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Additiond tothetraditiond land use maps 3D visudisation could provide
valuabl einformetion for applicationsin thefield of spaid planing, related to
ecological and agricultural policy i ssues. Maps of future land use donot
awaysreved the appearance of the physicd environment (the perceived
landscepe) as aresult of |and use changes. This means tha 3D visud isations
might shedlight on other aspeasof changed|and use, such & expected
differences in hd ght or densiti es of new vol ume obj ects, or the compatibil ity
of these changes with parti cul ar characteri gti cs of the | andscape or urban bui It
environment. The Land Use Scanner model was applied for the Netherd ands
Environmentd A ssessment Agency’ s ” Sustd nability Outlook” to exploreland
use changes, followed by GIS analyses to assesboth the development of
nature areas and the degree of urbani saionwithin proteded national
landscges. Sinceitwas fel t that 3D visualisaion could conplement the
resulting land use meps, theland use model output was coupled to 3D
visudisation softwarein twodifferent ways 1) through Studio Max software
in combinati on with iconic rgpresentaion of the concerned Iand use types and
2) through 3D componentsof GIS software. However, the useof these
technigques on anaiond scdelevd for the generation of semi-realigic 3D
animations rai sed anunmber of conceptud and technicd probl ems. These could
be partly ascribed to the parti cul ar formet and of the Land Use Scanner outpuit.
This pager di sausses the methods and techni ques which have beenused to
couplethe output of the land use model to 3D software, the resul ts of both
approaches, and possibl esd utions for these probl ens.
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1. LAND USE MODELLINGAND 3D
VISUALISATION FOR POLICY APPLICATIONS

A number of current policy issues in The Nehelands benefit from
supporting informaion from land use models and 3D visualisation.
Urbanisation pressure, high in the central part of The Nehelands, is not
expededto drop in the coming decades. Besides the pesstent quantitaive
housing shortage tha can be ascribed to populaion growth and household
fisson, theeisalso aqualitative shortage, snhcethe demand for low density
resdences in a rural or semi-rural environmet has not been met & all.
Besdes, a number of traffic problems in this congeted part of the
Netherlands have to be addressed. At the same time further scale
enlargement in Dutch agriculture in the countrysde is common since
revenues are increasingly under pressure by further liberalisation of world
trade and rgorm of the EU Common Agricultural Policy. In traditionally
srong sectors such as greenhouse horticulture, cdtle breeding and dairy
farming, this scale enlargement isregarded as a precondition for continuing
one's business in the long term, which requires further raionalisation of
agricultural pradices. Cther policy issues of importance arethe extenson of
exisging naure areas to a national ecological ngwork, the introduction of
explicit spatial measuresin water management, the redrucuring of intensive
cattle breeding areas and the designaion of national landscapes by the
National Saia Sraegy of the Minigry of Housing, Satial Planning and
the Environment (VROM et al. 2004).

It isclear tha thedevelopments sketched aboveall bear consequences for
the physical environment. For thisreason, insght in the effeds of long term
demographical, socigal, technological and economic developments is
needed to formulae robust policies aticipaing potertial problems in the
future. Mgs of fuure land use are one of the means used by the Netherlands
Environmental Assessment Agency to support policy-making. T hese maps
are usually based on the geodata output of land use smulation. A number of
environmental, ecological and spatial (EES effeds however are hardly
interpretable from these maps. for example the effeds of low densty
resdential development on open landscapes or the effeds of scale
enlargement in agriculture. A change of colour in such amap only depids
the transtionto a diffeent typeof land use. For thisreaon 3D visualisation
has been explored in this sudy as an additional meansto communicaethese
EESeffedsto policy-makes.

But what arethe requirementsfor such an gpplication? Mog exiging 3D
applicaionsinthe field of operaional policy-making, for example for urban
lay-ous or infragrucural condruds give very precise informaion about
projects. T hey show highly detailed designs at well defined locations and are
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often meant for giving informaion on short term changes. T heoutput of land
use models, in favour of draegic planning, however consigs usually of
rather coase grid cells and it concerns the longterm. This impliestha the
level of detail and time scale of the output of the land use model and its 3D
visualisation should be congruent. It has mainly to give an impression of
changes, to show new built-up areas, but not necessarily newly built houses
in detail. In addition, it isimportant to know the geographical location of the
changes. And finally, current land use and land use in future should be
shown in oneview so0 they can be compared.

From the firg pat of this secion it follows tha 3D visualisation can
offer information that cannaot be provided solely by land use maps. Therefore
3D visualisation can be helpful in stakeholder discussions on environmetal
and ecological effeds of land use changes. A number of stholars have
discussed the potential contribution of mapsto a comparable policy domain,
that of participaory aia planning (PSP), for example Bal (2002),
Applegon and Lovet (2003, Tress and Tress (2003) and Hoogerwerf
(2005h). Geertman (2002) considers geo-visualisation in general as helpful
for underganding and communicating future planning initigives and
changes. Applegon and Lovet (2005) and Bloemmen & al. (2005) draw
attention to the conneding fundion of maps and 3D visualisation in
heterogeneous stake holder groups. These often consid of participants who
are familiar with conceptual visualisations during the different dages of the
planning procedure and participants who are not trained in working with
such visualisations and have no skillsto apply these. Often the interpretaion
of map informaion demands too high a cognitive level to read and to
understand the meaning and impac of the oconceptual cartographic
visualisation (see Zube et al. 1987, Krause 2001). An efficient flow of
information, discusson and communication between these two main groups
could be supported by new means, methods and techniques.

For PSP, it is believed tha visualisation of geodata by means of 3D
computer techniques can contributeto more dficiency, asit adheres closely
tothe normal human perception of real world objects which makesit easer
to read and understand (Geertman 2002, Hoogerwerf 2005). An example is
the Virtual London projec of Hudson-Smith & al. (2005) aiming to improve
public participation. It isobvioustha in other policy domainsthan PSP the
representaion and recognition of 2D maps can benefit as well from 3D
visualisation. Dijkdtra & al. (2003) discuss the incorporaion of panoramic
viewsin the evaluation of office gace design altenaives and foundtha the
use of virtual reality technology improved the reliability and validity of
modelling consumer preference and choice. In this pgper we will discuss a
particular example where geo-referenced grid based land use model output is
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processed in 3D visualisation oftware in order to support environmental,
ecological and landscape policy-making.

2. 2DBY 3D

In geo-informaion science differet types of geodaa are usualy
diginguished from different types of visual representation (MacEachren
1999 and Chen 1999). Table 1 shows how geodata types and their visual
represataions can be combined in various ways. Each combination requires
a number of varying transformaions to come from geodaa to visua
represataion.

Tablel. Combinaions of geodaatypes andvisud representaiontypes,
after Lammeren et al. (2004) and Bishop et d. (2005)

Visual representaion
Geodata 2D 2D+ T 3D |3D+ T
2D Land Use Visual Scan application
2D+ T Scanner
2.5D Landscape Feature
25D+ T approach
3D
3D+ T

In the firg column the available geodata 4rucures are shown. The T
points a time seriestha are delivered by spatiotemporal smulation models.
The 2D, 25D and 3D rder to subsequently 2-dimensional referenced data
(2D), digital elevaion models (so-called 2.5D) and three-dimensional
referenced, including three-dimensional topology, asknown from computer
aided design software (3D). The next four columns represent the various
types of visual representaions of geodaa. Two-dimensional geodatamay be
visualised in atwo- (2D — traditional catography) or a three-dimensonal
(3D) way. The T inthe second row points & the implicit or explicit
animaion of the visualisation, an extenson of the concept of dynamic
visualisation by Zube et al. (1987). The adjediive explicit is used to show
tha the end user of the visudisation cannot influence interacively the
temporal and projection parameers of the animaion (e.g. a video). An
implicit animaion offers the user tools to aimae the applicaion
interactively via adaptaions of temporal and projedion paranders (e.g. the
user can decide upontheview pah andthe speed of movement).

Mog of the Dutch land use simulation models as Environmental
Explorer, CLUE and Land Use Sanner provide an oupu as2D and 2D +
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T geodatainthe form of grid cells, for example Groen et al. (2004), Klijn
et al. (2004), Nijset al. (2005). Mgos of current and future land use show the
locaion of changesbut not in which way they have changed. Assaid in the
previous section, if a representaion of these 2D changes can be pu in a
virtual world, it will sgnificantly add to the power of imaginaion of
changing land use because they can convey more informaion abou the
landscape comparing to 2D presentations and thereby needs less effort from
the user to interpre (DiBiase 1990, Bishop 1994, Lange 2001).

When 2D and 2D + T geodata is trandormed to a 3D visua
represataion, the requested level of detail in the 3D visualisation hasto be
chosen, depending upon the purpose of the visualisation. Deails of objeds
vishle in the real world can have useful representaion in the virtual 3D
world but only if the distance to the objects is not too far. If the disance
view is larger, the details of the objeds are not noticeable anymore.
Networks of roads, paternsof fields, shapes of towns, structure of the land
then serve mainly asinformation for orientéion. It hasto be decided which
objectsto show in detail or how to smplify them depending on the purpose
of visualisation. Enhancing some details, which are easily recognizable by
users, such as landmarks, will improve orientaion and recognition. Farther
distance views give the posshility of showing a larger pat of theterrain &
once, but & acertain viewpoint altitude the representaion reaches the point
where the proportion of the heights of 3D terain objects is too small and
objects will not be visble in 3D anymore (Momot 2004). T he next sedtion
will discussin more detail the chosen gpproaches in thisparticular research.

3. LAND USE MODEL OUTPUT

The main goal of the Saia Impressons projed a& the Neherlands
Environmental Assessment Agency wasto portray possible land use patterns
in the year 2030 with maps and other means of visualisation as illustraions
and 3D animaions. The underlying spatial processes were derived from
scenarios developed for the SQustainability Oulook. In each scenaio a
different quality of life isdesired, and different means are used to realisethis
quality. In line with the IPCC scenario (IPCC 2000) scenarios were
congruded by usng the scenario axes technique which at fird seleds the
two most important sources of uncertainties in fuure. The trend towards
globalisation or regionalisation andthetrend towards solidarity or efficiency
were selected. The resulting quadrants, named Gobal Economy (A1),
Global Solidarity (B1), Safe Region (A2) and Caring Region (B2), were
filled in with qualitaive gorylines describing societal values,
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demographicaland economic developmeant, technology, governance,
energy and food supply andmobility (MNP 2004).

A1

Figure 1. Land usein 2030 accordingto Globa Econony (A 1) scenario (Borsboomvan
Beurden et al. 2005)

The condrudion of accompanying maps of fuure land use condsted of a
number of consecutive deps. First Delphi rounds were organizedto guestion
thematic specialids about the supposed underlying spaial processes. From
gecialised models, e.g. on housing, firm locaion and agriculture,
information abou the fuure demand for space was derived. Thisinformaion
was thentrandated to lend use claims, allocaion rules and suitability maps
which were put inthe Land Use Scanner model (see Borsboom-van Beurden
2005) Thisisa multi-nomial logit model tha edimates the probability tha a
certain type of land use is allocated in a paticular grid cell. Land use has
been modelled in 28 classes and grid cells of 500 by 500 meter. Inthe Land
Use Sanner version tha was applied here one grid cell may contain several
types of land use. Figure 1 shows an example of the model reaults for the
central part of TheNedherlands.

4. 3D SOLUTIONS

To creae a3D-visualisation of the 2D scenario oupu different options
do appea. In fad the options include a transformaion of grid-based 2D
geodata into a 3D semi-realigtic visual representation like presented by
figure 2. Inthis study semi-realism was chosen because it was expected tha
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this level would suit the policy discussons the best. This is in line with
Hoogerwerf (2005b) who gudied professonals preference for realism of
visualisations for participaory planning by an internet survey and found tha
epecialy the sami-redlistic visualisation typeis highly suitable for mod of
the use typesand paticipation level.

Figure2. Left semi-realism upper-ight conceptual, lower right photo-redism
(Hoogewerf 2003)

Transformaion involves the creaion of various 3D-objects and linkage
to the original grid data. SO the geo-refaenced data, gill two-dimensonal,
are visualised by help of relaed 3D objeds Theoriginal Land Use Scanner
outpu oconsisted of grid cells of 500 by 500 meres containing a mix of
several land use types. Because grid cells of this size were considered too
coarse for 3D visualisation, it was decided to disaggregatethe daato cells of
100 meaesby 100 meaersfor areference daa 2. It hasto be mentioned that
the spaial configuration of 3D-objedswithin one grid of 100 by 100 meers
for fuure stuaions was not known. For tha reason 3D-objeds have been
designed and by use of these 3D-objeds so-called 3D-models or Land Use
Icons (LUI) of the 28 land use types are congtructed. Each LUI representsa
landscape ‘damp’ which represents the imagined landscape for a specific
type of land use. To conclude, these LUI arethe bass for a semi-realigic
represataion and are intentionally meant to be ssand alone 3D-models.

Originally the LUl have been congructed by usng 3D Sudio Max 2.
Every 3D-model has its own geomerical definition. The geomdrical
definition can range from vey simple to complex. The bitmgps used for
creaing a semi-realism are also ranging from one smpleto more combined
and complicaed bitmaps (figure 3). The last ones are used when semi-
realism could not be visualised by the geometry as such.
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Figure3. LUI: Sinplegeometry and bitmep (upper), conpl ex geometry and sinmple bitmaps
(left under), cormpl ex geometry and bitmaps (right under) (Lammeren et al. 2004)

All theLUI have been designed. It meanstha each of them isbased on a
certain imagination of the (fuure) configuraion of the physical spacetaing
into consderaion the expresson of the land use type adapting to certain
social and technological developments. Developing icons means a design
task; aland use type in a particular scenario could be visually expressed by a
goecific LUI. In this example the rural icons have been based on
contemporary expressions of naure and agricultural adivities, the
infradructural iconstoo.

The land use model oupu has been coupled to 3D visualisation software
in two digindive ways, namely the Visual Scan applicaion and the
Landscape Feature approach. This first option applies data base principles
and operaes via modified game-tools technology to trandae the two-
dimensonal grid data into a three-dimensional visuaisation. Via the
developed applicaion each of the different grid cell values can be connected
to a dedicated 3-dmensonal land use icon (LUI) by a converson of the
dominant land use class into an RGB-colour value. This RGB-colour value
served as a unique key valueto the Virtual Toolsviewer. T hetrangormaion
of the scenario output grid delivers a so-called LUI-link map. The LUI-link
map isaplain BMP-file. Firg the applicaion linksthe LUI-link map (e.g. a
red coloured grid cell represmting urban areainfigure 4) tothe relaed LUI,
which represents akind of land use. Afterwards the goplicaion rendersthe
composition of LUI into a 3D-scene (avirtual reality model). This scene we
call the Visual Scan Scene.
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LUIHink map colour related LUI rendered Visud Scan Scene

Figure4. Phases from2D datainto 3D visudisaion (Lanmeren et al. 2004)

The applicaion developer cen set theinitial stae of all objectsinthe 3D
scene, but Virtools allows also to dynamically change objedt properties by
writing scripts using Building Blocks (BB's) (figure 5). There are morethan
450 different BB' sincluded in the programme, but advanced developes may
also write their own using Visual Scripting Language (VS.), a C++ based
scripting language. The BB's have behavioural Inputs (bin's), which are
used to receive a link, and behavioural Qutput (bOut's) to dart a link to
ancther BB. This type of link istherefore also called a behavioural link
(bLink). A Building Block generally receives or transmits specific data,
which isprovided by the parameter links (pLink), which conneastothetop
(called pln) and connet from the bottom (pOut) of the Building Block
respedively. Thee ae many parander datatypes available, and one can
switch between many of them using parameer operations. A script isthusa
collection of ordered and linked Building Blockstha is atached to either the
scene, to a 3D objed, or to any other element in the developer, such as
camerds, lights and avatas, and is used to change the properties of these
elements & run-time.

Figure5. A Virtools script The Building Blodks (BB's) arerepresented by the squares, the
order of processing by the benhavi oural links betweenthem The numbers depicted withthese
linksindicaethedelay at which thelinkis processed, in this case all BB's arecalculated in
the sameframe (link dday=0), and in dl subsequent frames.
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Although hampered & firg by the enormous calculation time needed, the
Visual Scan application succeeded in making it possble to scan visualy the
differences between the base year landscape and a scenario-based landscape,
or beween two differett scenario-based landscapes. However this
comparison could lead to misinterpretaions due to the fadt tha the curret
situation isonly known by some users. Bes des, stakeholderswho know the
real world situation or the oneswho arefamiliar with topogrgphic base maps
will miss details of the locaion, particularly relative to their individual
cognitive maps. Lynch (1960) already mentioned landmarks, nodes, roues,
edges and areas as primary feaures of relevance of which a cognitive
(mental) mgp consists of. In other words, the visualisation model needs to
med the users expeaaions and knowledge about an area. When the 3D
scene would have atoo abstradt 3D objedt configuration and for tha reason
differs too much from the cognitive meps, it creaes difficulties for
recognition and interpretaion.

In the LUI approach the scenario based output and the current land use
situation are all based on grid data. All these grid data aretransformed into
3D scenes by using the sameland use icons. It meanstha known landmarks,
nodes, dcedaa are not represated. For sSmple interpraaion of a
visualisation, especialy taking into account land use charaderidics, it seems
to be necessary to gply objeds tha visualise the feaures mentioned by
Lynch, as has been done by Al-Kodmany (2002), who creaed cognitive
maps for community planning based on Lynch' theoretical framework.

For tha reason ancther option has been worked out tha tried to link the
scenario based grid data with the topographical data sa tha describes the
current landscape (Momot 2004). For this option, called the Landscape
Feature approach, we garted to use G S software with 3D visualisation
capabilities (ArcGIS3D Anayd en 3D Sene) and the ToplOVec data. The
cregion of this visualisation involved two different procedures. Firdly all
2D-building features were selected and extruded: the condruction of a2.5D
data s¢t. Secondly all 2D tree feaures were selected and geomerically
trandformed into point feaures. 3D-objeds (mainly tree-represataions)
were selected from an included 3D-objeds database and linked to the point
features. After rendering the geodata including 3D-objeds and bitmaps it
offersa 3D visualisation as shown by figure 6.Asdemongraed by the LUI it
isquite difficult to know how the projected land use classes will change the
landscape in 30 years (Appleon and Lovet 2003). For tha reason the
existing landscape data (ToplOvec) is analysed in such a way tha feaures
that will not change within the next 30 years could be selected. A number of
assumptions have been made here. The main road network and the exiging
negwork of canals and rivers will not change. Exiding trees in rows will
remain the same through 30 years, because mog of these trees are locaed
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along the main road nawork and canals. T he areas of which the land use
classwill not change, kegp the same landscape charaderidics.

Figure 6. From2D rasterdatato aVisud Scan Scene (Lammeren et a. 2004)

Based on these assumptions an overlay of the current topographical data
and the new land use classes (the grid cell output) has been made. The
overlay delivers anew geodata s that representsthe areatha will change
including the fea ures as mentioned by the assumptions. The aeastha the
land use classes will not change are kept the same. After visualisation, like
described before, the land use classesthat are anticipaed to change (in grid
cells of 500 by 500 meter) are shown by white sguared underground with on
top topogrgohical feaures (infragructure water and treeg. T he unchanged
land use classes are visualised by all topographic feaures from the origina
geodata set (topl0Vec). Finally the white squares have been filled in by a
colour tha representsthe dominant land use class. Infad the original goal of
the project was to place the 3D icons of the LUl goproach on top of the
changed grid cells, but a successful technical solution was not found.

Figure7. Pat of Top10vector andthevisua representaion (Mompt 2004)

Both approaches appear to have pros and cons. T echnical problems due
to the enormous amount of time needed to render the visualisations plagued
both approaches. Fortunaely, a soluion could be found for the LUI
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approach but the Landscape Feaure approach was not compleed
satisfadorily as areault of thesetechnical problems.

In addition to this, conceptual problems occurred too. During the design
of the iocons it was increasingly realised tha informaion lacked about a
number of spatial aspeds, such as the assumed spatial structure in future,
changes in densties and spaia relaions between land use types. These
conceptual problems are difficult to solve because there are caused by the
fad tha the Land Use Scanner model ouput is already an abstradion of
reality in the form grid cells. Other applicaions, for example the Virtual
London projed by Hudson-Smith et a. (2005), use the current spatial
strudure and mekeonly patial changesto thisdrudure by adding, changing
or replacing building and other man-made condructions. The Land Use
Scanner output used in the Visual Scan approach contains a blend of several
land use types per grid-cell of 500 by 500 meers, but if high-densty and
low-dendty reddential areas, naure areas, pasures and industrial estaes
occur in one grid-cell, how will they be relaed and spaially organised? To
solve this problem it was decided to adjust the scale level of the Land Use
Scanner oupu to grid cells of 100 by 100 meters containing only onetype
of land use (Tijbosch et al. 2006). The LUl approach succeeded in the
delivery of highly realigic resultsin the form of 3D animations. Despitethis
achievement, in informal evaluaions the synthetic character of the results,
the lack of landmarks andthe atificial grid-based spatial dructure were seen
asmajor drawbacks, leading to a missing link with the cognitive map of end
users. T he benefit of the Landscape Feature gpproach seemsto be the better
link with the cognitive maps of the users. The drawback is the limited
visualisation of the grid cellstha represent the expeded land use change and
consequently the landscapetrandgtion.

For thenear future we exped to develop mixed 3D visudlisationstha ae
based on a combination of the Landscape Feaure approach and the Land
Use I con approach. T o support the link with the cognitive maps of usersthe
landscape fedure approach based on high quality topographic geodaa
describes the existing landscapes. Linked with grid data tha represents
future orieted land use it offers a readable and understandable 3D
visualisation. The areastha could change will be transformed by icons tha
fulfil the congraints according the decisions based on landscape featurestha
will not change a all (e.g. main road network, canals and rivers). It means
that the spaial configuraion of the 3D-objectsin LUI hasto be arranged by
these condraints. To find out if this mixed 3D visualisation will be effective,
a number of user tests should explore the possble added value of
understanding the impad of land use changes on the landscape. These tess
should focus ontherequirements asproposed in thefird sedion.
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5. CONCLUSION

Participation and consultaion of stekeholders have become far more
common in various policy fields. An exampleis developmentt planninginthe
field of gpatial planning, where dakeholders are involved inthe drafting of
new spatial plansfor regions or urban areas. In spiteof thisinvolvement, 3D
visualisation hitherto has not become a common tool in spatial planning. An
exception might the current restructuring of rural aeas for environmental
reasons, further agricultural raionalisation and the development of new
naure areas. The Dutch Minigry of Agriculture, Nature and Food has
funded a number of research projedswhere 3D visualisation playsa central
part. Nevertheless, this technology is not yet applied widely in spaial,
environmental and ecological policy, for example in designaion of locaions
for further urbanisation and their effeds on vauable landscapes and
ecological quality, or the spaia efeds of water management measures
fighting climate change.

Although 3D visudlisation seems to offe many advantages, in this
research it was concluded that its potential was not fully realised and it might
even be a misson impossible if a number of difficulties are not lved. A
major difficulty is posed by the naure of the land use model output data.
These are rather coarse square grid cells and concemn long term changes.
They do not include more information about spaial strudure and coherence
than is dored in the 2D map, wha reduces the possbilities for 3D
visualisation. This point has been addressed in the Landscape Feaure
approach, where topographical informaion and landmarks were included.
Even then additional assumptions about geographical inetia, spdia
drudure and coherence in future have to be made to Srudure the
arrangement of icons and their placement among unchanged landscape
feaures. Besdes, informaion on dendties, for example by calculaing
detailed population and employment distributions when land use is alloca ed,
could improve the quality of the 3D visualisation. This informaion can be
used then to creae more variaion in icons represmting specific land use
types.

Maybe more time should have been spent beforehand to the definition of
the requirements for such an application. The aim to create geovisualisations
on anaional or regional scale proved to be ambitious, and it took a lot of
timeto find a satifying solution for the technical problemstha were met.
Hoogerwerf @ al. (2005b) discuss the effectiveness of geo-visualisations in
PSP asareault of 1) the broad range of userstha need to perform abroad
range of tasks with geo-visualisations (Socum et a. 2001), 2) the broad
varigy of cognitive issues tha are involved when 3D geovisualisations ae
used as communicationtools, including vaious interaction methods (Bill &
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al. 1999, Dransch 2000, Fairbairn 2001, Yun et al. 2004). Geovisualisations
can support interaction in the 3D virtua environmet (orietaion,
movemeant, navigaion, explanaion, elaboraion and manipulaion) and
interaction of the 3D virtual environment (the user is able to define the
settings of the viewer (interface) mode that could influence the way the 3D
environment is experienced by the user). Interaction here also dretchesitself
to the ability of users to give feedback on proposed transtions via text
messages, a forum, or vating sygdems (Lammeren and Hoogerwerf 2003).

An effort to create an ovaview of interadion methods was initiated by
Hoogerwerf et al. (2005b). They introduce a conceptual framework that
integrates the theoretical fields of spatial planning, participaory planning
and communicaion to adjust geo-visualisationsto a specific planning issue
and context in order to communicae spaia informaion effecively and
efficiently to all actors. The franework supports developers by dealing with
the divergent prerequistesto geovisualisation of users, planning phases, the
level of paticipaion, the communicaion protocol, and the interface,
including thedevices.

The development of geo-visualisation as required needs, besides the
framework topics to be me, aso tools to congrud these. Though GIS
software is offering a wide varigy of 3D trandformaions and relaed
visualisation techniques, the worldwide breakthrough of virtual flight via
Google-Earth illustrates clearly the rgpid changes and impad of geo-
visualisation. Also in gametechnology and interng communities
developments ae fas. An example are the sceneries for flight smulators
made by Dutch flight smulaor enthusiasts, these already cover the whole of
The Neherlends ((http://www.nl-2000.com/nuke/). Adding data to Google
Earth israhe easy and applicaions as Visual Scan might derive morefrom
game-technology .

However, dructuring the information needs by definition and preparaion
of the elenentsof theframework, as mentioned above, isthemain and mog
tedious job. The framework can be applied aswell to coupling of the oupu
of aland use model to a3D visualisation to assess EESeffeds. Firs research
on the datasas is needed, especially with resped to their paia resoluion
and extent, as these have a dired relaion with the minimum element
depicted inthe 3D scene. A next dep isto deermine if the 3D sceneneeds to
be observed from a gaionary single viewpoint or tha the user wants to
control the position of theviewer, either by user input or a predefined path to
soecific items or areas of intered. If the user needs an indication of the
orientaion and postion of the viewer, or the observed objeds, the designer
must add additional controls to the application such as a mgp, or a north
arrow (Verbree et al. 1999). S far, the condrudion of a geovisualisation
alows for the observation of the 3D scene, but does not incorporae controls
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to interadt with objects in the scene. This requires some sort of seledion to
specify which of the objeds will be part of the interadion. Predeermined
typesof interacion may involve explanaion of theobjects using pop-ups, or
the objed can ocontain an extenal link to additional informaion on an
Interne website.

However, the purpose of the geovisualisation may require the
implementaion of a mechanism of interaction rahe than a predefined
method. This calls for manipulaion, which concerns the change of the
objectsinthe3D scene, or even their gopearance. Manipulation implies tha
the configuraion of the 3D scene is altered. The mechanismsreturning the
consequences of a manipulaion on the objed collecion must often be
defined as an explicit element of the geovisualisation. This feedback is
generally relaedto a specific smulation or model (e.g. totrigger the Land
Use Sanner smulation) tha takes the alteraions made by the user and
utilises these to generae a new result. The lag gep in the framework
concerns the level of believability and informaion intensty. Adding an
Avaar refeence mode could enhancethefeelingof immersion.

Congruction of a hybrid extenson of VisualScan, as the Geo-
Visualisation interface with the Land Use Scanner, could support & least all
requirements of the framework. This hybrid extenson must combine the
Land Use loon and Landscape Feaure approach and contain additional
assumptions on fuure spaial structure and coherence. If the oupu of the
Land Use Scanner model includesinformation on densities aswell, the icons
can become more heerogeneous, what reduces their synthetic gopearance.
Such link between land use models and 3D-visualisation could finally show,
after pogtiveusahility reviews, tha thismisson isnot impossible.
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