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Introduction

Mapping how things move through space is a siganifichallenge. Creating workable
cartographic representations that can meaningéplaly particularities of movement
and also aid the investigation of the patternsdifidrent process of mobilities has
stretched mapping practice and is, in many respsiifisan unresolved challenge for
cartographers, information designers and visuadisgirogrammers. Producing
aesthetically pleasing and analytically useful mafpspaces of mobility has become
one of the key research frontiers in cartograpld/geovisualisation (Andrienko et al
2008; Dodge et al 2009; Dykes and Mountain 2003).

Mapping as a process of knowledge creation is rti@e just drawing lines on the page
or displaying dots on screens and, as such, a ragpact of the challenge of visualising
mobilities in a meaningful form comes before episiogical actions (data
symbolisation and graphic inscription), and instkeslin ontological decision-making
around what is deemed mappable in a given domairibem which data is actively
selected for mapmaking. As has been well documentegping as a process of
abstracting reality, operating with both technotadjiconstraints and socially-
determined values, works by selection and clasgiio to construct a partial but
believable representation that provides a convipsoiution to a particular problem.
What is chosen to be mapped is as important asattiegraphic design or the utility of
the finished representation. This ontological basismapping is easily overlooked but
very much evident in the cartographies of movem@nty certain aspects of mobility
are deemed mappable and fewer still are selecteslifgey, classification and

inscription.



Mapping the structures of what outwardly appedraanaterial objects to human eyes
and hands at microscopic, atomic or now subatonaltes reveal that physical things
are not solid but composed of the incessant matiomaves/particles of energy. At
another scale, the ground under our feet appead but we know from geological
evidence that the earth’s surface is made up ofimgdectonic plates (continental drift
of the Eurasian plate is about 20mm per year, ioggibly slow in human terms but
sufficient to completely reshape the Earth ovesva nillion years). What's more, the
periodicities of the day, months and the seasotiseoyear, demonstrate that we are all
riding on a planet in very rapid rotation and aabinotior. And if we accept
conventional astronomic theory, premised upon Edwdbble’s (1929) ground-
breaking observations, all matter in the visiblévarse is moving outwards at the speed
of 77 kilometres per second per 3.26 million ligktrs from the time-space ‘big bang’
origin. Indeed, some of the first mapping represons produced in recorded history
were quasi-religious diagrams plotting observedstel motion and granting power to

priests to predict future occurrences in the skguie 1).
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Figure 1. An early spatial graphing of moving objet Dating from the tenth

century it was designed to plot the cyclical motiomf seven planetary bodies across
a grid of time intervals. Graph found in the appendx to commentaries by
Macrobius on In Somnium Scripionus (Source: Author scan from Funkhouser
1936: 261).



Closely coupled to spatial movement at multipldescan terms of the ontological
challenges in mapping is that everything is in pescin terms of temporal change. As
with space, much of the passage through time o&tigsales too short or too long for
unaided human perception. The apparent fixity wetdrial geomorphology is an
artefact because the processes of change work théyonan lifespans but when
mapping at longer time scales the surface of theqtlis ceaselessly changing, driven
by the inexorable, transforming forces of volcanema weathering. So much of
movement in space, change through time and thegeahgmamism of objects in time-

space are never deemed mappable, captured obeddn cartographic products.

Static cartography - fixing space, freezing time,tepping motion

The ontological difficulties in mapping mobilityeamultiplied because of the common
media of representations for topographic cartographd scientific diagrammings more
generally, have been static inscriptions fixed apgy. Conventional mapping practice
has typically dealt with the fact that everythingwas and everything is changing by
actively denying this reality in the process oftedxstion. The working solution of most
mapmakers down through history has often beenpi@sent phenomena and process
by artificially freezing time at some arbitrary ppand halting movement or simply
ignoring things that were mobile. As a consequenearly all cartography is fixed in
time and provides a static representation of spes.is so obvious that it is easy to

overlook when using conventional map products.

The lack of temporal sensitivity in most cartograpdtesign means that so much of the
spontaneity and serendipity of everyday eventsriadte places feel alive is not
conventionally deemed representable in topograpiaijes. Maps are a lifeless media.
Beyond narrow technical concerns for legible ingaons, this freezing has important
ideological implications because the resulting mapsrently privilege the status-quo
and entrench power-relations that are most edsilyén?. Such fixity of things and
locking-down of events into regular time slotsealty a cartographic fiction, and it
gives an artificial sense of permanence to thedwbidt is really working as a series of
dynamic, overlapping and often contested processes.

Static maps are inherently and particularly seleditn what they can show and crucially

in what is not chosen to be shown. The survey@azedas always favoured things that



appear fixed in the landscape (or with relativelyd durations to human sensibilities).
According to Bunge (1971: iv) the result is thahfaps attempt to integrate over time,
that is, maps assume an average span of timen¥dass that nothing that moves is
mapped, and therefore property is inherently preteover humans.” As things that
move or change quickly and unpredictably tend aaet mappet] this is clearly
problematic for constructing worthwhile and worl@b¢presentations of many aspects
of human culture - like the daily flux of citiess the actual work and social activities
are never mapped. Look at the largest scale urlzguopimg available and there is
evidently a high level of detail of physical stuets but nothing on the changing social
and economic relations transacted everyday or gr@achof mobile bodies, objects and

flows that inhabit the spaces and beckon placeshieing.

How things can move is neither simple nor singirlarature. There many kinds of
movements and an unknown number of patterns. Ialdping suitable mapping
approaches and cartographic design metaphors helprto start to make sense of the
plethora of kinds of movement by imposing taxonoo@tegories. This is beginning to
happen with useful work in cognitive cartographmgnsport studies and GlScience (e.g.
Hirtle et al 2010; Schwanen and Kwan 2012), buteasappears to be no widely agreed
taxonomy for mobility that can be readily exploiteglmapmakers. Figure 2 presents
one of the more useful efforts: a summation whislpldys a quite detailed (but
probably not exhaustive) hierarchical classificatid patterns of movement in terms of
differing underlying motives for the activities. \lhthe GlScience researchers
acknowledge it is incomplete, they claim “classifion and formalization of patterns is
necessary to give guidelines for the developmentsofal and interactive methods that
are expected to enable users to detect and expatterns” (Dodge et al 2008: 2). These
different patterns, resulting from distinct drivemsay well require different kinds of
visual representations to communicate meaningcesjeto a non-expert audience.
Effective visual mapping of distinct kinds of matyilcould also help to better
determine the causation and perhaps even the ezalings that people attach their
journeys. What is causing an observed convergemt®mof group of people, for
example, or is the rapidity of divergence of seblofects due to something significant
(a flight from a new risk?). It seems likely thaibging taxonomic sophistication will

be useful to inform more appropriate mapping walimportant to meeting the

challenges of understanding mobilities.



Movement patterns
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Figure 2. A useful attempt to taxonomise the diffeznt types of movement patterns
as a preliminary to more effective visualisation omobility. (Source: Dodge et al
2008: 3.)

In real world applications such mapping can swifitjcome a technical challenge in
terms of the sheer data volumes involved in tragkiotentially millions of individual
objects or aggregated points of movement at fiaawarity in space and through time.
Dealing with realistic scales of data has indeezhlmne pragmatic reason why much
mobile and temporally dynamic phenomenon has neagped. In addition to the ‘big
data’ challenge, there has also been a seriousediestconcerns, as designers and
mapmakers have struggled to develop a meaningéue#active visual language to
display motion on static media of distribution.ni@ny respects existing
representational solutions for envisioning spagehss the conventions within
topographic cartography (e.g. familiar graphic fialef points, line and area styles on
‘default’ British maps produced by the Ordnancev8yy, and thematic mapping (with
its shaded polygons and proportionally sized sysjdwdve lacked the semiotic

capability to really convey the dynamic nature bygical mobility or temporal change.



Solutions to mapping mobilities

The ontological and technical challenges of reprisg physical movements and
temporally dynamic processes have spurred cartbgrapand latterly researchers in
geovisualization and information visualizationdevelop novel solutions. These
solutions can be broadly grouped into three kifdeapping: firstly, extending static,
single, cartographic images through clever grapghgigns; secondly, making maps that
change through the medium of animation; and thjnaéng digital technology to

deliver ego-centred maps that are interactive andmically updated in harness with
the person’s movement. We will review each of theggeroaches in turn, considering a

range of exemplars.

(i) Developing clever graphical designs

Whilst acknowledging the general weaknesses of nsoolrentional cartographic
design in adequately capturing a world of movingeots and representing dynamic
change, there have been some notable attemptsdtodecreative solutions to display
mobility through static spatial imagery. Here wél wonsider, in particular, flow maps
and ‘fish-tank’ time geography diagrams as somih@fmore sophisticated design
innovations, and while these are not widely depdoyereal-world contexts, they do
nonetheless show what can be done with ingenudyséill. As such they may seem
unusual and unconventional ways of representingrgghy and spatial patterns, and
are typically not well covered, if at all, in mairesam cartography textbooks. What's
more, they formed part of the default palette ofiiseutomated designs afforded in

mapping software and GIS suites.

Flow mapping can be defined as the productiongrbahic “on which the amount of
movement along a linear path is stressed, usuglliynes of varying thickness” (Dent
1995: 234). As a mapping technique it emergedemiheteenth century creative
‘explosion’ of thematic cartography developed pwgfally for the needs of state to
understand the increasingly complex economic antkmake-up of industrialising
nations, with their rapidly growing populations aganding cities (cf. Robinson
1982). Conventionally the first flow map is credit® Henry Drury Harness, who had
the task of representing the pattern of passenigerslling on Ireland’s new railway
network for a report to Parliament (Robinson 198&hough now acknowledged as an

innovative design, it is unclear how widely seemndluential were Harness’s railway



flow maps of 1837. Another more widely known mapgpat the spatiality of flows also
arises from the ‘golden age’ of inventive thematctography in the nineteenth century.
It was created by a retired civil engineer, Challeseph Minard, in 1869. It seems
simple at first glance, but it provides a surpggyrsophisticated mapping of the
movement of the French army in the Russian campzid812/13, in which over
400,000 soldiers under Napoleon’s command eitheertied or died. Hi€arte
Figurative provides a distinctly diagrammatic form of mappiagd a highly effective
and efficient representation of a complex, multidnsional set of data, recording the
movements of a massive army over many months aretadghousand miles from the
River Niemer in present day Poland to occupy Mosdmfore being forced to retreat
again (cf. Friendly 2006; Robinson 1967).

Flow maps as a cartographic design solution thatieaogether the scale of movement
with spatial location and direction remain a distive and somewhat specialised
approach, although they have been developed diecadrk of nineteenth century
pioneers such as Drury and Minard. A contemporaplayment of flow mapping has
conducted by quantitative human geographer Danmiirigaas part of his extensive
and ongoing analysis of inequalities in Britishisbc Dorling has a deep interest in
developing creative and clever maps and diagramistalise the latent socio-spatial
pattern locked in large demographic datasets ssitheaUK national censuses. In
particular, Dorling has exploited cartograms tacallly distort spaces of representation
to show more clearly social reality (see some sfrbcent books for copious examples,
such as Dorling 2012; Dorling and Thomas 2011)th&spre-eminent data source for
the State, documenting the social makeup of thematensuses tend to privilege fixed
populations in space and time (people are tiedsiogle ‘night-time’ residential
address as recorded on midnight on one designateis day). More recent decennial
censuses in the UK have, however, asked employgulgabout their daily ‘journey to
work’ and also recorded previous addresses onebgtare the census date to try
capture some measure of residential migration. & jeestions have provided the raw
variables to create unique population-level moverdatasets that can be analysed as

flow matrices between zones and mapped as flow maps



Dorling has experimented with how such large andmex patterns of aggregate
movement might be visualised, and two exemplatssoivork in this direction
exploiting data from the 1981 census for Englandi\ales are displayed in Figure 3.
In trying to synthesise and visualise such a lagjeme of data on a single flow map
there are clearly challenges of legibility of detar individual zones, in spite of the
exaggeration of geographic scale by the use afanegram projection. However, such
mapping does capture some of the essence of nyddtilé societal level by detailing the
sheer complexity of daily commuting and significamount of multi-scalar annual
residential moves. Mapping the dynamic nature ofad@pace through movement at
the national scale is often never seen and caeftiterbe perceived as somewhat
unconventional. Instead the vast majority of offigeports and academic analyses of
the structure of society relies on a small tropdexcriptive statistics, a narrow range of

charts and the tyranny of the choropleth as dethathatic cartograpfy
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Figure 3. Innovative mapping of movement at the séetal scale produced by
geographer Danny Dorling to visually demonstrate te complicity of flows between
thousands of places in England and Wales. (SourcBorling 2011, pp. 181, 197.
Reproduced by permission of Danny Dorling.)



The amount of information encoded in the flow mathwariable sized bands and
movement arrows can be increased by exploitingrajteghic variables for these
symbols, most obviously shading styles and colasr. A colour ramp may be used to

indicate varying speed along the line of movemembi@nsity of traffic.

Flow line maps are not the only way to visualisevement through space. Another
quite different means to represent movement islgqdiatinctive because it is little
seen in comparison to the default designs of themattography. This method of
mapping exploits perspective drawings to createnae of a third dimension on a flat
image that can be used to represent time, andhtbuement. These pseudo-3D maps
are termed space-time cubes (STC) - or more caldigufish-tank’ diagrams - and
the design metaphor arose principally out of Tersiégerstrand’s influential work in
the 1970s developing the approach to human ackwibyvn as ‘Time Geography'.
Figure 4 is one of his original path diagrams,ghecursor for more complicated STCs

displaying people’s daily mobility.

Mapping time-space by ‘fish-tank’ diagrams focuattention on the paths that
individuals or groups take as they go about thailydctivities, as well as highlighting
the places they dwell in between periods of movenidme projection of movement up
into the z-dimension above the X, y ground plaredsiite simple concept in visual
design terms but can prove effective in revealiagpnal mobility (cf. Lenntorp 1978;
Kwan 1999). People’s accessibility is mappablethig method in relation to the social
structures of modern living and physical constsaoftmoving the corporeal body
which shape everyday spatiality, in often subtlgsv@.g., the provision of free
workplace car parking or stopping points along futshnsport routes and the
frequencies of service, the timings of the sch@y @nd the shift patterns set forth by

employers).



Man-Machine

Figure 4. An idealised way to model movement encorapsing the notion of paths
through Time Geography developed by Torsten Hagersiand and presented in his
influential 1970 paper ‘What about people in regioml science’. (Source: Author
scan from Hagerstrand 1970: 14.)

Space-time cubes can become surprisingly compléraw in practice, as questions of
geographical scale present a representationakciyglwhen trying to map out real
lives, as well as a result of the legibility recquarof the base map to facilitate
interpretation. Also, thought needs to given to st to scale the time axis and the
granularity of units to appropriately capture thamges, but also to cope with long
periods of little or no mobility. Yet effectivelyedigned STCs can show the ratio of
being motionless to mobile in daily life, along vihe innate creativity in sequencing
and chaining-together of activities in time andcgpto facilitate solutions to daily tasks.
Most people’s daily mobility is habitual, citatidrend strictly local in scale; and much
is about going to specific places for face-to-faxteraction. STCs are particularly
useful for showing so-called ‘coupling constraintgiich tie people together at agreed

points in space and time. Such practical conssdimit others scope of potential travel.

The significance of different transport infrastwels and communication technologies
to everyday mobilities — and people’s differentiatess to them — can be effectively

displayed using STCs. For example in his doct@s¢arch David Mountain (2005)
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visualised his movement paths, recorded via GREIbgs, and using colour coding in
his fish-tank diagrams to delineate different moalesavel (walking, cycling, public
transport) (cf. Dykes and Mountain 2003). Equdtly thore expansive spatial flexibility
(seen by some as ‘freedom’) of the private car,radically extend personal mobility in
comparison to someone tied to public transportttles. In the ‘fish-tank’ diagrams,
the vectors of travel are intuitively mapped by légnagth of the path in the horizontal
plane equating to geographical distance and thpedbthe line indicating the speed of
movement. Steeply sloping paths provide recorddavi physical movement, while
shallow gradient represents rapid travel. Whatislér to visually encode is the cost of
movement, the degree of sustainability or otherwiseavel patterns dependent on
fossil fuels. There is also scope to visualisediseance traversing nature of
telecommunication (e.g. the action of a point-tcapphone call represented in
H&agerstrand’s initial visual model, Figure 5 abosfe Adams 2000), although how to
fit more complex online activity, which is potedlyamulti-scalar in nature, is more
difficult because the ‘wormhole’ effects createdviryual interaction cannot be
represented within the coordinate space of thdesifigh-tank’ (although see efforts by
Kwan 2000).

Analysis conducted within Time Geography has ofiean based on small samples of
individuals, using primary data gathered by inteasjualitative methods, and the
results presented by hand-drawn diagramming peaclicis approach has been
quantitatively extended in the last decade or seXpjoiting the automatic capture of
time-stamped movement data (via GPS and the trgakimobile devices) making it
possible to efficiently map out many people’s atfigpace. Displaying the time-space
paths of hundreds or thousands of people at andtg-scale required a shift from hand
crafted cartography to computerised mapping. The&kwbMei-Po Kwan (cf. 1999,
2000; Kwan and Lee 2003) is especially notewonththis regard where she has
exploited geovisualisation concepts to chart massaxlividual space-time paths in a
three dimensional GIS. An example, shown in Figyre which the local ‘fish-tank’
metaphor is remade into a city-wide ‘aquarium’,hwgbtential to show something of
the mobile throng of daily activity that brings arbspace alive. As Kwan and Lee
(2003: 51) note, “unlike quantitative methods ttesitd to reduce the dimensionality of
data in the process of analysis, 3D geovisualinatiay retain the complexity of the

original data to the extent that human visual pseo® is still capable of handling.”
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There is additional flexibility of visualising tHeTC within 3D GIS because it enables
the user to interactively select and classify whahown, along with the ability to
query individual paths (and stations along a patit) crucially to control the viewing
perspective by panning and zooming. The potengalif geovisualisation provide a
much greater scope for the display of large datarmwes, but this cannot necessarily
overcome the fundamental limits of this metaphomi@pping individual movement
(cf. Kraak 2003), most particularly legibility isssiwithin congested urban centres at
peak times, with over-plotting of multiple pathsara bewildering mess. This mode of
mapping also struggles when the temporal dimereskgands beyond the daily or
weekly, and with the difficulty of showing the widpatial scale of occasional long

distance trip, overseas holidays or events likeedl 8f hospitalisation.
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Figure 5. An example of Mei-Po Kwan’s work exploithg the power of 3D GIS to
extend the single STC to visualise many people. this case the time-space
‘aquarium’ is showing paths of a sample of Africanand Asian American people in
the city of Portland, USA. (Source: Kwan and Lee 208: 60.)
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(i) Developments in map animation to show movement

Beyond clever graphic symbology of flow mapping &achnical sophistication
involved in plotting 3D pathways in time-spacehfilanks’, perhaps the most obvious
way to show physical movement of object and mdtehange in the landscape is to
make an animated map. The development of animatitim is testament to the
potential for showing life-like change by displagia sequence of still images in rapid
progression. There are many different componends tanimation that can be modified
(and manipulated) to produce very different visfécts. While map animation would
appear to be ideally suited to showing mobile phegrma, and has obvious advantages
over a conventional static cartographic image -d&mentally because the mapmaker is
able to displaydditional spatial data over and above one single map —ndsbas
questioned whether people can easily read map &inmsacompared to a single map
solution, and how far they can reliably cognisetigpanformation when images are
only visible to them for a fraction of second (Haver 2004).

In general terms there are three major kinds of ammation: temporal animation,
showing change (such as ‘canned’ 24 hour weathec#st animations widely seen on
television and the web); motion focused animatstrawing moving objects (tracking
site such for buses and train and planes); andyth@mic viewpoint animation, where
the camera [the viewer’s perspective] seems to nibreevirtual flight over a map
landscape or zoom from space to ground level gatethiagery beloved by news
media). The basic types can be combined to create complex movies and when
used with interactive display controls, then carapiyy crosses over into the realm of

geovisualization.

As an exemplar of the genre, Figure 6 shows omadraf an animation of the motion
of a hurricane, one of the most dynamic aspectgeather and, because of its
unpredictable mobility, a real hazard to life amdgerty in susceptible parts of the
world. Here the viewpoint (camera) is fixed andadis regional base map gives spatial
context over which a moving phenomenon is animatetalso temporal change
(although the time duration is not indicated to tfeaver). The dynamic element in the
animation is the swarm of arrowheads representing speed; these track across the

map in an intensifying vortex towards landfall twe Louisiana coastline. The size of
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the arrow symbols increases to denote increasiegdspvhich is combined with colour

to try to connote something of the raw power oftibericane.
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Figure 6. Sample frame from a two minute map animaon plotting the final track
hurricane Katrina which did so much damage in Augus2005. (Source: Royal
Meteorological Society, originally online at
http://www.rmets.org/video/climate/katrina.php. Author screen capture.)

As noted above, the tracking of people’s movemastibecome much more feasible
with digital devices, GPS and cellular communicath@tworks. The movement
databases can be usefully represented via map tomsand the possibilities were well
exploredin an innovative experimental art projemtducted by Esther Polak and the
Waag Society in 2002. Calledmsterdam RealTintée initial project was tracking a
small sample of volunteers as they moved aboutitizewith an updating map
displayed in the Waag Society gallery as partlafger public exhibition. The project
developed its own tracking hardware system to @l adapting a PDA to link to a
GPS and share the location coordinates continudnyshgobile phone protocols.
Tracking the volunteers throughout Amsterdam shol@e surprisingly detailed
spatial patterns of urban circulation could betomver several weeks which were

shown in short map animations (Figure 7).
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Figure 7. Sample frames from a five minute map anim@tion of the some of results
of the Amsterdam RealTim@roject, 2002. (Source: Original map animation
available at http://realtime.waag.org/en_index.html Author screenshots.
Reproduced by permission of Esther Polak and Waagdsiety.)

The act of animating multiple map frames can bewgsful visualisation technique for
mobile objects and dynamic phenomena. It can raheads that would be unseen in
single, static cartographic displays, but one ne¢ed® careful that what is revealed is
actually ‘real’ and not merely an artefact emerdnogn the map animation process
itself. A particular challenge in this regard isshoartographers handle scaling of the

time dimension when making map animations. Mosrofeal-time needs to re-scaled
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to make a feasible display for viewers by eithezesjing up movement or slowing
down change.

Animating maps to show mobile spatial phenomengpbéantial but may raise as many
challenges as it solves for the cartographer, dotyin the practicality of design. For
example, how do you convey details of the passagme on the map key that informs
but does not distract the viewer? Can map animsistow multiple parameters for
rapidly moving objects given that viewers cannoetlwn details or easily make
comparisons with a complex legend? In this regaag amimations are often grossly
simplified in comparison to the amount of data et be effectively conveyed on
well-designed single thematic maps which can beidened at length. Therefore they
might not be an efficient way to map spatial pheaoa In the future the development
of more effective map animations could perhapsil@auch from cinematography. As
map animations become more sophisticated in tefriieew design look and modes of
user interaction then perhaps their intrinsic @aaphic basis is morphing into
something distinct from ‘a map’. Here one mightusrghat cartographic approaches
remain valuable even as more interactive visuatisdiecome possible, in much the
same way that photography - based on single, stasiges - remains a powerful visual

media in spite of the availability sophisticationconematography and interactive video.

(i) Emergence of ego-centred, dynamic mapping

The availability of and easy access to very delaildan mapping, largely for fféenas
become taken-for-granted in many countries ovep#st few years, reflecting a radical
shake-up of the political economy of cartographimdpiction, and efficiency gains from
online delivery. Many people today are carryingusue mobile devices with

sophisticated mapping capabilities that were tlesgnve of the best-equipped elite
military forces only a decade or so agbhis is remarkable because most people regard
it as unremarkable! The availability of such detditartography on-demand taken
everywhere with the user is quite clearly contrifogito new mappings of mobility, and

is perhaps itself even changing how and why we move

Mobile maps are challenging mapmakers and intenactesigners to develop effective
cartographic design solutions that can convey nmgaom small screens and often in

adverse viewing conditions. Beyond issues of dedlgre are also deeper conceptual
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changes to the fundamental nature of the map snatle of wireless access, as the map
becomes ego-centred and generated from dynamietinel data. The result is that
mapping seems to be much more personal and muahpnesent — this makes it
potentially much more useful for mapping mobileisties. There is a perceptible and
significant shift with people no longer being com&rs of a fixed range of cartographic
products, instead they are becoming mapmakerd@lelerol increasingly sophisticated
spatial data (like satellite imagery and Streetget@ envision their own geographical

context in a relevant way.

As noted in the introduction to this chapter, cortienal maps were static and tended
not to show things that moved or changed, but ey are becoming dynamic, carried
on mobile devices and using cartographic dataupdates in time according to the
person’s spatial context. Map use is no longerdfiteeparticular places (e.g. sitting at a
library desk or in front of an expensive graphiagkstation). Cartography appears to
be more flexible and mutable when rendered on-ddrfram a GIS database, with the
addition of feature query and spatial searchingeqgunlike carrying a trusty printed A-
Z street atlas with it fixed geographical extemgd to one preset scale and the size of
the printed page, along with its alphabetical indexoad names at the back in a tiny
hard-to-read font. The satnav capability of mobil@pping, with its keyed destination,
calculated route and especially the reassurantermmby-turn directions, is potent and

potentially changing how people engage with urlzacs (cf. Axon et al 2012).

These different informational arrangements have lobaracterised in terms of the
emergence of ‘ubiquitous cartography’ (Gartnerd @087), being premised upon new,
quicker, and cheaper modes for capturing geosptal including the rise of
volunteered and crowdsourced mapping (Dodge archkit2013). As important is the
increased coverage, reliability and transmissiardibadth of wireless networks that are
now easily taken-for-granted, but have to be erggizdand maintainédEqually
significant for mobile mapping are the transpareethanisms for continuously
generating spatial positioning that are good endagiut the user’s dot at about the
right spot on their map. The capability of handhdddices is growing and evolving
novel interface controls, coupled with continuousess to software services that seem
to exist magically ‘in the cloud’. The result isatrsmartphones, combining

communication and computation, are highly functl@ral peculiarly compelling,
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acting as personal ‘helpers’ that many people nod ihdispensable — they are carried
lovingly everywhere, positioned in prime spots ablé¢tops and are the first thing
people look at when waking in the morning. Theyaguably the most significant
technology of the age, able to extend bodies agchant cognitive abilities. This
techno-human hybrid is most evident in the ways ttha@bile devices help in navigating
space more efficiently, find the right places anchke the people they want to meet.
These abilities, labelled as ‘location-based sew/i(LBS), are one of the ‘killer apps’
that have made smartphones so seductive to theemvand promise many commercial

opportunities for those able to monetize mappind) gpatial search services.

These mobile devices and LBS are forming a new &indap, what one might call the
‘me-map’ which always positions the viewer at teatce of the mapped world and
crucially can update the orientation and locatioharness to their movement through
space (Dodge et al 2009). “Unlike the geocentripsrthat serve many purposes and
many users in a balanced manner”, according to M20@5: 12), “an egocentric map is
intended for an individual person for his task @atdh.” Importantly, the attribute data
displayed on the base map can be context relehiamtisg only selected aspects that
are important to a person at that time and atghgtcular location. In this sense the
ego-centred nature of the map is more than jusingahe x, y location; it is about
delivering mapping that fits the moment. The toscteen interface of the latest
smartphones is also significant because it shitgole of map from ‘surface’
representation to a tactile interface to spatifrimation, with people caressing the
screen, almost massaging the map. This abilitypidrol the me-map in such an
intimate way hints at its perceptual power and dasghe connection between screen

display and embodied activity.

The rise of ‘me-maps’ as one of the most deeplyiladbrms of media currently seen,
is significant for how people interact with the Wwband as such should also be subject
to critical scrutiny for the risks and threats thaght result from the undoubted
opportunities and benefits in LBS. Firstly, as soabbile mapping is so intuitive and
becomes in many respects ubiquitous then peomk&nce on them becomes over-
dependence. And with such dependence comes rigka few dominant LBS

providers, as key ‘ring-holders’ for ego-centrictography, will hold undue power to

determine what people see on their maps (and disuaibat they don't see). This
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monopolistic control of the map databases is comgded, especially when the few
alternative cartographic products cease to beatail as is apparent in the rapid
decline in the quality print maps. As we come iy o the smartphone screen as our
sole source of information, do we and should wstttlie mapping presented to us —
remembering the suppliers are unaccountable arfd-protivated companies like
Google, Apple, and Microsoft? They are often m@erstive about their practices than
state agencies, claiming the right of commercialfidence. It could be argued that on-
demand egocentric mapping has greater scope feptiee manipulation because they
are more matched to the individual user than massep map products. The spatial
search at the heart of LBS can also be easily anertty distorted to highlight features
like favoured businesses and to deny the existehothers (see analysis by Zook and
Graham 2007). While there is no tangible eviderfcioh overly-discriminatory
practices, one can imagine mobile mapping algosthimat work to deny access to the
‘wrong’ kind of people but deliberately direct tmght’ people to more expensive,
profitable places. This is plausible because ttrengic, personalised, locative nature of
‘me-maps’ is such that they can completely invadéndividual’s spatial privacy.

Many people do not consider their smartphone sdeée a two-way medium, so that
while it maps for you it is also mapping you foosle who control the service. Mobile
mapping arguably breaches people’s commonsensansaif freedom of movement

and anonymity of activity.

The depth of this intensive and intimate survegawithin dynamic me-mapping, and
the risks to personal identity and the autonomseif; is clearly indicated by the
number of powerful interests seeking to exploit ifeophone tracking data. Mobile
network operators have also proved reluctant teakwhat data they store, what they
can do with it and with whom they share it or #atinto. This was illustrated by
German politician Malte Spitz who challenged thgutation around the retention of
personal transactional data by large companiesiiog $iis mobile phone provider
Deutsche Telekom to release some 35,000 data geoarHis activity from August
2009 — February 2010. To highlight this issue hesented his own data online (Figure
10): “Seen individually, the pieces of data are tlyaaconsequential and harmless. But
taken together, they provide ...a profile — a cleatype of a person’s habits and

preferences, and indeed, of his or her life.” (Biann 2011: no pagination).
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Major demographic and marketing corporations aenkeinterested in such
continuous profiles created by mobile devices.d@odare a number of academics
working in harness with network operators and LB8panies (e.g. Ratti et al 2006).
The micro-geography of movement and its relatiealgy availability from mobile
devices has also been a boon to law enforcementigge The suspect’s mobile phone
is now seen by police as one of most vital piecevidence to be seized during an
arrest, and a whole new branch of digital forensceveloping to strip the data and

analyse it (e.g. Nutter 2008).

The voluntary carrying of smartphones everywherktarir seductive egocentric
mapping services takes individual surveillance tew level of granularity by

observing people continuously through space-tinmggawith the capacity to link
movement patterns and positions of dwelling tonmfation searches, pictures taken,
payments made and social communications sent aed/egl. This kind of matrix of

data on material activity and daily behaviours tmespotential, when analysed
appropriately, to reveal key aspects of peopleeniidly and the meanings they attach to
places and events. Such intensification of spatialeillance, often seen as an essential
and unavoidable part of participation in the mobibeiety, is creating a digital shadow
of people’s lives, of unparalleled detail, in thetabases of massive corporations that

run the networks, control the handset software,cdfet alluring free mobile services.
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Figure 8. ‘Tell-all Telephone”, an interactive mappng tool allowing users to probe
six months worth of communications data for GermarGreen Party politician
Malte Spitz. (Source: Author screen capture of
http://lwww.zeit.de/datenschutz/malte-spitz-data-re¢ntion.)

In many respects the continuous tracking of pesptgvements and physical activities
through their mobile devices is just the tip of ibeberg for automated real-time
tracking of moving objects. It is widely predictégat in the near future that everything
that moves and has significant value will be unigi@gged with RFIDs and tracked by
a dense mesh of sensors (Kitchin and Dodge 2014ag¢kihg all shipping containers
around the world is routine today but soon thedélw complete tracking of everything
manufactured within these millions of shipmentsyhbe goods move through the
distribution channels, retail sites and placesomistimption and then where they are

disposed.

Conclusions

In conventional form the map is a poor means toesgnt the world in motion, it has
been a static medium unsuited to showing changerervément. Maps typically seek
to present a timeless view of space, arguably doptheir denial of their subjective
and partial nature, and to project an aura of ailvjecthat they represent reality in an

accurate and trustworthy fashion. There has beesiderable creative design work by
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cartographers and others to overcome these limmsitwith some of the most
promising developments in terms of flow mapping #r@more experimental work
with animation techniques to make short map moweappearance, the most novel
design solutions are the so-called ‘fish-tank’ déags that can provide a revealing
mapping of time geography and when carefully drasing real data they have
potential to display the daily choreography thdtasd to represent on conventional

‘flat” maps.

Despite significant developments in the past decad® with greater volumes of
detailed tracking data and the rapid developmepgofcentred ‘me-maps’, there are
many challenges in mapping movement. It is an Exgdrea of research in academia
and an active frontier for applied science by inidusg-inding the right way to map
mobility that can expose something of the undegyiauses and the real social meaning
or economic value attached to it will be very usefwnderstanding and coping with a
changing world. It raises profound ethical issweggarding privacy of movement and
autonomy of activity, with the ‘spy’ behind the srtpdnone screen potentially watching
— and recording — everywhere people go. Yet ond auknowledge a duality, here,
because such intensive and intimate mappings ahtheements of people can
undoubtedly have positive applications; for examplapplied research to better guide
transport planners, property developers and aitkite effect structural change in
cities that is in harmony with major social drivefsmobility and can also shape future
travel pattern in ways needed to meet other baakfoals (like sustainability, safety or
social inclusion). As such, being better able tgmmbility could contribute to meeting
significant environmental, social and economicdlehges facing contemporary

societies.
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! The rotational spin of the Earth is around 100&snan hour at the equator and the
annual procession around the Sun is at the velo€ity7,300 km/h.

2 Of course, the elements of the landscape thateemed permanent and mappable are
themselves culturally contingent and vary over ti@pographic maps in the

nineteenth century often indicated watering pldoe$iorses, for example, reflecting

the dominant mode of transport of the time. Margn'gral’ purpose maps today would
highlight petrol stations above bus stops, reflecthe dominant interests of car drivers
above other forms of travel.

% Governmental concern over the last couple of e&swith evermore detailed
mapping of the weather is an interesting exceptidihe rule. Efforts to map (and in
some senses, thereby, control) future weatherrpatie clearly useful to many
hegemonic interests, not least the military (cf.nvhmnier 1999).

* This is changing due to the well documented impnoents in computation, the
automation of data capture and the declining cafst$orage (cf. Kitchin and Dodge
2011). Following in the coat tails on natural scemand biomedical science, there is
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much interest in the humanities and social sciemcezsckling analysis with ‘big data’
that was previously considered impractical or catgldy unfeasible.

® This is comparable to the dominance of Excel Withlesign defaults and helpful
wizards which tend to diminish the diversity of wag which data is charted. Similar
arguments made about the pernicious influence wef®oint on how presentations are
made (cf. Tufte 2003).

® It is far from free, of course. The huge capitzts of granting no-cost public access
to high-resolution satellite imagery are being nrepart, by revenues from
geographically-targeted advertising, but it is ddemng heavily subsidised at the
moment by large corporations, like Google and Miofbas they seek to entice users
to their sites and to dominate the marketplac®ftine mapping. There is no
guarantee that no-cost user access will continbe farovided by such corporations

in the future.

" At least for the affluent minority in industriat@nomies, with the right devices and
technical savvy to work them. The long standingessof ‘digital divides’ remain
unresolved.

8 It is somewhat ironic that flexible, mobile mappiis also dependent on a fixed and
immobile infrastructure. The network hardware neeiesupport mobile services is
substantial but hidden, with wireless telecommuiocs dependent on a dense forest of
antennas connected to broadband and fibre-optiexab
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