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Abstract 

3D visualisation of vegetation change can communicate for instance the loss of rare 

plant species, vegetation stress or vegetation risks in order to raise awareness. 3D 

visualisation might also be helpful in the nature management process, by visualising 

the effects of certain decisions, such as removing biomass from a vegetation area. In 

order to make a 3D visualisation of a vegetation model, it is necessary that this model 

has a map as output together with more information which describes the composition 

of this vegetation. These will serve as the input for distribution modelling of the 

individual plant species. 3D models of the plants can be placed at the point 

distribution which is created by this distribution tool. To get these 3D models of the 

plants, the plants which contribute to the grain, colour and structure of the vegetation 

type will have to be selected and 3D modelled. This point distribution of the plants 

and the 3D models can be brought together in a 3D simulation, together with a DEM 

and an aerial photo to model height and to give the substrate a natural colour  

There are several models for vegetation modelling, plant distribution modelling and 

3D plant modelling. The vegetation modelling is done using vegetation mapping 

models or vegetation succession models. The mapping can be done using 

geostatistical interpolation, generalized linear networks, artificial neural networks and 

classification trees. These models result in a map, and in order to be used as input for 

the plant distribution tool, a description of the abundance of each plant species within 

the vegetation types is necessary. However, when the species abundance is described 

using the Braun-Blanquet scales as a cover percentage, it is not possible to use it as 

input for a computer generated distribution, because this requires the plants per square 

meter as an input. A conversion is possible, but requires accurate modelled 3D plant 

models. The vegetation succession modelling models the transition from the one 

vegetation type to another vegetation type. This change is driven by changing 

circumstances for the plants and the output as biomass is calculated for five different 

layers in the vegetation. In order to model this layered output correctly, it is necessary 

that the 3D plant models give a correct representation of the biomass of the plants and 

it therefore requires accurate 3D growth models of the plant species. 

There methodologies for creating a plant distribution vary a lot in complexity: the 

complex Agent Based Models and Cellular Automata can model competition for 

resources and dispersion, but also require a lot of research, calibration and validation. 

A simple computer generated distribution on the other side does only require the 

number of plants per square meter per vegetation type as input. 

The 3D plant models can be divided into two types: the accurate models and the 

sketch based models. Accurate modelling techniques are AMAP and L-systems and it 

requires scientific measurements of the plants growth, size and shape to model a plant 

in 3D and the modelling needs to be calibrated and validated. These accurate 3D 

models are necessary to model vegetation succession or to make a conversion from a 

cover percentage to the number of plants per square metre. The accurate modelling 

techniques can also be used sketch based, but for instance Xfrog works faster if a 

plant has to be 3D modelled. Photographs from different angles of the plant can serve 

as the input for the sketch based modelling process.  
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This research has shown that 3D visualising a vegetation map with a computer 

generated distribution and sketch based 3D plant models is possible.  However, 

vegetation maps with the plant species abundance described as cover percentage are 

unsuitable for 3D visualisation, unless an easy method is developed to convert this 

percentage to the number of plants per square meter.  
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1 Introduction  

The development of 3D visualisation of geographic data can make a better 

interpretation of the data possible. Old paper maps can only indicate what is located 

where and the viewer has to visualise for themselves how the situation shown on the 

map might look in reality. 3D visualisation however has already taken care of this 

transition from 2D to 3D. This has two major advantages: the viewers no longer have 

to create the 3D picture of the area themselves and all the persons viewing the 3D 

visualisation share the same image of the area (Borsboom-van Beurden, 2006, p87). 

These 3D visualisations can be used for various goals. Google Earth for example has 

the buildings in Amsterdam in simple 3D shapes and users can walk or fly through the 

landscape of Amsterdam and see all the buildings (Kromwijk, 2007). It is also 

possible to visualise the results from planning processes or geographic decision 

support systems in 3D. The involved parties can view the new plans in 3D and see 

where new buildings and also nature will be located. For example CommunityViz, an 

extension of ArcGIS is capable of doing this (Placeways, 2009). These are examples 

of applications in which the 3D visualisation already has been taken care of and 

whose 3D visualisation improves the interpretation of the area or the plans. However, 

other models and applications exist which also model changes over areas, but which 

are not visualised in 3D yet. This is the case with the SMART2-SUMO2 model 

combination for vegetation succession modelling or with the vegetation mapping 

models. The output of these models can be the vegetation structure, which is the 

composition of vegetation layers (Wamelink et al., 2009), or the vegetation texture, 

which is the different types of vegetation and the species of which the vegetation is 

composed.  

3D visualisation of vegetation and changes in the vegetation caused by nature 

management or external influences as modelled by these vegetation models can help 

nature managers in understanding the vegetation changes caused by certain 

maintenance actions or external influences. External influences could be for instance 

climate change or sea level rising. The following paragraph will go into detail what is 

necessary to create a 3D visualisation of vegetation change models. The last 

paragraph will give a brief introduction to the case study which will be used in this 

research. 

1.1 Necessary models for a 3D visualisation 

Vegetation can be defined as an area with a distribution of a mixture of plant species 

specific for this vegetation type and which mixture is homogeneous over the whole 

area. A 3D visualisation of vegetation will therefore visualise these plants and 

distribution by visualising each individual plant on the location specified in the 

distribution of the vegetation type. It is therefore necessary to have 3D models of all 

plant species present in the vegetation type which will be visualised in 3D and a 

distribution of all plants in the vegetation which contains the X and Y coordinates of 

all plants. Figure 3 shows in a schematic overview how the vegetation modelling, 

plant distribution modelling and 3D plant modelling are linked together to come to a 
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3D visualisation of the vegetation model. This schematic overview is based upon 

research into 3D visualisation of land use models and maps by Van Lammeren et al 

(2005, p137). Their methodology is shown in figures 1 and 2. The input map for a 3D 

visualisation of land use is a raster land use map. This input map is combined with 3D 

tiles each representing a land use type. These 3D tiles are placed together according to 

the land use map (Figure 1) and form in this way a 3D visualisation of the land use 

map (Figure 2). The 3D visualisation of vegetation will also bring together the map 

and the 3D models. The difference with the 3D land use modelling is that the 

distribution of the tiles in the land use modelling is done via the input map, whereas 

the 3D vegetation visualisation will need an intermediate step to make the distribution 

for the 3D models of the individual plant species. Furthermore, the vegetation 

mapping process uses other geographic data as input for the mapping process and this 

geographic data is therefore placed before the vegetation modelling tool.  

The following two paragraphs will give a brief introduction into distribution models 

and 3D plant models.  

  

 

 

Figure 2: From 2D raster data into a VisualScan Scene (Lammeren, 2005, p138) 

Figure 1: From 2D data into 3D visualisation: subsequently phases (Lammeren, 

2005, p138) 
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Figure 3: schematic overview of the 3D vegetation visualisation process 
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1.2 Distribution models 

The difference between decision support systems, whose results are nowadays often 

visualised in 3D and the modelling of vegetation is the fact that for decision support 

systems, the future situation can be designed by a planner, while for vegetation 

modelling, no planning or designing takes can place, because the situation already 

present must be described. Unless of course landscape designing takes place and 

plants or seeds are planted by humans. It is of course possible to go into the field and 

to record all locations of all plants, but this process is very time consuming and does 

not allow for future predictions. Therefore, a model is needed which describes how 

the individual plants are distributed over an area. 

To put it in a different way: the scale at which individual plants can be mapped is 

larger compared to the scale of the input maps about the abiotic components of the 

soil or the maps about the different vegetation types. It is possible that more plants 

grow in a specific area having certain abiotic component characteristics. Where and 

how much of  the plants, which are suitable of growing in that area, should be located 

exactly is unknown, because the input maps only give information which plants are 

not constrained to grow there. To create a small scale dataset from large scale data is 

easy, because it only involves aggregating the large scale data. However, if a large 

scale dataset has to be created from a small scale dataset, more information has to be 

put in the model used in this process for this to overcome the transition from small 

scale to large scale. A plant distribution model can make a transition from small scale 

to large scale by using extra information about how plants are distributed in reality. A 

proper distribution model is therefore needed which is able to distribute the plants in a 

natural way. 

A possible solution to model the distribution of all possible plants is to use an agent 

based model. The agent based approach makes a visualisation of all individual plants 

possible. By assigning simple rules to agents, a complex system such as a landscape 

can be created trough interacting agents. The model will be self-organizing and 

therefore the only thing that has to be done is to define and implement the rules into 

the model. Furthermore, the agents can react or interact with the environment, for 

example the soil. For proper plant life modelling, knowledge is necessary about the 

life cycle, the preferences, the growth type, the tolerance, the reproductive life cycle 

and the germination conditions of all plants. Furthermore, there are algorithms needed 

based on the following biological principles: seasonal effects on reproduction, seed 

dispersion, seed dormancy before germinating, plant adaptation, upper, lower and 

ideal values and plants competition for  sunlight space and nutrients (Ch'ng, 2009). 

Therefore a distribution model will have agents with certain characteristics about their 

life cycle, preferences etc. and with these characteristics, the agents interact via the 

biological algorithms. This will result in a (point) distribution of different agents in an 

area with certain abiotic characteristics or vegetation type which can be visualised 

using 3D visualisation techniques. Another possible solution could be to model the 

plant distribution with cellular automata using a very fine grid in which each cell 

contains one specific plant. The same parameters and algorithms can be used to model 

competition, seed dispersion, etc.  
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It is also possible not to use a distribution model and to let the software make the 

distribution. Of course, this distribution cannot be based upon the interaction that 

takes place between plants and between plants and the soil. The only thing one has to 

do is to define the cover which a specific plant type has and the software will spread 

this plant over the area and the software will put the plants into the specified area 

(Roehricht, 2005).  

1.3 3 Dimensional plant growth models 

The methods to visualise plants and trees in 3D have been listed by Muhar (2001). He 

distinguishes between three modelling methods: Simple 3D-symbols, 2D-images in 

3D faces and automatic generation of plant structures, such as stems and leaves. The 

simple spheres visualise trees drawing by cones and spheres. However, the simple 3D 

symbols are used on trees and shrubs to visualise them roughly and cannot visualise 

the real plant structure and simple 3D-symbols are therefore not very suitable to use 

as a visualisation method for small vegetation. 2D-images in 3D faces are also less 

suitable, because the small shrubs and herbs will mostly be seen from the top and a 

billboard visualisation does not work very well from that angle. It would require many 

photographs of all plants and in all growth stages to use as textures for the 3D faces. 

The advantage of this method will be an easy interpretation of the impact of 

circumstances and competition of the viewer (Muhar, 2001). The automatic 

generation of plant structures can be done using fractal structures, L-systems, the 

AMAP-system and the TREE-system. The TREE-system is not suitable for this 

research, because it can only be used for automatic generation of trees. The AMAP-

system can be more suitable, because it has been developed to simulate crop growth 

and it has also been used to visualise the development of open space. However, the 

parameters to generate plants will have to be collected and inserted for each plant. The 

generation of plants using fractal construction can be done, because biological 

structures follow the principles of self-similarity. However, the downside of the 

fractal construction method is that the amount of realism achievable is not very high. 

The L-systems grammar has been developed for about 20 years. It describes the 

growth of plants in a mathematical way. L-grammar can simulate stems, branches and 

leaves. This L-grammar can be used to create 3D plants in software such as L-Studio 

or Vlab (Muhar, 2001). However, this overview of Muhar does not cover all 3D 

modelling techniques. According to Pradal et al. the automatic generation of plant 

structures falls within the modelling style of accuracy, conciseness and transparency. 

And in their work another modelling style has been recognized with the following 

characteristics: interactivity, intuitive, with less biological expertise and more sketch 

based. These characteristics results in 3D models of plants with a high level of detail, 

but which are not based upon growth processes derived from reality. This kind of 

models can be created with, for example, Xfrog (Pradal et al., 2009). 

Therefore, four different categories can be discerned for 3D modelling of plants: 

simple 3D models, 2D-images in 3D faces, complex 3D symbols based upon 

automatic generation of plant structures and complex 3D symbols based upon 3D 

drawing techniques.  
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1.4 Ameland case study  

The 3D visualisation of vegetation change will be applied in a case study. This case 

study will be about vegetation change at the island of Ameland. The island of 

Ameland in the north of the Netherlands is an island composed of dunes and an 

important island for nature. Due to drilling for gas, the eastern part of the island has 

subsided allowing sea water to enter and to change the abiotic circumstances. These 

changing abiotic circumstances in turn affect the presence of various plant species in 

that area and the spread and the type of species therefore have changed (Slim, 2005). 

Visualisation of these changes and predictions for further change in 3D can therefore 

help policy makers and other involved persons or parties in understanding what 

effects the subsidence has on the nature in that area.  The changes in the locations for 

the vegetation types present in the research area have been modelled with a vegetation 

mapping model. Furthermore, it should be possible to create scenarios for this area 

with variations in (relative) sea-level rise and to 3D visualise these scenarios.  

1.5 Problem description 

3D visualisation of the vegetation change caused by nature management or external 

changes can help in the nature management process. However, if the effects of a 

nature management decision or external change on the vegetation structure or 

vegetation texture have to be 3D visualised, it is necessary to combine dynamic 

vegetation prediction models with 3D visualisation techniques. These techniques 

however seem not yet applicable. 

1.6 Research objectives and research questions 

The main research objective is: 

3D Visualisation of dynamic vegetation prediction models which support nature 

maintenance modelling. 

The general research question is: 

What are the possibilities to 3D visualise dynamic vegetation prediction model 

outcomes using 3D plant models and a plant distribution model?  

The general research question will be researched with the following sub-questions: 

¶ What kinds of dynamic vegetation prediction models are being used to predict 

vegetation and for what objectives are these models being used? 

¶ Which models are there to model plant distribution in an area? 

¶ Which models are available to model plant growth in 3D? 

¶ How should the vegetation models and the 3D visualisation techniques 

technically be combined to make a 3D visualisation of the vegetation model? 

¶ Do the 3D visualisation results of the dynamic vegetation model support the 

nature maintenance process? 
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1.7 Methodology 

The methodology describes how this research will be set up. A schematic overview of 

the methodology together with the deliverables of each step can be found in Figure 4 

on the next page. 

1.7.1 Research introduction and research proposal 

The research starts with writing the research introduction and the research problem. 

These two can be found in this research proposal. The research introduction and 

research proposal will together make up the first chapter of this research.  

1.7.2 Literature research 

The next step will be a literature research into vegetation prediction models, plant 

distribution models and 3D growth models of plants. More knowledge is needed about 

vegetation prediction models to make a good connection between the vegetation 

prediction model and the distribution model and 3D plant models. There are various 

models for plant distribution and all the model possibilities, including Agent Based 

Modelling, Cellular Automata and computer generated distributions, will be in the 

literature research.  

The 3D growth models research will be based upon the overview article of Muhar 

(2001), who has given a good overview of the techniques available at the time of 

writing his article. But because computer graphics and modelling techniques evolve, 

more research is needed to get the latest technology, software and techniques in this 

field. The research into 3D plant growth models will be the answer to the third 

research question 

It is also necessary to study the possible problems which may be encountered when 

vector or raster vegetation maps are used as an input map for the 3D visualisation 

process, because the vegetation map has not been created for this purpose and may for 

this reason pose some limitations on the 3D visualisation or cause errors in the 3D 

visualisation. The possible problems which will result from this study will partially 

answer to the fourth research question. The application of the models in a case study 

will complete the answer to the fourth research question.  

1.7.3 Case study 

The application of the distribution model and the 3D growth models will be done in a 

case study. Case studies can be applied in research when the subject needs to be 

researched with all aspects together and in relation. It makes it possible to show the 

different aspects of the case within the larger context of the 3D visualisation. 

Problems which might not occur on themselves might occur when such an aspect is 

applied in a larger case due to the relation with other aspects (Baarda, 2005 p112-

117). 

The case itself has already been introduced in the introduction as well as the 3D 

vegetation visualisation process. To realise the 3D visualisation, four tools have to be 

used: the vegetation modelling tool, the plant distribution tool, the 3D plant modelling 

tool and the 3D visualisation tool. Three of these four tools use a model to produce the 
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results and using models will require some choices and also some elaboration on how 

these models will be used in this research. Therefore, the choices which will have to 

be made will be listed here. The vegetation mapping model which has been used to 

model the vegetation at Ameland will be used as an input model which will be 3D 

visualised. In order to simulate vegetation change, this model will be run again with 

an assumed further subsidence of the soil. This will result in a relative see level rising 

and will therefore result in a vegetation change. The resulting vegetation maps will 

then be modelled in 3D with the distribution model, 3D plant models and suitable 

software. The choices for the distribution model and the 3D plant model will have to 

be based upon the capabilities of the. Furthermore, it is necessary to decide whether it 

is feasible to include an advanced distribution models into this research. It would be 

more scientific to include an advanced distribution model, but if such a model takes 

too much time for creation, calibration and validation, it would be better to use a 

computer generated plant distribution. It is also necessary to check which of the 3D 

growth models are feasible to use. Some models look very promising in terms of 

realism, but creating 3D plants for the Ameland research area using these models 

might require too much time when these advanced models are used on all plants. 

Therefore, only a selection of the most abundant plants will be visualised when these 

advanced methods are used and if a modelling technique is too difficult, it will be left 

out. The next step will be to gather the input information for the distribution model, 

when a realistic one is chosen and for the 3D plant growth model and to convert it into 

the parameters required for the models. Then, all the parameters and the biological 

algorithms have to be put into the models. When all parameters and algorithms have 

been put into the models, the 3D visualisation will be created. This will result in a 

number of 3D landscapes at different time steps or in one landscape which can change 

over time within the 3D visualisation.  

1.7.4 Expert test 

The 3D visualisation will be tested with some experts. These experts will be people 

working in nature management or who are involved in the research area of the 

Ameland case study. To test the visualisation, a number of questions will have to be 

prepared which will cover all the relevant aspects of the 3D visualisation. The 

relevant aspects will be based on literature. This questionnaire will therefore be a kind 

of a structured interview with fixed questions (Baarda, 2005, p235). The 3D 

visualisation demonstration will be held in a session with these experts and this makes 

it possible to discuss the results and ask evaluation questions directly. This will be a 

group conversation, which is very suitable for exchanging ideas and generating new 

ideas (Baarda, 2005, p238).  If this is not possible, a demo will be prepared and 

distributed via the internet together with the prepared questions. The answers to the 

questions will be used to rate the successfulness on each aspect on. These scores with 

an argumentation for this score should give partially answer to the last sub-research 

question together with the results from the discussion. The answer to the last sub-

research question will be completed with the results achieved in the case study.  

The expert test is in fact a research on its own, because it will require a small 

literature study and also research question 5 can be divided into multiple sub 

questions. It is however necessary to validate the results from the case study in order 

to answer the main research question and it therefore chosen to include this research 

into the main research in order to validate the results from the case study.  
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1.7.5 Finishing of the thesis 

The literature review, 3D visualisation of the case study and the experts view on this 

will result in an answer to the general research question, which will be the conclusion 

of this master thesis. This conclusion will be followed by recommendations for further 

research. 

 

 

 

Literature research: dynamic vegetation 

models, plant distribution models and 

3D plant models  

Deliverable: Literature overview 

Writing the research proposal and 

introduction 

Deliverable: Research proposal 

Prepare 3D visualisation test with 
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Test of the 3D visualisation with 
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Deliverable: Master thesis 

3D visualisation of the Ameland 

research area 

Application of the 3D vegetation 

visualisation process (Figure 3) 

Figure 4: Schematic overview of the methodology 
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1.8 Scope 

The aim of this research is to research the possible model combinations to create a 3D 

visualisation of vegetation models. All possible models will be described in the 

literature study, but it is out of scope to test all these models in the case study. Only 

one vegetation model will be used in the case study. The use of distribution models 

will also be limited to one. The modelling techniques used to make the 3D plants will 

be limited to two, because more than one 3D plant model will be created and this 

makes it possible to use multiple modelling techniques, but the limitation here is that 

learning a modelling technique requires time, which is limited. It is therefore chosen 

to use two modelling techniques in order to have more time to model more plants.  

In is not within scope to spend a large portion of time on one of the models in the case 

study. The use of distribution models which costs a lot of time to create is therefore 

out of scope. For the same reason, it is out of scope to create a large number of 3D 

plant models.  

It is not within scope to do an expert test with a large number of experts from various 

organisations. It would require a lot of effort to get a large group of experts and it 

would take too much time to process all the results from a large group of experts. The 

expert test will therefore be done with a small number of experts from WUR. It is also 

not within scope to do an extensive literature research for evaluation criteria for the 

3D visualisation which can be used in the expert test.  

The aim of this research is to carry out the whole process of 3D vegetation 

visualisation and, by doing this, to find out which problems can be encountered in the 

3D vegetation visualisation process.  

1.9 The structure of this thesis 

This thesis will start with the results from the literature research. Chapter 2 contains 

the results for the vegetation models, chapter 3 the results for the plant distribution 

models and chapter 4 the results from the literature research for the 3D plant 

modelling techniques.  Chapter 5 contains the results on the data quality aspects. 

Then, the case study will follow. This case study is composed of several parts, the 

first paragraph will present the used geostatistical vegetation model and the output 

results from it as well as the scenarios created with it, the second paragraph will 

discuss how the 3D plant models were created for this case study. The third paragraph 

of this chapter will then discuss how the distribution of all individual plants for this 

case study was created and how these models were linked together to create the 3D 

visualisation and the fourth paragraph will show 3D visualisation results.  

This 3D visualisation will be presented to the experts and the test setup, the 

questionnaire and the results from this will be in chapter 7. The achieved results of 

this thesis will be discussed in chapter 8 and the conclusion will be drawn in chapter 9 

together with recommendations for further research. 
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2 Vegetation modelling 

There are different methods to model vegetation and the outcomes of these models are 

used for different goals. The following paragraphs will discuss vegetation mapping 

modelling methods and the vegetation succession modelling. The last paragraph will 

discuss how 3D visualisation can be linked to these methods and how it can help in 

fulfilling or extend the goals of these methods. 

2.1 Vegetation mapping models 

Vegetation maps show the vegetation type distribution and can be helpful in the 

interpretation of vegetation change or landscape change. Comparing vegetation maps 

of different times makes it also possible to see how the vegetation has changed and 

where it has changed. Furthermore, it is possible to use a hypothesized influence by 

changing one of the input variables to test the sensitivity of a vegetation distribution 

to external change (Cairns, 2001).  There are several methods to create these 

vegetation maps: geostatistical interpolation, generalized linear regression, artificial 

neural networks and classification trees.  

To make the vegetation maps using geostatistical interpolation, the vegetation type is 

determined at a large number of points in a circle around this point. The found plant 

species are classified into a vegetation type and this classification results in a 

vegetation type at a specific point. In order to determine the vegetation types in all 

areas which are not measured geostatistical interpolation will have to be used (Slim, 

2005). Possible interpolation techniques are trend surfaces, regression models, 

thiessen polygons, linear interpolation, inverse distance weighting and kriging. All 

methods except for kriging are deterministic and only good for a quick interpolation. 

Kriging however is a stochastic method and a good method for interpolation 

(Burrough & McDonnell, 1998, p147-159). Figure 5 shows the resulting maps from 

the geostatistical interpolation process created from samples which are taken at two 

different moments in time. These maps make it very easy see the changes through 

time. If universal indicator kriging is used, it is possible to create scenarios for 

vegetation change by altering the maps used as indicator values in the kriging process. 

Linear regression is used to determine how the indicator values relate to the 

vegetation types.  If for each time step one or more maps are available with indicator 

values, it is possible to generate vegetation maps for each time step with the 

vegetation distribution. However, this is under the assumption that every other aspect 

determining the vegetation type remains the same.  

It is also possible to make predictive vegetation maps using generalized linear models 

without the kriging process. A generalized linear model gives a probability of a 

specific vegetation type given a specific set of environmental circumstances at a 

location. The generalized linear model has to be created for each vegetation type. This 

will result in probability map for each vegetation type. The last step of this method 

involves the classification of all locations by assigning the vegetation type with the 

highest probability to that location (Cairns, 2001).  
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Another method to make predictive vegetation maps is to use artificial neural 

networks. Artificial neural networks consist of an input layer, a hidden layer and an 

output layer. The nodes in the hidden layer calculate and transfer values between the 

input layer and the output layer (Figure 6). It has a back-propagation learning 

algorithm to make corrections in the internal structure. The model has to be trained 

based on the amount of error in the output layer. The training of an ANN is done 

using a training data set (Cairns, 2001).  

 

 

 

Figure 6: The structure of an Artificial Neural Network (Cairns, 2001)  

Figure 5: Vegetation map created with geostatistical interpolation (Slim et al, 

2005) 
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Classification trees consist of rules in the form of a tree. Each rule is a split in the tree 

and each rule aims at reducing deviation. The process of splitting stops when the data 

is homogeneous or when there are too few observations. The rules for a split can be 

derived from knowledge from literature and laboratory tests or directly from the 

observations using the CART-algorithm (Guisan & Zimmermann, 2000). 

2.2 Vegetation succession modelling 

The SUMO (SUccession MOdel) model has been developed to model vegetation 

succession. Vegetation succession is the change from one vegetation type to another 

vegetation type. This change is driven by changing circumstances which affect the 

growth conditions of plants such as atmospheric deposition of nitrogen, management 

of the vegetation and changes in soil circumstances (pH, groundwater levels). Soil 

processes are regarded as the most important processes which regulate vegetation 

succession. In order to model the soil circumstances, SUMO has been developed as an 

extension of the SMART2 model (Wamelink et al., 2009). This model is meant to 

model soil acidification and nutrient cycling, including the N atmospheric 

decomposition (Mol-Dijkstra, 2001). SUMO extends SMART2 therefore with the 

vegetation management aspect, which will be discussed later on this paragraph. The 

outcome of the SUMO model is the biomass which is present in an area. This biomass 

is computed for five layers in the vegetation: herbs and grasses, dwarf shrubs, shrubs, 

pioneer trees, and climax trees. For the first three layers the biomass is computed for 

all species together, while for the trees, the biomass is computed for twelve specific 

tree species. For each functional type, the biomass of the root, stem and leaves are 

computed. The growth this biomass is reduced by the amount of nitrogen available 

and the available sunlight. Furthermore, the dead biomass containing nitrogen is 

returns to the soil via the SMART2 model.  

SMART2/SUMO can be extended to model the plants present in the vegetation using 

MOVE. MOVE can model the chance of occurrence of about 900 plant species using 

the SMART2/SUMO model output as input.  

Figure 7: An example of a classification tree (Guisan & Zimmermann, 2000). 
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The management of vegetation influences the amount of nutrients in the vegetation. 

This in turn affects the circumstances which regulate the succession of vegetation and 

it is therefore possible to manage vegetation succession with vegetation management. 

There are four types of management: mowing, turf stripping, cutting and grazing. 

Mowing mainly reduces the amount of biomass in the grass and herbs layer. Turf 

stripping reduces the biomass of all layers and takes away the humus layer, which in 

turn lowers the amount of nutrients in the soil. Cutting involves the thinning of a 

forest. Some trees are cut down or have branches removed from them and this wood 

or biomass is taken out of the system. Grazing can be simulated for 15 grazing 

species. They eat the biomass and return nutrients through their manure (Wamelink et 

al., 2009). The SMART2 model can be computed on a grid with cells of 250m
2
 (Mol-

Dijkstra, 2001) and this raster map can be used to make the distribution of the plants.  

2.3 What should be 3D visualised of these models? 

The vegetation mapping models do have as objectives to map the vegetation and to 

make vegetation change visible by making maps at different times. A 3D visualisation 

of these vegetation maps would first just be the vegetation types at their locations. The 

species which belong to a vegetation type will have to be distributed over the area 

which the vegetation type covers and 3D models of the plants which are found within 

these vegetation types have to be visualised with this distribution. The change can be 

3D visualised by making 3D visualisations for all time steps and by offering the 

possibility to the user to switch the time steps. Switching between 3D visualisations 

can make it possible to see how changes in the input maps change how the landscape 

looks like. 3D visualisation might therefore add another use for predictive vegetation 

models.  

The SMART2/SUMO model combination already has some 3 dimensionality in it, 

because it is computed on a grid and it models the biomass in five different height 

levels. It is not capable of simulating the plant species that grow within the vegetation 

type, but MOVE could provide this. If a 3D visualisation of the SMART2/SUMO 

should be made, it should be an extension by having the same goal of modelling 

vegetation succession. The 3D visualisation should 3D visualise the changes in 

vegetation type over time and could visualise scenarios. 3D visualisation of scenarios 

could make a better understanding possible of how vegetation management will turn 

out in the future. Furthermore, the 3D visualisation should also give a proper 

representation of the amount of biomass in each layer (herbs and grasses, dwarf 

shrubs, shrubs, pioneer trees, and climax trees). The 3D models of the plants should 

therefore have a growth function in it to cope with biomass differences and plant age. 

The result should be 3D visualisation which clearly visualises vegetation succession 

and the amount of biomass.  

The use of 3D visualisation showing how the landscape can change can be targeted 

towards lay people to raise awareness about certain changes, such as climate change. 

According to Sheppard (Sheppard, 2005) vegetation succession, the loss of rare plant 

species, vegetation stress and vegetation risks can only be communicated by 3D 

visualisation because these processes are too subtle or due to slow working processes, 
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invisible in reality. Figure 8 shows how this can be done with two forest management 

alternatives showing the situation many years after the plan has been implemented.  

 

 

2.4 Conclusions on vegetation modelling 

There are two major types of vegetation modelling: the vegetation mapping models 

and the vegetation succession models. The mapping can be realised by taking field 

measurements and kriging, generalized linear models, artificial neural networks and 

classification trees. All these methods will result in a map with differing vegetation 

areas. 3D visualisation of a vegetation map will therefore make these vegetation types 

visible in 3D. The vegetation succession model calculates the biomass for five layers 

of vegetation. Changes in soil acidity and N decomposition will lead to changes in the 

biomass and to succession of the vegetation. 3D visualising a succession model will 

have to take into account the modelled biomass via 3D plant growth models and it 

will need a good distribution of all the plants and the trees. 

Figure 8: 3D visualisation of forest management alternatives (Sheppard, 2005) 
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3 Plant distribution models 

A distribution of all plants over an area having a specific vegetation type can be 

generated with agent based models, cellular automata, self thinning systems, adapted 

L-systems or via a computer generated distribution. The following paragraphs will 

discuss each model and also discuss how these models can be linked to the vegetation 

models.  

3.1 Agent based modelling 

Emergence is the process in which complex systems are created by simple 

interactions. Agent based modelling models these interactions between plants and 

through this modelling process a complex system such as a vegetation is modelled. 

The interactions of the agents are steered by simple rules and using these rules the 

agents interact with other agents and their environment. But also plants as complex 

system can be simulated with an agent based model using the individual cells as 

agents. It is therefore a bottom-up process by going from a lower level of life to a 

higher, complex level of life.  

An Agent Based Model is self-organizing. The interactions of all agents determine the 

organisation of the whole system and for example the spread of all agents will be 

based upon their interactions.  

The following algorithms have been formulated to create vegetation:  

¶ Plants reproduce in their assigned season. 

¶ Seeds are dispersed in different directions and dispersal agents, such as 

animals, are simulated by dispersing the seeds much further away. 

¶ Seeds have a period of dormancy before suitable environmental conditions 

cause them to germinate; seeds expire if they are not germinated within an 

assigned period of time. 

¶ Plant tolerance or adaptation to ecosystem factors is based on an upper, ideal, 

and lower value. Different plants have different values. 

¶ Plants compete for availability of sunlight, space, and nutrients based on 

environmental conditions and the sizes and shapes of competing plants (Ch'ng, 

2009). 

The agents have rules which define how they will act in the algorithm. Therefore 

knowledge of the agents is necessary to define the rules. This is different for each 

plant. The model will have to be calibrated and validated to test whether the model 

reflects reality. The calibration will require running the model over and over again 

and the total computation time might therefore be long (Longley P.A., 1999 p376). 

The agent based model can be linked to a vegetation model and resulting map. 

However, it would require an agent based model for each vegetation type to be 

created, calibrated and validated and it is therefore very time consuming to link it to a 

vegetation map. This is necessary because the distribution should adhere to the 
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descriptions of the vegetation types which result from the mapping process. It is also 

possible to generate the plant distribution with only input maps containing a digital 

elevation model, nutrients information etc. This would reduce the amount of models 

to one, but the link with the vegetation model will be lost. The agent based model is 

capable of modelling the vegetation itself and this partly overlaps with the vegetation 

mapping models. 

A link between SMART2/SUMO and MOVE and an agent based distribution model 

is possible, because the results from MOVE describe which plants have to be 

modelled as agents and the model can be run for each 250m
2
 cell. It is however 

unclear how the layer information about biomass should be transferred through the 

Agent Based model to the 3D models which have to visualise this biomass and layers.  

3.2 Cellular automata 

Cellular automata are discrete models. Each cell in the model can have a state and this 

state can change in a time step. The state changes for each time step are guided by 

transition rules and neighbouring cells can influence the state of the cell (Balzter, 

Braun, & Köhler, 1998). A well known example of cellular automata is The Game Of 

Life developed by John Conway. This has three rules to define whether cells are alive 

or not (Longley P.A., 1999, p374).  

The cellular looks very similar to agent based modelling, but a cell can be an 

aggregation of multiple agents. Therefore, no interaction within a cell can be 

modelled with cellular automata. It depends however on the process to be modelled 

whether a cell can be an agent or not. Nevertheless, the algorithms used in agent based 

modelling can also be used to define the transition rules in a cellular automata. Which 

algorithms can be used depends on the choices made for the duration of a time step, 

scale and possible states of a cell.  

To model individual plants, the cell size needs to be very small and this will increase 

the amount of cells dramatically. This may cause long computation times. The choice 

on cell size is also very difficult, because too large cells can result in a very low 

amount of plants per square metre, which is not in line with reality. Too small cells 

can result in problems modelling plants which need more space than a cell can 

provide, which can result in large plants growing very close together, which isnôt the 

case in reality.  

Cellular automata also require calibration and validation of the model. This requires a 

test dataset for comparison and the vast number of times to model has to be run will 

require long computation time (Longley P.A., 1999, p376).  

The cellular automata will have to be created as many times as there are vegetation 

types to make a distribution for vegetation maps. It is in fact the same problem as with 

agent based modelling, because the same algorithms are used as with agent based 

modelling. The outcomes of the vegetation modelling however require that for each 

vegetation type a distribution has to be made based on the description of this 
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vegetation type and this requires a separate model for each type to come to results that 

match the vegetation description.  

The link between SMART2/SUMO and MOVE and cellular automata is possible in 

the same way as with agent based modelling. It is also unclear how the information 

about the biomass of all layers should be transferred via the cellular automata to the 

3D plant models.  

3.3 Self thinning distributions 

Another approach to get a reality based distribution is to make a self thinning 

distribution. This method has been developed to model plant distributions in 

monocultures. The procedure for such a distribution is as follows: A large number of 

small plants are distributed over an area. These plants are grown and they will 

interfere with neighbouring plants because space is scarce. A plant dies when it has 

reached its maximum size. Plants die prematurely when it does not get the necessary 

resources or space (Firbank & Watkinson, 1985). This model does not incorporate as 

much variables and algorithms as the agent based model and the cellular automata do 

and is therefore easier to create. It might not be suitable to model a vegetation 

distribution, because it has been developed to model monocultures.  

3.4 L-systems distributions 

Lindenmayer (L-) systems have been developed by Aristid Lindenmayer to describe 

the topology of a plant initially. This has been extended later on with procedures for 

3D drawing using turtle technology. This has given the possibility to create and 

visualise plants (Hanan, 1997).  

The L-systems are a class of rewriting systems. A rewriting system consists of an 

alphabet, which is a set of symbols that can be present in the system, an axiom, which 

is the initial state and some productions, which describe the development.  A very 

simple example of such a rewriting system is as follows: a string can contain the 

letters a and b. Two rules are present a -> ab and b -> a. The process starts with the 

predefined string which is the axiom. If the axiom is b and the production rules are 

applied each step, the result will be this: b -> a -> ab -> aba -> abaab -> abaababa -

> etc (Prusinkiewicz & Lindenmayer, 1991, p3-4). Simulation of plant growth is 

where the L-systems originally have been developed for. These L-systems will be 

used to model 3D plant growth in this research. This however is extended with 

multisets to simulate vegetations as well. This multiset represents many plants and by 

adding or removing a string from this multiset, plants can be added or removed. The 

multiset is operated by a set of productions guiding the development of all plants.  

The competition of plants is simulated by introducing the self thinning system into the 

L-system. The smaller plants which are dominated are removed from the system just 

like in the self thinning distribution (Lane, 2002).  
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3.5 Computer generated distributions 

A computer generated distribution has a very low amount of input parameters and 

algorithms based on natural processes. The only necessary input data to create the 

vegetation is the type, frequency, placement and cover of plants. The use of Multi-

fractal noise (Hammes, 2001) or the Hopkins index can simulate the clustering which 

plants tend to do (Lane, 2002).  

The major advantage of computer generated distributions is that the distribution can 

be computed on the fly and that all the locations of the plants do not have to be stored. 

The camera position and the distance to the camera determine whether an area will get 

a distribution and will be rendered or not. Whether this on the fly distribution can be 

used depends on the used software (Hammes, 2001).  

3.6 Conclusions on distribution modelling 

Several modelling techniques exist to generate a plant distribution for vegetation 

areas. The simplest method is to let the computer generate the distribution of the 

plants with some input parameters on the type of plants and their abundance. A more 

advanced method is to use an L-systems distribution with multisets and production 

rules on this multiset. Another model called self thinning distributions, which could 

also be used without the L-systems model, is used to simulate the competition 

between plants. The most advanced models are Cellular Automata and Agent Based 

Modelling. They give the possibility to model all the interactions found in nature and 

can give, via the process of calibrating and validating, a distribution which is very 

similar to what is found in reality. These results cannot be achieved with simple 

techniques like computer generated distributions or self thinning distributions. These 

more advanced models however do require a lot of time and expert knowledge about 

the interactions between plants and between plants and abiotic circumstances. It is 

therefore not feasible to use these models and the simple and quick method of 

computer generated distributions will be used in this research. 
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4 3D growth models and 3D plant models 

The growth of plants can be modelled with the L-systems model or with the AMAP 

model. These are complex 3D based on the growth processes which can be seen in 

reality (Muhar, 2001). It is also possible to create complex 3D plant models which are 

not based on reality. This can be done using general 3D drawing software or using 

plant design software such as Xfrog (Pradal et al., 2009). As already was described in 

the introduction, other methods of 3D visualisation of plants are available, but these 

methods, such as spheres or photographs placed on óbillboardsô are insufficient for 

modelling small shrubs and herbs (Muhar, 2001). Therefore these simple methods will 

not be explained in detail any further and the focus will be on most promising 

techniques which are capable of modelling growth: L-systems and AMAP and on the 

complex 3D plant model technique of Xfrog.  

4.1 L-Systems 

Lindenmayer (L-) systems have been developed by Aristid Lindenmayer to describe 

the topology of a plant initially. This has been extended later on with procedures for 

3D drawing using turtle technology. This has given the possibility to create and 

visualise plants (Hanan, 1997). The L-systems are a class of rewriting systems. A very 

simple example of such a rewriting system is as follows: a string can contain the letter 

a and b. Two rules are present a -> ab and b -> a. The process starts with a 

predefined string called the axiom. If the axiom is b and the rules are applied each 

step, the result will be this: b -> a -> ab -> aba -> abaab -> abaababa -> etc. 

(Prusinkiewicz & Lindenmayer, 1991, p3-4). 

The turtle drawing technique is very simple. There are four commands: two for 

moving the turtle, one while drawing a line and one moving only and two for turning 

the turtle left or right by a given angle. This is for 2 dimensions. This has been 

extended to use in 3D by adding an indicator for the upwards direction and by adding 

controls for pitch and roll (Prusinkiewicz & Lindenmayer, 1991, p6-7). These two 

techniques have been converted to several languages such as cpfg or L+C, which can 

be used in software packages developed together with these languages to model plants 

(Pradal et al., 2009). 

Figure 9 shows how this rewriting works on a leaf. The leaf is constructed of terminal 

branch segments called apices and of internodes. The first rule here states that an apex 

will branch into two new apices and that it will add two internodes and an apex on the 

main axis. This is clearly visible in the second structure from the left. The second rule 

states that the internodes will double in length. Each time step, more apices are added 

resulting in more branching and the internodes are added and they also grow which 

avoids overlap between all the branching apices. The leaf has self-similarity, because 

the different branches and the whole leaf are comparable to each other and shows in 

this way that L-systems are capable of modelling the fractal structures which can 

often be found in plants.  
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A simple 3D plant has been described in the Algorithmic Beauty of Plants 

(Prusinkiewicz & Lindenmayer, 1991, p26).  

The original L-system code in this book is as follows: 

N=7, d=22.5 

 

W = A 

P1 = A -> [&FL!A]/////ô[&FL!A]///////ô[&FL!A] 

P2 = F -> S/////F 

P3 = S -> F L  

P4 = L -> [ôôô^^{-f+f+f -|-f+f+f}]  

 

The axiom here is A and p1 creates three new branches from the apex of an old 

branch, p2 and p3 take care of the internode growth and p4 specifies the leaf. The 

number of times the systems is repeated is 7 and the angle for roll is 22.5 degrees. A 

list of all turtle operations can be found in Appendix A. This code results in the plant 

in Figure 10.  

The L-system code which was used in PlantGL is as follows: 

a = 22.5 

Axiom: _(0.2)A 

production: 

A --> [&(a)FL!(0.1)A]/(a*7) [&(a)FL!(0.1)A]/(a*5)[&(a)FL!(0.1)A]  

F --> S/(a*5)F 

S --> FL 

L --> [,(2)^(a*2){ -(a)f+(a)f+(a)f-(a)|-(a)f+(a)f+(a)f}]  

 

Figure 9: Simple L-system development (Prusinkiewicz, 2000). 
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As it is noticeable, the number of times the system is repeated is stated elsewhere and 

the angle is placed in the system itself via variable a. Furthermore, the roll command 

is no longer given five times in a row, but the angle for the roll is multiplied by five to 

get the same result. The plant in figure 10 has been exported from PlantGL to Povray 

and has been rendered with Povray. 

This shows that the overall idea and commands to control the turtle moves and the set 

up of the system has remained more or less the same from the Algoritmic Beauty of 

Plants which was published in 1991 and the use in the PlantGL and OpenAlea 

software which was released in 2009. And this long period of use and development 

proves that it is a good technique for modelling the growth of plants in 

3D.

 

Figure 10: Povray render of the l-system code 

Figure 11: Leaf growth simulation with an l-system (Prusinkiewicz & 

Lindenmayer, 1991, p123) 



Exploring 3D visualisation of vegetation        Joël Hempenius 

38 

 

The L-system can make 3D models of plants in all growth stages. Each time step or 

repetition of the L-system is a growth stage. This growth is realised by extending the 

internodes and by adding new branches at the apex. Or, to simulate leaf growth, by 

adding and extending the axes of a leaf as shown in Figure 11 (Prusinkiewicz & 

Lindenmayer, 1991, p123).  

In order to model 3D plants and their growth accurate, it is necessary to study the 

growth and shape of each plant which is to be modelled (Mathieu et al., 2009). This is 

a time consuming process. The modelling is not easy as well, because the global 

structure of a plant is composed of the interaction of several rules. A change in one 

rule to change one aspect of the plant can therefore result in changes in other aspects 

as well. It is however also possible to use L-systems as a sketch tool. But when it is 

used as a sketch tool, the accuracy of the plant modelling gets lost and it will not 

longer be possible to generate 3D plant models for each growth stage which represent 

the shape of the real plant in each growth stage. Only one growth stage can me 

modelled sketch based (Anastacio, Prusinkiewicz, & Sousa, 2009). 

4.2 AMAP 

The AMAP system has been developed about twenty years ago to model trees in 

detail. The model techniques at that time, including the L-systems model, were not 

advanced enough to include the necessary mathematical algorithms to do detailed tree 

modelling.  

The AMAP model is based upon a classification of tree types. The classification has 

been made on the axes combination of a tree. The combination of axes in a tree is 

based upon how a tree branches. The tree trunk is a first order axe and a branch from 

this trunk is a second order axe. If this branch branches again, it will be a third order 

axe. These second and third order are duplications of the first order architecture and 

the growth therefore reiterates with each new order. Using Monte Carlo simulation 

together with stochastic laws for mortality and branching, the growth of a tree is 

simulated.  

To simulate a tree, field observations of this tree have to be taken and converted to be 

the input information for the growth simulation (Jaeger & De Reffye, 1992). The 

AMAP modelling method might very well link with the SMART2/SUMO model to 

model the biomass in 3D as it was modelled in SMART2/SUMO. This is achieved by 

including source-sink relationships in the tree and between the tree and the 

environment. The source sink relationships in the tree itself determine the biomass 

production and allocation. Figure 12 shows how this results in a different biomass 

distribution. The tree in the middle shows the growth under good environmental 

conditions. The tree on the right shows the growth under bad conditions. The leaves 

are concentrated near the top of the tree and it has less biomass. The tree on the left 

shows what growth under bad conditions should not look like: the tree is a small size 

copy of the tree in the middle and shows no effect of bad environmental conditions. 

These environmental conditions could include competition, the amount of light, etc. 

(Mathieu et al., 2009). The inclusion of these source sink relationships would require 
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a lot of time to model for all plant species and has only been applied to trees, which 

makes hard to apply on shrubs and other vegetation.  

 

The AMAP model has been developed to model trees and whether it will be possible 

to apply a model which has been developed to model trees and used to model 

landscape development is suitable to model small shrubs and herbs is unclear.  

Software exists which already has taken care of most of the modelling process. It 

simplifies the use of AMAP by offering hard-coded models. These models have 

parameters and by altering the parameters, the plants are built. The software has a 

library of 3D symbols for flowers, leaves and fruits to add to the plants (Pradal et al., 

2009).  

4.3 Sketch based plant models 

The sketch based plant models can be created with general 3D software or with sketch 

based plant design software. The general 3D software is used for many purposes, such 

as creating games or for building 3D objects. Plants are of course objects too and the 

procedure to create the 3D plant is therefore very simple. The volumes and textures on 

these volumes will have to be defined according to how the plant looks like and when 

the 3D plant looks more or less the same as the real plant, the 3D plant is ready.  

The sketch based plant design software already has a library for the basic plant organs 

like leaves, flowers or branches. By modelling these basic organs in a graph with 

multiplication operations, the plant is created. The major advantages of using this 

software are that the user does not need much biological knowledge to model a plant 

and that the basic shapes are already present in the software. Figure 13 shows how a 

simple plant is created with basic plant organs (Greenworks, 2009). 

Figure 12: Biomass modelling with AMAP: the middle tree shows the growth 

under good environmental conditions, the tree on the right growth under bad 

conditions and the tree on the left how a tree should not look like under bad 

conditions  (Mathieu et al., 2009). 
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4.4 Conclusions on 3D plant models 

There are two main methods to model a plant in 3D: growth modelling based on 

reality and sketch based modelling. Growth based modelling can be done with L-

systems or with AMAP. The advantage of these models is the different growth stages 

and 3D models of it of a plant can be created with one model. Furthermore, it is 

possible to model the biomass with AMAP and the effect of the environmental 

conditions on the growth and shape of the tree. This would be very useful when it 

would be used for 3D visualisation of vegetation succession models. The advantage of 

sketch based modelling using Xfrog is that it is possible to create a 3D plant model in 

very short time and without much biological knowledge.  

The L-systems rewriting technique and the Xfrog software will be used to create a 

number of 3D plants for the case study. Software to create L-systems is available as 

open source software and Xfrog is available with a 30 days evaluation period and they 

are therefore both easy to obtain.  

Figure 13: Modelling plants with Xfrog (Greenworks, 2009) 
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5 Data quality of vegetation maps 

Using maps for other goals then the goal which they are originally created for can 

cause a lot of problems. This chapter will briefly discuss the possible problems as they 

are described in An Introduction To Geographic Information Systems by Heywood et 

al (2006) and Principles of Information Systems by Burrough and McDonnell (1998). 

A vegetation map could have a very good quality in terms of thematic accuracy, 

positional accuracy and temporal accuracy (Burrough & McDonnell, 1998, p221) and 

still not be very suitable to use it for 3D visualisation of vegetation. Factors which 

might degrade the quality of the 3D visualisation are the generalisation used of the 

input vegetation map, the coverage, the error propagation of the vegetation map, 

insufficient modelling of fuzzy boundaries and the selection process for the area to be 

mapped.  

5.1 Generalisation in the vegetation maps 

A vegetation map is a heavily generalised model of the reality. The reality is an area 

with a mixture of plants, but this is in the map classified into vegetation types. This 

classification process is one of the types of generalisation and one in which human 

intervention, interpretation and choices influence the classification. Another reason 

for generalisation of the data can be that the data is required at a specific scale and 

details might get lost when for instance the features are simplified. The last reason for 

generalisation of the map is the technical limitations from the process which was used 

to create the map. This could be for instance the resolution of a remote sensing device 

(Heywood, 2006, p43), but it could also be in the geostatistical interpolation process. 

The vegetation mapping for Ameland had for instance five main vegetation types of 

which two were sub divided into sub-vegetation types. This vegetation map has been 

created using kriging, which requires enough sample points to calculate the variogram 

(Burrough & McDonnell, 1998 p137). It is therefore necessary to have enough sample 

sites per vegetation type. Because one vegetation type was only found at one sample 

site, it was left out of the dataset. The area to be interpolated remained the same 

however and the point which was left out has therefore got another vegetation type 

assigned in the final vegetation map. Furthermore, the sub-vegetation types have been 

aggregated to their main categories to increase the number of sample sites per 

vegetation type (Slim, 2005). 

The implication of this generalisation process is that the details which get lost during 

this process cannot be 3D visualised and that the differences in vegetation 

composition between the two sub types will not be visible in the 3D visualisation.  

Another implication is that it might insert an error when a vegetation type is 3D 

visualised at a location which is in reality and in the original dataset another 

vegetation type.  

5.2 Fuzzy boundaries 

The changes between entities can be gradual. This can be found in nature in soil types, 

groundwater data and vegetation types. These boundaries are therefore indistinct, 
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which makes them hard to represent on a chorochromatic map. In order to solve this 

problem, these features are made distinct by drawing a sharp boundary between the 

differing entities, which makes it looks like it has as well been defined as a cadastral 

unit (Burrough & McDonnell, 1998, p224-225; Heywood, 2006, p311). 

This fuzziness is very much related to the definition process of an entity. It is for 

instance possible to have different definitions for what a mountain, such as the Mount 

Everest exactly is and therefore what is included in the entity Mount Everest and what 

not. The different aspects which make up the Mount Everest make discussion about 

these aspects and therefore the entity itself possible(Heywood, 2006, p306).  

A vegetation type is also made up of different plant species which together form the 

characteristics of the vegetation. The classification of these vegetation types is done 

via plant species which give the vegetation its unique character. Each plant in turn 

responses differently to for instance the amount of available water and the height 

differences (Slim, 2005). These differences in response will therefore result in fuzzy 

boundaries between vegetation types due to differing distributions of the different 

species which make up the vegetation type. To illustrate this: A rising ground water 

level to the north could for instance stop plant species X after 50 meters to the north, 

whereas plant species Y will continue to grow with these high  ground water levels up 

until 100 meters to the north. The north area can be classified as a wet vegetation 

type, whereas the south area is classified as a dry vegetation type. A sharp boundary 

might be drawn where plant species X stops to grow, but also where plant species Y 

stops to grow. But in reality, the vegetation changes gradually from dry to wet.  

The effect of these sharp map boundaries will be clearly visible boundaries where all 

plants belonging to the one vegetation type will stop to grow and the all plants from 

the other vegetation type will stop to grow. In reality however, some plants of the first 

vegetation type will continue to grow for a limited distance in the other vegetation 

type.  

By making the vegetation visualisation less abstract than a traditional chorochromatic 

map by using a 3D visualisation, it will be easier to compare the distribution of a 

specific plant species in reality with the distribution of this plant species in the 3D 

visualisation. It is therefore expected that these boundaries from the vegetation map 

will result in distribution errors for the individual species and will show boundaries 

that not exist in reality.  

5.3 Completeness 

The coverage of the vegetation map should be complete (Heywood, 2006, p304). A 

gap in the vegetation map will appear in the 3D visualisation as an area missing 3D 

plant models and unless the area has been mapped as an area with no vegetation, it is 

no good representation of reality. The gaps in the map will look exactly the same as 

an area without vegetation would do and the user of the 3D visualisation can therefore 

no longer spot these errors in the data. The user will interpret these gaps in the map as 

areas without any vegetation.  
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There might of course be good reasons for these holes in the vegetation maps. For 

instance a small area with water could well be completely within the vegetation map. 

These water areas which appear as gaps in the map can however visualised distinct 

from the areas without vegetation by covering all areas below sea level with a water 

texture in the 3D visualisation or by using a aerial photograph as a texture on top of 

the DEM which has a good representation for the water for the vegetation gaps.  

But because gaps in the map do not make clear themselves why they are there, it is 

necessary to check for each gap in the vegetation map why it is there using other 

maps, a DEM or an aerial photograph of that area.  

5.4 Error propagation 

Vegetation maps are often created using other geographic data. When these other 

datasets contain errors, these errors can continue in the vegetation map and in the end 

in the 3D visualisation of this vegetation map. If there is lineage information available 

about the vegetation map, it should be possible to track these errors down to the input 

datasets. This information however is not always created along with the data 

processing (Heywood, 2006, p305-326).  

Because the 3D visualisation differs from the traditional map visualisation, it is very 

well possible that errors in the dataset do not manifest themselves or that these errors 

will be clearly visible, more than they were in the original map. If the 3D visualisation 

does have strange results, such as for example 3D models of plants at impossible 

locations, it would be good to inspect the input datasets to check where this strange 

result is caused by.  

5.5 Using raster vegetation maps 

Raster maps containing vegetation can also be used as input for 3D vegetation 

visualisation. What makes raster maps special here is that the grid cell is less flexible 

compared to a vector feature. Grid cells can contain only one value and have a fixed 

size (Burrough & McDonnell, 1998, p231). If the size of the cell is large, it will result 

in a 3D vegetation visualisation which has still visible grid cells when there are large 

differences between the vegetation types of these grid cells. This assumption is based 

on the research of converting land use models to 3D visualisations by Borsboom-van 

Beursden et al (2006, p90-97)  and Van Lammeren et al (2005, p138). Figure 14 

shows how this raster map of the land use model is converted to a 3D visualisation of 

land use. The raster origin of the 3D visualisation is still clearly visible. Smaller grid 

cells can be capable of modelling this change more gradually. 
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Another problem which might occur when using raster data is the mixed cells 

problem. A grid cell can only contain only one value and it might therefore be 

possible that a large grid cell having a certain value should contain other things apart 

from the vegetation value (Burrough & McDonnell, 1998, p231). It is very likely that 

a grid cell of 250
m2

 containing heath is overlapping a small fen which is situated in 

this heath. A vector map is capable of excluding this fen, but if a raster map is used, 

the distribution of plants will also be made within this fen.  

On the other side, if this water area is large enough to cover one or more grid cells 

completely, it is very likely that these grid cells will be assigned no data. But when 

slightly more than half of this grid cell is part of this water area and the rest is part of 

the land and contains vegetation, the land area of this grid cell will be seen as water as 

well. The implication of this will be that there will be no plant distribution for this 

area, because the vegetation type is not known.  

These problems can be solved by combining the raster data with vector data. When 

the raster map and a suitable vector map are overlaid, it is possible to remove the 

small areas which donôt need a vegetation distribution from the raster map. 

Furthermore, it is possible to check on areas which are likely to have vegetation, but 

which are assigned no data by the raster map. This technique is based on the overlay 

which is used in land use modelling by Borsboom-van Beursden et al. (2006, p96), 

which use this overlay technique to combine future land use as it was computed on a 

raster map with current infrastructure and water areas to keep these features in the 

future land use plan.  

 

Figure 14: 3D visualisation of raster land use maps with a large raster cell size 

will result in a 3D visualisation with a raster pattern (Lammeren, 2005, p138) 
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5.6 Conclusions on the data quality of input vegetation maps 

There is one obligatory check before a vegetation map can be 3D visualised: checking 

on gaps in the input vegetation map. If there are gaps in the vegetation map, they will 

be 3D visualised as areas without any vegetation, which is not indicated by the map. If 

there are gaps, it should be checked whether the DEM and aerial photograph can offer 

an understandable and reality based visualisation for such a gap.  

Other errors from the input data might be exaggerated by the 3D visualisation and 

become very clearly visible in the 3D visualisation. It is therefore also necessary to 

check the 3D visualisation for errors and to search for the cause of an error. If 

possible, this error should be corrected in the input data so that it does not shows up in 

the 3D visualisation.  

Other problems which can be encountered when creating a 3D visualisation could be a 

high level of generalisation and non-reality based sharp boundaries between 

vegetation types. These will lead to 3D visualisations which might deviate from 

reality and thereby give the user of the 3D visualisation a wrong idea of the real or 

future situation of an area. These problems however originate from the choices which 

are made with the traditional vegetation map in mind and these choices therefore limit 

the use of the vegetation map for 3D visualisation. An input vegetation map which is 

created solely as an input map for 3D vegetation visualisation will therefore be only 

generalised where necessary for the data collecting process. It should still contain 

sharp boundaries, because it is not known how the distributing process should cope 

with fuzzy boundary vegetation maps.  

When raster maps are used as input data, it will need some pre-processing with vector 

data to check on small features which should be excluded from the vegetation and to 

check whether all vegetation areas are included in the raster map. Raster maps with a 

large cell size are also likely to make the 3D visualisation look like a raster viewed 

from a distance.  

Figure 15: Combination (right) of a raster land use map and a vector 

topographic map (Borsboom-van Beurden, 2006, p96) 
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The results of this chapter will be used later in this thesis to discuss the achieved 

results in the case study.  
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6 The Ameland case study 

Figure 16 shows the 3D vegetation visualisation process again. This 3D visualisation 

process will be used in a case study situated at the island Ameland. The corresponding 

paragraphs are displayed in bold. First, the vegetation maps and necessary data which 

will be the input to the plant distribution tool will be discussed in 6.1. Then, the 3D 

plant modelling process will be discussed in 6.2. The software used to create the plant 

distribution and to 3D visualise it will be introduced in 6.3.1.  

The figure has been extended with an extra line from the geographic input data to the 

3D vegetation visualisation compared the original figure in the introduction. This has 

been done, because some of these datasets which have been used before to create the 

vegetation maps can also be useful to improve the realism of the 3D visualisation. 

Another dataset has been added to model the vegetation descriptions. These 

descriptions describe the composition of the vegetation types and are necessary to 

create a plant distribution for a vegetation type. For this research, the compositions of 

the vegetation types have been derived from a dataset containing all the plant 

recordings in the research area. The dashed line represents the information which is 

needed to select the plants which have to be modelled. This selection process has not 

taken place in this research and the line is therefore dashed, but it should have been 

done, more information on this can be found in the discussion.  

A digital elevation model will simulate the height in the 3D visualisation and an aerial 

photograph will provide the texture which can be placed upon this digital elevation 

model to give the dunes, beach etc a realistic colour. The digital elevation model will 

be discussed in 6.3.2 and the aerial photograph will be discussed in 6.3.3. The 

computer generated distribution will be discussed in 6.4.3. The results from the 3D 

visualisation process will be shown in paragraph 6.4 and 6.5 will be the conclusions 

on the suitability of the used software. Paragraph 6.6 will contain a conclusion on the 

case study. 
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Figure 16: Modified schematic overview of the 3D vegetation visualisation process 
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6.1 The input vegetation data  

The input data for the 3D vegetation visualisation are the vegetation maps of 2001, 

2004, 2006 and 2008 and the points at which the vegetation was recorded. This map 

does not contain any gaps and is therefore suitable for vegetation visualisation. It is 

assumed that this map is correct and that all the vegetation types as shown on the map 

are also present in reality. There is also a database available with all the plant 

recordings including the location which can be joined to this point map. Figure 18 

shows the vegetation maps for 2001, 2004, 2006 and 2008. Note that the map of 2001 

differs from the map presented in the introduction. The reason is unknown and the 

input data for these maps comes from the dataset as it was delivered by the university. 

The areas with the different vegetation types donôt show many differences between all 

the years. Zooming in to a very detailed level will reveal some minor differences. The 

distribution of the plants however does differ through the years. As an example, the 

vegetation recording points where the Potentilla anserina was found are shown in the 

maps. The year 2001 has fewer points in total and therefore a comparison between the 

absolute number of points is impossible over all the four years. It is however possible 

to see an increase of points between 2004 and 2006 on the one hand and 2008 on the 

other hand. But over the four years it is visible that this plant has started to grow in 

other vegetation types than B where it only grows in 2001. This resulted in differing 

vegetation compositions over the years and in order to make a good distribution of the 

plants the different compositions will have to be calculated. To do so, it is assumed 

that the vegetation composition is homogeneous over the whole area of one vegetation 

type. This assumption makes it possible to calculate a mean cover percentage of a 

plant species for a vegetation type for a year. Furthermore it was assumed that the 

mean cover percentage of the recording locations would be the same as the mean 

cover percentage of the whole area of one vegetation type. On this basis, the 

vegetation compositions were calculated.  

A number of steps had to be taken to create the vegetation compositions. Figure 17 

contains the model showing the first steps for the Potentilla Anserina for the year 

2001. First, all the points containing one of the 3D visualised plants were extracted 

from the database containing all the names and plant recordings. This resulted in five 

database files containing the point where the vegetation was measured, the species 

database number and the cover code (Figure 17: Potenans Table). Another database 

file was extracted from the large database containing all the cover codes and the cover 

percentages (Figure 17: COVERTABLE). Then an extra field was added to store the 

cover percentage (Vegpoints2001_COVER) into and for each plant and for each year 

a copy (Figure 17: Vegpoints2001_pontenans_COVER) of the shape file containing 

all the recording locations (Figure 17: Vegpoints2001) was made. The database file 

containing all the recordings of one plant type was then joined in ArcMap to its 

corresponding copy of the point shape file (Figure 17: potenans2001). The database 

file containing the cover percentages was then also joined to all these files (Figure 17: 

potenansCoverperc).  Figure 19 shows a part of the attribute table of one of these 

shape files. This results for each plant and for each year in a shape file containing all 

the recording locations and on the locations where this plant type is found information 

about the cover code and the cover percentage. If that plant species has not been 

recorded at a location all the fields belonging to the plant database file or the cover 
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percentages table contain <Null>. The next step would then be to calculate the mean 

cover percentage for all locations, including the locations where the plant doesnôt 

occur. This can however not be done on the right column ñBEDEKKING2ò, because 

the <null> values will not be evaluated by the statistics tool of ArcMap. Therefore all 

the cover percentages were copied to the COVER column on the left and all the places 

where the plant didnôt occur were given a zero. This COVER column was now ready 

for statistics calculation. However as is clearly visible in the most left column, all the 

vegetation types are present in this table. Therefore, for each vegetation type the 

points being in this vegetation type were selected. With this selection the mean cover 

of this plant in the selected vegetation was calculated. The results from this process 

can are in table X. The complete table with the mean, standard deviation and number 

of records can be found in appendix B.  

 

Figure 17: Joining the cover percentage to the plant recording points 
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Figure 18: Vegetation maps of 2001, 2004, 2006 and 2008 with the dispersion op 

Potentilla anserina 
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   2001 mean 2004 mean 2006 mean 2008 mean 

Vegetation type 0         

No plants 0,000 0,000 0,000 0,000 

Vegetation type B     

Potentilla Anserina 19,793 18,586 9,414 16,031 

Juncus maritimus 0,000 1,207 1,207 0,060 

Hippophae rhamonides 6,786 6,817 4,572 2,274 

Scirpus Maximus 0,164 2,048 0,638 1,154 

Triglochin maritima 0,000 0,003 0,000 0,000 

Vegetation type C     

Potentilla Anserina 0,000 1,435 0,724 4,919 

Juncus maritimus 0,000 0,000 0,000 0,000 

Hippophae rhamonides 5,575 13,276 11,500 6,856 

Scirpus Maximus 0,000 1,135 1,351 0,472 

Triglochin maritima 0,000  0,000 0,000 

Vegetation type D     

Potentilla Anserina 0,000 0,003 0,003 0,774 

Juncus maritimus 0,000 0,000 0,000 0,000 

Hippophae rhamonides 3,513 5,861 6,665 10,794 

Scirpus Maximus 0,000 0,000 0,000 0,000 

Triglochin maritima 0,000 0,000 0,000 0,000 

Vegetation type E     

Potentilla Anserina 0,000 0,000 0,000 0,063 

Juncus maritimus 0,000 0,000 0,000 0,007 

Hippophae rhamonides 4,883 6,453 6,067 6,546 

Scirpus Maximus 0,000 0,000 0,000 0,002 

Triglochin maritima 0,000 0,000 0,000 0,000 

Table 1: Cover percentages of the plant species for each vegetation and each year 

Figure 19: Attribute table showing the joined tables and the cover percentages 

(BEDEKKING2) which are copied to the new cover field (COVER). 
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6.2 The 3D plant models 

The 3D plant models have been created with Visualea/PlantGL and Xfrog. The choice 

of the plants has been made arbitrarily, because the datasets with the information on 

cover percentages and specie abundance was not available at that time. Furthermore 

there were only photographs available of eleven different plant species, which also 

limited the choice for the plants to be 3D modelled. In the end, the plants which 

seemed most feasible to be 3D modelled were chosen.  

Initially, the number of plants to be modelled were evenly distributed over the two 

software packages, but because Xfrog was very easy to use, which resulted in less 

time spend per specie, it was decided to model two plants in PlantGL and the others 

plants in Xfrog. The 3D modelling process of the two plant species in 

Visualea/PlantGL will be discussed and then the 3D modelling process of the other 

four plant species in Xfrog will be discussed. 

6.2.1 VisuAlea/PlantGL 3D plants written in L-systems 

The first plant which is modelled with Visualea and PlantGL using L-systems is 

Scirpus Maximus. Figure 21 shows this plant growing in the research area.  

This plant grows on the borders of salt and fresh water. Figure 20 shows a Povray 

render from the modelling in PlantGL and VisuAlea. The code which was used to 

come to this result is shown in Table 2. The L-systems code is more extended 

compared to the example in 4.1. The L-systems code now includes a homomorphism. 

This section is used to replace specific characters in the L-Systems string with other 

characters, but this replacement is only used for the turtle interpretation and it is not 

added to the new string for the next time step. The B stands for the brown flower at 

the top of the stem and in the homomorphism, the turtle commands are given to create 

this brown flower. Because this plant grows by enlarging the internodes and by 

adding segments on top of the plant the flower would be duplicated each time a 

segment is added. The production rule for B avoids this by removing the B from the 

previous string. This L-system also lets the leaves grow by adding extra segments to 

the middle parts of the leaf. Another improvement to this L-system are the variables 

which are processed through the rewriting process. The production rules for the A 

segment make the diameter of the main stem smaller by reducing variable b by 30% 

and simulate by this the smaller diameter of the stem near the top of this plant. The c 

variable in turn increases the growth speed of the internodes by enlarging the 

internodes length each time step. Older internodes therefore grow relative more than 

new internodes. 

The other plant modelled with L-systems is Potentilla anserine (Figure 22). The L-

systems code of Scirpus Maximus has been adapted to get a 3D model for this plant. 

This is because the L-systems code is difficult and abstract. It was therefore easier to 

recycle the code and to adapt it than it was to create the code from zero. The L-

systems code of this plant is shown in Table 3. The angle (a) has been set higher to get 

more compact leaves and two additional branches have been added to the axiom and a 

special branch for the flower has been added as well. This flower is again modelled 
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with a homomorphism. This has resulted in the 3D model of this plant as shown in 

Figure 23. 

   

 

Figure 20: 

PlantGL model 

of Scirpus 

Maximus 

Figure 21: Scirpus Maximus 

(photograph: Van Dobben) 

 

a = 7 

ab = 21 

b = 0.1 

l = 0.2 

c = 1 

Axiom: _(b)A(b, c) 

production: 

A(b, c): 

  b = b - b*0.3 

  c = c + 0.5 

  produce [,(2)!(b)&(a)F(c)A(b, c)LB] 

F(c): 

  produce /(a*5)F(c) 

L: 

  produce [^(a){-(a)f+(a)f(3)+(a)f-(a)|-(a)f+(a)f(3)+(a)f}] 

f(3): 

  produce f(3)f(3) 

B: 

  produce * 

homomorphism: 

B: 

  produce,(1)[&(a*3)[^(a){-(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-

(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-

(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-

(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]],(2)/(36)[^(a){-(a)f+(a)f(3)+(a)f-(a)|-

(a)f+(a)f(3)+(a)f}] 

Table 2: L -systems code of the Scirpus Maximus 3D plant model 
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Figure 23: PlantGL model of Potentilla Anserina 

Figure 22: Potentilla Anserina (photograph: Van Dobben) 

a = 30 

ab = 50 

b = 0.1 

l = 0.5 

Axiom: _(b)&(a)A(b)/(a*5)&(a)A(b)/(a*3)&(a)A(b)/(a*5)&(a)Z(b) 

production: 

A(b): 

  b = b - b*0.3 

  produce [,(2)!(b)FA(b)/(90)L/(180)L] 

Z(b): 

  b = b - b*0.3 

  produce [,(2)!(b)FZ(b)B] 

F: 

  produce &(a/10)F 

L: 

  produce [^(a)/(90)!(0.01)F(0.5){-(a)f+(a)f+(a)f-(a)|-(a)f+(a)f+(a)f}] 

B: 

  produce * 

homomorphism: 

B: 

  produce,(4)^(a*2)[[^(a){-(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-

(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-

(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]/(72)[^(ab){-

(ab)f(l)+(ab)f(l)+(ab)f(l)-(ab)|-(ab)f(l)+(ab)f(l)+(ab)f(l)}]] 

Table 3: L -systems code of the Potentilla Anserina 3D plant model 
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6.2.2 Xfrog 3D plants 

Xfrog is very user friendly and intuitive when it comes to modelling plants. Therefore 

more plants where modelled with Xfrog than originally planned, because it costs 

relative very little time to achieve a  result which is more or less the same as the 

photograph which serves as the example. The plants modelled in Xfrog are  Juncus 

maritimus, Triglochin maritima, Armeria maritima and Hippophae rhamonides.   

The first plant to be modelled is Juncus maritimus. Figure 24 shows a photograph of 

this plant which was used to model the plant in 3D on the left, the 3D model of this 

plant in the middle and the model which was used to create the 3D model on the right. 

At first glance the plant might have a different look, but for this model it was strived 

for to achieve the brownish color more or less and to model the plant tops with the 

branches and little spheres. To do so, the model starts with a phiball which gives 12 

points of origins from which the stems, which are modelled by a horn originate. This 

first long stem has another phiball on top of it to make 3 branches of the stem which 

are modelled by another, shorther horn, this process is repeated another time to make 

3 more branches on each branch and in the end, a phiball is added from which 3 

simple spheres originate. These steps are copied four times with different stem lengths 

in the horns to take care of the different lenghts of the stems.  

The second plant to be modelled in Xfrog is the Triglochin maritima. Figure 25 shows 

a photo of this plant which was used to model this plant on the left, the 3D model of 

the plant in the middle and the Xfrog model on the right. This model is a very simple 

one. It starts with a stem without flowers, which is followed by a stem with flowers. 

On each segment of this last stem an branch is attached, which is Horn1 in the model 

or the third element from top to bottom. Attached to this branch is a simple sphere and 

attached to this sphere a phiball creating five points of origin for the white petals of 

the flower. The distribution of all the flowers around the stem is done via a screw of 

the stem and the curvature is done via a spline.  

Figure 24: Juncus maritimus photograph (photograph: Van Dobben), 3D model 

and model tool  
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The third plant which was modelled in Xfrog is Armeria maritima. Figure 26 shows a 

photograph of this plant which was used to model this plant on the left, the 3D model 

of the plant in the middle and the Xfrog model on the right. This model is again very 

simple. It starts with a green stem with the first horn from the top of the model, which 

is continued in brown by the second horn. This is followed by two phiballs. The first 

one on the left creates multiple points of origin for the brown leaves beneath the 

flowers and the the second phiball on the right creates multiple points of origins for 

the small branches for the flowers. The branches are created with small horns and are 

followed by another phiball creating the points of origins for the petals of the flower. 

The latter are modelled using small white leaves in this model.  

 

 

Figure 25: Triglochin maritima photograph (photograph: 

Van Dobben), 3D model and model tool 
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The fourth plant which was modeled in Xfrog is Hippophae rhamnoides. Figure 27 

shows a photograph of this plant on the left which was used to create the 3D model 

and the 3D model of the plant on the right. Figure 28 shows the Xfrog model of this 

3D model. The model starts with a phiball which created all the points of origin for 

the branches. This long branche is modelled with the horn connected to the phiball. 

This brown horn is somewhat curved. The horn is then via a simple link continued by 

a green horn, a phiball and the leaves at the end of the branch. The other horn on the 

right is a multiple link horn, which takes care of all the branches. On these branches, 

leaves are attached on the end of the branch and between the end and the start of the 

branch. Due to the many branches and leaves of this plant and the abundance of this 

plant in the vegetation, the number of vertices on this plant has been reduced as much 

as possible. Rendering this plant costs a lot of graphical processing power and 

reducing the amount of vertices reduces the processing power necessary.  

 

 

Figure 27: Hippophae rhamonides photograph 

(photograph: Van Dobben) and 3D model 

Figure 26: Armeria maritima photograph (photograph: Van 

Dobben), 3D model and model tool 
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6.2.3 Conclusions on the 3D plant models 

Both VisuAlea/PlantGL and Xfrog are capable of modelling plants. 

VisuAlea/PlantGL is very suitable if the different growth stages need to be modelled 

and if the modelling needs to be accurate. This will however need very precise L-

systems code and if this code has to cover each growth stage and has to be accurate, 

this will require a lot of time to write, calibrate and validate. It is also possible to use 

the L-systems code more sketch based and this reduces the time necessary to create a 

plant. It would however be better to use Xfrog if the modelling is sketch based done, 

because Xfrog can achieve the same results in less time than it would take to write the 

L-systems code. Xfrog can also be used to 3D models for different growth stages, but 

this requires a new model for each growth stage.  

Whether the created models are realistic enough will be tested in the expert test. The 

shape, colour, size of the six modelled plants will be discussed with the experts and it 

will be tested whether the plants can be recognized by them or not.   

6.3 Linking the models together 

The 3D visualisation was created with the VTerrain software. This is an open source 

software package which is capable of 3D visualisations of buildings, plants, 

infrastructure, elevation etc. The input (geo) data which was used to create the 3D 

vegetation visualisation are a digital elevation model, an aerial photograph of the 

research area, vegetation maps for each year the data was collected, point maps with 

all the data collection points for each year the data was collected and the database 

containing all the data from the four years the data was collected. These datasets and 

the adaptations or conversions which were done on these datasets will be discussed in 

a paragraph per dataset. 

6.3.1 The Virtual Terrain Project 

The used software package to create and show the 3D visualisation of the vegetation 

areas is Virtual Terrain Project. This open source package consists of three programs: 

Figure 28: Hippophae rhamonides model tool 
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one for importing the 3D (plant) models (CManager), one for dataset conversion 

(VTBuilder) and one for the 3D visualisation (Enviro). All the 3D plant models were 

imported into CManager and used to create the common content file which Enviro 

needs. 

6.3.2 The DEM 

The DEM is an extract from the AHN (digital elevation model of The Netherlands). 

This DEM is a raster file with a 5 meter resolution and each cell contains an integer 

value with the height in centimeters. To use this file it had to be converted to a file 

with the height in meters. Therefore the map was converted in ArcMap with the tool 

Float to a map containing floating point height values in centimeters. This map has 

been divided by 100 to get the height in meters using the tool Divide.  

The resulting map with the height in meters was then imported into VTBuilder. A 

small selection of the DEM was made with the map extends of the aerial photograph 

to reduce processing time (Figure 29). Then the Merge and Resample Elevation Tool 

was used on this selection (Figure 30). A new layer was created using the VTP .bt file 

format and all the sampling settings as shown in the figure were used to create this 

file. The resulting .bt file is then ready to be used in Enviro.  

 

Figure 29: Selecting the DEM with the aerial photograph 
































































































































































































