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Abstract
Compared to the printing world, color management in online media is still rather undeveloped and undescribed. This 
article has its focus on a new addition to the Cascading Stylesheets (CSS) standard called the Color Module. Sadly the 
current version of the color module does not include any possibility to color manage websites via CSS. This was a part 
of a previous working draft, but was dropped in the latest version. The color module as it is defined today has its focus 
on how to define colors via CSS. In this article I have tested and compared the consistency of these different color 
defining methods in a number of different browsers. It appears that color can not be trusted. None of the browser 
platforms are rendering colors with the same RGB output.
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1. Introduction
My previous article on Color Management for the Internet from June 2009 presented a more overall view on the topic 
with images as the test “substrate”. The article concluded among other things that not having a standard on how to 
color manage images for the Internet is problematic at best1.

From a web developers point of view this is not only problematic but also very strange. This is due to the fact that 
the World Wide Web is built around standards, making it accessible for everybody. In 1994 Tim Berners-Lee founded 
the World Wide Web Consortium2 (W3C) to define and provide those exact standards. Tim Berners-Lee previously 
“invented” the web2. The W3C mission is stated below:

“The W3C mission is to lead the World Wide Web to its full potential by developing proto-

cols and guidelines that ensure the long-term growth of the Web2.”

Companies who develop browsers like FireFox, Safari, Chrome, Opera and Internet Explorer are basing their brows-
ers rendering capability on the guidelines from W3C. To complete the circle, these guidelines are also used by web 
developers and web designers as documentation on how to build websites. As with most other standards the outcome 
if implemented as intended is predictability and consistency. Two things that are much needed, considering all the dif-
ferent platforms a website can be rendered on.

W3C Standards Browser companies
& web developers

Predictability 
and consistency

Figure 1: The flow of predictabable web sites.

Rome was not built in one day and it would be utopia to believe that the world wide web should be any different. 
Standards takes time to develop and enhance. The possibility to secure color consistency has, understandable enough, 
not been in the very top of the to do list. This does however not mean that W3C is completely unaware of the concept 
of colors or even color management. The first working draft for the color module dates back to 19993.

1	 http://www.mplx.dk/pdf/2009_CMweb.pdf
2	 http://www.w3.org/Consortium/facts#history
3	 http://www.w3.org/1999/06/WD-css3-iccprof-19990623
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This article will focus on the status and the content of the newest version of that exact document. What is the color 
module? Is there anything remotely connected to the offline world of color management? Does the color module offer 
consistency across platforms as the other CSS standards? And what happens with the color consistency if the CSS 
colors are combined with a one-colored image?

1.1 Introduction to The Color Module

CSS beyond level 2 is divided in modules so their specifications can develop incrementally and individually. The color 
module is one of those modules. Basically this module describes the CSS properties which allows web designers and 
web developers to specify foreground color, background color and also the transparency of a given element4. In addi-
tion to the color related properties in CSS1 and CSS2 the color module also defines new properties and values.

The document mentions nothing about “real” color management up to section 9 (of 11 total) – Call for Implementations 

of dropped features. Apparently color management tools like ICC profiles and rendering intents was a part of the previ-
ous version of the document from 20035. As the section heading indicates these tools and features are still considered 
necessary but will not be implemented at this point.

In my pursuit to find out why these features were pulled out I contacted one of the editors of the document – Chris Lil-
ley from W3C. I asked him why the support for color management was removed from the latest document:

“Because no HTML browser had implemented that precise functionality, using that syntax.

Note that HTML browsers are starting to implement support for embedded ICC profiles in raster im-

ages. Which is a start. However the realization that accurate color is important has been late among 

that developer community. The ability to specify a globally-effective ICC profile for colors in CSS, or 

to override the embedded profile in an image (which is what the CSS3 Color module provided) had 

not been implemented in HTML browsers, which is what the CSS WG is primarily interested in.” 

Chris Lilley, W3C

Interesting though it seems that the world will have to wait a bit longer for color management ready browsers. How-
ever the last paragraph of his answer is quite interesting, as the functionality he describes is just what could provide 
that desired color consistency among browsers.

1.2 The test

Luckily there are other parts of the color module worth concerning about. As mentioned before the module is all about 
how to define colors with CSS. It would be very relevant to test if these new color definitions offer the highly valued 
consistency across platforms and even perform tests together with one-colored images. The next section will describe 
these tests in detail but will initially briefly explain the technical details of the color module.

2. Methods and experimental set-up
Today with CSS2 web developers have three different ways of defining colors. The first method is to use a hexadecimal 
notation for the combination of the color values (R, G, B) where each color is described by double digit values (#rrggbb). 
The second method is to define the values directly by RGB. According to W3C these colors are defined in the sRGB color 
space, but will of course vary due to the difference in end user setups (browsers, monitors e.g.)4. The third method is 
HTML4 keywords which is a set of 16 predefined colors. Naturally this is not as flexible as the other methods.

RGB values Hexadecimal values HTML4 keyword Output color

color: rgb(0,0,0); color: #000000; color: Black;

color: rgb(255,255,0); color: #FFFF00; color: Yellow;

color: rgb(230,130,30); color: #E6821E; N/A

Figure 2: Example on how to define colors with the tools of CSS2.

4	 http://www.w3.org/TR/css3-color
5	 http://www.w3.org/TR/2003/CR-css3-color-20030514
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The color module for CSS3 both details the aforementioned methods and adds new ways of declaring colors via CSS. 
W3C also added new functionality by including a possibility to decide on a given colors transparency value. The color 
module adds HSL (Hue, Saturation, Lightness) colors as a complement to RGB and hex.

HSL was added in order to remedy the drawback that RGB and hex is non-intuitive. People can learn how to specify 
colors with RGB and hex, but HSL is much more intuitive in the way people think of colors6.

HSL values RGB values Hexadecimal values HTML4 keyword Output color

color: hsl(0,0%,0%); color: rgb(0,0,0); color: #000000; color: Black;

color: hsl(60,100%,50%); color: rgb(255,255,0); color: #FFFF00; color: Yellow;

color: hsl(30,80%,51%); color: rgb(230,130,30); color: #E6821E; N/A

Figure 3: First column shows how to specify colors with HSL. Note that the two first values, hue and saturation, 
could be any numbers when drawing the black, as the lightness value is 0.

The HTML4 keywords are upgraded to contain 147 predefined colors. The list of colors is from SVG7 which is an ab-
breviation of Scalable Vector Graphics. SVG is an open standard that have been under development by W3C since 1999 
where images and their behaviors are defined by XML.

The transparency of colors can be set by applying an extra value when defining the color. A so-called alpha value rang-
ing from 0 to 1. Note that this is not possible to use when defining color with hexadecimals or with the keywords. Here 
it is necessary to add an additional attribute called opacity. The last example will demonstrate how the transparency 
and opacity variable works.

HSLa values RGBa values Hexadecimal values w. opacity Output color

color: hsl(0,100%,100%,1.0); color: rgb(255,0,0,1.0); color: #FF0000; opacity: 1;

color: hsl(0,100%,100%,0.5); color: rgb(255,0,0,0.5); color: #FF0000; opacity: 0.5;

color: hsl(30,80%,51%,1.0); color: rgb(230,130,30,1.0); color: #E6821E; opacity: 1;

color: hsl(30,80%,51%,0.5); color: rgb(230,130,30,0.5); color: #E6821E; opacity: 0.5;

Figure 4: Example on CSS color code with the added alpha value when using transparency.

2.1 Test description

There are two aspects of this test:

»» Color consistency – does the CSS defined colors render identical on various platforms?

The test will consist of a set of color patches defined in CSS with RGBa, HSLa and hexadecimal values included 
on a website. This will make it easy to test consistency across various platforms. The test will not include colors 
defined with SVG/HTML keywords due to the small amount of colors available.

»» Color predictablity – is it possible to predict the CSS defined colors via Photoshop?

The test will also include a possibility to view an image created in Photoshop based on the same color values as 
the current CSS color. The image is produced in the sRGB color space as the CSS colors are based on sRGB.

The tests will be carried out by putting together a simple website and it will be verified and measured using Photo-
shop’s measure tool and screenshots from the different browsers. A screenshot imported into Photoshop with no color 
management will be an exact replica of what the browser rendered.

As a part of the test and to minimize errors the HTML and CSS code used for the test will be validated by W3C’s 
validation tool. The image used in the test will be in the PNG-format as the colors will not suffer any artefacts due to 
compression as it is known from JPEG. Also PNG can contain more color information than GIF. A further comparison of 
the three image formats can be found in the previous article on Color Management for the Internet8.

6	 http://www.w3.org/TR/css3-color
7	 http://www.w3.org/TR/SVG/types.html#ColorKeywords
8	 http://www.mplx.dk/pdf/2009_CMweb.pdf
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The browsers used for this test will be the newest versions (April 2010) of Mozilla FireFox, Apple Safari, Internet 
Explorer, Google Chrome and Opera. The test will also include the latest Preview Version of Internet Explorer 9 and the 
iPhone web browser (Safari for iPhone). 

Please note that CSS3 is still under development and not fully implemented in all browser platforms yet – thus will the 
latest versions of these browsers be the best bet. Statistics on the use of these browsers can be found at http://www.

w3schools.com9.

Figure 5: The test composition. The colors chosen are random in order to 
test the versatility of these color declaration methods. The color names to 

the left is only to indicate the color.

Where RGB and hex are fully available in Photoshop as a standard way to define and get color, the story is somewhat 
different with HSL. Photoshop only supports HSB where the B is for Brightness which is different from the Lightness 
the L in HSL refers to. Details about the difference can be found at http://ian-albert.com10. The HSL values in the test 
composition have been generated with a calculation tool I created based on generic RGB to HSL color conversion math 
formulas11. The excel-sheet can be found and tried on the test website.

Address for website: http://www.uppercase.dk/color – choose CSS 3 Color Module in the menu.

3. Results

3.1 Color consistency

The first test is to see whether or not all the color patches actually renders.

Opera 10.51 FireFox 3.6.2 Chrome 4.1.2 Safari 4.0.3 IE 8.0.6 IE 9 iPhone

Renders all patches? Yes Yes Yes Yes No No Yes

Figure 6: An overview of the different browsers’ ability to render the color patches.

All the browsers besides the two versions of Internet Explorer renders the color patches. IE8 did not support either 
RGBa, HSLa or the opacity setting on the hex color. IE9 rendered hex and RGBa but could not render the patches de-
fined with HSLa. Even the iPhone renders all the patches.

9	 http://www.w3schools.com/browsers/browsers_stats.asp
10	 http://ian-albert.com/graphics/hsb.php
11	 http://www.easyrgb.com/index.php?X=MATH&H=18#text18
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The next step is to measure all the patches in all the browsers, in order to see if they correspond to eachother. This is 
important as it is one way of assuring color consistency on different platforms. All the results will be measured in RGB 
in order to have a common reference for comparison.

Patch Opera 10.51 FireFox 3.6.2 Chrome 4.1.2 Safari 4.0.3 IE 8.0.6 IE 9 iPhone

HEX 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0
RGBa 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0
HSLa 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0
HEX 255 128 128 255 127 127 255 128 128 255 127 127 255 127 127 255 127 127
RGBa 255 126 126 255 127 127 254 127 127 255 128 128 255 127 127 255 128 128
HSLa 255 126 126 255 127 127 254 127 127 255 128 128 255 128 128
HEX 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6
RGBa 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6
HSLa 236 104 6 233 104 5 234 105 6 234 105 6 234 105 6
HEX 247 194 155 247 195 155 247 194 155 248 195 156 247 195 155 248 195 156
RGBa 247 195 155 247 194 155 246 193 154 247 194 155 247 195 155 247 195 155
HSLa 247 195 155 246 194 155 246 194 154 247 194 155 247 195 155
HEX 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203
RGBa 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203
HSLa 29 224 203 29 225 206 29 226 206 29 226 206 29 226 206
HEX 187 246 240 188 246 240 187 246 240 187 246 240 187 246 239 187 246 240
RGBa 188 246 240 186 245 239 186 245 239 188 246 240 187 245 239 188 246 240
HSLa 188 246 240 186 246 240 186 245 239 188 246 240 188 246 240

Figure 7: An overview of all measured RGB values of all the 18 patches in all of the browsers.  
Ideally all of the rows with the same color (three rows at a time) should have the same RGB values.

As the table clearly shows there are lot of inconsistencies. Ideally the three rows in each color should have the same 
values in all of the browser platforms. There are not even one platform that renders the patches 100 % consistently 
in itself. Opera is fairly consistent, but has problems with the combination of hex and the opacity setting. FireFox 
gets the first patches right, but has issues with HSLa and also opacity. Chrome renders the full-color patches correctly 
except in HSL and also has problems with opacity. Safari also has issues with HSL and opacity. Except one RGBa patch 
IE8 and IE9 renders consistently in the patchers they actually render. Safari on iPhone is very much like its bigger 
brother.

The solid colors defined with hex and RGBa seems to be the most consistent. As soon as either opacity or HSL is a part 
of the color definition it becomes unstable.

3.2 Color predictability

The predictability is an important step in ensuring the end-users color experience. The images from Photoshop needs 
to match the colors defined with CSS. That could be difficult as there are some inconsistencies as mentioned above.

Patch Photoshop Opera 10.51 FireFox 3.6.2 Chrome 4.1.2 Safari 4.0.3 IE 8.0.6 IE 9 iPhone

255 0 0 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0 255 0 0

255 127 127 255 127 127 255 127 127 255 127 127 255 127 127 255 127 127 255 127 127 255 127 127

236 104 6 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6 236 104 6

247 195 155 247 195 155 247 195 155 247 195 155 247 195 155 247 195 155 247 195 155 247 195 155

29 224 203 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203 29 224 203

187 246 239 187 246 239 187 246 239 187 246 239 187 246 239 187 246 239 187 246 239 187 246 239

Figure 8: An overview of the RGB values of the images from Photoshop.

The table shows that these values are the same from browser to browser. This means that sRGB images will render 
exactly the same on all platforms. Images are consistent and thus predictable.



6

4. Discussion
The results of the tests have been fairly consistent even though they did not correspond to my expectations on how 
standards should behave. The fact that this test is purely digital automatically eliminates all errors or inconsistencies 
that could be present in tests with more analogue aspects like a dirty lens, bad light setup etc. The monitor’s calibra-
tion does not have anything to say, as the measurement in Photoshop is what the browser renders.

The HTML code of the website has also been validated by W3C’s validation service in order to make sure that the 
website is up to standards. When validating the CSS code there were som errors but that was expected because the 
test website uses CSS3 – W3C’s CSS validation service is only checking up against CSS2. The only errors on the website 
was with the CSS3 attributes. Unfortunately it is not possible to validate CSS3 yet however the CSS3 attributes on the 
website follows the current specification from W3C12.

4.1 Additional tests

The color module is a part of the emerging CSS3 specification. As some parts of this test unveiled, not all the browsers 
are ready for this yet. It would be interesting to try again in 6 months or perhaps a year to examine if there are any 
progress. First of all check if Internet Explorer 9 renders HSL. Secondly it would be relevant to examine if the color 
rendition is more consistent. Also when the color module is fully implemented it should be revalidated and tested 
again.

5. Conclusion
The initial question was to examine if it was possible with CSS Standards to ensure color consistency and color pre-
dictability. Given the test results it seems that we are not quite there yet!

The inconsistencies from browser to browser are too big and to illogical to try to remedy as a web designer. The test 
results indicates that the safest way to go if trying to match an image with a background in CSS would be with hexa-
decimal color declaration.

Some of the errors could be because the implementation of the color module are still in progress. That must apply 
to Internet Explorer 9 as the browser is still under development but could also apply to the other manufacturers as 
they are constantly trying to improve their browsers. Also more of the browsers has problems with the new HSL color 
declaration method. This could perhaps be fixed in versions to come.

The color differences are small and probably not noticeable visually. So it should be possible for a web designer to cre-
ate a website with (visually) matching colors even though it is not a 100 % precise.

The relatively small inconsistencies could indicate that the difference lies in the math behind the color conversion 
and rendering. If all of the browsers are not using the same number of decimal places it could affect the color output 
slightly. It is worth hoping that the different browser manufacturers will eventually use the same algorithm so that 
color consistency and color predictability can be achieved.
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