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Abstract 
In this paper, importance of cartographic models that can represent the structural divisions of populations are 
presented. Cartographic models are the most efficient when the proper choices are made concerning the map’s main 
subjects and format. Maps created automatically with the use of GIS systems offer the easiest solutions concerning 
methods of cartographic presentation. Traditional maps present distributions of race, religion and languages. 
However, sometimes these maps are not useful for structurally analysing societies and for properly evaluating potential 
barriers to sustainable development within a global environment. The transformative effect of sociological and 
economical inequality resulting from migration must be taken into consideration in environmental studies where 
different subpopulations have developed and are living within the same territories. For these reasons, it would be 
difficult to showcase inequalities resulting from migrations with the use of default methods of GIS programme. The 
differences in underrepresented groups of people have been distinguished and a few quantitative characteristics have 
been defined, such as indices of segregation and relative short ages in male or female populations. Given the 
innovations introduced in the data processing field, combined with their accurate visual presentations, lists of 
intergroup relationships can be considerably increased and shown on reliable cartographic models, as a result of 
scarcity of classification methods, as well as numerous methods available in GIS programmes. The article presents 
computational methodology of creating cartographic presentations basing on selected cartographic examples and 
demographic data which interpret demographic studies and data. 

Keywords: population, inequality, maps, GIS  

INTRODUCTION 

After the First World War, Polish (Romer 1916), Hungarian (Jeney 2015) and human ethnic maps were decisively used 
to debate the reasonable delimitation of several European areas with each having approximately balanced national 
populations. Despite intentionally not choosing the proper data or type of map (Ormeling 2000, Goemans 2000, 
Borowicz 2004) apart from international data and maps (Romer 1921, Geisler 1933) the issue was raised about the 
importance of models that can represent the structural divisions of populations. During the last decades of the XX 
century, uncontrollable population growth has occurred in technologically and economically underdeveloped countries 
(Thirlwall 2006). As a consequence, differences in living standards increased in different parts of the globe (Roser 
2015). This gained the attention of governments, international organisations and scientific bodies, which were in turn 
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drawn towards investigating socio-demographic processes. The transformative effect of sociological inequality was the 
result of migration, and it must be taken into consideration in environmental studies where different subpopulations 
have developed and are living within the same territories. 

Maps present distributions of race, religion and languages (Fletcher and Gannett 1883, Emmerlich 1968, Van der 
Merwe and Van der Merwe 2007, Avdeev et al. 2011). However, these are not useful for structurally analysing societies 
and for properly evaluating potential barriers to sustainable development within a global environment. For these 
reasons, the differences in underrepresented groups of people have been distinguished and a few quantitative 
characteristics have been defined, such as indices of segregation and relative short ages in male or female populations 
(Bunge 1988, Smoleński 1933, Seager, Olson 1986, Tilly 1998, Kuby, Harner and Gober 1998). Unfortunately, these 
characteristics are often not present in atlases. Given the new innovations being introduced in the data processing field 
combined with their accurate visual presentations, lists of intergroup relationships can be considerably increased and 
shown on reliable cartographic models. 

INVESTIGATIONS OF INEQUALITY WITHIN A POPULATION: MAP SYSTEMS 

The rapid growth of computer cartography combined with developments in technology and geo-data collection methods 
have allowed for the creation of high-quality maps concerning human environments (Srebro 2013, Government of 
Canada 2016). However, some important problems are connected with human societies that cannot be adequately 
illustrated using cartographic models. 

New technological possibilities have caused fundamental changes in approaching thematic maps today (Yuan, Smith 
and Limp 1997, Caquard and Cartwright 2014).  

Instead of multifunctional maps with many distinct categories of objects or their characteristics, users prefer to use 
several simple maps that address precisely determined, separate functions (Dahmann 2001, Dryer and Haspelmath 
2013, Schahbasi 2014, EUROSTAT 2015). The main elements of such maps are reduced to stable, specially designated 
groups, making it possible to localise each thematic element within  
a map’s content. Therefore, practically nearly complete cartography collections may be used to project thematic layers. 
Many interactive systems (Losang 2011, Vondrakova et al. 2011, Schahbasi 2014, WHO 2015) with thematically 
oriented data are excellent sources of information and can serve as foundations for projecting different kinds of maps. 
They are also efficient tools that can enable environmental processes to be better recognised. 

The Commission on Gender and Cartography in the International Cartographic Association (ICA) was founded in 1991. 
It seeks to understand the importance of socio-demographic studies, particularly those related to minorities and 
underrepresented groups of people. The Commission on Gender and Cartography changed its focus in 2007 to study 
underrepresented groups. From 1998 to 2002, the commission prepared the Demographic Atlas - inserted Poland, 
hereafter referred to as DAiP (Krzywicka-Blum, Bac-Bronowicz and Klimczak 2003). Traditional forms of the atlas 
were edited during the XII General Assembly of the ICA (2003 Durban). It was presented to representatives of the 
National Committees of 68 countries as an inspiration for similar future projects. The second part of the project, 
Interactive System of Population Maps of Poland, Europe and the World (Krzywicka-Blum, Bac-Bronowicz and 
Klimczak 2006a), was co-sponsored by the ICA and the Main Office of Geodesy and Cartography in Poland. It had 
been produced in the laboratory of the Institute of Geodesy and Geoinformatics of Wroclaw University in the 
Environmental and Life Sciences department from 2003 until 2008. Visual parts of the system were formed using many 
sets of digital maps and graphs with different versions of basic materials. The maps were prepared using the most 
popular programmes: Arc Map, MapInfo Professional and Corel Draw, which were widely accessible and affordable. 
Experience in attaining the best fit for a given map’s cartographic functions allowed the authors to perfect the relevant 
properties for each of the proposed solutions (Krzywicka-Blum 2003, 2005, 2006a, Krzywicka-Blum and Bac-
Bronowicz 2001, Krzywicka-Blum, Bac-Bronowicz and Klimczak 2006b, 2007). The following instances of 
cartographic methodology were taken from DAiP database and, as a result, it was not necessary to update the method of 
data calculation, because, as yet, those methods have not been featured in default visual GIS settings. 

MAPPING INEQUALITIES WITHIN A POPULATION 

General remarks 

Visual models that spatially differentiate between select characteristics within given groups of people may serve as 
useful aids to identify or even evaluate the range of inequalities between groups (Krzywicka-Blum, Bac-Bronowicz, and 
Klimczak 2007, Moseley 2010, Gardner 2013, Schmidt, Ledermann and Gartner 2015, WHO 2015). 
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From a cartographic point of view, real meaning corresponds to types of data being localised. Census data related to 
populations are referred to as units of surface in official divisions. This is the prime reason to further elaborate on most 
maps: so that they can present minorities or underrepresented groups using diagram or choropleth methods. 

According to official census information, the quantitative characteristics of populations are distinct and vary according 
to age, gender and nationality (Friendly, Sigal and Harnanansingh 2012). These data are more credible than data drawn 
from various ‘representative’ researches. During proper data collection, data are based on individuals’ declarations of 
sensitive information like family status, native language, racial denomination or political orientation. Fifteen features 
(attributes) were distinguished to determine internal divisions, thereby dividing populations into two groups: 
underrepresented groups and groups enjoying all human rights (Krzywicka-Blum 2006b). Maps that project sensitive 
data should be elaborated upon by creating models with suitably selected scales. 

Mapping chosen population groups 

Regarding the outcome of a studied problem, when an observed population group is distinctly defined and illustrated in 
a cartographic model with a spatial changeability that characterises an absolute attribute, a diagram maps with 
geometrical signs situated in each of the reference units is most often used (i.e. geometrical signs with different areas or 
area, linear, three-dimensional, structural diagrams). Differentiating between the dimensions of the figures according to 
the values of the characteristics will reveal properties of distribution for a given group in a given territory. For example, 
studies may concern the ‘underrepresented’ group of ‘women aged 60 years and over’ (i.e. women who no longer 
engage in labour - DAiP). Or, in Africa, ‘school-age children who are not attending school’, may be mapped. However, 
the category ‘foreigners working in Europe’ is not reliable because of existing uncertainty within the data. 

The accuracy of the model depends on precisely differentiating the sizes of the reference areas. In cases of significant 
diversity, the authors propose using a two-scale type model or applying a dot map (DAiP, Krzywicka-Blum, Bac-
Bronowicz and Klimczak 2006b). The choropleth model (Fig. 1) that presents the language structure of Europe consists 
of two maps. The first form of presentation is a choropleth method of five equally distributed class sections presenting 
the languages of Europe. In each class featured on the right side there is an open interval, while on the left side a closed 
interval. In countries belonging to the A group where population exceeds 30 million, groups consisting of more than 
15% of the total population are treated as majorities. For countries belonging to the B group, the majority groups should 
exceed 10% of the total population. On the map, individual classes of minority groups are presented in the context of 
the entire population. Additionally, compounded quantitative signatures indicate as numerator – number of minority 
groups (over 100 thousand persons), and as denominator – the number of majority groups. The second form of 
presentation is a cartogram presenting the language structure of the A group only. 

The third map shows the structure of an A dot model for very composed groups. The authors propose to use 1% of the 
total number of observed groups as the weight of the dot – f. e. 1%. 
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Fig.1.The language structure of Europe 

Using an atlas DAiP, this model was chosen to show ‘single parent families’ within single-family households in Poland. 
This may offer the best solutions for linking absolute forms of information with relative types of information. Relative 
kinds of evaluations may be realised by comparing the dots’ densities. This method is considered the best choice for 
human types of visual perception and was recommended by Stanisław Uhorczak, who enhanced the usability of 
equidemic models for world maps. It can also be observed that ‘equalising areas’ lead to modern anamorphic 
cartodiagrams with reference area sizes that are modified according to the values of given quantitative characteristics.  

Mapping relationships between groups of people 

Technological developments in data processing transformed map projections. When a traditional cartographical 
relationship between elements has been expressed by several signs, users can only receive decoded information from a 
model corresponding to one compound characteristic in an anamorphic cartodiagram. Of course, it is possible to use 
original mosaics to obtain multifaceted conclusions. Such a role is most often fulfilled by using a cartodiagram or 
dasymetric mapping (Mennis 2003) that presents several subpopulations within an observed population. 

Anamorphic cartodiagrams are the new form of illustration that evaluates the relationship between two absolute 
characteristics. In the atlas DAiP, this form can supposedly present the number of groups aged 60 and over while also 
distinguishing the number of people aged 75 and older (Fig. 2). The surface of a cartodiagram [cm2] closely determines 
the size of population, resulting from the calculations of a demographic method. 
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Fig. 2. Anamorphic cartodiagram of the number of groups aged 60 and over (DAiP) 

Imbalances in internal structures within two partial populations may be expressed using one of the following 
quantitative characteristics: indices, ratios or coefficients. 

Indices 

Indices correspond to the relationship between the numbers of people in two given populations. Two variants of indices 
are used in this paper. The first type of index occurs when two subpopulations of a given population are observed as 
being either privileged or discriminated against. This group of problems is connected with underrepresentation. 
Graphical forms of cartographic models may be realised using choropleth maps or, like in American atlases (Krzywicka 
2005), using pictorial signatures. These may express how many representatives of privileged subpopulations (i.e. the 
male group in the atlas) fall into the discriminated category (i.e. the female group in the above mentioned atlas). The 
signatures are situated within reference units. While fulfilling the ICA’s project, the authors used well-known indices 
like the ‘index of females/males’ for not only whole populations living in a given territory but also for select 
subpopulations. These include ‘groups at labour age’ or ‘pupils’, which increased the list of maps representing 
inequalities within the observed societies. As a new index, the authors defined ‘the index of the (gender) structure of a 
population’ in the following form where NF is the number of women and NM is the number of men: 

  NF/NM  
NF > NM 

g F,M = 1 for NF = NM 

  NM/NF  NM > NF 

The index of the choropleth model (Fig. 3) indicates subareas of predominance for each subpopulation and areas with 
equal numbers of both groups. Having comprehensible terminologies for each class enhanced the usability of the maps. 
The index was presented against the background of the State of Alaska, whose territory was placed 40o to the east and 
45o to the south.  The territory of the State of Hawaii was also moved by 25o east and 5o north. In each class featured on 
the right side there is an open interval, while on the left side a closed interval. 
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Fig. 3. The United States of America: Blind individuals aged 40 and older within two racial groups 

The second type of index represents relationships between select portions of the population and the whole population. 
This can be used for simplified recognition, such as directing a compound question at a cross-division of the population. 
Inequalities between two parts of a subpopulation within an observed population have to be overcome because they are 
barriers to sustainable societal development (Smoleński 1933, Kuby, Harner and Gober 1998, Krzywicka 2005). To 
solve this problem, the authors have chosen to utilise indices for a succession of purposely projected choropleth maps 
that present a list of indices belonging to the second type. For example, for studies about unemployment, a number of 
indices may be used, such as the number of unemployed people divided by the number of people of a Mobile Age 
(MA). The next index would indicate the number of unemployed MA women. Finally, the number of unemployed MA 
women with children would be considered in relation to the number of unemployed MA women. Such a succession of 
maps expressly indicates a barrier for equalising men and women’s accessibility to the labour market but does not solve 
childcare problems. 

The method of ‘successively adding attributes’ can be applied when databases reach a suitable size. In this project 
(Krzywicka-Blum, Bac-Bronowicz and Klimczak 2003, DAiP), the authors used a method for enhancing gender factors 
when studying single-parent households in Poland. 

Ratios 

Ratios are a percentage form of indices. They are most useful for expressing the share of an observed group of people 
within whole populations and also regarding properties expressed in basic numerical forms. Given the easily 
comparable values related to the two temporal states’ characteristics (determining a change), they may be used as new 
‘features’ in cartographic types of models. Comparing the following changes is a way to introduce a characteristic of a 
given process to a map. The measurement scales of the cartograms present different kinds of ratios that ought to align 
with precise data and map destinations. The authors of the ICA’s system depend on a source of derivative variables; 
these indicate static and dynamic functions in maps that may be distinguished using four types of cartogram models. 

• Cartogram ‘c’ has numerically determined class borders. This indicates that the observed area is divided into 
several subareas with strictly defined levels of preselected characteristics. 

• Cartogram ‘ci’ has an ordinal scale. This indicates a distribution of levels of intensity that have been defined 
according to purposely generated numerical classes of verbal estimates (i.e. low, average or high). 
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• Cartogram ‘cd’ has an ordinal scale. This indicates that there are subareas where the differences between the 
two levels (representing states) are positive, negative or zero, depending on the direction of the process. 

• Cartogram ‘cdi’ has an ordinal scale. This indicates that subareas are made by internally dividing areas 
distinguished in ‘cd’, which vary according to several levels of intensity (Fig. 4). 

 

In the legend of Figure 4 we used contrastive colours; the map was created in Robinson projection. 
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Coefficients 

Coefficients are a very special group of quantitative characteristics. Among this group, the most important mapping 
demographic processes may be chosen. A ‘coefficient of migration’ may be defined as the difference between the 
numbers of emigrants divided by the whole population (in thousands). A choropleth or cartogram model is used to 
express spatial differences due to migration. 

SUMMARY 

The new technical possibilities of creating different digital types of interactive thematic maps may encourage the use of 
cartographic models in not only natural but also social processes. Maps that correspond to precisely determined 
practical functions may serve as efficient models of spatial variability for many important features of human life. 
Previous projections and accumulated cartographic knowledge need to be applied more widely in creation of standard 
procedures of visualisation in the form of maps designed in GIS programmes. It is also necessary to translate 
cartographic rules and procedures into cartographic language. Publications and presentations of specialists of 
geoinformation visualisation emphasise the role of maps in intellectual activation of viewers, as well as development of 
their intuition, imagination, emotions and aesthetic experiences. Cartographers still face the challenge of improving the 
design of the interface used for creation of GIS maps in, as well as developing cartographic rules for dynamic maps, 
variable topology and cartographic methods and actions guiding the interactions of map users. 
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