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MAPS OF TIME
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e temporal perspective

Maps tell stories. Maps do this well because they present us with an abstract and selected view
of geographic reality. It can be argued that each map has, next to a geospatial and attribute
component, a temporal component. This temporal component de nes the when, the time
stamp of the map. Examples are weather maps representing the rain fall and temperature
Wednesday morning at nine o clock, or a map showing the average temperature in 2020.
These time stamps can refer to a single moment in time, or to a time interval for which the
data has be accumulated and processed. Both on a di erent temporal scale are considered as
snapshots. Figure 40.1 provides some other examples. The map of Iceland (Figure 40.1a) was
drawn by Ortelius in 1587 based on information known at that time. Users of this histor-
ical map will experience it as old because of its design and somewhat unfamiliar incorrect
shape of Iceland. The OpenStreetMap of Iceland (Figure 40.1b) on the right is based on data
available at the beginning of 2021. Both maps of Iceland are snapshots and do not display
events. Events are about change, about movements of goods, of ooding, of urban sprawl,
of changing temperatures, and so on. For maps displaying events we can argue these to be
maps of time. These maps have been designed to tell the story of change, to help understand
changing patterns and trends over time, and help us monitor processes.

Old and new maps of time

One of the rst maps of time, and probably one of the most famous maps of all times, is
shown in Figure 40.2a. It is the Carte Figurative des pertes successives en hommes de
| Arm@e Fran aise dans la campagne de Russie 1812 1813 by Charles Joseph Minard. It de-
picts Napoleon s Russian campaign and was designed in 1869 as a pamphlet against war. The

ow map shows how Napoleon s army started to march for Moscow with around half a mil-
lion soldiers but only came back with just over 10,000. This map and other works by Minard
(see also Figure 40.5) have been described in our cartographic domain by Funkhouser (1937)
and Robinson (1967). Its fame really spread after Tufte s discussion of the map in his book
The Visual Display of Quantitative Information (1983). Tufte is an authoritative expert on infor-
mation design, and his description of the map states: [ ] how multivariate complexity can
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Figure 40.1 Temporal perspective: (a) Ortelius map of Iceland from 1587, (b) OpenStreetMap s Ice-
land (2021)

Source: (a) http://mappingiceland.com/wp-content/uploads/2017/09/177.jpg. (b) OpenStreetMap-authors / licence:
CC BY-SA.

be subtly integrated into graphical architecture, integrated so gently and unobtrusively that
the viewers are hardly aware that they are looking into a world of four or ve dimensions.
His quote It may well be the best statistical graphic ever drawn is echoed by many others,
who have been inspired by Minard s map and used it as a benchmark to evaluate their own
software or mappings. He described the character of Minard s maps well with the sentence
Graphic elegance is often found in simplicity of design and complexity of data. An overview
of the many variants and applications of this map is found in the book Mapping Time Illustrated
by Minard s Map of Napoleon s Russian Campaign of 1812 (Kraak, 2014). The complete works of
Minard have recently been described in The Minard System: The Complete Statistical Graphics
of Charles-Joseph Minard (Rendgen, 2018).
Minard s map visually expresses the narrative of an event and shows what happened
during a time interval of six months. The map does answer a generic temporal question like:
What happened during the given period?. However, can the map answer basic temporal
questions like When?, How often?, or In what order? This often can only be answered at
a general level based on the title, since ow maps lack a direct time reference. Of course, one
can reason about what happens and deduct a few answers, but there are other more e cient
graphic representations to support temporal reasoning as will be explained in later sections.
The map in Figure 40.2b is of a completely di erent nature. It is not a static map like
Minard s map. It is a dynamic interactive map showing the air tra ¢ in the European and
Western Asian airspace. Symbols represent airports and the current location of airplanes.
The map is updated in near real-time based on streaming location data received by ground
stations and satellites. Clicking a plane symbol provides detailed information on a particular
ight such as the airplane type, airline, departure time, estimated arrival, the ight path,
etc. The airport symbols give access to the airports timetable of arrivals and departures.
All kinds of additional map options related to weather or tra c control can be overlayed
depending on one s subscription level.

Types of time

Time can be considered as absolute or relative. Absolute time is described based on calen-
dars and clocks, such as the event happened on 15th August between 15:15 and 17:35. For
relative time events are compared to each other; for example, the event happened before
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Figure 40.2 Old and modern classics: (a) Minard s Carte Figurative des pertes successives en hommes
de | Arm@e Fran aise dans la campagne de Russie 1812 1813 ; (b) real time ight infor-
mation with situation at 03-02-2021 UCT 08:00

Source: (a) Library Lasage - Collection Ecole Nationale des Ponts et Chauss@es. (b) https://www. ightradar24.com.

the outbreak of the COVID-19 pandemic. Absolute time can be linear or cyclic. Linear
events happen without repetition, like human life from birth to death. Cyclic events repeat
themselves forever, such as the seasons. Linear time is typically plotted against a timeline, and
cyclic time on a circular clock.

Figure 40.3a shows an example of changing municipal boundaries over time. This is
a linear event with discrete time stamps referring to the exact moments of change. At
the beginning of 1974 municipalities merged and since that moment a new con guration
came into existence. The timeline shows the duration of the di erent municipal con gu-
rations. The application of the visual variable value from dark (old) to new (light) is used
to strengthen notion of the ow of time. Figure 40.3b displays a continuous event, the
changing wind ow around the Faroe Islands. The map series show the daily situation at
22.00 for ve consecutive days. The temporal information is indicated as text at the lower
bottom of each image.
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Figure 40.3 Nature of time: (a) linear  changing municipal boundaries Steenwijkerland; (b) continuous
wind patterns above the Faroe Islands

Source: www.ventusky.com.

Change

Mapping time is about mapping change. It enables one to understand spatial temporal pat-
terns and trends. Typically, it is possible to distinguish three kinds of change based on the
components of spatial data: change in the existence of a phenomena, change in its location,
or change in attributes (respectively Figure 40.4a c). The time series of topographic maps
in Figure 40.4 demonstrates these types of change. Existential change is about the appear-
ance or disappearance of an phenomena. Comparing 1937 and 1965 reveals that new land
appears in the 1965 map. Attribute change can be quantitative or qualitative. By comparing
the 1909 and 1937 maps it can be seen that number of inhabitants of the town of Blokzijl has
decreased. Comparing the maps of 1965 and 2005 exempli es qualitative a change in land
use. The highlighted parcel switched from pasture to arable land. Locational change is about
the movement of a phenomena or may relate to an expanding/shrinking of a space. Com-
paring 1909 with 1937 shows that the lighthouse has been moved up the pier extension. An
example of expansion can be seen by comparing 1937 with 1965 and looking at the built-up
area of the town of Blokzijl.

Representing change: a single map or a series of maps?

Bertin (1967) was one of the rst to systematically describe how to map change. He sug-
gested to design a single map using the visual variables to express the changes or use a series
of maps each expressing part of the change. This series of maps is what Tufte (1983) calls
small multiples, a set of images in a logical (temporal) order telling the story of change. Actu-
ally, Minard presented such a series of maps in 1866 when he published three adjacent maps
showing the import of raw cotton in Europe for the years 1858, 1864, and 1865.

To illustrate the use of a single map and a series of map a simple dataset on the Faroe
Islands tunnels is used. The maps and table in Figure 40.5a | and 11, respectively, show their
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Figure 40.4 Change: (a) existential change
move

(b) attribute change  qualitative or quantitative change; (c) locational change
or shrink/expand of phenomena
Source topographic maps: Kadaster Geo Information.
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Figure 40.5 Display of change: tunnel built on the Faroe Islands 1960 2020: (a) single map I. no
temporal hierarchy/Il. temporal hierarchy; (b) series of maps I. Period 1960 1975, II.
Period 1975 1990, I11. Period 1990 2005, IV. Period 2005 2020

location, the year when the tunnels came into service, as well as their length. The objective
of the map is to give an overview of when these tunnels became operational. A straightfor-
ward solution is to add the labels with the opening year to the map (Figure 40.5a Il1). Such
a map indeed contains the information but does not o er any sense of time. Answering the
question Where is the oldest tunnel? requires scanning the whole map. To avoid this the
temporal hierarchy of the data has to be visualized. Therefore, time should be considered as
an attribute, and an appropriate visual variable has to be applied. Value is a good choice since
it o ers a sense of (temporal) order. In the example in Figure 40.5a IV the years have been
grouped in four time periods for simpli cation. It is common to use the darkest value tint
for the older categories. The map can now more easily answer questions about the temporal
distribution over space. In well-designed single maps, the notion of time is expressed by vi-
sual variables. An interactive map environment would make answering these questions even
easier as will be explained later in the chapter.

Using small multiples, or adjacent maps, will split the event into smaller time intervals.
In Figure 40.5b, the four time intervals from Figure 40.5a IV each get their own map. To
compare these maps, one has to be sure the scale and design are the same for all maps. The
notion of time is derived by the order of the individual maps, and often the map with the
oldest information is put at the start of the reading direction. One could argue that reading
a map is like reading a comic book. In the case of the use of many maps in a series, like
one for each tunnel, the maps will have to be simpli ed and reduced in scale to be able to
compare. The use of more maps than would t on a single page is not advised. In the case
of a map series like the one shown in Figure 40.5b it is good to realize that the choice of
the time intervals used to group the tunnels has an in uence on how the time series will
be interpreted.
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