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Abstract. A triangular point graph helps in the process of data classification for a thematic map. A triangu-
lar graph can be used for a situation that is described by three variables. The total sum of variables is 100%.
The proportion of three variables is plotted in an equilateral triangular graph where each side represents a
coordinate for one variable. A triangular graph displays the proportions of the three variables. The position
of the point indicates the type (class) of the situation in the triangular graph. The typology of the situation
can be subsequently expressed in the map.

We have created a “Triangular Graph” program which represents a helpful automatic tool for ArcGIS soft-
ware. This new program classifies input data based on a triangular graph. It is realized by two python scripts
located in a custom toolbox as two programs. The first program calculates X and Y coordinates in an equi-
lateral triangular graph. The second program compares plotted points and suggested zones of a division
produced by the first program. Finally, a new attribute is added to the source data. The user can create a new
thematic map, based on that attribute in order to express the typology of the given situation.

The programming language Python and essential module ArcPy have been used for solving these tasks. To
test the created programs several maps were made, based on the classification often used in demography.
For example, the new program helped to create a sample map of age categories in districts of the Czech
Republic.

The program is available to download from the Esri web pages and web pages of the Department of Geoin-

formatics, Palacky University Olomouc.
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Introduction

A triangular graph is a graphic based classification
method in which data are plotted into a base equila-
teral triangle. The triangle shows the composition of a
situation that is based on three variables. This classifi-
cation method has been used in geology (mineralogy
and petrology), where it precisely identifies soils, rocks
and minerals as well as their physical characteristics.
For example, geologists determine types of bottom
sediments to silt, clay, sand, silty-sand, etc. according
to a triangular graph - see Shepard’s Diagram (Fig. 1)
(Shepard 1954).

The above classification method by a triangular
graph was later used to classify data in regional geo-
graphy. Several thematic typological maps based on
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Fig. 1. Shepard’s diagram of sediments classification
(USGS 2000)
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a triangle graph can be found in the “Population Atlas
of Slovakia” (2006) (Fig. 2). Typical geographical appli-
cations include typologies of districts (towns, regions)
according to:

- Typology of age groups of the population. Fig-
ure 2 shows three categories of age: 0-14, 15—
60, 61+ years.

- Typology of employment sectors (primary, sec-
ondary, tertiary sector).

- Typology of level of education (basic education,
secondary education and high education). It
classifies the regions of the country by structure
of scholarship.

Three variable data are used by the triangular
graph classification method (examples mentioned
above). If three variable data are not available, it is
necessary to aggregate the source data to three main
groups (of course, it must be logically correct) (Vo-
zenilek ef al. 2011). It is also possible to create two
natural groups of variables and a third group which
aggregates the other ones into one group (Dobesova
2014). This case is the classification to the groups
according to nationalities in north-east villages in
Silesia in the Czech Republic. There are two main
nationalities (Czechs and Slovaks) and many other
nationalities that are less numerous. Czechs and Slo-
vaks are two natural groups. Remains nationalities
are aggregated to the third group in the triangular
graph classification method.
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1. Triangular point graph

The term “triangular graph” is not the only one used to
describe this method. The other terms include ternary
graph, ternary/triangle plot, de Finetti diagram or Ossan
triangle. The word “ternary” is derived from the Latin
adjective “ternarius’, i.e. having three parts. The name
Ossan comes from the author who used this method for
the first time (Kanok 1992). The use of a given term also
depends on the discipline in which it is being used. For
example, the term “ternary plot” often appears in geolo-
gy, while the Ossan graph is used in demography.

1.1. Construction of the triangular graph

In an equilateral triangle used for classification, three
sides serve as scales for three variables. The source
variables are recalculated to the percentage of the total
sum. The total sum of the variables is 100%. The pro-
portion of the three variables is plotted in an equilater-
al triangular graph where each side has a scale for one
variable from 0% to 100% (Fig. 3). The resulting point
is the point of intersection of three lines in the graph.
A triangular graph displays the proportions of three
variables of which the sum remains the same (100%).
For example, points in Figure 3 have the following par-
tial variables:

- Point A (5, 30, 65),

— Point B (33, 25, 42),

- Point C (45, 45, 10).

'%:y vekovych Struktir v roku 2001

es of the age structure, 2001
podpriememy podiel obyvatefov v veku,
below et and p

[ Wb s duktivnom veka,

below standard

(] Epemem padel
above

nadpriemerny a i i poi v
- above standard percontage ductly ﬁ'l»'e‘:
p

100 % "
60 vac mu 5 a vac zny | Beipdiotil i i and

D bez obyvatefov / wihout population

Fig. 2. Types of communes according to the basic population age groups (Population Atlas of Slovakia 2006)



Geodesy and Cartography, 2015, 41(1): 1-8

When all points are plotted onto the diagram,
a classification in zones can be determined. Smal-
ler parts (triangles, rhombuses) fully fit into the base
triangle. In some cases, the division is symmetrical
(Fig. 1); in other cases the division is asymmetrical (le-
gend in Fig. 2). The number of inner parts varies. The
system of division and number of parts cannot be defi-
ned in advance because it depends on the character of
the classified situation. The specialist must determine
the proper type of division and number of inner parts.
The system of division affects the final classification of
the situation by grouping similar objects (e.g. regions)
into respective groups.

1.2. Accessible program solutions

The geological software RockWorks contains a utili-
ty for the calculation of ternary diagrams (RockWare
2013). GIS (geographic information system) softwa-
re, on the other hand, does not contain this function.
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Fig. 3. Base triangle and three example points A, B, C
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Fig. 4. Custom toolbox in Arc GIS for Desktop

When authors of thematic maps need to classify their
source data based on a triangular graph, they can use
Microsoft Excel sheets. Some MS Excel sheets with the
predefined function for the calculation of positions in
a triangular graph are freely available on the Internet.
One of these sheets is the “Template for triangular
diagrams” created by Aqueous Solutions Aps. (2013).
Another Excel sheet can be found at the pages cre-
ated by Vaughan (2011). The use of the Excel utility
is a partial solution at best. When data are put in the
chosen Excel sheet, only X, Y positions in the triangle
are calculated and displayed. After that, the necessary
classification has to be processed manually outside of
MS Excel. This method of classification and creation
of typological maps is not comfortable because a gi-
ven Excel sheet is helpful only in the first stage of map
creation.

GIS software is very often used for the creation
of thematic maps. The cartographic functionality of
GIS software is quite satisfactory, but some speci-
al functions for thematic mapping are missing. This
deficiency was apparent from the results of research
performed in the field of evaluation of cartographic
functionality, in which more than ten GIS products
were assessed by the CartoEvaluation method (Dobe-
sova 2013, Evaluation of Cartography Functionality in
GIS Software 2008). The result of the assessment indi-
cates that the function for the automatic creation of tri-
angular graphs is missing in the GIS products evalua-
ted. Therefore, there was an opportunity to extend the
software ArcGIS by a custom utility for the automatic
creation of the typology based on a triangular graph.
Custom utilities are a frequent solution of extending
the basic functionality of GIS. The custom utility for
the creation of “chart maps” in ArcGIS software is dis-
cussed in (Dobesova, Valent 2011).

2. “Triangular Graph” program

The program presented here is realised as an Esri cus-
tom toolbox under the title of “Triangular Graph” The
author of toolbox is student S. Ganbaatar who created
it as a part of bachelor theses (2013). This custom tool-
box contains two programs for creating triangular dia-
grams and classification: “1. Plot Points” and “2. Clas-
sification” (Fig. 4). The utilization and functionality of
both programs are explained in the following sections.

2.1. Program “I. Plot Points”

The first program processes input data. The format
of input data is Esri shapefile or feature classes in
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a geodatabase. The attribute table must contain
three fields (columns) with input numeric data
(Fig. 5). The names of columns are filled by the
user into the following boxes: First part, Second
part and Third part (Fig. 6). The program reads
user input data and calculates a percentage value
of three variable structures. After that, the program
transforms percentage values to X and Y coordi-
nates in an equilateral triangular graph. This first
program also automatically generates a base trian-
gle and lines that indicate average percentage values
for further usage (Fig. 7). The geometry of the base
triangle, points with X, Y coordinates and “avera-
ge lines” are stored in new separate polygon, point
and line shapefiles. The user can choose the names
of the files. The origin of these geometries is 0, 0.
The newly generated shapefiles do not have a geo-
graphical reference. A standalone second data fra-
me is used to display these geometries in the Layout
Window in ArcGIS for Desktop. A data frame with
a triangular graph can be used as legend in a map
layout. Data of input geometry (polygons of regi-
ons, districts) are displayed in the first base data
frame. The visualization of the triangular diagram
(color, size) is fully customizable as any feature ba-
sed on shapefile (or feature class).

The next step is the creation of a polygon lay-
er that contains zones of categories in the triangle.
The composition of zones is the user’s choice. It is a
crucial step because it could hugely affect the output
result. First of all, the users have to make sure that
they know a lot about the classified situation (phe-
nomenon).

There are three ways to determine these zones:

- To choose predefined symmetrical zones from
templates. Templates are available in the tem-
plate directory. There is one template with four
zones and another one with 15 zones.

- To create your own zones based on auxilia-
ry lines. The lines are optionally generated in
the first program. Since the lines only have a
snapping purpose, it is necessary to create a
new extra polygon layer of zones.

- To create own zones. A new extra layer is drawn
by the users according to their knowledge of the
situation.

Each partial zone has a unique numeric code in
the attribute table. The value is a code of the class
in the classification. When the users create own zo-
nes (the third method), they must fill in the codes
manually.

Count_Inhab1 | Count Inhab2 | Count Inhab3 ||

1214174 1169106 1272690
91619 90625 95157
75859 75684 85500
150625 151360 159194
91637 89379 96583
75250 73628 74289
94241 94635 104511
110664 113241 124231
81247 82804 93870
101923 105541 149294
74265 82404 122759
112007 110685 113430
53545 52487 55632
173765 178506 186322
57388 59569 61945
93048 92887 92749
74614 72934 72569
71747 70300 70661
50985 51369 51313

Fig. 5. Example of data
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Fig. 7. Output geometries (triangular graph, “average” lines,
points) from the first program

2.2. Program “2. Classification”

The second program compares plotted points
from the first program and suggested zones in the tri-
angular diagram. The result of this comparison (over-
lay analysis) produces a new column (attribute) added
to the original input data as a classified category. The
names of layers and the name of the output attribute
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are the program parameters. The new attribute allows
to create a thematic map based on the performed clas-
sification.

Both programs contain step by step help in the
user interface on the right hand side (Figs 5, 8). Each
input box is explained. The programming language
Python version 2.6 and the ArcPy module were used.
Programs were tested in software ArcGIS version
10 and 10.1. The error states are prevented and an-
nounced in the Result window. The custom toolbox
with programs, templates for zones and Readme file
are free downloadable from the Esri web page: http://
www.arcgis.com/home/item.html?id=661a8e7c463a4b
d2b529f01221efa8f2

3. The algorithm

The algorithm of program “Triangular Graph” is de-
picted in this section. In addition, some crucial Arc-
GIS geoprocessor methods are mentioned. The first
programs “1. Plot Points” is firstly responsible for in-
put data. The method arcpy.GetParameterAsText() is
used. The important following method is arcpy.Point(),
which creates a new point instance. The method arcpy.
SearchCursor() maintained the reading records from
attribute table. Following recalculation counts summa-
ries for each attribute and percentage values for each
attribute in rows. The coordinates X and Y of each
point in the triangle are calculated by simple equations
for position in the triangle (1). Coordinates of points
are subsequently stored to the Python list that is cre-
ated by method arcpy.Multipoint(). Points are added
by method Append.

coordX = Al + (A2 *0.5),
coordY = A2 * 86.6 /100,

(1)

where: coordX, coordY are coordinates; Al, A2 are
percentage value of the attributes.

Next part creates the basic triangle. The three li-
nes of triangle have absolute coordinates of end points:

[0, 0; 100, 0], [100, 0; 50, 86.6], [50, 86.6; 0, 0].

3 2. Classification

® Zones @ “| 2. Classification =
@ Category field Triangular Point Graph: Step 2 of 2
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» o Note: This tool writes new data to
 Featire dom by weie o = the original input data. If you don't
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copy of them.
[ ox_ [ cancel ] [Environments...] [ <<tidetielp | [ Toolteb ]

Fig. 8. User interface of the second program “2. Classification”

Next part of the program is optional. It calculates
coordinates of three average lines. Firstly, the average
value is calculated for each attribute (AVG1, AVG2,
AVG3). The two coordinates Xn and Yn for each ave-
rage line are calculated according to equation (2).

X1=0,
Y1 =AVG2 * sin (60),
X2 = AVG1 * sin (60) * sin (60),
Y2 = AVGI1 * sin (60) * sin (30),
X3 = AVG3 * sin (60) * sin (60),
Y3 = AVGS3 * sin (60) * sin (30),

2

where: AVG1, AVG2, AVG3 are average values.
End points of average lines are:

Line 1: [X1, Y1], [100, Y1],
Line 2: [X2, X1 - Y2], [X2 + 50, X1 - Y2 + 86.6],
Line 3: [100 - X3, X1 - Y3], [100-X3-50, X1-Y3 + 86.6].

The method arcpy.Point() creates the point in-
stance for storing coordinates for three average lines.
Method arcpy.Polyline() creates lines from point list.
The lines are subsequently stored in a new line feature
class that is created by method arcpy.CopyFeatures_
management(). To store back all data is necessary use
the cursor method arcpy.UpdateCursor().

The second program “2. Classification” read the
input parameters by method arcpy.GetParameterAs-
Text(). The first is a test if the points in the triangle are
within predefined zones. The method point.within()
is used. New field for storing category is added to the
polygon data with zones by method arcpy.AddField_
management(). Categories are numbered from 0 to N
(N is a count of categories). Subsequently new field is
added to the source data. Cursor methods setValue()
and updateRow(row) arrange the storing of new data
about classified categories to the source data.

The source Python code of the program is open
source (Ganbaatar 2013). It is possible download it
from the web pages mentioned in section 2.2.

4. Example maps

Two maps were drawn up to verify the utilization of the
“Triangular Graph” program. The first of them is the
map “Types of municipalities according to the econo-
mic activity of population” (Fig. 9), describing econo-
mic activity in three basic employment sectors: prima-
ry, secondary and tertiary. This is an example in which
400 municipalities were classified into 14 categories.
The division into zones is symmetrical. The main clus-
ter of points is between industrial-service and service-
industrial types in the Olomouc Region (there is only
one agricultural region there). Not all the categories are
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displayed in the map. An asymmetrical division of the
triangle would have been better. This example map is
only one of a set of maps for all 14 regions in the Czech
Republic. To compare all the regions in the Czech Repu-
blic using the same classification, it is necessary to select
the same symmetrical division.

The second example was the map “Types of dis-
tricts in the Czech Republic according to the basic po-
pulation age groups” (Fig. 10). The brown lines, which
indicate average percentage values for age groups, were
used for the division into zones (legend of Fig. 10).

There are six zones with different areas of partial
triangles and rhombuses. This division expresses the
situation better than a symmetrical division of a trian-
gle would illustrate. The final map shows the differen-
ces in age structure for respective districts.

Summary

The article presents a useful program for data classi-
fication based on a triangular graph. The advantage is
that the process is automatic for various amounts of
data. It is only necessary to set input and output data.
There is no need for manual calculation. Moreover,
the “Triangular Graph” program creates the geometry
of the equilateral triangle that can be used to display
classification and to insert as legend into the map com-
position. The design of division zones is supported by
predefined templates of a division of the triangle. The
setting of the same colors for the thematic map and
the triangle can be easily based on predefined (or user)
color ramps in ArcGIS for Desktop. First, the colors
in triangular zones are assigned. Then, the same color

TYPES OF MUNICIPALITIES
IN THE OLOMOUC REGION
according to the portion
of economic activity of population

in the main sectors of economy
in 2012

. 100%
primary sector

. representation of municipality
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Source: Czech Statistical Office, ArcCR 500
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Fig. 9. Thematic map with classification based on economic activity of population
(Ganbaatar 2013)
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TYPES OF DISTRICTS IN THE CZECH REPUBLIC

according to the basic population age groups
in 2011

Types of districts according to the basic population age groups

- b ge portion of ion in the pre-p! ive age

b ge portion of ion in the pre-p! ive age and the ive age
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- b ge portion of ion in the productive age

! b ge portion of ion in the productive age and the post-productive age
- portion of population in the post-productive age

Source: ArcCR 500 0 25 50

100 km 14,89% Pre-productive age

Fig. 10. Thematic map with classification based on the population age groups

scheme can be imported into the geographic layer.
These steps easily guarantee that colors correspond
in both the map and the legend. Two example maps
document the functionality of the program.

The program code is written in the Python pro-
gramming language. Both programs are adopted in the
custom toolbox. The code is free to download from the
Esri web pages. Users can read and modify the source
program code or use it for inspiration. The code uses
the base ArcObjects, and no other program extension
is necessary. The advantage of the program also lies in
the use of native data formats - Esri shapefile and fea-
ture class (Esri geodatabase).

The “Triangular Graph” program is expected to
be of great help for cartographers. The utilization of
this program should bring more thematic maps based
on the triangular classification in atlases and map pro-
duction. The programss ability to automatically create a
classification of data provides an opportunity for more
frequent use of this method by cartographers.
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