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ABSTRACT:

Three-dimensional visualisations are an interestimgfhod for representing model outcomes. But m@sialisation techniques
require expensive software, and a lot of time &atr them. When a large set of visualisations ésle@, or when the visualisations
need to be adapted frequently, a faster and mexéfe method is needed. The first step of the psed model is to create the 3D
elements. These elements are combined with therbapeand distributed to the public using GooglettEaBoth freely available

and commercial software are used in this process.

1. INTRODUCTION

Visualisations are the key to effective public mtgion because
they are the only common language to which allipigents
within the same cultural context — technical and-technical —
can relate (King et al. 1989). Maps are an esggaieliversal
way to communicate about spatial developments. cPoli
makers, for instance, use maps to present theirapéans to
the local community, and scientist use maps to gmtesor
example spatial model outcomes to other scientists.

Traditionally, the paper maps in many sizes anditigg were
the principle way to communicate spatial plans. sEhpaper
maps could be published in reports, magazines, pegvess,
and on posters to reach the different audiencestypar special
occasions a maquette could be made to visualisenitteric,
current or future landscape with a third dimensiBunilding a
maguette is a time-consuming and thus expensive ofay
visualisation. Another disadvantage is that a mtqueannot
easily be shared: people have to come to the magoesee it.

With the introduction of the Personal Computer, nmagking
became less time consuming. With the help of makima
software (e.g. GIS or CAD), it is possible to makenges to
existing maps and reprint them. The difficulty is the
redistribution of the new map. Now that the majoritf
households in the Netherlands have an Internet exdium

In this study we are looking for a method that comab the
flexibility of digital, GIS-based map making withé attractivity
of 3D visualisations. This quest builds upon presiavork by
Borsboom-van Beurden et al. (1996) and Riedijk sad de
Velde (2006). Our need is a visualisation procéss is easy
and quick, and a result that is appealing, easjistibute and
interactive. We have developed a process that makesssible
to create 3D visualisations in a quick and easy. Viag process
is developed for a land-use model, and will bestilated in this
paper using that model as an example. The applediiUse
Scanner model, simulates land use in the couningylicy

alternatives and land characteristics as an iripl. resulting
map is a 100 by 100 m cell size raster of the N&thds with

the future land use in the year 2040. Running tlelehwith

different policy alternatives gives different outpesults. We
will use our proposed visualisation method to gateen set of
visualisations of the simulated land-use changes.

In this paper, the above mentioned process is itbescrand
discussed. First, a short introduction to the lasd-model is
given. After that the construction of the 3D eletsenf the
visualisation is described. Then the software emvitent to
bring Land Use Scanner results and the 3D elentegéther is
explained. The last step in the methodology ispifessentation
of the visualisation in Google Earth. In the cosams section
we will focus on the cost/time effectiveness angligpbility of

(15% small band, 65% broad band, 20% no connectionthe methodology.

European Union, 2006), this medium has become taneisting
option for the distribution of maps in this country

The introduction of the Personal Computer was #igostart of

the leisure computer game industry. The game imgusas

boosted the development of Virtual Reality and Aegted

Reality techniques. These techniques are also catydi for

interactive 3D visualisation of spatial plans. Asen to choose
for a 3D visualisation in instead of conventionaD 2
visualisation can be that it is more appealingtf@ user, and
may be also easier to interpret than a 2D mapsAdiiantage is
the time-consuming preparation of the digital modetating a
3D virtual environment is like building a digitalaguette.

2. METHODOLOGY
2.1 Simulating land-use changes

The Land Use Scanner is a GlS-based land-use ntbdel
simulates future land use. Unlike many other lasd-models
its objective is not to forecast the dimensionasfd-use change
but rather to integrate and allocate future langl-claims from
different sector-specific models. The model hamteggplied in
various kinds of research projects such as: théuatian of
alternatives for a new national airport (Scholterale, 1999),



the simulation of future land use following diffetescenarios
(Schotten and Heunks, 2001; Borsboom-van Beurdeal.get
2007;) and an outlook on the prospects of agricalltiand use
in the Netherlands (Koomen et al., 2005). A fuk@ant of the
model is provided in Hilferink and Rietveld (1999The

simulation of the spatial location of future lanseus based on

three kinds of data:

Current land usea representation of the 2000 land

use in 17 main types, based on a combination of

various datasets.

Regional Land use claimghe future demand for

land for all distinguished land use type specifen
region.

Local suitability: a user-specified combination of

current land use, policy maps and thematic mags tha

indicates the suitability of location for a specitise.
(See Figure 1).

Figure 1. Structure of the Land Use Scanner maatelrge:
LUMGQOS, 2007).

A seriously revised version (4.7) of the model Imeeavailable
in 2005. This new version offers the possibility tize a
100x100 metre grid, covering the terrestrial Ndtreds in
about 3.3 million cells. This resolution comes elds the size
of actual building blocks and allows for the usehofnogenous
cells that only describe the dominant land use. ptevious

Figure 2. Graphic representation of the visualisaprocess.
2.2 Designing the icons for changed land use in 2D4

Different software tools exist to create features three
dimensions (icons) but we selected the SketchUfwaoé by
Google for the following reasons: it allows cregtirviewing
and modifying 3D representations in a relativelycgand easy

version of the model had a 500 metre resolutionhwit way. The software, furthermore, is freeware ands thvailable

heterogeneous cells, each describing the relatiopaption of
all present land-use types. Together with the éhinbion of
homogenous cells using a dominant land use a ngoritim
has been developed that finds the optimal allopatidland use
given the specified demand and suitability defamiti This new
approach is referred to as the discrete model,t asses a
discrete description of land use per cell: each isehssigned
only one type of land use from the total range aggible land-
use types. For a more detailed description of tlestmecent
model version and its calibration and validatioe tieader is
referred to other publications (Loonen and Koom2@Q7;
Tijbosch et al., 2007).

In this study we are only particularly interestadhe locations
where land use has changed in 2040, compared toutinent,

2000 land use. These locations are especially aetevo

policymakers and other stakeholders as they ingliogbere
changes in the landscape are likely to take placeantuitively

represent these locations we will create 3D-visatibns of the
appropriate 100x100 metre grid cells. To this dffee create a
difference map for selected land-use types thaxjorted to
ArcGIS. In this standard GIS-package we will theaate the
3D-visualisations with the Google Sketch-up todheTFigures
2 and 3 depict this process graphically.

without additional costs. However, a professioretsion exists
(SketchUp pro) for advanced users. In our pilotgfuthe
freeware version was sufficient to effectively teeasemi-
realistic 3D visualisations. The SketchUp tool ttesadvantage
that we did not have to rely on the much more caafEd
traditional graphic design (CAD) software. It hdwe tfurther
advantage of being closely linked to both the Gifiveare from
which we export the locations of changed land usé the
GoogleEarth tool that we want to use to show thwlfi
visualisations.

We have chosen to represent the locations of laedshange in
three dimensions for the following Land Use Scarutesses:
Low density residential areasingle family dwellings
with a maximum of three floors.
Medium density residential areasmulti-family
dwellings consisting of low apartment blocks of fou
to five floors.
High density residential areas: high risgpartment
blocks of about 10 floors
Commercial areasoffice buildings and other districts
with big and small buildings
Greenhousedhorticulture in greenhouses



The changed locations of the other simulated |asw@l-types
(nature/forest, agriculture and recreation areadpe shown as
two dimensional squares. For the land-use types ate not
simulated by the model (infrastructure and waterdditional
visualisations are created. Together with the otbeations of
no-change these will be represented through thegl@garth
aerial photo base maps in the final visualisation

The 3D-design of the new land-use type icons in02@ds been
done according to criteria listed below. An ovewiand
graphical depiction is provided in Appendix A. Einze strived
to create semi-realistic icons that are madsctide This means
that the built 3D land-use types will correspondhte 100x100
metre size of the pixels that form the grid. Sa, dzample,
buildings that have a height of 10 metres will takel0 percent
of the length and width of the grids. An additiomaincern is
that we want to represent theure. This means that the design
should have a somewhat futuristic tendency, demgjdiiouses as
they may look like in the coming decades. Last, iit least,
the visualisation must allow a constant speed ¢lverwhole
represented area, thus strongly limiting thle size of the
individual icons. This means that the elaboratibB8D land use
will be conditioned, a priori, by avoiding maximutetail in the
buildings, working with “Textures"which allows the painting
of the created facades, and storage in “Componénts”

2.3 Adding the icons to the locations of change

In this step we add the 3D-icons to the locatiohshanged
land use. Starting-point in this process are thteregrid results
(ASCII-files) from the land-use model that descrili@ each
land-use type, the new locations. These locatisasohtained
from the model by comparing the 2040 land use with
current situation at a pixel-by-pixel basis.

The land-use grids are imported in a desktop GISGAS) and
converted to georeferenced points (shapefiles)s@tee then
exported to SketchUp where every cell (it is theepwith the
land use type information) will be replaced witte treated 3D
icons. The SketchUp ArcGIS plugin allows conversafnthe
ArcGIS data vector geometric features to .SKP fite
SketchUp. We can export polygons that result inr@ug of
edges, vertices and faces in SketchUp, and we xjaortealso
polylines that they will be a set of edges andiges and, most
importantly, we can export points.

The new SKP files will keep the georeference ante si
information from ArcGIS. These points will in Skbtdp be
depicted as small crosses that we will later replaith the 3D
land use created, see figure 2.

Figure 3 Flowchart representing the process

SketchUp allows painting the icons to add detad realism
to your models. We have taken images and we sa&e #3
a texture to reduce size.

" SketchUp allows saving all your icons created as
component (special format file *skp).



2.4 Showing the final results in Google Earth.

Google Earth is becoming more and more a platfdred ts
used to explore, present and exchange (socialjrdeomation.
It is easy to use and it is available for downlogdand using by
anyone. For these reasons we selected it as pa@sent
platform

It is very easy to export files from Google Sketghtd Google
Earth. The buttons are standard in SketchUp (Vielwoelbars
— Google). When the cells come from ArcMap theyalready
geo referenced. When clicking the “Place Model’ | taibe
position is also exported to Google Earth and ks evill be at
the correct position in Google Earth.

We can start making a presentation when the cedlsnaported
to Google Earth. One way to make a presentatida ieake a
flight path over/around the cells. This way you explore the
situation and show the effect of the cells (buitgin roads,
water, etc.) on the aerial photos from Google Eahththe
toolbar of Google Earth there is a tool called “A@ath”. With
this you can make your presentation path. Click "@id the
path is added to the “My Places” folder. When thahpis
selected you can press the “Play Tour” button @nktbttom of
the Places window. Now the view will follow the patThe
height, angle and speed can be adjusted in theinfptab of
the Options panel. To save the project, it is bestput
everything into a folder and save it (Right mousé&dn — Save
As...). This file can also be used to send the ptesen to
others.

One big disadvantage of Google Earth is that & demanding
application: you need a fast connection to therhgeand an up
to date computer to use it. Especially 3d visutiisauses a lot
of capacity of the computer. For this reason yow caose to
render a movie (avi or wmv) from the presentationGoogle
Earth. This is possible with Google Earth Pro.

But the availability of the aerial photos, the kagrale on which
you can present your information and the geo-refgng of the

data are big advantages over professional 3d saft{daya,

3ds Max, Lightwave, etc.), which will need a lof pfocessing
power to calculate big areas. Google Earth can dusl dive

during a presentation if the right computer is uaed the right
Internet connection. This makes it possible to treac the

audience and show things that are asked for.

The cells that visualise the outcome of the Lané Ssanner
make the data less abstract and could make itreasieterpret

the data. It visualises very globally the impacttba landscape.
It is important to know whom you are showing thegamtation:
A researcher who is into the subject will underdtémat what
he is seeing is (in case of the cells) a (unredjaptediction of
the future. But people who have no background méiion on

the subject might think that they see a buildingjgut

presentation and that it already is planned lila.tMake sure
the presentation fits the audience. (See figurex)n

Figure 4. Example of a final representation in Gedgarth.
3. CONCLUSIONS

In this paper we have introduced a new visualisatiethod.
This method aims to be an effective, easy and lost way to
distribute interactive 3D maps. In this section Wwaefly
describe our findings in terms of advantages, #tions and
possible further research.

An important advantage of the method describetiimfgaper is
that it relatively straightforward to perform. Th@&oogle
SketchUp software is easy to learn, and the praoe8sGIS is
a standard GIS procedure. But the main advantag¢hef
method is that once the 3D icons have been cretiteg can be
used over and over again in all scenarios that rteethe
visualised. Therefore this method is very suitafide the
visualisation of large sets of scenarios or altéveanaps. The
software used in the described visualisation p®dssfreely
available, with the exception of ESRI's ArcGIS desk
software. This GIS package used is standard saftwaed in
organisations that work with digital maps, and doeshave to
be purchased for the purpose of visualisations.only

The application of the described method is now téohiin

spatial extent. Visualisations of larger areas, ¢hg whole
Netherlands, are very slow in performance whenscohl100

by 100 meters are used. Therefore the method isuitable for
visualisation of large areas with small icons. Awestlimitation

is the level of detail on the 3D icons. The levkbetail has to
be limited for a good performance. Therefore théhme is not
suitable for visualisations that need a very higvel of detail.
A successful distribution of the 3D maps with Geodarth

depends on the penetration rate of broadband ettewtess. In
the Netherlands most households have a broadbaechén
connection, but this is not the case everywhenaited access
to broadband internet access makes this visualisatiethod
less suitable.

This paper focuses on the methodology and not ety the
visualisations are perceived by the audience. dieroto have a
better comprehension of the usefulness of this adgtfit is

advisable to investigate how people use and urateisthese
interactive 3D visualisations.

The overall conclusion is that using 3D icons fostcefficient,
easy to distribute visualisation offers an intarestapplication



field. Limitations in the application of the metha@pend on
the required scale, desired level of detail andatbrdband
internet access availability.
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APPENDIX A. DESCRIPTION AND DEPICTION OF THE NEW LA ND-USE ICONS

Land-use class New land use 3D features description Picture representation
2040

Urban (built-up) areas Low density Futuristic  single  famil
residential area houses with three floc

Simple futuristic
avoiding irregular structures

desigr H

(including the ground floo

and some surrounding roi fi

and (public) green.

Medium density
residential area

Futuristic apartment bloc
with 4 or 5 floors and sor
surrounding roads a
(public) green.

High density
residential area

Futuristic apartment bloc
with about 10 floors ar

some surrounding roads ¢ ||

(public) green.

Commercial area

Futuristic small and hig
commercial buildings.

Greenhouses A relatively straightforwar ||
representation of a farme
house and greenhouses.

Nature/green areas Nature/forest Dark green polygonal aree

Only simple polygonal colou
avoiding relief forms

Recreation area

Mix of green aret

(recreation) and blue areF

(water)

Agricultural areas

Agriculture

Light green polygonal aree




