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This contribution discusses the use of cartograms in the 
context of cartographic techniques and their relevance 
in gaining a more comprehensive understanding of the 
complex geographies of the world. Starting with a brief 
introduction to the relevance of cartograms in relation 
to map projections, the technique of creating gridded 
cartograms that count for many of the cartograms featured 
in Geographical is then discussed in more detail to make 
an argument for the value of the use of cartograms as an 
alternative map projection.

Projections are a key element of mapping methods. 
Map projections have considerable impacts on our 
understanding of the world, especially (but not only) in a 
global perspective where different map transformations can 
result in considerably different appearances of land areas. 
Due to the compromises that are necessary to display a 
three-dimensional space on a flat surface, maps will always 
remain imperfect cartographic depictions, as stated in a 
Nature editorial about the virtues of visualisation (Nature 
2008). But the power of maps also lies in the imperfect 
nature of a map projection. Maps create images of a space 
that we cannot ever see with the human eye. Maps shape 
our imagination of space, our mental maps of the planet.

Before a map serving a specific purpose can be 
created, the right choice of an appropriate map projection 
has to be made. The best cartographic visualisation can 
convey misleading information if an inappropriate map 
projection is chosen.

As the map projection is so central to the cartographic 
display, the different techniques for mathematical 
transformations of the earth’s spherical surface into a 
plane representation should be investigated. Centuries of 
cartographic work in this field have led to a wider range of 
projections and concepts, to create what might be presume 
to be the best map projection. Every map projection 
follows a certain mathematical procedure that aims to 

preserve some geometric qualities of the physical space, 
or – like the Mercator projection – to reconstruct this space 
to provide better solutions for a specific purpose such as 
navigation (Qihe, Snyder & Tobler 1999, Robinson et al. 
1995, Snyder 1987, Snyder 1993).

There is, of course, no best or optimal map projection 
that gives the most accurate picture of the world, or that 
is capable of serving all purposes of a map. At larger 
scales, these issues also become less crucial (although 
not irrelevant!), as different transformations of a smaller 
area result in less distortion of area, distance, or direction. 
But different map projections can tell different stories, 
and, especially at smaller scales, also change our image 
of the world considerably. Map projections can therefore 
be used very consciously to convey a specific message, 
such as making a political statement to create the image of 
influential power spheres (with e.g. Russia and the USA 
appearing overly large on the Mercator map).

Peters faced criticism for a politicisation of 
cartography, which certainly neglects the fact that 
cartography has always been a political instrument, but 
often in the more subtle form of the topics that were drawn 
onto the maps, rather than the shape of the map itself. 
Beyond the controversies around the map, it can perhaps be 
fairly summarised that the release of the Peters map of the 
world was a masterpiece of cartographic communication, 
that did not only contain a slightly provocative and unusual 
perspective, but was complemented by some trenchant 
claims and statements that questioned the distribution 
of power and the western-centric views of the world 
(Crampton & Krygier 2006, Monmonier 1995, Porter & 
Voxland 1986).

The Gall-Peters projection is an example for how 
map projections were used to challenge the notion of 
power and question culturally biased, or even bigoted, 
world views. This demonstrates how map projections have 
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a tradition in going beyond merely solving mathematical 
problems of putting the globe on paper, so that not only 
the topics that are put on the map can constitute an 
instrumentalisation of maps as political instruments, but 
also the mistakenly mathematical concept of the specific 
use of a map projection. As a result, the debate about the 
power of maps is now complemented by some substantial 
theoretical accounts related to a critical investigation 
of map projections and their influences (Harley 1989, 
Wood 1992, Wood 2010). This debate is continued in 
more recent accounts related to the use of geographical 
information systems in the creation of maps (Crampton 
2010, Schuurman 2000).

Arno Peters challenged the political imbalance of 
the world by claiming to have drawn a map that aims to 
be fairer to people living in the world. Technically, his 
world map is a fairer view of the continents, rather than the 
people living on them, as his map projection follows the 
same cartographic principles as other map projections that 
look primarily at the physical space. A fairer picture of the 
people living in these countries is given in a rather more 
unusual cartographic display which is commonly known 
as a cartogram. There are many different ways to draw a 
cartogram, and basically a cartogram also applies certain 
mathematical principles to transform a map or a map-like 
representation into the cartographic result.

Although the term was originally very broadly 
used for maps showing statistical symbols or statistical 
information, it now is mainly used in reference to maps 
that are transformed on a ‘scale other than a true scale’ 
(Mayhew 2004, Tikunov 1988). There is an extensive 
range of cartogram transformations, such as works related 
to Lynch’s concept of mental maps as distorted personal 
representations of space (Gould & White 1974, Lynch 
1960), the creation of tube-map style diagrams like Beck’s 
underground map of London (Garland 1994, Ovenden 
2005) and other transport network concepts, and map 
transformations based on (travel and other aspects of) time 
(Jenny et al. 2006, Street 2006).

Hereafter, this paper will focus on so-called value-
by-area maps in which the specific values of interest define 
the scale of the actual areal units of the map (Dent 1999). 
This concept also provides the basis for most cartograms 
featured in Geographical.

Amongst the first to have applied such a technique 
in a comprehensive way are Haakk & Wiechel (1903), 
who created a very detailed population-weighted electoral 
cartogram of the German Empire which to some extent 
even preserves the shapes of the electoral districts. 
Their publication was accompanied by a comprehensive 
cartographic description of their technical approach. 
One of the wider known systematic approaches towards 
the development of value-area cartograms has been 
described by Raisz, who mentions the idea of a ‘statistical 
cartogram’ (Raisz 1934). In his work he outlines a method 
to create rectangular representations of geographical 
census divisions resized according to their population size. 

Raisz elaborated further examples using other data such as 
wealth, manufacturing, mining and farming, and suggests 
a wider application of such depictions for other topics and 
other countries. He also suggests the suitability of such 
maps as basemaps for certain topics that are difficult to 
display on a normal map, such as the nationwide depiction 
of business branch locations in one map. Rectangular 
cartograms have become a popular type of cartograms, 
as the handling of rectangles simplifies the process of the 
cartogram construction.

In rectangular cartograms, the area of interest is 
displayed as a rectangular shape. In the usual approaches 
this generalises the physical map considerably and leads to 
the more diagram-style depiction in which the arrangement 
of the rectangles indicates the geographic location. While 
this approach is generally useful for a manual cartogram 
creation, it has also been translated into a computer-
based algorithm. The algorithm describes the creation of 
rectangular cartograms in a mathematical form based on a 
specific set of transformation rules that aim to preserve the 
recognisability (Kreveld & Speckmann 2006).

The time span between Raisz and Kreveld & 
Speckmann’s works on rectangular cartograms covers a 
dynamic period of developments and innovations in the 
techniques to create cartograms that are now common. The 
two examples also stand exemplarily for the change from 
hand-drawn to computer-generated cartograms, which 
increased the use of cartograms considerably.

Apart from rectangular cartograms, three other 
types can be distinguished (Cuff, Pawling & Blair 1984, 
Kreveld & Speckmann 2006, Tobler 2004). Dorling 
cartograms are based on the use of circles to represent a 
geographical unit (Dorling 1996, Dorling 1991), and thus 
follow a similar pattern of using geometric shapes for the 
transformation, but with the additional aim to preserve the 
relative geographic proximity to the neighbouring areas. 
Non-contiguous cartograms preserve the shape of the 
geographical unit, but with the rescaling they lose their 
connection and become detached from their geographical 
neighbours (Olsen 2005). The fourth type, contiguous-
area cartograms is based on the concept of resizing the 
geographical areas while preserving the continuity of 
the overall area (Wolf 2005, Gastner & Newman 2004, 
Gusein-Zade & Tikunov 1993).

All cartogram approaches have in common that 
they try to solve the problem of an overall readability of 
the resulting cartogram, while at the same time being an 
adequate representation of the underlying quantitative 
information. The range of methodological concepts to 
construct the different types of cartograms is widespread, 
similar to the range of map projections that have been 
developed over time. In principle, cartograms are a special 
form of a map transformation (Canters 2002), and some 
approaches even aim to combine the principles of value-
area and other geographical map transformations (Carroll 
& Moore 2008, Kadman & Shlomi 1978, Panse et al. 
2006).
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Concepts for contiguous area cartograms are 
particularly close to the wider field of other geographical 
map projections, because the transformation of the real 
geographical shape of an area stands as the centre of 
interest, and the relative geographical location remains 
preserved in some form. Contiguous value-area cartograms 
have as main difference that they are developed for a 
different purpose and thus use other base parameters for 
the actual map transformation.

Tobler’s work and assessments of the mathematical 
construction of cartograms are perhaps the most significant 
contributions to the computer-assisted generation of 
cartograms (Tobler 1979, Tobler 1981, Tobler 1986). Tobler 
also outlines the major advances in computer cartograms 
(Tobler 2004). The use of computer-based cartogram 
transformations has helped to solve considerable obstacles 
in the creation of contiguous cartograms which with the 
irregular shape of geographical areas are complex in their 
process of creation: the larger the number of individual 
areal units is the higher the quality of the map depiction 
gets.

The implementation of algorithms that facilitate 
the digital creation of computer-generated contiguous 
cartograms has been demonstrated by a number of 
approaches since the first concepts were created at the GIS-
pioneering institution of Harvard (Dougenik, Chrisman 
& Niemeyer 1985, Edelsbrunner & Waupotitsch 1997, 
Gastner & Newman 2004, Gusein-Zade & Tikunov 1993, 
Kocmoud & House 1998, Tobler 1986, Wolf 2005). Some 
of the concepts realised in the digital domain are based 
on earlier theoretical considerations and mathematical 
concepts. The capabilities of computing helped to turn 
these conceptualisations into practicable approaches.

The diffusion-based method for producing density 
equalising maps published by Gastner & Newman (2004) 
describes one of the most substantial recent advances in the 
computer-generation of contiguous cartograms. Dubbed as 
“one small step for two men, one giant leap for mapping” 
by Dorling (2006: 35), their approach is based on principles 
of diffusion modelling in elementary physics which results 
in “useful, elegant, and easily readable maps” (Gastner & 
Newman 2004: 7499). Their so-called diffusion cartogram 
transfers the physics of a linear diffusion process into the 
process of a map transformation.

Not least thanks to Gastner/Newman’s approach, 
cartograms have become a popular (yet still unusual) way 
of mapping, where popular and unusual are not meant as 
a contradiction, but where the unusual appearance often 
aims to be an eye-catching element of the map depiction 
(Breding 1998, Burgdorf 2008, Butler 2008, Cuff, Pawling 
& Blair 1984, Gillard 1979, Rittschof et al. 1996, Tikunov 
1988). The most extensive compilation of cartograms 
based on Gastner/Newman’s algorithm has been realised 
within the Worldmapper project, which helped to promote 
the use of cartogram-style maps in science, education, 
and also for the broader public (Dorling, Barford & 
Newman 2006, Sasi Research Group & Newman 2006). 

Nevertheless, cartograms have remained a niche product 
in the range of cartographic depictions, because their 
realisation is still not always a straightforward procedure, 
and the acceptance of cartograms as a more conventional 
alternative to other map projections is not yet fully existent. 
Partly this problem of acceptance lies in the unusual 
shapes that emerge. It also lies in the perceived limited 
versatility of cartogram transformations and the still not 
very common and frequent use of this technique.

A cartogram can be used as a basemap to show any 
other geographical feature, but drawing roads, rivers, 
or railways onto a cartogram will in most cases make 
a similarly invalid statement about these features as 
drawing circles of supposed distances onto a Mercator 
map projection. The capabilities of cartograms to be used 
as a basemap for other information therefore is highly 
dependent on the level of detail that the geographical 
units on which the map transformation is based depict. 
Dorling (1991) demonstrated a range of uses at smaller 
geographical scales, but these early works remain 
exceptions in the use of cartograms to date. Generally the 
use of cartograms as a basemap is predominantly limited 
to a mono-thematic depiction (or sometimes to showing a 
second level of quantitative data on top, such as the display 
of national-level per-capita carbon emissions on a world 
population cartogram or comparable depiction).

Tobler (2004) dismisses suggestions of a difficulty 
in reading cartograms (see e.g. Roth, Woodruff & Johnson 
2002) with the general manner that many people approach 
cartograms. He emphasises that some of these difficulties 
vanish when cartograms are seen as a map projection, 
rather than a graphic representation of data. He also refers 
to techniques to augment additional information onto 
different types of cartograms to enhance readability, but 
also to increase the analytical value, and calls for additional 
efforts in advancing the visual and analytical capabilities 
of cartograms.

The range of algorithms and methodological 
concepts for the creation of cartograms has been 
extensively investigated. In contrast, the practical use and 
the wider applicability of cartograms as an alternative map 
projection for a detailed geography of the world remains 
less considered in the works that have been undertaken 
to date. Much of the technical advances originate from 
computer science, where the solution to a specific 
technical-mathematic problem defined the scope for the 
development of a new algorithm. The geographical scope 
remained outside the main interest of these works. The 
underlying concept of a transformation based on a specific 
value of interest, however, contains a huge potential to be 
used for more extensively visualising the ever-growing 
amount of geographical data that is generated to reach 
an understanding of the complex (human and physical) 
processes that determine the shape of the modern world.

The cartograms created for Geographical build upon 
research within the Worldmapper project which aimed to 
address some of the limitations of cartograms. One result 
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of that research was an improvement of the Gastner/
Newman’s methods to allow cartograms being used like 
a conventional map projection. These new cartograms are 
called gridded cartograms (Hennig 2013).

Gridded population cartograms show land area 
distorted to the extent that every human being living on 
that surface is given the same amount of space on the 
map. In the resulting map every areal unit for which the 
total population is counted is transformed accordingly. 
Consequently the grid cell as the smallest areal unit in a 
gridded cartogram is the smallest geographical reference 
from the physical space. The area that is covered in the 
original raster is the same area in the resulting gridded 
cartogram, hence the new maps show the number of 
people living in the same geographical space. When 
transforming additional layers of geographic information 
accordingly, these topics can be interpreted accordingly 
and thus provide a deeper understanding of the topic 
in relation to the world population. In areas with few 
people, this additional layer is reduced in size because 
it does not relate directly to a larger amount of people. 
The underlying information is not removed in these areas 
of low population, but reduced in size and can be made 
visible by enlarging the area of interest. All original grid 
cells can be recognised in the gridded cartograms and no 
information is lost in the transformation process.

New layers of geographical information add further 
value to the gridded population cartograms. If seen as a 
new geographic map projection, then any ways of putting 
information on a conventional map can also work with 
gridded cartograms. This can be population-related data 
from the socio-economic indicators, but also any other 
subject from the physical environment (Hennig, 2014). 
The range of issues is not limited to statistically based 
thematic maps. Any geographic subject with an allocation 
in the physical space can be shown on gridded cartograms.

Thematic maps showing socio-economic statistics 
are valuable to see prevailing disparities and other 
complex interrelations of the social space which are hard 
to identify in conventional maps that mostly show physical 
spaces. These issues have become highly relevant ever 
since populations became increasingly interconnected. 
The implications of global inequalities are key to solving 
some of the most pressing global problems. Understanding 
the real extent of these issues therefore is inevitable, and 
gridded population cartograms can be a valuable new way 
to put the populations affected by these issues into the 
right perspective.

Displaying the natural environment in a similar way 
as an additional layer of the human space itself reverses the 
concept of conventional maps. A conventional map shows 
the social space transformed onto the physical space, it 
shows people and their actions on the physical space. This 
is a valid way of showing this, but does not always helps to 
get the full understanding, as many examples have already 

shown. Using cartograms as a basemap for the natural 
environment reveals the physical space transformed onto 
the social space of humanity. This can be of high value 
when trying to understand the relationship between human 
actions and their surrounding environment, and to see a 
clearer picture of how humanity is influenced and affected 
by their natural environment. 

Gridded population cartograms provide a suitable 
method that is needed to create such a transformation of the 
physical space into the social space because of the retained 
geographical reference. The whole geography of the world 
can be drawn on these population cartograms, and many 
features of the physical world are highly relevant for the 
living environments of humanity, be it as a risk factor, or 
as a base for building our livelihoods and economic base 
of the modern societies.

Gridded population cartograms, like other 
cartograms, make the dimension of population distribution 
visible. They show the real sizes, which despite the abstract 
nature of the odd shapes makes the topic of population 
less abstract and requires less interpretation about the 
dimensions shown in the map. A choropleth map showing 
population densities needs an understanding of the colour 
scale, and even then needs much more detailed analysis 
of the map content, while cartograms give an immediate 
picture of the real extent of these population densities. 
Gridded cartograms do this highly accurately with a 
precise geographic reference.

An alternative way to facilitate the gridded cartogram 
is to follow the original idea of cartograms as a map 
transformation of the grid cells according to other data than 
only population. While population is central to a globalised 
world and is a coherent base for any geographical topic, 
a transformation of other data can give a unique insight 
into the dimensions contained in that data and their global 
distribution. Such cartograms would then be thematic 
gridded cartograms that use an equally distributed grid of 
the topic of interest and transform each grid cell according 
to the total value of that topic. That requires a dataset that 
contains all the data on such a uniform grid rather than one 
unique figure for every country (or other administrative 
unit) like in normal cartograms.

A lot of such data is available from the physical 
environment. This can be measured more easily than the 
extent of the various dimensions of social space. Remote 
sensing technology and a huge network of measuring 
equipment constantly monitors a vast amount of data 
from the physical environment. This provides a solid base 
of quantitative data from the natural world that is of a 
very different level of detail than almost any other data 
that exists for the human world. Gridded cartograms of 
global tree cover (Fig. 1), ocean chlorophyll density (Fig. 
2), precipitation or tropical storms (Fig. 3) provide the 
basis for such very unusual yet innovative and accurate 
cartogram depictions of environmental data.

SOC_Bulletin_vol_50.indd   16 22/05/2017   09:05



SoC BULLETIN Vol 50  17

Figure 1. 

Figure 2. 

Figure 3. 
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Gridded cartograms of the physical environment add 
another dimension to the visualisation capabilities of the 
gridded cartogram technique. The resulting maps provide 
valuable new insights into the physical geography of 
the world and make quantitative data gathered from the 
environment more comprehensible without losing their 
geographical reference and accuracy. The visualisation 
created in the Geographical cartograms series can 
be useful for conveying quantitative geographical 
data in an understandable way, and can also provide 
new understandings of the patterns that the physical 
environment creates. Like visualisations of the human 
geography based on the gridded cartogram technique, the 
new maps provide immediate understanding of the data, 
but unlike in the traditional (country-level) Worldmapper-
style cartograms, they can also be assessed and analysed 
in more detail.

Cartograms can be turned into a powerful 
visualisation tool that provides the base to redraw the 
geography of the planet in diverse ways. The technique 
of creating gridded cartograms from population has a 
great potential to be used as an alternative basemap for the 
world. With the preservation of geographical references 
in the grid, the gridded population cartogram is a novel 
type of geographic projection that is based on a replicable 
mathematical operation that turns the land area into spaces 
of equal population.

The range of applications is as broad as is mapping 
these issues using conventional mapping methods. 
The gridded population cartogram is a huge advance 
in geographical accuracy as compared to the sketchy 
character of country-level cartograms. The new maps 
are more like conventional maps with a detailed and 
geographically more accurate approach and a coherent and 
consistent base that never changes. The gridded population 
cartogram puts the human being as the key element of the 
globalised world into the right perspective and creates a 
new projection of the changed human landscape.

Beyond the use of gridded population cartograms 
as a new map projection, the general methodology can 
be extended even further and provide novel ways of 
visualising any quantitative geospatial data in cartographic 
ways. Conventional map projections limited the range of 
visualisation methods that are suitable to show quantitative 
data. In a plane two-dimensional map, this can be done in 
choropleth form with distinct colour schemes, but these 
have the disadvantage to require a rather abstract translation 
of the colours into a third dimension of quantities.

3D visualisations provide an alternative, but therefore 
have to be interactive or require a number of individual 
perspectives to be able to understand the third dimension 
in a two dimensional form (on paper or on screen). The 
use of graphs and charts in contrast loses the advantage of 
a map as a direct geographical reference.

The gridded cartogram technique can provide an 
alternative solution to this problem that retains a very high 
geographic accuracy in the grid but makes the quantitative 

dimension visible in the changing sizes of the grid cells. 
The emerging patterns retain the geographical reference, 
but can become more abstract. The more unusual patterns, 
however, create a unique vivid appearance of the displayed 
topic and open a new dimension of understanding the large 
amount of underlying data.

Gridded cartograms created from geospatial data 
are not a single new map projection, but a technique that 
makes geographically relevant topics from the physical 
and social world come alive and thus a multitude of unique 
map projections. Gridded cartograms have the potential to 
create a better understanding of the real extent and impact 
of a geographical topic. They may be more unusual and 
still unconventional, but provide alternative ways of 
geovisualisation with a remaining cartographic aspiration.

Some of the maps drawn in the Geographical 
cartogram series to date resulted in very unusual shapes 
and patterns that are quite difficult to read or understand 
at a first glance. This is the case for the storm intensity 
or ocean chlorophyll maps. These very extreme visual 
examples demonstrate that gridded cartograms do not 
have to be seen solely as mere cartographic depictions of a 
certain topic, but should also be understood as a scientific 
visualisation tool.

As a scientific visualisation tool gridded cartograms 
help the researcher to make data visible in a geographical 
form. They can provide new insights into the huge amount 
of data that otherwise is hard to understand by pure 
statistical analysis or more abstract diagrams. Gridded 
cartograms – not only those of population – are also 
capable of being used as a basemap to highlight additional 
information directly linked or related to that data. Land 
surface temperature could, for instance, be mapped onto 
precipitation patterns, the location of settlements could be 
drawn on the storm intensity maps, and so on.

Not only the land area can be of interest to visualise 
data, but also the whole earth surface, or even only the 
sea areas. Cartograms used to be drawn for land areas 
because they covered topics that matter on land, but 
oceanic cartograms are possible as well, as the first attempt 
to visualise chlorophyll distribution in the world oceans 
showed.

By looking at the spatial context, not only of people, 
but of the quantifiable dimension of our planet, we can 
understand the sometimes hard-to grasp dimensions of 
numbers in a visual way, in a way in which we perceive 
information. Visual thinking remains the most powerful 
element in more intuitive understandings of a topic (Roam 
2009), and allows us to see things that we would have 
otherwise not noticed in the vast amount of data that is 
hidden behind the graphics.

Is a map worth two thousand words? We can analyse 
the hundreds of thousands of individual data values that 
are contained in the underlying data sets using the most 
sophisticated statistical analysis, but eventually, the 
cartogram is worth so much more than a few thousand 
words describing the same information. When used 
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wisely, GIS methods conducting geospatial analysis and 
enabling their visualisation are not the black box that turns 
our data into something we do not understand (Poore 
2003), but contribute to our visual capabilities in order 
to better understand the world around us. Cartograms are 
one technique that adds to the wealth of possibilities that 
cartography provides us to draw the geographies of the 
world.

Many of the cartograms showcased in the 
Geographical cartograms series demonstrate that 
geographical boundaries are no limitation for utilising and 
applying cartogram techniques. The range of applications 
that this technique provides seems endless, and the many 
maps presented in Geographical are only the beginning of 
drawing a new geography – or the many new geographies 
– that can and should be drawn from the world in the 
complex world of the 21st century.

Cartograms should become an ordinary element 
of communicating geographic knowledge. A wider use 
depends not only on the better implementation and easier 
use of cartogram transformations in standardised mapping 
environments, but also in a more common use of these types 
of maps in the general public. The Geographical cartograms 
feature aims highlight the diverse possibilities of using 
cartograms for re-discovering the world with maps.
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