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Abstract 

Heatmaps are not only used for visualizing air temperature over an area, but also for visualizing vital 

information such as avalanche and flood danger. Regular heatmaps map the value of the visualized 

variable at each point of the map to color from a given color spectrum. One popular color spectrum for 

heatmaps is the red-green spectrum. However, this is also the most problematic color spectrum because 

red-green color blindness quite frequent. Other color coding schemes affect smaller populations, but the 

general problem still exits. In this paper we present an alternative visualization of heatmap values 

which relies on angular shading. We show that the efficiency of this method is equal to the standard 

method for people without color blindness, and people with color blindness can still interpret the map. 

The fact that Rotated Line heatmaps can be read by people independent of their individual color vision 

deficiency, makes this heatmap representation technique particularly useful for public information 

displays. 

1 Introduction 

Heatmaps are a popular technique for visualizing information on a map. The method is ap-
plied in popular media (e.g. for visualizing air temperature over an area, or avalanche dan-
ger), as well as scientific visualization (e.g. visualizing the result of an n-objective optimiza-
tion processes (Pryke et al. 2007), or Microarray analysis (Schena 2002)). The heatmap crea-
tion process can be described as follows (cf. Fig. 1). (a) a heatmap raster is created, which 
defines the resolution of the heatmap. (b) Data of a matrix is transformed into the heatmap 
raster. (c) The resulting data is normalized. (d) The heatmap values are transformed into 
colors which are visualized.  
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2 Related Work 

For choosing color palettes it is helpful to have an idea how human color vision evolved. It 
has been hypothesized that it developed in three distinct stages: 1. perception of light/dark 
contrasts (monochrome only), 2. yellow/blue contrasts (usually associated with our notion of 
warm/cold colors), 3. green/red contrasts (helpful for assessing the ripeness of fruit) (Ihaka 
2003). 

Three types of color palettes are distinguished: (a) Qualitative palettes, which are sets of 
colors for depicting different categories, i.e., for coding a categorical variable. (b) Sequential 
palettes which are used for coding numerical information in an interval where low values are 
considered to be uninteresting and high values are interesting. (c) Diverging palettes, which 
are also used for coding numerical information ranging in an interval – however, this interval 
includes a neutral value. (Zeileis & Hornik 2006) 

Wijffelaars (Wijffelaars et al. 2008) presented models to generate sequential, diverging and 
qualitative palettes. Zeileis et al. presents models to generate qualitative palettes, sequential 
and diverging palettes (Zeileis et al. 2009) and presents an implementation for the statistical 
computing software R (Zeileis et al. n.d.). However these methods were not tested on color-
blind subjects. 

Zeileis (Zeileis & Hornik 2006) describes a color transformation into the yellow / blue color 
space to support people affected by Deuteranopia. Huang et al. proposed a new re-coloring 
method for people with Protanopic and Deuteranopic color deficiencies. They use a color 
transformation that aims to preserve the color information in the original images while main-
taining the re-colored images as natural as possible (Huang et al. 2007). These methods pro-
vide specific solutions for users with individual color vision defects, but none of the pre-
sented methods is able to serve all users independent of potential color defects, additionally 
these methods may use color palettes which are not intuitive for normal users. This makes 
them problematic for use in public information displays, such as avalanche maps displays on 
the slope in skiing resorts. 

Alternative approaches to using colors at all are for example the use of shading (ex. chorop-
leth map (Friendly & Denis 2008)) or the use of contour lines (to produce contour maps 
(Wikipedia 2010)). But these approaches have all additional requirements to the underlying 
data, like large enough regions of common values must exist for using the shading approach. 
The possible distinguishable values of shading are also limited as the intensity of the shading 
must be light as the underlying image may else become unreadable. Shading patterns require 
much more time to the reader to get an overview of the whole map – increasing with the 
amount of patterns used – as the reader has no implicit knowledge and training of how to 
map the pattern to the effective value. The use of contours can also be problematic if applied 
to a map for displaying values other than contours as this can lead to larger recognition time 
for the user as the use may be uncommon, e.g. contours for temperature on a geographic map 
including mountains. 
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non-color blind people. Based on our tests we see no difference in error rates. Our observa-
tions during the tests show that with the Rotated Lines Method the heatmap data can be read 
with more precision than with the standard heatmap method. We reason this as it probably 
easier to guess the effective value from the angle of the line than from the color. The rotated 
lines have an absolute value space whereas one is never sure if a color is the darkest or the 
most saturated. As color blind people can read contours much better, conclude that the Ro-
tated Line method for heatmap visualization provided real benefits for color blind people – 
while not interfering with the performance of non-color blind people. Thus, the only draw-
back of the Rotated Line method is a lower maximal resolution of the heatmap. We see use-
ful areas of application for maps with low information density in public information displays. 
Examples include public displays of air temperature maps, fine particulate air pollution or 
avalanche information.  

6 References 

Friendly, M. & Denis, D. (2008), ‘Milestones in the history of thematic cartography, statistical graph-
ics, and data visualization’, Retrieved Aug 9, 2008.[Friendly & Denis 2008]  

Huang, J., Tseng, Y., Wu, S. & Wang, S. (2007), ‘Information preserving color transformation for 
protanopia and deuteranopia’.[Huang et al. 2007] Sharpe 2007].[Robinson 1997] 

Ihaka, R. (2003), Colour for presentation graphics, in ‘Proceedings of the 3rd International Workshop 
on Distributed Statistical Computing, Vienna, Austria,” ISSN’, Citeseer.[Ihaka 2003]  

Otto Dornblüth, Christoph Zink, H. H. (2004), Pschyrembel, Klinisches Woerterbuch 260. Auflage, 
Walter de Gruyter GmbH & Co. KG, 10785 Berlin. ISBN 3-11-017621-1. [Otto Dornblüth 2004] 

Pryke, A., Mostaghim, S. & Nazemi, A. (2007), Heatmap visualization of population based multi ob-
jective algorithms, in ‘Evolutionary Multi-Criterion Optimization: 4th International Conference, 
EMO 2007, Matsushima, Japan, March 5-8, 2007: Proceedings’, Springer Verlag, p. 361.[Pryke et al. 2007] 

Robinson, K. (1997), ‘Dictionary of eye terminology’, The British Journal of Ophthalmology 81(11),  

Schaub, B., Hofinger, P., Lauche, G. & Hrsg, K. (2008), Human Factors - Psychologie sicheren Han-
delns in Risikobranchen, ISBN 978-3-540-72320-2, Springer.[Schaub et al. 2008] 

Schena, M. (2002), Microarray analysis, Wiley-Liss Hoboken, New Jersey.[Schena 2002] 

Sharpe,L.(2007),‘Guidelines, colour blindness’http://www.tiresias.org/guidelines/colour_blindness.htm 

Wijffelaars, M., Wijk, J. et al. (2008), ‘Synthesis of color palettes’.[Wijffelaars et al. 2008] 

Wikipedia (2010), ‘Contour line — wikipedia, the free encyclopedia’. [Online; accessed 10-March-
2010].http://en.wikipedia.org/w/index.php?title=Contour_line&oldid=348325339 [Wikipedia 2010 

Zeileis, A. & Hornik, K. (2006), ‘Choosing color palettes for statistical graphics’, Research Report 
Series/Department of Statistics and Mathematics, Wien, Wirtschaftsuniv 41.[Zeileis & Hornik 2006] 

Zeileis, A., Hornik, K. & Murrell, P. (2009), ‘Escaping rgbland: Selecting colors for statistical graph-
ics’, Computational Statistics and Data Analysis 53(9), 3259–3270. [Zeileis et al. 2009]  

Zeileis, A., Hornik, K. & Murrell, P. (n.d.), ‘Hcl-based color palettes in r’. 




