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Figure 7. Annotation of metro lines and stations in the transportation 
diagram of Madrid.

value (dark red, bright green). The use of overlay 
hatching can sometimes avoid the use of problematic 
color combinations in choropleth maps. 

For continuous tone raster data where colors merge 
into one another, scientists often apply spectral rain-
bow color ramps, which typically include red, orange, 
yellow, green, blue and purple. Brewer (1997) found 

Figure 8. Spectral color schemes for precipitation maps with rainbow colors (top row) and with an improved spectral scheme (bottom row). Color ramps are 
depicted below the maps. (Mean monthly precipitation in January, ©Atlas of Switzerland 2, 2004).

that many readers prefer such spectral color schemes, 
and that they are also easy to read and interpret. This 
finding challenges the opinion of many cartographers, 
who advise against the use of spectral schemes for or-
dered data. To accommodate red-green impaired read-
ers, Brewer makes the following suggestions: (1) Vary 
lightness on the red-orange-yellow end of the rainbow. 
(2) Omit yellow-green to avoid confusion with orange. 
(3) For bipolar data, omit green and use a scheme with 
red, orange, yellow, light blue and dark blue; and align 
the yellow-blue transition with the pivot point of the 
diverging data range.

The precipitation map in the first row of Figure 8, 
for example, shows low quantities of rainfall in red, 
and intermediate values in green. Hence, low and 
intermediate values appear identical for readers with 
deuteranopia. The map in the second row uses an 
alternative spectral ramp that omits yellow-green, uses 
a darker red, and places the transition between yellow 
and blue at the mean of all values. To bring further 
clarity to the map, selected high and low values could 
be labeled when the map is printed. For a digital map, 
the user could query values by hovering the mouse 
over map locations.
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Conclusion

Color impaired vision affects a significant portion 
of the population and therefore must be taken into 
account by the cartographer. Color Oracle provides a 
convenient method to verify that colors on a map are 
legible to everyone. Indeed, we have discovered many 
problematic color combinations in our daily mapmak-
ing work thanks to the help of Color Oracle. Adjust-
ing color schemes is not always simple and forces 
the cartographer to reassess well-established conven-
tions—for example, red-green color schemes for voting 
maps or rainbow color ramps for precipitation maps. 

When adjusting a color scheme, the cartographer 
has to find a balance: On one side, the 8 percent of men 
who are color impaired have the right of equal access 
to information. On the other side, the 96 percent of the 
population with normal vision has the right for pleas-
ant maps that are easy to read. It is the cartographer’s 
responsibility to adjust colors where judged appropri-
ate.

To avoid problematic color combinations, the 
cartographer should use colors with strong contrast 
and supplemental visual variables, such as shape, size, 
and pattern variations to allow all readers to discern 
and directly interpret a symbol without consulting a 
legend. Additional techniques include simplification of 
the map design and annotating the map directly where 
the reader might be confused.

Interactive digital maps can further support color 
impaired readers by providing tooltips or labels that 
are displayed on-demand. Digital environments 
should additionally allow the user to customize color 
schemes to suite their needs, and provide methods to 
query individual values.

Color Oracle provides a convenient tool for seeing 
maps the same way that color impaired readers do. It 
is now an integral part of our workflow and we hope 
you also find it valuable for designing maps that are 
universally accessible to all.

Notes

1. Anomalous color vision is commonly called "color-
blindness". This term, however, is not appropriate 
because it erroneously suggests that affected subjects 
cannot see colors. This article generally uses "color 
vision impairment", as suggested by Olson and Brewer 
(1997).

2. For more information about the algorithm, see 
Brettel et al. (1997) and Vienot et al. (1999). Meyer and 
Greenberg (1988) propose a related method. Fulton 
(2005) suggests that the confusion lines, which are the 
base for this algorithm, should be improved, especially 
for saturated colors.

References

Birch, J. 1993. Diagnosis of Defective Colour Vision. Ox-
ford University Press, 204 pp.

Brettel, H., Viénot, F. and Mollon, J. D. 1997. Com-
puterized Simulation of Color Appearance for Di-
chromats. Journal of the Optical Society of America, 
14:10:2647-2655.

Brewer, C. A. 1997. Spectral Schemes: Controversial 
Color Use on Maps. Cartography and Geographic Infor-
mation Systems, 24:4:203-220.

Cole, B. L. 2004. The Handicap of Abnormal Colour 
Vision. Clinical and Experimental Optometry, 87:4/5:258-
275.

Fulton, J. T. 2005. Processes in Biological Vision. Chapter 
18: Clinical Electrophysiology & Visual Abnormalities 
in Man. <http://www.4colorvision.com/> (February 
14, 2007).

Harrower, M. and Brewer, C. A. 2003. ColorBrewer.
org: An Online Tool for Selecting Colour Schemes for 
Maps. The Cartographic Journal, 40:1:27-37.

Kuyk T. K., Veres, J. G., Lahey, M. A. and Clark, D. J. 
1987. Ability of Deutan Color Defectives to Perform 
Simulated Air Traffic Control Tasks. American Journal of 
Optometry and Physiological Optics, 64:1:2-10.

Mertens H. W. and Milburn N. J. 1996. Performance of 
Color-dependent Air Traffic Control Tasks as a Func-
tion of Color Vision Deficiency. Aviation, Space, and 
Environmental Medicine, 67:10:919-27.

Meyer, G. W. and Greenberg, D. P. 1988. Color-defec-
tive Vision and Computer Graphics Displays. IEEE 
Computer Graphcis and Applications, 8:5:28-40.

Olson, J. M. and Brewer, C. A. 1997. An Evaluation 
of Color Selections to Accommodate Map Users with 
Color-vision Impairments. Annals of the Association of 
American Geographers, 87:1:103-134.

Viénot, F., Brettel, H. and Mollon, J. D. 1999. Digital 
Video Colourmaps for Checking the Legibility of 
Displays by Dichromats. Color Research and Application, 
24:4:243-251.


