views of EnvironmentalHealth
Of cers who decidewhetherto investigateor not, but it mustbe bornein mind thatit is the
courtwhich givesa de niti ve ruling of thelaw. Factorssuchasthe durationof the lighting,

the costsinvolvedin its reductionandthe purposefor the lighting are clearly relevant. So,

the oodlighting of emptycar parksall night long for securitypurposeshouldbe looked at
carefully especiallyin view of thecurrentattitudego climatechangeandenegy conseration.
Curfews canbe a goodcompromisehut bearin mind childrengo to bedearlierthanadults,
andbearin mind the studiesindicatingcancerisksassociateavith nighttime lighting.

6.6 How to makeacomplaint

A sufferer of badlighting shouldcomplainto their local EnvironmentalHealth Department
attheir local authority However, they areadvisedto try politely speakingo thelight owner
rst, ratherthanrisk a neighbourdispute. A rudereply from the light owner or the spiteful
useof lighting will berelevantfactorsfor considerationRemembeto usetheright terminol-
ogy whenyou complain. The new law concernsnuisancenot trespasgin law nuisanceand
trespasaredifferent;trespasss a deliberateact,andmustbe provenassuch).
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6.7 What if a complaint hasbeenrejected

Local authoritiesareunderanobligationto investigateandshouldnot rejecta complaintsim-

ply becausahe complainantis an amateurastronomer It is possibleto complainabouta

non-irvestigationto the ParliamentaryCommissionefor Administration(the Ombudsman).
However, it is of coursebetterto try and nd a peacefulsolution, but this takes effort from

bothsides.A statutorynuisanceactionmay alsobetakenby the victim (section82 Environ-

mentalProtectionAct), althoughthe courtwill askthelocal authoritywhy it did notact,and
aclaimantmay endup with coststo payshouldthey lose.

6.8 Conclusions

Statutorynuisances notapanacedor theamateumlastronomeasstatutorynuisances unable
to cover all sourcesof light pollution per se. Making light subjectto statutorynuisancehas
meantthatlight must t in with the pre-«isting criteria, which have long beenin existence
for the otherstatutorynuisancesThis is why the large gapsin the coverageexaminedabove
exist. Thereis no questionthat thesecriteria or the de nition of statutorynuisancecanbe
modi ed for arti cial light. Lightis oris notastatutorynuisanceTo changehecriteriawould
underminethe legal certaintybuilt up by previous caselaw for all otherstatutorynuisances.
This would resultin mary more casef statutorynuisancegenerallyhaving to be takento
court;in shorttheresultwould belegalchaos.Enforcemenof cers would notbeableto cope,
nor would the public pursebe ableto afford the costlylitigation.

If the intentionof the ParliamentarySelectCommitteewasto ensurethat skyglow andthe
broaderaspect®f light pollution wereto be coveredin law underonesystemthenthe statu-
tory nuisancaegimewasnot the mosteffective way to proceed Nuisancenasa speci c legal
meaning,and wanting to make light "trespass”subjectto "nuisance”beliesa fundamental
mismatchbetweenwhatis possibleunderthe legal system the intentionsof the Committee,
andhow bestto reconcilethetwo. This may explain the surprisethatis now comingto light,
attheinherentlimitationsof the systemchosenThus,recommendinghatlight be madesub-
jectto statutorynuisancevasat besta partial solution. However, in suggesting pre-&isting
regime, the Committeeavoidedthe needfor a completelynew law. This would have run the
risk of failing dueto the extra time requiredto enact,andthe greateropportunityfor the pro-
posalto besidelinedfor projectsdeemednoreimmediate Moreover, thenew law hasshovn
thatfurthercontrolis neededandsoit representanexcellentsteppingstonefor thefuture.

Thereis little doubtthatthe new law will have a positive bene t in asfar asit goes,but it
now needsto be augmented.The new law is reactve, in thatit dealswith lights alreadyin
place. Clearly the missinglink is a preventatve measureand planningis the logical point
to catchbadlighting schemesbeforethe problemarisesin the rst place. Theexisting local
authoritiesareguidedby PlanningPolicy Statementsr PlanningPolicy Guidancenotesfrom
CentralGovernmentHowever, thereis at presenho expressguidancegivenon lighting. The
resultis amismatchof differentapproachebeingtakenby localauthorities pf widely varying
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effectiveness.lt is for this reasonthat DEFRA is producinga lighting annex to PPS23 the
guidancenoteon planningandpollution control. Thiswill, if adoptedprovide clearguidance
to local authoritiesthatlight pollution is to be plannedout. It is hopedthatthe dual route of
preventatveandremediakctionwill, in time, haveatangibleeffectin reducindight pollution.

It mustbebornein mind thatnobodydeliberatelyputsup badlighting with the expressnten-
tion of wastingmoney or causinga nuisance As a resultthereis in theoryno logical reason
asto why light pollution cannotbe cured.Lighting thatis low in pollution s invariably good
for healthandsafety aswell asenegy (andso nacially) ef cient. Sothesolutionin theory
is simple: preventatve planningregulationandeducatiorof the public andbusinesssectors.
Moreover, Centralandlocal governmentsnust setgood exampleswith their own lighting.
Hopefully, now thatthe damageo the economiccompetitvenesof the nationandthe ervi-
ronmentaldamagewhich enegy wastecausess beingmorewidely acknavledged,change
will follow.
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7.1 The needfor soundstatistics

Thebasicpointsare:

1. We needsoundsciencen orderto nd thetruth. Otherwisepoor methodsmay seethings
which arenotthere.(We don't wantto missthingswhich really arethere,of course but both
errorscanbe avoidedby soundscience.)

2. We shouldrecognisghatclaimsmaybe usedby a marketingoperationto promotesales.
3. An understandingf the disciplineof statisticanustbe encouraged...
a) soclaimsin generakanbe properlyinvestigatedhroughsounddata

b) And to justify bene cial policieswhile avoiding wasteful,potentiallydamagingandcostly
schemegof all sorts;notjustlights) beingimplemented.
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Figure7.1: Inefcient lighting, asviewedfrom space.

Picturesof the Earthby night ( gure 7.1) shawving light beamingupwardsare viewed with
concernby thosewho are ervironmentally avare, becauseof negative impactscausedby
this light pollution (Clark 2006). However the dark parts may also be seenas marketing
opportunityby salespersons.

To sell somethingrequiresa potentialbuyerto be corvincedof its bene t. Strongclaimsare
madeby thelighting industryfor lighting's bene t, evenclaimingit is a necessityHowever,
arethe claimstrue? Clearly exterior lighting helpsusto seeat night (although,suchlighting
needsto be glare-freeto optimisehumanvisual performance).However, what aboutother
claims?For example,is lighting neededo reducecrime?

KarenBuck, a UK TransportMinister saidon 8 Decembef005at an Institution of Lighting
Engineers/Sumyor MagazineSeminar “We know goodlighting canreducenighttimetrafc
accidentdy up to 30%. It canalsoreducestreetcrime by 20%”Y However, aretheseclaims
true?Whatindeeddoesthe statementean?

The words“can” and“up to” are problematic. In sciencewe would have a statementike
“X, in circumstancesuchandsuch,hasan expectedeffect Y within alikely range(Y ower,
Y upper )”; 1.€. Within acon denceinterval. Thereductionin roadtrafc accidentslaimis not
examinedhere.However, if it werefoundthatthe 30%claim, dueit would seento Hargroves
andScott(1979),istoohigh,thenperhapothermorecosteffective method<f reducingdeath
andinjury in collisionscouldbe preferred However, | have concentratedn investigatingthe
claimsthatlighting reduce<rime.

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

YThe30%claimfor traf c accidenteductionis beingdroppedoy the UK Highway Ageng/ whichis issuingnew guidance
in 2007 which suggestshatthe savings areonly 10% androadlighting might not be installedor even be replacecbecause
othermethodsaresuperiorfor reducingpersonainjury accidents.
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detected.)l pointedout problemswith HORS251in its statisticalanalysis. In responseits

authorg(in 2006)still seemto be claiming thatlighting reducescrime but now, afterrecalcu-
lation, with a lower con dencelimit down from 15%to about9%. Their claim thatlighting

reducesrimeoughtto beindependentlghecledby quali ed statisticianstakinginto account
suchmattersasmodeluncertainty Checkingshouldcertainlybe donein all the casesvhere
new lighting is beinginstalledat considerablexpense For example,my homecity of Leeds
is spendingnorethan£100 per man,womanandchild on a new lighting schemeundedun-

derthe UK Governments Private Financelnitiative (PFI) anda greatdealis madeof crime
reductionin the businesscasgusti cation document.

| maintainthatHORS251remains a wed andthe effect of lighting on crimeis unknavn. On
thefaceof it onecouldeventhink thatlighting encouragesrimebecausdighting maps,such
asthoseproducedby the Campaignto ProtectRural England(CPRE)for its Night Blight
campaignshaov the mostbrightly lit areashave the highestcrime ratesi.e. cities. Theold
associatiormf timesof thefull moonwith ‘bad thingshappeningmightsuggesanundesirable
effect of light atnight.

A brief history of lighting and crime shaws that for mary yearsstudiesdid not claim ary

demonstrabléene t of lighting asfar ascrimereductionwent,for example,Ramsay& New-

ton (1991)andAtkins etal (1991). However, shortly afterthe Crime andDisorderReduction
Act 1998waspassedy the UK parliamentthe Institution of Lighting Engineerspublished
two documentspne by Ken Peaseandthe otherby Kate Painter both of which claim that
lighting reducescrime andalsodraw attentionto the fact that the Act makes public bodies
responsibldor working to reducecrime. The Peasalocument(paid for by the Lighting In-

dustry Federationye-analysedan earlierHome Of ce commissionedstudy by Atkins et al

(1991)which foundno demonstrabléene t of lighting, andclaimedthatin fact,therewasa
bene t. The otherby Painterrefersto herresearci{fundedby Urbis Lighting) to claim that
lighting reducescrime. However, neitherof thesestudiesrecognisemportantkey statistical
issuesjpverdispersionthroughthe correlatedhatureof crime events,andregressiortowards
the mean- moreof theseissuedater A pressreleasevas made20 Januaryl999, draving

attentionto the claim thatlighting reducescrime, at the launchof an'Early Day Motion' in

the UK Parliamentto encouragestreetlighting by the ParliamentaryLighting Group;a body
fundedby the Lighting IndustryFederatiok.

Unfortunately the TransportMinister Ms Buck is unlikely to have checled the claim that
shehasbeentold. Yet sherepeatshe claim in a way with little hint of doubt (ratherlike
PrimeMinister Blair assertinghe existenceof Weaponf MassDestructionon a 45-minute
warning,in therun up to theinvasionof Iraqin 2003).

Scienceis the methodby which the truth of claims, including thoseaboutlighting, canbe
tested As MichaelRutterputit at'EvidenceBasedPolicy andindictor Systemsin July 2006
“...scienceprovidesthemeanof answeringundamentatjuestions..[it] goeswaybeyondthe
collectionof facts...we shouldview with considerableautionandwarinessthe peddlersof
certainty”. Thereforewe needto be clearaboutthe real uncertaintythat surroundghe claim
thatstreetlighting leadsto areductionin crime.

Ysee:http://www.prnavswire.co.uk/cgi/nas/release?id=59996
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7.2 Lessondsrom healthcare

Astronomyand medicine/healthcarare superbexamplesof successfubdwance,whereen-
trencheddeashave beenoverthrovn by scienti ¢ thinking. The history of ill-health /health-
caremakesinterestingreading.Why did peopleof old believe suchstrangethingsin regards
to healthandsicknessWhy do somestill?) Peopleof old might seekout strangeremedies,
now known to beineffective (or worse),andof courseotherswould gladly make aliving from
providing them(seeGratzer2000,particularlychapter7 “What the doctorordered”).It must
be notedthatcrime hassimilaritiesto ill-health in its effect on people bothactualexperience
andthefearof it.

FarringtonandWelshin their 2006 paperstate“The clearimplicationsof Dr Marchants cri-
tiquesare that nothingworks” [againstcrime]. This is not somethingl have said, and not
somethinghatl believe. Somethingsmaywork againstcrime- but it is hardto tell, for sound
statisticalreasonswhatdoes. Evenin pre-scienti c medicine,somefolk medicalremedies
did/dowork. For example foxglove for heartconditions.Thiswasshovn by the 18thcentury
doctorWilliam Withering (1741-1799).He wrote “It would have beenan easytaskto have
given selectcaseswhosesuccessfutreatmentwould have spoken stronglyin favour of the
medicine,and perhapsbeen attering to my own reputation. But Truth and Sciencewould
condemrthe procedurel have thereforementionecevery casein which | have prescribedhe
Foxglove, properor improper successfubr otherwise.

This is anearly exampleof therecognitionof the potentialfor selectve reporting- partof the
phenomenof publicationbias/ disseminatiorbias. Publicationbiad’ is a problemtodayin
medicaltrials - trials which shaw that a treatmentworks aremorelik ely to be visible in the
publicationrecordthanthosethatdo not. Onemustwonderto whatextentit occursin other
researchfor example,thatinvolving lighting.

Unfortunately thereis nothingto stop “the burial” of researchwhich doesnot supportthe
interestof thosepayingfor it. Thisis oneof thereasonsvhy trials needto beregistered(see
e.g.Simetal. 2006).

Statisticsis much betterunderstoodn healththanin mary otherdisciplines,however there
arestill majorproblems.Sometimestesultsseemto be'spun’for pecuniaryreasongseethe
bookby Angell 2004;“The Truth aboutDrug Companies”).Commercialinterestcanindeed
be problematiceverywhere.Onenotesthattobaccoandasbestosisedto be seenasbenign.
However, whenevidencewasfoundthattherewereproblemswith thesesubstancetheindus-
triesfoughtvery hardto protectthe companiexommercialinterestratherthanlook afterthe
public healthinterest. Tobaccocompaniestill forcefully market their productworldwide. Of

coursemong/-makingis not everything,yet con icts of interestneedto be declaredPrivate
Eye 2005 publishedan article entitled “Con icts of Interest: Let therebe light” on matters
surroundingthe lighting and crimeissue). Distortionscanhowever occurfor a whole range
of reasonsincluding simpleerror or subtlebelief. The latteris thereasorthatit is bestthat
physicians/assessonsve no knowledgeof who getswhat treatmentin clinical trials (blind

YBenGoldacres excellentcolumn'Bad Science'in the UK nationalnevspapethe Guardianhada pieceon publication
biasJunel0th2006http://www.guardian.co.uk/life/badscience/story/0,,1794440,00.html
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test).

To ensurghatwe have goodpoliciesin healthandelsavhere we needtransparencandgood
science.Thatway we all bene t in the end. No onewantsineffective, or evenworse,coun-
terproductve policies/treatmentéeventhougha sales-persomight bene t from a particular
sale).A usefulandaccessibleesourceaboutfair testsof treatmenis the Jamed.ind library
(seehttp://wwwjameslindlbiary.org).

7.3 Statistical issuedn crime reductionreseach

The discipline of statisticsis crucial in knowing “what works” in crime reduction. This is
becauseve needto beclearthatany changedn crimelevel, seenwhenacrimereductioninter
ventionis in place,reallyis differentfrom whatmight have happenedryway; i.e. how does
thechangecomparewith thevariationswhich occurwhennothingin particularis introduced?
A majorproblemin crimeresearchs thatlittle is known abouthow crimevariesonthe small
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 more needsto be known aboutthe occurrenceof crime, in termsof its variation, to

know how to analysedataproperlyandto beableto nd effects. We needaccesgo suitable
datasetsto examinethisissue.l aslkedfor thecomparisorareadatafrom astudyof theimpact
of CCTV on crimeto examinethe matter but sofar | have notrecevedit. Whenconducting
testsof the effectivenesof interventions,we alsoneedto guardagainstsystematierrortoo,

in (for example)datacollectionanalysisandinterpretation.

A truly marwellousscienti ¢ inventionis the RandomisedControlledTrial (RCT), routinely
usedin researchnto healthcare. In a RCT, treatmentsare allocatedto subjectsat random,
which ensureghatthe differenttreatmentgroupsare statisticallyequivalentat the start- so
like is comparedwith like. Therefore,ary difference(i.e. alack of statisticalequivalence)
obsened after the treatmentdhave beenappliedcanbe attributedto the effect of treatment.
To avoid biasand messingup statisticalperfection,the randomallocationto groupsis best
madetampefproof andthoseinvolved (patients,physicians assessorsgndanalysts)should
be blinded to the treatmentallocation. Blinding may of coursebe impossiblein particular
circumstancedyut it hasto berecognisedhatun-blindedstudiescanbe problematic.

A designusedfor experimentsin researchinto crime reductionusestwo areaswhich are
compared.Crime countsaretakenin each,beforeone areagetsthe interventionundertest.
The otherareastaysthe same. Thenthe crime countsare recordedagainandthe beforeto
aftercountratiosarecompareetweerareas.Theratio of beforeto afterratiosis known as
the CrossProductRatio (CPR),andthis valueis usedto determinewhetherthe intervention
hasworked.

It is vitally importantto notethis is notthe sameasa RCT setup (eventhoughit wastreated
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assuchin HORS251ecause:

1. It is not randomisedso no statisticalequivalenceexists at the start. Theremay be a host
of underlyingdifferencesetweenthe areasbeingcomparedfor examplethe crime level is
higheratthe startin theareato berelit.

2. The”unit” understudyis arearatherthancrimeevent.

The consequences that one cannot say how 'reliable’ the CPR (the ratio of the beforeto
afterratiosof crimecounts)is. Thatis, couldthevalueseerhave readilyoccurredwithoutthe
intervention?

It canbe seenfrom the datain HORS251thatthereis far too muchvariationin crime counts
in areaswherenothingis changedthanthe methodusedin the authors'analysissupposes.
An exampleof wherethis large variationcanbereadily seens in the Bristol studyof Shaftoe
(1994; see gure 7.2). Note this is anintrinsic problemwith the natureof crime events,as
theseareclearly not independenasthe methodusedin HORS251assumesAn exampleof
thislack of statisticaindependencgiving riseto largevariability is thefactthatmary crimes
may be committedby few individuals,sowhetherthey areactive or inactive is likely to make
alargedifference.

A wayto compensatéor thelargevariability is to stretchthecon denceintervals(i.e. increase
theuncertaintysurroundinghechangen crime;in thiscasethroughaquasi-Poisson/binomial
model). This hasbeendone(seeFarringtonandWelsh2006)after| hadpointedoutthe vari-
ability andotherproblemsn theBritish Journalof Criminology, Marchant(2004;1 hadearlier
sentcommentgo thoseresponsibldor the publicationof HORS251).The stretchingfactoris
taken by FarringtonandWelshto be the samefor all studies but studieswhich on their own
arestill, afterthe stretching supposedo show a cleareffect for lighting, do not seemto; for
examplethe Bristol study (Shaftoe1l994). This suggestshatthe simple stretchingapproach
may be inappropriate Also the studiesincludedin HORS251arefew in number(13), some
originatefrom the'grey literature’ (i.e. internalreports)andsomeotherscould not betraced
by theauthors.

It shouldbe rememberedhatthe problemof publicationbias,mentionedabove, loomslarge
- it is oftentheresearctshowving positive resultswhich is morevisible.

Anotherproblemstemsfrom thelack of equivalencebetweerareas.Invariablyit is the most
crime-riddenareathat getsthe lighting, whereaghe relatively crime-freecomparisorareais

notre-lit. Sothereis lack of equivalenceat the start. Oneeffect of this is to allow regression
towardsthe mean(RTM) to operate.

The RTM effect wasdiscoveredby FrancisGaltonin the 1880swhenhe examinedheredity
(Marchant2007).In particularhewasstudyingtherelationshipof the heightsof parentswith
the heightsof their adult offspring. Justlik e crime countsin an areafrom oneperiodto the
next, thesedataare correlated. Galton found that the children of tall parentstendedto be
tall, but on averagenot astall asthe parents. Also, the children of shortparentstendedto
be short, but on average,not as shortastheir parents. That is childrentendedto become
more average thatis, they regressedowards the mean The effect is more pronouncedor
wealer correlationsIf the correlationwerezero,it would be expectedthatthe averageheight
of the offspring would be the sameirrespectve of whetherparentswere shortor tall. This
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Figure 7.2: The numberof crimesreportedin the Bristol intervention and comparisonareasin the
lighting studyof Shaftoe(1994),who madeno claim for lighting bene t. Thelarge variationin crime
level whenlighting is not changeds striking (notethe increaseafter the completionof the lighting

re t). Thisvariationis muchlargerthanthatsupposedby the methodusedby FarringtonandWelshin

theirHORS251analysis.Note alsothe early 1987valueswereinexplicably omittedin the HORS251
analysis. Suchlarge variationsin crime levels make assessinghe effectivnessof crime intervention
techniquedglif cult.

effect appliesto the crime experimentstoo. High crime ratesare expectedto fall and low
crimeratesareexpectedo rise socomparinga high crimerateareawith alow crimeareawill
leadto bias.Thisis a problemwith the HORS 251 studies(aspointedoutin Marchant2004),
althoughthe sizeof the RTM effectis not readilydetermined.

However, FarringtonandWelsh(2006)claim thatRTM is nota problem. They saythis from
examining crimesrecordedn 250 Police'Basic CommandUnits' (BCU) areasgoing from
2002/3to 2003/4. BCU areasare large areasassociatedvith police organizationwith 292
coveringall of EnglandandWalesandon averagecontainnearlytwo hundredthousandeo-
ple. The RTM effect obsenedwith their choiceof datais small; only a few percentandit is
claimedthatthis thereforehasa negligible effect on the resultsof lighting studies.However
this cannotbe guarantee@sthe areasnvolvedin the lighting studiesin HORS251arevery
muchsmallerin sizethanthe BCUs. The yearto year correlationmight be expectedto be
higherfor theBCU data,thanfor thesmalllighting studyareas(Note,Wrigley (1995); " This
tendeny for correlationcoefcients to increasan magnitudeasthe sizeof the arealunit in-
volvedincrease$iasbeenknown sincethework of Gehlke andBiehl (1934)".) It is important
becausehe wealer the correlationbetweerthe beforeandafter crime levelsfor areasvhere
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thereis no intervention,thegreaterthe importanceof the RTM.

Anotherimportantconsideratioris the differencein the crime ratesat the startin the areas
beingcomparedasthe greaterthe differencethe greaterthe RTM effect may be expectedto
be.

In generalwe know neitherthe yearto yearcorrelationnor crimesratesbeingcomparedor

the lighting studies. However, we do know thatthe crime ratefor the interventionareawas
40%higherthanthatfor thecomparisorareaatthe startof the Dudley study For the Stoke on

Trentstudythecrimeratewas151%higherin theinterventionthanthecomparisorareagiving

aparticularlylargeexpectedRTM effectin thislattercase Withoutbetterknowledgewe cant

judgetheimpactof RTM but the indicationsarethatit could be serious.With a correlation
coefcient of 0.8 anda crime rateratio at the startof 2, the artefictualRTM effect on the
CPR,basedon a plausiblemodel, might be expectedto be on averagein excessof 10%; i.e.

CPR> 1.10. Thatis, undersuchcircumstancesa fall in crime of 10%in theinterventionarea
relative to the comparisorareawould be expectedon average andsosuchafall is nothingto

do with the effectivenesof lighting. It is simply theresultof RTM, causedy notcomparing
like with like whena correlationis lessthanperfect. This suggestshatthe effect of lighting

claimedin HORS251mightin factbe anartefactdueto RTM. (It shouldbe notedthatthere
aresomeotherproblemsn theindividual householdsuney studiesj.e. Dudley andStoke on

Trent,amongsthemthe existenceof spatialcorrelation. Thesearenot takeninto accountin

the publishedanalyse®f thesetwo studies).

In summarythe assertiorof FarringtonandWelshthatRTM is nota problem,basedon large
areasseemsll-foundedwhenappliedto theresultsof lighting studiesn muchsmallerareas.

It is importantto bewary of imsy costbene t analysesCostbene t analysishasbeendone
basedon very few studiesby lighting and crime researcherg¢Painter and Farrington 1999,
2001)andgivesahighly favourableresultfor lighting. However doingthis only increaseshe
problem,asan unknavn andunproven'bene t' is beingcompoundedvith uncertaincosts.
Smallsystematicerrorssuchasregressionowardsthe mean(RTM) canhave a major effect
in this, giving afalseresult. We needto getmuchbetterinformationto do sucha costbene t
exerciseproperly asotherwiset tendsto look 'scienti ¢' to theeye of anovice, whenin fact
it isn't, becausef imsy dataandmethods.

7.4 Moreand better reseach is needed

My take on lighting andcrimeis thatperhapdighting reducesrime, or alternatvely perhaps
lighting increasesrime. We haveto look attheevidenceasgiven. Theconclusionat present,
is thatwe do notknow whatlighting does.It is worth notingthe commentdrom the presenter
of Radio4 “More or Less”statisticgprogram Andrew Dilnot; “P aul Marchant's doubtsabout
the statisticsare seriousandreasonablend showushow endishly careful we haveto bein
evaluatingevidence Thesaloubtshavenotyetto our knowled@ beensatisfactorilyansweed,
andthoughwe asled variouspeopleinvolvedin thereseach to take part in this programme
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Figure7.3: Photographievidencesuggestinghatstreet-lightingdoesnot necessarilyeducecrime.

nonereplied: Note thatthe programmemakerswere up-to-dateon the referencen both
sidesof the agumentat the time of the broadcasbn 27 July 2006. It canbe heardfrom the
programmeswebsite’. We really oughtto know theeffectof lighting in orderto spendmoney
rationally.

Another caseof interestis that of domesticexterior lighting. | know of no scienti c trials

or soundevidencefor effectivenessof exterior, so-called'Security’, lighting. Soit is not

known if thesework or whetherin factrisk is increasedfor exampleby actingasa beacon
suggestinghatthe ownerperhapsasthingsworth stealing.Yetwe aresometimegold by the

crime preventionindustrythatlights area methodfor reducingthe risk of crime. The Leeds
Policefor exampleencouragehe useof exterior lighting throughits 'Lighten-Up' campaign,
(in accompanying informationit statesthe adviceis endorsedy the Institution of Lighting

Engineers.However, it shouldbenotedthatlighting doesnotfeatureasa consideratiomgiven
by burglars'HO249 Findings'. (HearnderandMagill 2004). It would be unfortunateindeed
if thepublicwereasledto payfor thingswhichin factincreasedisk.

We oughtto take a'Popperian‘view andentertainthe possibility of light beingineffective or
worse,againsicrime. Of coursewe all needlight at night, to seeby. However | have seenno
soundscienti ¢ evidencethatwe needlight to protectusfrom crime,in spiteof claims.

We needbetterresearcli{andsoundevaluationof existing projects)to be ableto tell the effect
of lighting oncrime. Extrastreetighting mayincreaseahecrimerateby bringingmorepeople
onto thestreetsat night. We needto comparethe countsof crime,day; nightandtotal, before
and after in areasreceving extra lighting, in well designedand executedtrials which take
confounderadequatelynto account.

Yhttp://nevs.bbc.co.uk/1/hi/programmes/maoeless/
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The photographin gure 7.3 suggestshatlighting doesnot alwaysstopcrime. Yet the pho-
tographhasbeenusedin alighting compary's continuousprofessionatievelopmentseminar
“Lighting asa crime deterrent”.The explanationgivenfor the burntout carandgrafti under
the streetlamp is that nobodycould seefrom the otherside of the road. But they could - |
know, | took the photograph! The certaintyof explanationshavs the “poor science”in the
lighting salesbusiness.A scienti ¢ approachwould recognisehat little canbe saidfrom a
singleinstance gvenexcellenttreatmentslo not work every time. (Thereis indeedquaclery
in crime prevention,for examplethatof “Y ogic Flying”, seePark, 2000).

We needto encourage thoroughscienti ¢c approachn policy matters.Gorard(2002)makes
interestingpointsin regardto scienceaboutfosteringscepticism.He alsocommentson the
reactionthatcanresultwhenerrorsarepointedout. Sciences thebeliefin theignoranceand
unimportanceof experts(the view of RichardFeynman)so do not acceptclaimswithout a
clearline of reasoningandchallengethoseclaiming“expertise”. It is notgoodenoughfor the
claimsof othersto be simply repeatedvithout proof. Simply repeatingclaimsis of coursea
device greatlyusedin marketing.

7.5 Conclusion

Statistical/scienti cissuesneedto be properly addresse@nd embeddedn decidingpolicy.

Credibility should be basedsolely on soundevidencebearingin mind that the processof

understandinghe evidenceis likely to take usinto the disciplineof statistics.We needgood
researchentirely independenaind transparentn orderto decidethe truth. It canbe done
at a fraction of the costof the implementatiorof policies, which may otherwisebe in fact
ineffective or counterproductve. Thereforewe needto “trust no-oneandcheckeverything”,
in thewordsof StepherSenn,andusesoundscienti ¢ principlesthroughoutyecognisinghe
wisdomof HG Wells. “Statisticalthinkingwill onedaybeasnecessarfor ef cient citizenship
astheability to readandwrite”.

7.6 Additional Material

MarchantPR. (2006), presentatiorfor “EvidenceBasedPolicy Policiesand Indicator Sys-
tems”(July 2006),availableat http://www.cemcentre.@/eb2006

MarchantP.R. (2006), invited seminarpresentecht the Centrefor Censusand Surwey Re-
searchlUniversityof Mancheste(DecembeR006),availableathttp://www.ccsrac.uk/seminars/2006-

autumn/ExptDesinSocResearchC.ppt

MarchantP.R. (2006)“Investigatingwhethera crime reductionmeasuravorks”, article pub-
lishedin RadicalStatisticq91 p43)is availableathttp://www.radstats.a.uk/no091/inde.htm
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Chapter 8
Making it happen Thepolitical imperatve

Robertkey MP,

Houseof Commons,
London,

SW1AOQAA.

Email: rob@robertky.com

8.1 Parliament

In 2003the Scienceand TechnologyCommitteeof the British Houseof Commonspf which
| wasa Member resolvedto carry out anenquiryinto light pollution andastronomy We set
oursehes veobjectves.

1. Whatwastheimpactof light pollution on UK astronomy?At universitylevel, which uni-
versitiesoffered rst degreecoursesandabove?Did they accesdo opticaltelescopesH not,
did it matter? At schoollevel, wasastronomybeingtaught?Were childrenstill attractecby
studyof theheavens?And whatcontribution camefrom thethousandsf amateuastronomers
throughoutthe UK? How muchwasall this hamperedy growing light pollution - if indeed
thatwasproven?

2. Do local planningauthoritieswishing to addresdight pollution have sufcient legislative
powersor planningguidancdrom Government?Are they strongenough?

3. Are light pollution controlsstrongenough?
4. Is light pollution measurablén suchaway asto makeit legally enforceable?

5. Do we needmorecontrolson lighting design?
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Our Reportto Parliamentcameto ve mainconclusions.
1. Therearenow noworld-classopticaltelescope# the UK.

2. Thegovernments sciencebudgetspendsover 50 million ayearon operationatelescopes
in Australia,La Palma,Hawaii andChile for useby British academidnstitutions.

3. Amateurastronomyis very important,especiallyin observingnearearthobjectsasteroids,
cometsandsupernea.

4. Our childrendesere to studythe nightsky 'live’, notjustonacomputedink.

5. Thestudyof spaceencouragesciencdan schoolsandin universities.

8.2 Government

We made ve mainrecommendation® the Government.
1. Therewasanurgentneedto updatdighting guidelinesfor roads.

2. We needecdhew planningrules,andlight nuisanceandpollution shouldbecomea statutory
nuisance.

3. Specialprotectionfrom light pollution wasneededor our obsenatories.

4. Sky glow andglareaffect usall andlower the quality of life.

5. Internationalctionis neededn aviation vapourtrails.

The Governmentesponséo our Reportmade ve mainpoints.

1. Trunk roadsand motorways (the responsibilityof the Governments Highways Agengy)
were upgradingto high-pressuréwhite) sodiumandto full cut-off lanterns. Evidencehad

beenre-examinedthatbright roadlighting alwaysreducesaccidents.

2. Light pollution would be designated statutorynuisancen the CleanNeighbourhoodgnd
EnvironmentAct.

3. The UK will pay £40million (20%) towardsthe ExtremelyLarge Telescopdahroughthe
EuropearSoutherrObsenatoryProject. Thelocationwould bechoserfrom La Palma,Chile,
Morocco,Argentinaor Australia. A decisionwould be madeafter 2008andlocationfactors
would includeproximity of light pollution andhigh-wlume ight paths.

4. The governmentrecognisedhe signi cance of aviation vapourtrails for climate change
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throughradiatve forcing. The Tyndall Centrefor Climate ChangeResearctorecastthat
unchecledaviation growth couldtake up theentireemissiongjuotaof the EU underthe Emis-
sionsTradingSchemeby 2040.

5. The Cambridgéenstitutefor Aviation andthe EnvironmentwasundertakingesearchThe
NaturalEnvironmentCentredor AtmosphericSciencein Readingwasworking on the prob-
lem. Sowerescientistatthe EngineeringandPhysicsScienceResearciCouncil,the Univer
sity of Manchestetnstitutefor Science% Technologyandthe EU LIFE Programme.

8.3 Local Government

Localplanningauthoritieshadgivenevidenceto the Committee andrespondedo our Report.

1. Many planningauthoritieswereshaving greaterawarenes®f light pollution andplanning
applicationwereregularly beingreferredto trainedstaf.

2. Local Councilswerepurchasindight metergat around£500each).Most complaintswere
in factaboutsecuritylights from neighbouringhomes.

3. PlannersaandCouncillorswerenow moresensitve to the oodlighting of buildings, sports
centrescarparksandhospitals.

4. New statutoryenforcemenpowersoftenstoodor fell ona Courtsinterpretatiorof whether
light pollution wasa nuisanceor ananngance.A bodyof caselaw would build up.

5. Goodlighting makesroadsandfootpathssafer anddeterscrime.

6. Badlighting is unsafeandencouragesrime.

8.4 Energy waste,the lighting industry & the taxpayer

It is easyto blame the national Government;in fact the Highways Ageng/ controls just
145,000streetlights while local Councilsrun 4,355,0000f them! Most Councilscannotor
will notsayhow muchtaxpayers money they spendeachyearon lighting public openspace
includingroads.Ask yours! The Countyof Ess&, which spend<€£3m ayearon electriclight,
hasdecidedto switch off mary streetandroadlights after midnight. They estimatethis will
savetheirtaxpayer€lmayear

Is lighting really signi cant asa contributor to climate change?A 1kw light left on for 12
hoursa night causes3.5 tonnesof carbonemissionsa year A 100w bulb left on 12 hours
anight produce®.35tonnesof carbonayear Incidentally the lighting industrysaysthatin

mostcases 150wsecuritylight is adequateSupermarktsandDIY storesarenow competing
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ongreenissues.

8.5 Our heritage

“But | amasconstantsthenorthernstar
Of whosetrue x edandrestingquality
Thereis nofellow in the rmament..”

ShalespearejuliusCaesarlll.i.60

“It isthestars,
The starsabove us,governour conditions.”.

Ibid, King Lear, 1V.iii.34

What canour children make of this languagejf we deprive them of their heritageof dark
night skies? What canit mean,if they have never seenthe NorthernStar? Never seenthe
rmament? Today it is possibleto seethe Milk y Way from lessthan30% of the land massof
the UK - virtually noneof it in themostpopulatedoartsof ourisland.

“...thenightsky is onepartof our ervironmentwe have sharedwith culturesin
all periodsof humanhistory”

Prof. Sir Martin Rees AstronomerRoyal.

“Astronomyis theoldestsciencewith rootsextendingmorethan vethousand
yearsto the building of Newgrange Stonehengandsimilar structureslt is a key
part of mankinds cultural inheritancewhich attractspeopletowardsscienceand
into a scienti ¢ way of thinking ... to draw a veil acrosghis aspecof humanitys
culturalheritage...is to deprive us of a sourceof inspirationthathasoperatedor
thousandsf years”.

Prof. Mark Bailey, ArmaghObsenatory.

It will notjust be astronomersvho will bethe losersif light pollution goesunchecled. As
parents,studentsteachersenegy users,taxpayersjournalists,the lighting industry good
citizensandaspoliticians- we areall in thistogether

Membersof Parliamentof all Partiesonthe ScienceandTechnologyCommitteemadea start,

and madea difference. The law andits enforcementhave their place. More importantis
a changeof public recognitionof the relationshipbetweenlight pollution, dark skiesand
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climatechangeandthewill to take sociallyresponsiblection.In thepastwe haveintroduced
legislation,oftennot strictly enforcedto in uence the wearingof seatbeltsin cars,drinking
anddriving, smokingtobaccoandusingmobile phoneswhile driving. In every casegrowing

public rejectionof thesepracticeshasbeenmoreimportantin in uencing humanbehaiour,

bacledby education Sohow do we make thathapperwith light pollution?

| will make this a GeneraElectionissue.

Whatwill you do aboutit, personally?
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