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A lighting professional’s everyday work involves 
an invisible rainbow, revealing colors with every 
design. Some designers apply the rainbow with 
great deliberation and intention, while others get 
their results by accident. There are tools at our 
disposal which allow us to articulate specific colors 
and hues.  

Beginning with a science refresher about reflected 
vs. absorbed colors, we will move quickly into CIE 
Chromaticity charts and Spectral Power 
Distribution curves.  The shape of your rainbow 
creates the color of your world.  Understanding 
spectral power distribution is the foundation for a 
better grasp of CCT, CRI, TM-30 and all things light 
and color.

Course
Description

Learning
Objectives

• Gain an understanding  various lighting color metrics.

• Learn to read spectral power distribution (SPD) reports 
and how the information they provide differs from 
correlated color temperature (CCT).

• Understand how to interpret the additional information 
found in IES TM-30 and how it differs from color 
rendering index CRI.

• Recognize how best to apply the color tools at their 
disposal; SPD, CCT, CRI and TM-30.

At the end of this course, participants will:



Credit(s) earned on completion of this course will be reported to AIA CES for AIA members. Certificates of 
Completion for both AIA members and non-AIA members are available upon request.

This course is registered with AIA CES for continuing professional education. As such, it does not include 
content that may be deemed or construed to be an approval or endorsement by the AIA of any material of 
construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the conclusion of this presentation.



What IS the 
Invisible 
Rainbow?

Rainbow Falls – Yosemite National Park



Lighting professionals have 
been talking about the 
rainbow for decades



Science Refresher What is Light?
● Light travels at a speed of 300,000 km per 

second (186,000 miles per second)

● Wavelength is typically expressed in 
billionths of a meter, or “nanometers” 

● “Visually perceived radiant energy,” - 
includes human vision as part of the 
definition. 

● Visible light is measured in ranges of 
wavelengths from 380 nm to 780 nm
○ Small portion of the electromagnetic 

spectrum



Visible Spectrum

Visible Light:
380nm to 780nm

Ultraviolet:
10nm to 400nm

Infrared:
700nm to 1000nm



Vision
Scotopic/Photopic vision

Cones and Photopic Vision
The Cones are responsible for bright daytime light, or 

Photopic vision. During the day, we are most sensitive to 

the green/yellow part of the spectrum, around 555nm.

Rods and Scotopic Vision
The Rods operate under very low light levels, and are 

responsible for nighttime low-light, or Scotopic vision.  At 

night, we are most sensitive to the bluer part of the 

spectrum, around 500nm.

Mesopic Vision
The uncomfortable stage in between photopic and 

scotopic vision (such as at dusk) when details disappear.

ipRGCs and Melanopic Vision
The so-called intrinsically photosensitive retinal ganglion 

cells ipRGCs, or non-visual receptors impact the body’s 

production of the hormone melatonin, so we call it 

Melanopic vision. We are most sensitive to the strong 

blue part of the spectrum, around 460nm.



Contrast
Neil Harbisson: 
First officially 

recognized cyborg 



Reflected Light LUMINANCE cd/m2

The strength of visual sensation is 
usually referred to as brightness 
(technically photometric brightness.)  
This sensation is determined in part by 
the measurable luminance of the 
surface, direction of view and the 
state of adaptation of the eye.

REFLECTANCE Ρ (RHO %)
● A ratio representing the % of 

reflected light (reflected flux) to 

the light (incident flux) incident 

(arriving) on a surface.  

● Color of the surface affects both 

that % and the color of the 

reflected light.

 



Reflected Light vs. Scattered
Why is the sky blue?
● Clear day-time sky is blue 

because molecules in the air 
scatter the light from the sun as 
it enters our atmosphere.  Blue 
light scatters more due to 
shorter, smaller wavelength.

● As the sun gets lower in the sky, 
the light passes through more of 
the atmosphere to reach us.  
even more of the blue is 
scattered, allowing reds and 
yellows to pass straight through 
to our eyes. 



Color of Light Affects the Color of Objects



What ‘Color’ is White Light?



What color is Daylight?

Graphic: Lighting 
Research Center,
Rensselaer Polytechnic 
Institute
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CCT (Correlated Color Temperature)

Is a measure of warmth or coolness 
of a light source’s appearance. 

● Measured in degrees Kelvin
● Expressed in Kelvin (K) 

It is the closest possible match to 
Color Temperature.

Candle flame 
1700k 

Incandescent 
2700K

Moonlight 
4100K

Fluorescent 
5000K

Metal Halide 
6200K

LCD Screen 
10,500K

Clear sky 
1500K-27000K



Warmer Colors Have a Lower Temp;
Cooler Colors Have a Higher Temp…huh??



History of CCT and
Color Temperature 1931 CIE Chromaticity diagram

It’s like the addition of all the colors inside. 
(maybe not addition exactly)



Prisms

The refractive index of many 
materials (such as glass) 
varies with the wavelength 
or color of the light used, a 
phenomenon known as 
dispersion. This causes light 
of different colors to be 
refracted differently and to 
leave the prism at different 
angles, creating an effect 
similar to a rainbow.



Visible Spectrum

Visible Light:
380nm to 780nm

Ultraviolet:
10nm to 400nm

Infrared:
700nm to 1000nm



SPD (Spectral Power Distribution)
Provides a visual profile of the color characteristics of a light source.
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Color Temperature Does NOT Equal Spectral Power Distribution!



SPD (Spectral Power Distribution)



SPD Curves - Many Representations, Same Information
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Manipulating the Rainbow
Putting the spikes where you want them



CRI (Color Rendering Index)
• Unit of measure that defines how well 

colors are rendered by different 
illumination conditions in comparison 
to a standard.

• General Color Rendering Index-Eight 
pastel colors

• Special Color Rendering Index.-Four (4) 
saturated colors, one (1) approximating 
a Caucasian complexion one (1) of olive 
green tone 

• Scale of 0-100 

• IES recommends a CRI of 80’s or better 
for environments which we spend time 
and 90’s or better for task which 
require close color matching 

CIE standard test colors.



Theoretical vs. Real References
CRI- Reference Illuminants
• For CCTs less than 5000 K, the reference illuminants used in 

the CRI 
calculation procedure are the SPDs of blackbody radiators; 

• A Blackbody Radiator is a perfect incandescent radiator

• Idealized object that, in theory, absorbs all energy it emits 

• Color temperature of a light source is the temperature of 

an ideal black body radiator that radiates light of 

comparable hue to that of the light source

• For CCTs above 5000 K, imaginary SPDs calculated from a 
mathematical model of daylight are used.

• These reference sources were selected to approximate 
incandescent lamps and daylight, respectively.

http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightsources/whatisColorRenderingIndex.asp#
https://docs.google.com/file/d/0B1tIlxZJs0fKQ1dZaXpEV2hadzg/preview


Standards: IES-TM-30-15 
From CRI to TM-30: Method for  Evaluating Light Source Color Rendition



CRI     TM-30-15 

CIE standard test colors.



TM-30 - Reference Illuminant

• Compares each test source to a reference 
illuminant of the same CCT
• Planckian radiation

• CIE Daylight Series Illuminant

• Combination of the two (In the range of 4500K to 
5500K, Planckian and Daylight illuminants are 
blended to avoid discontinuity)

Coloremetry, 3rd edition, CIE 15:2004

Theoretical vs. Real References



IES-TM-30-15 

Why a new standard?
• Quantifying color rendition of a light source is a complex 

problem

• Color fidelity, color discrimination and color preference must 
be taken into account

• Design and specification of light source

• Accurately quantify all aspects of color rendition

• Identify most desirable light source for the application

• One metric / measure is not sufficient



IES-TM-30-15 
Color Rendition as a three-part system

Color Fidelity

Accurate rendition of 
colors so they appear 
as they would under a 
reference source

Fidelity Index (R
f
)

(0-100)

Color Gamut

Average level of 
saturation relative to 
reference source

Gamut Index (R
g
)

(~60-140 when R
f 
> 60)

Graphics

Visual description of 
hue and saturation 
changes.

Color Vector Graphic



IES-TM-30-15 - Fidelity
Color Fidelity, R

f
 

(Fidelity: The degree of exactness with 
which something is copied)

• “Closeness to a reference”
• Similar to CRI
• Uses 99 Color Evaluation Samples (CES) 
• Determine differences between 

chromaticity 
coordinates of each CES under test 
source and reference illuminant

• Determine the arithmetic mean of the 
color difference



IES-TM-30-15 - Fidelity 

• R
f
 is a “pure” numerical measure describing 

color fidelity; similarity of colors rendered by 
the test source and the reference illuminant 

• Scaling factor utilized so that the R
f
 values 

for traditional light sources are consistent 
with approximate CRI.

• R
f
 shares a common set of color samples and 

a uniform color space with R
g

• Is NOT a measure of human color 
preference.

Fidelity Index (R
f
)

(0-100)



Standards: IES-TM-30-15 - Gamut 
Color Gamut, R

g
 

(Gamut: The complete range or scope of something)
• Increase or decrease in chroma
• A measure of the average area spanned by the (a’, b’) coordinates 

of the CES
• Relative measure comparing each sample under test and reference 

sources
• Samples are ‘binned’ to create an effective, measurable gamut
• a’-b’ plane is divided into 16 hue bins in a radial

pattern, each 22.5°
• CES samples are assigned to a bin based 

on chromaticity coordinates under the 
reference illuminant

• Corresponding bins may vary with CCT



Standards: IES-TM-30-15 
Color Gamut 

• Within each bin, the mean of the a’-b’ coordinates for 
each CES is calculated for both test and reference 
conditions

• The resulting polygon is formed for both reference 
illuminant (black) and test source (red)

• R
g
 is calculated by taking the ratio of the area of these 

two polygons, and multiplying by 100
• Creates an average gamut area for all CES

Gamut Index (R
g
)

~60-140 when R
f
 > 60



Standards: IES-TM-30-15 - Graphic 

Color Vector Graphic
• Provides additional 

descriptive information about 
relative saturation shift

• For the purpose of the 
graphic, the reference (black) 
is normalized to a
circle

• Test shape inside the 
line=decreased saturation

• Test shape outside the 
line=increased saturation



Standards: IES-TM-30-15 
Graphics
Visual description of hue 
and saturation changes 

Balanced picture all colors 
represented within the 
boundaries of the 
reference light source 

Missing some oranges and 
reds visible on the image 
but measurable on the 
circle based on Rf and Rg 
values 

Saturated colors expands 
the graphic, this way we 
have a metric to find where 
are the saturated colors 
under this light source.





What Now? Application



What will you do with your 

RAINBOW

For today, you can just Taste the Rainbow!
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