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1 Colour

In order to study the semantics of colour expressions as they are employed in botantical
texts, we have analysed a range of flower colours. In this brief note, we describe this and
some of the results. Before doing so, we mention a few relevant points about colour in
nature.

Colour in materials is usually due to pigments. Pigments that provide colour in plants
(and more generally) are well studied and their chemical structures and absorption spectra
are known. In plants, there are several families of pigments, those most important for
flower colour being the anthocyanins, the flavonols, the flavones and the betalains [37]
(see Figure 1 for an example of an anthocyanin molecular structure1). Thus any colour we
are describing is due to the presence of one or more of these pigments and their chemical
environment. This information fixes the colour and so provides an alternative method of
defining plant colours – one that is unwieldy, generally inaccessible and far from our own
perception!

What we mean by a colour expression is our own perceived response to the ‘actual
colour’ (i.e. the wavelengths of light). Thus one important factor in the semantics of
colour is the physiology of human perception of colour. This has been extensively studied
(see, for example, [5]). We have three types of colour receptors with peak responses (in
normal illumination) in yellow-green, green and blue wavelengths. The consequence of this
is that we are more sensitive to differences in shades of green than in, say, red. Different
individuals respond differently to colours, at the extreme there are the colour blindnesses
but more generally there can be disagreements as to whether, say, an orange is more
yellow or more red, or a turquoise more green or more blue. Clearly, in describing colours
in plants or other materials, the physiology of human colour perception and the variation
in our responses have an important role.

Through the eyes of different creatures, flowers look considerably different. For exam-
ple, for insect pollinators, there are sometimes patterns called ‘pollination guides’ in the
near UV, invisible to us. Birds often have four colour receptors and most mammals have,
unlike ourselves, only two. It is possible to adapt the way we model colours below for
other creatures. For example, the three parameter colour models we describe for human
perception would be replaced with a four parameter model for birds and a two parameter
model for most mammals. Whilst this has considerable biological interest, it is some way
from the linguistics of colour!
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1Figure transcribed from Wikipedia. Wikipedia copyright applies, see http://en.wikipedia.org.
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Figure 1: The 2-D structure of the plant pigment Delphinidin present in Delphinium and
Viola flowers.

As mentioned before, the use of colour terms in various spoken languages has attracted
a good deal of attention. The data about this usage appear to contribute to our under-
standing of the relationship between ‘concept’ and ‘language’, see [8] for further discussion
of this aspect of linguistics.

Finally, botanical texts usually use normal everyday terminology for colours, without
any attempt to define the terms. In this respect, colour is very different from shape, where
there is a specialist and defined terminology. (One may speculate on the reasons for this dif-
ference in treatment. Amongst the factors are the capabilities of early printing technology,
and the differing roles of shape and colour in plant descriptions, the variability of colour in
nature, and the lack of a good everyday nomenclature for shape.) However, alternatives
are available. For example, there is the excellent Royal Horticultural Society’s (RHS)
Colour Chart [36] listing 884 different colours. This is rarely used in texts for wild species,
but has been adopted for describing the colour of cultivars. Colour charts for more general
purposes are also available, see, for example, the ‘Pantone’ colours (www.pantone.com).
There is also a proposal for a standard ‘colour naming scheme’, giving definitions of colour
terms, see [3], [4], [10] for details, and the website http://tx4.us/moacolor.htm for many
colour charts and schemes.

1.1 Colour models

Let us now turn to modelling colour to provide a semantics for colour expressions. Amongst
the possible models are:

1. Spectra of visible light.

2. Standard three-parameter colour models. These include the Red-Green-Blue (RGB)
model, the Hue-Saturation-Lightness (HSL) model, the artists’ model (Red-Yellow-
Blue), and the Hue-Chroma-Lightness (HCL) model amongst others (see [16] for an
introduction to some of these models).

We deal here with (2) above, leaving light spectra to possible further study.
The Red-Green-Blue (RGB) model is a simple additive model. The colours Red, Green

and Blue are first fixed (the criteria for this depend upon application). Any colour is then
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a combination of these three colours. Usually, each of R, G and B has a fixed range, for
example 0-100, or for computer applications using 8-digit binary, 0-255. Thus, pure blue
is [0,0,255], pure black is [0,0,0] and pure white is [255,255,255]. Turquoise is something
like [72,209,204]. Note that this ‘primary colour’ model is not that of mixing paints which
is the so-called ‘artists’ model’ (Red-Yellow-Blue).

A quite different model is the Hue-Saturation-Lightness (HSL) model. This classifies
colours not by contributory colour components, but by three aspects which are meant
to represent better how we analyse and match colours. The three-dimensional cartesian
space of RGB is replaced by the polar co-ordinates (s, h) with the hue h representing the
angle around the ‘colour-wheel’, and the saturation s the distance from the centre of the
wheel. The lightness is orthogonal to this and makes the colour-wheel into a double cone
with apices being black (lightness is 0) and white (lightness is 1).

The appropriate metric for the HSL space is the polar expression for Euclidean dis-
tance:

µ((h, s, l), (h′, s′, l′)) =
√

(l − l′)2 + (s2 + s′2 − 2ss′ cos (h − h′)).

The second component in this expression is the distance between the two vectors (s, h)
and (s′, h′) in polar co-ordinates, and the first component is the Euclidean addition of the
lightness. Although this is an adaptation of Euclidean distance in HSL, it translates into
a non-Euclidean metric in RGB.

The geodesics of this metric are indeed straight lines (not in (h, s, l) parameters, of
course, but in the combination of polar and cartesian that these represent). Parameterised
by t, the geodesics are:

s cos (h) = αt + α0

s sin (h) = βt + β0

l = γt + γ0

where α, α0, β, β0, γ, γ0 are constants. These geodesics when depicted do appear to be in
accord with our expectations of colours in descriptions of colour ranges.

Whilst the HSL model and its metric are closer to human colour perception than RGB,
variant models have been proposed which are claimed to be even closer to our colour
perception with metrics more exactly matching our perceived proximity of colours. For
example, Sarifuddin and Missaoui [38] propose a Hue-Chroma-Luminance (HCL) model.
The HCL model is similar to the HSL model in that hue is represented as an angle on the
‘colour-wheel’ and the second component, the chroma, is the distance from the origin in
this disk. The luminance measures the way we respond to colour intensity, and provides
an orthogonal axis making the disk into a cone. Though the parameters provide a similar
shape of model to HSL, the way each component is defined in terms of RGB values is
different. Their proposed metric is a weighted version of the HSL metric:

µ((h, c, l), (h′ , c′, l′)) =
√

λ1(l − l′)2 + λ2(c2 + c′2 − 2cc′ cos (h − h′)).

The two λs are factors which are chosen to make this distance reflect perceptual proximity.
Suggested values are:

λ1 = 1.4456 λ2 = |h − h′| + 0.16

where h is expressed in degrees.
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Figure 2: HSL plot of pixel colours of various blue flowers.

All the three-parameter models are equivalent in the sense that there are bijective
conversions between them. However, some are closer to our visual perception and the way
we separate the components of a colour. Such models are more relevant to a description
of semantics. Moreover, standard metrics in some models do not reflect the semantics
of colour, for example, the Euclidean metric in the the RGB model does not correctly
capture perceived colour differences.

1.2 Semantics of colour

We now explore the possibility of using these models to give a semantics of colour expres-
sions as they occur in botany. As an example, we use the HSL model and its metric – it
being a standard model reflecting, to some extent, our visual perception. Colour phrases
are interpreted in this model using standard interpretations for basic colour terms red,
blue etc. and for colour modifiers pale, deep etc. (see, for example, [3] and [4]) and, for
combined expressions, the general metric semantics of continuous quantities.

To compare the semantics with actual colours in nature, we adopt a simple strategy.
We use digital images of flower colours and analyse them to find the position of the colour
components of pixels in the colour model. As mentioned previously, there is a good deal
of processing and transformation of colour in these images from the original reflected light
to the image processed for colour information, and indeed the camera itself is adapted to
our own colour responses.

Let’s begin with simple colour words as they are used in botany. In Figure 2, we depict
the pixel colours of three blue flowers in the Hue-Saturation-Lightness model. The image
is a projection of the HSL double cone onto its ‘base’, i.e. depicts only the variation of
Hue with Saturation. The saturation varies from zero at the centre to maximum at the
perimeter.
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The flowers analysed are (1) Centaurea cyanus (Cornflower) whose major pigment is
Protocyanin [42] and whose flower colour is variously described as:

blue
violet-blue or dark blue, rarely white or purple
violet-blue, outer dark blue, white or purple
usually blue, sometimes pink or white
blue,

and (2) Myosotis ramosissima (Early Forget-me-not), variously described as:

mid-blue
bright blue
blue (rarely white),

and finally (3) Commelina diffusa (Climbing Dayflower), which is described as:

upper petals blue
bright blue, or rarely white
medium blue
blue.

What is clear from the colour plot is that the colours of the flowers occupy different
regions of the HSL space, all near blue. Some of the authors quoted have attempted to
describe more precisely these regions, either by saying which colour areas to move towards
to modify pure blue (e.g. violet-blue) or with modifiers such as mid, medium, bright or
dark. Notice also that the degree of saturation is fairly low, and varies between species,
with Cornflower having a greater saturation (maximizing at approx. 60%) – a fact which
is less apparent from the botanical descriptions.

Let us now turn to descriptions of colour variation. As an example of a plant whose
flowers exhibit a range of colours, consider Pulmonaria longifolia (Narrow-leaved Lung-
wort). This is described as:

more vivid blue [than P. officinalis]
red at first, soon turning to violet or violet-blue
violet to violet-blue
blue to violet when open.

Notice that the color range is here mixed with flower maturity in (a product metric).
In Figure 3, we depict the flower colour in HSL for flowers of differing ages. The first
plot is the the projection of the double cone onto its base, i.e. the variation of Hue with
Saturation, displayed as in the previous plot. The second plot is the projection of the HSL
double cone on the red-cyan axis, with red on the right. As expected, the plots display
a much greater range of colours than is evident in the blue flowers previously discussed.
The first plot shows that the hues are indeed in a range from fairly pure blue through to
red (on the blue side of reds) and the second plot shows that the red pixels (on the right)
are predominantly in the darkish red area (the bottom centre is the lower apex of the cone
and is black, the top centre being white), whilst the blue pixels (on the left) range more
widely, especially in the lighter blues where they extend out to a saturation of nearly 60%.

Several things are not clear from these plots. For example, how frequent are the reds
and the blues, and is the frequency fairly even between these or does it peak? In Figure 4,
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Figure 3: HSL plots of the flower colour pixels for Pulmonaria longifolia.

we plot the frequencies of pixels against the hue, with the x-axis denoting the percentage
distance around the colour wheel. We notice that the distribution is bimodal, with two
peaks, one in the blue (the first narrower peak at c68), and one in purplish red area (the
second broader peak at c90) and a marked dearth of pixels of intermediate hue. This
corresponds to the observation that these flowers are initially purplish red in bud, but
then rapidly progress through intermediate colours to stabilise around the blue peak.

Let us look at another colour range in flowers. In Figure 5, we plot the same HSL
configurations for some digital images of flowers of Rhododendron elegantulum. This flower
colour is variously described as:

pale pink
pale pinkish purple or white flushed pink with crimson spots
pink to white strongly flushed pink with reddish spots.

What do we see from the plots? There is a fairly large region of HSL space occupied
by the pixels, though a narrowish band of hues on the blue-purple side of red. Most of
the spread is along the saturation axis and, in the second plot, along the lightness: with
black at the bottom and white at the top, we see that lighter shades tend to predominate
with some white present.

It is clear that these results reflect a much broader colour range than is evident from
the semantics of colour descriptions. There are several reasons for this. Firstly, there is
the paucity of our standard vocabulary for colours and colour ranges, and our meagre use
of precision in everyday descriptions of colour, and the concentration of this description on
the hue component. Thus botanists are unlikely to attempt to capture the real variation
present in these plots, even if they chose to do so. In this, we are in a similar situation
to leaf shapes, as we are with the multiplicity of different parallel colour descriptions, and
the possibility of integration using the semantics. Moreover, it is not clear how much the
ranges in the plots are artifices of the colour processing in digital images. Of course, this
doesn’t preclude our trying to describe these ranges, but they may not exactly match
what a botanist is seeing. To reach a conclusion here, spectrographic analysis and/or
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Figure 4: Plot of frequency against hue for the colour pixels of Pulmonaria longifolia.
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Figure 5: HSL plots of the flower colour pixels for Rhododendron elegantulum.
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knowledge of the combinations of pigments present is necessary. However, even this has
to be modified by the profile of the colour receptors of our eyes and the way we process
these signals.

This is clearly only the beginning of an analysis of colour expressions in botany. The
techniques described above suggest a series of further experiments in this practical ap-
proach to semantics.
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