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Figure 1: (a) Shows colors assigned to the meteorological categories [Fin] (top) compared to the average color values resulting from our
study (bottom). (b) Shows the two color values chosen for the individual categories, the value of the colors for the combined category
(bottom), and the value of the average between the colors for the individual categories, with a standard deviation of 18.29 (top).

Abstract
We present an exploratory study of semantically resonant colors for combinations of categories. The goal is to support color
selection of multi-labeled classes of classified data. We asked participants to assign colors to different categories in the meteo-
rological domain and then to their combinations. Our results show that the colors chosen for the combinations are related to the
colors for the individual categories. We also found indications that people tend to prefer darker color values for combinations
of categories. Our results can be used to color code meteorological data.

CCS Concepts
• Human-centered computing → Visualization; Scientific visualization; Visualization design and evaluation methods;

1. Introduction and Related Work

Colors corresponding to the semantics of words play a very im-
portant role in the understanding of data visualizations [LFK∗13].
They are used to indicate classes of classified data (see Figure 2). In
this example, the particles measured in the air were categorized as
ice, rain/drizzle, cloud droplets, melting ice, aerosols, and insects,
extended by combinations of these categories, namely rain/drizzle
& cloud droplets, melting ice & cloud droplets, aerosols & insects,
and ice & supercooled droplets [IHO∗07, NEL∗19]. The current
color scheme (see Figure 1a, top) illustrates the challenge of as-
signing colors to this data. The colors are not semantically reso-
nant [KHMC20], nor do the colors of the combined categories rep-
resent the individual category components.

Previous work, such as [ZH16, STWB17, WCG∗19, FWD∗17,
RLLS20, SS16] considers color associations for individual cate-
gories only, not combined categories. The closest approach to this
problem are categorical hierarchies [TdJ14]. In our case, the color
combinations do not form a hierarchy, because category Cloud
Droplets is combined with two different categories (Figure 1a).

We conducted an exploratory study to answer the following
questions What colors are semantically resonant for combinations
of categories? How do the colors of combined categories relate to
the colors of individual categories?
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Figure 2: Time-height plot of categorized cloud data measured
on 08/29/2021 at Ny-Ålesund (Svalbard). The categories and their
combinations with original color scheme [EMRO22].

Figure 3: Shown here is an example of one participants answers
and the calculated distances of two example categories.

2. Study Design and Procedure

The first part of the study asked participants to assign a color to
each of the six meteorological categories previously mentioned.
Then each of the four combined categories had to be assigned a
color. In both parts one of the 58 colors provided could be cho-
sen or individual colors could be generated. The order within both
sections was randomized.

Color Selection Interface and Measurement: We provided our
participants with a two-dimensional version of the UW-58 color
palette presented by Rathore et al. in [RLLS20], which was also
used by in [SLL21, MYS∗22]. The sample is uniformly distributed
(∆E = 25, using Euclidean Distance) in the CIELAB space, con-
sisting of 58 colors that, cover the entire color space.

Participants: A total of 97 participants completed the study. 32
had a scientific background in computer science/mathematics, 42 in
meteorology, and 23 in other fields. 16 participants were excluded
from the study because of deficits in color training questions.

3. Results

Color Variation for Individual Categories: On avg. our participants
had a mean pairwise distance of 50.39 (min. 20.75, max. 84.31).
The distance range of the selected colors was significantly larger for
participants with a meteorological background (avg. 55.01) than for
participants without a meteorological background (avg. 46.69). We
would assume that this is because the participants with a meteoro-
logical background were more familiar with both the terminology
and the pre-existing color scheme and were therefore able to vary
their color choices more easily.

Relation of the Combined Categories to Color Mean: We calcu-
lated the distances between the selected color values per category
for each participant (see Figure 3). There is a significant depen-
dence between the individual and combined categories (Fischer’s
exact test, p=0.0026). The color values differ only up to a max. dis-
tance of 40.26, and on avg. the colors chosen for the combinations
of categories were only between 22.11 and 25.41 away from the

mean of the colors of the two individual categories. Thus partici-
pants were more oriented toward what they perceived to be an avg.
color value between the two individual categories than toward the
two colors of the categories themselves.

Darkness of the Combined Color: We found indications that col-
ors chosen for the combined categories were darker than the colors
representing the mathematical avg. of the two individual categories.
Our participants chose a color for the combined categories that was
an avg. of 6.9 darker than the avg. of the two chosen colors for the
individual categories (min. 3.32, max. 10.32) (see Figure 1b).

User Feedback: Interestingly, the individual categories of melt-
ing ice and cloud droplets were seen as combined categories, and
not just the combined categories. This holds true for participants
with and without a meteorological background.

4. Discussion and Conclusion

Quantitative Results: Our initial assumption that the color associ-
ations for individual categories would be related to those for the
combinations was confirmed by the data we measured. Although
the division and selection of individual categories makes sense
from a meteorologist’s point of view, some of the meteorological
participants did not perceive the multiword individual categories as
such semantically, raising the question of how far this aspect can
be explored in further studies; Hall et al. [HKB∗22] have explored
professional differences in the understanding of visualizations.

Further Indications: Although the two individual categories
clearly played a role in the color choice of the combined category,
the average of the chosen individual colors was never closer than a
distance of 20 to the chosen color for the combination of categories.

Conclusion: Our results show that there is a relationship between
the colors for each category and the color for the combination of
categories. Since the average of two colors representing individual
categories is never a bad choice for the combination of the two indi-
vidual colors, we can recommend that color choices for such cases
actually be based on the average of the colors, including an increase
in darkness. It remains to be investigated in further studies what the
best choice away from the mean in certain individual cases is. Our
results also need to be verified with other colors and thematic di-
rections, but can then be applied to create color scales when needed
for visualizations in use cases with combined categories. Other use
cases have already been identified, such as in the medical field.

Acknowledgements

We acknowledge ACTRIS and Finnish Meteorological Insti-
tute for providing the data set which is available for down-
load from https://cloudnet.fmi.fi/. The cloud radar data for Ny-
Ålesund was provided by the University of Cologne, the ceilometer
and microwave radiometer data by the Alfred Wegener Institute,
Helmholtz Centre for Polar and Marine Research. We gratefully
acknowledge the funding by BMBF WarmWorld Project and the
Deutsche Forschungsgemeinschaft DFG (German Research Foun-
dation) - project number 268020496 - TRR 172, within the "Tran-
sregional Collaborative Research Center ’ArctiC Amplification:
Climate Relevant Atmospheric and SurfaCe Processes, and Feed-
back Mechanisms (AC)3’".

© 2023 The Authors.
Proceedings published by Eurographics - The European Association for Computer Graphics.

34



L. Pelchmann, S. Bremm, K. Ebell and T. von Landesberger / Explorative Study on Semantically Resonant Colors for Combinations of Categories

References

[EMRO22] EBELL K., MATURILLI M., RITTER C., O’CONNOR
E.: Classification data from ny-Ålesund on 29. au-
gust 2021. https://cloudnet.fmi.fi/file/
78a93ef5-e05b-43b1-be5e-17ae249e79ad, 2022. AC-
TRIS Cloud remote sensing data centre unit (CLU). 2

[Fin] FINNISH METEOROLOGICAL INSTITUTE: Cloudnet data por-
tal. https://cloudnet.fmi.fi/search/visualizations.
[Online; accessed 23-March-2023]. 1

[FWD∗17] FANG H., WALTON S., DELAHAYE E., HARRIS J., STOR-
CHAK D. A., CHEN M.: Categorical colormap optimization with vi-
sualization case studies. IEEE Transactions on Visualization and Com-
puter Graphics 23, 1 (2017), 871–880. doi:10.1109/TVCG.2016.
2599214. 1

[HKB∗22] HALL K. W., KOUROUPIS A., BEZERIANOS A., SZAFIR
D. A., COLLINS C.: Professional differences: A comparative study
of visualization task performance and spatial ability across disciplines.
IEEE Transactions on Visualization and Computer Graphics 28, 1
(2022), 654–664. doi:10.1109/TVCG.2021.3114805. 2

[IHO∗07] ILLINGWORTH A., HOGAN R., O’CONNOR E., BOUNIOL
D., BROOKS M., DELANOË J., DONOVAN D., EASTMENT J., GAUS-
SIAT N., GODDARD J., ET AL.: Cloudnet: Continuous evaluation of
cloud profiles in seven operational models using ground-based observa-
tions. Bulletin of the American Meteorological Society 88, 6 (2007),
883–898. doi:10.1175/BAMS-88-6-883. 1

[KHMC20] KIM C., HINRICHS U., MOHAMMAD S. M., COLLINS C.:
Lexichrome: Text construction and lexical discovery with word-color as-
sociations using interactive visualization. Association for Computing
Machinery. doi:10.1145/3357236.3395503. 1

[LFK∗13] LIN S., FORTUNA J., KULKARNI C., STONE M., HEER J.:
Selecting semantically-resonant colors for data visualization. In Com-
puter Graphics Forum (2013), vol. 32, Wiley Online Library, pp. 401–
410. doi:10.1111/cgf.12127. 1

[MYS∗22] MUKHERJEE K., YIN B., SHERMAN B. E., LESSARD L.,
SCHLOSS K. B.: Context matters: A theory of semantic discriminabil-
ity for perceptual encoding systems. IEEE Transactions on Visualiza-
tion and Computer Graphics 28, 1 (2022), 697–706. doi:10.1109/
TVCG.2021.3114780. 2

[NEL∗19] NOMOKONOVA T., EBELL K., LÖHNERT U., MATURILLI
M., RITTER C., O’CONNOR E.: Statistics on clouds and their relation
to thermodynamic conditions at ny-Ålesund using ground-based sensor
synergy. Atmospheric Chemistry and Physics 19 (04 2019), 4105–4126.
doi:10.5194/acp-19-4105-2019. 1

[RLLS20] RATHORE R., LEGGON Z., LESSARD L., SCHLOSS K. B.:
Estimating color-concept associations from image statistics. IEEE Trans-
actions on Visualization and Computer Graphics 26, 1 (2020), 1226–
1235. doi:10.1109/TVCG.2019.2934536. 1, 2

[SLL21] SCHLOSS K. B., LEGGON Z., LESSARD L.: Semantic dis-
criminability for visual communication. IEEE Transactions on Visu-
alization and Computer Graphics 27, 2 (2021), 1022–1031. doi:
10.1109/TVCG.2020.3030434. 2

[SS16] SETLUR V., STONE M. C.: A linguistic approach to categor-
ical color assignment for data visualization. IEEE Transactions on
Visualization and Computer Graphics 22, 1 (2016), 698–707. doi:
10.1109/TVCG.2015.2467471. 1

[STWB17] SAMSEL F., TURTON T. L., WOLFRAM P., BUJACK R.: In-
tuitive Colormaps for Environmental Visualization. In Workshop on Vi-
sualisation in Environmental Sciences (EnvirVis) (2017), Rink K., Mid-
del A., Zeckzer D., Bujack R., (Eds.), The Eurographics Association.
doi:10.2312/envirvis.20171105. 1

[TdJ14] TENNEKES M., DE JONGE E.: Tree colors: Color schemes for
tree-structured data. IEEE Transactions on Visualization and Computer
Graphics 20, 12 (2014), 2072–2081. doi:10.1109/TVCG.2014.
2346277. 1

[WCG∗19] WANG Y., CHEN X., GE T., BAO C., SEDLMAIR M., FU
C.-W., DEUSSEN O., CHEN B.: Optimizing color assignment for per-
ception of class separability in multiclass scatterplots. IEEE Transac-
tions on Visualization and Computer Graphics 25, 1 (2019), 820–829.
doi:10.1109/TVCG.2018.2864912. 1

[ZH16] ZHOU L., HANSEN C. D.: A survey of colormaps in visualiza-
tion. IEEE Transactions on Visualization and Computer Graphics 22, 8
(2016), 2051–2069. doi:10.1109/TVCG.2015.2489649. 1

© 2023 The Authors.
Proceedings published by Eurographics - The European Association for Computer Graphics.

35

https://cloudnet.fmi.fi/file/78a93ef5-e05b-43b1-be5e-17ae249e79ad
https://cloudnet.fmi.fi/file/78a93ef5-e05b-43b1-be5e-17ae249e79ad
https://cloudnet.fmi.fi/search/visualizations
https://doi.org/10.1109/TVCG.2016.2599214
https://doi.org/10.1109/TVCG.2016.2599214
https://doi.org/10.1109/TVCG.2021.3114805
https://doi.org/10.1175/BAMS-88-6-883
https://doi.org/10.1145/3357236.3395503
https://doi.org/10.1111/cgf.12127
https://doi.org/10.1109/TVCG.2021.3114780
https://doi.org/10.1109/TVCG.2021.3114780
https://doi.org/10.5194/acp-19-4105-2019
https://doi.org/10.1109/TVCG.2019.2934536
https://doi.org/10.1109/TVCG.2020.3030434
https://doi.org/10.1109/TVCG.2020.3030434
https://doi.org/10.1109/TVCG.2015.2467471
https://doi.org/10.1109/TVCG.2015.2467471
https://doi.org/10.2312/envirvis.20171105
https://doi.org/10.1109/TVCG.2014.2346277
https://doi.org/10.1109/TVCG.2014.2346277
https://doi.org/10.1109/TVCG.2018.2864912
https://doi.org/10.1109/TVCG.2015.2489649

