TOWARDS A STANDARDISED APPROACH FOR THE SELECTION OF COLOURS IN SOIL MAPS BASED ON THEIR TEXTURAL COMPOSITION AND ROCK FRAGMENT ABUNDANCE: AN IMPLEMENTATION WITHIN MACROMEDIA FREEHAND
Graciela Metternicht1# and Jasmin Goetting2
1Department of Spatial Sciences, Curtin University of Technology, Perth, Australia

g.metternicht@curtin.edu.au.  # School of Natural and Built Environments, University of South Australia, Mawson Lakes, SA 5095

2University of Applied Science Munich, jas_goetting@hotmail.com
Abstract

This paper extends on the proposition of Metternicht and Stott (2003) of using a triangular spectral encoding system to colour-code soil maps based on a linear relationship to the percentage of sand, clay and silt present in the soils (e.g. its textural composition).  In this paper we incorporate a further development within Macromedia FreeHand which enables visualisation of other soil components such as rock fragment type and abundance, an important factor influencing land use and land management decisions. 

1.  Introduction

Most soil classification systems use, to a greater or lesser extent, soil textural composition as a basic component.  Aspects of soil texture such as the relative percentages of sand, silt and clay are one of the many keys used to define taxonomic groupings for soils.  National soil mapping organisations often use different soil taxonomic classification systems such as the USDA Soil Taxonomy, FAO system, Canadian Soil Taxonomy, French Soil Reference System or the Australian Soil Classification Scheme.  While the bases for the taxonomic classification of soils are well documented, there is a lack of standards for the graphic visualisation of soil information in maps, whether hardcopy or digital. 

Cartographic visualisation of soil types should be independent of the taxonomic classification system used, where soil names frequently adopt names of local places which are meaningful of the associated soils characteristics to a handful of trained soil scientists (e.g. Cambisols, Entisols, Avon soil series, Beverley soil series).  Therefore, this paper extends on the proposition of Metternicht and Stott (2003) of using a triangular spectral encoding system to colour-code soil maps based on a linear relationship to the percentage of sand, clay and silt present in the soils (e.g. its textural composition).  In this paper we incorporate a further development within Macromedia FreeHand which enables visualisation of other soil components such as rock fragment type and abundance, an important factor influencing land use and land management decisions.  This graphic visualisation tool is developed with the purpose of providing a simplified visual representation of soil types across the world.  For instance, using this soil cartographic tool, a sandy clay soil of Australia (which can be called Avon soil series) will adopt the same colour as a sandy clay soil of Africa (e.g. that can be called Pretoria soil series) or Argentina, with an indication of rock fragment type and abundance within the soil matrix, if applicable.  

With the increasing availability of spatial soil databases, a consistent approach for the graphic representation of these data would greatly simplify the interpretation of soil maps, facilitating information exchange between different organisations and scientists.  By using a spectral encoding where colours convey information regarding soil texture, based on the textural classes of the USDA soil textural triangle (Figure 1), a standard representation of soil mapping, independent of the soil taxonomic classification chosen, could be produced.  
1.1. Selecting a colour model
Unlike previous studies adopting additive primary colours for spectral encoding and graphic visualisation of soil textural properties (Byron, 1994), the proposed scheme is based in the CYMK subtractive colour system.  The reason for this selection is based on the fact that colours based on a RGB model do not reproduce faithfully when printed (e.g. what you see on screen is not what you get).  It is well known that the most common method used by cartographers for disseminating multiple copies of paper maps is the four-colour process printing in which four colour separations are used.  Three of these separations are based on the subtractive primaries (cyan, magenta, yellow), while the fourth is black.  For this reason, our prototype is based on the use of subtractive primary colours, which do not vary so greatly between digital and analogue products.

1.1  Cartographic representation of soil maps
Three different modes of representation, namely: synthetic, analytical and mixed are commonly used for arbitrary encoding of soil information.  In the 1950s, Duchaufour (1956) introduced the concept of colour synonymy, based on the idea of colouring soil polygons by relating soil characteristics with a specific colour. As example he proposed: a) acidic soils (leached) to be represented with a violet/purple colour; b) waterlogged soils with a blue hue; c) Brown soils (slightly acidic and organic) with a neutral colour.  Taking that idea on board, and expanding on the initial work conducted by Metternicht and Stott (2003), we now describe the approach adopted to estimate the percentage of YMC colours needed for characterising the polygons of the USDA soil textural triangle, as well as the matrix created for a user friendly selection of rock fragment types (e.g. gravel, stones and boulders) and percentage abundance within the soil matrix.  This information is usually contained in soil survey reports as it constitutes an important factor to consider in land capability analysis.  Graphic visualisations of soil maps at different scales are presented (e.g. world soil maps, regional and local soil maps) to show the adaptability of this approach to different levels of soil information.

1.3 Understanding soil texture and its significance in land resource evaluation

Soil texture can be defined as the proportion (or percentage) of each of the basic constituents of the fine earth fraction of soils (Brady, 1990).  Often, there is a wide distribution of particle sizes of mineral matter in soils.  To enable classification of different soils this range of particle sizes is usually divided into distinct classes.  

Though there are many classification schemes for soil particles, they all divide particles between those that are greater or smaller than 2mm in diameter.  Despite the arbitrary nature of this division, particles that are greater than 2mm are collectively known and gravels or pebbles (Brady, 1990).  They are generally not considered to have an influence over the texture of a soil and are often recorded during the soil survey as extra information.  Particles that are less than 2mm in diameter are considered to form the fine earth fraction of soils and are responsible for the texture of a soil.  Table 1 shows an example of two different schemes to classify the fine earth fraction.

	Australian Scheme
	FAO System (1990)

	Limiting diameter
	Conventional Name
	Limiting diameter
	Conventional Name

	Greater than 2mm
	Gravel
	Greater than 2mm
	Gravel

	2mm to 0.2mm
	Coarse Sand
	2mm to 0.06mm
	Sand

	0.2mm to 0.02mm
	Fine Sand
	0.06mm to 0.002mm
	Silt

	0.02mm to 0.002mm
	Silt
	Less than 0.002mm
	Clay

	Less than 0.002mm
	Clay
	
	


Table 1: Soil Texture Classification Schemes

1.3.1    The Importance of Soil Texture

The various mineral components of a soil are of critical importance in determining its behaviour.  Soil behaviour such as drainage, permeability, infiltration, chemical properties and suitability for agriculture and construction are all affected by texture.  In general, coarse sandy soils hold little water, have lower natural fertility than soils high in clay and silt, and show lower ability to retain nutrients.  Conversely, soils with high silt content are susceptible to water and wind erosion.  
1.3.2   Graphic Representation of Soil Texture

The textural composition of a soil may be plotted graphically by using the widely know soil textural triangle (Figure 1).  The triangle consists of three axes at 60 degrees to each other.  The relative percentages of each of the textural fractions; sand, silt and clay are placed along each axis (e.g. sand in the horizontal axis, clay on the left, ascending axis, and silt on the right, descending axis), with percentages of each varying from 0 to 100.    
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Figure 1:  The soil textural triangle (source: (6)), with a graphic representation of an X sample composed by 15% sand, 20% of clay and 65% of silt. 

Recovering values from this type of graphical representation can be difficult.  This form of representation is not widely used and may take some practice to enable quick interpretation.  Most people are familiar with two axes at right angles where values increase to the right and up; however, this is not the case with triaxial graphs.  Most triaxial graphs have axes where values increase in a clockwise direction.  This means that the bottom axis actually increases from right to left which is counter-intuitive to most people’s training.  Any spectral encoding scheme needs to address this problem, either by providing an aid to interpretation or by making the axes less ambiguous, for example, by colour coding the axes and guidelines (Byron, 1994).
1.3.3.    Textural Classes

Soils can be grouped according to relative percentages of sand, silt and clay into fine earth textural classes (Figure 2a), or more generalised soil textural family classes (Figure 2b), which can be defined on the soil textural triangle.  
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Figure 2(a): The soil textural triangle subdivided into soil ‘textural classes’ (left) and ‘textural family classes’ (Figure 2b, on the right). Source: (McGahan,1998)

Therefore soils with similar properties can fall within one type of soil textural class (e.g. sandy loam) or textural family class (e.g. clayey, coarse loamy, etc).  For example, a ‘loam class’ groups soil materials containing 7 to 27% clay, 28 to 50% silt, and <52% sand (SSSA, 2003).  

2. Methodology
2.1 Defining Soil textural classes

Metternicht and Stott (2003) describe the rationale behind the selection of a CMY substractive spectral encoding as shown in figure 3.  Here after we focus on the technique applied to determine the amount of cyan, magenta and yellow to shade the soil textural classes of the USDA soil textural triangle.  
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Figure 3: Relationship between fine earth fractions determining soil texture and the substractive spectral encoding.
Metternicht and Stott (2003) define this cartographic representation of soil textural classes as ‘discrete classes’, requiring to find the centre of the polygon corresponding to each soil textural group to be used.  Firstly, the centres of each polygon in the textural triangle (figure 2a) need to be defined.  The vertices E1(x1,y1,z1), E2(x2,y2,z2),...En(xn,yn,zn) of a polygon, give the arithmetic middle of the single dimensions:

xs = (x1 + x2 + ... + xn)/n 



(1)
ys = (y1 + y2 + ... + yn)/n



(2)
zs = (z1 + z2 + ... + zn)/n



(3)
However, for 3 of the irregular polygons (e.g. sandy loam, sandy clay loam, silt loam) the equation

x = xmin + 0.5*(xmax - xmin)


(4)  was applied, leading to 
y = ymin + 0.5*(ymax - ymin)


(5)
z = zmin + 0.5*(zmax - zmin)



(6)
the sum of x+y+z might not be 100, thus the x (sand) values were computed with the following equation 

x = 100 - (y + z)




(7)
Using equations (1) to (3) or (4) to (7) the percentage of Y, M and C, related to sand, clay and silt percentages for each soil textural class were assigned, as shown in Table 2. 
Table 2: Derivation of colour hues for the textural classes of the USDA soil textural triangle.
	 
	Sand 
	Clay
	Silt

	 
	Yellow (%)
	Magenta (%)
	Cyan (%)

	Clay
	22
	59
	19

	Sandy Clay
	51
	42
	7

	Sandy Clay Loam
	58
	28
	14

	Silty Clay
	7
	46
	47

	Silty Clay Loam
	10
	33
	57

	Clay Loam
	33
	33
	34

	Loam
	43
	18
	39

	Sandy Loam
	65
	10
	25

	Loamy Sand
	83
	6
	11

	Sand
	92
	3
	5

	Silt Loam
	17
	14
	69

	Silt
	7
	6
	87


Applying Table 2 to the USDA soil textural triangle produces the hues shown in Figure 4.
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Figure 4:  Colour hues assigned to the different soil textural classes, based on values of Table 2.

2.2   Creating a symbology for gravel, stones and boulders
Other inorganic soil constituents such as soil particles larger than 2mm may be recorded during soil surveys.  If the percentage of these fragments is large enough to affect the behaviour of a soil, they are often included in soil classification systems as adjective in the textural class name.  For example, a sandy loam surface soil containing sufficient gravel particles to affect tillage could be designated as a gravelly sandy loam. Because of this, any spectral encoding scheme should take these larger soil particles into account by means of a superimposed pattern.  To this end a matrix was defined to compute the size and abundance of these 3 main coarse fragments (Figure 5).  Twelve different style templates were defined within Macromedia FreeHand MX.  Subsequently styles were created for gravel, stones and boulders (Figure 5b). All styles were imported into one unique document that can be easily open and the styles copied and pasted in a new working project.

[image: image4.emf]
[image: image5.emf]
Figure 5: (a) Matrix used to compute coarse fragments’ size and abundance within a defined square; (b) the implementation of the coarse fragment styles in Macromedia FreeHand MX.
3.  An example of implementation of the trivariate spectral encoding

The Atlas of Australian Soils (Northcote et al, 1960-68) was compiled by CSIRO in the 1960’s to provide a consistent national description of Australia’s soils. It comprises a series of ten maps and associated explanatory notes, compiled by K.H. Northcote and others. The maps are published at a scale of 1:2,000,000, but the original compilation was at scales from 1:250,000 to 1:500,000. Mapped units in the Atlas are soil landscapes, usually comprising a number of soil types. The explanatory notes include descriptions of soils landscapes and component soils, as shown in Figure 6 a.  Using digital data from the FAO Unesco soil map of the world, and applying the trivariate spectral encoding, a new cartographic visualisation of the main soil types of Australia was produced (Figure 6b). In the latter graphic visualisation, the reader can quickly appreciate where ‘clayey’ or ‘sandy’ soils tend to dominate, despite the fact that he may not be familiar with a specific soil taxonomic classification.  For instance, it is clear that Western Australia is dominated by sandy loams and loamy sands, with localised intrusions of finer textured clayey soils. 
4. Conclusions

The prototype presented in this paper, as an extension of the original idea of the trivariate colour coding system for soil representation introduced by Metternicht and Stott (2003) presents clear advantages of rapid interpretation of main soil characteristics (e.g. texture) based on the assignation of different percentages of yellow, magenta and cyan, in correspondence with the contents of sand, clay and silt in the fine earth fraction.  This work also presents a new symbology to represent the abundance and type of coarse rock fragments that may constitute an impediment in crop growth and land use management.
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Figure 6: (a) Australian soil map from the Atlas of Australian Soils. (b) Same map using the trivariate colour encoding.
The system enables the use of a ‘common cartographic language’ for the representation of soil information in digital or hardcopy forms, whereby a soil of Argentina, France, Russia or Australia belonging to the same textural family of the USDA soil texture triangle will adopt the same colour symbology.  Because the prototype uses the CMK colour model, it can be easily adopted in current software like Macromedia FreeHand, ArcGIS and other similar GIS packages. 
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