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Summary  
The research topic in this report is the development of a road traffic noise mapping approach, 
with a focus on the integration of environmental impact analysis in the early stage of the 
spatial planning process. The research content is based on the environmental policy and 
spatial planning legislation in the Netherlands. 
 
Noise nuisance is a serious environmental problem in the Netherlands. The Noise Abatement 
Act, established in 1979, is the main noise legislation. It has played an important role in noise 
reduction and control since it came into force. Moreover, the road traffic noise zoning method 
in the Noise Abatement Act was the first environmental zoning method that was integrated 
with planning issues. Up to now, it is still in use for draft zoning in spatial planning. The Noise 
Mapping Approach in this report is initiated to optimize the current noise zoning method and 
provide an reliable zoning method for better insights. In addition, it is developed as an easy to 
use supportive tool for the interactive communication and public participation during planning 
progress.  
 
The newly developed Noise Mapping Approach is area-specific environmental zoning method 
which focuses on the quantitative standard for road traffic noise environmental zoning. The 
road traffic noise limitation stated in Noise Abatement Act is integrated as the basis of the 
approach. Because the residential land use and agriculture land use have different noise 
limitation (53dB, 58dB respectively), the land use type is distinguished in the approach. The 
Noise Mapping Approach is a GIS based approach with Big Data Analysis as the main concept 
for the data handling. The approach is illustrated as follows: The GIS software is the platform 
for the noise mapping generation. The “INPUT” of the approach contains four parts: Noise 
mapping threshold, road traffic data (intensity data, which is yearly average traffic intensity 
per hour, recommended in DIRECTIVE 2002/49/EC (2002)), road feature (road altitude), and 
the land use type (residential or agriculture). The “OUTPUT” is the noise map integrated with 
the Dutch noise legislation. 
 

 
Newly developed Noise Mapping Approach 

 
The road traffic data is obtained from National data source NDW, and the road feature is 
derived from Google Street View.  The noise mapping threshold is the nucleus of the Noise 
Mapping Approach. It constitutes the main research activities in this report: with road traffic 
data extracted from the National Data Warehouse (NDW), the traffic noise control distances 
are calculated according to the noise level limitation in Noise Abatement Act by applying 
standardized Dutch noise calculation method SRM1 (Standaard RekenMethoden). Then, the 
noise mapping threshold is derived after exploring the data pattern between calculated noise 
control distance and the average traffic intensity per hour. SPSS is used as statistical analysis 
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tool for the data sorting, calculation, and graphing. The derived noise mapping thresholds are 
shown in the following table. It is divided in to two sub-groups: residential and agriculture, the 
road altitude is categorized with two levels for each sub-group.  
 

Noise zoning threshold table 

 
The Noise Mapping Approach is verified by comparing the approach with a real world 
situation. The same is done with the Noise Abatement Act zoning method. The real situation 
is represented by the calculated noise level instead of the direct noise measurement data. 
Based on the verification results, it can be concluded that the newly developed Noise Mapping 
Approach slightly overestimates the zoning distances, and the Noise Abatement Act zoning 
underestimates for residential land use and extremely overestimates for agriculture land use. 
It is indicated that the newly developed Noise Mapping Approach provides much better 
outcomes than the currently used Noise Abatement Act, because the underestimation will 
make noise nuisance much worse and the extremely overestimation is meaningless for the 
spatial planning activities.  

  

Land use type Road Type Road altitude Traffic intensity per hour Noise zoning threshold 

Residential 

Motorway 
 

>1m Traffic intensity< =500          200m 

500 < Traffic intensity< =1000      400m 

1000 < Traffic intensity< =2000      500m 

2000 < Traffic intensity<= 3000  600m 

3000 < Traffic intensity< =3500   700m 

3500 < Traffic intensity< 5000      850m    

<=1m Traffic intensity< =500          150m 

500 < Traffic intensity< =1000      300m 

1000 < Traffic intensity<= 2000  400m 

2000 < Traffic intensity< =2500   500m 

2500 < Traffic intensity<= 3500      600m    

3500 < Traffic intensity< =4000   700m 

4000 < Traffic intensity< 5000      800m    

Agriculture 

>=1m Traffic intensity< =500          100m 

500 < Traffic intensity< =1500      200m 

1500 < Traffic intensity< =3000      300m 

3000 < Traffic intensity<= 4000  400m 

4000 < Traffic intensity< 5000 450m 

<1m Traffic intensity< =500          100m 

500 < Traffic intensity< =1500      200m 

1500 < Traffic intensity< =2500      250m 

3000 < Traffic intensity< =4000  300m 

4000 < Traffic intensity< 5000      350m 



Abstract 

3 
 

Abstract  
In the Dutch spatial planning practise, Environmental Policy Integration with spatial planning 
has been adopted since mid-1980s. Traffic noise is one of the critical environmental problems 
in the Netherlands. The zoning method in the Noise Abatement Act is immutable in spite of 
changes in the road traffic situation during the past 30 years. Investigation of the available 
noise mapping technology shows that the available real time noise mapping technology is 
more focusing on the noise quality than on the noise legislation standards. In addition, the 
technology is either too complicated with vast computer calculation or less credible due to 
data collection method. In this research, a new noise mapping method called Noise Mapping 
Approach is developed by including the Dutch noise legislation to support the environmental 
aspects integration in the early stage of spatial planning process. The developed approach is 
based on GIS and Big Data analysis. SPSS is used as the statistical tool for data sorting and 
calculation. The introduction and literature review provide an overall image of the research 
background, and the designed approach will be presented and implemented in Ede- 
Veenendaal region in the Netherlands. At the end, a conclusion will be provided with 
recommendations and discussions. 
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Reader’s guide  
In total, the report contains 5 chapters (see figure 1). Chapter 1 contains the introduction that 
directly brings forward the research background, research questions, research design and the 
expect results. Chapter 2 is the summary of important definitions, notion, classifications that 
related to the chosen problem. Chapter 3 is structured as a literature review article to give an 
introduction of theoretical and state of art researches related to the spatial planning issues 
(such as process of spatial planning in Netherlands, spatial planning approaches, noise 
mapping techniques review, and noise mapping in the Netherlands), to give a whole image of 
the background and important approaches, tools or methods related to the research question. 
Chapter 4 is the core part of this report, which illustrates the model and data 
collection/calculation method designed for noise mapping. It contains 4 sections: Section 4.1 
“Introduction”, states the research context, requirements and motivation of the new model 
design by discussing the actual situation in noise mapping implementation in the Netherlands. 
Section 4.2 “Method”, contains description and explanation of research model, the new Noise 
Mapping Approach, process model, data collection and validation method. Section 4.3 
“Result”, provides the result of the new Noise Mapping Approach. Section 4.4 “Conclusion”, 
summarizes the result analysis and gives an interpretation for the results; Finally, Chapter 5 
gives the overall conclusion of this research, and it also provides the discussion, 
recommendation, limitation of the research. 
 

Chapter 4
Project Model 

Chapter 1
Introduction 

Chapter 5
Conclusion 

Chapter 2 
Glossary

Chapter 3
Literature Review 

Overall 
introduction 

Theoretical and 

technology basis  Defin
itio

n

Support

Conclusio
n, 

disc
ussi

on, 

recommendatio
n

 
Figure 1 Reader's guide for the report 
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1. Introduction  
1.1. Background 
1.1.1 Introduction to the problem 
“Compact City” as a planning concept has inspired lots of policy makers and researchers to 
achieve sustainable urban forms, although it is concluded that the potential of compact city 
policy in reducing the environmental problems in short term (at least 20 years for instance ) is 
not significant (Van de Waals, 2000). However, under the huge wave of urbanization with 
estimated of 70% world population in urban in 2050 compare to 54% in 2014 (UN DESA, 2014), 
the compact city is still the main trend of city development (OECD, 2012). The main drawbacks 
of compact city are related to environmental aspects, such as noise, hazard, and toxic 
pollutants which are mostly caused by human activities with traffic and industry. These issues 
are more and more realized by the scientific researchers and the urban planners, which is 
called “paradox of compact city” (De Roo, 2003). Integrating the environmental aspects in the 
early planning process in order to achieve good quality of life has been acknowledged by many 
organizations and countries, for example, the European Strategic Environmental Assessment 
(SEA) Directive (2001/42/EC) is in force since 2001 to guide the member states involving the 
environmental aspects in the early planning stage (The European paliament and the council of 
the EU , 2001). In the Netherlands, not only the Spatial Planning Act but also Noise Abatement 
Act includes environmental perspectives into the spatial planning.  
 
Traffic Noise nuisance is a major environmental problem in Dutch society. It was estimated 
that each year nearly 600 people died from stress-related diseases caused by sleep 
disturbance due to the country’s overwhelming traffic noise pollutions (Stuijt, 2009). The 
Noise Abatement Act came into force in 1979 and was an advanced act at that time in 
controlling the noise impact; it translated environmental standards into spatial zones and 
guided the noise environmental zoning as a quantitative standard (De Roo, 2000). The Noise 
Abatement Act has been revised for many times except for the traffic road noise 
environmental zoning which is still related to road lanes. However, the latest statistical data 
shows that the total vehicle ownership has increased nearly 40% from 2000 to 2016 with 
7640776 and 10908581 respectively. Particularly, the commercial vehicle has the largest 
growth rate compared to the other vehicle types (see figure 2). The main concern is whether 
the more than 30 years ago zoning method remain valid under the current circumstances for 
traffic noise environmental zoning in spatial planning? 
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Figure 2 Statistics of car ownership from 2000 to 2016, in the Netherlands (CBS, 2016) 

 
Triggered by this specific question, the research in this report is focusing on the practical traffic 
noise environmental zoning problem in early stage of spatial planning from the environmental 
and spatial planning integration perspectives. 
 

1.1.2. Relative researches for the problem 
Considering the combination of environmental aspects and spatial planning in the early stage, 
a wide range of supportive tools have been developed: some are very abstract such as 
checklists, some involve complicated computer calculation, visualization and analysis 
( Runhaar & Driessen, 2009). In the Netherlands, the Strategic Tool for integrating 
Environmental aspects in Planning Procedures (STEPP) is an example of GIS based 
environmental impact mapping tools suitable for the early stage of spatial planning process. 
STEPP includes environmental impact of noise, smell, dust and hazard, and its noise (especially 
the traffic noise) zoning is developed under very simple context which is similar to Noise 
Abatement Act (Carsjens, 2015; Carsjens & Ligtenberg, 2007). As the environmental policy 
shifted to local level, most of the researches related to noise impact integration in spatial 
planning are mainly focusing on achieving local ambitions, instead of inspecting the noise 
zoning with legislation standard (De Roo, Visser, & Zuidema, 2012). 
 
Due to the development in Information Communication Technology, the state of art traffic 
noise mapping technology, real time traffic noise mapping technology, improved dramatically. 
It is possible to provide the real time traffic noise distribution map by building the 
measurement network. However, the real time traffic noise mapping approach is  either more 
expensive and complicated, or too low data reliability than the data collection and 
implementation method. In addition, the recently real time mapping technology has little 
connection to the environmental or planning legislation. For detail, see chapter 3. 
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Fortunately, contributed by the highly developed Information and Communication 
Technologies (ICTs) (such as sensor, GPS, camera network and other digital technology), it is 
possible to detect and imitate the “planning” outcomes by using the required data source 
which may provide support for spatial planning and analysis. The huge, massive, dynamic real-
time data is noted as “Big data” which is one of the hottest topic at the moment (Kitchin R. , 
2013), and more and more open data sources become available right now. Although, the 
researches related to Big Data are boosted in the past few years, most of these researches 
related to either the technique of computing or the human mobility such as tracking the 
human flow on a specific location for urban structure (Liu, Li, Li, & Wu, 2016). There is not so 
many work focused on the environmental aspect of spatial planning. Therefore, applying Big 
Data analysis can provide more detailed insights into the impact of traffic on road and analysis 
of the environmental impact such as noise or pollutants. 
 
In summary, there are not so many researches related to re-develop the road traffic noise 
environmental zoning method in the Noise Abatement Act, and the available traffic noise 
mapping method in spatial planning are too draft similar to the Noise Abatement Act. The real 
time noise mapping technology is the new trend now, but it is not suitable for the early spatial 
planning context. The big data concept possibly provides a new way to define traffic noise 
zone in the early stage of spatial planning. 
 

1.1.3. Objectives of this graduation research 
Under the background illustrated in previous, the main objectives for my graduation project 
research are refined as follows. 
 

1. Evaluate the road traffic noise environmental zoning method used in the Noise 
Abatement Act of Netherlands 
Noise Abatement Act as the main noise control legislation has great effect in Dutch 
noise controlling. The situation nowadays is definitely different compared to thirty 
years ago. It is necessary to evaluate the road traffic noise environmental zoning 
method with updated data and currently available methods. 
 

2. Design a new, easy to use traffic noise mapping approach for the early stage of spatial 
planning embracing Big data 
As described previously, the available traffic noise mapping approaches seem less 
suitable for early stage of spatial planning which has its specific definition and 
purposes. Furthermore, Contributed by the increasing high investment on Intelligent 
Transport System (ITS) and implementation of DATEX II data exchange standard in 
Europe-wide, traffic open data source are accessible to the third party since July 1st, 
2015. In the Netherlands, the National Data Warehouse (NDW) is the main portal for 
the open traffic data source. It is quite easy to derive the historical or real time data to 
get insight into the traffic flow at roads and analyse the environmental impact of traffic 
such as noise or pollutants, from which it provides a new possible way to define traffic 
noise zone. The opening of traffic data sources can make the real time noise analysis 
much easier and more operable. Design a new “easy to use” noise mapping approach 
by using big data will be a great strategy as well as challenge in this research. 
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1.2. Research question(s)  
It is known that road traffic noise affects our life quality in a very straightforward way. The 
World Health Organisation (WHO) estimated that about 40 % of the population in the EU is 
exposed to road traffic noise at levels exceeding 55 dB(A), and more than 30 % is exposed to 
levels exceeding 55 dB(A) during the night (Noise data and statistic, 2016) . The WHO 
suggested that the recommended noise level for bedrooms during night is less than 35dB, 
otherwise it may cause sleeping problems and other health problems. 
 
In the Netherlands, the road traffic noise is one of the main contributors to the environmental 
noise disturbance, and there are lots of acts and regulations that are related to the noise 
control issues. However, the road traffic noise control zoning in spatial planning is complicated 
with various noise limitation in different situations. As mentioned before, the road traffic noise 
zoning method in the Dutch Noise Abatement Act is elaborated according to the number of 
lanes of a road, which may be inaccurate and outdate with the growing traffic situation. 
Moreover, conducting an acoustic survey is time consuming and costly at the early stage of 
spatial planning process. 
 
Therefore, considering the objectives presented in section 1.1.3; the research question is 
formulated from a more practical perspective : “Is it possible to design an easy approach for 
real time road traffic noise mapping in early stage of the spatial planning process and does this 
approach provide better insights than the current available approach?”. In order to answer 
the research problem, the following sub questions are considered. 

1) What does environmental integrated spatial planning process include? 
2) Is the existing road traffic noise zoning method in Noise Abatement Act sufficient? 
3) How to design the road traffic noise mapping approach? 
4) How to validate the developed road traffic noise mapping approach? 
5) Is the outcome of the new developed traffic noise mapping approach comparable with 

the outcome of the Noise Abatement Act? 
In the following chapters, the sub questions above will be answered in detail.  
 

1.3. Research design  
After the abstract question “what to do”, the question “how to do it” is the concrete reality 
that needs to be settled down. A well-organized “research design” can promise a fruitful and 
successful research at some extent.  

http://www.euro.who.int/Noise
http://glossary.eea.europa.eu/EEAGlossary/A/A-weighted_decibel
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Figure 3  Research design process map 

 
As Figure 3 shows, the research design contains five parts. 

 Literature reading: get a full image about the research topic both from theoretical and 
practical perspective. The literature reading will solve the following questions: “what 
is the process of spatial planning?”, “what is the early stage of spatial planning?”, “what 
are the available spatial planning tools for environmental integration?” and “what are 
the available technologies in noise mapping?” 
 

 Model design: the model design part is based on the literature reading. It aims to 
provide a concrete model for road traffic noise mapping, including the conceptual and 
process model. 

 

 Data collection: After the model is designed, the data collection is the next step. The 
data type and the data extract method are the main issues in this step. 

 

 Data analysis: Analysis is started when the data is available; analysis will be implied 
using a statistical analysis tool (SPSS), a GIS tool, and a Big Data analysis approach. 

 

 Result analysis and Model validation: In order to test the quality of the developed 
approach and evaluate the performance of the model, the result analysis and model 
validation is added in this research. 
 

1.4. Expected results  
The expected results will be illustrated in two parts.  
1) A new road traffic noise mapping approach based on recent traffic flow data. This new 
approach might improve the situation on noise environmental zoning and provide a much 
more realistic noise analysis method by using big data analysis for environmental impact 
analysis in the early stage of spatial planning. 
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2) An evaluation of the road traffic noise environmental zoning method in the Noise 
Abatement Act might conclude that it is outdated. 
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2. Glossary  
OECD: The Organisation for Economic Co-operation and Development 
 
SEA: Strategic Environmental Assessment 
 
Intelligent Transport System (ITS): NATIONAL DATA WAREHOUSE FOR TRAFFIC INFORMATION 
(NDW):  NDW started to operate in 2009 and has developed to a unique alliance in which 24 
public authorities are working together to collect, store and distribute traffic data. This data is 
being used to provide traffic information, ensure effective traffic management, and perform 
accurate traffic analyses. The historical data can be easily derived and convert to table, graph 
and charts. The website for NDW: http://www.ndw.nu/nl/. 
 
WHO: World Health Organisation  
 
DATEX II: the language independent data exchange standard that makes it possible to 
exchange traffic information Europe-wide. NDW works with DATEX II, which is the European 
standard for recording and exchanging traffic data 
 
STEPP: Strategic Tool for integrating Environmental aspects in Planning Procedures  
 
SPSS: Statistical Product and Service Solutions 
 
GIS: Geographic Information System 
 
EPI: Environmental Policy Integration 
 
WRO: Wet op de Ruimtelijke Ordening, Spatial Planning Act 
 
VROM: Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer, The Ministry of Housing, 
Spatial Planning and the Environment.  
 
SRM: Standaard RekenMethoden, standardized Dutch Noise Calculation 
 
IMZ: Integrated Environmental Zoning ,Integrale Milieuzonering 
 
VNG: Vereniging van Nederlandse Gemeenten, The Association of Netherlands Municipalities 
 
LOGO: Lokale Gebiedstypologie and Omgevingskwaliteit  
 
MILO: Milieu In de Leef Omgeving  
 
GPRS: General Packet Radio Service 
 
RIVM: Rijksinstituut voor Volksgezondheid en Milieu, National Institute for Health and the 

Environment 

http://www.ndw.nu/nl/
http://www.euro.who.int/Noise
https://vng.nl/
http://www.rivm.nl/
http://www.rivm.nl/
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STAMINA model: Standard Model Instrumentation for Noise Assessments, developed by 
RIVM. The STAMINA model implements the standard Dutch Calculation method for traffic and 
industrial noise, which is used in the Netherlands to implement the European Environmental 
Noise Directive. The STAMINA model is used to support and advise the Ministry of Housing 
Spatial Planning and the Environment in developing new noise policies and noise legislation.   
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3. Literature review  
3.1 Introduction 
Spatial planning is considered as a government activity for guiding the planning policies at 
regional and national levels, concerned with “the problem of coordination or integration of 
the spatial dimension of sectoral policies through a territorially-based strategy” (Cullingworth 
& Nadin, 2006). There are various definitions of spatial planning from different aspects. The 
most common definition of spatial planning in the European Community context states as 
follows: 

’Spatial planning refers to the methods used largely by the public sector to 
influence the future distribution of activities in space. It is undertaken with the 
aims of creating a more rational territorial organisation of land uses and the 
linkages between them, to balance demands for development with the need to 
protect the environment, and to achieve social and economic objectives. Spatial 
planning embraces measures to coordinate the spatial impacts of other sectoral 
policies, to achieve a more even distribution of economic development between 
regions than would otherwise be created by market forces, and to regulate the 
conversion of land and property uses.’ (Council of Europe, 1997) 
 

With the coordination of different sectoral perspectives, it is more complex than simple land-
use regulation and addresses the tensions and contradictions for consensus between 
economic development, environmental and social cohesion policies (Council of Europe, 1997). 
Although, the scope of spatial planning differs from one country to another, most of them 
share a number of similarities, and it is stated that the key role of spatial planning is to promote 
a more rational arrangement of activities and to reconcile competing policy goals (Koresawa 
& Konvitz, 2001; Palermo & Ponzini, 2010). In addition, the idea to apply the same planning 
principles to variance issues has faced crisis for at least 50 years (Dyckman, 1961; Faludi, 1973b, 
1982, 1987; Archibugi, 2003, 2005). Today’s planning theory is discussed less in procedure 
terms but more common to broad field ( Palermo & Ponzini, 2010). 
 
Spatial Planning can be conceived as a problem-solving activity or a problem-setting activity 
(Simon, 1957; Palermo & Ponzini, 2010). Problem-solving activity is related to decision making 
by a series optimisation algorithm or find a good way to solve future problems through 
investigation and experiments in real empirical situation ( Palermo & Ponzini, 2010). Problem 
setting activity is generate from the perspective of the planning process, including specific 
themes such as attention-shaping, interaction, listening, argumentation and consensus-
building methods (Webber, 1963; Forester, 1989). In current planning practise, the spatial 
planning are more comprehensive by integrating the problem solving with problem setting, 
and becoming interactive thinking with different stakeholders involved ( Palermo & Ponzini, 
2010).   
 
As described in chapter 1, the research question in this report focuses on the mapping of noise 
in the early spatial planning process from the perspective of environment impact integration 
in the Netherlands. In order to propose a new realistic and reasonable noise mapping 
approach, it is necessary to carry out a theoretical investigation regarding the research context 
and research question. Therefore, the literature review is conducted from three different 
perspectives: spatial planning in the Netherlands (section 3.2), environment integration in 
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spatial planning (section 3.3), and state-of-art noise mapping technology development 
(section 3.4). 
 

3.2 Spatial Planning in the Netherlands 
In the Netherlands, the spatial planning has a long history over eighty years of development. 
The planning concepts varied from different periods, since 1980s the concept of concentrated 
‘deconcentration’ changed into the 'compact city' policy, which was the main national spatial 
planning policy for around 30 years (Geurs, 2003). More recently, the compact city concept 
has become a mixed perspective, and the so-called “network city” is adapted as new spatial 
planning concept (De Roo, 2003). This latter concept is more concerned with the interaction 
and communication at the local government level. In addition, the Dutch government has a 
good tradition for producing national spatial planning policy documents since 1960. The 
Netherlands Fifth National Policy Document shapes the strategic spatial planning from 2000 
to 2020, which moves away from spatial expression to define criteria of spatial quality. These 
criteria are: spatial diversity, economic and social functionalities, cultural diversity, social 
equality, sustainability, attractiveness and human scale (VROM, 2001). 
 
The planning structures in the Netherlands are different at different periods. Municipal 
planning and development was and still is the basis of spatial development in the Netherlands 
(Geurs, 2003; VROM, 2001). In the 1930’s the provinces followed as supra-local coordinators, 
while, since 1941 a separate institution developed for national spatial policy (Van der Burg, 
2011). Around the 1990s and the early 21st century, many countries within Europe developed 
new spatial planning systems that incorporated the thinking of a more integrated, strategic, 
and collaborative approach with shifting towards regional and local levels (Roodbol-Mekkes & 
van den Brink, 2015). And the Netherland is one of the countries that reformed its spatial 
planning system, which was related to its new spatial planning legislation “Wet op de 
Ruimtelijke Ordening” (WRO, Spatial Planning Act).  
 
WRO was established in 1965, and it contains a various topics related to the planning and 
many detailed implementing rules. After it came into effect, many complaints and feedbacks 
were discussed: too complicated for implementation, too long procedure for business and for 
governments themselves, the not so well quality of the adjustments, out of date for the 
nowadays society. Therefore, the new Spatial Planning Act (nWRO), initiated to overcome 
those complaints and avoid conflicts between different government level, came to force on 
July 1st,2008.  
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Figure 4  Comparison between old and new Spatial Planning Act (Spatial policy in Netherlands, 2010) 

 

Figure 4 shows the comparison between the old and new spatial planning act. One of the 
biggest change concerns the planning structure: from hierarchy to parallel, the restriction of 
planning activities on local government level becomes less. The idea for this change is 
generated under the approach that policy making and implementation should be performed 
at the most appropriated level with each tier of government act independently and effectively 
by only addressing the issues relevant to their own scale (VROM, 2004 ). From the process 
aspect, the new Spatial Planning Act shortens the procedure by enable the lower tier 
government (local government, municipalities) to make zoning plan for its own territories, 
which means that municipalities no longer need official approval from the provinces for their 
zoning plans, but they do and must consider both national and provincial ordinances when 
preparing these plans (VROM, 2004 ; Roodbol-Mekkes & van den Brink, 2015). 
 
Besides, the different scope in zoning plan is another obvious change. The zoning plan 
(‘Bestemmingsplan’) is the nucleus of the planning process. It consists of destinations and rules, 
which indicates for each piece of land how it may be used. While the municipalities have 
always devised the land use zoning plans for non-developed areas, the new Law required that 
they devise and update zoning plans for all areas. The Law permits the municipalities to devise 
plans without provincial approval, and enables the provinces and the national government to 
devise an adaptation plan (‘Inpassingsplan’) with respect to land use zoning that affect their 
respective interests. And, the municipalities (local governments) are enabled to be more 
powerful and responsible to its own territory destination plan. The use of this land, including 
the purpose prescribed rules, is counted within a period of ten years from the date of adoption 
of the zoning plan, re-established again.  
 
Moreover, the Spatial Planning Act is expected to be integrated in the system of Environment 
Act (‘Omgevingswet’) together with other laws and decrees such as Environmental 
Management Act and the draft Environmental Act which unifies 26 environment-related laws 
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was submitted to House of Representatives in June 2014. The aim of the integration is 
regarded as the simplification of procedures to speed up decision making process in order to 
ensure consistency with spatial plans and projects/activities related to environment and 
nature, and to enable application of laws conform with the current situation of the regions. 
The legal system of spatial planning is going to be amended as well. 
 

3.3 Environment policy integration (EPI) in Spatial Planning  
The previous section introduced the spatial planning policy and legislation in the Netherlands 
in general. The development of environment policy integration (EPI) in spatial planning is in 
line with the spatial planning policy development. 
 
According to De Roo, Visser, & Zuidema (2012), the beginning of environmental policy in the 
Netherlands was the Urgency Policy Document on the Environment in 1972 which dealt with 
environmental nuisance and contamination. In the mid-1980s, after the “compact city” 
concept dominated in the Dutch spatial planning policy, the environmental objectives and 
spatial policy dilemma triggered the EPI in spatial planning practise in the early stage (Bartelds 
and De Roo ,1995; De Roo, Visser, & Zuidema ,2012). Therefore, area-specific environmental 
assessment methods were proposed to deal with the dilemma, the most widely known 
method is environmental zoning method (De Roo, 2003; De Roo, Visser, & Zuidema, 2012).  
 
The Association of Netherlands Municipalities (VNG) maintained the best known list related 
to the zoning method from area specific environment assessment, by recommending distance 
between the environment pollution producer and environmentally sensitive functions. The 
first edition of the VNG-list was established in 1986 as a successful tool which covered almost 
every type of business and industry (VNG, 2007), but it is only suitable for simple situation 
with single source. In order to compensate the down backs of VNG, the Integrated 
Environmental Zoning (IMZ; ‘Integrale Milieuzonering’) was introduced (De Roo, Visser, & 
Zuidema, 2012). The IMZ was designed to translate the different kind of environment loads 
into single distance indicators via cumulating method, add up to make an integrated value to 
evaluate the actual environmental quality (Weber & Driessen, 2010; De Roo, Visser, & 
Zuidema, 2012). Strategic Tool for integrating Environmental aspects in Planning Procedures 
(STEPP) is one of the supportive tools that use IMZ. STEPP will be discussed later.  
 
However, with the “decentralization” of spatial planning responsibility, that the local 
government obtains more freedom at spatial planning, described in the previous section, the 
environmental policy shifted from the quantitative standards to the qualitative liveability 
aspects around mid-1990s (Kamphorst 2006, De Roo 2004). Under this context, the local 
government were possible to formulate ‘an ambitious and attractive environmental policy’ 
(Van Geel 2004). Several related supportive tools were initiated (such as MILO and LOGO), and 
environmental standards are served as a guideline and used in a less restrictive and 
prescriptive way (De Roo, Visser, & Zuidema, 2012). 
 



3. Literature review 

19 
 

3.3.1 Area/field development, spatial planning process and environmental 
integration1 
After introducing the Spatial planning policy and EPI in the Netherlands, the spatial planning 
process is inspected. Planning process can be different according to the level of planning: 
structural, regional or project level, the planning activities at each level is coordinated and 
interacted: 
 

 Structural level development is focus on the long term development of the area in 
consistency with other areas, it is a product of policy implementing and a vision that 
outlines not in every square meter but focus on the main structures considering the 
coherent development of ecological structures, landscapes, main infrastructures and 
future location for urban functions. It provides a guideline for reginal and local 
development.  

 Area development is the regional level planning activities that takes place within a 
defined area where there are (spatial) framework with principles and preconditions (as 
a structure). The Praktijkleerstoel Gebiedsontwikkeling in TU Delft define the area 
development as “area development is the art of connecting functions, disciplines, 
parties, interests and cash flows, in order to (re) development of a region”. Area 
development is ideally an integral process, which is not only looked at a specific 
environment aspect, but integrated environmental aspects.  

 Project level development is initiated in the level of a specific building and focus on the 
project management including cost, time, organization and quality.  

 
As described before area-specific assessment method is the main EPI approach, and it is 
generally accepted that integrating the environmental aspects in the early stage of spatial 
planning is extremely crucial for the success of area/field development ( Flipse, 2007; Carsjens 
& Ligtenberg, 2007; De Roo, Visser, & Zuidema, 2012),  as it is more and more difficult to 
integrate environmental issues once the plan or design is in advance stage which will cause 
irreversible loss ( Flipse, 2007).  Therefore, the spatial planning process will be introduced in 
coordinated with the area development process as well as the environmental integration. 
 
Figure 5 shows the parallel process for area/field development, spatial planning procedure 
and environmental research.  

 Area/field development (Gebiedsontwekkeling): contains 4 stages: initiative (Initiatief), 
feasibility (Haalbaarheid), realization (Realisatie) and management (Beheer). 

 The related spatial planning procedure (Planologische producten): contains structure 
version (Structuurvisie), municipal structure version (Gebiedsstructuurvisie), 
destination plan(Bestemmingsplan) and environmental permit(Omgevingsvergunning 
bouwen).  

 Environmental research: it is integrated with the spatial planning activities with 
different research activities at specific spatial planning process. 

                                                           
1 All the information in this section are derived from website:  Area Development 

http://www.infomil.nl/onderwerpen/ruimte/gebiedsontwikkeling/introductie/ , Overview: zoning 

procedurehttp://www.infomil.nl/onderwerpen/ruimte/wet-ruimtelijke-0/instrumentarium-wro/bestemmingsplan/procedure-

0/bestemmingsplan/overzicht-procedure/ and Space Future  http://www.ruimtexmilieu.nl/ 

http://www.infomil.nl/onderwerpen/ruimte/gebiedsontwikkeling/introductie/
http://www.infomil.nl/onderwerpen/ruimte/wet-ruimtelijke-0/instrumentarium-wro/bestemmingsplan/procedure-0/bestemmingsplan/overzicht-procedure/
http://www.infomil.nl/onderwerpen/ruimte/wet-ruimtelijke-0/instrumentarium-wro/bestemmingsplan/procedure-0/bestemmingsplan/overzicht-procedure/
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Figure 5  Field development, planning procedure and environment aspect research (Gebiedsontwikkeling, 2016) 

 
The Initiative stage of area/field development is to make the decision for development and 
decide development alternatives, the structure version is used as the main relative document 
to support the decision. The environment involve in this stage is mainly from policy aspect: 
Strategic Environmental Analysis(SEA, ‘Planmer’) or quick scan environmental aspects 
(checking with the legislation such as noise, dust and pollutants).  
 
Feasibility is the most complicated stage for area/field development with three sub stages: 
definition, urban design and preparation. Correspondingly, the planning procedure in this part 
is intensive as well, and the destination plan (‘Bestemmingsplan’) goes from preparation, 
concept design zoning, draft zoning, determination to appeal stage. After the draft zoning is 
submitted for public inspections for 6 weeks, during this period anyone can submit the 
opinions for the draft zoning, then the City Council will decide within 12 weeks of public 
inspection of the draft decision on the adoption of the zoning. For the appeal stage, the 
deadline for submitting an appeal by interested parties at the Administrative Jurisdiction 
Division of the Council of State is six weeks from the day after depositing the decision. 
 
The environmental researches are implemented for the destination plan (Afstemmen 
onderzoeken bestemmingsplan) to make sure that the environmental quality is guaranteed by 
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checking the environmental act and legislation standards, and the result of EIA are used to 
adjust the zoning and the urban design. The environmental permit is requested in the 
realization stage of area/field development, which coordinates with the zoning and 
environmental research. 
 
Overall, the environmental research activities (Onderzoek) cover the first three stages of 
area/field development and the whole planning procedure; at different stages the 
environmental research content and purpose are different.  
 

3.3.2 Supportive spatial planning tools for Environmental Policy Integration (EPI) 
Considering the EPI in spatial planning, the supportive environmental planning tools are 
inevitable topics to give a glance. Because, as illustrated in De Roo, Visser, & Zuidema (2012), 
“timely integration of the environment in the (spatial) planning process can help to find an 
effective solution for issues or to improve liveability for local communities”, the 
methods/tools for environmental integration can help to “give environmental interests a 
useful and fully acknowledged place in the spatial planning process”. Three EPI spatial planning 
tools are introduced as follows. 
 
Strategic Tool for integrating Environmental aspects in Planning Procedures (STEPP) 
Strategic Tool for integrating Environmental aspects in Planning Procedures (STEPP) is a GIS-
based supportive tool for spatial planning developed by Wageningen University from 1998. 
The motivation to develop this tool was to enable the local authorities and urban planning 
offices to “review the potential environmental impacts of spatial plans quickly and indicatively, 
and to explore alternatives in an iterative and interactive way” (Carsjens & Ligtenberg, 2007). 
The VNG-list and the concept of IMZ are the technological basis of STEPP, which provides a 
practical tool for policy makers to integrate the environmental impacts such as dust, noise, 
smell and hazard by using GIS tools. However, it considered the environmental impact zoning 
in a very simple way as VNG-list indicated. Especially for the traffic noise impact which use 
draft distance category, it is not that realistic for practical use. 
 
Milieu In de Leef Omgeving (MILO) 
MILO was inspired by the fourth National Environmental Policy Plan (NEPP-4) (De Roo, Visser, 
& Zuidema, 2012; Flipse, 2007), which is characterized as “decentralization” with “afforded 
greater freedom and as much integrated responsibility for the local living environment as 
possible, including the related instruments” (VROM 2001). The aim of MILO is to strengthen 
the EPI to the quality of the living conditions at local level under the area specific approach. It 
contains two parts: the first part is for formulating the environmental ambitions. The second 
part is for process integration of environment and planning. As it is a bottom up tool that for 
local government environmental ambitions, it often leads to higher environmental quality 
than required. But reviews indicated that MILO can be used only in areas with limited 
environmental constraints to ensure its success, not in areas under high environmental 
pressures such as multiple environmental impact conflicts with the spatial demands ( Flipse, 
2007). The noise in MILO is rarely a key issue, and it is less problem solving under ambitions 
oriented (Weber & Driessen, 2010).   
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Lokale Gebiedstypologie and Omgevingskwaliteit (LOGO) 
LOGO was made by DCMR (the regional environmental services in the Rijnmond region) in 
corporation with the province of South-Holland. The aim of LOGO is similar to MILO, and it 
contains two parts as well: first there are the detail steps for situation evaluation and ambition 
formulation, second is the planning process. The major difference between MILO and LOGO 
lies in the typology and indicator set: LOGO’s area typology is more complete and its indicator 
set is much broader ( Flipse, 2007). But one weak aspect related to LOGO is that it provides 
little insight into feasibility and costs of environmental measures which may cause uncertainty 
integrating environmental measures into the operational plans ( Flipse, 2007). 
  
In summary, firstly the three tools above focuses on different planning stage, STEPP is for early 
stage of spatial planning, MILO and LOGO can be applied to the whole planning process. 
Secondly, STEPP involve traditional quantitative standards such as legislation requirements 
which is suitable for all tiers of governments. While, MILO and LOGO deals with environmental 
ambitions for local government as a weighing tool by helping to find indicators and the related 
environmental ambitions, and the legislation standards for environment are severed as 
guideline with no detail zoning. 
 

3.4 Overview of Noise Mapping Technology  
Noise, as one of the environmental aspects, integrating in spatial planning in the Netherlands 
was first stated in the Dutch Noise Abatement Act which came into force in 1979. It proposed 
the road traffic noise zoning approach for the first time to integrate the noise control in spatial 
planning, which was still in use as the national standard to control noise nuisance in 
Netherlands. However, the policy context changed a lot compared to 30 years ago (Weber & 
Driessen, 2010). In Europe, the Environmental Noise Directive 2002/49/EC has stated that 
each member country should publish a noise map for major road, railway and airport every 5 
years. Simulated by this directive, the technology related to traffic noise mapping developed 
dramatically. 
 
Traffic noise mapping technology is the way that visualizes the  road traffic noise distribution 
in combination with geographic information. In general, there are two ways of traffic noise 
mapping: direct and indirect way. The direct noise mapping uses the directly 
measured/collected noise data in the noise source, while the indirect noise mapping uses the 
calculated noise level derived from traffic intensity/volume. The traditional direct noise 
mapping includes the monitoring of noise by using devices carried by specialists, the expose 
time and large enough monitor nodes are the main limitation to the quality of mapping. 
Contributed by the technology of sensor and information communication, the real time traffic 
noise mapping technology is the main trend in traffic noise mapping. 
 

3.4.1 State-of-art real time traffic noise mapping technology 
With development of new high quality wireless noise sensor and remote data transmission, 
the real time traffic noise mapping is the new trend in noise mapping instead of updating the 
map with historical data. There are five major approaches in real time traffic noise mapping 
(Cerniglia, 2015; Maisonneuve , Stevens, Niessen, & Steels, 2009; Basten & Wessels, 2014):  
 
 
 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002L0049
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Category 1: On-line calculation measurement network 
The on-line calculation noise mapping system is presented in figure 6. It contains three parts: 
monitoring system, data transport system, and Noise model calculate system.  
 
The monitoring system is built to obtain the noise level at the specific monitor spots, then the 
measured noise level transfers to the noise model calculation system via a GPRS network. The 
noise model calculation system contains noise model server and web server with connection 
to the end user visa internet. The investments for better quality sensors to improve the 
performancewith better weather resistance, reliability, and accuracy are expensive, and the 
sensors need to be planted as dense as possible in order to obtain the noise map in big enough 
region. Therefore, it will be costly to build such a high covered sensor network. In the 
meantime, the hardware for the calculation and online updating activities is expensive for 
powerful continuously operation and computing capability (Cerniglia, 2015).  

 
Figure 6  The structure of online calculation approach (Cerniglia, 2015) 

 
Category 2: Traffic intensity noise online calculation network 
For Traffic intensity noise online calculation network, the traffic intensity monitoring system 
is already available in many countries. The only problem is the transformation from traffic 
intensity data to noise level, which needs vast calculation and will affect the quality of the final 
map. 
 
In order to update the noise map continuously, the running sever needs to be very powerful, 
sometimes the cost of hardware is far more expensive than the sensor network. GEIART is one 
example that applied this indirect measurement technology (Cerniglia, 2015), and also the 
RIVM noise mapping system. 
 
Category 3: Mao rescaling and sum noise measurement online network 
This approach is quite similar to category 1. The only difference is the way how to calculate 
the traffic noise according to the model sever. The new map is “computed just as the sum of 
re-scaled pre-calculated maps, according to the measured noise levels” (Cerniglia, 2015).  
 
Compare to the online-calculation approach, the speed of the map forming and updating is 
much faster than the online calculate approach, as the calculation is only once at a time. 
However, similarly, the investments in the measurement sensor and hardware are high and 
the coverage of the sensor web is the main limitation of this approach. The systems that 
applied this technology are DataKustik, Sadman, ACCON (Cerniglia, 2015).  
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Category 4: Citizens contribute  
The citizens contribute approach is yield by the smartphone development which contains 
various sensors such as GPS, camera, and motion sensor. The traffic noise mapping is 
contributed by the “device” inside smartphone, a motion sensor not the real measurement 
device in static position compared to the category 1 and 3. The citizens are involved in this 
approach as “walking” sensors, both the noise level data and location data are collected via 
the smartphones and send to the web server to generate the map (Maisonneuve , Stevens, 
Niessen, & Steels, 2009).Some examples of this network are Noisetube, NoiseSPY, and 
Widenoise. 
 
Cheap and massive citizen participations are the main advantages of Citizens contribute 
approach, but the unstable participation is its biggest downside as the citizens are hard to self-
motivate to record and share the noise levels at any time. Therefore, the data credibility is a 
big problem of this approach. 
 
Category 5: Low cost sensor network  
The low cost sensor technology are developed in last decades to compensate the expensive 
sensors illustrated in category 1 and 3 increased the possibility of map scalability and makes 
the noise mapping more affordable. An example of this technology is DREAMSys (Distributed 
Remote Environmental Array & Monitoring System), which is developed between 2004 and 
2007. In 2011, a project called SensablePisa started in Pisa implemented a cheap noise 
monitoring network by involving the citizens who agreed to take a developed sensor, then the 
real time noise levels were displayed via a dedicated website on social networks such as 
Facebook. However, the data collected with this technology is still limited. The map scalability 
is still the biggest concern (Cerniglia, 2015). TNO also developed a low cost sensor with 
wireless technology, which contains several subnetworks combining the different sensor types: 
sensor for local communication and sore for remote communication,  but its data 
management between different sensor and model structure will need improvement for better 
performance. (Basten & Wessels, 2014). 
 
Comparison 
The comparison of the five categories of real time traffic noise mapping technologies 
introduced in previous part of this section is summarized in Figure 7. The scores are made 
subjectively for 5 different aspects base on Basten & Wessels (2014): hardware cost, credibility, 
map scalability, accuracy and computing speed, the higher the score for each aspect means: 
low hardware cost, high data credibility, high map scalability, high accuracy, good computing 
speed. 
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Figure 7  The comparison between different real time noise mapping approach (base on Basten & Wessels, 2014)) 

 

 Hardware cost: the higher the score the less expensive hardware investment. Category 
1 has the most expensive hardware cost, and category 4 the citizen contribution has 
the least investment on the hardware as the measurement device is the personal 
property smartphone instead of the professional measurement device. Category 5 has 
the second lower hardware cost, and then comes with category 2 and 3. 

 Credibility: it investigates the reliability of each system, which is determined by the 
quality of the hardware, the measurement device, the software and the 
communication between each other (Basten & Wessels, 2014). The citizen 
contribution category 1 and 3 has the best credibility, as it depends on the credible 
hardware and communication network which has stable communication quality.  

 Map scalability: it describes the map resolution and the possibility to be applied to a 
big scale of monitoring network. Due to the expensive device costs, the map scalability 
for category 1 and 3 are very low. And category 2 has the best map scalability as the 
traffic monitoring network is available and under good coverage rate. 

 Accuracy: accuracy of the data is very important for noise monitoring and analysing. It 
can be evaluated from the data collection method, the quality of measurement device. 
As category 4 involves the smartphone as the measuring device, it is hard to control 
and analyse the background noise level which make the data collected has low 
accuracy (Basten & Wessels, 2014). While the traditional measurement device in 
category 1 and 3 are more delicate. The calculation method used in category 2 is the 
key element for accuracy. It is relatively low compare to direct measuring system.  

 Computing speed: the computing speed is used here to describe the quality of the real 
time mapping system, as the progress of data handling is important for the map display. 
As smartphone is used in category 4, the data uploading is much faster than the remote 
data transforming in other categories, therefore it has the fast computing speed. 

 
In short conclusion, all the categories mentioned above have obvious disadvantages, either on 
hardware cost, data credibility, scalability, accuracy, or computing speed. The category 2, 
Traffic intensity noise online calculation network, has relatively better overall score which can 
be a proper alternative for the noise mapping approach in this report. 
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3.4.2 Traffic noise mapping In the Netherlands 
After the introduction of state of art real time traffic noise mapping technology in general, the 
traffic noise mapping development in the Netherlands is discussed in this section. Under the 
European Directive each member country needs to update their traffic noise map every five 
years. Therefore, in the Netherlands put great efforts in the mapping of traffic noise, either 
the government or non-government parties. 
 
From Government Level: Rijksinstituut voor Volksgezondheid en Milieu (RIVM) makes noise 
maps (STAMINA model) that give a global picture of the noise in the Netherlands. Figure 8 
shows an example of how the traffic noise map looks like. The latest traffic noise map is from 
2011, based on the cumulative load of traffic, roads, and railways. It offers a good impression 
of the sound quality of areas such as residential, nature, and silence areas. The noise by post 
code page gives an indication of the sound quality in the living environment. Although the 
noise maps are fairly accurate and follow the Dutch standard calculation methods, it should 
be noted that uncertainties are present in the noise maps. The main factors for uncertainties 
are the data sources (traffic numbers and sound power levels) which should be updated 
regularly, thereforethe map modelling and detailing is not suitable to test the sound levels 
under the standards of the Noise Abatement Act. Moreover, the height parameter for the 
main motorways in the map sets as ground level, which at many places in the Netherlands are 
not at ground level. (Schreurs, Jabben, & Verheijen, 2010). 
 

 
Figure 8  Cumulative noise map of the Netherlands. Data provided by Dutch National Aerospace Laboratory, 2007 (Schreurs, 

Jabben, & Verheijen, 2010) 
 
In addition, RIVM provides the measured statutory traffic noise production (GPM) comparison 
to the calculated traffic noise production (GPR) since 2013 by the limited setting points of GPP 
measurements network. As it is showed in figure 9, the statutory mapping is with limited 
location spots. The latest map is from 2015. It will help to get an insight for the deviation 
between calculation and real situation monitor, but the monitor spots are limited just as it 
shows in figure 8 with only around 40 spots in total.   
 

http://geluid.rivm.nl/geluid/geluidbel_maps.php
http://geluid.rivm.nl/geluid/geluidbel_maps.php
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Figure 9  GPP map from RIVM (GPP meetnet, 2014) 

 
From Public organizations: Both research at universities and research agencies recently are 
focus on real time traffic noise mapping to improve the performance. NoiseTube, one example 
for real time traffic noise mapping, provides a platform that can run on individual smartphone 
to collect the real time noise level by transfer the phone model to noise device model 
(Maisonneuve , Stevens, Niessen, & Steels, 2009). The application user interface and noise 
map example are presented in Figure 10. It can be used as real time noise source identification 
and unusual noise monitoring.  

 
                                           (1)                                                        (2) 

Figure 10  The Mobile sensing application and the noise map example. The application Including 3 components: (1) The 
visualization of the loudness measured and a color representing the danger (2) The noise tagging (3) The tagging of the 

location (for indoor location) 

 
TNO is a pilot organization that provides an advanced traffic noise mapping system. Urbis is a 
GIS-based instrument that TNO has developed. It uses datasets from municipalities (traffic 
flow data). The mapping method used in Urbis is SKM2 (see figure 11). Urbis enables the 
detailed mapping of noise and air pollution (including odour) in (parts of) municipalities. It can 
also be used to calculate the effects of exposure such as (severe) nuisance, (severe) sleep 
disruption, and an increased probability of death. As far as possible, the environmental 
overviews are based on available information (available data about activities traffic, industry). 
But, the data source is not updated every year (URBIS, 2016). 
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Figure 11  Urbis user interface 

Although lots of effort are put into the real time noise mapping technology in university and 
other public agency, the main concern those developed systems are mainly focus on the 
quality mapping instead of linking to the noise legislation standard, the application to the 
spatial planning is limited from the EPI perspective. 
 
From Private Companies: Besides the researches at universities and other public 
organizations, several private companies are also devote to traffic noise mapping.  Spotzi 
(http://spotzi.com/nl/) is a private GIS company that provides maps for different usages. It 
offers paid traffic noise map services which use the data from RIVM’s map source, the updated 
noise map retrieve data from 2011. Figure 12 presents an example of its noise map system. It 
provides general noise quality evaluation by using sixe noise categories with 5 dB gap between 
each category. Spotzi is more or less the similar to Urbis, but the calculation information is 
vague which makes the mapping quality less credible.   

 
Figure 12 noise map from Spotzi 

 

3.5 Conclusion 
The spatial planning policy is undergoing a process of “decentralization” in the Netherlands. 
Local government are becoming more responsible for the zoning planning in its own territory. 
In this context, the Dutch EPI in spatial planning is also shifting from traditional quantitative 
standards to more qualitative perspective focusing on local liveability. Although the 
municipality has obtain more freedom in deciding about its own environmental quality 
ambition instead of sticking to the national legislation, the environmental examination is 
integrated and coordinated through the whole process of the spatial planning. It still needs to 
first achieve the national standard especially at the draft zoning stage (De Roo, Visser, & 
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Zuidema, 2012; Roodbol-Mekkes & van den Brink, 2015; Weber & Driessen, 2010). In addition, 
under the context of interactive spatial planning activities with more stakeholders involved, 
the traditional quantitative standards can be used as a public participation and interactive 
communication tool between different stakeholders with its straightforward interpretation on 
environmental quality (De Roo, Visser, & Zuidema, 2012).  
 
Along with the environment integration policy, three environmental integration supportive 
tools are discussed as well. STEPP as an example for traditional quantitative standard tool 
using IMZ provides a framework for environmental impact integration in early stage of spatial 
planning, but the traffic noise impact in STEPP is relatively draft. MILO and LOGO are tools 
involving the whole process of spatial planning, and the noise in these two tools is ambitions 
oriented which focuses more on what the government want rather than indicating the real 
situation.  
 
The real time traffic noise mapping technology developed dramatically which provides lots of 
possibilities for estimating noise impact under certain situation. However, the biggest problem 
for real time traffic noise mapping is the complexity of implementation besides costs and map 
scalability. After comparison and summarization of each traffic noise mapping categories, the 
indirect traffic noise mapping technology is relatively better than other technologies with a 
higher overall score. The traffic noise mapping in the Netherlands is mostly developed based 
on indirect traffic noise mapping technology, but the mapping data in use is either out of date 
or with less credibility, and the generated noise map (Urbis or Spotzi) is categorised with 
several levels focusing on general noise quality which are not closely connected to the Dutch 
legislation. 
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4. Project Model  
The research question in chapter 1 is formulated as “Is it possible to design an easy approach 
for real time traffic noise mapping in early stage of the spatial planning process and does this 
approach provide better insights than the current available approach?”, so the main research 
activities in this chapter is dedicated to develop a new Noise Mapping Approach in order to 
answer this research question.  Firstly, the general introduction for the aims of the research is 
presented. Then, in the method description part, the research model, the concept for Noise 
Mapping Approach, and a process model for implementation will be provided. After data 
collection, validation and calculation, the result will be presented and analysed. In the end,  a 
conclusion will be provided. 
 

4.1. Introduction  
As described in the literature review chapter, currently the data used for traffic noise mapping 
system in the Netherlands is either out of date or with less credibility , how to integrate the 
up to date real time data into traffic noise mapping from an simple is the main concern in this 
graduation project. In order to get a comprehensive understanding of the requirements and 
motivations for the research question, the overview of Dutch road traffic noise zoning 
regulations in Noise Abatement Act (section 4.1.1) will be provided first, introduction of Big 
Data analysis concept under the research context in this report is stated in section 4.1.2, then 
the detail requirements for the project model design is  (section 4.1.3). The motivation for new 
noise mapping method in spatial planning environmental impact analysis (section 4.1.4) will 
be demonstrated in the end. 
 

4.1.1 Overview of Dutch Traffic Noise Zoning Regulations 
Although from different government levels, national, provincial and local, there are lots of 
different act and regulations that related to noise issues, however,  the Dutch Noise 
Abatement Act is the basis and most important legislation that covering all the planning issues 
regarding noise control.  
 
Noise Abatement Act came into effect since 1979, it proposed a environmental zoning concept 
for noise controlling which considered to be very advanced at that time because of combining 
the spatial planning aspects. However, it was too detail and complex covering the situation of 
construction and reconstruction for road, railway, industry, residential and other noise zones, 
and became more and more complicated after many times of repeal and revise which made it 
rigid and inexplicability for spatial planning.  
 
The road traffic noise zoning regulations are stated in the Article 74, which is used for the draft 
zoning plan:  
 

“Artikel 74 
1. Een weg heeft een zone die zich uitstrekt vanaf de as van de weg tot de volgende breedte 
aan weerszijden van de weg: 
in stedelijk gebied: 
   1°.voor een weg, bestaande uit een of twee rijstroken of een of twee sporen: 200 meter; 
   2°.voor een weg, bestaande uit drie of meer rijstroken of drie of meer sporen: 350 meter; 
 in buitenstedelijk gebied: 
   1°.voor een weg, bestaande uit een of twee rijstroken of een of twee sporen: 250 meter; 
   2°.voor een weg, bestaande uit drie of vier rijstroken of drie of meer sporen: 400 meter; 
   3°.voor een weg, bestaande uit vijf of meer rijstroken: 600 meter. 
2. Het eerste lid geldt niet met betrekking tot een weg: die gelegen is binnen een als woonerf 
aangeduid gebied, of waarvoor een maximum snelheid van 30 km per uur geldt. 
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3.Voor de toepassing van artikel 76 wordt, indien het een nog aan te leggen weg als bedoeld 
in het eerste of derde lid van dat artikel betreft, de daarbij behorende zone geacht aanwezig 
te zijn, zodra die weg in een ontwerp-bestemmingsplan is opgenomen. 
4.De ruimte boven en onder de weg behoort tot de zone” 
(Noise Abatement Act, 2016) 
 

Table 1 shows the summarized traffic noise zoning regulations stated in Article 74 which is 
categorized according to lanes of road ignored the road type. And the roads with a speed limit 
of 30 km / h have no noise zone. The noise zoning haven’t change after it established and still 
in use for the draft zoning plan in spatial planning process. However, the situation changed a 
lot: most of Dutch motorways were built in 60s and 70s; only around 200 kilometres of 
motorways have been constructed in the entire country from 1990 to 2016, while the vehicle 
ownership has grown by around 50%, creating significant pressure on the motorway network 
(wegen wiki, 2016). 
 

 Road type Lanes of road Noise zoning 

For urban area No distinction 1 or 2 200 m 

 No distinction >=3 350 m 

For outside urban area No distinction 1 or 2 250 m 

 No distinction 3 or 4 400 m 

 No distinction >=5 600 m 
Table 1: Traffic noise zoning in Noise Abatement Act (Noise Abatement Act, 2016) 

 
 On the other hand, Noise Abatement Act provides the noise limitation related to different 
situations: such as Article 82 and Article 83, the preferred noise limitation is 48dB for 
residential, and a higher limit can be set if it is impossible to reach the preferred limit from 
financial, urban planning and traffic engineering point of view: 63 dB for housing in urban and 
53 dB for housing in outer urban areas. For agricultural properties that are essential for the 
performance of the company, a maximum exemption value is 58 dB. An acoustic study is 
required in many situations: when a noise sensitive purpose is achieved within the noise of a 
road, such as new house construction; under Article 77 if zoning is changed or fixed within the 
noise of a road.  
 

“Artikel 82 
1 Behoudens het in de artikelen 83, 100 en 100a bepaalde is de voor woningen binnen een zone 

ten hoogste toelaatbare geluidsbelasting van de gevel, vanwege de weg, 48 dB. 
 
Artikel 83 
1 Voor de ter plaatse ten hoogste toelaatbare geluidsbelasting als bedoeld inartikel 82, eerste lid, 

kan een hogere dan de in dat artikel genoemde waarde worden vastgesteld, met dien 
verstande dat deze waarde, buiten de in de volgende leden bedoelde gevallen, voor woningen 
in buitenstedelijk gebied 53 dB en voor woningen in stedelijk gebied 58 dB niet te boven mag 
gaan………” 
(Noise Abatement Act, 2016) 

 

4.1.2 Introduction of Big Data analysis concept in this research 
It is general acknowledged that the Big Data Era is coming with huge, massive real time data 
generated every day. The size of big data increased more than 1000 times from 2000 to 2010 
(Zikopoulos, Eaton, de Roos, Deutsch, & Lapis, 2012; Manyika, Chiu, Brown, Bughin, & Dobb, 
2011), and these huge database provide the possibilities of studies shifting from data scarce 
to data rich, static snapshots to dynamic analytic approach (Kitchin R. , 2013). Although there 
is no general academic or industry definition for big data, there are several key features for it: 
huge in volume, high in velocity, diverse in variety, exhaustive in scope, fine-grained in 
resolution, relational in nature and flexible (Kitchin R. , The real-time city? Big data and smart 

http://wetten.overheid.nl/BWBR0003227/2016-04-14#HoofdstukVI_Afdeling2_Paragraaf1_Artikel76
https://www.wegenwiki.nl/Maximumsnelheid
https://en.wikipedia.org/wiki/List_of_motorways_in_the_Netherlands
http://wetten.overheid.nl/BWBR0003227/2016-04-14#HoofdstukVI_Afdeling2_Paragraaf3_Artikel83
http://wetten.overheid.nl/BWBR0003227/2016-04-14#HoofdstukVI_Afdeling4_Paragraaf2_Artikel100
http://wetten.overheid.nl/BWBR0003227/2016-04-14#HoofdstukVI_Afdeling4_Paragraaf2_Artikel100a
http://wetten.overheid.nl/BWBR0003227/2016-04-14#HoofdstukVI_Afdeling2_Paragraaf3_Artikel82
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urbanism, 2014). The sources of data are varied and can be summarized from three categories: 
directed (captured by device operated by human), automated (collected by sensors, digital 
devices, systems and machine to machine interactions) and volunteered (contributed by users 
uploaded to common database) (Kitchin & Dodge, 2011).  
 
Under the research context of noise mapping issue in this report, the big data related to the 
historical and real time traffic data captured automatically by sensors. The data includes the 
main traffic characters such as intensity, speed and vehicle types.  Data is just nothing but 
numbers without human interpretation, only the analysis of data brings meanings and results. 
Therefore, the big data analysis is implemented to get insight of the data pattern and discipline. 
However, it is more and more aware that the “big error” comes with big data is a critical 
problem during data treatment, and the authenticity of data needs to be checked and 
mitigated (Liu, Li, Li, & Wu, 2016). In order to keep the source of data with promised quality 
and reliability,  the data used in this research is derived from NDW, which is the main 
government portal for traffic open data source, to guarantee the data credibility and 
consistency on the first hand. In the meantime, in order to treat the large quantitative data 
more efficiency, the professional statistic data handling tool SPSS is applied for data sorting, 
calculation , graphing and analysing.  
 

4.1.3 Requirements for noise mapping method  
Just as the stated previously, it is doubtful for the validation of noise zoning method in Noise 
Abatement Act under the current circumstances, and various noise limitations are not 
reflected in this zoning method as well as the road types. How to design a new noise mapping 
approach for the early stage of spatial planning embracing Big Data analysis for the current 
situation is the main objective in this research, and several requirements regarding the 
research questions are indicated as follows: 
 
Requirement 1: Area-specific zoning method at the destination planning stage of spatial 
planning. In Dutch Environmental Policy Integration (EPI), the area-specific zoning method, 
which focused on the activities related environmental quality such as environmental zoning 
method in Noise Abatement Act and VNG list, was developed to overcome the dilemma 
between spatial planning and compact city development in the late-1980s, and it was proved 
to be a useful method for environmental impact analysis in spatial planning (De Roo, 2000; De 
Roo, 2003; De Roo, Visser, & Zuidema, 2012). Therefore, the noise mapping approach in this 
report is designed strategic in line with the area-specific zoning method, aims at the source of 
noise at a specific area.  Furthermore, after inspection to the environmental integration during 
the spatial planning process (section 3.3.1), it is demonstrated that the earlier the 
environmental impact analysis involved the better result of planning activities, so the designed 
traffic noise mapping approach should be possible to implement at the early stage of 
destination planning where the intensive and main planning activities taken place during 
spatial planning.  
 
Requirement 2: Easy to use and simple approach linking with Dutch legislation for 
interaction and communication between different stakeholders. The available noise mapping 
approach contains complicated computing process and the outcomes are not corresponded 
with the legislation regulation closely. During the planning process, not only multiple 
stakeholders, parties and experts (government authorities, land developer, environment 
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specialists, residents, etc.) are involved but also the public are participating,  the draft zoning 
plan needs to be inspected by public before determination. It is necessary to overcome the 
communication hindrance for the multidiscipline interactive process which is the main risk 
that delay the planning process, especially for the public who has no background or knowledge 
about planning issues. So the traffic noise mapping approach should be designed with 
integrating straightforward legislation standard (noise limitation regulation in Dutch Act) in a 
simple way (fulfil or not fulfil the environmental request) for better understanding. In addition, 
regarding the planning process, the approach should be easy to use without enormous 
complicated computer calculation or data sorting for government authorities or other parties 
who may have no background of computer technology and environment engineering.  
 
Requirement 3: Cheap and affordable mapping technology. The new Spatial Planning Act 
(nWRO) enables the local government with more freedom for spatial planning within its own 
territories, and the planning budget is assumed be covered by municipalities. As the 
government budget is limited, a cheap and affordable indirect mapping technology is a better 
choice for the early stage of destination planning compared to the expensive operating and 
maintaining direct real time mapping technology. 
 
Requirement 4: Acceptable map accuracy and scalability. As described in section 3.4, the map 
accuracy and scalability are the most critical issues for noise mapping technology. The 
available direct real time noise mapping technology cannot fulfil these two issues due to the 
data collection method and the measurement method. On the other hand, the available open 
traffic data source (historical and real time) supported by local government make it possible 
to shift to the realistic indirect mapping technology by using traffic intensity and other 
characteristic data. However, the map accuracy and scalability still need to be well treated 
during the data calculation and the method design. 
 

4.1.4 Motivation for noise mapping method  
The motivation for noise mapping method developed in this report can be summarized from 
three aspects: 
 

1. Challenging the authority. To develop a more credible noise environmental zoning 
method to challenge the available method in Dutch Noise Abatement Act is the first 
motivation behind this report. The legislation can be out of date and invalid when you 
take it from a development perspective. Although the real time noise mapping is not 
the new topic nowadays and lots of noise mapping type existed in the Netherlands, 
but all of them are too complicated for the early stage of spatial planning (the 
destination planning). In order to control the planning cost and speed up the planning 
process, there is a need for a designated simple traffic noise mapping method during 
the environmental impact analysis of spatial planning.  
 

2. Smoothing the communication process for public participation during spatial planning. 
Public support and understanding is important for government to develop a success 
spatial planning, and the communication hindrance can delay the planning process to 
some extent. As stated in the definition of spatial planning, it is more than physical 
planning by integrating different sectoral policies and achieving environmental, social 
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and economic objectives. The interactive thinking is important for consensus building 
between different stakeholders in planning activities.  
 

3. Inspiring the environmental integration in spatial planning in developing country by 
investing the Dutch experience. Dutch experience in environmental policy integration 
with spatial planning has inspired the world for long time (De Roo, Visser, & Zuidema, 
2012), the deep investigation from the spatial planning act to the noise mapping 
activities in the Netherlands during literature reading will provide a valuable reflection 
and understanding of the role of sustainable spatial planning in urban development 
process. 
 

4.2. Method  
The research in this report focuses on the finding of a proper noise mapping method that 
target the environmental impact issues in the early stage of spatial planning – draft zoning in 
destination planning. As the EPI in spatial planning is shifting to provide a flexible tool for the 
local level to draw its own environmental ambitions, the legislation related quantitative 
standard zoning method is kind of neglected with ignoring its important role in the 
environmental impact analysis in early stage of spatial planning. The noise mapping method 
in this report is developed with reconsidering the quantitative standard zoning method. 
 
In this section, the research model and process model are provided for explaining the mapping 
strategy and design activities in a graphical way, then the method for data collection, 
validation and processing will be illustrated in detail. 
 

4.2.1 Research Model Design 
Considering the requirements of easy to use, map accuracy and scalability, the indirect noise 
mapping technique is chosen as the mapping technology on the first hand: calculate the noise 
level from the traffic data on road instead of measure the noise level directly. Although the 
real-time traffic noise mapping can offer a dynamic noise distribution map, it is suitable for 
afterwards evaluation but costly (both time and money), complicated and too detail for the 
destination planning stage. So the mapping strategy is shifting to the other perspective: 
instead of mapping the real-time updated traffic data, but try to indicate the  general data 
pattern from the vast data ocean is the basic idea for the noise mapping approach design. In 
the meantime, the available road traffic open source provides huge amount of data (historical 
or real time statue data) , it is possible to apply the big data analysis concept as described in 
4.1.2.   
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On the purpose of illustrate the research activities in a clear structure, the research model is 
design. See figure 13. It is aims for simplified information and map generating process. The 
quantitative standard environmental zoning method is the foundation of the research model, 
therefore, the noise zoning threshold is generated in order to transfer the environmental 
issues into the single index distance and in line with the legislation standard. 
 

 
Figure 13  Research model for traffic noise mapping approach 

 
The research model contains three parts in general: Source analysis of noise, Big data analysis, 
Mapping method design.  
 

 Source analysis of noise: The traffic on road produces the traffic noise, and the 
distribution of road traffic noise is determined by traffic intensity, traffic speed , road 
features (such as road surface type, road altitude, road barrier and road section) and 
other factors (such as vehicle type, wind, environment absorbance and building 
reflection). The traffic noise is complicated to explain, there are too many factors 
involved, but in general the more busier the road is the more traffic noise it produced. 
 

 Big data analysis: The big data analysis is used for data sorting, reorganizing and 
pattern exploring. The input data in the big data analysis system is the raw road traffic 
data which is extracted from open data source.  During the big data analysis, the raw 
data will be validated and transformed to the noise distance distribution data 
( standardized Dutch noise calculation methods 1 (‘Standaard Rekenmethoden’; SRM) 
is used for noise level calculation, for the detail information of calculation and 
transforming method check the section4.2.2), and the relation between the noise 
distance distribution with traffic intensity and other factors will be explored and 
summarized. The output data is the obtained data pattern between traffic intensity 
and the distance distribution.   
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 Mapping method design: The noise zoning thresholds are derived from the output data 
pattern in big data analysis. On basis of noise zoning threshold, the Noise Mapping 
Approach is generated, see figure 14. In order to extend the possibility of mapping 
scalability from specific case to general case, the noise zoning threshold is summarized 
to some extent, the deviation will be discussed in the verification part.  

 

 
Figure 14  Noise Mapping Approach 

 

The Noise Mapping Approach is developed base on the requirements for easy to use, 
therefore it is designed to avoid enormous and complicated calculation during the map 
generating. The framework of Noise Mapping Approach contains three parts: Input data 
generation, GIS software implementation, and the Output noise map visualization.  
 

1) Input data generation : the input data includes four types of data : 

 noise zoning threshold derived previously which is served as the new proposed 
“quantitative standard for zoning”, it is used as the reference parameter table 
during the zoning distance generatation.  

 road traffic data, the traffic intensity data for the specific road segment. 
However, the traffic intensity can have different forms: yearly average, monthly 
average, and workdays average (without weekend), or peak traffic intensity. As 
described in the standardized Dutch noise calculation methods (‘Standaard 
Rekenmethoden’; SRM1), the traffic intensity for noise mapping approach is 
defined as the yearly average intensity.  

 the road features, which is related to the road altitude.  

 land use type, as residential and agriculture land use have different noise 
limitation according to the Dutch act, therefore it needs to be differentiated at 
the input.  
 

2)  GIS software implementation 
GIS software is the platform for geographical information visualization and analysis. 
The zoning distance is obtained by finding corresponding distance by input data 
according to the zoning threshold. Then the zoning distance will be coded or added to 
the road map in GIS software. In order to generating the noise map for output, 
geographical analyses (such as buffer, overlay analysis) in GIS software will be 
conducted.  
 

3)  Output noise map visualization 
In this part, the noise map is visualized in GIS software and exported. 
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Due to the decreased accuracy during the summarizing and refining, the verification needs to 
be performed to test the reliability of the noise mapping approach. Furthermore, as one of 
motivation of this research is to check the validation of noise zoning in Noise Abatement Act, 
it is implemented as well, see figure 15.  
 

 
Figure 15  Noise mapping approach verification and Noise Abatement Act Validation 

 
Rather than the actual noise level directly measured by device, the Noise Level Calculation is 
used to represent the real situation in noise mapping approach verification and Noise 
Abatement Act noise zoning method validation.  

 Noise Mapping Approach verification: 
The verification is implemented aims for testing the mapping accuracy of Noise 
mapping approach. First, apply the Noise Mapping Approach and the Noise Level 
Calculation into the same study case and generate noise zoning map separately. Then, 
evaluate the maps and calculate the zoning area, make comparison to the evaluation 
and calculation result.  
 

 Noise Abatement Act noise zoning method validation:  
Examining the reliability of zoning method in Noise Abatement Act is one of the 
objectives and motivations of this research. It contains the same steps as Noise 
Mapping Approach verification. 
 

 Comparison between Noise Mapping Approach and Noise Abatement Act noise zoning 
method:  
In order to answer the research question “does this approach provide better insights 
than the current available approach?”, evaluate the performance of Noise Mapping 
Approach by comparing to the noise zoning method is carried out to show the 
differential between them. 
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4.2.2 Process Model Design 
The process model is designed to illustrate the process step by step for better understanding 
and implementation of the research model. The process model (figure 16, Appendix 
B)contains two parts: Noise Mapping Approach, and Noise Abatement Act noise zoning 
validation.  
 

 
Figure 16  The Process Model for the research 

 

4.2.2.1 Noise Mapping Approach 
In the Noise Mapping Approach, it contains 8 steps: starts from the data collection and 
validation, followed by noise level calculation, result analysis, noise zoning threshold 
derivation, noise mapping and zoning threshold validation, and end with noise mapping 
approach finalization. There are two types of data input during the process: road traffic 
classification data, such as traffic intensity, traffic speed, vehicle types and road features; noise 
legislation data which contains the preferred noise level in the noise act. 
 
Traffic data collection: in this step, traffic data is collected from the NDW open source for the 
motorway only, as the secondary motorways and municipal roads are not available in the open 
source. For the detail data collection method will be discussed in the next section 4.2.3. 
 
Data validation: Big data is like a coin with two sides. One side is the statistical benefit of large 
volume data and the other side concerns the big data error that reduces the data credibility. 
Before the data calculation, the data validation is necessary to kick out the insufficient or 
vague data files and remove the unusual data; section 4.2.3 will discuss this part in detail.  
 
Noise Level Calculation: it is one of the core steps in the whole process with intensive data 
handling and calculation activities. Occasionally exposed to the high level noise with seconds 
will not affect the human health too much, but constantly exposed to the environment with 
even not very high noise level will increase the risk of hearing loss and several health problems, 
especially for old people and young children. Therefore, the universal noise indicator Lden 
(Level day-evening-night) is used to evaluate the noise disturbance, it is the logarithmic mean 

https://nl.wikipedia.org/wiki/Logaritme
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of the day, evening and night values, in which use is made of an "energetic" averaging. This 
means that the duration of each period is also taken into account. 
Detail information for calculation will be presented in Calculation Method and Calculation 
Setting.  
 

 Calculation Method: Directive 2002/49/EC of the European parliament obliges 
Member States to set up noise maps using the European standard Lden noise indicator. This 
noise indicator uses a time weighted average of equivalent noise levels over 24 hours. The 
equation is presented as follows (equ 1) (The European Parliment and Concil, 2002):  

eq. 1 
 
The Lden averages the equivalent noise levels produced in the day (7.00 – 19.00), evening 
(19.00 – 23.00) and night (23.00 – 7.00) periods after penalizing. As noise produced in evening 
and night time periods cause generally more annoyance, penalties are added to these noise 
levels. These penalties are 5 dB for noise produced in the evening period, and 10 dB for the 
night period (Schreurs, Jabben, & Verheijen, 2010). In the Netherlands, local calculations of 
noise caused by road- or railway traffic are done according to the standardized Dutch 
calculation methods  (Standaard Rekenmethoden, SRM) for road- and railway traffic. These 
methods are laid down by the Dutch Noise legislation, the ‘Wet Geluidhinder’, in order to 
determine noise levels that can be checked against legal limits (VROM, Appendix III to chapter 
3, 2006). The SRM methods consist of two methods: a simple version called Method 1, and 
Method 2 which should be applied in more complex situations. In this research Method 1 is 
used to calculate the noise level, because it is more suitable for exploring and summarizing 
purpose with not that complicated settings.  
 

 Calculation Setting: In this research, the online SRM1 calculator 
(http://wetswegwijzer.nl/verkeer/2012-2.html) is used (see figure 17), which contains three parts: 
Traffic, Area features and Noise level result.  

 
Figure 17  The interface of online noise level calculator, SRM1(http://wetswegwijzer.nl/verkeer/2012-2.html) 

http://wetswegwijzer.nl/verkeer/2012-2.html
http://wetswegwijzer.nl/verkeer/2012-2.html
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The purpose in this research is not to calculation the noise level but to get the distance that 
related to the specific noise level Lden.  Although in the calculator there are several inputs 
regarding the traffic and road features, the variables are the traffic intensity, the speed, the 
road latitude and the Lden , the target variable is the horizontal distance to the middle of road 
which needs to be calculated. Lden is fixed to the legislation standard: residential area with 
noise limitation of 53dB and agriculture land use with noise limitation of 58dB. The road 
latitude sets according to the real situation. The detail input settings of the data calculator are 
illustrated in table 2.  
 

Item Category Data description Data setting  

 Traffic   

1 Traffic Intensity 
data 

Average traffic intensity for three 
vehicle types (traffic intensity for car, 
traffic intensity for heavy truck, traffic 
intensity for light commercials) at day, 
evening and night 

Set as variable 

2 Traffic Speed data Average traffic speed for three vehicle 
types(traffic speed for car, traffic speed 
for heavy truck, traffic speed for light 
commercials) at day, evening and night 

Set as variable 

 Pavement type Road type such as asphalt, concrete, 
etc. 

Set as asphalt 

 Area Features   

4 Road altitude  Set as variable, according to the 
real situation 

5 Horizontal distance 
to the middle of 
road 

 set as target variable 

6 Viewing angle Full angle is 127 degrees  Set as 127 degree, according to 
general setting 

7 Group absorbent 
surface 

0 is hard, 1 is low Set as 0.5 

8 Reflection side Distance to reflective side, height of 
reflective side, and percentage of about 
reflection side 

reflective side 25m, height of 
reflective side 5m, percentage of 
reflection side 0.8, according to 
general setting 

9 Distance to the 
intersection 

0 means no intersection Set as 0 

10 Distance to 
roundabout 

0 means no roundabout Set as 0 

11 Distance to 
threshold 

0 means no threshold Set as 0 

Table 2  The data Type and Description for noise level calculation 

 
The traffic data (intensity, speed) after download from the online open source need to pre-
process by dividing into six sub-categories (3 vehicle types and 3 time periods), which is done 
by using SPSS. As the speed limitation for motorway in Netherlands is 120Km/h, the speed 
input at different time period is according to the data source. The type of pavement 
significantly influences the noise level: on a single pass‐by event on the roadside, differences 
of up to 15 dB(A) can be observed for the same vehicle at the same speed in different road 
pavement conditions in which rolling noise is predominant. Nowadays, the asphalt techniques 
are widely used in the highway, national way or local road construction, so the pavement type 
is set as asphalt in general. For the setting of area features, the viewing angle (6) is set as full; 
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the absorbent (7) sets as 0.5 by considering the medium absorbent surface; the reflection side 
(8) is treat as the standard setting with distance to reflective side 25m, height of reflective side 
5m, percentage of reflection side 0.8; the distance to intersection, roundabout, and threshold 
is set as 0 for motorways.  
 
In this calculation model, the road barrier is not considered in the system, which can affect the 
noise level significantly. As the cover percentage of road barrier is not very high in the 
Netherlands in rural area, therefore it will not affect the result too much.  
 
Result analysis: After calculating the noise level, the result need to be analysed to find the 
regular pattern that can be used to shape the zoning threshold in the next step. The SPSS is 
used in this step as the analytical tool for data relationship exploring. 
 
Noise zoning threshold derivation: As the land use type can affect the noise preferred 
limitation according to Noise Abetment Act, and in this research it sets as two types: 
residential and agriculture. In Article 83, the noise limitation for residential out of urban and 
agriculture companies is 53dB and 58dB respectively. Therefore, for the noise control zoning 
threshold summarized is divided into residential and agriculture as well and use 53dB and 
58dB as noise level calculation threshold. Furthermore, the other road features (such as road 
altitude) will also change the zoning threshold in different ways, so during the zoning threshold 
summarization those features need to consider as well. 
 
Noise mapping: According to the summarized noise control zoning threshold, the noise map 
is visualized with the GIS software, MapInfo.  
 
Noise mapping approach verification: in this part the validation is operated by comparing to 
the noise map from noise level calculation: if the deviation is within the consideration, the 
noise mapping approach is verified, otherwise it isn’t and then the Noise zoning threshold 
needs to be examined and summarized again to make sure the deviation within the 
consideration. 
 
Noise mapping approach finalization: after the noise mapping approach is verified in the 
previous step, the noise mapping approach is finalized. 
 

4.2.2.2 Noise Abatement Act zoning method validation 
The Verification aims to test the validation of noise zoning method in Dutch noise act by 
comparing to the noise level calculation result based on the traffic data. Noise zoning method 
in Noise Abetment Act is made from the road lanes(article 74) with no differential between 
road types and other road traffic characters  : 
 

 urban area: The urban area is defined in the form of the village .A road with one or two 
lanes: 200 meters; A road with three or more lanes: 350 meters 

 Outdoor Urban area: Situations outside urban areas are located outside urban areas, 
including motorways .A road with one or two lanes: 250 meters; A road with three or 
four lanes: 400 meters; A road with five or more lanes: 600 meters 
 

https://www.wegenwiki.nl/Bebouwde_kom
https://www.wegenwiki.nl/Autosnelweg
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While the calculated noise level is derived by inputting data in the online calculator explained 
in previous, the comparison result is illustrated in the result section. 
 

4.2.3 Data Collection, Validation and Processing  
The traffic data is collected via the NDW open source, which contains all motorways (highway) 
and part of national ways. Regarding the completeness of the dataset, the noise mapping 
approach in this research is focus on the motorway data. The Ede-Veenendaal case is selected 
as the case study for the Noise Mapping Approach research model, the approach verification 
and Noise Abatement Act validation. 
 

4.2.3.1 Case introduction 
The Ede-Veenendaal case is used as the data extracting and analysing. The case study area, in 
the central part of the Netherlands, is located between the cities of Ede in the east and 
Veenendaal in the west (see Figure 5). It contains lots of farms in this area both in use and out 
of use. In addition, motorway A30 and A12 pass this area, and along A30 in this area there are 
lots of companies and industries. The municipality of Ede has over 100,000 inhabitants and 
Veenendaal over 60,000. Both include several rapidly developing residential and business 
areas, which are rich in greenery, with continually expanding economic activity. In addition to 
urban renovation, to increase the residential function of each city centre, thousands of new 
homes will be built in the area in the coming years.  
 
There are two motorways A30 and A12 crossing the specific case study area (Ede-Veenendaal). 
A30 motorway is a Dutch national highway and motorway between Barneveld and Ede , with 
a length of 18 km, and it is the link between the northern A1 in Barneveld (exit 15 Barneveld) 
and the Southern A12 in Ede (Node Maanderbroek). A30 is a 2*2 motorway with speed 
limitation of 120km/h. A12 is 3*3 motorway, it connects the city of The Hague with the 
German border, near Zevenaar, and the German Autobahn BAB 3. On its way, it crosses three 
Dutch provinces: South Holland, Utrecht, and Gelderland. The road altitude is different 
according to different road segment both for A12 and A30. 
 

 
Figure 18  Ede-Veenendaal case location (source: GoogleMaps) 

 

https://nl.wikipedia.org/wiki/Rijksweg
https://nl.wikipedia.org/wiki/Autosnelweg
https://nl.wikipedia.org/wiki/Barneveld_(dorp)
https://nl.wikipedia.org/wiki/Ede_(plaats_in_Nederland)
https://nl.wikipedia.org/wiki/Rijksweg_1
https://nl.wikipedia.org/wiki/Rijksweg_12
https://nl.wikipedia.org/wiki/Knooppunt_Maanderbroek
https://en.wikipedia.org/wiki/The_Hague
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Zevenaar
https://en.wikipedia.org/wiki/Autobahn
https://en.wikipedia.org/wiki/Bundesautobahn_3
https://en.wikipedia.org/wiki/Province
https://en.wikipedia.org/wiki/South_Holland
https://en.wikipedia.org/wiki/Utrecht_(province)
https://en.wikipedia.org/wiki/Gelderland


4. Project Model 

44 
 

4.2.3.2 Data Collection 
In order to represent the traffic intensity for these motorways as accurate as possible, enough 
monitoring spots need to be selected from the current open source. 20 locations are picked 
for A30 and A12 (See figure 18), including the main carriage way and the exit/entrance way, 
and the extracted data files are all from NDW open source.  
 
As stated in Directive 2002/49/EC, the long period traffic data is obliged for Lden calculation 
(recommend to use a year period), in order to enlarge the dataset for better insight of the 
data pattern, day data and monthly data are also in consideration. Therefore, the collected 
data includes intensity/ speed day data in 2015 (the first 10 days for each month), yearly 
average intensity (workdays, and with weekends), yearly average speed and monthly average 
intensity. 
 

 
Figure 19 Selected spots for the data collection for A30 (left) and A12 (right) (source: GoogleMaps) 

 

4.2.3.3 Data Validation 
After data collection, the data validation is performed to check the validation for each data 
file. Data Availability is the first index that checked, as it stands for the measure of the amount 
and length of interruptions in the gathering of traffic. For Intensity and speed measurements 
through loops the availability needs to high than 78% (according to the NDW report). In 
addition, the blank data file is kicked off the calculation dataset for better result of the average 
data. 
 

4.2.3.4 Data processing in SPSS 
After the validation of the raw data from the NDW open source, the dataset will be imported 
to the SPSS for the data processing and pre-calculation. The purpose for data processing and 
pre-calculation is to reorganize the dataset in accordance to the settings in the noise level 
calculator(see table 2): firstly, intensity /speed data need to be separated according to the 
time period day (7.00 – 19.00),evening (19.00 – 23.00) and night (23.00 – 7.00) for each vehicle 
category; secondly, calculate the average mean for the separated time period: average 
intensity/speed for time period day, evening and night for each vehicle category respectively.  
 

4.3. Results  
4.3.1 Data Collection Result 
In total, 240 day data files in 2015 (the first 10 days for each month) and 30 files for yearly 
average intensity (workdays, and with weekends), yearly average speed and monthly average 
intensity are extracted from the NDW open source. Each data file contains the information: 
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data availability and intensity/speed per hour for each vehicle category, with around 64800 
records.  
 
By the descriptive analysis of the raw traffic intensity data files, it shows that the monthly 
average data for validated locations varies with certain pattern (see figure 20 and 21): the 
traffic intensity on road is lower at public holidays in the Netherlands, such as concentrated 
national holidays in end of April to May, summer vacation(July to August) and Christmas 
Holiday on December; and the main carriage way (location 1,2,5,6,7,8,11,12,13,14,19,20) is 
more sensitive to the public holiday than the exit/entrance slip road. There is an unusual data 
point in figure 20, the intensity in March of location 2 is extremely low, but the availability 
check is higher than the request, it means the average data can be deviated from the normal 
statue due to some occasional road statue such as road closure or road accident. This is also 
the reason that the day data are extracted as well to avoid such unexpected situations. 
 

 
Figure 20 Monthly average traffic intensity for location 1, 2, 5, 6, 7, 8, 11 & 12 

 

 
Figure 21 Monthly average traffic intensity for location 13-20 
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4.3.2 Data Validation result 
The learning case Ede-Veenendaal is used as the case for data generating and collecting. With 
20 picked monitor location for A30 and A12, in total 240 day data files in  and 30 files for yearly 
average intensity (workdays, and with weekends), yearly average speed and monthly average 
intensity are went through the data validation process. In the end only location spots 
1,2,5,6,7,8,11-20 are validated with availability high than 78% for day data  and yearly and 
monthly average data . Table 2 shows the detail validated location day data files. The result 
means that the raw data has a good record quality for main carriage way and connection 
between motorways but not creditable for motorway exit/entrance road segment.  
 

Location Location description Day Data file Number Validated Day Data location files 

Location 1 A30,mainCarriageway 120 114 

Location 2 A30,mainCarriageway 120 107 

Location 3 A30,entrySlipRoad 120 0 

Location 4 A30,exitSlipRoad 120 0 

Location 5 A30,mainCarriageway 120 117 

Location 6 A30,mainCarriageway 120 116 

Location 7 A30,mainCarriageway 120 118 

Location 8 A30,mainCarriageway 120 117 

Location 9 A30,entrySlipRoad 120 0 

Location 10 A30,exitSlipRoad 120 0 

Location 11 A30,mainCarriageway 120 116 

Location 12 A30,mainCarriageway 120 114 

Location 13 A12,mainCarriageway 120 116 

Location 14 A12,mainCarriageway 120 116 

Location 15 A30,connectingCarriageway 120 114 

Location 16 A30,connectingCarriageway 120 110 

Location 17 A30,connectingCarriageway 120 116 

Location 18 A30,connectingCarriageway 120 116 

Location 19 A12,mainCarriageway 120 116 

Location 20 A12,mainCarriageway 120 116 

Table 3 Day data validation result  
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4.3.3 SPSS Data Processing Result 
As the monthly average data has big variance among months, only yearly average data (with 
and without weekends)and day data (first 10 days for each month ) are included in SPSS, in 
total it generated 331013 cases. Before calculating the noise level, the data need to be pre-
processed to calculate the average intensity according to the time period day, evening, night 
for each vehicle category. Figure 22 shows the example of data setting in SPSS, the time period 
is separated as well as the vehicle types. For detail check the Appendix C. 
 

 
Figure 22 Example of data setting in SPSS 

 
Using the SPSS “sorting cases” to separate the vehicle types, then using “Analyze”>”Compare 
Means”>”Means” function(setting the time period (0:00-24:00 hours) as dependent and the 
location as the independent variable), the average hourly traffic intensity for the specific 
vehicle category at each location is produced, then select the time period day, evening and 
night for average calculation.  In total 60 cases are produced for the noise level calculation 
(See Appendix C). 
 
The average traffic speed results shows that for car, light and heavy vehicle is 120km/h, 
90km/h, and 85km/h respectively, and the variance between day, evening and night is less 
than 5km/h for car, 2km/h for heavy and light vehicle.  
 

4.3.4 Noise Zoning Threshold Result 
As described in section 4.2.2.1, in order to get the target variable (distance to the road under 
certain noise level limitation and road altitude setting), the 60 cases generated in section4.3.3 
are exported from SPSS and input into the online calculator for noise level calculation. During 
calculation, the dataset are extended according to the Lden and road altitude variable: 
 

 Land use type: for residential and housing, the noise limitation Lden is 53dB; for 
agriculture business, the noise limitation Lden is 58dB. 

 Road altitude: the road altitude sets as ground level (0m), 1m, 2m, 3m, and 4m. 
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Therefore, the target variable (distance) is coded as Droad×××: D stands for the “Distance”; 
road× stands for the road altitude, × has values 0,1,2,3,4 which means the road altitude 0 
meter, 1 meter,2 meter, 3 meter and 4 meter; ×× stands for the preferred noise level L den 
limitation, it has values 53 and 58, means the Lden = 53dB for residential area, Lden= 58dB for 
agriculture area. The noise level calculation results by using online calculator are presented in 
table 4.  
 

 No. Intensity/h Droad053 Droad153 Droad253 Droad353 Droad453 Droad058 Droad158 Droad258 Droad358 Droad458 noiseact 

1 1190.00 290.00 320.00 340.00 360.00 370.00 140.00 160.00 170.00 175.00 180.00 250.00 

2 1114.00 280.00 310.00 330.00 350.00 360.00 135.00 155.00 165.00 170.00 175.00 250.00 

3 1484.00 340.00 380.00 400.00 420.00 430.00 170.00 195.00 200.00 205.00 210.00 250.00 

4 1398.00 330.00 370.00 390.00 410.00 420.00 165.00 190.00 195.00 200.00 205.00 250.00 

5 1240.00 300.00 330.00 350.00 370.00 380.00 145.00 165.00 175.00 180.00 185.00 250.00 

6 1168.00 290.00 320.00 340.00 360.00 370.00 140.00 160.00 170.00 175.00 180.00 250.00 

7 1941.00 430.00 470.00 500.00 520.00 530.00 210.00 230.00 250.00 260.00 270.00 400.00 

8 1861.00 390.00 420.00 450.00 470.00 490.00 185.00 205.00 225.00 235.00 245.00 400.00 

9 343.00 150.00 170.00 180.00 190.00 195.00 65.00 75.00 78.00 80.00 85.00 250.00 

10 863.00 310.00 340.00 360.00 380.00 390.00 150.00 165.00 180.00 190.00 195.00 250.00 

11 447.00 150.00 170.00 180.00 190.00 195.00 70.00 80.00 85.00 88.00 90.00 250.00 

12 726.00 230.00 260.00 280.00 290.00 300.00 110.00 120.00 125.00 135.00 140.00 250.00 

13 2195.00 480.00 520.00 550.00 570.00 580.00 230.00 260.00 280.00 290.00 300.00 400.00 

14 2237.00 430.00 470.00 500.00 520.00 530.00 210.00 230.00 250.00 260.00 270.00 400.00 

15 2304.00 440.00 480.00 510.00 530.00 540.00 220.00 230.00 250.00 260.00 270.00 400.00 

16 2881.00 510.00 550.00 580.00 600.00 610.00 250.00 280.00 300.00 310.00 320.00 400.00 

17 2408.00 460.00 500.00 530.00 550.00 560.00 220.00 250.00 270.00 280.00 290.00 400.00 

18 3803.00 620.00 680.00 710.00 730.00 740.00 300.00 340.00 360.00 370.00 380.00 600.00 

19 4432.00 700.00 750.00 770.00 790.00 810.00 340.00 380.00 400.00 420.00 430.00 600.00 

20 1026.73 280.00 310.00 330.00 350.00 360.00 130.00 150.00 160.00 165.00 170.00 250.00 

21 1113.36 300.00 330.00 350.00 370.00 380.00 140.00 155.00 170.00 180.00 185.00 250.00 

22 1012.00 280.00 310.00 330.00 350.00 360.00 130.00 145.00 160.00 170.00 175.00 250.00 

23 939.41 270.00 300.00 320.00 340.00 350.00 125.00 145.00 155.00 160.00 170.00 250.00 

24 1244.55 320.00 350.00 375.00 390.00 400.00 150.00 170.00 180.00 190.00 195.00 250.00 

25 1174.99 310.00 340.00 365.00 380.00 390.00 145.00 165.00 175.00 185.00 190.00 250.00 

26 1067.09 290.00 320.00 340.00 355.00 360.00 135.00 150.00 165.00 175.00 180.00 250.00 

27 998.75 280.00 310.00 330.00 340.00 350.00 130.00 145.00 155.00 165.00 170.00 250.00 

28 1684.66 400.00 435.00 465.00 480.00 490.00 190.00 220.00 230.00 240.00 250.00 400.00 

29 1512.65 350.00 380.00 405.00 420.00 430.00 165.00 185.00 200.00 210.00 220.00 400.00 

30 349.57 150.00 170.00 180.00 190.00 195.00 65.00 75.00 78.00 80.00 85.00 250.00 

31 855.40 310.00 340.00 360.00 380.00 390.00 150.00 165.00 180.00 190.00 195.00 250.00 

32 420.86 155.00 175.00 185.00 195.00 200.00 70.00 80.00 85.00 88.00 90.00 250.00 

33 693.56 240.00 270.00 280.00 290.00 300.00 110.00 120.00 130.00 140.00 145.00 250.00 

34 1977.60 460.00 500.00 530.00 550.00 560.00 225.00 250.00 270.00 285.00 290.00 400.00 

35 1941.81 470.00 510.00 540.00 560.00 570.00 230.00 255.00 275.00 285.00 290.00 400.00 

36 2140.00 430.00 470.00 500.00 510.00 530.00 205.00 230.00 250.00 260.00 270.00 400.00 

37 1951.41 420.00 460.00 490.00 500.00 520.00 200.00 225.00 240.00 250.00 260.00 400.00 

38 2419.54 490.00 530.00 560.00 580.00 590.00 230.00 260.00 280.00 290.00 300.00 400.00 

39 2065.85 440.00 480.00 510.00 530.00 550.00 210.00 230.00 250.00 260.00 270.00 400.00 

40 3197.31 580.00 620.00 650.00 670.00 690.00 280.00 300.00 320.00 350.00 360.00 600.00 

41 3919.42 680.00 730.00 760.00 780.00 800.00 330.00 370.00 390.00 410.00 420.00 600.00 

42 1318.00 310.00 340.00 360.00 380.00 390.00 145.00 165.00 175.00 185.00 190.00 250.00 

43 1227.00 300.00 330.00 350.00 370.00 380.00 140.00 160.00 170.00 180.00 185.00 250.00 

44 1632.00 360.00 400.00 420.00 440.00 450.00 170.00 200.00 205.00 215.00 220.00 250.00 

45 1543.00 350.00 390.00 410.00 430.00 440.00 165.00 195.00 200.00 210.00 215.00 250.00 

46 1357.00 310.00 340.00 360.00 380.00 390.00 145.00 165.00 175.00 185.00 190.00 250.00 

47 1274.00 300.00 330.00 350.00 370.00 380.00 140.00 160.00 170.00 180.00 185.00 250.00 

48 2083.00 450.00 490.00 520.00 540.00 550.00 220.00 240.00 260.00 270.00 280.00 400.00 

49 2008.00 400.00 430.00 460.00 480.00 500.00 190.00 210.00 230.00 240.00 250.00 400.00 

50 398.00 160.00 180.00 190.00 200.00 205.00 70.00 80.00 85.00 90.00 95.00 250.00 

51 919.00 310.00 340.00 360.00 380.00 390.00 150.00 165.00 180.00 190.00 195.00 250.00 

52 519.00 170.00 190.00 200.00 210.00 220.00 75.00 85.00 90.00 95.00 100.00 250.00 

53 800.00 250.00 280.00 300.00 310.00 320.00 120.00 130.00 135.00 145.00 150.00 250.00 

54 2343.00 500.00 540.00 570.00 590.00 600.00 240.00 270.00 290.00 300.00 310.00 400.00 

55 2381.00 450.00 490.00 520.00 540.00 550.00 220.00 240.00 260.00 270.00 280.00 400.00 

56 2544.00 470.00 510.00 540.00 560.00 570.00 230.00 250.00 270.00 280.00 290.00 400.00 

57 3175.00 540.00 580.00 610.00 630.00 640.00 260.00 290.00 310.00 320.00 330.00 400.00 

58 2631.00 490.00 530.00 560.00 580.00 590.00 230.00 260.00 280.00 290.00 300.00 400.00 

59 4091.00 640.00 700.00 730.00 750.00 760.00 310.00 350.00 370.00 380.00 390.00 600.00 

60 4724.00 720.00 770.00 790.00 810.00 830.00 350.00 390.00 410.00 430.00 440.00 600.00 

Table 4 Noise level calculation result 
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Data in table 4 is imported to SPSS for exploring the data relation between intensity and the 
distance. By using the “Graph” function, the distance distribution with the traffic intensity is 
shows in figure 23. The data separates into two groups, the upside group Lden= 53dB, the 
downside group Lden= 58dB, which demonstrates that the noise control distance significantly 
discriminate between different noise limitation Lden 53dB and 58dB (land use type residential 
and agriculture). The gap between the two groups is vary from 100 metre to 400 metre at the 
same intensity level (see figure 23), the 53dB group distance is nearly 50% bigger than 58dB 
group. So, for the summarizing noise zoning threshold, it needs to distinguish the land use 
type between residential and agriculture. 
 

 
Figure 23 The distance distribution with the traffic intensity 

 
When inspecting the distance distribution for each Lden group separately, the relation between 
noise distance and the road altitudes is indicated as follows: 

 For residential land use (Lden = 53dB): the noise control distance varies with different 
road altitude, the higher the road altitude the longer the control distance within the 
limitation. The bigger the intensity per hour the larger the gap between the different 
road altitude is, especially for the low road latitude, but the differential between road 
altitude larger than 1meter (which is less than 10 meter) is not that bigger than within 
1meter (which is around 50meter,espetially when intensity > 2000). The average noise 
control distance variance for different road altitude at the same intensity level is from 
60meters to 120meters.   

 For Agriculture land use (Lden = 58dB): it illustrates that the differential between 
different road altitudes is less than 10meter when the intensity is less than 2500, and 
when intensity larger than 2500, the gap between ground level road altitude (road 
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altitude= 0meter) and other levels became larger. The average noise control distance 
variance for different road altitude at same intensity level is from 40meters to 
100meters. 

 
Therefore, It is a bit complicated to summarize the zoning threshold for motorway when add 
the road altitude as a constraint as well. The gap between road altitudes cannot be ignored, 
especially for the agriculture land use more than 20%. The strategy for summarizing the noise 
zoning threshold is to keep the deviation within 50meters for each category.  
 
In order to make the threshold more comprehensive, it is divided into two sub-groups: 
residential land use and agriculture land use. The road altitude for residential land use is 
defined into two categories: >1meter and <=1 meter, while for agriculture land use is >=1 
meter and <1meter. Together with the fine categorised traffic intensity, the zoning threshold 
is developed as it showed in table 5.   
 

As discussed in the section 4.2.1, the 
summarized noise zoning threshold (in table 5) is one of the inputs in the Noise Mapping 
Approach. Ede-Veenendaal is used as the case study for implementing the Noise Mapping 
Approach, the yearly average traffic intensity data is extracted from open data source NDW 
for each road segment of motorway A30 and A12. And the road altitude is estimated according 
the GoogleMaps: for main carriage way of A30 the road altitude set as 3 meters, for main 
carriage way of A12 the road altitude is the ground level with value of 0 meter.    
 
In order to generate the noise map, two original maps are prepared in advance: 1) maps for 
road network, contains information of motorways and other road types; 2) land use map: 
contains land parcels with information of land functions (such as industry, agriculture, 
residential). After input the threshold, the road altitude, the traffic intensity and the land use 
type information into the table of road network map in GIS tools ( MapInfo), the noise map is 
generated by using the “buffer” function in MapInfo:   
 

Land use type Road Type Road 
altitude 

Traffic intensity per hour Noise zoning threshold 

Residential 

Motorway 
 

>1m Traffic intensity< =500          200m 

500 < Traffic intensity< =1000      400m 

1000 < Traffic intensity< =2000      500m 

2000 < Traffic intensity<= 3000  600m 

3000 < Traffic intensity< =3500   700m 

3500 < Traffic intensity< 5000      850m    

<=1m Traffic intensity< =500          150m 

500 < Traffic intensity< =1000      300m 

1000 < Traffic intensity<= 2000  400m 

2000 < Traffic intensity< =2500   500m 

2500 < Traffic intensity<= 3500      600m    

3500 < Traffic intensity< =4000   700m 

4000 < Traffic intensity< 5000      800m    

Agriculture 

>=1m Traffic intensity< =500          100m 

500 < Traffic intensity< =1500      200m 

1500 < Traffic intensity< =3000      300m 

3000 < Traffic intensity<= 4000  400m 

4000 < Traffic intensity< 5000 450m 

<1m Traffic intensity< =500          100m 

500 < Traffic intensity< =1500      200m 

1500 < Traffic intensity< =2500      250m 

3000 < Traffic intensity< =4000  300m 

4000 < Traffic intensity< 5000      350m 

Table 5 The noise zoning threshold recommendation 
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 Open the workspace; add a new table to the current map window (only check the 
option ‘Add to Current Mapper’).  

 Save the new table under the name ‘Buffer.’ In Layer Control, make sure that the Buffer 
Layer is the editable layer. 

 Select the Roads Browser, go to Query > Select All to select all roads. 
 Go to Objects > Buffer, select the distance as the buffer basis 
 Set units to meters, and other setting such as buffer for one. Then the map is generated. 

 
The above steps are repeated for producing maps under different land use types by choosing 
relative distance data. The input data in MapInfo is presented in figure 24, the output of the 
Noise Mapping Approach (noise map) will be presented in section 4.3.5. 
 

 
Figure 24 Data Input in MapInfo for Ede-Veenendaal case 

 
4.3.5 Noise Mapping Approach verification result  
The noise map is generated in MapInfo after Implementing the Noise Mapping Approach(see 
figure 25), the accuracy of the noise mapping approach compared to the real situation (the 
calculated noise level) needs to be examined to verify the approach.  
 
Figure 25 shows the visualized verification result in MapInfo: for residential land use, the total 
noise zoning for noise level calculation is 12543203sqm and for noise mapping approach is 
14045488sqm, overestimate for 1502285sqm(12%); for agriculture land use, it is 
overestimated for 18%, with 5953291sqm for noise calculation zoning and 7044600sqm for 
noise mapping approach, overestimate for 1091309sqm. The zoning deviation is below 20% 
either for residential or agriculture land use, moreover the overestimation is better than 
underestimation, as it will provide better noise quality for certain area. 
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                                            (a)                                                              (b) 

Figure 25 Result for Noise Mapping Verification - comparison between Noise calculation and Noise Mapping Approach 
(a)Residential land use; (b) Agriculture land use type 

 

4.3.6 Noise Abatement Act Zoning method validation result  
In the case study of Ede-Veenendaal, there are 2 motorways cross the specific case area:  A30 
(2*2 lanes) and A12 (3*3 lanes). According to the zoning method in Noise Abatement Act, the 
zoning distance for main carriage way A30 is 400 meters and for A12 is 600 meters. As the exit 
and entrance branches are 1 lane road, the zoning distance is 200 meters. With the yearly 
average traffic intensity information derived in NDW, the relation pattern between the zoning 
and intensity data is illustrated in figure 26. 
 

 
Figure 26 Noise zoning in Noise Abatement Act 

 
The figure 26 shows that it fits the common sense that the more lanes the larger the traffic 
intensity is, the longer distance for noise zoning, the intensity for 4 lanes road is in the range 
from 1500 to 3200, while for 6 lanes road is 3200 to 4800, and the zoning doesn’t make 
difference between land use type.  However, there is one unusual data in the lower traffic 
intensity part (which is marked with red circle in the figure). It is the one of the road segment 

Residential: Orange- Noise calculation 

                    Blue-Noise Mapping Approach 
Agriculture: Grey- Noise calculation 
                    Purple-Noise Mapping Approach 
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in A30 which has 4 lanes but the traffic intensity is low, which means the road is less busy as 
supposed in the Act.  
 
While visualizing the noise zoning in GIS software MapInfo, it shows that the Noise Abatement 
Act is underestimate the noise zoning for the residential land use, but for the agriculture land 
use the result is apparently overestimated (see figure 27). The total zoning area for Noise 
Abatement Act noise control zoning method is 9,994,012.7 sqm with no differential between 
land use type (residential or agriculture), it underestimates 2,549,190 sqm (20%) compare to 
noise calculation for residential land use and overestimates 4,040,721 sqm( 68%) for 
agriculture land use . It means that if considering the preferred noise limitation of 53dB the 
road is busier than the situation stated in Noise Abatement Act in 1979 with underestimating 
the zoning control, whereas the extreme overestimation of agriculture zoning indicates the 
unreasonable zoning method in Noise Abatement Act cannot applied to different land use 
types. 

 
(c)                                                                                      (d) 

Figure 27 Result for Abatement Act noise zoning validation-: (c) Residential land use type (d) Agriculture land use type 

 

 

4.3.7 Comparison result between Noise Abatement Act Zoning method and 
Noise mapping approach  
The comparison between Noise Abatement Act and Noise mapping approach aims for 
checking the discrimination between these two approaches to answer the research question 
whether the noise mapping approach provides better outcomes. The visualization in MapInfo 
(figure 28) shows that the zoning of Noise Mapping Approach is apparently different with the 
Noise Abatement Act, only slightly proximity for one part of the road segment in the 
agriculture land use.  The Noise Abatement Act is underestimated for residential land use 
(40%) and overestimated for agriculture land use (30%) compared to the Noise Mapping 
Approach. 

 

Residential: Orange- Noise calculation 
                    Green- Noise Abatement Act 
Agriculture: Grey- Noise calculation 

                    Green- Noise Abatement Act 
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 (e)                                                                             (f) 
Figure 28 Comparison result between Noise Mapping Approach and Noise Abatement Act (e) Residential land use (f) 

Agriculture land use 

 

4.4 Conclusion 
4.4.1 Case study result analysis conclusion 
From the Ede-Veenendaal case, it is concluded that the Noise Mapping Approach provides 
slightly overestimations with 12% for residential land use and 18% for agriculture land use 
compared to the noise level calculation results. The zoning method in the Noise Abatement 
Act is not suitable for draft zoning, as it underestimates the noise disturbance for the 
residential land use (20%) but extremely overestimated for agriculture land use (68%). 
Therefore, the newly developed Noise Mapping Approach is closer to the noise level 
calculation which stands for the real situation compared to the Noise Abatement Act.   
 

4.4.2 Requirements Review 
Environmental Policy Integration (EPI) in spatial planning is practised and implemented in the 
developed Noise Mapping Approach. During the reviewing the requirements proposed in the 
beginning of this chapter, it is concluded that the Noise Mapping Approach in this report fulfils 
the research requirements proposed in the beginning of this chapter. The confrontation with 
the requirements is summarized as follows. 
 

Requirement 1: Area-specific zoning method at the destination planning stage of spatial 
planning. 

The newly developed Noise Mapping Approach is based on the quantitative standard zoning 
method by involving the noise zoning threshold, which is in line with the area specific zoning 
method on the first hand. In the meantime, the Noise Abatement Act plays an important role 
during the zoning threshold acquisition, which is calculated according to the preferred noise 
level stated in the Act. Therefore, the Noise Mapping Approach can be used at the draft zoning 
stage of destination planning to indicate whether the noise quality fulfil the national legislation 
standards.   
 

Requirement 2: Easy to use and simple approach linking with Dutch legislation for 
interaction and communication between different stakeholders. 

Although the developing process of Noise Mapping Approach is involved complicated data 
sorting and calculation, the Noise Mapping Approach itself is quite simplified with summarized 
zoning threshold. When applied to spatial planning activities, the noise zoning formed by 

Green- Noise Abatement Act 
Blue- Noise Mapping Approach (Residential) 
Purple-Noise Mapping Approach(Agriculture) 
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inputting the road altitude and the average traffic intensity without too much data importing 
or computing. Moreover, it is corresponded with the legislation closely, and the visualization 
of the mapping in GIS tools provides a straightforward interpretation of the noise quality, 
which is easy for the public or other stakeholders to participate in the planning activities.    
 

Requirement 3: Cheap and affordable mapping technology.  

As the Noise Mapping Approach doesn’t contains real time data monitoring system, the traffic 
intensity data can be derived from the open source for free, therefore the implementation of 
Noise Mapping Approach is cheap only need to pay for the visualization cost (the GIS tools), 
but without software restriction. It means the Noise Mapping Approach can be compatible to 
any GIS software. And the maintenance of Noise Mapping Approach is nearly zero, unless it 
needs to be integrated with other environmental zoning method. 
 

Requirement 4: Acceptable map accuracy and scalability 

The data used in this Noise Mapping Approach is from NDW which is the official traffic data 
portal. Therefore the data accuracy is under control from the data source. And the verification 
result of Noise Mapping Approach compared to the noise calculation zoning shows that it is 
accurate acceptable with a little bit overestimate (12% for residential, and 18% for agriculture) 
which will not cause noise annoyance problem for neighbourhood. Regarding the map 
scalability, theoretically the Noise Mapping Approach can be applied to all motorways in the 
Netherlands by using the noise zoning threshold. 
 
In addition, it is concluded that the Noise Abatement Act Noise zoning method is not suitable 
for practical use in draft planning even, as it underestimate for residential noise control 
distance which will cause noise nuisance for residents and overestimate for agriculture which 
will ineffective for spatial planning land use planning. 
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5. Conclusion  
This report provides a structured literature review regarding the spatial planning act, 
Environmental Policy Integration (EPI) and noise mapping technology nowadays. Furthermore, 
an easy to use Noise Mapping Approach is developed by using GIS tools and Big data analysis.  
 
In general, the Noise Mapping Approach is suitable for EPI in the early spatial planning stage 
such as destination planning. It was concluded that the Noise Abatement Act zoning method 
is unsuitable for the nowadays draft zoning in spatial planning, and the new Noise Mapping 
Approach provides a better outcome compare to the Act with less estimation deviation to the 
real situation (noise level calculation). 
 
In the following sections, the reflection and discussion will be presented which contains the 
research limitations and overall reflection on the research activities. The recommendations 
for further research and practical usage are illustrated in the end.  
 

5.1 Reflection and Discussion 
Regarding the research model design and analysis process itself, several limitations can be 
identified. 
 

1) during the noise zoning threshold acquisition only 60 cases are used for the data 
pattern exploring, which is a little bit less and will affect the final threshold quality;  

2) during the noise zoning threshold summarization, a strategy is chosen by controlling 
the distance deviation between each defined intensity category within 50 meters, it is 
quite subjective and the different strategy will affect the threshold result, there is no 
further discussing about this; 

3) for the noise zoning threshold acquisition and verification, the same study case is used, 
and it will affect the result reliability at some extent, and also will limit the map 
scalability.  

 
A simplification always brings errors and is unrealistic to some extent, the Noise Mapping 
Approach in this report has mapping inaccuracy problems. As the spatial planning activities 
are characterized with uncertainty and ambiguity, the simplified noise mapping approach may 
be worsening the situation, which needs further discussion and evaluation during 
implementation.  
 
Reviewing the whole process of the graduation project, it provides a series of fruitful results 
not only from the project itself but from the self-learning and research skills gain perspective. 
After this project, a better understanding of spatial planning is generated both regarding 
theory and practise. The suitability of GIS analysis skills is identified during this research in 
term of data visualization and analysis. The Big data analysis is used as the main data analysis 
concept in this research. In total, 270 data files are extracted from NDW open data source with 
around 64800 records. In order to get valuable outcomes the “noise” of data needs to be 
omitted on the first hand. Therefore, the pre-processing (validation and reorganization) of the 
raw dataset to fit the research activities is the most important and time consuming step during 
the whole data analysis process, and 331013 records are validated and reorganized in SPSS 
after data pre-processing. The SPSS is proved as a very effective data analysis tool for handling 
big size dataset.  
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5.2 Recommendations 
As the new noise mapping approach investigated in this report is simplified compared to real 
time noise mapping technology, there are several recommendations for future usage and 
research. 
 
For Planning: As the Noise Mapping Approach is quite easy to use and closely linked to the 
Dutch noise act, it can be used as public participation or communication tool between 
different stakeholders, and for legislation checking regarding the noise quality issues in a 
straightforward way during the early stage of spatial planning, such as draft zoning in 
destination planning. 
 
However, the accuracy of the Noise Mapping Approach is acceptable. So, it is not suitable for 
detail acoustic research and noise quality evaluation. Also, it is not applicable to the situation 
with road barriers and road with intersections that are not involved in this research.  
 
For future research: Considering the noise calculation method and the project model design, 
there are still lots of possibilities to redefine the zoning in a more realistic way to fit the real 
situation much better. 
 

1) Use a more comprehensive noise level calculation model: the calculation method in 
this report is SRM1 which is relatively simple method that without considering the 
environmental factors during the noise transfer process, such as wind disturbance, air 
absorption, noise barriers and geographic spreading. Especially for the road barrier, it 
is proved to have great impact on noise reduction, it is roughly estimated that the road 
barrier can reduce the noise level to more than 10 dB for the same traffic intensity and 
road condition.  In the further research, these factors need to be added for noise level 
calculation. 
 
2) Improve the model verification: In the model verification, the reference noise level 
is the noise calculation but not the directly measurement data, which is more suitable 
for verification. Therefore, the noise measurement data can be another perspective 
for validating model performance. Furthermore, only one case study is applied to 
check the approach performance in this report which bias the performance quality, 
testing the Noise Mapping Approach by using more case studies and data source can 
be another direction for improving the model verification. 
 
3) Integrating with other environmental issues for environmental zoning, such as smell, 
hazard or air pollutants. The Noise Mapping Approach can be used to improve the 
noise zoning outcomes for the available spatial planning supportive tools discussed in 
the literature review chapter, such as STEPP.  
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Appendix 

Appendix A  The learning case of STEPP approach 
 
The STEPP developed by Carsjens & Ligtenberg (2007) is designed as a tool package for 
ArcView, in order to get a whole view of how STEPP works instead of the nice user friendly 
software interface, a detail learning case without adding traffic data is presented step by step 
in MapInfo in this section.  

 
Introduction of STEPP 
Strategic Tool for integrating Environmental aspects in Planning Procedures (STEPP) is a GIS-
based supportive tool for spatial planning developed by Wageningen University from 1998. 
The purpose to develop this tool is to enable the local authorities and urban planning offices 
to “review the potential environmental impacts of spatial plans quickly and indicatively, and 
to explore alternatives in an iterative and interactive way” (Carsjens & Ligtenberg, 2007).  
The environment impact of urban development cannot be ignored in order to provide long-
term sustainable planning, it is obvious effective to involve the environment impact analysis 
in the early planning phase rather than assess during or after construction. As stated in the 
article, most of GIS-based planning supportive tools are too complex and inflexible, in order 
to create efficient multidiscipline communication atmosphere, the STEPP is initiated for an 
easy-to-use user friendly tool.  
 
STEPP is designed with two components: design component and analytic component. The 
mechanism how these two components interact with each other and affect the final result of 
land use planning is illustrated in figure A1. The environmental quality is the junction between 
two components, it is the result of analytical component and the guideline for design 
component.  

 
Figure A1: Two components of STEPP (A: analytical component, B: design component; LU: land use; LU_: 

modified; EQ: environmental quality). (Carsjens & Ligtenberg, 2007) 
 

The analytical component of STEPP is divided into two parts: the Producer and the Receiver. 
The producer relates to the human activities that cause environment impact, such as business, 
farming, transportation, and manufactory, etc, and as Carsjens & Ligtenberg (2007) stated, it 
represents physical objects (industrial sites and office buildings, farmland, roads and Railways) 
in land use context. The Receiver is the environmental impact recipients that related to 
surroundings (such as human beings, buildings, roads, ecological areas, etc.) and defined into 
six categories according to the different land functions(see detail in section 3.4). It combines 
the environmental impact and the human activities with five steps: 1) determine human 
activities and types of environment impact receptive; 2) determine the environmental impact 
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area; 3) produce environmental quality map for each environmental impact category by 
combining step 2 with sensitivity class of the area ;4) produce cumulative environmental 
impact map by combining step 2 ;5) produce integrated environmental quality map by 
combining step 3 (see figure A2). 
 

 
Figure A2: The analytical component of STEPP (Carsjens & Ligtenberg, 2007) 

 

The design component is the input of the whole system, and it contains the function of each 
land use data (land use type, geographic information for each land use), the input of VNG list, 
impact sensitivity for each receiver (sensitivity related to different environment impact): 
 

 Land-use data: contains the information of building types (manufactory type, 
residential, business or commercial use), land function, road and geographic data.  

 VNG lists: It is derived from published recommendations of the Organization of 
Municipalities in the Netherlands (VNG, 1999), and defines the spatial scale of the 
environmental impacts of most activities. In STEPP, it is used to calculate indicative 
zones per impact category around the location of each activity in Dutch local planning 
practice, and it includes over 550 different categories of activities with indicated 
distances for smell, dust, noise and hazard.  

 Sensitivity table:  provides the information to define the sensitivity for each land 
functions react to different environment impact. It contains three levels: level 1 means 
not sensitive, level 2 means sensitive, level 3 means very sensitive. The sensitivity is 
defined by user itself according to specific application. (Carsjens & Ligtenberg, 2007) 

 
As it is illustrated in Figure A2, the cumulative influences is decided by environment impact 
zones of each impact categories, and the final integrated environment quality is made by 
environment quality (zones of impact combined with function sensitivity)of each impact 
categories. How to cumulate or combine the maps with different impact and sensitivity 
information? The mathematical basis behind STEPP can be summarised as equA1 and equA2: 
Cumulated Environmental Impact (CEI): 
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CEI𝑗=∑ (W𝑖 × EI𝑖𝑗𝑖 )                                                     equA1     
 
CEIj: the cumulated environmental impact for land parcel j  
i: Environment impact category i, i = 0,1,2,3(0 means noise, 1 means smell, 2 means dust, 3 means hazard) 
j: the land parcel j, j= 1,2,3,4…….n 
Wi: the weight for environmental impact category i  
EIij: EIij = 0 or 1, the environmental impact index for land parcel j on impact category i, 0 stands for no impact, 1 
stands for impact. 

 
Integrated Environmental Quality (IEQ): 
 

IEQ𝑗=∑ (W𝑖 × EI𝑖𝑗𝑖 × Sen𝑖𝑗)                                         equA2   
 

IEQj: the environmental impact quality for land parcel j  
i: Environment impact category i, i = 0,1,2,3(0 means noise, 1 means smell, 2 means dust, 3 means hazard) 
j: the land parcel j, j= 1,2,3,4…….n 
Wi: the weight for environmental impact category i  
EIij: EIij = 0 or 1, the environmental impact index for land parcel j on impact category i, 0 stands for no impact, 1 
stands for impact 
Senij: the environmental sensitivity level for land parcel j impact category i 

 
As in the Netherlands, the Dutch planning practice rates the different types of impact in VNG 
list equally (Carsjens & Ligtenberg, 2007), therefore in STEPP the Wi is 1 for all impact category.  
The figure A3 shows the example for the calculation of equ1 and equ2 in STEPP. 

 
Figure A3: Example of computations in the fourth and fifth step(without ranking the individual maps) (Carsjens, 

2015) 

 
Case Study 
The case study area, in the central part of the Netherlands, is located between the cities of 
Ede in the east and Veenendaal in the west (see Figure A4). It contains lots of farms in this 
area both in use and out of use. In addition, motorway A30 and A12 pass this area, and along 
A30 in this area there are lots of companies and industries. The municipality of Ede has over 
100,000 inhabitants and Veenendaal over 60,000. Both include several rapidly developing 
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residential and business areas are rich in greenery, with continually expanding economic 
activity. In addition to urban renovation, to increase the residential function of each city 
center, thousands of new homes will be built in the area in the coming years.  
 
In the case study, the integrated environmental impact quality is calculated together with the 
cumulated impact maps. The objectives of this learning case are: 

 Better understanding the process of the analytic component of STEPP 

 Provide the basis for the research project in next chapter 

 Get insight of the possible improvement for STEPP 
 

 
Figure A4: Location of the case (GoogleMaps) 

 
MapInfo is selected as the platform for the implementation of this study case, as it is free 
accessible and sufficient for transforming STEPP. The overlay and buffer analysis are the main 
analysis used in the case. The process for case implementation is illustrated as follows (see 
figure A5): 
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Figure A5: The process for the learning case 

 

The maps used for the learning case study contains:  road map (which contains the main road 
for the case area), land use map(contains information of size and location), land function 
map(contains the land function type, residential, industry or agriculture), the point source 
map (which contains the farming activities), the building information map(which contains the 
building information such as location, type and size ). The figure A6 is the thematic map for 
the land functions with sensitivity code such as : Human beings concentrations MEC, Human 
beings permanent MEP, Human beings occasional MEN, ecological values EC, soil and water 
BW, and paved area MA. The different colour stands for different land use type  

 
Figure A6 The land use function thematic map 
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The MapInfo function “Buffer” and “Overlay” are frequently used for generate the impact 
zoning and scoring for each environmental impact categories.   

 Step 1: “Buffer” function is used for making impact zoning for each environmental 
impact separately( noise, smell, dust and hazard);  

 Step 2: “overlay” is used to assign the zoning to the each land parcel with comparing 
the map generated in the buffering step and the land function map. For each land 
parcel that has the impact zoning overlaid is scoring 1 for that specific environmental 
impact category, otherwise 0 is assigned;  

 Step 3: step 1 and 2 are repeated for each environmental impact, and the scores are 
added for the map table.  

 Step 4 then integrated the environmental impact zoning tables in step 3 to produce a 
cumulated map, which is shown in figure A7. The different colour stands for different 
environment impact score, the higher the score, the more environmental issues exist 
and the bad the environment quality is.  
 

Figure A7 is the cumulated environmental impact score without the road traffic noise impact. 
It indicates that the area with score 4 is concentrated near the industry area, the residential 
area has no environmental impact related. If the municipality wants to develop the land in 
Ede-Veenendaal  case area or want the change the land use type of the industry land, the 
environmental impact map can provide useful information.  
 

 
Figure A7 The cumulated environmental impact map 
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Appendix B  The Process Model for the research 
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Appendix C  Noise threshold calculation dataset (full) 
location 

intensityp
erhour 

intensityd
aycar 

intensityd
aylight 

intensityda
yheavy 

intensitye
vecar 

intensityev
elight 

intensityev
eheavy 

intensity
nigcar 

intensityni
glight 

intensityni
gheavy 

Droad
053 

Droad
153 

Droad
253 

Droad
353 

Droad
453 

Droad
058 

Droad
158 

Droad
258 

Droad
358 

Droad
458 

noise
act 

Location 
1 1068 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 250 

Location 
2 1125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 250 

Location 
5 1190 1472 62 75 709 13 17 332 19 30 290 320 340 360 370 140 160 170 175 180 250 

Location 
6 1114 1353 58 67 676 15 22 315 16 29 280 310 330 350 360 135 155 165 170 175 250 

Location 
7 1484 1797 84 90 874 16 22 433 27 43 340 380 400 420 430 170 195 200 205 210 250 

Location 
8 1398 1679 80 83 846 18 26 409 21 34 330 370 390 410 420 165 190 195 200 205 250 

Location 
1 1240 1537 67 79 789 14 20 346 20 36 300 330 350 370 380 145 165 175 180 185 250 

Location 
2 1168 1430 62 71 761 16 23 341 16 27 290 320 340 360 370 140 160 170 175 180 250 

Location 
3 1941 2165 222 319 1048 107 155 481 49 71 430 470 500 520 530 210 230 250 260 270 400 

Location 
4 1861 2015 207 297 1183 121 175 332 34 49 390 420 450 470 490 185 205 225 235 245 400 

Location 
5 343 453 45 44 176 12 13 90 13 13 150 170 180 190 195 65 75 78 80 85 250 

Location 
6 863 994 105 149 543 48 90 218 40 77 310 340 360 380 390 150 165 180 190 195 250 

Location 
7 447 600 48 35 274 10 9 93 9 9 150 170 180 190 195 70 80 85 88 90 250 

Location 
8 726 932 73 72 472 21 27 180 20 24 230 260 280 290 300 110 120 125 135 140 250 

Location 
9 2195 2498 256 368 1246 128 184 577 59 85 480 520 550 570 580 230 260 280 290 300 400 

Location 
10 2237 2493 256 368 1396 143 206 391 40 58 430 470 500 520 530 210 230 250 260 270 400 

Location
1&2 2193 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 400 

Location
5&6 2304 2825 120 142 1385 27 39 647 35 59 440 480 510 530 540 220 230 250 260 270 400 

Location
8&7 2881 3476 164 173 1720 34 48 842 48 77 510 550 580 600 610 250 280 300 310 320 400 

Location
1&2 2408 2967 129 149 1550 30 42 687 36 62 460 500 530 550 560 220 250 270 280 290 400 

Location
4&3 3803 4180 428 617 2232 229 329 814 83 120 620 680 710 730 740 300 340 360 370 380 600 

Location
9&10 4432 4991 512 736 2642 271 390 968 99 143 700 750 770 790 810 340 380 400 420 430 600 

Location 
1 1027 1412 123 79 689 33 18 245 25 19 280 310 330 350 360 130 150 160 165 170 250 

Location 
2 1113 1536 129 92 737 39 22 245 31 29 300 330 350 370 380 140 155 170 180 185 250 

Location 
5 1012 1434 61 75 702 13 18 265 18 31 280 310 330 350 360 130 145 160 170 175 250 

Location 
6 939 1322 58 67 659 15 22 259 15 26 270 300 320 340 350 125 145 155 160 170 250 

Location 
7 1245 1743 83 90 862 16 22 348 24 40 320 350 375 390 400 150 170 180 190 195 250 
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Location 
8 1175 1641 79 82 828 18 26 337 19 30 310 340 365 380 390 145 165 175 185 190 250 

Location 
1 1067 1498 66 78 781 13 19 280 19 34 290 320 340 355 360 135 150 165 175 180 250 

Location 
2 999 1391 61 69 748 16 22 283 15 24 280 310 330 340 350 130 145 155 165 170 250 

Location 
3 1685 2115 237 227 1016 114 50 465 52 50 400 435 465 480 490 190 220 230 240 250 400 

Location 
4 1513 1949 217 198 1065 119 108 285 32 29 350 380 405 420 430 165 185 200 210 220 400 

Location 
5 350 460 47 46 173 41 13 94 14 15 150 170 180 190 195 65 75 78 80 85 250 

Location 
6 855 1001 107 151 541 55 85 219 40 77 310 340 360 380 390 150 165 180 190 195 250 

Location 
7 421 593 47 34 266 34 8 91 9 9 155 175 185 195 200 70 80 85 88 90 250 

Location 
8 694 924 72 71 462 21 27 182 20 24 240 270 280 290 300 110 120 130 140 145 250 

Location 
9 1978 2579 263 252 1305 94 63 554 58 59 460 500 530 550 560 225 250 270 285 290 400 

Location 
10 1942 2357 277 315 1339 140 185 412 63 97 470 510 540 560 570 230 255 275 285 290 400 

Location
1&2 2140 2948 252 171 1426 72 40 490 56 48 430 470 500 510 530 205 230 250 260 270 400 

Location
5&6 1951 2756 119 142 1362 27 40 524 34 57 420 460 490 500 520 200 225 240 250 260 400 

Location
8&7 2420 3383 162 172 1690 33 48 685 43 70 490 530 560 580 590 230 260 280 290 300 400 

Location
1&2 2066 2889 127 147 1529 29 41 562 34 58 440 480 510 530 550 210 230 250 260 270 400 

Location
4&3 3197 4064 455 424 2080 233 158 749 84 79 580 620 650 670 690 280 300 320 350 360 600 

Location
9&10 3919 4936 540 567 2644 234 248 966 121 155 680 730 760 780 800 330 370 390 410 420 600 

Location 
5 1318 1607 76 101 697 14 22 324 23 39 310 340 360 380 390 145 165 175 185 190 250 

Location 
6 1227 1477 71 89 658 18 29 314 20 37 300 330 350 370 380 140 160 170 180 185 250 

Location 
7 1632 1954 103 121 859 18 28 427 32 54 360 400 420 440 450 170 200 205 215 220 250 

Location 
8 1543 1844 98 110 838 21 34 406 26 43 350 390 410 430 440 165 195 200 210 215 250 

Location 
1 1357 1658 82 106 773 16 25 337 26 47 310 340 360 380 390 145 165 175 185 190 250 

Location 
2 1274 1543 76 94 742 19 30 340 19 34 300 330 350 370 380 140 160 170 180 185 250 

Location 
3 2083 2330 239 344 983 101 145 540 55 80 450 490 520 540 550 220 240 260 270 280 400 

Location 
4 2008 2184 224 322 1239 127 183 332 34 49 400 430 460 480 500 190 210 230 240 250 400 

Location 
5 398 530 54 55 175 12 14 102 16 16 160 180 190 200 205 70 80 85 90 95 250 

Location 
6 919 1075 117 164 525 47 88 225 44 84 310 340 360 380 390 150 165 180 190 195 250 

Location 
7 519 697 62 47 287 12 12 104 12 12 170 190 200 210 220 75 85 90 95 100 250 

Location 
8 800 1017 88 95 440 24 35 204 26 31 250 280 300 310 320 120 130 135 145 150 250 



Appendix 

72 
 

Location 
9 2343 2680 275 395 1159 119 171 650 67 96 500 540 570 590 600 240 270 290 300 310 400 

Location 
10 2381 2673 274 394 1391 143 205 396 41 58 450 490 520 540 550 220 240 260 270 280 400 

Location
5&6 2544 3084 148 190 1355 32 51 638 43 76 470 510 540 560 570 230 250 270 280 290 400 

Location
8&7 3175 3798 201 230 1698 40 62 833 58 98 540 580 610 630 640 260 290 310 320 330 400 

Location
1&2 2631 3201 158 200 1515 35 55 678 45 81 490 530 560 580 590 230 260 280 290 300 400 

Location
4&3 4091 4513 463 666 2222 228 328 871 89 129 640 700 730 750 760 310 350 370 380 390 600 

Location
9&10 4724 5353 549 790 2551 261 376 1046 107 154 720 770 790 810 830 350 390 410 430 440 600 

 
 
 
 
 
 


