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Abstract. In this work the problem of the automated symbolization of 
multiscale thematic maps is considered. Authors offer solution for auto-
mated selection of diagram properties and formulas for transformation of 
their diameters. The rules of formalization graphic transformation illustrat-
ed on charts and choropleth were developed. 
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1. Introduction 
Automation of generalization and symbolization of data on multiscale maps 
is one of the key issues of modern cartography. Automated generalisation 
has been touched in many fundamental studies (Buttenfield & McMaster 
2001, Li 2007). However symbolization and graphics replacement in addi-
tion to generalization takes place during the scaling (Brewer, Buttenfield, 
2007). Automation of this process is not developed enough. Usually it is 
necessary to symbolize every scale level individually, which is time-
consuming task. Various diagrams are using to represent statistics with 
different levels of aggregation in online analytical processing (OLAP) sys-
tems (Stolte et al. 2003, Wang Chen Bu Yu 2010). 

In this experiment we focused on symbolic transformations that are applied 
to charts and cartograms (choropleth maps) when scale is changing. Devel-
oped formal rules can be used for automatic translation of symbology 
through scale levels. 

  



2. Methodology  
Transformation of symbology in a transition from large scales to small con-
sists of several operations: changing visualization method, changing sym-
bols and graphical variables.   

A set of formal rules for symbol transformation of diagrams and cartograms 
has been developed. These rules assume that several levels of detail (LoD) 
in database are available for every type of object and objects are linked 
through levels. This allows to keep track of how object geometry and attrib-
utes are changed during the transition to the next scale, and to select sym-
bol transformation rule accordingly. 

2.1. Diagrams 
Diagrams are intensively used on socio-economic maps. Consider we have 
point objects that are symbolized using diagrams. If the map is zoomed out 
this type of symbol can be applied to areal territorial unit (i.e. transfor-
mation from municipality to province). On the next zooming territorial unit 
is switched to next superordinate hierarchical level.  This process is consid-
ered as a set of separate formal transformations of symbology.  

In this study we considered only the size of the diagram and not considered 
its inner structure (if it is a pie chart). 

A good strategy is to develop a united classification that considers data val-
ues from all hierarchical levels. This step allows avoiding reclassification 
during scale change. For every level of detail an appropriate classes are 
simply selected. Classification can be made automatically (with standard 
classification algorithms such as Natural breaks or Quantile) or manually. 
In this case study we made manual classification based on traditional rang-
es of population.  

Range of values on in every LoD is analyzed and appropriate function (line-
ar, quadratic, cubic, logarithmic) is applied to derive diagram radius from 
the value (Acknowledgements 
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). We used conditional scale with magnification factor set-to 1,2 - 1,6. User 
defines diameter for smallest class. Preferable scales of visualization for 
each hierarchical level are defined by analyzing statistics on minimum 
bounding rectangles (Freeman Shapira 1975).  

Chart size varies both with the scale of resulting image, the range of values 
and the territorial units’ size.  Using of the scale-depended function to de-



termine the diagram size ie appropriated when the territorial unit level is 
keeped constant. In this work fomula (1) is offered. The chart size index 
depends only on scales ratio. Resulting diagrams measurements are worked 
out (Table 1).   
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where Rs — scales ratio, Sk+1 — next LoD scale, Sk — current scale. 

 

Figure 1. Different symbol scales 

The range of values as well as mean area of territorial units increases if ter-
ritorial units are replaced with superordinate ones (in case of use of abso-
lute indicators). Rising growth of values on and size on is analyzed and ap-
propriate function and index are applied to derive diagram radius from the 
value and area size. This scale index can be calculated by the formulas (2) 
and (3). The difference between them is about using territorial units’ area 
size relation as a main scaling factor or the relation of the area size and val-
ue both. Both of these methods were tested and diagrams parameters were 
obtained (  

Figure 2,  

Figure 3). 
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where Rs — scales ratio , Ra – logarithmic areas ratio,  Rv – logarithmic val-
ues ratio. 
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where n is number of superordinate units, mi is a number of current units 
inside i-th superordinate unit, Ai — area of i-th superordinate unit, Vi — 
value of i-th superordinate unit, aij — area of j-th unit inside i-th superordi-
nate unit, vij — value of j-th unit inside i-th superordinate unit. 

 

Level Municipalities Provinces Economic regions 

VALUE 1:1,5M 1:3M 1:6M 1:12M 1:24M 1:48M 

< 
12 6 4 2 1,30 0,65 

16 8 5 3 2 1 

10,0 

20 10 7 4 2 1 

50,0 

26 13 9 5 3 1 

100,0 

34 17 12 6 4 2 

500,0 

45 22 16 8 5 2 

1000,0 

58 29 20 10 6 3 

5000,0 

75 38 26 13 8 4 

10000,0 

98 49 34 17 11 5 
20000,0 



127 64 45 22 14 7 
> 

Ratio 1,3 1,3 1,3 1,3 1,3 1,3 

Table 1. Diagrams sizes (mm) by formula (2) 

 

The methodology was assessed on population data from official Russian 
census (Figures 2-3). Formula 3 was considered to give better results, di-
ameter is well adapted to scale and a gradual decrease of mean radius is 
achieved during scale transitions. 



 

Figure 2. Fragments of the population map created using formula (2)  



 

Figure 3. Fragments of the population map created using formula (3)  



2.2. Choropleths 
Choropleth maps are usually used for display of relative parameters per 
territorial units. All automatic classification methods were analyzed for 
suitability for using in mapping (Slocum, McMaster, Kessler, & Howard, 
2008). In our case study (population density) quantile was selected as the 
most appropriative method for the data classification. The differences in 
relative indexes between territorial units of different hierarchical level are 
usually not so dramatic if compared to absolute values. In many cases the 
same classification and color scale can be used in all levels of detail, but 
some classes can be merged if they contain too little entities. We followed 
this strategy in our investigation. 

More complicated part of the research was an attempt to derive a formal 
principle of color gradient construction, from which colors for classes 
should be selected. The analysis of histograms of an attribute for different 
LoDs of data allows creation of uniform color scale that covers distribution 
ranges for all levels of detail (Brewer, 2005). The minimum and maximum 
values and skewness are found for the entire data range including data from 
all LoDs. A zero skew value indicates that the values are relatively evenly 
distributed on both sides of the mean and data typically has a symmetric 
distribution (Figure 4).  

 

Figure 4. Symmetrical distribution of the river network density data 

In this case standard color scheme is useful - representing ordered values 
by variation of hue and saturation (Figure 5).  

 

Figure 5. Color ramp using for display symmetrically distributed data 



 

Positive or negative skew values indicate that the bulk of the values lie to 
the left or to the right of the mean ( 

Figure 6). So the standard color schema is transformed to the multicolor 
one (Figure 7). This principle can be conceptualized as a color slider that 
drags away the color of maximum or minimum if the distribution is asym-
metric. The color of maximum or minimum is replaced by a new one, be-
cause it is anomalous value. 

 

Figure 6. Asymmetrical distribution of data as an example of the population den-
sity in municipalities of Russia 

 

Figure 7. Color ramp using for display asymmetrically distributed data 

Using of the two and three key colors allows ranging data into more classes 
and focusing on the critical or anomalous values. 

At reduction of scale there is a changeover to larger territorial units. Thus 
from a uniform color scale the interval corresponding to range of values at 
this level is selected (Figure 8). 

3. Conclusion 
The developed rules can be used in systems of drawing multiscale maps as 
follows: if the symbology for the most detailed mapping level is set, it can be 
translated to less detailed levels automatically. Formulas were derived for 
automatic translation of diagram radius between scales. A principle of color 
scale selection for choropleth map using color slider is introduced. 

 



 

Figure 8. Choropleth map of population density 
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