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ABSTRACT

RIVM, The Netherlands Environmental Assessment Agency, uses the Land Use Scanner
to simulate possible future land use for The Netherlands. The output from that model might be
difficult to communicate to the public. Correct understanding of the information about
possible future land use in the Netherlands is essential in the discussion about the initial
conditions. A redigtic visuadization can help to understand the meaning of the scenarios.
Similarity to the real world can be applied by using 3 dimensional objects in the virtual
model, an intuitive way of moving through the model, and a redlistic outlook of the model.
Attention is paid to the most characteristic patterns and objects, which can be easly
recognized by the user.

The effort during the internship was focused on building a redlistic illustration of the
future land usein a GIS environment.
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1. Introduction

“Seeing is good way towards understanding” (Hearnshaw, H.M., Unwin, D.J., 1994).
That idea can come to mind when analyzing a bunch of pages full of sentences, numbers and
tables. The desire to see the problem a once instead of drowning in long, difficult
descriptions leads us to visualization. While reading or listening to the descriptions, the mind
tries to put the *story’ in avisua way to understand it. Graphical presentation of ideas seems
to be more natural (and it is also more compact) than another way of coding the information.
Presenting the problem in a graphic way is aready the beginning of analyzing it and in most
cases aso simplifying it. That is why it is said that ‘genuine understanding is achieved by
visualization of the problem, rather than algebraic manipulation’ (Orford, S., et d., 1998).

In this report the wide term of visualization is limited to geo-visualization — visuaization
of phenomena anchored in geographical dimensions. It is being done ‘to explore and present
ideas’, ‘not just as an aid to communication or understanding but to discover and demonstrate
objective ‘deep structures’ in real phenomena (Court, B., 1997). That phenomena can be
divided based on their nature into static and dynamic phenomena. It can give the division
also to geo-visuaization. Static geographical phenomena need to be described by location,
size, shape and meaning. While location together with time describes dynamic phenomena.
Created geographic data models can be visualized being placed within 2D or 3D geo-

referenced systems. (Lammeren, Rv., 2004). Tab. 1 presents the combination of possibilities.

GEOVISUALIZATION
GEODATA 2D 2D+ T |3D 3D+ T
2D
2D+ T
3D
3D+ T

Tab.1. Possible combination of geo-visualization of different types of data.
The question now rises, which kind of geo-visuaization is the easiest to understand?

‘Easy to understand’ means to apply (to code into graphics) commonly known
references, coming from common knowledge and specificity of the way of perceiving the real
world. Those references are the base for the user to be able to recognize and localize the
virtual model of reality. The more common information is used to build the virtual world, the
bigger the group of receivers, who is able to understand that geo-visudization, will be. In
consequence it means that the more redlistic the virtual world is, the easier it is to imagine the
real situation (in fact there are less things to imaging). So we can conclude that ‘three
dimensions of a virtua environment to represent the three dimensions of physical space, is



expected to provide the most intuitive environment for users (MacEachren, A.M., et a.,
1999). Three dimensional presentation methods together with applying the intuitive way of
moving through the virtual world can make the results of geographica modeling publicly
available.

The idea of this internship is based on this conclusion. There is a heed to communicate
the results calculated within the Land Use Scanner to a wide group of receivers. The main
effort during the internship was put on issues making the existing outputs from the Land Use
Scanner intuitively understandable.



1. Objective of theinternship

The Land Use Scanner is developed in RIVM as the cooperation between RIVM and
other ingtitutes (Web-s.1). Within this project it was created the model, which calculates the
future land use in The Netherlands. It calculates the outputs for severa scenarios depending
on a chosen set of initia conditions (Web-s.1). The outputs from the model have the form of
grid maps (2D) with the resolution of 500 x 500 m according to aggregated land use classes
(Fig.1). The future outputs will have a more detailed resolution — 100 x 100 m — with the
uniform land use classes (around 30). Now there are available:

- gridsof the present land usein fine resolution (the land use of 2000)
- theoutput from the mode for 2030 in rough resolution (500 x500 m).

That kind of presentation of land use data is difficult for interpretation and cannot be
communicated to a big group of receivers. But from the other hand the output of the model
should be widely discussed as being the base information for the decisions about future policy
for using the land in The Netherlands. The objective of this internship came out from the need

of making those outputs accessible to more people besides expertsin GIS.

The internship has the aim of visualizing in a commonly understandable way the

outputsof Land Use Scanner (grid data, example Fig.1) in an interactive 3D modd.
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Fig.1. An example of 2D map from the Land Use Scanner. Aggregated land use classes of the year
2000. Resolution 500 x 500 m. 14 land use classes.

In this report, because of technical reasons explained later, | will concentrate on the
visualization of land usefor a part of the Netherlandsfor 2030 (Fig.2).
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Fig.2. Output from the Land Use Scanner for the province of Utrecht. Land use of 2030.
Resolution 500 x 500 m. Aggregated land use classes.

Closely related to the problem of showing the future situation are the issues connected
with showing the changesin time. The part of this research will dea with the possible ways of
presenting the changes (geographical phenomenain T).



For creating the visuaization of the data the purpose and the group of receivers first
should be defined. That information is essential for building any kind of application. It is the
base to define the content of visuaization, determining WHAT we want to communicate to
the certain group of people, and the form of visualization, determining HOW we should show

the content.

The purpose of visualization of grid outputs of the model is to show how the land
use could look like in the future under certain conditions. The result of the model might
influence the development of the land use in the future. If the presentation uses realistic
views, the receiver has the ready pictures on the monitor and there is no need to put the effort
for imagining the future ‘reality’. He can instead directly start to analyze the new spatia
situation and pose questions based on the prepared model.

The receivers are, defining in the general way, the policymakers and Dutch society.
Policymakers will be using the visuaizations as the base for their discussions on different

scenarios. The advantages taken from easily understandable visualizations are:

- giving the impression (also feelings) of intensity of land use, like we have in the red
world — e.g. overcrowded areas ook heavy giving negative feelings, green areas we
connect with relax and they give positive feelings

- saving time needed for interpretation of the data

- avoiding misinterpretation (possible in grid maps — mixing the meaning of color of
pixels)

The visualization should contain most of the elements of landscape visible (or

important) from a certain distance view. The content defined like above is ailmost equa to
the content of topographical (used on topographical maps) information.

A redlistic way of showing land use means that the model of the terrain should apply the

similarity of the way we perceive the real world. It should show:
- land objectsin 3D
- in aperspective view
- it should be possible to move freely through the model.

During this internship it is supposed to find the methodology of creating the terrain
model applying above assumptions and showing the model from farther than ground
distance views. The ground level view on the terrain model illustrating land use is being

developed by Wageningen University (Lammeren, Loohouis, 2003).



GIS software is supposed to be used for that purpose. ESRI software is aready being
used for several projects by RIVM and this choice connects this project to the already applied
geo-information structure of the ingtitute. ArcGIS9 contains possibilities of applying 3D
objects into terrain models (ArcGIS desktop help) and this version was chosen to realize the
internship project. Output data from Land Use Scanner can be easily converted to use directly

in ArcGIS, which will help using al accessible information from that project.

GIS software has the advantage over graphic or game environments (which are also
using to create virtual worlds, visualizations of the geo-data), because it gives the possibility
of anayzing spatial data based on connected databases and keeping it in rea spatia

coordinates.

The next chapters are about:

- chapter 3 — the analysis of eements, which make the visualizations more redistic.
Explanation of used kinds of dataand geo-visudizations

- chapter 4 — explanation the concept and steps taken to create geo-visualization

- chapter 5 — conclusions and recommendations with discusson over issues raised

during creating geo-visualization



2. From 2D through 2,5D to 3D

This chapter discusses the properties of the geo-visualizations and the datain 2D, 2,5D
and 3D.

2.1. Towards commonly understandabl e geo-visualization

Land use data in GIS environment is mostly represented by 2 dimensiona grids. Such
kind of showing land use has many advantages, explaining why it is applied so widely. The
data is coming mostly from remote sensing; it is gathered using automated methods.
Anayzing of this data, like classification and afterwards visuaization, aso can be done
automatically. The result is obtained then easily and fast.

But besides the advantages, it was noticed that such kind of visuaization of the datais
difficult to understand by most of receivers (Fig.3).

Fig.3. Land use of 2000 of Utrecht province. Grid resolution100 x 100 m. Default colors.

Colored pixels represent certain land uses, which receiver imagines as the certain
situations in the landscape. The whole map is the combination of different intensities of using
the land, which makes needed imagination of the real situation quite complex. For a user, who
is not experienced with cartographic presentation methods, it is difficult to have the correct
mental model of land use out of such abstract 2D map.

The interpretation of the abstract visualization is only possible using the legend. Thisis
the necessary explanation, which helps to trandate the colors for the certain land use. Making
the presentation more intuitive for the user, the author should apply the elements of common
knowledge, previous user’s experience or the similarity with the real world. The help with
interpretation in this method of presenting the data can give combination of those 3 aspects.
Connecting the colors of land use classes with the colors of corresponding real objects can
facilitate the interpretation of the land use map. Water colored in blue, forest in green reminds



the colors of the real objects. Anthropogenic objects have conventional colors making those
objects distinguishable and readable on the map. If the receiver can correspond the image to
something he aready has seen in the past, then the interpretation is easier for him

(Duraiswami, R., 2000). The result of applying more intuitive colorsis presented in Fig.4.
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Fig.4. Land use of 2000 of Utrecht provi nce. Grid resoIIJti 0on100 x 100 m. ‘Natural’ colors.
Important aspects of making the presentation easier to understand, similar to the redl

world in the presentation, one can divide it into:

- the way of our perceiving of the world (the details we pay attention on, landmarks,
etc.)

- thenature of thereal objects
- theway of moving through the world

Applying those aspects into the presentation helps the user to explore the virtua model
of theterrain more intuitively.

The way we are used to perceive the world is the perspective ground view, close to
terrain objects. We experience it walking, traveling by car or train. Only sometimes it is
possible to observe the land from the dtitude. But even then we observe the land in the
perspective view. This familiar view for showing the data (Fig.5) makes the image more
attractive to the user (compare orthogona view on Fig.4 and perspective view on Fig.5). Even
though the presentation method for showing the land use is still the same, this *more natural’
view makes the image more familiar to the receiver. The receiver is attracted by the element
he aready knows and this introductory interest can motivate him to make the effort for
interpretation the content.



Fig.5. 2,5 D representation of land use of province of Utrecht —grid draped on the elevation data.

A presentation using an elevation model with the data draped on it, is caled 2,5 D.
Applying additionally the intuitive way of moving through the model can farther facilitate the
exploration and analysis of the content. The functionality like walking through the model or
flying above is attractive for the user. The user can interact with the model, which means heis
involved in the exploration process. This active way of working with the model gathers users
attention. It means that he more willingly can deal with difficult tasks like interpreting quite
abstract visualization methods, than if he deals with static 2D presentation. Being involved in
the exploring the terrain model also positively influences the ability of remembering the
content, which can be helpful for later discussions about the topic.

To achieve more redistic effect, in the presentation should be applied another aspect of
similarity with the real world, which isthe nature of the real objects.

The most common in the surrounding world are 3 dimensional objects. If their models
(also 3D) can be put in the virtual world, it will significantly add the realism to a presentation.
3D objects build the impression of true situations we meet in redlity e.g. the intensity of land
use, which the receiver does not need to imagine anymore. It means also that applying third
dimension to the presentation minimizes the risk of misinterpretation of visuaization.
Common density measurements, that are two-dimensiona in nature, fail to represent a three
dimensional spatia configuration (Fisher-Gewirtzman, D., Burt, M., Tzamir, Y., 2003). The
information coming from the third dimension is additional for the user. Visualization is more
similar to the real world, more information is graphically coded and shown to the user. The
big advantage of 3D redistic presentations is that they can convey more information about the
landscape comparing to 2 dimensiona ones and aso they need less effort from the user to
interpret them. The third dimension is supposed to make the transfer of the geographical
information easier and at the same time make it more understandable for a bigger group of
receivers (DiBiase, 1990; Bishop. 1994). Nowadays techniques alow us to build

visualizations in 3D, using perspective views and having functions of moving through the
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model. It provides a powerful tool for building redlistic representations of the world. “3D
visualization provides an effective way of presenting a large amount of complex information
to awide audience, especially those with no experience of GIS or mapping (Bishop, 1994), as
it provides the user with visual cues that are more intuitive than those of a two-dimensional
map (Reed, 2000)” (after Lovet and others, 2000).

The details of terrain objects visible in the real world can have the representation in the
virtual model (like on Fig.6.) but only if the distance view to the model is not too far.

Fig.6. Close distance view to the terrain model. Visible details. Source: Lammeren, Loohouis,

2003.

If the distance view is larger, the details of the objects will not be noticeable anymore.
Instead networks of roads, patterns of fields, shapes of towns, structure of the land will play a
bigger role giving the hint for the user for the orientation on the model (Fig.7.).

Fig.7. Far distance view from the terrain model. Details of terrain objects are omitted.

Those patterns will be recognizable only if the user had aready contact with aerial
photographs or maps. Otherwise it is not possible to experience such a view in the real world
(without flying in the airplane). Showing the terrain model from afar view hasto end up with
some kind of abstraction. Because from far distance views all details of the red terrain are not
visible, the author can choose which objects to show or how to simplify them depending on

the purpose of visualization. Enhancing some details, which are easily recognizable by users,
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will help with the orientation on the model and interpretation of presented situation if made
correctly. E.g. visudlization of residential areas in the forest from far distance view can be
presented in two ways: realistic — from above, there is only visible canopy, or not reaistic —
the houses between trees are underlined from that view point to pay user's attention on
presence of houses in forest area. Creating far views of the terrain model should give the

feeling of real intensity of terrain usage (e.g. the proportion of built up to forest areas).

Farther distance views give the possibility of showing a big part of the terrain a once. It
comes to the point where the proportion of the heights of 3D terrain objects to distance from
them will be very small and objects will not be visible in 3D anymore. With increasing the
distance to the model the spatial dimensions are being reduced again to 2D. The most redlistic
presentation of the terrain would be aerial photograph as it contains all details from the real

world in the way we can observe from the air plain (Fig.8).

Fig.8. Aerial photo. ‘Realistic’ view of the terrain. Source: Web-s.2

In most of cases the presence of all details visible in redlity is not necessary. They only
distract the attention of the user. Instead it is possible to show kind of anaysis of the terrain
dataillustrating certain topic (Fig.9.).

Fig.9. Far distance view. Visualized the result of analysis of the data. Source: Web-s.3.
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As we can see on the Fig.9., conveying the results of analysis of the data comes with
abstract kind of visualization. There is no direct connection between the theme of the layers
and the content of the landscape we observe in redlity. In this sense al kind of analysis are

making the result abstract.

Visualization techniques can help this abstract way of showing the results making
understandable for a big group of receivers. Each distance view has certain possibility of
applying realism (by showing the data on certain detail level), applying visualization methods
for showing the data. Applying different levels of detail (high [3D] when objects are close and
low detail when objects are further away) in a model improve efficiency of navigating
through a mode (Kofler, 1998 after Stoter, Zlatanova, 2003) and can help with efficient

communicating of the data.

2.2. Geo-visualization in GI S environment

Explanation of the issues raised in the previous section from a more technical point of
view force us to analyze in detail kinds of data we use for building geo-visuaizations. The
work of this internship was done in a GIS environment, that is why this analyses are made

from this point of view.

Land use data is visualized in a GIS environment as 2 dimensional grids as the most
common method.

The data used for creating such kind of geo-visualization comes mostly from remote
sensing and it is defined by location and meaning. In its nature this data is 2 dimensional.
Outcoming visualization is also defined in 2 dimensions, the result map is flat. This solution

isillustrated into the Tab.2 among other possibilities.

GEOVISUALIZATION
GEODATA 2D 2D+ T 3D 3D+ T
2D X

2D+ T

3D

3D+ T

Tab.2. 2 dimensional data visualized in 2 dimensioned geographical model.

In GIS environment, the result map is easily viewed. If there is a need to show it in the
other place, on the other computer, the map should be exported to common graphical format.
In ArcGIS it is possible to use a layout to prepare the map with the legend, scale and other
explanations and export that to common graphic formats like .bmp, .jpg., adobe illustrator or
post script EPS. If on the other platform a GIS program is available, then one will be able to
see the same form of the geo-visuaization on the computer. Just the data should be copied

12



and the project. For analyzing 2 dimensional results, it is aso possble to use paper prints

without loosing the information.

Colored pixels method of presenting geo-datais easy to achieve but as it was mentioned
in the previous section, it is difficult to communicate to a wide group of people. For making
the interpretation of the results easier, as it isin the interest of this internship, an elevation
model can help. It is the data defined by location and height above sealevel and visudized as
the combination of 2D data (grid land use data) with 2,5D terrain model. The elevation model
is named 2,5D because none of the objects on the surface is pointed out and the surface is
smooth. This solution isillustrated into Tab.3.

GEOVISUALIZATION

GEODATA | 2D | 2D+ T 2,5D 25D+ T | 3D 3D+ T
2D V

20+ T

2,5D \

25D+ T

3D

3D+ T

Tab.3. Combination of land use data and elevation model for visualization from perspective point of
view.

The result on the screen can be viewed from each side interactively. If one wants to
present such result on the other computer within a GIS environment, it is necessary to copy al
the data and the project file. Then it is possible to see the project in the same form as the
originad one. If GIS programs are not available, thereis possibility of recording the movie out
of different view points of the elevation model. This movie can be exported into general
movie format - .avi (the examplefile*2,5D’ is on attached CD), which can be viewed on each
standard PC. This convenient solution is giving only the predefined view and cannot be
changed. Thereis aso adifficulty with adding the legend or other kinds of explanations to the
view. It can be done only in the programs made for editing movies or it can be shown on the

screen in additiona window, viewed as the picture.

More redistic geo-visualizations need having applied different kind of data. For
presenting separate objects on the terrain model, it is necessary to have the information about
their location and at least about their height. For more detailed presentations also should be
used the data with the information about the size or even exact shape of the objects. This kind
of dataisinitsnature 2,5 or 3 dimensional.

In ArcGIS there are severd solutions to present those 3D objects. All of them are
connected to vector data. First concerns point data. That data differed by meaning (attributes)
can be related to aready prepared 3D models of objects. The models are aready within GIS

program or can be imported; it is explained in detail in section 4.2. The models have
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predefined exact shape. The level of their detailness cannot be changed. The same modd of
the object can be used for representing many of the same kind of entities, like trees in the
forest represented by one model of the tree. The program does relate the models with point
data.

The point data, containing information about location, is 2 dimensiona and its
visualization is 3 dimensiona (done using 3D objects) (look at the Tab.4 —0).

There is also possibility of importing separate objects to the model, when it is a need to
show characteristic, individual buildings, towers, etc. Then it is imported 3D data to the
model and it isshown also as 3D (Q at the Tab.4) athough till connected to 2D point.

The bigger objects, which can be only represented by areas, in GIS environment can be
extruded from the base. To achieve a more redistic outlook of the model, the height can be
set according to the group of the objects or to individua ones, depending on the available
data. That extruding is done automatically and does not give the information about the exact
shape of the objects. This extrusion is treated similarly to elevation model and it is called aso
2,5D. It meansthat the data containing information about the areas and the height is 2,5 D. If
it has only information about the location and the area, it is 2 D. The latter one still can be
related to the database containing the height information and visualized as 2,5 D (look at the
Tab.4-V).

All kinds of data mentioned above can be presented in the model of the reality mutualy.
Theraster data, like satellite or aeria pictures, can be shown in combination with vector data.

GEOVISUALIZATION

GEODATA 2D [ 2D+ T 2,5D 25D+ T 3D 3D+ T

2D X \Y 0

2D+ T

2,5D \Y

25D+ T

3D Q

3D+ T

Tab.4. Combination of possibilities used in the project.

Not geo-referenced raster data, like the pictures of streets or buildings, can be draped on

the objects (extruded from surface or flat) is 2 dimensional.

If one wants to show such complex model on the other computer, then it should be used
the same version of the program. It is because there are used the graphics from the program
library for visualization and they are referred to it by default otherwise there will be obtained
completely other geo-visualization. There is also the possibility of creating the new file with

14



graphics and copying there the used models, imported and taken from the program. The
relation between data and the models can be set manually.

All the data also should be downloaded at the other platform. Sometimes the amount of
data is too big and more convenient solutions are needed. The possibility of creating the
movies out of showing certain topics from several points of view is one of them.

Topics illustrating changes can be shown as transtion of  bitmaps,
appearing/disappearing of groups of objects, changing the colors of pixels, objects or areas.
That method also can be used for comparing the situations from different time or different
scenarios. Shown situation is changing along the time T. Even if changing topics are
considering the same time (different the scenarios for the same year), in the movie, one
situation is shown earlier than the other. We deal with the inner T. The data, used for
creating the movie is identical as described before, just the way of showing is different. The

possi ble combination of solutionsis shown in Tab.5.

GEOVISUALIZATION

GEODATA 2D [ 2D+ T 2,5D 25D+ T 3D 3D+ T

2D X A \Y A 0 A

2D+ T

2,5D \Y A

25D+ T

3D Q A

3D+ T

Tab.5. A —animations showing changes of time or/and terrain situations.

Above situation is not only related to the movies. Within the GIS environment besides
showing the animations, one can aso interact with the model according to individual

interests. The layers can be visible in any order and transparency.

Thelast part, which ismissing in described combinations presented in the tables, is about
the dynamic data. In GIS environment the models, which can be created are stetic in their
nature. It can be downloaded the data describing several moments in time — and it will have
the form of severa layers or severa attributes. It means that the data can only be static and it
can be shown in adynamic way. Even moving objects (like cars moving on the streets) within
the GIS model are visualized based on two static files — one describes the path and the second

contains only the model of the object, the movement is defined by the program.

The dynamism in showing the data also can be connected with dynamicaly changing
detail levels of the modd. In ArcGIS in 3D applications, ArcScene and ArcGlobe, this option
does not work. The concept of showing the file with more detailed objects at bigger scale and

the other with more generaized in the smaller scale, cannot work when it is applied a

15



perspective view. This changing of showing the files has to be connected with the distance to
the model and from perspective point of view this distance is different to each point on the
model. While changing the distance to the model, the detailness cannot change dynamically.

16



3. Stepsfor building the visualization

In this chapter is presented the main idea of illustrating the future land use, available data

and the description of the steps taken for building the geo-visuaization.

3.1. Preparing the visualization

The objective of the internship isto visualize possible future land use of The Netherlands
in commonly understandable way. Visualization of this topic from close distance view
(ground leve) is dready being prepared at Wageningen University (Lammeren, Loohouis,
2003). The interest of this internship is to develop the modd of the terrain viewed from
farther distance views. This model should be intuitively understandable and it means that in
principal the visuaized terrain should be easily recognizable to be able to analyze conceivable
changesin time. For that recognition the most important is showing the true shape of the road
network. This element people mostly use for localization on the model or on the map. Other
elements used by the users for recognition of the area are shapes of the major (commonly
known) objects, like lakes, built up areas, forests, etc. The virtua model should meet users
expectations (imaginations). If the model would be too abstract or just different from the
mental imagination of receivers, it would be difficult for interpretation or even not
recognizable (Lynch, K., 1960). For making the visudization easy to interpret, especially
taking into account land use aspect, essentia is applying realism into the presentation. In GIS
environment, using the chosen tool — ArcGIS9 — it is possible to apply perspective views
with the possibility of moving through the model, placing 3D abjects, and using the standard
colors (ArcGIS 9 desktop help).

Whwn preparing the visualization, which can be widely understandable, it isimportant to
take into consideration the receivers ability of interpretation of virtua models. All people
observing the real world see the landscape. The model containing terrain objects building the
landscape would be then easy to interpret. Such content corresponds to topographic
information, the data used preparing topographic maps. The theme of land use is the result of
analysis of that kind of information. So such content is supposed to be a good base for

preparing the terrain model illustrating land use.

For preparing the base modd of the terrain it was chosen the database of Top10 vector

availablein RIVM for the whole country.
From other availablein RIVM datait was chosen for preparing visuaization:

- Adres Coordinaten System Nederland — point data

17



- Geomarkt profiel — attribute post code data

- Land use of 2000 for The Netherlands, grid data 100 x 100 m, containing 39 uniform

land use classes

- Land use of 2030 — output from the Land Use Scanner model calculated for the

scenario giving the biggest land use changes, grid data 500 x 500 m, containing 14

aggregated land use classes

ID LU_En LU_NL ID AGGREGATED LU_AGGREGATED_EN
1|greenhouses glastuinbouw 9| other agricultural landuse
2|grazing cattle grondgebonden veeteelt
3|farming openground horticulture  |akkerbouw opengrondstuinbouw 7|arable farming
4|intnsive cattle rising intensieve veehouderij 9|other agricultural landuse
5|orchard tree culture boomgaarden boomteelt 9| other agricultural landuse
9|deciduous forest loofbos 5[nature forest

10|coniferous forest naaldbos 5[nature forest
11|salt meadow kwelders 6|other nature
12|dune duinen 6|other nature
13|heath heidegebied 6|other nature
14|moorland hoogveen 6|other nature
15[swamp moeras 6|other nature
16 [peat land veenweidegebied 6|other nature
17 [nature remaining overige natuur 6|other nature
18 |housing urban centrum wonen centrum stedelijk 0|housing in cities
19|housing urban outside centrum wonen stedelijk buiten centrum 0| housing in cities
20|housing urban green wonen groen stedelijk 0| housing in cities
21|housing village centrum wonen centrum dorps 1[housing countryside
22 |housing rural wonen landelijk wonen 1|housing countryside
23[housing work wonen werk
24|industry terrain bedrijfsterrein 4|other working areas
25|services dienstverlenend 3|working service sector
26|social cultural activities sociaal cultureel 4|other working areas
27 [railways spoorweg 10|infrastructure
28[main roads hoofdweg 10|infrastructure
29 |airports vliegveld 10|infrastructure
30|grounds remaining overige gronden 11|other grounds
32|foreign countries buiteland 12|outside the Netherlands
34|sea-port zeehavens 4|other working areas

211 |intensive pasture (grazing cattle) [intesieve grondgebonden veeteelt 8|cattle

222|extensive pasture (grazing cattle) |extensive grondgebonden veeteelt 8|cattle

241 |distribution distribute 3|working service sector

311 |big water resevoirs groot zoet water 13|water

312|rivers rivieren 13|water

313|water reservoirs boezemwater 13|water

314|sea zout water 13|water

315|water remaining overig water 13|water

331|green recreational areas recreatie 2|recreation

332|recreational areas with buildings  |recreatie 2|recreation

Tab.6. Land use classes for the province of Utrecht, uniform and aggregated.

To use the Topl0 vector data for whole country at once is impossible because of the

limitation of the available computers. That iswhy for the purpose of the internship only a part

of the country is chosen:

— northern part of Utrecht city with part of Bilthoven and Zeist (Fig.10.) — for working
with Topl0 vector database
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Fig.10. The range of the area used for preparing the visualization.

- Utrecht province — the part with the biggest variety of the land uses and with
predicted most changesin the future — for the calculations using grid data.

Having prepared dl the data, it was decided to build as the base for visualization of the
future situation, 3D maodel of the terrain using Topl0 vector data of 2002. It was combined
with heights for the buildings coming from point and attribute data.

The main ideais to keep this model for the parts of Utrecht, where there are no changes
till 2030 according to the calculations coming from the model. 3D models containing
applicable type of land use aso to the cal culations coming from the model, should replace the

places with the changes.
Detailed description isin the next section.

The computer being used during the internship is. Pentium IV, 1GHz, 1GB RAM,
graphic card specia for 3D visudizations.

3.2. Stepsfor building the visualization

Thefirst phase of preparing visuaization was analyzing available land use data. That
datawasin form of 2 grids:

- present land use (the year of 2000), defined into 39 land use classes for the whole

country, the resolution of 100 x 100 m LU 2000
100x100 detailed
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- future land use (the year of 2030), defined into 14 land use classes for whole country,

the resolution of 500 x 500 m LU 2030
500x500 aggregated

For comparison of those two maps, the resol ution and number of classes were unified
(FI-Ch.2).

LU 2000 LU 2030
100x100 detailed 500x500 aggregated

LU aggregation l Changing the cell size
\ 4
LU 2000 LU 2030
100x100 aggregated 100x100 aggregated

FI-Ch.1. Aggregation of land use classes and division of cells.

The base resolution was chosen for 100 x 100 m as the future resolution of the outputs
from Land Use Scanner model. Now the calculation from the model was available only in the
rough resolution of 500 x 500 m. Changing the cell size was done simply by dividing existing

cellsinto 25. It meansthat thereis no new information in the new grid.

Aggregation of the land use classes was done as illustrated in the Tab.6. The standard

classes were defined before for Land Use Scanner and applied here.

Having prepared grids with the same characteristics was possible to compare them. The

comparison gave the map of changed areas within 30 years (FI-Ch.2).

LU 2000 LU 2030
100x100 aggregated 100x100 aggregated

comparison

A 4

DIFFERENCES
100x100 aggregated

FI-Ch.2. Obtaining the grid of the differencesin land use between the year of 2000 and 2030.

The comparison was made checking if for the certain cell there was the difference
between two initial maps. The cells with no change were converted into ‘no data’; the

changed cells were kept with the information about new and previous land use.

All above procedures were done in Arcinfo and ArcMap (the model builder of
ArcGIS 9). The exampleis shown below (Fig.11)
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Fig.11. Example of the procedure in model builder of ArcGIS9.

After having prepared the grid files of present and future situation, there was the time to
think about good visualization towards communicating those results. Raster data in its nature
is 2 dimensional and the possible method of visualization gives quite abstract results, which
means it is difficult to understand for a big group of people. To make the results easier to
understand, there was a need to apply some commonly known references. The first step was
to choose the colors for different land use classes, which would give some hints to receivers.
After that the outcome was presented in a perspective view using the terrain model for the
Netherlands. That solution applies more familiar than orthogona view and aso shows the
details of the relief, which auser can aready know from other sources.

For not having too big files, to be able to display them on the screen in relatively short
time, it was decided to limit the area. Visuaizing the whole country of the Netherlands was
giving not satisfying results; the receiver had to wait for refreshing the screen too long to be
still motivated for farther exploring the visual model of redlity. It was chosen to show Utrecht
province as the province with most dynamic changes in land use and also having big variety
of different land use.

Presenting obtained data can be donein several ways.

If thereis no GIS avail able, one can export the map into the a graphic format and present
it on astandard PC, Those results can be also presented just as prints. To make an analysis of
the topic possible, it isimportant to attach the legend. The example of comparison of present
situation and changed areas calculated for the future is presented below (Fig.12). The static
way of such presentation demands from the receiver a big effort towards understanding the
topic. Maps are in different places and one has to imagine them lying one on the other to
compare the same place in different time. That is why it was searched aso for another

solution, which can be presented outside from GI'S environment.
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Fig.12. Example of static presentation of the results outside from GI S environment.

The data is related to 2 different dates 2000 and 2030, so it should be possible to
visudlize it in 25D+ T, in the dynamic way. Animation is the most intuitive way for
showing the changes in time, which refers to our imagination of time. A few movies (.avi)
were prepared in ArcMap (ArcGIS 9) to show in the dynamic way the changes in the land use
(asthe examples see the files ‘ UtrechtLU’ and ‘UtrechtLUZ2’ on the attached CD).

Visua resolution is not the same of two of the grids that is why the comparison cannot be
exact. The colors of the same groups of land use classes are similar, so the information about
changes of land use can be conveyed. Those examples are only to show the possibilities of the

program and when other files are available, the one with rough resolution can be changed.

Within the GIS program, the animation can be viewed also. Additionally in the program
it is easy to have the access to dl available data in the opened project. Using the option with

transparencies, the comparison of the certain areas is getting easy.

The next steps were focused to obtain the model illustrating the present situation. This
Base was built using Top10 vector, available in RIVM for 2002. This step applies vector data,
not like before, raster. The area for building the geo-visualization was limited. Top 10 vector

data contains huge amount of objects and their visualization for whole country even in the
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simplest way, was taking too much time. Experimenting with size gave the option of working
with the area of the size of part of the town. From Utrecht province was chosen part of
Utrecht city with Bilthoven and Zeist as the place of planned intensive changesin land use.

From Topl0 vector there were taken the layers about land cover. It was polygon, line and
point data. The simplest visuaization of that datais shown below (Fig.13)

Fig.13. Topl10 vector data used for creating the Base illustrating the present situation.

That data is covering the surface completely; there was no need to use eg. aerial or
satellite images. The attention was paid for not leaving the white areas, any empty spaces,

because it could suggest to the user that there is no information about those parts.

The colors and patterns were adjusted in ArcScene because there is available library with
graphics. textures and 3D objects. All areas were filled with patterns and colors, which
corresponds with redity or which or can be easily viewed:

- polygon data:
- ToplO palys.

23



- Houses:

For the need of illustrating present land use, the division of layers wastoo detailed. That

iswhy visually some of them were combined together, e.g. roads using the same filling.

In ArcScene unfortunately alot of patterns created for filling the areas by multi-elements
textures, pictures, or raster textures, were not visuaized correctly. That is why dl areas are
viewed only as the plain colors, even if there were created different filling. Created textures
can be saved in the separated graphic file or added to already existing ones. This is very
convenient option if one wants to use new texture for different visualization. If one wants to
visualize the same data in the different project, there is a handy option of creating the graphic
profile automatically from existing project. It is possible to relate automaticaly the layers (by
attribute) with the colors saved from the previous project. Those created persona profiles and

graphic files can be copied and viewed with the data on the other computer using ArcScene 9.

Houses were separated from the polygon data, and added as the different layer. It was
done to be able to visudize them in the different way — to be able to extrude them from the
surface. The heights of the buildings were taken from two databases. Adres Coordinate
System Nederland (point datd) combined with Geomarkt profiel (attribute postcode data).
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There are 6 different heights for buildings (including towers presented in Top10 vector data as
points). Theresult of visualization of buildingsis presented on the Fig.14

Fig.14. Extruded buildings using the height data from separate databases.

In Topl0 vector data big line objects like streets can be shown as areas, not as line data.
For creating the Base, roads were taken as areas but railways, fences and high-tension lines as
lines. The line data used for creating the geo-visudization is:

- linedata
- ToplOlines:
- Rals:

- Fencesand hedges:

- High-tension lines:

Having the difficulties before with visualization of the patternsin ArcScene, | decided to
insert the railways as lines and give them the line bitmap properties. This option works well

(seeFig.15).

Fig.15. Railways visualized using line bitmaps from ArcGISgraphic library.

Next group of lines, which was separated from lines file of Topl0 vector database, are
fences and hedges. It is included in the project as different layer to be able to extrude them
from the surface. Such kind of visualization remains the rea situation. The height was added

to the database manually giving standard heights for those two kinds of objects.
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The last group, high tension lines, is visualized as the line 15 m above the surface. On
that height there are electricity poles aso added to the modd. Different settings for high-
tension lines make the separate layer out of them in the project.

Thelast kind of data used for creating the Base is point data.

- point data:
- ToplO0 points:

- Forests:

Trees Cultivated:

- Treesinrows

In ArcScene a big variety of 3D objects which can be related to point data is available.
Proposed 3D models can be modified by changing the viewing angle of the object, color and

size (wideness and height can be set).

3D models can be related only to point data. All the area objects, where it is important to
see their components (like forests), had to be converted to points. There are visualized as

colored areas and a so as points.

Polygons, were converted first to grid with settings of the cell size, for forests 18 m and
for trees cultivated 9 m. Then those grids were converted back into vector, this time to points,
one point for the center of each cell. That data was inserted into the Base and it was able to
relate different kind of objects for each group of objects according to attributes in the
database.

3D objects cannot be related to lines. That is why for trees in rows it was necessary to
make similar conversion as described for areas. In ArcMap it is possible automatically put
points along the lines with set distance. For trees in rows it was set 12 m as the distance
between trees.
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For rather small area, which was chosen to visudize as the Base, the amount of created
points was huge (few hundreds thousand points). Visudization of all that data was ill
possible for PC but moving through the model was not smooth anymore.

The 3D objectsin ArcGIS 9 graphic library are very detailed (Fig.16).

Fig.16.Examples of 3D objects from ArcGIS 9 graphic library.

It is possible to use them for building detailed, very redistic virtua models. For this
study they were applied into the model to show the possible range of distances, which can be
viewed in ArcGlIS. Detailed houses, towers or windmills are not well visible from far distance
views but trees work differently. They add the necessary realism to the model. Buildings are
shown in schematic way because if there would be some patterns on their walls or roofs, the
outlook would not be clear enough from far distances. Too many details would unnecessarily
distract the user.

ArcGIS 9 gives the possibility of importing 3D objects from graphical programs. It is
possible to create own 3D objects and import them into GIS model.
For the user it is important for recognition of the places to see some characteristic points

in the model, which he knows from reality. For Utrecht the most important isthe DOM tower.

For this project it was imported from .3dsfile.
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Fig.17. Model of DOM tower imported to the Base.

After applying al graphical processes was obtained the result shown on Fig.17 (see also
thefile‘Base’ on attached CD).

Fig.17. Part of Top10 vector data before and after applying graphics.

Next step in preparing the illustration of the future land use was converting to vector the
grids of land use of 2000 and grid with the changes (FI-Ch.3). The files were changed into
vector without generalization of the borders between classes. The information in the database

remained the same.
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DIFFERENCES
100x100 aggregated

to vector to vector

A\ 4 A 4

LU 2000 @

FI-Ch.3. Conversion from raster to vector.

Those vector files had to be cut to have the same size as prepared Base, to the limit of

Utrecht city.

Having selected the areas with changed land use, | could prepare the file, where the land

use remains the same. Those areas | selected from the Base (FI-Ch.4).

DIFFERENCES BASE 2002
3d

cutting

Not Changed
areas 3d

FI-Ch.4. Cutting off the changed areas from the Base.

The rest of the areas were ‘no data’ and it will be filled by new, changed, land use. The
part of the model with not changed areasis shown on Fig.18.
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Fig.18. Part of the Base with not changed areas.

It is quite difficult to know how certain land use will ook likein 30 years. That iswhy |

analyzed the present land use and | took into consideration the constrains, which limit free

changes. | assumed that:

the network of roads will be not changed through 30 years — roads will not be closed,
there only will be build the new ones. This network is the base element for the
receiver to recognize the area on the model.

the network of canals and rivers will be not changed through 30 years — this element
of the landscape israther stable. This network is easily recognizable by the receivers.

Thisisan important e ement used for localization on the model.

trees in rows will remain the same through 30 years — they mainly are placed along
streets and cands. If dreets and canals are not changed, those trees will not be
changed either.

the areas of certain land use will have the same character like it has now; eg.
recreation areas will have the same proportions of buildings, trees, grass, €etc, as it

has now.

From the data of present land use | had the information about the borders of each land

use class. Within those borders | copied prepared Base to a new file (one new file for each

land use class) to see how thisland use looks now. For each of such files | filled the rest of the

terrain (within borders of the Base) preserving the character of each land use (FI-Ch.5). The

net of the roads, canals and water remained the same.
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3d

copying LU

BASELU 1

drawing for
whole area

FI-Ch.5. Creating the layers with one land use class for whole area limited by the Base.
Now for each land use | had the separate file, which | could useto fill the empty space of

the model of not changed areas.

The location of the new land use was taken from the file with differences. New land use
still has the shape cells of theinitial file (500 x 500 m), which are visible on Fig.18.

Next step wasto cut from layers with one land use type the areas, which were changed to
that land use (FI-Ch.6).

@ BASE LU 1

Copying within
borders of differences

Changed for
LU1

Changed for
LU 2

Changed for
LU3

FI-Ch.6. Preparing the files for each land use with data only for changed areas.

Obtained files were ready to copy directly to the Base with not changed areas, which is
illustrated on the FI-Ch.7.
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Changed for Not Changed
LU1 areas 3d

Changed for

LU2

Coovi

Changed for opving

LU3

v
°
2030
3d

FI-Ch.7. Filling the Base with land usesin the future location. Obtaining the model for 2030.

The illustration of the model with new land uses is shown on the Fig.18. There are
visible the big square patterns, which still have the size of 500 x 500m. Especially for the
water it looks not natura but for the finer initial grid file (100 x 100 m), the result will be
better. However such ‘not natural’ view has the advantages. It warns the receiver that the

future situation is not decided yet and also it is not planned in detail.

Fig.18. Part of the Base of the year 2030 with filled land uses.

Such message can be conveyed to the user also in other ways. The areas with the new
land uses can be presented in a little bit lighter colors to give the impression of seeing the
planned changes like through the mist. The changed areas can aso be visuaized in the more

schematic way than the landscape, which is supposed to remain the same as it is now.
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4. Discussion, conclusions and recommendations

The objective of the internship

The illustration of future land use — the grid file — was done in vector environment. To
obtain redlistic outlook of the virtual model, the detailness had to be much bigger than the
initial file. It means that the distance to the model had to be much closer (smaler area was
viewed at once on the screen) and the model had to contain more data, giving more details
about terrain. That is why a separate database was necessary to be used. It was a vector
database: Top 10 vector.

The conclusion, which make some authors that the more realistic the presentation, the
easier it isto communicate it to a wide group of receivers, seemed to be confirmed. During
the internship there was made no research on that topic but the reactions of people validated
that. If people could recognize the places on the model, they aways first were checking if the
area they know well (mostly the place where they live) is correct presented in the model. If

everything is correct, they are willing to trust the model.

The easy recognition of the presented area was involving the users into searching for
further information within the model. The other aspect, which was attracting users, was the
movement through the model. If the person could move intuitively through the model, then

the enthusiasm towards the model was growing.

Above observations should be confirmed by another research and the results could be

interesting for other geo-visualizations using the techniques of 3D.

Visualization within ArcGIS 9

The data used for preparing the visualization (ToplO vector) contained a big amount of
objects. Rendering al the information takes much time and it was impossible to visualize the
data concerning the whole country. Even geo-visualization of to the part of Utrecht city with
surrounding towns (Bilthoven and Zeist) did not give satisfying results. Moving through the
virtual model is not smooth. (see the exported animation on attached CD —‘Base' file).

It seems that ArcGIS 9 is not the best platform to render big amount of vector data. The
game environments are more suitable in that case. They fetch from the database only the
visible part and only on the suitable detailed level. That solution also is applied in geo-
database in Oracle and it should be till checked if it can be done aso for the needs of geo-

visualization.
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Showing the results, created in GIS environment is problematic when on the other
platform there is no specia software. Maps and geo-visudizations can be exported to
common graphical/movie formats but the content has to be predefined. There is no possibility
of free movements through the model or creating the persond layer combination. It means
that this kind of showing the results cannot be interactive, used for individual exploring or
searching for patterns within the data.

Within GIS environment there is quite convenient to show the same graphics for the data.
The possibility of saving the settings from one project speeds up the visuaization of the same
data within another one. Program automaticaly relates the attributes of the data with saved
settings of graphics.

It can be prepared persona graphic library, which can be very useful when working with

the certain topic, where there should be applied characteristic objects or outlook.

Creating the geo-visualization within ArcGIS 9 showed that this program can be used for
presenting very detailed models as well as more schematic, those which can be viewed from
far distance views. 3D objects can be easily applied into the model (although referred only to
point data) which makes possible exploring the model from the ground level. Extruding the
polygon data can give the schematic result, which is fast to obtain and can be viewed from
farther distance views. From such views the genera patterns of the landscape are more
important for recognition of the area by the user than the details of the objects. Prepared geo-
visualization within this internship gave quite interesting result of combining those two detail
levels. Because in ArcScene is not possible of applying different detailness for different
distances to the model, presented solution was the only one, which gave the possibility of

seeing the model from close and far distance views.

It should be aso mentioned that within the GIS environment it is not possible to create
rea 3D geo-visudization. It can be obtain combination of 2D or 2,5D with 3D objects. The
options as effects of touching the objects or not being able to go through them are not possible
yet in ArcGIS.
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APPENDIX:

The internship has been done in RIVM — the National Ingtitute for Public Health and the
Environment. This ingtitute conducts research into public health and environmental issues in
the Netherlands. It also operates as the Office for Environmental Assessment. RIVM conducts
research commissioned by the ministries of Hedth, Welfare and Sport (VWS), Housing,
Spatid Planning and the Environment (VROM) and Agriculture, Nature Management and
Fisheries (LNV). Policymakers use RIVM research findings to develop, implement and
enforce policy. RIVM not only conducts research itself, but gathers data from dl over the
world, which it then interprets and applies (Wb-s 4).

There are over 30 RIVM sectors, which are organized in five divisions.

Project of visualization of the land use dataisin the interest of the sector of RIVM called
RIM, Spatial Analysis, Traffic and Transport (Ruimte, Infrastructuur en Mobiliteit), which is
in turn the part of MNP, Netherlands Environmenta Assessment Agency (Milieu en
Natuurplanbureau). Starting from this project, the attention is paid for the communication of

the output data and maps to people, who are not familiar with GIS or cartography.

Requirements for the hardwarefor ArcGIS9

The available version of the software for the internship is the prerelease version of
ArcGIS 9.

Hardware reguirements for this version for Windows X P professional:
CPU Speed:
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800 MHz minimum

1.0 GHz recommended or higher

Processor:

Pentium IV or higher

Memory/RAM:

256 MB minimum

512 MB recommended or higher

Display Color:

Grester than 256 colors

Swap Space:

300 MB minimum

Utilizing Windows Termina Server technology may require additional MB, depending on the
number of clients accessing the server.

Disk Space:

605 MB NTFS

695 MB FAT32

Disk Space Requirements:

Disk space does not include the 50 MB of system drive space needed for installation
(typicaly C:\Winnt\System32). The disk space requirement for each of the Arcinfo 9.0
componentsis provided in the Setup program.

Additional Requirementsfor extension ArcGlobe:

- Memory/RAM: 256 minimum, 512+ recommended

- CPU Speed: 1 GHz minimum, 1.5 GHz recommended

- Disk Space: 605 MB NTFS, 695 MB FAT32. Additiond disk space required for any data
used in ArcGlobe.

- Video Card: 32 MB minimum, 64 MB recommended of video memory. OpenGL 1.1 or
above compliant.

For best performance, the following isrecommended:

- PC with afast Pentium chip 800 Mhz Minimum (1.0 Ghz or higher recommended) 256 MB
RAM Minimum (512 MB RAM recommended).

- An OpenGL graphics card is recommended to optimize performance in ArcScene. Texture
mapping will be better optimized using an OpenGL graphics card with 32 MB or more of on-
board texture memory.

- Ingtalation on a fast, NTFS (New Technology File System) hard drive is strongly
recommended for the Desktop Application. (Web-s. 5)
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