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Bad	news	è Good	news

• NZ	injury	&	fatality	comparatively	poor
• NZ	driving	at	night	more	dangerous	than	overseas
• NZ	street	lighting	standards	lower	than	overseas
• Improving	lighting	decreases	injuries	&	death
• New	technologies	provide	very	cost	effective	
opportunities	to	upgrade

• Benefit	cost	ratios	appear	to	be	very	high



NZ	Road	Injury	&	Fatalities

(Source:	IRTAD	2011)	
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MoT	Household	Travel	Survey
4,600	households	

Source:	Ministry	of	Transport	October	2011	(seasonal	 daylight	times	added)	

Night	time	
risk	5.8	x	
Daytime	
risk



Injury	Crashes	in	NZ	2006-10

Source:	Tate,	NZTA	2012	

1,240	Crash	injuries	when	
street	lights	off	

10,794 Crash	injuries	when	
street	lights	on

6,403	Crash	injuries	
where	no	street	lights



Street	light



Australia	NZ	Street	Lighting	Standard	
AS1158

1. Comparatively	low	lighting	levels
2. Eye	not	as	sensitive	to	yellow	light	at	low	

lighting	levels
3. White	light	is	better	for	reaction	times	and	

peripheral	vision
4. Assumed	reflectance	values	not	correct
5. LED	luminaires	“excluded”
6. Under	review



NZ	Lighting	Standards	%	of	Europe
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Mesopic Vision



Scotopic/Photopic Ratio

Source:	Lawrence	Berkley	National	Laboratory	



CIE	correction	factors

CIE	=	Commission	 International	de	L’Eclairage =	International	Commission	on	Illumination	

“Finally,	in	2010	we	will	have	a	mesopic photometric	 system	to	accompany	 the	photopic
V(λ),	which	has	served	since	1924.”	Liisa	Halonen,	Chairman CIE	TC	1-58,	



White	light	reaction	times	improved

Source:	Arizona	Department	of	Transportation

NZ	Highways	Categories
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Peripheral	reaction	times	faster
Spectral Effects of LED Forward Lighting 

 

TLA 15 Lighting Research Center 
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Figure 10. Reaction time and missed signal results of Bullough and Van Derlofske.[11] 
 
By performing an analysis of variance it was found that SPD had a significant effect on both 
reaction time and number of missed targets. The “cool” headlamps resulted in increased visual 
performance, shorter reaction times and fewer misses, particularly at the larger angles. It was 
estimated that ~6 lx from the "warm" source is equivalent in visual performance to ~4 lx from 
the "cool" source. Illumination from the "cool" source is ~50% more efficacious than 
illumination from the "warm" source in the region from about 10o to 12.5o off-axis to the right of 
the driver. 
 
Since the S/P ratio of the X1, Y0, YA LEDs are similar to, or greater than, the “cool” source, the 
resulting visual performance of LED headlamps using these sources should also be similar to or 
greater than the “cool” source (assuming equal photopic illuminance on the targets). The LED 
forward lighting systems should result in at least a ~150 ms decrease in reaction time over TH at 
17.5o, and a ~15% decrease in misses over TH at 17.5o. 
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Source:	Rensselear
Polytechnic	Institute,	
April	2005



Road	
Reflectance

Source:	Measurement	of	the	reflection	
properties	of	road	surfaces	to	improve	
the	safety	and	sustainability	of	road	
lighting,	NZTA	#383,	Jacket	&	Frith 2009



AS/NZS	1158	assumes	wrong	
reflectance	values

Source:	Jacket	&	
Frith 2009	



Research	shows	improving	lighting	
saves	lives	&	injuries

• EG: Handbook	of	Road	Safety	Measures (Elvik
2009)	

• @	2007,	70	studies,	503	results	on	road	
lighting	“largest	number	of	studies	are	
available	for	road	lighting	…”	

• reductions	in	risk	from	87%	for	fatal	accidents	
in	rural	roads	to	4%	for	injury	accidents	on	
motorways

• NZTA	guidelines	=	35%



Jackett &	Frith 2012
For	every	0.5cd/m2 increase	in	lighting	level,	
injury	crashes	reduce	by	33%,	n	=	7,944	(2006-
10)



Reducing	crash	injuries	through	
lighting	maintenance

• Dirty	luminaires
• Crooked	installation
• Vegetation	encroachment
• Lamp	failure
• Better	lighting	– eg LED
• No	research	to	relate	maintenance	to	crash	
injuries



Realities	of	street	lighting	maintenance

Dirty Luminaires

Source:	Odyssey	Energy



Crooked	Luminaires

Source:	Odyssey	Energy



Obstructed	luminaires

Source:	Odyssey	Energy



Lux	Mapping	– Odyssey	Energy



Before	&	After	LED	Road	lights

After	LED

Before

Source:	
Odyssey	
Energy



Crash	Mapping

Source:	
Hamilton	
City	Council



Value	created	from	data	integration
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Extra	cost?

NO!	– reduce	lifetime	cost	of	
ownership	substantially	using	
revolutionary	new	technologies



LED	Lighting	– “A	Revolution”	
(McKinsey	&	Co,	2011)

Source:	The	Climate	
Group,	 June	2012



Total	Cost	of	Ownership

Source:	The	Climate	Group,	June	2012



Prices	Falling



US$	per	1,000	Lumens

Asymptote	=	“A	line	
whose	distance	to	a	
given	curve	tends	to	
zero”



LED	street	lighting	efficacy

Source:	USA	
Department	
of	Energy



Upgrade	all	NZ	lighting
Assumption:		NZTA	35%	guideline	for	saving	
night	injuries	across	whole country	(no	
precedent).		
Conservative	because:
1. Correct	NZ	lighting	levels	(+	Jackett &	Frith)
2. Use	white	light
3. Integrate	lux	mapping,	crash,	crime,	traffic,	

events	to	control	and	design	lighting
4. Analyse	night	crashes
5. Spend	$150	million	on	new	lighting

NZ Highways 

Category V4 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Benefit

• 35%	improvement	in	night	crashes	=	61	lives,	
1,538	injuries

• X	$3.5	million	per	life,	$350k	per	injury
• X	8%	discount	factor
• =	$6.7	billion



Cost

• 400,000	luminaires	&	control	systems	say	
$400	million	

• New	lighting,	say	$150	million
• Extra	costs	including	databases,	say	$150	
million	

• Total	$700	million
• X	8%	discount	factor	over	3	yrs =	$649	million



Benefit	Cost	Ratio	BCR	

$6.7	billion	÷ $649	million	=	10.3



END

• Godfrey	Bridger	– 021	274	3437		
godfrey@bridgerbeavis.com

• Byan King	– 021	300	111	
bryanking@lightingmanagementconsultants.com

• Website	for	papers	and	this	Powerpoint:	
http://www.bridgerbeavis.com/pdfs



Follow	the	Leaders

39

47	of	 the	344	Trial	
sites	in	USA,	most	of	
which	have	web	sites	
(as	shown)

Some	of	the	cities/regions	
where	20,000	LED	lights	have	
been	installed	and	work	is	
underway	to	install	more:

• Los	Angeles	USA,	(149,000)
• Birmingham	UK,
• Surrey,	UK
• Las	Vegas	,	USA
• Chongqing,	 China	(CREE,	

USA!)

About	 to	invest:
• Auckland	Transport









NZ	vs European	Lighting
Australia/NZ 

Standard 1158

European 

EN1302

AS/NZS 

1158

European 

EN1302

cd/m2 cd/m2

V1 ME1 1.5 2.0 75.0%

V2 ME2 1 1.5 66.7%

V3 ME3 0.75 1.0 75.0%

V4 ME4 0.5 0.75 66.7%

ME5 0.5

ME6 0.3

Lux Lux

P1 S1 7 15 46.7%

P2 S2 3.5 10 35.0%

P3 S3 1.3 7.5 17.3%

P4 S4 0.85 5 17.0%

S5 3

S6 2

Category Light Level
NZ % of 

European

Highways 

and arterial 

roads

Residential 

roads
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Candela,	Lumen,	Lux

ttp://www.compuphase.com/electronics/candela_lumen.htm

The	candela	measures	the	amount	of	
light	emitted	in	the	range	of	a	(three-
dimensional)	 angular	span.	Since	the	
luminous	 intensity	is	described	 in	terms	
of	an	angle,	 the	distance	at	which	you	
measure	this	intensity	 is	irrelevant.

The	lumen	 (unit	 lm)	gives	the	total	luminous	 flux	of	a	
light	source	by	multiplying	 the	intensity	 (in	candela)	
by	the	angular	 span	over	which	the	light	 is	emitted.	
With	the	symbol	Φv for	lumen,	 Iv	for	candela	and	Ω
for	the	angular	span	in	steradian,	the	relation	is:
Φv=Iv⋅Ω



Luminance,	Illuminance
Luminance	is	a	measure	for	the	amount	of	light	emitted	from	a	surface	(in	a	particular	
direction).	The	measure	of	luminance	is	most	appropriate	 for	flat	diffuse	surfaces	that	emit	
light	evenly	over	the	entire	surface,	such	as	a	(computer)	 display.	Luminance	is	a	derived	
measure,	expressed	in	Candela	per	square	metre (cd/m2).

Luminance	and	illumination	 ("Lux")	are	
related,	in	the	sense	that	luminance	is	
typically	used	for	light-emitting	 surfaces	
and	illumination	 for	surfaces	that	are	
being lit.

Therefore	1	Candela	will	illuminate	a	surface	with	1	Lux	only	at	one	meter	from	a	
light	source.

Read	more:	
http://wiki.answers.com/Q/How_many_candelas_equals_1_lux#ixzz28KNGDHKZ



Lighting	survey
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Lux survey results for street test end, Road ID = 14 on 8/12/2011, 1:46:22 a.m. 

Lux Level (Lux) Sectional Average (Lux) Run Average (Lux) Upper, Lower  Lux Target (Lux) 

Average Lux = 4.05 

Lux Mapping System by Odyssey Energy 2009 Ltd. 

proposed S/L category,  P4 

Source:	Odyssey	Energy

At	max	legal		
speed	limit


