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Abstract 

This research deals with the effects of digitizing spatial plans. Spatial plans are 

considered as spatial policy expressed as maps and text. Focusing on the maps, the 

research shows that uncertainty is part of the nature of spatial plans. Much of this 

uncertainty is related to scale. Its impact increases in a digital setting.  

 

The research presents alternative designs for three maps taken from a case. They are 

implemented in a web viewer, based on OGC specifications. The visualization changes 

according to the scale at which it is viewed. In a survey the concepts of visualizing 

uncertainty, the maps and the suitability of OGC specifications are evaluated. The results 

show that respondents believe that uncertainty can and should be visualized in digital 

spatial plans. 

Samenvatting 

Dit onderzoek gaat over de effecten van de digitalisering van ruimtelijke plannen. 

Ruimtelijke plannen worden beschouwd als ruimtelijk beleid uitgedrukt in de vorm van 

kaarten en teksten. Het onderzoek richt zich op de kaarten. Het toont aan dat 

onzekerheid bij de interpretatie van ruimtelijke plannen een belangrijke rol speelt. Deze 

onzekerheid is vaak gerelateerd aan schaal. De impact ervan neemt toe in een digitale 

omgeving. 

 

Het onderzoek heeft geleid tot alternatieve ontwerpen voor drie kaarten uit de praktijk. De 

oorspronkelijke kaarten zijn afkomstig uit Agenda voor een Vitaal Platteland, 

Meerjarenprogramma 2001 – 2013 (MJP2). De kaartontwerpen zijn in een kaartviewer 

geplaatst, gebaseerd op OGC specificaties. De visualisatie verandert al naar gelang de 

schaal waarop de kaart wordt bekeken. In een enquête zijn verschillende aspecten van 

de kaarten beoordeeld: het visualiseren van onzekerheid an sich, de feitelijke kaarten en 

de bruikbaarheid van OGC specificaties. Uit de resultaten blijkt dat het volgens 

geënquêteerden mogelijk en wenselijk is om onzekerheid in digitale ruimtelijke plannen te 

visualiseren. 
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1 Introduction 

1.1 Motivation and problem statement 

In the Netherlands, spatial plans are published by various bodies of the government.  

Spatial plans are a specific type of policy documents that refer to areas or locations within 

the jurisdiction of the government. The plans generally consist of a combination of text 

and maps. They are used to support all kinds of decision making by citizens, 

organizations and governmental bodies. 

 

National policy is often interpreted locally. This is true especially for spatial plans. While 

spatial plans used to be published in print, the Dutch National government now aims to 

offer their services and policy documents online as much as possible. 

 

With the rise of digital availability of maps, especially via the World Wide Web, the way 

spatial plans are disseminated and interpreted are changing. New methods of geographic 

visualization have come up. At the same time users attitudes towards maps have 

changed as they are allowed more control over the information and how it is presented 

(Slocum et al., 2009). 

 

The interpretation of a spatial plans is never easy. Users must be aware of levels of 

uncertainty that is present in the plan. Only then they are able to assess the effect of a 

plan on their situation. In the changing digital context, the process of interpretation is 

changing as well. It is likely that uncertainty will present a more serious problem than 

before to the governments that define spatial plans. Often, uncertainty in digital spatial 

plans is in some way related to scale. For example, users are free to zoom to any 

location, whereas printed maps are static in that sense.  

 

This research is a master thesis project. It addresses the topic of uncertainty in digital 

spatial plans. Uncertainty in geo information is much discussed and numerous definitions 

are used. All are in some way related to the concept of geo information being a model of 

reality. When dealing with spatial plans it is important to keep in mind that spatial plans 

are essentially designs and not models of reality as such.  

 

Uncertainty provides a challenge for the cartographic representation. Theory on the 

visualization of uncertainty offers methods that can be applied to uncertainty in spatial 
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plans (MacEachren et al., 2005). Visualizing uncertainty may involve advanced graphic 

variables, that are not always supported in GIS applications. It is to be expected that this 

is also true when they are applied in web maps.  

 

The relation between maps and other information is relevant. Textual information may 

offer solutions where cartographic solutions are not sufficient to support the right 

interpretation. Spatial plans always combine maps with textual information that goes 

beyond a simple map key or legend.  

 

The publisher aims at a desired interpretation of information by the user. Therefore 

dealing with uncertainty and its potential effects on interpretation is an important concern. 

 

Central issue to the research is how the visualization of scale related uncertainty can be 

used for the publication of spatial plans via the Web, according to the standards and 

specifications of the Open Geospatial Consortium (OGC). This is an important notion for 

governments. Compliancy to OGC standards and specifications is considered to be a 

condition for interoperability among publishers and users of geo-information (OGC, 

2005). The research includes the design of a visualization according to those 

specifications. The suitability of the specifications for this application is evaluated. 

 

To test the design results and other findings from the research, a survey was held among 

planning professionals.  

1.2 The case 

The Dutch ministry of Agriculture, Nature and Food quality has published a policy 

document for the countryside, “Agenda voor een Vitaal Platteland, Meerjarenprogramma 

2007 – 2013”, abbreviated as MJP2 (LNV, 2006). MJP2 will serve as a case for the 

research. It contains a number of maps from national spatial plans. The maps represent 

the current Dutch spatial planning practice. Together they provide solid input for a case 

study. Interestingly, for these maps the ministry was hesitant to publish the maps in digital 

form because they were not sure if they would be interpreted correctly. This shows that 

uncertainty is a relevant issue. It also shows the potential of the case for the research. 

 

Datasets of the maps were kindly made available by the ministry.  They were used for 

research into suitable types of visualization and the design of a web based visualization. 

 

Earlier, the case data was used in the Geo3 research group (Vullings et al., 2009). 
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1.3 Research objectives and research questions 

There are two research objectives:  

 

A Design of a visualization of scale related uncertainty in spatial plans. 

B Implementation of the visualization in a web based map viewer. 

 

The research questions follow from the objectives. They are: 

 

A1. How can scale related uncertainty in spatial plans be defined and/or 

classified? 

 

A2. Which are the demands that uncertainty places on the visualization, both 

from the publishers and users perspective? 

 

A3. Which types of visualization are suitable for scale related uncertainty? 

 

B1. How can the visualization be implemented in an OGC compliant portrayal 

service? 

 

B2. Which factors influence the interpretation of uncertainty in spatial plans that 

are published on the web? 

1.4 Research methods 

The research is set up in three phases, as shown in figure 1. First phase is a literature 

study, focusing on uncertainty, for three fields of study. They are Spatial planning, the 

cartographic visualization of uncertainty and (OGC compliant) web mapping. It will result 

in a framework or methodological approach for the other phases. The second phase is 

the phase of design. It will start with an analysis of the case material, which will be 

subject to design. When the actual design is completed, the design results are input for 

the final phase, the evaluation. An evaluation of the results is performed through a survey 

among planning professionals.  
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figure 1 Overview of the research set up 

1.5 Outline of the thesis 

Chapter 2 presents the findings from literature study in the three relevant fields of study. 

They are spatial planning in the Netherlands, cartographic visualization of uncertainty and 

web mapping. A framework is presented that will be used in the other chapters. 

 

Chapter 3 introduces the case, while applying the findings from literature and practice. 

The problems concerning the visualization of uncertainty in the case are identified and 

analyzed.  This provides the input for the visualization design which is described in 

chapter 4. The visualization design is made irrespective of any specific application for 

Web mapping. It proposes an optimized visualization as a solution to the problems 

identified in the case. Factors other than the actual thematic visualization are described 

and suggested for further research. The design is then implemented in a Web map 

viewer. Chapter 5 presents the evaluation results. Conclusions and recommendations are 

presented in chapter 6. 

 

A glossary is included to explain specific terms used in Dutch spatial planning, as well as 

some abbreviations and other definitions. 
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2 Backgrounds 

2.1 Spatial planning 

Spatial planning arranges and organizes the use of space according to the demands and 

values of the era. It deals with the development of new cities, roads and railways, the 

protection of nature areas, development of the countryside and many other spatial 

processes (Van der Cammen and De Klerk, 2003). In other words, it contributes to the 

spatial order of our time (Van der Woud, 1987). 

2.1.1 Spatial planning in the Netherlands 

By law, the government is responsible for the coordination of spatial planning. The 

government develops spatial plans to do so. Spatial plans are laid down by decree of the 

various bodies of the government, operating at the local, provincial and national levels. In 

Europe, spatial plans are made and discussed at a transnational level as well, although 

the European Community has no legal competence in spatial planning (Dühr, 2007).  

 

The main responsibility for spatial planning in the Netherlands lies with the Ministry for 

Housing, Spatial Planning and the Environment (VROM). The Ministry sets out the main 

principles and guidelines for national spatial planning policy.  

For many years, spatial planning in the Netherlands has essentially been a regulatory 

phenomenon, based on a strong government imposing its conception of space on society 

(Mommaas and Janssen, 2008).  

The most important detailed plans are the local zoning plans (bestemmingsplannen). 

They may forbid or allow a type of land use for specific locations. Therefore they have a 

strong legal impact for individuals. 

 

In recent years this regulatory practice has been much debated. It is considered less and 

less effective in a dynamic society where balancing spatial claims has become very 

complex (Mommaas and Janssen, 2008). In 1998, the Dutch Scientific Council for 

Governmental Policy (WRR) proposed a more developmental approach to spatial 

planning instead of the regulatory practice. It should be based on communication and 

conviction rather than on principles of command and control (WRR, 1998). WRR 

identified a need for differentiated instead of generic spatial concepts and for a more 
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selective, strategic involvement of national government in spatial issues, leaving room for 

regional initiatives. Private parties should also become more involved in the spatial 

planning process, as they are partners in the realization of spatial developments. 

 

This developmental approach to spatial planning has been largely adopted by the 

national government. In the current national spatial planning policy document “Nota 

Ruimte” and the new spatial planning act (VROM, 2004; 2008), a new interpretation of 

the subsidiarity principle is used as a motto: Decentralize whenever possible, centralize 

only if necessary.  

 

As the practice of spatial planning has become more dynamic, the roles of the various 

governmental bodies have become more diverse. The roles of spatial plans are also 

evolving. They should motivate and facilitate, instead of only regulate, private (and public) 

activities (Mommaas and Janssen, 2008). 

 

2.1.2 Purpose and nature of spatial plans 

In this dynamic context spatial plans are made and published. Spatial plans carry a 

policy, which is the content of the plan. The policy is a spatial policy, meaning it is always 

connected to locations. In a sense it is just another type of policy that is conceived and 

published by governments. Organizations and individuals can comment on a plan or 

object to it in a procedure of appeal. Any spatial plan is a result of long deliberations and 

research. In its final form it should enable the execution of a policy and / or enable other 

authorities to develop a more detailed policy. A spatial plan should therefore express the 

content of the policy and support the interpretation by organizations and individuals 

(VROM, 2008). 

 

Spatial plans may be specific or vague. An example of a specific plan is a local zoning 

plan, which may specify the exact location where a school can be built. Examples of less 

specific or vague plans are strategic plans, for example a plan to support agricultural 

developments in a large area, without specifying exact locations.  

 

Considering the various types of plans, it is helpful to identify a number of separate 

continua. Combined, they could typify the kinds of spatial plans that are currently used in 

the Netherlands, as shown below: 
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Continua 

 

 

 
 

Governments responsible for a plan may be local, provincial or national. This 

defines their jurisdiction. However, the roles of governmental bodies are less 

static than before. It depends on the theme as well as the scale who is in charge of 

what.  

 

 

 
 

The policy of a plan is valid at a certain scale, e.g. locally or nationally. This does 

not always fully correspond to the jurisdiction of the governmental body 

responsible for the plan. For example, provinces may in some cases make spatial 

plans at local scale.  

 

 

 
 

By nature, the legal impact of a spatial plan may be weak or strong. For example, 

a strategic plan may not have a direct impact on an individual. However, it may 

create conditions for more detailed plans that will be based on it. 

 

table 1 The three continua that typify spatial plans in the Netherlands 

These three continua cover a number of basic aspects of the nature of spatial plans. One 

could argue that in order to be able to interpret a spatial plan correctly, one should know 

about the positions on these continua.  

 

Arguably, a fourth continuum could be the status of a plan in terms of its plan procedure. 

The status mainly depends on the current stage of the procedure of political decision-

making which ultimately result in spatial plans with a fully valid legal status. In the 

procedure, it is published for citizens and organizations to react or object to it. From the 

perspective of uncertainty, the status of a plan does not touch upon the actual nature of 

the plan. It is outside the actual content. The spatial plan as it is first published, should 

have the same content (policy) as it is intended to be in its final form. This is why status is 

not listed here.  

 

The policy of a plan is ‘invisible’ until it is expressed through a vocabulary or language. 

This expression consists of the textual content of a plan, as well as maps. The language 

of spatial plans is quite diverse, both for the textual content of the plans and maps.  
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The text may comprise labels of features on a map, text referring to specific features and 

other, external textual content, not directly related to the map.  

In the text, all sorts of concepts are used, expressed by terms. These terms refer to the 

many aspects of policy, including its impact and certainty. Terms may be very specific or 

not.  

The same diversity can be found in the vocabulary of maps. It would be interesting to see 

how maps and text (or concepts) correspond. This will be analyzed in chapter 3, using 

examples from the case.  

 

Differences in describing and presenting the content of spatial plans can be explained in 

part by the different purposes of spatial plans in the current practice of planning in the 

Netherlands. However there may be cultural aspects as well. Dühr (2007) found that 

cultural differences among European nations are an obstacle for cooperative international 

planning. These differences are manifest in the language of spatial plans.  

The same is true within the Netherlands, where spatial plans are made by different 

governmental bodies and planning offices, spread across the country and dealing with 

different themes.  

 

The diversity in spatial plans is caused in part by the position of plans on the three 

continua. Also there is a richness or inconsistency in the vocabulary that is used to 

express the content of plans. These differences can make it hard to interpret and 

compare spatial plans. In other words, they may cause uncertainty.  

Differences in the vocabulary or language of spatial plans have been an important issue 

in the DURP standardization program, which will be discussed in the next section. 

 

It is now possible to identify three dimensions of spatial plans, as shown in figure 2. 

Spatial plans can be considered as entities that have three dimensions: the policy, its 

expression and the underlying continua. All of these are in some way important when the 

uncertainty in a spatial plan is observed. 

 

 

figure 2 The three dimensions of a spatial plan: continua, policy and its expression 



 11 

2.1.3 Digital spatial plans in the Netherlands 

Over the past years, digital maps and datasets have started to replace paper maps as the 

medium for spatial plans. This is still in progress. In the Netherlands, the DURP program 

was initiated by the government to deal with the shift towards digital spatial plans.  

DURP stands for Digitaal Uitwisselbare Ruimtelijke Plannen (Digitally Exchangeable 

Spatial Plans). To be able to exchange spatial plans, they should first be made 

comparable. Therefore a set of standards was developed, defining the vocabulary for 

maps and terms, as well as technical specifications. These Standards for Spatial 

Planning (RO Standaarden) are now legally binding (Geonovum, 2008).  

 

Through DURP, the government aims at a higher level of efficiency and effectiveness in 

the process of using and sharing spatial plans.  Why would governments have to send 

large sets of printed documents around, if they can be shared via the Internet? And why 

should citizens that are moving from one town to another have to face two zoning plans 

offering similar information in formats that are entirely different? The concept of e-

Government (UN, 2009) mainly addresses the issue of accessibility. It aims to offer better 

services to citizens, preferably online. In the Netherlands, a program called Andere 

Overheid, or “A Different Government” was set up for this purpose. DURP is considered 

part of this broader program.  

Another important national innovation program was called RGI (Ruimte voor Geo-

Informatie; Space for Geo-Information). RGI supported projects including DURP through 

research and knowledge exchange. RGI was intended to contribute to a national Geo-

Information Infrastructure or GII (Besemer, 2005; De Graaf, 2006). The goal of a GII is to 

create the conditions for public organizations and others to share geo information 

efficiently.  

 

The process of defining the DURP standards and reaching agreement upon them, has 

roughly taken seven years. This long period is largely due to the difficulty that was found 

in reaching agreement on language issues as discussed above. Planners considered 

standardization as a threat to their creativity and autonomy (De Graaf, 2006).  

Prior to standardization, features that were similar in their purpose and intentions were 

described and displayed according to the preferences of different governments and 

planning offices. As mentioned before, part of the explanation for these differences could 

be found in different cultures and practices in dealing with national spatial planning law.  

 

For visualization, so far the standards only cover the forementioned zoning plans. Local 

zoning plans are made by municipalities. Typically, they contain large scale data and 

objects that have crisp boundaries. Boundaries are based on property boundaries, large 

scale topographic maps or detailed aerial images. The standards demand that plans be 

object oriented. Maps should be made as GML files containing links to regulations 

specified in HTML format (Geonovum, 2008).This shows how the data model and 

visualization of a plan are related. 

Considering these characteristics, it could be argued that local zoning plans are the 

easiest spatial plans to develop standards for. The fundamental concept of how they are 

made as thematic maps was never really disputed in the debate about the development 

of standards. The debate focused more on the terminology, categories and visualization 

which are allowed as expression of the spatial plan. 
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In theory, using the standards, the conception of content i.e. the policy is free as it was 

before. Still, the standards influence the content of zoning plans indirectly. As said, the 

expression of the content is standardized. As a result, the vocabulary is limited as only a 

certain set of symbols and terms is available. For example, there are cases where types 

of land use do not properly fit in any of the standard categories. A pharmacists’, for 

instance, offers a mixture of commercial and medical services. It’s a challenge to place it 

in one specific category. 

 

One can think of many future developments following the implementation of digital spatial 

plans. For instance one could search for types of locations through queries. Also it could 

be possible to do some automated analysis and processing of spatial plans (VROM et al., 

2009). Overlay operations of different spatial plans could be used to trace areas with 

conflicting attributes. This may seem like a logical next step. However such operations on 

spatial plans would require that the uncertainties related to the plans information is fully 

clear.  

 

Judging by the efforts and results of defining standards for zoning plans, it is not easy to 

standardize spatial plans other than zoning plans. Potentially, standards can help to 

clarify the status of plans on the three continua by introducing a universal vocabulary. 

This can make it easier to compare plans and may reduce the effects that cause 

uncertainty. The DURP project has shown that standards are a condition if users want to 

be able to compare plans.  

 

A number of issues surrounding digital of spatial plans was addressed in this section. 

They are likely to have certain effects from the perspective of the continua that were 

introduced in the previous section, or rather, on how the continua are perceived and 

interpreted. An overview of these effects is given in table 2. 

 



 13 

 

 

Effects of digitizing 

 

 

 
 

It is easier to view, overlay and compare spatial planning maps from different 

governmental bodies. As a result it may become less obvious who is responsible 

for which policy and how the plans relate.  

 

 

 
 

In digital applications maps can be viewed at any scale. The scale at which they 

are viewed can be different from the scale at which they are conceived and 

intended to be valid.  

 

 

 
 

Visual variables that are used in paper maps to display different levels of impact,  

may not correspond or may not be available in similar form in a digital setting. This 

may cause confusion. 

 

table 2 Potential effects of digitizing spatial plans from the perspective of the continua 

Essentially, the publisher has less control over the interpretation. People can view and 

combine plans at different scales. They may choose to view only small segments of a 

map without looking at the whole. In general, these effects may cause the uncertainty that 

is inherent to spatial plans to increase in digital environments.  

2.1.4 Uncertainty in spatial plans 

So far in this research, uncertainty has been used as a term describing problems that 

may occur in the interpretation of spatial plans, related to the continua and vocabulary. 

Clearly uncertainty affects the interpretation of digital spatial plans and the decisions that 

are based on the interpretation. Information about the nature and degree of uncertainty 

may therefore be helpful to make the right decisions.  

 

In order to deal with uncertainty, a definition of uncertainty is needed. A first step would 

be to take a look at definitions of uncertainty available in geo-information science. Doing 

this, it is important to see what sets spatial plans apart from other geo-information.  
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In GI literature, there is no universally recognized definition for uncertainty (Pang, 2001). 

Uncertainty is mostly equated, to some extent, to imperfection, unreliability or poor quality 

of values of an attribute on a spatial location (Duckham et al., 2001; Slocum et al., 2009). 

It is sometimes addressed as a sub domain of data quality (Thomson et al., 2005; Drecki, 

2007).  

These definitions refer in some way to the concept that maps are strictly models of reality. 

Maps are used to visualize geospatial data, referring to actual locations or attributes of 

objects or phenomena on earth (Kraak and Ormeling, 2003). From this perspective, the 

difference between a model and reality is considered as a problem and uncertainty as 

one of its facets.  

In spatial plans there is an intentional difference between model and reality, because they 

describe a possible future state or development for locations. They express a policy 

rather than an actual situation bound to locations. They are, to some extent, designs. The 

use of terms like unreliability or imperfection is often not appropriate because of their 

negative connotations. Uncertainty may be present in spatial plans by intention. For 

example a map may show a number of possible locations for a new road. It is uncertain 

where the road will be built. Still, as described in the previous sections, uncertainty in 

spatial plans presents a real problem as it is vital for the interpretation. 

 

Uncertainty can be present in spatial plans, or rather in its expression, consisting of text 

as well as maps. An example is how textual content is related to locations. It could refer 

to locations using phrases like “in the proximity of natural parks” or “large towns” or 

similar. Similarly, any feature on a map, e.g. a red circle, refers to a textual description 

which could be anything form a simple map key or legend, up to a full set of legal 

regulations (Boer et al., 2007). The relation between text and maps may therefore cause 

ambiguities and uncertainty, especially when spatial plans are compared. 

 

Vullings et al. (2007) found that comparing and analyzing spatial plans in the Netherlands 

can be problematic due to differences in scope, intention, scale and other aspects of data 

quality and uncertainty like semantic ambiguity and unknown lineage. Of these, 

differences in scope, intention and scale can be seen as variations on the continua that 

were introduced above. Semantic ambiguity may occur in the vocabulary, the expression 

of a plan, like in the examples in the preceding paragraph. What remains are issues like 

unknown lineage, which can be classified as types of error.  

 

As said, the visualization is part of how the plans content is expressed. Specifically for the 

visualization, uncertainty may originate from the process of creating the visualization. 

This can be perceived as the “Visualization Pipeline” (Pang et al., 1997; Leyk et al., 

2005). Data is first collected, information is derived from it and finally it is visualized 

(figure 3). All of these steps may contribute to uncertainty.  
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figure 3 The Visualization Pipeline (Pang et al., 1997). 

For spatial plans, which are expressed in both text and maps, one might think of an 

“Expression Pipeline”. The process of digitizing spatial plans, that was discussed in 

paragraph 2.1.3, can be seen as a segment of the pipeline. In digital spatial plans the 

impact of uncertainty may become larger, specifically for scale related aspects. Similar 

origins may exist for other, textual parts of spatial plans. As this research focuses on 

visualization, they are not expanded upon here. 

 

Vullings et al. (2007) proposed a definition for uncertainty, that allows for the variety of its 

characteristics and origins: 

 

Uncertainty is the acknowledgement that one does not exactly know the situation of a 

system because of imperfect or incomplete information.  

 

One reason why this definition is appropriate in the context of spatial planning is that it is 

neutral in the sense that uncertainty is not labeled solely as a problem. Second, it 

provides a base to approach the various types of uncertainty that can occur in spatial 

plans. 

 

Based on the definition, Vullings et al. (2007) have proposed a taxonomy, classifying the 

nature and sources of uncertainty in spatial plans, as well as possible solutions or ways 

to handle it. In the taxonomy, uncertainty may originate from sequential steps in the 

process of making spatial plans.  
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figure 4 Taxonomy of uncertainty in spatial planning, (from Vullings et al., 2007)  

 

The process is split up in two parts: the actual conception of the spatial plan and the 

planning process. In the planning process, the right half of the taxonomy, political and 

procedural processes cause different types of uncertainty. A typical solution proposed by 

the taxonomy in this section is to implement workflow registration, so the effects of 

sequential decisions can be traced.  

 

The left half of the taxonomy is the most relevant for this research as it deals with the 

actual conception of spatial plans. In a sense it represents the “Expression Pipeline”. It 

tells that the nature of uncertainty in a spatial plan may be described as “poorly defined”, 

referring to the data concerning policy or locations. Other, more obvious sources of 

uncertainty are error and lack of verification. Solutions for such problems include 

research and expert knowledge. As this research deals with maps, the question is: what 

does it mean when objects in the map are poorly defined?  

 

 
figure 5 Excerpt from figure 4 Taxonomy of uncertainty in spatial planning, (from Vullings et al., 2007) 
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The taxonomy lists three possible causes for objects to be poorly defined (figure 5). 

Below, they are shortly discussed and put in context using examples. 

  

• Objects may be incompletely defined. It could be argued that in spatial planning 

maps objects are sometimes incompletely defined by intent. Sometimes the 

status or concreteness of a plan may be the cause for this. 

 

• Second, objects may be discretely defined while they represent continuous 

phenomena. An example would be the risk area around a chemical plant. 

Obviously, the risk will decline gradually as the distance to the plant increases. 

However, such areas are mostly defined discretely, e.g. a 50 meter buffer zone in 

which the construction of houses is not allowed. 

 

• Finally, objects may be ambiguously defined when the meaning or location is not 

clearly expressed. This may be the case when an object in the map and the 

concept  that it represents, do not match or even contradict each other. 

 

 

Improved visualization is one of the main solutions that are proposed for these types of 

uncertainty. Application of fuzzy set theory is another one, that can also be translated into 

a visualization. Visualization is not mentioned as a solution for ambiguously defined 

objects. This type of uncertainty can not be ‘fixed’ using visualization because it involves 

a contradiction in the plans content. So, instead research or expert knowledge  is 

recommended. 

Clearly, these solutions may impact the conception and appearance of the actual plan. 

They could pose demands on the vocabulary of a plans expression, specifically the 

visualization. 

 

Additionally, the taxonomy suggests the use of good metadata, including lineage, as a 

general rule to deal with uncertainty from all sources. Various aspects of the information 

can be traced and its certainty can be evaluated. Arguably, the information about the 

continua discussed earlier, could best be included here. This is information that is not part 

of the actual expression of the content, but vital for the interpretation. 

 

 

2.2 The visualization of uncertainty in spatial plans 

 

 

As section 2.1 has shown, maps are an important vehicle of the content of spatial plans, 

perhaps more so in a digital environment than before. In the taxonomy, Vullings et al. 

(2007) have argued that improved visualization can be a solution for dealing with 

uncertainty. This section will introduce the available tools for the visualization of 

uncertainty. 
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2.2.1 Visualization of scale related uncertainty in spatial plans 

 

MacEachren et al. (2005) have noted that the visualization of uncertainty is still a 

challenge for the GI community. Nonetheless, a number of methods have been proposed 

since the problem was identified. These solutions can be categorized as follows. 

 

In general, uncertainty is perceived as an extra variable related to the thematic 

information of the map. It can be an attribute of this information. The uncertainty can be 

depicted using intrinsic or extrinsic visual variables (Slocum et al., 2009).  

Intrinsic representation involves variations in the visual variables applied to the thematic 

objects themselves. This results in bivariate maps, because the thematic information and 

the information about uncertainty are shown in one map.  

Extrinsic representation involves the use of separate visual tools for the uncertainty, 

separate from the thematic objects. Instead of using a single map, two maps may be 

made that are shown side by side or as stacked layers. It is very unlikely that extrinsic 

representations can be used effectively in spatial plans. They are predominantly used in 

scientific applications, while spatial plans are supposed to be accessible and 

understandable for citizens or non experts. Also, this type of visualization would be a 

major departure from the maps that planners traditionally use. MacEachren et al. (2005) 

found that for decision making, there are risks involved when adding uncertainty 

information to maps. Expert users may be able to incorporate the added information into 

their decisions. When a map or a set of maps becomes complex, lay map users will most 

likely revert to heuristics rather than make a full analysis of all aspects of the information.  

Again, this is a motivation to choose against extrinsic representations for spatial plans. It 

is also a strong appeal to be careful when adding the certainty information in bivariate 

maps. The added information may obscure the message of maps. Clearly, it only makes 

sense to add information if it leads to better decisions. 

Theoretically, since the days of DURP, in Dutch spatial planning there are some basic 

conditions that could help implement the use of bivariate maps displaying certainty 

information. In DURP an approach was chosen to make spatial planning maps object 

oriented (Geonovum, 2008). This means that all (attribute) information is attached to 

thematic objects. This connects very well to the concept of bivariate maps using intrinsic 

visual variables. In theory, if the attribute information of thematic objects includes a 

statement about its (un)certainty, this can be translated into the visualization of each 

individual object on the map.  

It would be interesting to find out which visual tools are available to display uncertainty in 

bivariate maps. 
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2.2.2 Intrinsic visual variables 

 

 

 
figure 6 Visual variables of Bertin (1967). 

 

A valid starting point for an inventory of visual tools for map design is the set of visual 

variables developed by Bertin (1967). This set contains some variables like shape that 

are effectively used in spatial plans to depict levels of certainty. For instance a dashed 

line is a commonly accepted visual tool to depict a preliminary status of a border or line 

object. To assess the suitability of variables, it is vital to understand the phenomenon that 

they should convey. Uncertainty is considered as a component of the information that will 

be visualized in maps. All components of information in a map can be considered from 

the perspective of measurement scales (Kraak and Ormeling, 2003). Possible 

measurement scales are nominal, ordinal, interval or ratio scales. In theory, uncertainty, 

as it was defined above, can be expressed statistically. However in the context op 

planning it is very unlikely that very precise figures will apply. Most often, it is expressed 

in terms of likelihood rather than precise figures e.g. percentages. This means that 

uncertainty in the context of spatial planning is best perceived as an ordinal measurement 

scale. In situations where specific statistical information is available, it could be 

considered as a ratio measurement scale.  

Kraak and Ormeling (2003) show which of Bertins variables are suitable for each 

measurement scale. For ordinal phenomena, grain/texture stands out. Value and size 

may be used as well. Size is the most appropriate variable for the ratio scale. Colour, 

orientation and shape are suitable only for phenomena that have a nominal measurement 
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scale. Arguably, in spatial plans much of the thematic information, not being uncertainty, 

can be considered as such. Potentially, this could allow different components of the 

information alongside each other. 

 

After Bertin defined his set of variables, many extensions to that set have been 

suggested. A number of these have been proposed specifically to display levels of 

certainty. MacEachren (1995) does so, taking into account the possibilities of digital 

display of maps which had since emerged. MacEachren proposes saturation and clarity, 

the latter of which is subdivided into separate visual variables. Not surprisingly, they 

connect to the grain/texture and  value variables offered by Bertin and they are 

considered suitable for an ordinal measurement scale. Their main characteristics are 

listed in table 3.  

 

Variable description 

Saturation  Pure hues for certain information, less saturated 

hues for uncertain information. 

Crispness Crispness or fuzziness of areas and boundaries 

(including lines). 

Resolution Level of detail, for polygons, lines and points  

Clarity 

Transparency (or fog) Fog is placed over the thematic data. More 

foggy means less certain. Suitable for polygons, 

lines and points 

table 3 Extensions to Bertin’s visual variables considered suitable for portrayal of uncertainty. Adapted from 

(MacEachren, 1995)  

It is noteworthy that the three sorts of clarity represent quite different solutions.  

Saturation has since been evaluated as less effective for uncertainty visualization 

compared to other variables. Additionally it has been proposed that transparency (or 

opacity) can be applied to the actual thematic objects as well (MacEachren et al., 2005). 

Jiang (1998) showed that crispness (fuzzy borders) can be applied to colour as well as 

opacity (as proposed by MacEachren (1995)). 

 

An interesting point in bivariate maps is how variables interact when they are combined. 

For instance, using transparency combined with different colors may impact the 

effectiveness of these tools. Some colors may dominate the map in spite of their 

transparency. The same may be true for saturation combined with different colors.  

 

Finally, various more advanced techniques have been proposed for the visualization of 

uncertainty in bivariate maps. Examples are glyphs and dynamic representations e.g. 

animation and blinking (Fisher et al., 2002; MacEachren et al., 2005). These techniques 

may be powerful but are mostly used in a scientific setting. They can actually get in the 

way of the data themselves and are therefore not likely to be suitable in the context of 

spatial planning. 

To create an overview, the variables that were discussed can be categorized as shown in 

table 4. The ones that are theoretically most suitable for spatial plans are highlighted. 
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Standard Extended Advanced 

Bertins set: 

Size 

Value 

Grain/texture 

Colour 

Orientation 

Shape 

Saturation 

Clarity - Crispness 

 - Resolution 

 - Transparency 

Glyphs 

Animation - Blinking 

              - … 

 

 

 

table 4 Three categories of visual variables available for the visualization of uncertainty. 

2.2.3 Scale, generalization and base maps 

In addition to the selection of visual variables, map design involves choices concerning 

generalization. Generalization is performed to reduce the amount of detail in a meaningful 

way (Kraak and Ormeling, 2003; Slocum et al., 2009). In essence, generalization results 

in simplifying objects on a map in various ways, or by deciding not to show them at all. A 

common example of generalization is the use of point symbols for areas, in small scale 

maps. Point symbols are then a generalization of areas, which may be visualized as 

polygons at a larger scale.  

When maps can be viewed at different scales, as is the case with digital maps, the way 

the signs of which maps are composed interact may change. Users may zoom in to a 

map in order to interpret it at a local scale. They may attempt to locate a specific small 

town or parcel. When zooming in they expect to see more detailed information. This 

means that for specific scale ranges specific types or levels of generalization must be 

chosen. 

 

Generalization is an issue for both the thematic information or map objects, as well as the 

base map. Base maps are made from large scale data stored in a digital landscape 

model (DLM), containing locations of towns, roads, waterbodies, etc. Generalization 

needs to be performed when the map is viewed at smaller scale e.g. a map showing the 

whole country. From the data in the DLM several cartographic representations are 

constructed. That way, base maps become more general as users zoom out and useful 

information is shown at each scale. Obviously, thematic information and the base map 

interact. The design and generalization of the base map may influence the interpretation 

of the thematic information (Förster, 2007; Förster et al., 2008). 

 

This research does not focus on base maps, but on the thematic content. 

As discussed in 2.1.4, viewing the thematic information in spatial plans at different scales 

can cause problems in the interpretation. A crisp line on a small scale map is fine if it is 

drawn at that scale intentionally. However, when it is viewed at large scale users might be 

tempted to draw conclusions at the level of individual parcels.  

Generalization of thematic layers would involve choosing different graphic 

representations, or sets of visual variables for different scale ranges. 
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2.3  Maps on the Web 

The rise of the Internet has reshaped the way people and organizations exchange 

information (Kraak, 2004). More and more, governments offer their information online. As 

we have seen in section 2.1.3, in the Netherlands the DURP project is a large initiative 

enabling the government to share spatial plans online.  

In this section the concepts that define the process of sharing spatial plans online will be 

discussed.  

 

The Internet is a large network of computers worldwide, providing the infrastructure for 

the World Wide Web, or simply the Web. The Web refers to the documents that are 

shared via the Internet, using protocols like HTTP. The documents are hypertext 

documents, meaning that they describe themselves according to standards and can be 

understood universally. The actual information is the content of those documents (W3C, 

2009). Essentially, content is made accessible thanks to standards and protocols. 

 

The Web has fundamentally changed the perspective on the role of maps (Kraak, 2004; 

Slocum et al., 2009). Traditionally, maps are used to represent a part of (designed) 

reality. On the Web, other functionalities can be added. Maps may be used as an 

interface for exploration and users can add their own content to it (Kraak, 2004). The 

possibilities will keep evolving as they have done over the last years. The change in 

perspective that was mentioned by Kraak, also indicates that people’s expectations of 

maps have changed as a result of the new possibilities offered on the Web.  

 

Obviously, different approaches for publishing maps on the Web exist. They can be 

classified according to their perception of the relation between client and server, or the 

user and publisher of the information.  

 

The arrival of web services has added a new dimension to the concept of communication 

between clients and servers. Web services are self-contained, self-describing and 

modular (Sayar et al., 2006). Not only data captured in files, but a vast array of 

functionalities can be accessed online.  

2.3.1 Maps and the Social Web 

The Web has turned into a highly interactive and ‘social’ medium. The roles of publishers 

and users or consumers of information have become more intertwined. This is often 

referred to as the Web 2.0 or the Social Web. In GI, this calls for a strong consensus and 

mutual trust on issues like data quality and semantics (Bishr and Kuhn, 2007; Brinkhoff, 

2007). The consumers’ attitudes towards content on the Web, including maps, are 

changing (Kraak, 2004).  It is now easy to access all sorts of maps on the Web and to 

add content to them. Some governments even offer personalized maps for citizens e.g. to 

view information about their building permits (Voorst, 2009).  
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2.3.2 Web Services 

GIS applications by nature are large and demanding for the systems they run on. In web 

services, these applications do not run on the users system but on web servers where 

they can be accessed via the Web. Web services enable information to be accessed, 

exchanged and combined easily. The actual files (databases) remain stored on the server 

and are not actually exchanged. Clients perform queries on those files.  

Web services, including web map services are built on what is called a Services Oriented 

Architecture (SOA). Rather than in one-to-one relationships, they typically exist in a 

network of related sites and portals, which is known as service chaining. Clients and 

servers communicate using standardized interfaces and XML specifications.  

 

In web services, maps are to a large extent treated and dealt with as any other type of 

information. However certain aspects of maps, especially those concerning the 

visualization, make GIS still a unique domain in information technology. 

 

In order to maximize interoperability and – ultimately – accessibility of geo information, 

standards have been developed, describing the various formats and interfaces in 

services and service chains. The Open Geospatial Consortium (OGC) is responsible for 

the so called open GIS standards and specifications (OGC, 2005).  

 

The OGC specification for WMS (Web Map Service) has become a powerful specification 

for web mapping. It converts complex information (stored in files and databases) into 

imagery that can easily be included in Web pages. OGC offers other specifications for 

services as well, like the Web Feature Service (WFS). Here, maps are not just shared as 

images, but the actual features are retained as well. Creating clients for WFS is slightly 

more complex while performance is still rather slow.  

More important from the perspective of visualization and styling maps is that are no 

significant differences. Both WMS and WFS maps can be styled using Symbology 

Encoding (SE). The application of SE in WMS is specified as the Styled Layer Descriptor 

(SLD). SLD allows clients to define styles for maps in XML documents. SE and SLD will 

be described in more detail in chapter 4. 

 

Only a thin client (in fact only a web browser) is needed to extract maps from web 

services built on the WMS specification. However client applications vary in ‘thickness’ 

mainly depending on added functionality. Some clients are extensions to existing 

software packages. Some are lightweight web applications, which run on web servers 

and can easily be integrated in web pages. 

 

The practice of web mapping does not always follow open standards or specifications. In 

fact some of the most successful applications of web mapping, like Google Maps, are 

developed in vendor specific formats.  

 

So far the standards and specifications have not matured in such a way that they can 

handle every aspect of geo information. Various initiatives exist to extend their 

possibilities (e.g. Dietze and Zipf, 2007).  
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The visualization of uncertainty is still a challenge to the GIS community. Visualizing 

uncertainty in many cases involves the use of extended or advanced graphical variables 

(MacEachren et al., 2005). Some of these may not be fully available in OGC compliant 

web services.  
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3 Case study 

The framework that was introduced in chapter 2, was based on findings from spatial 

planning and geo information science. It will now be used in a case study. This will show 

if the analysis of spatial plans, according to the three dimensions that were introduced in 

section 2.1.2 , can help identify issues surrounding uncertainty in spatial plans. The risks 

concerning the digitization of spatial planning maps are of particular interest to the 

research. Ultimately, the case study is performed to prepare for the design of a web 

based visualization, that will be discussed in chapter 4. 

3.1 Main characteristics of MJP2 

 

  

figure 7, Agenda voor een Vitaal Platteland – Meerjarenprogramma 2007 – 2013 (LNV, 2006). 

The Dutch national government has set up a program that aims at a “vital countryside”. It 

is laid down in the “Agenda voor een Vitaal Platteland – Meerjarenprogramma 2007 – 

2013”, published by The ministry of Agriculture, Nature and Food Quality (LNV, 2006). It 

is mostly referred to as MJP2. MJP2 was chosen as a case for this research because it 

contains a set of maps representing the current practice of national spatial planning. It is 
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a compilation of national spatial plans, combined as a program. This compilation of plans 

offers a rich source of research material. The plans are of vital interest to organizations 

as well as individual citizens, each of whom perform their own interpretation. 

 

A second reason to choose this case is the fact that so far the maps were only published 

as paper maps. (LNV) was hesitant to publish the maps in digital form, arguing the way 

the maps would be interpreted might not correspond to the intentions of the plans. It is a 

challenge to find out what will happen when the maps are published in digital form after 

all. Potentially, many of the issues surrounding uncertainty that were discussed above, 

will become visible in the process. Thankfully, digital datasets of the maps in MJP2 were 

made available by the ministry. This was an important condition to be able to perform the 

case study.  

 

The demand for MJP2 originates from the changing character and use of the countryside 

in the Netherlands. Agriculture no longer is the only dominant function in the countryside. 

A new balance with other functions is sought. MJP2 describes goals for eight different 

themes including nature, agriculture, recreation and water management. 

 

Several ministries are responsible for these themes and define policies for them. These 

policies are laid down in a number of spatial plans . MJP2 offers a structure for the 

coordination, planning, budget and monitoring of projects derived from these plans. In 

other words, MJP2 is not a spatial plan but a program set up to execute spatial plans. 

However, the content of those plans is vital to the program. This is why the maps of these 

plans are included in MJP2. 

 

Provinces are strongly involved in the execution of the program, translating it into their 

own policies and planning. An example is “Vitaal Gelderland, Provinciaal 

Meerjarenprogramma 2007 – 2013” (Gelderland, 2006) of the province of Gelderland, 

which describes how this province plans to fulfill the goals set in MJP2.  

In short, the national government defines the goals and is responsible for legislation and 

funding, the provinces take care of the execution. This cooperative approach between 

governments can be considered as a manifestation of the national policy to decentralize if 

possible (VROM, 2004). Different ministries and provinces cooperate in a practical sense 

instead of merely working according to a hierarchy. 

3.2 Analysis of maps in MJP2 

MJP2 contains a number of maps from Dutch national spatial plans. They are used by 

provinces and municipalities who need to interpret them and translate the policy into their 

own planning.  Either directly or indirectly, all plans have an impact on the rights of 

individual land owners, farmers, companies and organizations with interests in the 

countryside. They have to be able to read and interpret the spatial plans in order to see 

the effect on their interests. In this section, the policy and the way it is expressed in maps 

and text will be analyzed.  
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As stated earlier, the main interest in the analysis of the maps is to identify uncertainty 

issues. The analysis is performed, using the framework from chapter 2. Statements on 

the three continua (jurisdiction, scale and impact) are made based on the available 

information and the actual maps. It is also important to establish the message of the map 

which is part of the expression of the policy. Clearly it is relevant to identify the audience 

for the plans. For all of the maps, the audience is very diverse as it includes planning 

professionals as well as citizens like individual land owners and others who have 

interests in the countryside. The analysis concludes by describing the features included in 

the digital dataset, from which the maps are made. 

When all this information is gathered, the maps are reviewed from the perspective of 

uncertainty. In the following sections, both the analysis and the review are presented in a 

table for each of the three maps. Finally, risks following from digitizing the maps are 

identified if possible. 

 

The analysis and reviews are performed on the versions of the plans as they were 

included in MJP2 (LNV, 2006). For some of them, the status has changed. Therefore the 

analysis also addresses the status of the plan, which can roughly be preliminary, final, or 

anything in between.  

3.2.1 Map 3, Ecological Main Structure 

 
figure 8 Map 3, Ecological Main Structure  

(Zoekgebied Nieuwe EHS, onderdeel robuuste verbindingen) (LNV, 2006) 

The Ecological Main Structure (EHS) was designed to create a nationwide coherent 

structure for nature. First introduced in the early nineties, it is a complex set of regulations 

and agreements that are made operational in cooperation between the national and 

provincial governments. The main goals of EHS are to enlarge and connect nature areas. 
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It identifies areas for nature development and so-called solid connections between those 

areas. This will allow species to move around as much as possible. Also, the nature 

areas and values will become less vulnerable and the diversity of sorts will be enlarged 

(GroeneRuimte, 2009).  

 

Map 3: Analysis  

Message  Display of areas for nature development known as the 

Ecological Main Structure and solid connections 

between those areas. 

Audience The primary audience are planners and related 

professionals involved in nature development at 

governments and politicians. The plan will affect 

individual citizens as well, so the general public is a 

secondary audience. 

Jurisdiction It is a national spatial plan, but the provinces are 

responsible for the final editions of the maps. 

Scale The scale of printed map is approximately 1 : 

1.600.000. The EHS dataset was drawn at scale 1 : 

10.000 (Streekplan Gelderland). Boundaries were 

defined at provincial and larger scales, in corporation 

with the provinces. 

Impact The impact varies according to local situations. There 

is not always a direct impact. Certain developments, 

like the construction of houses may conflict with EHS. 

However, developments may be allowed if they are 

compensated elsewhere within EHS. Goals are 

specified in percentages. If a certain part of EHS is 

developed as nature, other parts can remain in use for 

other functions. 

Status In itself, the status of EHS is nearly final. In some 

provinces some stretches of boundaries still must be 

(re)defined.  

The locations of the solid connections are to be to be 

defined by lower authorities, mostly the provinces. 

The policy must be integrated into local and provincial 

operational plans (streekplan, bestemmingsplannen).  

Types of features The map contains opaque green areas for nature 

areas, either planned or already realized. Orange 

lines represent search areas for ‘solid connections’ 

between nature areas.  

Bold yellow arrows with an orange outline again 

represent search areas for solid connections, only 

now they are labelled ‘to be elaborated’ (nader uit te 

werken). 
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Map 3: Review  

Uncertainty issues The scale of printed map is very small, whereas the 

boundaries of features are drawn at relatively large 

scale. It should be taken into account that the maps 

are often printed at larger scales, for instance when 

they are included in provincial publications. The way 

they are shown in MJP2 is problematic. Area features 

are visualized with a solid color fill. This causes them 

to seem more certain than they really are. One might 

conclude opaque green equals nature. Within the 

green areas however, different levels of certainty 

exist. Some areas are developed already, some don’t 

require development (e.g. already a forest), others 

may be left out.  

The location of the line features appears more certain 

than it really is, because of the solid color and detailed 

location (drawn at large scale).  

The two types of solid connections represent concepts 

that are complex. The terms that are used require 

textual explanation. They are either “search areas” 

(zoekgebieden) or “to be elaborated” (nader uit te 

werken). Both terms indicate vagueness. Which one is 

the most certain is unclear. 

Effects of digitizing Some of the solid connections, the arrows, are drawn 

as point features. It is unclear if point objects are 

appropriate to depict a connection. Why not use a line 

here as well? This is a risk when the map is viewed in 

a digital application. The behaviour of point objects 

when zooming into the map requires special attention 

because it is quite different from lines and areas. 

For the areas the ability to zoom in is an advantage, 

because the objects are defined at a large scale. The 

opaque appearance can be problematic as it hides 

what is underneath.  

The connections that are depicted as lines are drawn 

as if they are final. This is a problem at any scale 

because this is not the case. Zooming to a larger 

scale will increase this problem. 
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3.2.2 Map 10, Greenports and development areas for glasshouses 

 
figure 9 Map 10, Greenports and development areas for glasshouses  

(Greenports en Landbouwontwikkelingsgebieden glastuinbouw) (LNV, 2006) 

Map 10 shows Greenports and development areas for glasshouses. Greenports are 

areas of national agricultural importance. Examples are the Bollenstreek and Aalsmeer 

areas, where the flower culture and trade takes place. Development areas for 

glasshouses are areas where large scale glasshouse complexes can be realized. Both 

are concepts of a areas in which specific activities are to be concentrated. 
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Map 10: Analysis  

Message  Show the possible locations of greenports and 

development areas for glasshouses 

Audience Primary audience: planners and related professionals 

involved in nature development at governments, 

politicians.  

Indirectly the policy will affect individual citizens as 

well, so general public is a secondary audience. 

Jurisdiction National spatial plan 

Scale Scale of printed map is approximately 1 : 1.600.000 

scale of dataset (at which it was made) is not 

specified. It is a small scale plan, showing the 

distribution of Greenports across the country. 

Impact The impact of the plan is strong. Certain areas are 

marked as greenports, others are not. There big 

consequences for local authorities and individuals 

who want to invest or start a business somewhere.  

Status The status of the plan is preliminary in the sense that 

some areas may eventually be left out while others 

can be added still.  

Also, the exact location of the sites are not specified 

yet. So, the plan needs to be developed further at 

provincial or local scale. This plan is only the first step 

in a series of plans. 

Types of features The map contains point features representing 

greenports (triangles) and development areas for 

glasshouses (pentagons). For the latter there is a 

subdivision of areas for which the policy is no longer 

valid (features without colour fill). 

 

Map 10: Review  

Uncertainty issues All point features represent areas. They are placed 

(presumably) in the centre of those areas. The actual 

size of the area can not be seen, possibly they are not 

defined.  

Some features are placed in built up areas (e.g. 

greenport Bollenstreek). It is certain that this location 

will not be developed as part of a greenport. This 

problem occurs when the map is viewed at larger 

scale (provincial or local). 

Effects of digitizing The main risk occurs when the map is viewed at 

larger scale. The map is clearly developed as a small 

scale map. Hence the choice of point features. When 

viewed at local scale, it is tempting to draw local 

conclusions, which can not be valid.  
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3.2.3 Map 15, National Landscapes 

 
figure 10 map 15, National Landscapes 

(Nationale Landschappen) (LNV, 2006) 

Map 15 in MJP2 shows the National Landscapes, representing the most important 

landscapes of the country. Unlike EHS, which focuses on nature, the National 

Landscapes combine characteristics from cultural heritage and nature. It serves a 

number of goals. The characteristics of the landscapes should be enhanced. Another 

goal is to create awareness of the qualities of the areas, for instance for tourism. 



 33 

 

Map 15: Analysis  

Message  Show the distribution of national landscapes across 

the Netherlands. 

Audience The National Landscapes plan is one of the most 

‘public’ plans of the national government. Its audience 

is very diverse. In the first stages of defining the 

areas, the people most concerned were local 

governments and individuals with interests in the 

areas. In its final form, the national landscapes are 

presented to the general public for touristic and other 

promotional purposes.  

Jurisdiction It is a national spatial plan. Lower authorities are 

involved in the definition of the plan. 

Scale Scale of printed map is approximately 1 : 1.600.000 

Scale of dataset is not specified and it is not clear 

from how the map is composed. Boundaries of some 

features were defined at large scale (for those that 

have reached a more final status). Others, like the 

Veluwe area on the right in figure 9, do not yet have 

final boundaries. The map objects only roughly 

indicate the location of the boundaries.  

Impact Legal impact of the plan is not very strong. The plan 

does not contain very concrete restrictions for citizens. 

Goals are defined for areas but there are no strict 

regulations included to achieve them. Individuals who 

would want to invest in the areas, enhancing the 

qualities, have a strong interest. 

Status The status of the plan is preliminary. Some areas are 

final whereas for most the boundaries are yet to be 

decided upon at larger scale. 

Types of features Area features are all visualized equally. Solid color 

assigned per area (name of the landscape). Opacity is 

reduced allowing to view the base map underneath. 

 

Map 15: Review  

Uncertainty issues Features whose status differ are depicted the same. 

This is confusing.  

Preliminary boundaries drawn at small scale are crisp 

and may cause a wrong interpretation (when viewed 

at larger scale). 

Effects of digitizing Again the risks are very much scale related. As said, 

the scale at which objects are drawn, is not constant. 

So, when a user would zoom to a border at local 

scale, it would not be clear how crisp that line really is.  
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3.3 Uncertainty in MJP2 

In chapter 2, a definition of uncertainty was adopted from Vullings et al.  (2007), stating 

that uncertainty is the acknowledgement that one does not exactly know the situation of a 

system because of imperfect or incomplete information. To summarize the findings from 

the analysis in section 3.2, this section offers a more general analysis of the types of 

uncertainty that occur in the maps of MJP2.  

The uncertainty in MJP2 can be described by a number of themes: concepts, scale and 

symbols. It could be argued that the uncertainty attached to these themes are examples 

of what the taxonomy refers to as “poorly defined” features.    

3.3.1 Concepts 

Spatial policy, as any policy, is built up from a number of concepts. The same is true for 

the plans in MJP2. Concepts are components of a policy. Concepts are expressed as 

terms through a vocabulary or language. This enables people to communicate about 

these concepts. Problems can occur when concepts are expressed in terms that lead to 

uncertainty. Spatial plans may include objects which are labelled as final, preliminary, 

search areas or indicative. Especially in strategic plans, abundant use is made of those 

types of terms. Different governments use different terms. A specific, limitative set of 

terms, like those included in the standards for zoning plans (Geonovum, 2008), does not 

exist. In MJP2, some recurring terms are: 

� Zoekgebied Nieuwe natuur (Search area New nature) 

� Bruto EHS (Gross Ecological Main Structure). 

� Greenports 

For each of these terms, information is lacking what they imply for the objects they refer 

to. Understanding what they mean requires that the audience reads the text that 

accompanies the map. This text also requires an interpretation.  

In some cases one reason for the uncertainty is that the consequences for locations are 

not clear until provincial or local governments have laid down a more detailed elaboration 

of the national policy.  

An example is found in map 3 (page 26), depicting the Ecological Main Structure (EHS). 

Here, the borders are “final”. However, only a certain percentage of the area within those 

borders will be or should be developed as the EHS suggests.  

In other words: although the status of a spatial plan may be final, the meaning of the plan 

is often indicative and – most importantly – described in unclear terms.  

When viewed in a GIS, it is likely that zooming in to locations will make it harder to 

maintain awareness of the indicative nature of plans, especially if they are projected on 

detailed base maps (see also 3.3.2). 

 

Another type of concepts used in spatial plans are geographic names. A location of a 

phenomenon is most often expressed by the location of a feature on a map. In certain 
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cases, the location is expressed verbally. This can be effective as long as the names that 

are used have a clear meaning.  

As an example, in map 10 (greenports) in MJP2, we have seen point objects representing 

areas. These objects are labelled using geographic names, such as a name of a town 

(Boskoop), or an area (Bollenstreek). Clearly, the actual town of Boskoop is not to be 

developed into a so-called greenport. There is also some ambiguity connected to the 

name Bollenstreek. It is not clear at all where it starts and where it ends. Different users 

may have different opinions on this, causing uncertainty as to what the map makers 

mean.  

3.3.2 Risks of digitizing, scale 

The review of the maps showed that problems can occur if the maps are to be viewed in 

digital form. Most of those problems are in some way related to scale. Also, the problems 

mentioned in section 3.3.2 increase when the map is viewed at a larger (e.g. local) scale. 

The preliminary borders, like the border of the Veluwe area (figure 9), are obviously 

drawn at a national scale. Local situations are not relevant for the borders of these areas. 

When the areas are viewed as features on a map in a GIS, this is fine as long as one 

does not zoom to specific locations. When users zoom in, they may no longer see the 

shape of the object as a whole and are no longer aware of its intended scale. Second, 

when zooming in, more detailed information may appear on the basemap and users will 

be able to identify specific locations e.g. their own town or parcel boundaries. This may 

lead to wrong conclusions as the crispness of borders will be too prominent. 

In order to be able to deal with scale related uncertainty, information about the scale at 

which features or objects were planned and intended to be valid is needed. This 

information is often incomplete or imperfect. 

3.3.3 Symbology  

In a number of maps in MJP2, symbols are used that have a certain ambivalence 

between their message and visualization. In map 10, point symbols are used to visualize 

possible locations for so called greenports and development areas for glasshouse 

agriculture.  

They depict indicative areas, for which no precise location has been chosen yet. The size 

of those areas may be much larger than the symbols suggest. Also, the actual 

development might end up to be quite far from the symbol on the map, as some symbols 

refer (via their labels) to large regions while others refer to specific towns. 

Symbols as described here contribute even more to uncertainty when used in a GIS. 

When users zoom in and view the map at a larger scale, the point symbols will remain 

points. It becomes even harder to see that they actually refer to areas. The potential 

impact on locations can not be read from the map. 
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4 Design 

 

In this chapter alternative designs will be made for visualizations of the maps from the 

case. Visualization is considered as a solution for dealing with uncertainty in spatial 

plans, as suggested by Vullings et al., (2007).  

In this case “dealing with” can mean two things: first, to give insight in the type and 

degree of uncertainty, to enable users to reach a correct interpretation. Second, to reduce 

uncertainty by developing a suitable visualization. As the Visualization Pipeline (Pang et 

al., 1997) showed, uncertainty can originate from the process of creating a visualization.  

4.1 Design approach 

 

Different types of uncertainty may influence the interpretation of the maps in MJP2. In 

some cases this uncertainty (or part of it) is intentional. This is obvious for strategic plans, 

which are intentionally indicative and need further elaboration and decision making.  

However the maps (the visualization) do not support an informed interpretation, which 

takes into account the level of uncertainty of the information.  

 

When the printed maps are replaced by maps in a GIS, the process of interpretation will 

change. Especially when users view the maps at larger scales, it will be harder to 

maintain awareness of the meaning and status of the policy that is attached to objects on 

the maps. Most of the problems visualizing uncertainty are therefore in some way scale 

related. 

 

At larger scales, it will be necessary to show more detail in the base map for orientation. 

This might have an impact on the interpretation as well. For this reason the thematic map 

can not be seen completely separate from the base map.  

 

Polygons are the most common objects in the maps of MJP2. For polygons, two types of 

uncertainty were found in the maps. This uncertainty can not be read from the maps as 

they are.  

For some objects the borders are clear, but it is not certain that the policy will be valid to 

the whole area (see EHS, 3.2.1). A variable showing the likeliness that the policy will be 

valid, is missing. This variable should be applied to the fill of the polygon. 
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Some objects are shown with crisp boundaries, while those boundaries are preliminary 

(3.2.3). Visualization variables could be applied to those borders. An obvious solution 

could be the use of fuzzy boundaries. Some variables aimed at the fill might also help to 

change the appearance of the crisp borders. A combination of variables might be 

appropriate. 

 

Finally, much uncertainty arises from the concepts and terms used to express the status 

of spatial plans and policy. The language is confusing as various terms are used to 

describe different levels of the indicative nature of objects and plans. 

 

4.1.1 Scope 

The design focuses on the visualization, which is part of the expression of spatial plans.  

The text of the plans will not be included.  

 

The scope of the design can be defined more precisely, by looking at the elements the 

visualization is assembled. In a digital environment they include: 

� base map  

� one or more thematic map layers 

� map behaviour for different scales like variation of the generalization 

 

Additional aspects that strongly define how the digital visualization comes about are: 

� viewer interface and functionality 

� relation to textual information 

 

All of these are subject to design when a spatial plan is published in digital form. 

 

The design in this research will focus on the thematic map layers. On the other aspects 

statements or assumptions will be made if necessary from the perspective of the 

visualization. 

 

4.1.2 Requirements 

From the research so far a number of design requirements can be derived. First of all the 

visualization should be a bivariate map, communicating at least two components of 

information present in the plans: 

� the policy, being the content of the plan; 

� insight into the type and degree of uncertainty. 

 

The design is intended as an experiment to see how visualization can help convey 

information about the uncertainty in the spatial plan. 



 39 

 

Also, the visualization should be: 

� functional at scale ranges from local to national scale; 

� understandable for audiences with little expert knowledge. 

 

Defining a target audience in spatial planning is hard. For most national spatial plans, the 

main audience are professionals active in government and planning. These are the 

people most actively involved in the use and execution of the plans. Meanwhile, the plans 

may have impact on rights of individuals who have no expert knowledge. This 

discrepancy is a recurring issue in regulations and laws from all governments and their 

communication in general. Bearing this in mind it would be desirable for the design to aim 

at an audience which has little expert knowledge on spatial planning.  

 

The visualization is to be shown online. This means that limitations of the web mapping 

application will influence the design results. For reasons explained in chapter 2, the OGC 

specifications for Web Map Services (WMS) and Symbology Encoding (SE) were chosen 

as the tools for web based publishing. They are therefore introduced as a design 

requirement: 

� adhering to the OGC specifications WMS and SE.  

 

Part of the research is the evaluation of these specifications. If necessary,  initial designs 

will be developed before the final designs are made adhering to the specifications. That 

will allow for comparisons and evaluation. The initial designs will be made using an image 

editing application. 

 

Finally, it is helpful to look at the results of the survey that was held among expert users 

on the subject of uncertainty in spatial plans, at the start of the Geo3 research project 

(Veen and Bloemhof, 2005; Vullings et al., 2005). These results can not directly be 

translated into requirements. They do however provide insight in the expectations of 

experts and they way they will use digital spatial plans in the future. The results of those  

surveys show that users have high expectations of the digital use of spatial plans.  

The possibility to view different plans in one application and see their relations is 

considered a great merit.  

On the other hand many users are unsure whether uncertainty related to planning objects 

can be shown effectively in those applications. Many of these issues relate to the 

question whether digital applications should – to some extent – be used for the evaluation 

and control of spatial plans. For instance, it might be desirable to check a local zoning 

plan against a national spatial plan. In the survey, many users express their doubts on 

this topic. 

This accords with the findings from the case: an effective way to visualize uncertainty is 

lacking. Beyond these results, information is scarce as to what the users require from the 

visualization.  
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4.1.3 Design set up 

The material from the MJP2 provides input for the design. In addition to the MJP2 

document itself, digital source material was made available by the Ministry of Agriculture, 

Nature and Food Quality (LNV). The material consists of GIS datasets in ESRI shape 

format for the thematic layers in the three maps that were used in the case. 

 

Adherency to the OGC specifications was set as an optional requirement. Therefore the 

design process should be split in two. First, a conceptual design is to be developed 

without the restrictions of the OGC specifications. Then a final design is made in a web 

GIS application, applying the specifications. The two resulting designs will be compared 

to evaluate the suitability of the specifications for uncertainty visualization. 

 

To fulfill the requirement that the visualization should work at all scales, scale ranges 

must be specified, for which different visualizations may be designed. A practical 

approach is to stick to the three levels of government in the Netherlands and find fitting 

scale ranges for each of them. The following division is proposed: 

 

 Indication of the scale ranges 

National 1 : 100.000 or smaller 

Provincial 1 : 10.000 – 1 : 100.000 

Local 1 : 1.000 – 1 : 10.000 

table 5 scale ranges that were applied to the three maps from the case 

4.2 Styling maps using Symbology Encoding (SE) 

 

The styling options offered by the OGC specifications will be analyzed to see how they 

can help create a visualization for the maps from the case. Then designs will be made 

and implemented in an OGC based Web map viewer. Finally a number of alternative 

solutions are discussed. This is done to evaluate the possibilities of OGC based 

visualizations and see which opportunities might be there to further enhance those 

possibilities. 

4.2.1 WMS combined with Symbology Encoding (SE) 

 

As discussed in section 2.3, WMS is the OGC specification for publishing Web maps. The 

styling of the maps can be defined using a combination of WMS and Symbology 

Encoding (SE). SE is a styling language which allows users (clients) to define the style of 

maps. SE can be applied to WMS, WFS and WCS servers. Styled Layer Descriptor 

(SLD), or rather the SLD profile defines how SE can be combined with WMS (OGC, 

2006; two specifications). SE and SLD were previously only known and specified as SLD. 

SE can also be combined with WFS (Web Feature Services). 
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The concept of SLD is that content and presentation of information are defined and 

stored separately. This allows for both of them to be edited and used separately. This is 

similar to how HTML documents on the Web can be styled using Cascading Style Sheets 

(CSS), according to the specifications of the World Wide Web Consortium (W3C, 2009).  

Both with CSS and SLD, the client defines which styling is applied to the content, i.e. 

textual information or maps. In general, the client is a website which may include content 

from various sources i.e. Web services.  

4.2.2 Styling options offered by SE 

 

Symbology Encoding offers options for the styling of layers within a Web map service. 

The options are described in the Symbology Encoding Implementation Specification 

(OGC, 2006). SE lists five Symbolizers, which may be subject to styling: 

 

� Line (stroke) LineSymbolizer 

� Polygon PolygonSymbolizer 

� Point 

� Text 

� Raster 

 

The PolygonSymbolizer has two sub elements: Stroke and Fill.  

 

The Stroke element supports the same type of styling for the contour of a polygon, as if it 

were a line feature.  

� Color 

� Width 

� Dash array 

� Opacity 

 

The Fill element supports styling for the fill:  

� Color 

� Opacity 

� Hatching 

� Graphic fill using Marks (defined as WellKnownName: circle, square, triangle, 

star, cross or X) 

� Graphic fill using images. These image files may be stored and referred to either 

on the server or any location on the web via URL. For the images, several file 

formats are allowed including GIF or PNG which allow transparency.  

 

Transparency and opacity are two different things in this context. A graphic fill can be 

transparent meaning that is does not completely cover what is underneath because there 

are holes in the fill. For example, a raster image can be tiled as a fill. Ports of the image 

may be transparent.  
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The Opacity element defines to which degree a fill (or any Symbolizer) hides what is 

underneath. If the value for opacity is “1” the fill is opaque. For other, lower opacity values 

the fill will appear like a translucent sheet on the map. 

 

The TextSymbolizer allows for labelling of features according to attributes. 

 

There are two more tools to create specific styles for maps:  

 

� The ScaleDenominator lets users define different visualizations (defined as 

Rules) for different scale ranges.  

 

� Filters are used to style features according to attribute values. Essentially they 

are queries which only visualize a selection of features. When Filters are 

combined, they can be used to style features within layers differently according to 

attribute values. 

 

4.2.3 Styling maps (for uncertainty visualization) using SE 

 

To test the various options for visualization offered by SE, two datasets from the case are 

put in a Web map viewer.  

The viewer is constructed using OpenLayers, a Javascript library for displaying map data 

in web browsers. OpenLayers supports the WMS and WFS protocols of the OpenGIS 

Consortium. The OpenLayers API (Application Programming Interface) enables Web 

developers to integrate map clients in Web pages, without server side dependencies 

(OpenLayers, 2009). 

  

To integrate the viewer in a Web page, two steps are required: 

First, in the head of the HTML document, a link must be included to the OpenLayers 

code, found at the OpenLayers Web site. 

Second, in the HTML document a segment of code written in Javascript is written as 

commands for the API, specifying what will be displayed in the viewer and how. The 

segment contains URL addresses of the data services and parameters for various 

visualization settings, including controls, the initial viewing location and zoom factor. 

 

The fill of features can be customized very well using SE. Visualization variables that 

were suggested in chapter 2, are supported: 

� Saturation can be set using the hexadecimal color scheme, which supports 16 

million colors. 

� Texture can be fully customized by using raster images as a graphic fill. The 

image may be transparent if it is in GIF or PNG format. This allows for any 

pattern. 

� Transparency can be set in the SLD file for values between 0 and 1, using the 

Opacity element.  
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Similar options are available for the borders of features, but they are less useful for the 

visualization of uncertainty, as described in the design phase. Some key options are 

missing: 

� Crispness of borders can not be adjusted. Gradients of opacity or color are not 

supported. 

� The use of resolution, like the aliased appearance of borders is not available 

either. This would require adjustments to the actual datasets. 

 

Using the options that are available, border crispness can be simulated to some extent by 

varying the borders opacity, while using a thick border (stroke). If the opacity of the 

border is set lower than the fill (using the same color), the feature gets a more fuzzy 

appearance.  

Applying this styling proved problematic. It showed that the thicker border has an overlap 

with the actual fill, with a higher opacity. 

As a variation, the opacity of the fill could be dropped to zero, leaving only a contour 

visible. This may cause features to be mistaken for line features, especially when only 

part of a feature is in the view. 

 

Some examples of these options for visualization are shown below.  

 
figure 11 data for EHS and national landscapes displayed on a Google Terrain base map, styling is just a first 

try out to see the effect of different parameters and settings. EHS is represented as a using a tiled GIF image 

which is transparent in part. The coloured polygons are national landscapes. For all objects, the opacity is 

lowered, revealing what is underneath.  
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figure 12 EHS with a higher opacity, shown on the Google Street map.  

 
figure 13 The national landscapes differentiated according to the status, either preliminary or fixed 

boundaries. Overlap of stroke and fill causes the opacity to increase. 
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figure 14 Variation on the previous visualization with opacity set to O. Arguably, this can cause confusion 

when only part of an object is viewed. The border will appear as a line object. It is unclear to which side the 

actual area is.  

4.2.4 Implementation in Open Layers 

The WMS service was hosted at Delft University. Geoserver is installed there. It supports 

the use of SLD stylesheets. In Geoserver, the datasets are stored on the server. Styles 

can be defined by attaching SLD stylesheets to the datasets. The stylesheets can be 

edited via a web interface. Apart from some basic settings, Geoserver only supports 

editing through typing the code in a basic texteditor. 

 

The web maps were then included in a web page. In the web page, requests are sent to 

the map server via Open Layers using javascript. Open Layers makes it possible to 

include a dynamic map viewer in a webpage. In the head of the html code there is a link 

to the javascript API at the site of openlayers.org. Then, at the place of choice in the body 

of the page, the map can be combined from WMS services and base layers. Base layers 

in this case were requested from Google (physical, satellite and hybrid). Parameters can 

be set for choosing which layers are on initially, the zoom rate and location coordinates. 

The viewer includes a  menu for toggling layers of and on. The maps from the WMS 

service in Geoserver is received by the viewer in tiles. If the response from Geoserver is 

slow, sometimes a few tiles are left out. This is called a time out. 

The relevant html code in which the javascript is embedded in the html can be found in 

Appendix 2.  

 

 

The web page also includes the survey. This will be discussed in chapter 5.  
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4.3 Design for the 3 maps 

This section describes the design choices that were made for the three maps. Selection 

of visual variables.  

4.3.1 Ecological Main structure 

This map actually consists of two datasets, one for the actual Ecological Main structure 

areas and one for the solid connections.  

 

As was found in the map analysis and map review, the opaque areas conflict with the 

content. It would be better to show that not all that is green is in fact nature. The 

boundaries are more or less final. They were in fact established at provincial scale. This 

in itself is a confusing characteristic of EHS, which is after all a national plan.  

A solution to show the uncertainty is to replace the opaque polygons with polygons to 

which the grain (texture) variable is applied. It is hard to create a scale for this, since 

there is only one type of feature, with one level of uncertainty. This would make the use of 

other variables less effective as there are no objects to compare to (figure 15).  

The opaque green is  replaced by a pattern which indicates that within the area, location 

may or may not be developed as nature. Various options were tried out (see figure 11 

and the images from the survey). For the SLD, coding proved straightforward (see 

appendix 1) using only the styling for the polygon fill.  

 

  

figure 15 Data of map 3 EHS (MJP2) shown on a large scale topographic map (found at 

KICH.nl) using Photoshop for image processing. Although the transparency helps to see 

that all that is green may all be nature, comparisons are not possible because there is 

only one type of EHS area.  

 

 

The data for the solid connections proved to be rather complex. Looking at the paper 

maps, object seem to be point symbols (the arrows) and line symbols (orange lines). In 

the dataset, both are defined as polygons. The lines being a sort of buffer, presumably 

drawn around a line. The arrows being areas drawn to look as if they were icons. To be 
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able to apply a different visualization, the data itself had to be changed. The shapes of 

the polygons were too dominant to be able to style them properly. As they are in essence 

connections (between EHS areas), lines would seem the most fitting. It proved to be 

feasible to replace the polygons by line features. Again there are not very many objects 

that can be put projected on an ordinal scale. Both types of connections are uncertain in 

terms of their exact location. The term ‘solid connection’ does not refer to a very clear 

concept. Styling was therefore problematic. The final design involves a combination of the 

use of transparency and grain, applied to the lines. Line features were stacked in the SLD 

to give them a white border. The purple colour was chosen to make the objects stand out 

from the background and EHS greens. This is similar to the choice of yellow and orange 

in the original maps.  

 

 
figure 16 Fragment of the final EHS alternative map showing EHS area and a solid connection. Visible is how 

one tile of the solid connection layer is missing, because of a time out. 

4.3.2 Greenports 

As was seen in the map review, the points symbols used in the original greenports map 

are only effective in small scale maps. Viewed at local scale, their position is not correct. 

A solution was found by introducing larger symbols, icons that are included in the map 

from raster images combined with half transparent squares. Both symbols are centered 

on the point and should suggest that the greenport (or the development area for 

glasshouses) is not necessarily located exactly on the on the spot of the point data. In the 

symbols. This is further enhanced by the use of arrows in the symbol. The symbols are 

larger when the user zooms to provincial and local scales.  

 

Apparently because of time outs,  parts of the tiles are missing. This might be caused by 

the fact that the SLD includes the use of an image file on an external server. If that is 

received too late, Geoserver can not send the combined WMS image to the Openlayers 

application in the web page.  
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figure 17 Fragment of the final Greenports map showing the proposed point symbols. Tiles are missing at the 

bottom of the image.  

 

 

4.3.3 National Landscapes 

 
 

 

figure 18 Data of map 15 Nationale Landschappen (MJP2) shown on large scale 

topographic map (GBKN) using Photoshop for image processing. 

 

The national landscapes map in MJP2 contains two types of objects, included in one 

shape file. Borders of some areas (polygons) are final some are not. In MJP2, they are 

visualized the same. In chapter 3, this was discussed. This is the only dataset in which 

objects of a different level of uncertainty are included. The differences between the 

objects can be visualized. As the uncertainty concerns the borders, the use of the 

crispness variable stands out as the most appropriate. A fuzzy border indicates if a 

border is not final. If a border is final, it can be depicted as a crisp line or edge. In MJP2, 

all edges are crisp. Figure 18 shows how a crisp border for an area is not appropriate 

when the status of that border is not final. It can cause false interpretation, suggesting 

that locations in this particular area are either inside or outside the national landscape. A 
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fuzzy border, as shown on the right, can help to understand that the exact line is not that 

final yet. As stated above, SLD does not include tools to make fuzzy borders. Therefore, 

experiments were performed to simulate them (figures 13, 14 and the survey). As an 

alternative, a solution using symbols from image files to indicate that a border is not that 

crisp was tried as shown in figure 19. 

 

 
figure 19 the use of image files on a border of national landscapes.  

This technique could be effective in theory. The resulting images are not attractive. The 

raster images are disfigured and aliased. The interval between them is not constant. The 

images may also be displaced if the border in the dataset is not drawn as a smooth line. 

This is caused by the characteristics of the dataset, which is small scale and rather crude 

when viewed large. In the final map, fuzziness is simulated by stacking elements with 

different levels of opacity and border width (see map in survey and appendix). 
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5 Survey 

As the final step in the research, a survey was set up. The design results were put online 

accompanied by a questionnaire. The survey deals with certain aspects of the research. 

Roughly, the survey focuses on three questions: 

 

1. Evaluation of the design results: how do professionals judge the alternative 

visualizations? 

 

2. More generic, do experts agree that uncertainty should be visualized when 

publishing spatial plans online? The survey also addresses some of the issues 

that are raised in the process, like the role of scale and base maps. 

 

3. Are the OGC specifications WMS and SE/SLD suitable for the visualization of 

uncertainty? 

 

The results should help to verify if the framework that was introduced in chapter 2 can be 

applied in practice. Can it help to address the uncertainty issues that were identified in 

the case? Before analyzing the survey results in section 5.3 below, the setup of the 

survey and the main results are introduced.  

5.1 Survey overview 

The survey was published in Dutch as the target audience consists of professionals in 

planning in the Netherlands. The opening screen shows a short introduction to the 

survey. On the next page, a map viewer and the green survey window are shown side-

by-side. At the bottom are links to scanned images of the original maps from MJP2. All of 

these are put in one screen allowing users to complete the survey without leaving the 

page or being required to open more than one application window. 
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figure 20 opening screen and main page of the survey (see appendix for large format). 

The three elements (map, survey, original images) are dynamic to some extent, enabled 

by javascript. This may have caused the technical difficulties experienced by some. The 

survey was tested successfully in recent versions of most common web browsers 

including Internet Explorer, Firefox and Opera. Errors were reported by people using 

Google Chrome.  

 

In the survey, respondents are asked to review the three maps after viewing them at 

local, regional and national scales. Also some general questions are asked about the 

concepts of scale, base maps and map comparisons. Finally, they are asked if they 

believe that a standard can be developed for the visualization of uncertainty. For all 

questions there are four or five predefined answers. Additionally, respondents can type 

their own answer or enter a comment.  

 
figure 21 Sample image of a map taken from the survey. The map shows parts of two national landscapes 

near Hilversum at local scale. Both on a vector map (Google Physical) and aerial photograph (also from 

Google) are shown as base map. Images of all maps are found in Appendix 1. 
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figure 22 key for the maps reviewed in the survey 

The survey was held in May 2010. The respondents include planning professionals from 

all levels of Dutch government, as well as those active in companies that offer services to 

governments. Mostly they are people in planning agencies or software developers 

(results for question number 9). In total, 35 people responded, 27 of which completed the 

entire survey. Some of those who did not complete it reported they were not able to 

operate the map viewer. 

 

 

5.2 Results for the three alternative maps 

First the results for the maps from the case are summarized here. For all three maps, 

respondents were asked to evaluate the alternative map. Full results to all questions can 

be found in appendix 1.  
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5.2.1 EHS 

For the EHS map, 50% of the respondents that were able to view the maps said they 

agreed the alternative map offers more information and that the information is clear. The 

other 50%, (16 out of 32) consisted of people who were neutral, skeptical or negative. 

Some remarks were returned that help to identify the relevant factors in the outcome.   

- the dashed lines used for the solid connections  that are yet to be defined, were 

considered confusing. The same was said about the hatched EHS areas. 

According to some respondents, the image becomes messy. 

- One respondent commented that the purple colour for the solid connections 

should be green. Possibly, because the theme of the map concerns nature, 

purple seems too exotic. 

- Some respondents found difficulty in comparing the maps. Some could not find 

part of the information, like the map key or the original map.  

5.2.2 Greenports 

The second question is about the Greenports map. 28 valid responses were returned, 17 

of which were positive about the comparison. However, the less favourable responses 

point out a problem in the map design. The icons (point symbols) that were used for the 

greenports were considered unsuitable for the theme. The arrows in the symbols that are 

pointing outwards, were meant to indicate that the location of the greenports need not be 

on the exact spot of the point data. However, some respondents argued the arrows 

should point inwards because greenports are areas of concentration. This is an important 

goal of the policy. More generally, the results show some ambivalence about the quality 

of the alternative map. One respondent indicates that he has become used and attached 

to the original paper map. The alternative map looks less attractive. 

5.2.3 National Landscapes 

For the alternative map of National Landscapes, most responses were positive. Some 

responded that the fact that different shades of green were used for the landscapes was 

confusing. One suggested that the colour should equal for all objects. Variations should 

only be applied to the border. Also, the dark colours of the uncertain landscapes are 

considered confusing. According to some, dark colours indicate certainty, brighter colours 

should be used for less certain objects. 
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figure 23 Sample image of the map showing National Landscapes at national scale.  

5.2.4 Results for the general questions 

Questions 4 until 8 in the survey deal with more general issues concerning uncertainty 

visualization, not referring to the specific maps.  

 

In question 4 respondents were asked if they approve of the idea to adjust the 

visualization to the scale at which it is viewed. A majority of about 60% agreed that this 

helps to understand that the effect of a spatial policy depends on the scale at which it was 

developed. Another 20% would prefer to take it one step further: only show the plan at 

the scale at which it is developed. 

 

Question 5 deals with the basemap. How do respondents appreciate the fact that the 

basemaps (from Google) show more detailed information when users zoom in? 

Responses to this question are ambivalent. Some argue: the more information, the better. 

Others acknowledge a conflict between the scale of the thematic map and the basemap. 

The option that detailed basemaps lead to artificial accuracy got the most votes, 11 out of 

27, just over 40%. 

 

Answers to question 6 show that most respondents agree that it is a merit if spatial plans 

from local and national governments can be compared in one viewer. This option was not 

offered in the viewer, so it was hypothetical. Some responses are hesitant for this reason. 

12 out of 26 agree that is important to know about the scale and the origin (jurisdiction) of 

the plans. One respondent points out that there is a difference between lay users and 

professionals in the ability to understand these differences. 
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Answers to question number 7 show that nearly all respondents (23 out of 25) agree that 

it is desirable to include information about uncertainty in the visualization in some form. 

One respondent suggests this should be in included the RO standaarden (Dutch 

standards for the publication of spatial plans, see section 2.1.2). This remarks connects 

to the final question.  

 

In question number 8 respondents are asked if they believe that a standard can be 

developed for the visualization of uncertainty in spatial plans. Most popular response by 

far (17 out of 27) is the option that it is possible, provided that there is an agreement on 

terms and definitions for levels of uncertainty. One respondent argues that the maps may 

become too complicated to develop. Three respondents believe the diversity among 

plans rules out standardization. Four respondents believe that standards are a threat to 

the freedom to develop a policy. 

5.3 Analysis of the survey results 

An analysis of the survey results is needed to find out what these results mean from the 

perspective of the research. This will shed more light on the research questions and the 

framework that was introduced in chapter 2. 

5.3.1 Evaluation of the maps 

Although on average the reviews of the three alternative maps are positive, many 

respondents express their doubts about the way uncertainty was visualized. Some 

responses are clearly negative. The comments that were made indicate a number of 

reasons for the ambivalence. 

 

First of all the designs were made as experimental visualizations, focusing on uncertainty. 

The maps were taken out of their usual context. As was found in chapter 3, the meaning 

of a map can not always be established without textual explanation. Only the visualization 

was used here as a solution, so that issue remains. The restrictions of the OGC 

specifications have influenced the visualization design. As was shown in chapter 4, this 

proved an obstacle to achieve an optimal design. Some visualization variables are not 

available using the specifications. Although this was mentioned in the introduction to the 

survey, respondents are not likely to be aware of the impact of the limitations. 

 

Another element of the experiment is the fact that users can zoom in to the map. This 

causes some of the national maps to look unfamiliar. For instance the point symbols in 

the greenports map cause difficulty in the transfer to large scale views.  

The users perspective matters as well. Planning professionals are familiar with the maps 

that were used in the case and with the content of the plans. They have learned to 

understand the plans as they are and to look beyond the supposed imperfections of the 

way the plans are expressed. The designs look unfamiliar and take a different approach 

to certain aspects of the plans. One could say through the years the policy and its 
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expression have become entwined in the minds of the users. Anything that deviates from 

that may cause some ambivalence. 

 

Finally, some design choices like the use of purple dashed lines for the solid connections 

caused ambivalence in part by the lack of semantic recognition. For certain aspects, a 

more conventional approach to the design could have led to better results. 

 

A number of the principles used for the visualization were received with consent. An 

example is the idea to add fuzzy boundaries to the uncertain national landscapes. This 

confirms that the use of fuzzy boundaries is a valid way of displaying uncertainty on a 

thematic map object. Generally, there was hardly any discussion about the fact that 

uncertainty was included in the visualization, by means of a bivariate map.  

5.3.2 Suitability of OGC specifications 

The fact that the designs were made based on OGC specifications, put certain limitations 

on the results. The set of visualization variables is limited. One variable was missed in 

particular: the ability to create fuzzy borders on areas, which is an application of the 

variable of crispness. In the alternative map for National Landscapes, fuzzy borders were 

simulated by duplicating the borders in different levels of transparency. Although not 

perfect, especially at large scales, some respondents thought it was effective.  

 

Most other variables are available in WMS, combined with SE through SLD. As was 

discussed in chapter 4, the possibilities for styling polygons (area) are extensive. This is a 

great merit for spatial plans which typically comprise many area objects. 

 

The ability to define scale ranges is also an important condition to be able to create a 

good translation of the original maps. In this case three scale ranges were defined, each 

of which had to be programmed in the SLD style sheets. It was noted by some 

respondents that maps looked messy at certain scales. It is true that near the edge of the 

scale band width that styles were defined for, some objects looked a bit odd. In other 

words, it might be better to define more, shorter scale ranges. This also means that the 

style sheets will become more complex and defining styles requires more effort. 

 

An important point is the fact that apart from the application and specifications, 

characteristics of the data also determine the outcome. The data was stored in ESRI 

Shape-format (shp) and it was small scale data.  
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5.3.3 General questions: evaluation 

As said, the survey results support the statement that it is desirable to display uncertainty 

in digital spatial plans. A large majority agrees. Comments focused on ‘how’ rather than 

‘if” it should be displayed. Although the term uncertainty was not introduced extensively, 

only a few respondents asked what was meant by the term. This indicates a certain level 

of awareness of the issue of uncertainty prior to the survey.  

 

The results on the topic of scale confirm that this is a vital issue. This corresponds with 

the findings from the research. In the alternative maps, all data were shown at all scales. 

This was done also to find out if respondents would object to it. Some respondents 

argued that national data should not be shown at local scale. This is an interesting issue 

that is not yet resolved. As an example: for the greenports, it is hard to display the objects 

at local scale in a meaningful way. Ironically, the local impact may be very strong. 

Individuals searching for information about national plans in and around their town, 

should like to know about those plans as well.  

 

Because the survey only dealt with national plans, the issue of scale was not addressed 

for local plans. A few remarks can be made though. Here, the problem is a less complex. 

There are not many meaningful ways in which to display a local plan on a map showing 

the whole country. It would automatically be reduced to a dot or a small icon and nobody 

will bother to try to interpret the plan.  

Obvious as this may be, there is a similarity in the interpretation of national plans at local 

scale. For example in the case, the visualization should carry an important message 

about the validity of the spatial plan at that particular scale. 

 

The responses to the question about basemaps show no consensus as to whether or not 

it is a problem if the basemap shows too much detail at large scale. Most respondents 

prefer to trust the map user to make the right interpretation. Also, the responses indicate 

that it is more important to focus on the thematic data, as discussed above. Obviously, 

the interaction between both will influence the interpretation. On the other hand 

basemaps are mostly no part of the actual plan. The map publisher will not always be 

able to control on which basemap a plan will be shown. 

 

The survey shows that respondents have confidence that standards can be developed for 

the visualization of uncertainty. Only a few fear that the freedom of policy is at stake. 

Most respondents acknowledge the need to agree on terms. This corresponds with the 

findings of the research. It proves that there is a lot of work to do, seeing the wide variety 

of concepts and terms concerning uncertainty, that are used in plans.  
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6 Conclusions and recommendations 

To conclude this master thesis, this chapter presents the conclusions and 

recommendations resulting from the research project. The first section (6.1) returns to the 

research objectives and research questions, as they were defined in chapter 1. Then, the 

conclusions are presented in section 6.2. In the final section a number of 

recommendations are given. 

6.1 Research objectives and research questions revisited 

The research objectives an research questions were defined from a designers 

perspective. They suggest that the end result should be a set of maps in a digital 

application. It is true that maps were made and they were put in a web map viewer. The 

focus of the research however has shifted slightly towards more theoretical areas. The 

design process was made slightly less elaborate. One original goal was to split the design 

process in two: first, to design a visualization without taking into account the OGC 

specification. Second, to translate that design into a WMS and SLD based visualization in 

a web map viewer. Instead, the first step was reshaped into a more theoretical approach. 

This would serve as better input for the final design. Objectives A and B, the design of a 

visualization and its implementation in a web map viewer, have become more integrated 

than originally planned. 

 

Research questions A1, A2 and A3 were answered in chapter 2, sections 2.1 and 2.2.  

Research questions B1 and B2 were answered in part in section 2.3 and in chapters 3 

and 4. These results were used in the design, which was evaluated in the survey. All 

results are presented here. 

6.2 Conclusions 

Based on the literature study, in this research spatial plans are considered as spatial 

policy that is expressed through maps and text and to which a number of continua apply. 

Continua, policy and its expression are three dimensions of the entity of the spatial plan 

(figure 2). This concept served as a framework for the methodological approach (section 
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2.1.2). It was used in the case study and design to identify and locate uncertainty in 

spatial plans. 

 

By nature, uncertainty is present in spatial plans. Part of it can not be separated from the 

content. It is often intentional, related to the fact that spatial plans present a designed, 

possible reality instead of reality as such. This is how spatial plans differ from most other 

types of geo information, where uncertainty is often defined as a problem in terms of data 

quality. A definition for uncertainty was adopted from Vullings et al. (2007):  

 

Uncertainty is the acknowledgement that one does not exactly know the situation of a 

system because of imperfect or incomplete information. 

 

This allows for uncertainty to be intentional. For instance, information may still be 

incomplete when a plan is published (section 2.1.4). 

 

 

Visualization is part of the expression of spatial plans. The visualization is a powerful tool 

for dealing with uncertainty. It can reduce uncertainty in the interpretation as well as 

contribute to it. It can give insight to the nature and level of uncertainty (section 2.2 and 

survey). The survey corresponds with this conclusion. It shows that planning 

professionals are confident that uncertainty can very well be used to display uncertainty 

 

 

Information about the continua is vital for a correct interpretation of spatial plans. It can 

best be described in the plan’s metadata, because it explains how the policy should be 

interpreted. The three continua were not intended as a limitative set of metadata, more 

metadata may be added to a plan, for instance about the plan’s status.  The three 

continua are special because they define part of the policy of the plan  (section 2.1.2, 

case and survey).  

 

 

In a digital environment, the characteristics and impact of uncertainty change. This calls 

for an alternative approach to the design of the expression of spatial plans. Most of all, 

the issue of scale is crucial. For small scale plans, a number of design choices arise. First 

of all, governments should decide whether the plan will be made available for viewing at 

larger scales. In applications and or SLD style sheets, certain scale ranges may be 

blocked. However, in practice, local governments and individuals will expect to be able 

view a plan at local (large) scale, or in fact at any scale. 

The second option is to make different visualizations per scale range. A downside of this 

option is the extra amount of work that needs to be done and the complexity of the 

results. 

The different designs imply different levels of generalization. Generalization of thematic 

objects is tricky. It is a challenge to make sure that no contradictions occur between the 

visualizations for the different scale ranges (chapters 4 and 5). 

In theory, the problems of viewing a large scale plan at small scale, should mirror the 

ones listed above. In fact, there is no real problem because a large scale local plan can 

not really be interpreted from a small scale map showing the whole country. Still, 

problems can occur for instance when a local plan is compared to a national or provincial 
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plan. This often happens when a ministry or province judges a local plan, from the 

perspective of their own small scale plans. If any problems occur, the interpretation of the 

small scale plan is the most crucial, as the interpretation is performed at local scale. In 

that sense, the local plan can not be ‘wrong’ (chapter 4).  

 

 

It can be a challenge to develop a visualization of uncertainty in bivariate maps using the 

WMS and SLD / SE specifications defined by the OGC. This depends on the design 

choices and the characteristics of the data. 

In SE, support for styling of areas is very extensive and can be customized in various 

ways using raster images, transparency and other variables. Also there is support to 

define any number of scale ranges, to adjust  visualization to different viewing scales.  

For the styling of borders, there are some problems. The main problem that occurred in 

the design process is how to vary the crispness or fuzziness of borders. This is a special 

type of styling as it actually affects the area itself as well. This is not supported in SE. It 

can be simulated by stacking areas with varying border thickness and opacity (as shown 

in chapters 4 and 5, national landscapes), but the results are not effective at all scales. 

Also, the result of stacking is that each object needs to be defined several times. This can 

lead to long and complex style sheets, especially if scale ranges are defined. 

Another issue was found when series of small image files (icons or similar raster image 

files, e.g. in png format) were used for border styling. In theory this is a very effective 

technique. The resulting images are not attractive. The raster images are disfigured and 

aliased. The interval between them is not constant. The images may also be displaced if 

the border in the dataset is not drawn as a smooth line. 

The design and survey showed that small scale data can look messy or crude when 

viewed at large scale. In itself this is quite logical. In order to be able to create attractive 

visualizations at larger scales, it may be necessary to optimize the data for those scales.  

All in all, in its current status the specifications from OGC can only be really effective if 

the objects have crisp boundaries. This rules out a number of visualization variables for 

uncertainty. 

 

 

The survey shows that there is a potential for the definition of standards for visualization 

of uncertainty, similar to standards that are already included in the RO Standaarden 

(Geonovum, 2008). The DURP project has shown that standards are a condition if users 

want to be able to compare plans. Seeing that more plans are made available in digital 

form, people are likely to make comparisons by viewing different plans in one application. 

The need for standards is therefore becoming more urgent.  

The standards can only be defined if agreement is reached on terms that are used to 

define uncertainty in words. Those terms refer to concepts that constitute spatial policy. 

As seen in the case, there is quite a variety in those terms. This will require quite a lot of 

debate.  

Related to these terms, are the geographical terms. Especially the Greenports map 

shows that there can be an inconsistency between the geographical names that are used 

and the actual locations they refer to. The example of the Bollenstreek stands out.  
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The objects in the maps from the case do not represent many different levels of 

uncertainty, although uncertainty is present. For other strategic plans like Structuurvisies, 

there may be more different objects present in one plan at the same time. In those cases 

the application of similar visual variables as were used here, will prove helpful.  

6.3 Recommendations 

Looking at the design limitations following from the OGC specifications, it would be 

desirable to develop a number of extensions to those specifications. This would offer new 

possibilities for more complex visualizations, including uncertainty. A first addition would 

be the ability to apply fuzziness to borders of polygons.  

 

As uncertainty visualization is still a new topic in this field, further research will be needed 

to be able to implement it in spatial plans. A first step could be to identify the concepts 

and terms that constitute spatial plans. They define (at least in part) the uncertainty of the 

plan. It would be interesting to see if a fixed set of terms can be found and projected on 

some sort of scale. From it, levels of impact and/or uncertainty could be derived. It could 

be the start of the development of standards as mentioned earlier. 

 

For geographical terms a similar problem remains. How can there be more control and 

clarity over geographical names that are used, and which locations they refer to? The 

solution might be quite different. It is possible to create some sort of gazetteer 

(geographical dictionary) for geographical names. Digital gazetteers already exist. A 

gazetteer is quite the opposite of a standard. Standards (as intended above) are limited 

lists, whereas gazetteers contain abundant data. Different people might associate 

different locations to one specific term. It could be investigated if the use of a gazetteer 

can be included in the conception of spatial plans, to make sure that policy makers know 

which interpretations of the geographical names they use exist.  
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Glossary 

Dutch terms 

Bestemmingsplan - Local zoning plan, formulating binding restrictions on land use and 

construction 

DURP - Digitale uitwisselbare ruimtelijke processen 

MJP2 - Agenda voor een Vitaal Platteland, Meerjarenprogramma 2007–2013 

Nota op de Ruimtelijke ordening - Stategic national spatial planning policy document 

RO Standaarden - Set of standards to which Dutch spatial plans must comply as defined 

in the Wro and associated regulations. 

Streekplan - Provincial spatial plan 

Structuurvisie - An indicative spatial plan, either at local or regional scale 

Wro - Wet Ruimtelijke Ordening, Spatial planning act (2008) 

Zoekzone – Search area, a term often used in strategic spatial plans 

Abbreviations 

AJAX - Asynchronous Javascript And XML 

API - Application Programming Interface 

CGI - Common Gateway Interface 

GI - Geo Information 

GII - Geo Information Infrastructure (synonym for SDI) 

GIS - Geographic Information Systems 

GUI - Graphical User Interface 

OGC - Open Geospatial Consortium 

SDI or GDI - (Geo-) Spatial Data Infrastructure (synonym for GII) 

SOA - Service Oriented Architecture 

WMS - Web Map Service 

WFS - Web Feature Service 
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Appendix 1: SLD files 

EHS: 00_ehs_style.sld 

 

<?xml version="1.0" encoding="UTF-8"?> 

<StyledLayerDescriptor version="1.0.0" 

  xsi:schemaLocation="http://www.opengis.net/sld StyledLayerDescriptor.xsd" 

  xmlns="http://www.opengis.net/sld" xmlns:ogc="http://www.opengis.net/ogc" 

  xmlns:xlink="http://www.w3.org/1999/xlink" 

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 

<NamedLayer> 

    <Name>00_ehs</Name> 

    <UserStyle xmlns="http://www.opengis.net/sld"> 

      <Name>00_ehs_style</Name> 

    

      <FeatureTypeStyle> 

       

     <!-- ************************************ --> 

     <!-- EHS LAND green haze on all polygons  --> 

     <!-- ************************************ --> 

      

       <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>EHS land</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#00cc00</CssParameter> 

            <CssParameter name="fill-opacity">0.4</CssParameter> 

                      </Fill> 

        </PolygonSymbolizer>    

 

      <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>TYPE</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Bold</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

             <Halo/> 

       <Fill> 
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            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule> 

     

         <!-- ******************************* --> 

         <!-- SCALE RANGE National Min 650000 --> 

         <!-- ******************************* --> 

      

      <Rule> 

<MinScaleDenominator>650000</MinScaleDenominator> 

     <PolygonSymbolizer> 

     <Fill> 

            <GraphicFill> 

              <Graphic> 

                <ExternalGraphic> 

                  <OnlineResource xlink:type="simple" 

xlink:href="http://www.stevenkeijzer.nl/gima/images/2om4.gif"/> 

                  <Format>image/gif</Format> 

                </ExternalGraphic> 

                <Opacity>1</Opacity> 

                <Size>4</Size> 

                <Rotation>0</Rotation> 

              </Graphic> 

            </GraphicFill> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

          

       <!--     <Stroke> 

            <CssParameter name="stroke">#00cc00</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

          <CssParameter name="stroke-width">1</CssParameter> 

            </Stroke> --> 

        </PolygonSymbolizer> 

      </Rule>  

         

         <!-- ********************************** --> 

         <!-- SCALE RANGE Regional 650000 200000 --> 

         <!-- ********************************** --> 

       

    <Rule> 

<MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

    <PolygonSymbolizer> 

     <Fill> 

            <GraphicFill> 

              <Graphic> 

                <ExternalGraphic> 

                  <OnlineResource xlink:type="simple" 

xlink:href="http://www.stevenkeijzer.nl/gima/images/3om8.gif"/> 

                  <Format>image/gif</Format> 

                </ExternalGraphic> 

                <Opacity>1</Opacity> 

                <Size>8</Size> 

                <Rotation>0</Rotation> 

              </Graphic> 

            </GraphicFill> 

            <CssParameter name="fill-opacity">0.7</CssParameter> 

          </Fill> 
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           <!--  <Stroke> 

            <CssParameter name="stroke">#00cc00</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

          <CssParameter name="stroke-width">1</CssParameter> 

            </Stroke>  --> 

        </PolygonSymbolizer> 

      </Rule> 

 

         <!-- **************************** --> 

         <!-- SCALE RANGE Local Max 200000 --> 

         <!-- **************************** --> 

   

    <Rule> 

      <MaxScaleDenominator>200000</MaxScaleDenominator> 

    <PolygonSymbolizer> 

     <Fill> 

         <!--     <CssParameter name="fill">#00cc00</CssParameter> --> 

          <GraphicFill> 

              <Graphic> 

                <ExternalGraphic> 

                  <OnlineResource xlink:type="simple" 

xlink:href="http://www.stevenkeijzer.nl/gima/images/5om16.gif"/> 

                  <Format>image/gif</Format> 

                </ExternalGraphic> 

                <Opacity>1</Opacity> 

                <Size>16</Size> 

                <Rotation>0</Rotation> 

              </Graphic> 

            </GraphicFill>  

                        <CssParameter name="fill-opacity">0.7</CssParameter> 

                      </Fill> 

             

            <Stroke> 

            <CssParameter name="stroke">#00cc00</CssParameter> 

            <CssParameter name="stroke-opacity">0.7</CssParameter> 

          <CssParameter name="stroke-width">1</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer> 

      </Rule> 

    

     <!-- ************************************ --> 

     <!--     EHS WATER     blue haze          --> 

     <!-- ************************************ --> 

      

       <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>EHS water</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#0000cc</CssParameter> 

            <CssParameter name="fill-opacity">0.5</CssParameter> 

                      </Fill> 

          

        </PolygonSymbolizer>    

      <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>TYPE</ogc:PropertyName> 
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          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Bold</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

             <Halo/> 

       <Fill> 

            <CssParameter name="fill">#000099</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule> 

  

      </FeatureTypeStyle> 

    </UserStyle> 

  </NamedLayer> 

</StyledLayerDescriptor> 

 

Solid connections: 02_rob_verb_alt_line_style.sld 

 

<?xml version="1.0" encoding="UTF-8"?> 

<StyledLayerDescriptor version="1.0.0" 

  xsi:schemaLocation="http://www.opengis.net/sld StyledLayerDescriptor.xsd" 

  xmlns="http://www.opengis.net/sld" xmlns:ogc="http://www.opengis.net/ogc" 

  xmlns:xlink="http://www.w3.org/1999/xlink" 

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 

<NamedLayer> 

    <Name>02_rob_verb_alt_line</Name> 

    <UserStyle> 

      <Name>02_rob_verb_alt_line_style</Name> 

      <Title>geoserver style</Title> 

      <Abstract>Generated by GeoServer</Abstract> 

      <FeatureTypeStyle> 

       

         <!-- ******************************* --> 

         <!-- SCALE RANGE National Min 650000 --> 

         <!-- ******************************* --> 

          

               <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <MinScaleDenominator>650000</MinScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#ffffff</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">12</CssParameter> 

                    

          </Stroke> 

        </LineSymbolizer> 
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      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <MinScaleDenominator>650000</MinScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#660099</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">6</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <MinScaleDenominator>650000</MinScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#FFFFFF</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">1</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

          

      <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>1</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <MinScaleDenominator>650000</MinScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#ffffff</CssParameter> 

            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">4</CssParameter> 

                     <CssParameter name="stroke-dasharray">14 4</CssParameter>        

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>1</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 
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        <MinScaleDenominator>650000</MinScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#9900FF</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">2</CssParameter> 

            <CssParameter name="stroke-dasharray">0 1 12 5</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

         <!-- ********************************** --> 

         <!-- SCALE RANGE Regional 650000 200000 --> 

         <!-- ********************************** --> 

          

       <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#ffffff</CssParameter> 

            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">30</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#660099</CssParameter> 

            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">18</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

        <LineSymbolizer> 
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          <Stroke> 

            <CssParameter name="stroke">#FFFFFF</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">1</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

               

      <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>1</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#ffffff</CssParameter> 

            <CssParameter name="stroke-opacity">0.8</CssParameter> 

            <CssParameter name="stroke-width">6</CssParameter> 

                     <CssParameter name="stroke-dasharray">20 4</CssParameter>        

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>1</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#9900FF</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">2</CssParameter> 

            <CssParameter name="stroke-dasharray">0 2 16 6</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

             

         <!-- **************************** --> 

         <!-- SCALE RANGE Local Max 200000 --> 

         <!-- **************************** --> 

          

       <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#ffffff</CssParameter> 
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            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">64</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#660099</CssParameter> 

            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">40</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

       

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>2</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#FFFFFF</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

            <CssParameter name="stroke-width">2</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

          

      <Rule> 

         <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>1</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#ffffff</CssParameter> 

            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">16</CssParameter> 

                     <CssParameter name="stroke-dasharray">44 10</CssParameter>        

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

 

       <Rule> 

           <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 
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        <ogc:PropertyName>idn</ogc:PropertyName> 

        <ogc:Literal>1</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

        <LineSymbolizer> 

          <Stroke> 

            <CssParameter name="stroke">#9900FF</CssParameter> 

            <CssParameter name="stroke-opacity">0.6</CssParameter> 

            <CssParameter name="stroke-width">8</CssParameter> 

            <CssParameter name="stroke-dasharray">0 4 36 14</CssParameter> 

          </Stroke> 

        </LineSymbolizer> 

      </Rule> 

             

      </FeatureTypeStyle> 

    </UserStyle> 

  </NamedLayer> 

</StyledLayerDescriptor> 

 

 

National Landscapes: 13_nat_landschappen_style.sld 

 

<?xml version="1.0" encoding="UTF-8"?> 

<StyledLayerDescriptor version="1.0.0" 

  xsi:schemaLocation="http://www.opengis.net/sld StyledLayerDescriptor.xsd" 

  xmlns="http://www.opengis.net/sld" xmlns:ogc="http://www.opengis.net/ogc" 

  xmlns:xlink="http://www.w3.org/1999/xlink" 

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 

<NamedLayer> 

    <Name>13_nat_landschappen</Name> 

    <UserStyle> 

      <Name>13_nat_landschappen_style</Name> 

      <Title>geoserver style</Title> 

      <Abstract>Generated by GeoServer</Abstract> 

      <FeatureTypeStyle> 

 

         <!-- ******************************* --> 

         <!-- SCALE RANGE National Min 650000 --> 

         <!-- ******************************* --> 

       <!-- NADER TE BEPALEN, NR 1, schaal nationaal--> 

 

     <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

            <MinScaleDenominator>650000</MinScaleDenominator> 

   

            <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.2</CssParameter> 
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                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#009900</CssParameter> 

       <CssParameter name="stroke-opacity">0.2</CssParameter> 

          <CssParameter name="stroke-width">20</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

          </Rule>    

     

       <!-- NADER TE BEPALEN, NR 2, schaal nationaal -->     

     

       <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

            <MinScaleDenominator>650000</MinScaleDenominator> 

           <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.4</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#009900</CssParameter> 

       <CssParameter name="stroke-opacity">0.4</CssParameter> 

          <CssParameter name="stroke-width">10</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

          </Rule>    

     

         <!-- NADER TE BEPALEN, NR 3, schaal nationaal --> 

     

       <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

            <MinScaleDenominator>650000</MinScaleDenominator> 

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#000000</CssParameter> 

  

       <CssParameter name="stroke-opacity">0</CssParameter> 

          <CssParameter name="stroke-width">2</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 
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              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                      <Halo/> 

 <Fill> 

            <CssParameter name="fill">#000000</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule>    

     

        <!-- NADER TE BEPALEN, GRAPHICSTROKE, kleine schaal --> 

      

       <!--  <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

            <MinScaleDenominator>650000</MinScaleDenominator> 

 

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.4</CssParameter> 

                      </Fill> 

           <Stroke> 

<GraphicStroke> 

                <Graphic> 

                <ExternalGraphic> 

                  <OnlineResource xlink:href="http://www.stevenkeijzer.nl/gima/images/streep.gif"/> 

                  <Format>image/gif</Format> 

                </ExternalGraphic> 

                                                 

                    <Size>32</Size> 

                </Graphic> 

              </GraphicStroke> 

  

       <CssParameter name="stroke-opacity">1</CssParameter> 

          <CssParameter name="stroke-width">15</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

         

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                    <Halo/> 

   <Fill> 

            <CssParameter name="fill">#000000</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule>   --> 

     

         <!-- ********************************** --> 
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         <!-- SCALE RANGE Regional 650000 200000 --> 

         <!-- ********************************** --> 

         <!-- NADER TE BEPALEN, NR 1, schaal midden --> 

 

     <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 

   <MaxScaleDenominator>650000</MaxScaleDenominator> 

   

            <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.2</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#009900</CssParameter> 

       <CssParameter name="stroke-opacity">0.2</CssParameter> 

          <CssParameter name="stroke-width">40</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

          </Rule>    

     

       <!-- NADER TE BEPALEN, NR 2, schaal midden -->     

     

       <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

        <MinScaleDenominator>200000</MinScaleDenominator> 

      <MaxScaleDenominator>650000</MaxScaleDenominator> 

           <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.4</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#009900</CssParameter> 

       <CssParameter name="stroke-opacity">0.4</CssParameter> 

          <CssParameter name="stroke-width">20</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

          </Rule>    

     

         <!-- NADER TE BEPALEN, NR 3, schaal midden --> 

     

       <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MinScaleDenominator>200000</MinScaleDenominator> 
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   <MaxScaleDenominator>650000</MaxScaleDenominator>  

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#000000</CssParameter> 

  

       <CssParameter name="stroke-opacity">0</CssParameter> 

          <CssParameter name="stroke-width">2</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                      <Halo/> 

 <Fill> 

            <CssParameter name="fill">#000000</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule>    

   

         <!-- **************************** --> 

         <!-- SCALE RANGE Local Max 200000 --> 

         <!-- **************************** --> 

         <!-- NADER TE BEPALEN, NR 1, schaal lokaal --> 

 

     <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

   

            <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.2</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#009900</CssParameter> 

       <CssParameter name="stroke-opacity">0.2</CssParameter> 

          <CssParameter name="stroke-width">100</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

          </Rule>    

     

       <!-- NADER TE BEPALEN, NR 2, schaal lokaal -->     

     

       <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 
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      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator> 

           <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.4</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#009900</CssParameter> 

       <CssParameter name="stroke-opacity">0.4</CssParameter> 

          <CssParameter name="stroke-width">50</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

          </Rule>    

     

         <!-- NADER TE BEPALEN, NR 3, schaal lokaal --> 

     

       <Rule> 

   <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>TYPE</ogc:PropertyName> 

        <ogc:Literal>nader te begrenzen</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

        </ogc:Filter> 

   <MaxScaleDenominator>200000</MaxScaleDenominator>    

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#009900</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

                      </Fill> 

           <Stroke> 

            <CssParameter name="stroke">#000000</CssParameter> 

  

       <CssParameter name="stroke-opacity">0</CssParameter> 

          <CssParameter name="stroke-width">2</CssParameter> 

            </Stroke> 

        </PolygonSymbolizer>    

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                      <Halo/> 

 <Fill> 

            <CssParameter name="fill">#000000</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule>    

   

   <!-- GROENE HART, alle schalen --> 

   

    <Rule> 
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     <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

           

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>NAAM</ogc:PropertyName> 

        <ogc:Literal>Groene hart</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

   

        </ogc:Filter> 

     

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#66cc00</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

                      </Fill> 

          <Stroke> 

            <CssParameter name="stroke">#003300</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

          <CssParameter name="stroke-width">1</CssParameter> 

          <CssParameter name="PerpendicularOffset">20000</CssParameter> 

       

      </Stroke> 

        </PolygonSymbolizer>    

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                      <Halo/> 

 <Fill> 

            <CssParameter name="fill">#003300</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule> 

       

      <!-- Nieuwe Hollandse Waterlinie, alle schalen --> 

   

    <Rule> 

     <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

           

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>NAAM</ogc:PropertyName> 

        <ogc:Literal>Nieuwe Hollandse Waterlinie</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

   

        </ogc:Filter> 

     

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#669900</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

                      </Fill> 

          <Stroke> 

            <CssParameter name="stroke">#003300</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

          <CssParameter name="stroke-width">1</CssParameter> 

          <CssParameter name="PerpendicularOffset">20000</CssParameter> 
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      </Stroke> 

        </PolygonSymbolizer>    

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                      <Halo/> 

 <Fill> 

            <CssParameter name="fill">#003300</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule> 

 

<!-- STELLING VAN AMSTERDAM, alle schalen --> 

   

    <Rule> 

     <ogc:Filter xmlns:gml="http://www.opengis.net/gml"> 

           

      <ogc:PropertyIsEqualTo> 

        <ogc:PropertyName>NAAM</ogc:PropertyName> 

        <ogc:Literal>Stelling van Amsterdam</ogc:Literal> 

      </ogc:PropertyIsEqualTo> 

   

        </ogc:Filter> 

     

        <PolygonSymbolizer> 

          <Fill> 

            <CssParameter name="fill">#77aa00</CssParameter> 

            <CssParameter name="fill-opacity">0.8</CssParameter> 

                      </Fill> 

          <Stroke> 

            <CssParameter name="stroke">#003300</CssParameter> 

            <CssParameter name="stroke-opacity">1</CssParameter> 

          <CssParameter name="stroke-width">1</CssParameter> 

          <CssParameter name="PerpendicularOffset">20000</CssParameter> 

       

      </Stroke> 

        </PolygonSymbolizer>    

     <TextSymbolizer> 

          <Label> 

            <ogc:PropertyName>NAAM</ogc:PropertyName> 

          </Label> 

            <Font> 

              <CssParameter name="font-family">Arial</CssParameter> 

              <CssParameter name="font-style">Normal</CssParameter> 

              <CssParameter name="font-size">10</CssParameter> 

            </Font> 

                   <Halo/> 

          <Fill> 

            <CssParameter name="fill">#003300</CssParameter> 

            <CssParameter name="fill-opacity">1</CssParameter> 

          </Fill> 

        </TextSymbolizer> 

      </Rule>       
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      </FeatureTypeStyle> 

    </UserStyle> 

  </NamedLayer> 

</StyledLayerDescriptor> 

 

Greenports: 15_greenports_style.sld 

 

<?xml version="1.0" encoding="UTF-8"?> 

<StyledLayerDescriptor version="1.0.0" 

  xsi:schemaLocation="http://www.opengis.net/sld StyledLayerDescriptor.xsd" 

  xmlns="http://www.opengis.net/sld" xmlns:ogc="http://www.opengis.net/ogc" 

  xmlns:xlink="http://www.w3.org/1999/xlink" 

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 

<NamedLayer> 

    <Name>15_greenports</Name> 

    <UserStyle> 

      <Name>15_greenports_style</Name> 

      <Title>geoserver style</Title> 

      <Abstract>Generated by GeoServer</Abstract> 

      <FeatureTypeStyle> 

     

    <!-- SQUARE  --> 

   <!--   <Rule> 

     <PointSymbolizer> 

         <Graphic> 

           <Mark> 

             <WellKnownName>square</WellKnownName> 

              <Fill> 

               <CssParameter name="fill">#006600</CssParameter> 

               <CssParameter name="fill-opacity">0.4</CssParameter> 

             </Fill> 

             <Stroke> 

               <CssParameter name="stroke">#00ff00</CssParameter> 

               <CssParameter name="stroke-width">2</CssParameter> 

             </Stroke> 

           </Mark> 

           <Size>48</Size> 

         </Graphic> 

       </PointSymbolizer> 

                  </Rule>  --> 

         <!-- ******************************* --> 

         <!-- SCALE RANGE National Min 650000 --> 

         <!-- ******************************* --> 

          

         <Rule> 

         <MinScaleDenominator>650000</MinScaleDenominator> 

   

     <PointSymbolizer> 

         <Graphic> 

           <Mark> 

             <WellKnownName>square</WellKnownName> 

              <Fill> 

               <CssParameter name="fill">#00cc00</CssParameter> 

               <CssParameter name="fill-opacity">0.2</CssParameter> 
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             </Fill> 

             <Stroke> 

               <CssParameter name="stroke">#00ff00</CssParameter> 

               <CssParameter name="stroke-width">0</CssParameter> 

             </Stroke> 

           </Mark> 

           <Size>42</Size> 

         </Graphic> 

       </PointSymbolizer> 

                  </Rule> 

          

                <Rule> 

             <MinScaleDenominator>650000</MinScaleDenominator> 

    

                   <PointSymbolizer> 

         <Graphic> 

                          <ExternalGraphic> 

             <OnlineResource 

               xlink:type="simple" 

               xlink:href="http://www.stevenkeijzer.nl/gima/images/gp001.png" /> 

             <Format>image/png</Format> 

           </ExternalGraphic> 

           <Opacity>1</Opacity> 

           <Size>30</Size> 

                    </Graphic> 

                      </PointSymbolizer> 

                   </Rule>  

         <!-- ********************************** --> 

         <!-- SCALE RANGE Regional 650000 200000 --> 

         <!-- ********************************** --> 

          <Rule> 

          <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

   

     <PointSymbolizer> 

         <Graphic> 

           <Mark> 

             <WellKnownName>square</WellKnownName> 

              <Fill> 

               <CssParameter name="fill">#00cc00</CssParameter> 

               <CssParameter name="fill-opacity">0.2</CssParameter> 

             </Fill> 

              

             <Stroke> 

               <CssParameter name="stroke">#00ff00</CssParameter> 

               <CssParameter name="stroke-width">0</CssParameter> 

             </Stroke> 

           </Mark> 

           <Size>72</Size> 

         </Graphic> 

       </PointSymbolizer> 

 

                  </Rule> 

          

                <Rule> 

             <MinScaleDenominator>200000</MinScaleDenominator> 

    <MaxScaleDenominator>650000</MaxScaleDenominator> 

             

                   <PointSymbolizer> 

         <Graphic> 

                          <ExternalGraphic> 
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             <OnlineResource 

               xlink:type="simple" 

               xlink:href="http://www.stevenkeijzer.nl/gima/images/gp002.png" /> 

             <Format>image/png</Format> 

           </ExternalGraphic> 

           <Opacity>1</Opacity> 

           <Size>60</Size> 

                    </Graphic> 

                      </PointSymbolizer> 

                   </Rule>  

             

         <!-- **************************** --> 

         <!-- SCALE RANGE Local Max 200000 --> 

         <!-- **************************** --> 

          

           <Rule> 

        <MaxScaleDenominator>200000</MaxScaleDenominator> 

   

     <PointSymbolizer> 

         <Graphic> 

           <Mark> 

             <WellKnownName>square</WellKnownName> 

              <Fill> 

               <CssParameter name="fill">#00cc00</CssParameter> 

               <CssParameter name="fill-opacity">0.2</CssParameter> 

             </Fill> 

              

             <Stroke> 

               <CssParameter name="stroke">#00ff00</CssParameter> 

               <CssParameter name="stroke-width">0</CssParameter> 

             </Stroke> 

           </Mark> 

           <Size>150</Size> 

         </Graphic> 

       </PointSymbolizer> 

 

                  </Rule> 

            

              <Rule> 

             <MaxScaleDenominator>200000</MaxScaleDenominator> 

                   <PointSymbolizer> 

         <Graphic> 

                          <ExternalGraphic> 

             <OnlineResource 

               xlink:type="simple" 

               xlink:href="http://www.stevenkeijzer.nl/gima/images/gp003.png" /> 

             <Format>image/png</Format> 

           </ExternalGraphic>  

           <Opacity>1</Opacity> 

           <Size>120</Size> 

                    </Graphic> 

                      </PointSymbolizer> 

                   </Rule>  

     

      </FeatureTypeStyle> 

    </UserStyle> 

  </NamedLayer> 

</StyledLayerDescriptor> 
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Appendix 2: HTML for the web page 

including the Open Layers script 

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 

"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 

<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" lang="en"> 

<head> 

 <meta http-equiv="Content-Type" content="text/html; charset=UTF-8" /> 

 <title>GIMA | M8</title> 

 <link rel="stylesheet" href="css/blueprint/screen.css" type="text/css" media="screen, projection" /> 

 <link rel="stylesheet" href="css/blueprint/print.css" type="text/css" media="print" /> 

 <!--[if IE]> 

   <link rel="stylesheet" href="css/blueprint/ie.css" type="text/css" media="screen, projection" /> 

 <![endif]--> 

<link rel="shortcut icon" type="image/x-icon" href="favicon.ico" /> 

<meta http-equiv="imagetoolbar" content="no" /> 

<meta http-equiv="Page-Enter" content="blendTrans(Duration=1)" /> 

<meta http-equiv="Page-Exit" content="blendTrans(Duration=1)" /> 

 

<!-- SLIMBOX --> 

<script type="text/javascript" src="http://www.stevenkeijzer.nl/slimbox/js/mootools-release-1.11.js"></script> 

<script type="text/javascript" src="http://www.stevenkeijzer.nl/slimbox/js/slimbox.js"></script> 

 

<!-- GOOGLE --> 

    <script src="http://maps.google.com/maps?file=api&amp;v=2&amp;key=ABQIAAAAVelxbTujHFmhfNWI7-

TSgxTX80YGPFxr9LezkL_3av4jksAlXBSH5FpqjtWwX6h30i80uN_R2w2s-g" 

      type="text/javascript"></script> 

 

<!-- OPENLAYERS --> 

  <script src="http://www.openlayers.org/api/2.4/OpenLayers.js" type="text/javascript"></script> 

 

</head> 

 

 <body onload="init()" >  

<div class="container buiten showgrid"> 

<div class="container binnen "> 

 <div class="column span-24 first last kop"> 

 </div> 

 <div class="column span-23 append-1 "> 

<ul id="navigatie"> 

            <li><a href="index.php" title="home">home</a>  

                 </li>  </ul>  

 </div> 

 <div class="column span-24 first last strip"> 

 </div> 

  <div class="column span-13 first"> 
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 <div id="map" > 

  <script type="text/javascript"> 

  

 var map, google, googles, googleh, googlep, ehs, ehsrv, natlan, greenports, topo; 

 

 function init(){ 

 

     map = new OpenLayers.Map( 'map', { 

   

  controls: [ 

    new OpenLayers.Control.PanZoomBar(), 

    new OpenLayers.Control.MouseDefaults(), 

    new OpenLayers.Control.LayerSwitcher({'ascending':false}), 

    new 

OpenLayers.Control.MousePosition({'displayProjection':OpenLayers.Projection}), 

        new OpenLayers.Control.Permalink(), 

    new OpenLayers.Control.Scale(), 

    new OpenLayers.Control.KeyboardDefaults({'slideFactor':100}) 

  ], 

  numZoomLevels: 20 

  }); 

 

        google = new OpenLayers.Layer.Google("Google", {"sphericalMercator": true}); 

     googles = new OpenLayers.Layer.Google("Google Satellite", { 'type': G_SATELLITE_MAP }); 

     googleh = new OpenLayers.Layer.Google("Google Hybrid", { 'type': G_HYBRID_MAP }); 

     googlep = new OpenLayers.Layer.Google("Google Physical", { 'type': G_PHYSICAL_MAP }); 

        

natlan = new OpenLayers.Layer.WMS("Nationale Landschappen",  

"http://casagrande.geo.tudelft.nl:8088/geoserver/wms?", 

                { 

                   layers: 'mjp:13_nat_landschappen', 

                   styles: '', 

                   format: 'image/png', 

                   tiled: 'true', 

                   transparent: true 

                }, 

                { 

                     'isBaseLayer': false, 'wrapDateLine': true 

                } 

            ); 

        

greenports = new OpenLayers.Layer.WMS("Greenports, Glastuinbouw",  

"http://casagrande.geo.tudelft.nl:8088/geoserver/wms?", 

                { 

                   layers: 'mjp:15_alt', 

                   styles: '', 

                   format: 'image/png', 

                   tiled: 'true', 

                   transparent: true 

                }, 

                { 

                     'isBaseLayer': false, 'wrapDateLine': true 

                } 

            ); 

        

  ehs = new OpenLayers.Layer.WMS("EHS",  

"http://casagrande.geo.tudelft.nl:8088/geoserver/wms?", 

                { 

                   layers: 'mjp:00_ehs', 

                   styles: '', 

        srs: 'EPSG:900913', 
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                   format: 'image/png', 

                   tiled: 'true', 

                   transparent: true 

                }, 

                { 

                   'isBaseLayer': false, 'wrapDateLine': true 

                } 

            ); 

    

   ehsrv = new OpenLayers.Layer.WMS("EHS, Robuuste Verbinding",  

"http://casagrande.geo.tudelft.nl:8088/geoserver/wms?", 

                { 

                   layers: 'mjp:02_rob_verb_alt_line', 

                   styles: '', 

                   format: 'image/png', 

                   tiled: 'true', 

                   transparent: true 

                }, 

                { 

                     'isBaseLayer': false, 'wrapDateLine': true 

                } 

            ); 

  

    natlan.setVisibility(false); 

    greenports.setVisibility(false); 

   

  map.addLayers([googlep, googleh, googles, natlan, greenports, ehs, ehsrv ]); 

     map.setCenter(new OpenLayers.LonLat(4.663, 52.07), 10); 

     map.events.register("click", map, function(e) { 

       markers.addMarker(new OpenLayers.Marker(this.getLonLatFromPixel(e.xy))); 

     }); 

 

} 

 

  </script> 

 </div> 

 </div> 

 <div class="column span-12 last survey" > 

 

<!--  SURVEY  --> 

<IFRAME SRC="http://www.surveymonkey.com/s/2P53MWS" height="100%" width="100%" frameborder="0"> 

</IFRAME> 

</div> 

 <hr> 

  <div class="column span-25 first last "> 

  <div class="column span-4 append-9 first "> 

<a href="images/legenda.jpg" rel="lightbox[set]" title="Legenda bij de viewer"><img 

src="images/legendaklein.jpg" /></a> 

  </div> 

  <div class="column span-12 last"> 

 

<a href="images/krt03.jpg" rel="lightbox[set]" title="EHS, afbeelding van oorspronkelijke kaart, (c) Ministerie van 

Lanbouw, Natuur en Voedselkwaliteit 2006"><img src="images/krt03klein.jpg" /></a>  

<a href="images/krt10.jpg" rel="lightbox[set]" title="Greenports, afbeelding van oorspronkelijke kaart, (c) 

Ministerie van Lanbouw, Natuur en Voedselkwaliteit 2006"><img src="images/krt10klein.jpg" /></a> 

<a href="images/krt15.jpg" rel="lightbox[set]" title="Nationale Landschappen, afbeelding van oorspronkelijke 

kaart, (c) Ministerie van Lanbouw, Natuur en Voedselkwaliteit 2006"><img src="images/krt15klein.jpg" /></a> 

</div></div><div class="column span-23 footer append-1 prepend-1 last"> </div></div></div> 

</body> 

</html> 
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Appendix 3: images from the survey 

Images retrieved from:  

 

http://geoserver.itc.nl/keijzer 

http://www.stevenkeijzer.nl/gima 

 

 

 
Main page of the survey 
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Ehs national 

 
Ehs provincial 
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Ehs local 

 
Greenports national 
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Greenports provincial 

 
Greenports local 
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National landscapes national 

 
National landscapes provincial 
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National landscapes local 
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Appendix 4: survey results 
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