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The characteristics of geospatial data: (a) its components location, attribute and time, 
and their related elementary questions where what and when; (b) the object view; (c) 
detailed characteristics of the data components

Figure from: Kraak, Menno-Jan, and Ferjan Ormeling. Cartography: visualization of 
spatial data. Guilford Press, 2011.
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The nature of geospatial data: from reality (a), via model construction and selection 
to a digital landscape model (b), followed by selection and construction of a 
cartographic representation towards a digital cartographic model (c), presented as a 
map (d), which results in the user’s cognitive map (e)

Figure from: Kraak, Menno-Jan, and Ferjan Ormeling. Cartography: visualization of 
spatial data. Guilford Press, 2011.
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Figure from: Kraak, Menno-Jan, and Ferjan Ormeling. Cartography: visualization of 
spatial data. Guilford Press, 2011.
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Dot map

Red dots represent crime locations in the Chicago
Blue dots represent street intersections, road density
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Challenges with dot maps – they can often occlude elements of the map or be so 
numerous that is difficult to get a true understanding of the data density
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A Racial Dot Map was developed by Weldon Cooper Center for Public Service from 
University of Virginia that showcases delineation between racial groups. According to 
the map, Milwaukee’s place is the most segregated metropolitan are in the United 
States. The new ranking comes from a recent articles in Business Insider that based 
on the work of professors John Logan and Brian Stults. You can now check out the 
map by clicking following image.
In the Racial Dot Map, one dot represents one person that dot colors are indicated in 
the map legend. Users can enable the map labels for states by clicking the “Add Map 
Labels” button, and disable the color dots overlay by clicking the “Remove Color-
Coding” button on the left hand side of the map.

http://createhtml5map.com/interactive-map-blog/us-map-the-racial-dot-map/
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http://www.businessinsider.com/most-segregated-cities-in-america-2013-11?op=1
http://www.s4.brown.edu/us2010/Data/Report/report2.pdf


Demographics are shown in the color of the dots applied to each area. General trends 
are apparent, but there are also places where multiple demographics come together
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The same dot map of demographics now zoomed into the area around the city of 
Atlanta. Again, general trends are visible, along with areas where the demographics 
are more varied.
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2008 Unemployment data by county, 0-15%
Data has been mapped to the color for each region. Darker areas have higher 
unemployment, lighter areas have lower unemployment.
Also sometimes called a heatmap, though this term is also used in other contexts and 
can be misleading
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The Cholera epidemic of London, 1854. Within two hundred fifty yards of Cambridge 
st Broad st intersection there were upwards of 500 fatalities in ten days.
Placing the data in appropriate context for assessing cause and effect.
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2. Making Quantitiative comparisons: brewhouse on Broad st (brewers didn’t drink 
water); work house on Poland st (pump well on premises and other alternative 
supply)
3. People ventured into the area for work or because they liked the taste
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Noticeable decline in cases, though it is difficult to argue it was solely because of the 
removal of the pump handle. Still, the information captured in the image was useful 
for understanding cause and effect of the outbreak.
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Modifiable Areal Unit Problem (MAUP).

The point data for the cholera outbreak can appear to be very different depending on 
how it is aggregated, which might have led to mistaken conclusions.

One way to account for these differences is to use a number of different aggregations 
and observe the differences, or to use geographically weighted statistics.
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Gerrymandering is an example of the MAUP being used for political advantage by 
designing congressional district shapes to influence the outcome of the election

16



Holten, D., & Van Wijk, J. J. (2009, June). Force‐Directed Edge Bundling for Graph 
Visualization. In Computer graphics forum (Vol. 28, No. 3, pp. 983-990). Blackwell 
Publishing Ltd.

Flights that connect one airport to another. Blending the logical network with the 
layout of the physical locations can be misleading because the path is not necessarily 
correct, and the intersections occlude overall trends
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Holten, D., & Van Wijk, J. J. (2009, June). Force‐Directed Edge Bundling for Graph 
Visualization. In Computer graphics forum (Vol. 28, No. 3, pp. 983-990). Blackwell 
Publishing Ltd.

Using an edge bundling technique, we can enhance the overall trends in the 
connectivity data. However, the edge paths are even less likely to accurately 
represent the paths taken between nodes.
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http://www.gicentre.net/featuredpapers/#/dykesrethinking2010/

Dykes, J., Wood, J. & Slingsby, A. (2010). Rethinking map legends with visualization. 
IEEE Transactions on Visualization and Computer Graphics, 16(6), pp. 890-899.

Design map colors to highlight the important characteristics that should be the most 
salient. This paper gives some guidance for detailed ways to emphasize the 
appropriate structures and to use map legends to convey the relationships between 
features and visual marks
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http://www.gicentre.net/featuredpapers/#/dykesrethinking2010/

Dykes, J., Wood, J. & Slingsby, A. (2010). Rethinking map legends with visualization. 
IEEE Transactions on Visualization and Computer Graphics, 16(6), pp. 890-899.

Get it Right in black and white
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Study to determine if ballot order affects the outcome of elections, and if that 
behavior is widespread throughout london boroughs, limited to a small number of 
them, or more likely in certain regions of the map
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Boroughs for the city of London mapped as the appear in physical space
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Showing Electoral success (or otherwise) of each candidate for the three main parties 
in wards (small rectangles) in each London borough (grid square). Vertical ordering of 
candidates within each borough is by ballot paper position within party (top row first, 
middle second, bottom row third). Main parties iwith three candidates in a ward are 
shown. If no ballot ordering bias existed there would be no systematic structure to 
bar lengths. This shows that more candidates get elected who are listed first within 
their party than do candidates who are second or third.

The layout of the grids closely approximates the location of the boroughs on the map 
so that it is easier to look up a known location if you are familiar with it or determine 
general trends for certain areas, such as the 
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http://projects.fivethirtyeight.com/2016-election-forecast

Choropleth map of the predicted outcome of the US election, taken a few weeks 
before the actual election date. Area of each state does not convey the valueable
information of the electoral college, and the votes that each states contributes to the 
outcome of the election
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This hex-based cartogram conveys the number of electoral votes each state 
contributes, but the layout and shape of each state is somewhat distorted. Different 
algorithms exist for constructing cartograms, each with different constraints (e.g., 
preserve layout, adjacency), but all intent on conveying an aspect of the map (e.g., 
electoral votes, population) that would otherwise be obscured through a traditional 
choropleth. 
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Translating geospatial data to a non-spatial context, in which the states are turned 
into a tug-of-war representation across the dividing line for the number of votes 
required to win the US election.
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Example video clip from the West Wing (TV Series) discussing the differences 
between map projections.
Peters projection has now been adopted by the Boston Public Schools
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Different map projections are designed to preserve one or two attributes of the land 
masses they portray. Mercator maps are not intended to show an accurate 
representation of area. Instead, they are used to give an accurate representation of 
shape. The coastlines of the land masses on a Mercator projection are almost exactly 
on.
In a Peters projection, land area is preserved, but shape is not. If you go to Greenland 
you will notice that it is not, in fact, several times wider than it is tall. This could be 
described as a distortion in aspect ratio.
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Cannot project from sphere to plane without distortion: something must give. Most 
try to avoid interruptions, or gaps, in the projection to a plane. 
What if we embrace, rather than avoid interrupts?
Myriahedron: polyhedron with many faces.
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Choosing a cutout path through a mesh / dual mesh that allows us to flatten it with 
no cycles and no foldovers

31



Graticular projections (cuts along meridians): 
https://www.youtube.com/watch?v=b1xXTi1nFCo
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Trying to keep cuts from going across continents. 

33



Instead, repeatedly cut elements into smaller and smaller subdivisions to minimize 
gap size
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Alternative cut techniques depending on the goals of the map
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Using this technique, we can also embrace alternative goals that are not usually 
considered, such as focusing on the oceans and minimizing the representational 
accuracy of the land masses.
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Video of the myriahedral projections approach and the various folding and unfolding 
techniques that it leads to.
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Mental Maps?
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Daniel K. Wallingford, 1930. 
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Daniel K. Wallingford, 1930. 
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Serves as an organizer of activity or belief or knowledge
Requires Identity (separability from other things), relationship to other object, and 
meaning (practical or emotional)

41



Design and Development of Ciudad Guayana, Venezuela
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From a study by Peter Gould, On Mental Maps, 1965. Students from five universities 
were asked to rank the locations that they might move to. From their aggregated 
answers, we can create a “desirability map” of the US from the perspective of each 
college. Most of the students indicate a preference for places near to the sampling 
location, and other trends are observable across the entire US.

This map reveals the preferences of students from Berkeley near San Francisco in 
California. 
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This map reveals the preferences of students from the University of Minnesota. 
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This map reveals the preferences of students from Pensylvania. 
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Students from the University of Alabama. Unlike the previous examples, there is a 
marked preference for what had previously been labelled the “Southern Trough” of 
undesirability. There is a much more nuanced representation of the south in general, 
indicating a strong preference for NC and VA and a disdain for Mississippi. New 
England is shunned, and a much narrower area of the West Coast is desirable.
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Students from North Dakota. Unlike the other areas surveyed, there is no boost in 
desirability for the immediate vicinity around North Dakota. Florida and the West 
Coast are highly desired, as is Colorado.
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Scalar fields have a value at every location on the map, such as temperature, altitude, 
or wind speed. The resolution that we sample the environment determines the 
resolution of the map that we can create.

Kernel Density Estimation is shown, which translates point-locations into a probability 
distribution based on the prevalence of events and distance to a location. This is also 
commonly called a heat map.

This is the same crime data displayed earlier as a dot map. 
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San Francisco crime represented as height. There are challenges with the 3D 
representation, including occlusion, but this can still be a compelling representation 
of data. 
Sha Hwang
http://postarchitectural.com/Crime-Reports
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Isocontours separate areas into groups that have a similar value, such as altitude in 
the image here to show terrain structure.
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Isocontours can also be used to indicate other features, such as the predicted time it 
will take to get from a single location to all the locations in the vicinity. 
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Sometimes things move over time, such as people, and we want to understand how 
the distribution of data changes over time and if this is linked to location.
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Space-time cubes are the basis for many visualization techniques for space/time data 
by mapping the time attribute to height in a 3D cube. There are still challenges in 
occlusion and perspective, but this is a fairly common method for looking at changes 
in paths and distributions as time progresses.
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The components of the space-time cube and how they are linked across the features 
of the interface.
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The illustration depicts Napoleon's army departing the Polish-Russian border. A thick 
band illustrates the size of his army at specific geographic points during their advance 
and retreat. It displays six types of data in two dimensions: the number of Napoleon's 
troops; the distance traveled; temperature; latitude and longitude; direction of travel; 
and location relative to specific dates.

Don’t invade Russia in the winter.
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Alternative to the space-time cube in which trajectories are stacked sequentially. 
Change in a value, such as perceived radiation, air quality, or temperature, can be 
encoded in the color of the trajectories.
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Hlawatsch et al., 2011
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Vector Fields, from Laidlaw et al. 2005
Users performed three simple but representative tasks using visualizations from each 

method: 1) locating all critical points in an image, 2) identifying critical point types, 
and 3) advecting a particle
Visualization methods included two that used different spatial distributions of short 
arrow icons, two that used different distributions of integral curves, one that used 
wedges located to suggest flow lines, and line- integral convolution ( LIC). Results 
show different strengths and weaknesses for each method. We found that users 
performed these tasks better with methods that: 1) showed the sign of vectors within 
the vector field, 2) visually represented integral curves, and 3) visually represented 
the locations of critical points.
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Animated Earth Wind Map
This Earth Wind Map is created using the Global Forecast System’s data, and updated 
every three hours that the live map is in almost real-time. Furthermore, this Earth 
Wind Map is zoomable and interactive that users can click and grad the globe to 
specific region and level

http://createhtml5map.com/interactive-map-blog/animated-earth-wind-map/
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Alternative Tools that don’t use programming
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Tools for web-based mapping with some scripting/coding.
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Tools for mapping with some scripting/coding on a desktop system.

64



ColorBrewer, an online tool for selecting good map colors.
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Two excellent resources for learning more about spatial data visualization:
Kraak, Menno-Jan, and Ferjan Ormeling. Cartography: visualization of spatial data. 
Guilford Press, 2011.Harvard
Heavy focus on the visual properties of encoding data visualization, with some good 
practical discussion. 

Arthur Robinson, H. Elements of cartography. John Wiley And Sons, Inc; New York, 
1958.
Fundamental GIS text, covers overall discipline and in much greater depth. Some 
elements are dated, but still, covers many important concerns for mapping spatial 
data.
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