
1 

 

  

Linking land use modelling and 3D visualisation 
A mission impossible? 

J.A.M. BORSBOOM-VAN BEURDEN1, R.J.A.. VAN LAMMEREN2, 
T.HOOGERWERF2, A.A. BOUWMAN1 
1Nether lands Environmental  Assessment Agency, 2Wageningen Universi ty 

 
Key words: land use models, 3D visual isation, pol icy-making 

Abstract: Addi tional  to the traditional  land use maps 3D visual isation could provide 
valuable information for applications in the field of spatial  planning, related to 
ecological  and agricul tural  policy issues. Maps of future land use do not 
always reveal  the appearance of the physical  envi ronment (the perceived 
landscape) as a resul t of land use changes. This means that 3D visual isations 
might shed l ight on other aspects of changed land use, such as expected 
di fferences in height or densities of new volume objects, or the compatibil ity 
of these changes with particular characteristics of the landscape or urban bui lt 
envi ronment. The Land Use Scanner model  was applied for the Netherlands 
Envi ronmental  Assessment Agency’ s ”Sustainabil ity Outlook”  to explore land 
use changes, fol lowed by GIS analyses  to asses both the development of  
nature areas and  the degree of urbanisation within protected national  
landscapes. Since i t was fel t that 3D visualisation could complement the 
resul ting land use maps, the land use model  output was coupled to 3D 
visual isation software in two di fferent ways: 1) through Studio Max software 
in combination wi th iconic representation of the concerned land use types and 
2) through 3D components of GIS software. However, the use of these 
techniques on a national  scale level  for the generation of semi-real istic 3D 
animations raised a number of conceptual  and technical  problems. These could 
be partly ascribed to the particular format and of the Land Use Scanner output. 
This paper discusses the methods and techniques which have been used to 
couple the output of the land use model  to 3D software, the resul ts of both 
approaches, and possible solutions for these problems. 
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1. LAND USE MODELL ING AND 3D 

VISUAL ISATION FOR POL ICY APPL ICATIONS 

A number of current policy issues in The Netherlands benefit from 
supporting information from land use models and 3D visualisation. 
Urbanisation pressure, high in the central part of The Netherlands, is not 
expected to drop in the coming decades. Besides the persistent quantitative 
housing shortage that can be ascribed to population growth and household 
f ission, there is also a qualitat ive shortage, since the demand for low density 
residences in a rural or semi-rural environment has not been met at all. 
Besides, a number of traff ic problems in this congested part of the 
Netherlands have to be addressed.  At the same time further scale 
enlargement in Dutch agriculture in the countryside is common since 
revenues are increasingly under pressure by further liberalisation of world 
trade and reform of the EU Common Agricultural Policy. In tradit ionally 
strong sectors such as greenhouse horticulture, catt le breeding and dairy 
farming, this scale enlargement is regarded as a precondit ion for continuing 
one’ s business in the long term, which requires further rationalisation of 
agricultural practices. Other policy issues of importance are the extension of 
exist ing nature areas to a national ecological network, the introduction of 
explicit  spatial measures in water management, the restructuring of intensive 
catt le breeding areas and the designation of national landscapes by the 
National Spatial Strategy of the Ministry of Housing, Spatial Planning and 
the Environment (VROM et al. 2004).  

I t  is clear that the developments sketched above all bear consequences for 
the physical environment. For this reason, insight in the effects of long term 
demographical, societal, technological and economic developments is 
needed to formulate robust policies anticipating potential problems in the 
future. Maps of future land use are one of the means used by the Netherlands 
Environmental Assessment Agency to support policy-making. These maps 
are usually based on the geodata output of land use simulation. A number of 
environmental, ecological and spatial (EES) effects however are hardly 
interpretable from these maps: for example the effects of low density 
residential development on open landscapes or the effects of scale 
enlargement in agriculture. A change of colour in such a map only depicts 
the transit ion to a different type of land use. For this reason 3D visualisation 
has been explored in this study as an addit ional means to communicate these 
EES effects to policy-makers.  

But what are the requirements for such an application? Most existing 3D 
applications in the f ield of operational policy-making, for example for urban 
lay-outs or infrastructural constructs give very precise information about 
projects. They show highly detailed designs at well defined locations and are 
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often meant for giving information on short term changes. The output of land 
use models, in favour of strategic planning, however consists usually of 
rather coarse grid cells and it concerns the long term. This implies that the 
level of detail and t ime 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 addit ion, it  is important to know the geographical location of the 
changes. And f inally, current land use and land use in future should be 
shown in one view so they can be compared.  

From the f irst part of this section it follows that 3D visualisation can 
offer information that cannot be provided solely by land use maps. Therefore 
3D visualisation can be helpful in stakeholder discussions on environmental 
and ecological effects of land use changes. A number of scholars have 
discussed the potential contribution of maps to a comparable policy domain, 
that of part icipatory spatial planning (PSP), for example Ball (2002), 
Appleton and Lovett (2003, Tress and Tress (2003) and Hoogerwerf 
(2005b). Geertman (2002) considers geo-visualisation in general as helpful 
for understanding and communicating future planning init iat ives and 
changes. Appleton and Lovett (2005) and Bloemmen et al. (2005) draw 
attention to the connecting function of maps and 3D visualisation in 
heterogeneous stake holder groups. These often consist of part icipants who 
are familiar with conceptual visualisations during the different stages of the 
planning procedure and participants who are not trained in working with 
such visualisations and have no skills to apply these. Often the interpretation 
of map information demands too high a cognit ive level to read and to 
understand the meaning and impact of the conceptual cartographic 
visualisation (see Zube et al. 1987, Krause 2001). An eff icient f low of 
information, discussion and communication between these two main groups 
could be supported by new means, methods and techniques.  

For PSP, it  is believed that visualisation of geodata by means of 3D 
computer techniques can contribute to more eff iciency, as it  adheres closely 
to the normal human perception of real world objects which makes it easier 
to read and understand (Geertman 2002, Hoogerwerf 2005). An example is 
the Virtual London project of Hudson-Smith et al. (2005) aiming to improve 
public part icipation. It is obvious that in other policy domains than PSP the 
representation and recognit ion of 2D maps can benefit as well from 3D 
visualisation. Dijkstra et al. (2003) discuss the incorporation of panoramic 
views in the evaluation of off ice space design alternatives and found that the 
use of virtual reality technology improved the reliability and validity of 
modelling consumer preference and choice. In this paper we will discuss a 
part icular example where geo-referenced grid based land use model output is 
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processed in 3D visualisation software in order to support environmental, 
ecological and landscape policy-making.  

2. 2D BY 3D  

In geo-information science different types of geodata are usually 
dist inguished from different types of visual representation (MacEachren 
1999 and Chen 1999). Table 1 shows how geodata types and their visual 
representations can be combined in various ways. Each combination requires 
a number of varying transformations to come from geodata to visual 
representation.  

 
Table 1. Combinations of geodata types and visual  representation types,  
after Lammeren et al .  (2004) and Bishop et al . (2005) 

 Visual representation 
Geodata 2D 2D + � T 3D 3D + � T 
2D  
2D + � T 

Land Use 
Scanner  

Visual Scan application 

2.5D   
2.5D + � T   

Landscape Feature 
approach 

3D     
3D + � T      

 
In the f irst column the available geodata structures are shown. The � T 

points at t ime series that are delivered by spatio-temporal simulation models. 
The 2D, 2.5D and 3D refer to subsequently 2-dimensional referenced data 
(2D), digital elevation models (so-called 2.5D) and three-dimensional 
referenced, including three-dimensional topology, as known from computer 
aided desi gn software (3D). The next four columns represent the various 
types of visual representations of geodata. Two-dimensional geodata may be 
visualised in a two- (2D – tradit ional cartography) or a three-dimensional 
(3D) way. The � T in the second row points at the implicit or explicit 
animation of the visualisation, an extension of the concept of dynamic 
visualisation by Zube et al. (1987). The adjective explicit  is used to show 
that the end user of the visualisation cannot inf luence interactively the 
temporal and projection parameters of the animation (e.g. a video). An 
implicit animation offers the user tools to animate the application 
interactively via adaptations of temporal and projection parameters (e.g. the 
user can decide upon the view path and the speed of movement).   

Most of the Dutch land use simulation models as Environmental 
Explorer, CLUE and Land Use Scanner provide an output as 2D and 2D + 
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� T  geodata in the form of grid cells, for example Groen et al. (2004), Klijn 
et al. (2004), Nijs et al. (2005). Maps of current and future land use show the 
location of changes but not in which way they have changed. As said in the 
previous section, if  a representation of these 2D changes can be put in a 
virtual world, it  will signif icantly add to the power of imagination of 
changing land use because they can convey more information about the 
landscape comparing to 2D presentations and thereby needs less effort from 
the user to interpret (DiBiase 1990, Bishop 1994, Lange 2001).  

When 2D and 2D + � T  geodata is transformed to a 3D visual 
representation, the requested level of detail in the 3D visualisation has to be 
chosen, depending upon the purpose of the visualisation. Details of objects 
visible in the real world can have useful representation in the virtual 3D 
world but only if  the distance to the objects is not too far. I f  the distance 
view is larger, the details of the objects are not noticeable anymore. 
Networks of roads, patterns of f ields, shapes of towns, structure of the land 
then serve mainly as information for orientation. It  has to be decided which 
objects to show in detail or how to simplify them depending on the purpose 
of visualisation. Enhancing some details, which are easily recognizable by 
users, such as landmarks, will improve orientation and recognit ion. Farther 
distance views give the possibility of showing a larger part of the terrain at 
once, but at a certain viewpoint alt itude the representation reaches the point 
where the proportion of the heights of 3D terrain objects is too small and 
objects will not be visible in 3D anymore (Momot 2004). The next section 
will di scuss in more detail the chosen approaches in this part icular research.  

3. LAND USE MODEL OUTPUT 

The main goal of the Spatial Impressions project at the Netherlands 
Environmental Assessment Agency was to portray possible land use patterns 
in the year 2030 with maps and other means of visualisation as illustrations 
and 3D animations. The underlying spatial processes were derived from 
scenarios developed for the Sustainability Outlook. In each scenario a 
different quality of life is desired, and different means are used to realise this 
quality. In line with the IPCC scenario (IPCC 2000) scenarios were 
constructed by using the scenario axes technique which at f irst selects the 
two most important sources of uncertainties in future. The trend towards 
globalisation or regionalisation and the trend towards solidarity or eff iciency 
were selected. The result ing quadrants, named Global Economy (A1), 
Global Solidarity (B1), Safe Region (A2) and Caring Region (B2), were 
f illed in with qualitat ive storylines describing societal values,  
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demographicaland economic development, technology, governance, 
energy and food supply and mobility (MNP 2004).  

Figure 1. Land use in 2030 according to Global  Economy (A1) scenario (Borsboom-van 
Beurden et al . 2005) 

The construction of accompanying maps of future land use consisted of a 
number of consecutive steps. First Delphi rounds were organized to question 
thematic specialists about the supposed underlying spatial processes. From 
specialised models, e.g. on housing, f irm location and agriculture, 
information about the future demand for space was derived. This information 
was then translated to land use claims, allocation rules and suitability maps 
which were put in the Land Use Scanner model (see Borsboom-van Beurden 
2005) This is a mult i-nomial logit model that estimates the probability that a 
certain type of land use is allocated in a part icular grid cell. Land use has 
been modelled in 28 classes and grid cells of 500 by 500 meter. In the Land 
Use Scanner version that was applied here, one grid cell may contain several 
types of land use. Figure 1 shows an example of the model results for the 
central part of The Netherlands. 

4. 3D SOLUTIONS 

To create a 3D-visualisation of the 2D scenario output different options 
do appear. In fact the options include a transformation of grid-based 2D 
geodata into a 3D semi-realist ic visual representation like presented by 
f igure 2. In this study semi-realism was chosen because it was expected that 
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this level would suit the policy discussions the best. This is in line with 
Hoogerwerf (2005b) who studied professionalś  preference for realism of 
visualisations for part icipatory planning by an internet survey and found that 
especially the semi-realist ic visualisation type is highly suitable for most of 
the use types and participation level.   

Figure 2. Left  semi-real ism, upper-right conceptual , lower right photo-real ism        
(Hoogerwerf 2003) 

Transformation involves the creation of various 3D-objects and linkage 
to the original grid data. So the geo-referenced data, st ill two-dimensional, 
are visualised by help of related 3D objects. The original Land Use Scanner 
output consisted of grid cells of 500 by 500 metres 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 disaggregate the data to cells of 
100 meters by 100 meters for a reference data set. I t has to be mentioned that 
the spatial configuration of 3D-objects within one grid of 100 by 100 meters 
for future situations was not known. For that reason 3D-objects have been 
designed and by use of these 3D-objects so-called 3D-models or Land Use 
Icons (LUI) of the 28 land use types are constructed. Each LUI represents a 
landscape ‘ stamp' which represents the imagined landscape for a specif ic 
type of land use. To conclude, these LUI are the basis for a semi-realist ic 
representation and are intentionally meant to be stand alone 3D-models.  

Originally the LUI have been constructed by using 3D Studio Max 2. 
Every 3D-model has its own geometrical definit ion. The geometrical 
definit ion can range from very simple to complex. The bitmaps used for 
creating a semi-realism are also ranging from one simple to more combined 
and complicated bitmaps (f igure 3). The last ones are used when semi-
realism could not be visualised by the geometry as such.  
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Figure 3.  LUI: Simple geometry and bitmap (upper), complex geometry and simple bi tmaps 
(left under), complex geometry and bitmaps (right under) (Lammeren et al . 2004) 

All the LUI have been designed. It  means that each of them is based on a 
certain imagination of the (future) configuration of the physical space taking 
into consideration the expression of the land use type adapting to certain 
social and technological developments. Developing icons means a design 
task; a land use type in a part icular scenario could be visually expressed by a 
specif ic LUI. In this example the rural icons have been based on 
contemporary expressions of nature and agricultural activit ies, the 
infrastructural icons too.  

The land use model output has been coupled to 3D visualisation software 
in two distinctive ways, namely the Visual Scan application and the 
Landscape Feature approach. This f irst option applies data base principles 
and operates via modif ied game-tools technology to translate the two-
dimensional grid data into a three-dimensional visualisation. Via the 
developed application each of the different grid cell values can be connected 
to a dedicated 3-dimensional land use icon (LUI) by a conversion of the 
dominant land use class into an RGB-colour value. This RGB-colour value 
served as a unique key value to the Virtual Tools viewer. The transformation 
of the scenario output grid delivers a so-called LUI-link map. The LUI-link 
map is a plain BMP-file. First the application links the LUI-link map (e.g. a 
red coloured grid cell representing urban area in f igure 4) to the related LUI, 
which represents a kind of land use. Afterwards the application renders the 
composit ion of LUI into a 3D-scene (a virtual reality model). This scene we 
call the Visual Scan Scene. 
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          Figure 4. Phases from 2D data into 3D visualisation (Lammeren et al . 2004) 

The application developer can set the init ial state of all objects in the 3D 
scene, but Virtools allows also to dynamically change object properties by 
writ ing scripts using Building Blocks (BB' s) (f igure 5). There are more than 
450 different BB' s included in the programme, but advanced developers may 
also write their own using Vi sual Scripting Language (VSL), a C++ based 
scripting language. The BB' s have behavioural Inputs (bIn' s), which are 
used to receive a link, and behavioural Output (bOut' s) to start a link to 
another BB. This type of link is therefore also called a behavioural link 
(bLink). A Buil ding Block generally receives or transmits specif ic data, 
which is provided by the parameter links (pLink), which connects to the top 
(called pIn) and connect from the bottom (pOut) of the Building Block 
respectively. There are many parameter data types available, and one can 
switch between many of them using parameter operations. A script is thus a 
collection of ordered and linked Building Blocks that is attached to either the 
scene, to a 3D object, or to any other element in the developer, such as 
camera' s, lights and avatars, and is used to change the properties of these 
elements at run-t ime. 

 Figure 5. A Vi rtools script The Building Blocks (BB' s) are represented by the squares, the 
order of processing by the behavioural  l inks between them. The numbers depicted with these 
l inks indicate the delay at which the l ink is processed, in this case all  BB' s are calculated in 

the same frame (l ink delay= 0), and in al l  subsequent frames. 
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Although hampered at f irst by the enormous calculation t ime needed, the 
Visual Scan application succeeded in making it possible to scan visually the 
differences between the base year landscape and a scenario-based landscape, 
or between two different scenario-based landscapes. However this 
comparison could lead to misinterpretations due to the fact that the current 
situation is only known by some users. Besi des, stakeholders who know the 
real world situation or the ones who are familiar with topographic base maps 
will miss details of the location, part icularly relative to their individual 
cognit ive maps. Lynch (1960) already mentioned landmarks, nodes, routes, 
edges and areas as primary features of relevance of which a cognit ive 
(mental) map consists of. In other words, the visualisation model needs to 
meet the users'  expectations and knowledge about an area. When the 3D 
scene would have a too abstract 3D object configuration and for that reason 
differs too much from the cognit ive maps, it  creates diff icult ies for 
recognit ion and interpretation.  

In the LUI approach the scenario based output and the current land use 
situation are all based on grid data. All these grid data are transformed into 
3D scenes by using the same land use icons. It  means that known landmarks, 
nodes, etcetera are not represented. For simple interpretation of a 
visualisation, especially taking into account land use characterist ics, it  seems 
to be necessary to apply objects that visualise the features mentioned by 
Lynch, as has been done by Al-Kodmany (2002), who created cognit ive 
maps for community planning based on Lynch'  theoretical framework.   

For that reason another option has been worked out that tried to link the 
scenario based grid data with the topographical data set that describes the 
current landscape (Momot 2004). For this option, called the Landscape 
Feature approach, we started to use GI S software with 3D visualisation 
capabilit ies (ArcGIS 3D Analyst en 3D Scene) and the Top10Vec data. The 
creation of this visualisation involved two different procedures. First ly all 
2D-building features were selected and extruded: the construction of a 2.5D 
data set. Secondly all 2D tree features were selected and geometrically 
transformed into point features. 3D-objects (mainly tree-representations) 
were selected from an included 3D-objects database and linked to the point 
features.  After rendering the geodata including 3D-objects and bitmaps it 
offers a 3D visualisation as shown by f igure 6.As demonstrated by the LUI it 
is quite diff icult to know how the projected land use classes will change the 
landscape in 30 years (Appleton and Lovett 2003). For that reason the 
existing landscape data (Top10vec) is analysed in such a way that features 
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 existing 
network of canals and rivers will not change. Existing trees in rows will  
remain the same through 30 years, because most of these trees are located 
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along the main road network and canals. The areas of which the land use 
class will not change, keep the same landscape characterist ics. 

Figure 6. From 2D raster data to a VisualScan Scene (Lammeren et al . 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 a new geodata set that represents the area that will change 
including the features as mentioned by the assumptions. The areas that the 
land use classes will not change are kept the same. After visualisation, like 
described before, the land use classes that are anticipated to change (in grid 
cells of 500 by 500 meter) are shown by white squared underground with on 
top topographical features (infrastructure, water and trees). The unchanged 
land use classes are visualised by all topographic features from the original 
geodata set (top10Vec). Finally the white squares have been f illed in by a 
colour that represents the dominant land use class. In fact the original goal of 
the project was to place the 3D icons of the LUI approach on top of the 
changed grid cells, but a successful technical solution was not found.   

Figure 7. Part of Top10 vector and the visual  representation (Momot 2004) 
 
Both approaches appear to have pros and cons. Technical problems due 

to the enormous amount of t ime needed to render the visualisations plagued 
both approaches. Fortunately, a solution could be found for the LUI 
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approach but the Landscape Feature approach was not completed 
satisfactorily as a result of these technical problems.  

In addit ion to this, conceptual problems occurred too. During the design 
of the icons it  was increasingly realised that information lacked about a 
number of spatial aspects, such as the assumed spatial structure in future, 
changes in densit ies and spatial relations between land use types. These 
conceptual problems are diff icult to solve because there are caused by the 
fact that the Land Use Scanner model output is already an abstraction of 
reality in the form grid cells. Other applications, for example the Virtual 
London project by Hudson-Smith et al. (2005), use the current spatial 
structure and make only part ial changes to this structure by adding, changing 
or replacing building and other man-made constructions. 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 meters, but if  high-density and 
low-density residential areas, nature areas, pastures and industrial estates 
occur in one grid-cell, how will they be related and spatially organised? To 
solve this problem it was decided to adjust the scale level of the Land Use 
Scanner output to grid cells of 100 by 100 meters containing only one type 
of land use (T ijbosch et al. 2006). The LUI approach succeeded in the 
delivery of highly realist ic results in the form of 3D animations. Despite this 
achievement, in informal evaluations the synthetic character of the results, 
the lack of landmarks and the art if icial grid-based spatial structure were seen 
as major drawbacks, leading to a missing link with the cognit ive map of end 
users. The benefit of the Landscape Feature approach seems to be the better 
link with the cognit ive maps of the users. The drawback is the limited 
visualisation of the grid cells that represent the expected land use change and 
consequently the landscape transit ion.  

For the near future we expect to develop mixed 3D visualisations that are 
based on a combination of the Landscape Feature approach and the Land 
Use Icon approach. To support the link with the cognit ive maps of users the 
landscape feature approach based on high quality topographic geodata 
describes the existing landscapes. Linked with grid data that represents 
future oriented land use it  offers a readable and understandable 3D 
visualisation. The areas that could change will be transformed by icons that 
fulf il the constraints according the decisions based on landscape features that 
will not change at all (e.g. main road network, canals and rivers). It  means 
that the spatial configuration of the 3D-objects in LUI has to be arranged by 
these constraints. To f ind out if  this mixed 3D visualisation will be effective, 
a number of user tests should explore the possible added value of 
understanding the impact of land use changes on the landscape. These tests 
should focus on the requirements as proposed in the f irst section. 
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5. CONCLUSION 

Participation and consultation of stakeholders have become far more 
common in various policy f ields. An example is development planning in the 
f ield of spatial planning, where stakeholders are involved in the draft ing of 
new spatial plans for regions or urban areas. In spite of this involvement, 3D 
visualisation hitherto has not become a common tool in spatial planning. An 
exception might the current restructuring of rural areas for environmental 
reasons, further agricultural rationalisation and the development of new 
nature areas.  The Dutch Ministry of Agriculture, Nature and Food has 
funded a number of research projects where 3D visualisation plays a central 
part. Nevertheless, this technology is not yet applied widely in spatial, 
environmental and ecological policy, for example in designation of locations 
for further urbanisation and their effects on valuable landscapes and 
ecological quality, or the spatial effects of water management measures 
f ighting climate change.   

Although 3D visualisation seems to offer many advantages, in this 
research it was concluded that its potential was not fully realised and it might 
even be a mission impossible if  a number of diff icult ies are not solved. A 
major diff iculty is posed by the nature of the land use model output data. 
These are rather coarse square grid cells and concern long term changes. 
They do not include more information about spatial structure and coherence 
than is stored in the 2D map, what reduces the possibilit ies for 3D 
visualisation. This point has been addressed in the Landscape Feature 
approach, where topographical information and landmarks were included. 
Even then addit ional assumptions about geographical inert ia, spatial 
structure and coherence in future have to be made to structure the 
arrangement of icons and their placement among unchanged landscape 
features. Besides, information on densit ies, for example by calculating 
detailed population and employment distributions when land use is allocated, 
could improve the quality of the 3D visualisation. This information can be 
used then to create more variation in icons representing specif ic land use 
types.  

Maybe more t ime should have been spent beforehand to the definit ion of 
the requirements for such an application. The aim to create geovisualisations 
on a national or regional scale proved to be ambit ious, and it took a lot of 
t ime to f ind a satisfying solution for the technical problems that were met. 
Hoogerwerf et al. (2005b) discuss the effectiveness of geo-visualisations in 
PSP as a result of  1) the broad range of users that need to perform a broad 
range of tasks with geo-visualisations (Slocum et al. 2001),  2) the broad 
variety of cognit ive issues that are involved when 3D geovisualisations are 
used as communication tools, including various interaction methods (Bill et 
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al. 1999, Dransch 2000, Fairbairn 2001, Yun et al. 2004). Geovisualisations 
can support interaction in the 3D virtual environment (orientation, 
movement, navigation, explanation, elaboration and manipulation) and 
interaction of the 3D virtual environment (the user is able to define the 
sett ings of the viewer (interface) mode that could influence the way the 3D 
environment is experienced by the user). Interaction here also stretches itself 
to the ability of users to give feedback on proposed transit ions via text 
messages, a forum, or voting systems (Lammeren and Hoogerwerf 2003).  

An effort to create an overview of interaction methods was init iated by 
Hoogerwerf et al. (2005b). They introduce a conceptual framework that 
integrates the theoretical f ields of spatial planning, part icipatory planning 
and communication to adjust geo-visualisations to a specif ic planning issue 
and context in order to communicate spatial information effectively and 
eff iciently to all actors. The framework supports developers by dealing with 
the divergent prerequisites to geovisualisation of users, planning phases, the 
level of part icipation, the communication protocol, and the interface, 
including the devices.  

The development of geo-visualisation as required needs, besides the 
framework topics to be met, also tools to construct these. Though GIS 
software is offering a wide variety of 3D transformations and related 
visualisation techniques, the worldwide breakthrough of virtual f light via 
Google-Earth illustrates clearly the rapid changes and impact of geo-
visualisation. Also in game-technology and internet communit ies 
developments are fast. An example are the sceneries for f light simulators 
made by Dutch f light simulator enthusiasts, these already cover the whole of 
The Netherlands ((http://www.nl-2000.com/nuke/). Adding data to Google 
Earth is rather easy and applications as Visual Scan might derive more from 
game-technology. 

However, structuring the information needs by definit ion and preparation 
of the elements of the framework, as mentioned above, is the main and most 
tedious job. The framework can be applied as well to coupling of the output 
of a land use model to a 3D visualisation to assess EES effects. First research 
on the datasets is needed, especially with respect to their spatial resolution 
and extent, as these have a direct relation with the minimum element 
depicted in the 3D scene. A next step is to determine if  the 3D scene needs to 
be observed from a stationary single viewpoint or that the user wants to 
control the posit ion of the viewer, either by user input or a predefined path to 
specif ic items or areas of interest. If  the user needs an indication of the 
orientation and posit ion of the viewer, or the observed objects, the designer 
must add addit ional controls to the application such as a map, or a north 
arrow (Verbree et al. 1999). So far, the construction of a geovisualisation 
allows for the observation of the 3D scene, but does not incorporate controls 
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to interact with objects in the scene. This requires some sort of selection to 
specify which of the objects will be part of the interaction. Predetermined 
types of interaction may involve explanation of the objects using pop-ups, or 
the object can contain an external link to addit ional information on an 
Internet website.  

However, the purpose of the geovisualisation may require the 
implementation of a mechanism of interaction rather than a predefined 
method. This calls for manipulation, which concerns the change of the 
objects in the 3D scene, or even their appearance. Manipulation implies that 
the configuration of the 3D scene is altered. The mechanisms returning the 
consequences of a manipulation on the object collection must often be 
defined as an explicit  element of the geovisualisation. This feedback is 
generally related to a specif ic simulation or model (e.g. to trigger the Land 
Use Scanner simulation) that takes the alterations made by the user and 
utilises these to generate a new result.  The last step in the framework 
concerns the level of believability and information intensity. Adding an 
Avatar reference mode could enhance the feeling of immersion.  

Construction of a hybrid extension of Visual Scan, as the Geo-
Visualisation interface with the Land Use Scanner, could support at least all 
requirements of the framework. This hybrid extension must combine the 
Land Use Icon and Landscape Feature approach and contain addit ional 
assumptions on future spatial structure and coherence. If  the output of the 
Land Use Scanner model includes information on densit ies as well, the icons 
can become more heterogeneous, what reduces their synthetic appearance. 
Such link between land use models and 3D-visualisation could f inally show, 
after posit ive usability reviews, that this mission is not impossible.  
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