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Samenvatting 

 
Meteo Consult is één van de partners binnen het project “Preventieve Gladheidsbestrijding 
op basis van meteorologische, thermal-mapping en GPS data ter plekke”. Binnen dit project 
wordt er gezocht naar mogelijkheden om de gladheidspreventie op wegen effectiever te 
maken. Meteo Consult draagt hier onder andere aan bij door het aanleveren van (en 
verbeteren van de methode voor) een wegdektemperatuursvoorspelling.  
 
Eén van de parameters in het model voor de wegdektemperatuursvoorspelling is de “Sky 
View Factor” (SVF). Deze parameter geeft een indicatie van de fractie van de hemelkoepel 
die zichtbaar is vanaf de locatie van de observator, ofwel de mate waarin het zicht op de 
hemel wordt beperkt door de omgeving (bomen, gebouwen etc.) voor een gegeven punt.  
 
Tot nu toe werd de SVF bepaald door met een auto uitgerust met een camera en fish-eye 
lens foto’s gericht op het zenit te maken. Op basis van het aantal zichtbare en onzichtbare 
‘hemel’ pixels in deze foto’s werd de SVF berekend. Deze methode is erg tijdrovend en 
daardoor duur. Meteo Consult ging daarom op zoek naar alternatieve methoden.  
 
Geïnspireerd door de ontwikkelingen op GIS gebied, werd besloten de mogelijkheden van 
het gebruik van GIS en geodata te onderzoeken. Verkennend onderzoek wees uit dat de 
berekening van de SVF met behulp van een GIS en geodata mogelijk is, alhoewel er een 
aantal problemen overwonnen moesten worden.  
 
Eén van de grootste problemen was het correct modelleren van bomen. Het merendeel van 
de loofbomen draagt tijdens de winter geen blad. In de GIS methode wordt het landschap 
gemodelleerd in een raster. Dit brengt de beperking met zich mee dat complexe 3D 
structuren zoals kale bomen niet gemodelleerd kunnen worden, het is slechts mogelijk één 
parameter (in dit geval de terreinhoogte) aan een locatie te koppelen. 
 
Hiervoor is een oplossing gevonden. De twee belangrijkste objecten die het zicht op de 
hemel belemmeren zijn harde objecten zoals gebouwen en terrein features zoals heuvels, 
dijken, bergen etc. en zachte objecten zoals bomen e.d. Door de SVF op twee manieren te 
berekenen, gebaseerd op obstructie alleen door harde objecten enerzijds en door harde én 
zachte objecten anderzijds, kan bepaald worden welk deel van de obstructie veroorzaakt 
wordt door enkel bomen. Door hierop een correctiefactor toe te passen kan gecompenseerd 
worden voor de fractie van de hemelkoepel die zichtbaar is door een kale boom.  
 
De toepassing van deze methode leverde veelbelovende resultaten op. De GIS methode kan 
echter voorlopig de fotografische methode nog niet vervangen. Hiervoor zijn twee oorzaken 
aan te wijzen, onvolledigheid van de bron-data en onvolkomenheden in de methode voor de 
compensatie voor het doorzicht door kale bomen. 
 
De conclusie van dit onderzoek is dat het gebruik van GIS een zeer geschikte aanpak is voor 
het berekenen van de SVF, mits gebaseerd op nauwkeurige en volledige bron-data en een 
correct geparametriseerde correctiemethode voor het doorzicht door kale bomen. Gezien de 
huidige ontwikkelingen op GIS en geodata gebied wordt verwacht dat deze problemen in de 
toekomst opgelost zullen worden.  
 
Het in 2012 te verschijnen AHN 2 zal een grote verbetering van de nauwkeurigheid van de 
input data betekenen. Verder wordt verwacht, gezien de ontwikkelingen in 3D GIS, dat op 
langere termijn de rasterdata vervangen kan worden door vectordata. Hierdoor zal de 
nauwkeurigheid waarmee de omgeving gemodelleerd kan worden toenemen, hetgeen de 
ontwikkeling van de GIS SVF methode verder ten goede zal komen. 
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Summary 

 
Meteo Consult is involved in a project called “Prevention of slippery roads based on local 
meteorological, thermal mapping and GPS data”. The aim of this project is to make road 
slipperiness prevention more effective. Meteo Consult contributes to this goal by providing 
(and improving the method for) a road surface temperature (RST) forecast.  
 
One of the parameters of the RST forecasting model is the Sky View Factor (SVF). This 
parameter is a measure of the degree to which the sky is obscured by the surroundings 
(trees, buildings etc.) for a given point. 
 
So far, the SVF was obtained by using a car equipped with a camera and a fisheye lens, to 
make a series of photographs pointed at the zenith. These photographs were individually 
checked for errors after which the SVF was computed based on the number of visible and 
invisible sky pixels in the photograph. This is a very time consuming and therefore expensive 
method. This caused Meteo Consult to search for alternative methods. 
  
Inspired by the developments in the GIS sector, the decision was made to explore the 
possibilities of computing the SVF using a GIS based on geodata. Preliminary research 
pointed out that a GIS and geodata can indeed be used for the SVF computation, although 
several hurdles still had to be taken. 
 
One of the major problems was the correct modeling of trees. In winter, deciduous trees 
generally do not carry leaves. Using the GIS method, the landscape is modeled using a 
raster dataset. This limits the amount of information that can be held within the dataset. 
Complex 3D structures such as trees could not be modeled. Only one parameter (in this 
case terrain height) could be modeled in this raster. 
 
A solution for this problem was found. The two most important types of objects blocking the 
sky view are ‘hard objects’ such as buildings, hills, mountains etcetera and ‘soft objects’ like 
for instance trees. By computing the SVF in 2 ways, once based on only ‘hard objects’ and 
once based on both the hard and the ‘soft objects’, it is possible to determine which fraction 
of obscured sky is purely obstructed by soft objects. By applying a correction factor to this 
fraction, compensation for the fraction of sky which is visible through a bare tree is possible. 
 
The application of this method yielded promising results. To the authors knowledge this is the 
first published method which successfully integrates trees in the GIS SVF computation. The 
GIS method is not yet ready to replace the photographical method. This is caused by two 
factors: inaccuracy of the source data and current limitations of the method which is used to 
compensate for the amount of sky which is visible through bare trees. 
 
The conclusion of this research is that using a GIS and geodata is a suitable approach for 
computing the SVF, provided that the computations are based on accurate and 
comprehensive source data and that the compensation method for correcting the amount of 
sky visible through bare trees is parameterized correctly. Considering the developments in 
the GIS and geodata fields, both problems are expected to be solved in the feature. 
  
In 2012 the AHN 2 will be published. This dataset will offer an increase in source data 
resolution and accuracy. Given the developments in 3D GIS, in the long term raster data will 
be replaced with vector data. This will further increase the accuracy of the modeling of the 
environment, which in turn will benefit the development of the GIS SVF method. 
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1 Introduction 

1.1 Background 
 
During the spring of 2006, a new RGI (Ruimte voor Geo Informatie) project called 
“Preventieve Gladheidsbestrijding op basis van meteorologische, thermal-mapping en GPS 
data ter plekke” (Prevention of slippery roads based on local meteorological, thermal 
mapping and GPS data) was initiated. The aim of the project is to make the prevention of 
slippery roads more effective (RGI; Wokke et al. 2007). 
 
Several organizations are involved in the project. Meteo Consult is the project leader; the 
NMPO (Noë Milieu Project Ontwikkeling) and NIDO (a company which provides professional 
road slipperiness prevention and road cleaning services) are important project partners.  
Nieuwland Automatisering is also involved in the project, as well as the road network 
managers Province of Gelderland and Rijkswaterstaat. The latter two organizations are 
involved in the project as potential customers. 
 
Meteo Consult is responsible for creating a road surface temperature (RST) forecast. Based 
on this forecast, the NMPO computes the optimal salt distribution route. The NIDO 
implements the route in the actual distribution of the salt. Nieuwland Automatisering has an 
advising role on GIS topics and designed the website http://rgi.meteoconsult.nl/.  
 
Road slipperiness is usually countered by distributing salt (or other abrasives). The decision 
whether or not to distribute salt is based on a road surface temperature forecast. These 
forecasts are created for the locations of the RWIS (Road Weather Information System) 
stations. In the research area (see paragraph 2.1), eight RWIS stations are present. The 
stations are predominantly located at the coldest sites in the road network. In order to create 
a forecast for the whole road network, the forecasts are extrapolated to the surrounding 
roads.  
 
If a critical temperature is predicted for one of the RWIS (Road Weather Information System) 
stations, salt is distributed on the road network surrounding the RWIS station, regardless of 
possible temperature differences between different road sections.  
 
Because RST at the same time can vary within meter, it can be possible that on one section 
of a road the RST is below 0 ºC and on the next road section above 0 ˚C. The amount of salt 
which is distributed could be decreased if road network managers know where exactly RST 
will become critical and where not. Therefore, a RST prediction model with a high spatial 
resolution is desired.  
 
There are several advantages to reducing the amount of salt which is distributed.  
 
If less salt is distributed: 
 

· road network managers can reduce the amount of salt which has to be purchased 
thus reducing the cost of road slipperiness prevention; 

· the amount of salt which enters into the environment will be smaller (think of e.g. the 
soil, aquifers and water ecosystems); 

· the potential corrosion damage to roads and vehicles could be decreased; 

· labour cost could potentially be decreased. 
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In order to create the RST forecast, Meteo Consult currently uses a numerical model called 
“Network Model” (Wokke 2008). This model is used to create a forecast of the RST for the 
full road network (a so called network forecast). Using numerical models is a common 
method for predicting RST, several of them are in operational use across the world (e.g. 
(Rayer 1987; Sass 1997; Best 1998; Chapman 2001; Crevier 2001; Thornes 2005; Chapman 
et al. 2006; Fry et al. 2007)).  
 
The model is based on several input parameter, among which the so called Sky View Factor 
(SVF). The SVF is the subject of this research. 
 
 

1.2 Sky View Factor 
 
SVF is a dimensionless parameter with a value between 0 and 1. Scientific literature 
provides several definitions for SVF (ψs), a selection of them is listed below: 
 

· Watson and Johnson (1987) express SVF as the ratio of solar radiation received by a 
planar surface compared with that received from the entire hemispheric radiating 
environment; 

· Oke (1987) defines SVF as “the ratio of the amount of the sky ‘seen’ from a given 
point on a surface to that potentially available (i.e. the proportion of the sky 
hemisphere subtended by a horizontal surface). 

 
More recent definitions of SVF are:  
 

· a measure of the degree to which the sky is obscured by the surroundings for a given 
point (Grimmond 2001); 

· a geometric ratio that expresses the fraction of the visible sky at the observers 
location (Li, Putra et al. 2004); 

· a measure of the degree of site sky visibility (Chapman et al. 2006). 
 
Within the context of this research project, Grimmond’s definition is the most suitable to 
explain the term “Sky view factor” and is used as a working definition.  
 
Several recent studies have pointed out that SVF is a main factor of influence on RST 
(Chapman 2001; Chapman 2001; Bradley 2002; Lindberg et al. 2003; Chapman 2004; 
Thornes 2005; Brown et al. 2008), but only at low wind speeds and when the sky is clear 
(Dijke 2008) (both factors are included in the Network model). 
 
The SVF is used in the Network Model in order to take into account the radiation balance of 
the road during the night. At night, objects such as road surfaces emit long wave radiation 
and therefore cool down. If in the direct surroundings of the road objects (such as buildings 
or trees) are present which also emit long wave radiation, some of this radiation will be 
absorbed by the road.  
 
This slows down the cooling process of the road surface during the night, resulting in higher 
RST in road segments which are surrounded by for example buildings and trees as 
compared to road segments in open areas. This is because open areas only receive long 
wave radiation from the sky, which is generally colder than radiation which is emitted by 
objects such as buildings and trees (Gustavsson 1995). 
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An important aspect of long wave radiation exchange of objects in the environment is the 
degree to which  the sky is obscured by the surrounding objects (buildings / trees etc). This is 
expressed using the Sky View Factor (Johnson et al. 1984).  
 
 

1.3 SVF computation 
 
The SVF can be obtained in different ways. Over the past decades, several methods have 
been developed and some are still being developed. 
 
The oldest method of obtaining the SVF is the analytical 
method. If all angles from the planar surface to the tops and 
sides of the surrounding objects (e.g. buildings, trees) are 
known (see Figure 1), SVF can be calculated directly. 
Depending on the geometry and the location of the objects, 
different equations are used to calculate the fraction of the sky 
which is obscured by the objects. Johnson, Watson and Oke 
used this method for their respective researches (Johnson and 
Watson 1984; Oke 1987).  
 
During the eighties, a new method was developed by D.G. Steyn (Steyn et al. 1986; Blennow 
1995). This method is used to calculate SVF from fisheye images (from now on, this method 
will be referred to as the `photographical method`).  
 
Using a fisheye lens which is pointed at the zenith, 
photographs showing the full horizon (360˚) are made (see 
Figure 2). One could say that this way, a viewshed 
(everything which is visible from a particular vantage point), 
pointing at the zenith, is created.  
 
Based on the histogram of each individual photograph, a 
threshold value is set in order to delineate sky pixels from non 
sky pixels. Next, an annular template is used to divide the 
image into a series of concentric annuli (rings), from which 
per annulus the percentage of sky pixels to non-sky pixels is 
calculated.  
 
 
After this, equation (1) is applied to calculate to calculate SVF (Chapman 2004). 

 
 
(1) 

 
 
Where Pi equals the number of sky pixels found in the ith template annulus (ring) and ti is the 
total number of pixels in the ith annulus. The total number of annuli is represented by n.  
 
Another equation (derived from equation (1)) to compute SVF from a viewshed (this equation 
was derived by Wokke (2008) and used in the preliminary research (Giffen et al. 2008)): 
 
 
(2) 
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Figure 1: Projection (Ws) of a 
wall (W) onto a hemisphere. 
Source image: Johnson and 
Watson, 1984 

Figure 2: example fish-eye image. 
Note the bus in the lower left 
corner. This is an example of a 
possible error. Source picture: 
Wokke (2008) 
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Where i equals the number of the specific annulus, n is the total number of annuli, Pi equals 
the number of sky pixels found in the ith template annulus and ti is the total number of pixels 
in the ith annulus. 
 
Blennow (1995), Grimmond (2001) and Chapman (2004) use this method (equation 1) in 
their respective researches. The results of this method are widely used and accepted by the 
scientific community (Blennow 1995). 
 
Another method, which is currently being developed, is the GPS method. It makes use of a 
handheld GPS receiver (Chapman 2002; Chapman 2004). When objects are obstructing the 
sky-view, fewer satellites are within the ‘view’ of the GPS device (see Figure 3). The signal 
strength (measured by the Satellite Status Index, SSI) is therefore lower.  
 
From the empirically obtained relation between the SSI and measured sky-view, SVF can be 
derived. Promising results are already achieved in urban areas. The technology is less well 
suited for rural areas, because of the (potentially) frequent occurrence of trees. Trees are 
semi permeable for satellite signals (and thus could give a distorted SSI, whereas buildings 
are impermeable for satellite signals.  

 
Figure 3: Position of 10 satellites in the hemispherical field of view for (a) high SVF and (b) low SVF. At a high 
SVF, data can be fully received from nine satellites, whereas at low SVF this is reduced to just three. Partially 
obscured satellites will have a lower SNR (Signal to Noise Ratio) and therefore be less valuable in calculating the 
positional solution. Source: Chapman et al, 2004. 

 
Given the rapid developments in the GIS world, it was inevitable that at a given moment GIS 
was going to be used in the SVF computation. Souza et al. (2003) developed a 3D GIS 
extension for SVF assessment in urban canyons, to be used with ArcView GIS1. It computes 
sky view factors based on viewers location and polygons delimiting urban objects (buildings), 
including their height. The principals are basically the same as the photographical method, 
only the fisheye image is replaced with an image which is created using a GIS. 
 
ArcGIS (ESRI 2006) provides a tool (Solar Radiation Graphics) which can be used to 
compute a raster representation of the fisheye image, showing the visible (white) and 
invisible (grey) sky pixels, see Figure 4. The computation is based on a raster digital 
elevation model (DEM) and the locations at which SVF needs to be computed. 
 
The tool requires a number of directions in which the maximum angle of sky obstruction, or 
horizon angle has to be determined. For all unsearched directions, horizon angles are 
interpolated (so the more directions, the more precise the result will be), thus creating the full 
viewshed.  
 
Horizon angles are then converted into a hemispherical coordinate system, thus representing 
a three-dimensional hemisphere of directions as a two-dimensional raster image. Each raster 

                                                
1
 ESRI 
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cell of the viewshed is assigned a value that corresponds to whether the sky direction is 
visible or obstructed (see Figure 4, centre). 
 
 

 
Figure 4: Left: DEM with arrows representing the direction in which a viewshed is calculated. Centre: raster 
representation of the viewshed, with white pixels representing visible sky, grey pixels representing obscured sky. 
Right: fisheye photograph of the viewshed. (Source image: (ESRI 2007)) 

 
Outputs from the Solar Radiation Graphics tool are raster representations and are not maps 
that correspond to the outputs from the area or point solar radiation analysis. Rather, they 
are representations of directions in a hemisphere of directions looking upward from a given 
location. In a hemispherical projection, the centre is the zenith, the edge of the circular "map" 
is the horizon, and the angle relative to the zenith is proportionate to the radius. (source: 
ESRI 2007).  
 
Important to notice is that the top of the GIS viewshed is pointing to the north and the left 
side to the east, not the west (see Figure 4). This is not relevant to the SVF computation, but 
it is to other applications of the viewshed (the viewsheds are also used in the Network model 
in order to determine the so-called sun-view [the amount of direct sun light a stretch of road 
receives per day]). 
 
After the computation of the viewshed, the original photographical method can be applied 
(application of the annular template and calculation of SVF). 
 
Another way to compute the SVF is using a GIS 
to do a viewsphere visibility analysis (Yang 
2007). This method is also still being developed. 
A viewsphere is basically the same as a 
viewshed, but a viewshed is a 2D image, 
whereas a viewsphere is a 3D sphere. The 
viewsphere can also be used to compute SVF. 
The required input data are a TIN (Triangulated 
Irregular Network) or raster containing elevation 
values and a set of observation points.  
 
The computations involve calculating a Vij value 
(the volume of sight, which can be defined as 
the 3D volumetric property of the 3D segment 
Sij) for each of the 360 viewing directions.  
 
The Vij value resembles the sky-view of a 
segment. For the equation for calculating Vij, (see equation 3 and Figure 5), with αn 
representing the azimuthal angle between each segment, rj the radial length of the segment 
zj the vertical height of the segment and βij the elevation angle. 

Figure 5: distribution of the ambient optic array 
and invisible parts in viewsphere analysis. The 
cross-hatched area represents the invisible 
volume  V (VC+ VD, hatched areas), parts A, B 
and Q represents the visible volume (VB = Vi). 
Source: (Yang 2007) 
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(3)                            

 
Based on Vi (∑Vij) divided by the total area of sky volume (Hij) (see equation 4) I (the 
viewsphere index) can be calculated (see equation 5). After this, the SVF (F) can be 
computed using equation 6. 
 
 

(4)         

 
 

(5)      

 
 

(6)       

 
 
All methods described above are based on the same principles, they all are quite similar. 
One could say that the only difference between these methods is that they basically use 
different kinds of input data (geometric data, photograph, gps signal and viewshed or 3D 
model of the environment). 
 

1.4 Problem definition 
 
In order to obtain the SVF, Meteo Consult currently uses the photographical method. 
Although the results of the photographical method are adequate, the application of this 
method is very time consuming and accordingly expensive: 
 

· photographs have to be made in situ, e.g. with a camera mounted on a car, driving 
very slowly past all points of interest (in this case one photograph every 5 or 10 m 
along the complete route of interest) 

· all photographs have to be checked for errors manually (for an example of a common 
error see Figure 2); 

· the photographs can only be taken under homogenous cloudy conditions (in order to 
counter effect overexposure / back lighting; 

· ideally, the threshold for delineating sky pixels from non sky pixels has to be set 
manually.  

 
Because of to the drawbacks mentioned above, Meteo Consult was looking for alternative 
methods. Due to the developments in the field of geo-information, we currently live in a geo-
data rich environment. Relevant geo-data such as landuse, Digital Elevation models (DEM) 
etcetera, are available at local governments (the potential clients). Also, many (open-source) 
GIS software products are being developed nowadays.  
 
Inspired by these facts, Meteo Consult started exploring the possibilities of replacing the 
fisheye image with a viewshed which is created using a GIS and geo-data. The project 
started when a preliminary research project was executed by a group of students at 
Wageningen University. 
 
The results of this project pointed out that although the quality of the results needs 
improvement, it is possible to obtain a SVF using just geo-data and a GIS (Giffen et al. 
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2008). The method which was used, used a 3D representation (raster DEM) of the 
environment in order to create a viewshed. Based on the viewshed, the SVF was computed. 
 
The 3D representation of the environment is where most improvements had to be made. 
During the preliminary research, the AHN2000 was used as a base DEM. Trees were 
modelled as square, impermeable cubic objects with a minimum cell size of 5 x 5 meter 
(DEM resolution). This is not a realistic representation of a geometrically complex object 
such as a tree. Two aspects are important with regard to this issue, the temporal aspects 
(yearly cycle of foliage and size of the tree) and the  general geometry of the trees.  
 
The condition (leaves / no leaves) of the trees 
has a big influence on the SVF. When looking 
through a foliated tree, one usually can barely 
see the sky. When looking through a bare 
tree, the fraction of visible sky is usually larger 
than 0 (see Figure 6).  
 
Also the distinction between deciduous and 
coniferous trees has to be made because 
during the winter (when road slipperiness 
usually occurs), coniferous trees still carry 
needles while deciduous trees generally do not carry leaves anymore. 
 
Furthermore, the shape and size of the crown will influence SVF. Long thin shaped crowns 
will have a different impact on SVF than big round crowns. This factor also had to be taken 
into account.  
 
During the preliminary research, the locations of trees were extracted from the TOP10vector 
dataset. In this dataset, the areas where trees are located are indicated by polygons of 
groups of trees and lines for rows of trees (e.g. alongside a road).  
 
Although the distinction between coniferous forest, deciduous forest or mixed forest is made, 
no specific information on the exact location of individual trees, species and size / shape of 
the tree is included in this dataset. The facts mentioned above make it difficult to create a 
correct digital 3D representation of the environment.  
 
Summarizing the above, one could say that -apart from minor improvements of the actual 
model and obtaining accurate source data- the major problems lie in the correct modelling of 
trees in the 3D model of the environment and the compensation of the fraction of sky which 
is visible through trees. 
 

1.5 Research objectives 
 
This thesis research has focused on improving the accuracy of the SVF which was computed 
using a GIS and geo-data. The method which was used during the preliminary research 
project was used as a starting point. The aim of this project was to achieve a SVF quality 
equal to that which is achieved using the photographical method. The goal was to do so by 
improving the method itself as well as by trying to find better suited input datasets. 
 
In order to define the content of this thesis research, the following research question was 
defined: 
 

Figure 6: Tree with leaves (left) blocking the sky view 
(red arrow) and leafless tree (right) which is hardly 
blocking the sky view at all. 
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Is it possible to accurately compute SVF using a GIS and geo-data, of a quality equal 
to that of the SVF computed using the photographical method? 

 
In order to be able to answer the research question, a number of sub-questions have been 
defined: 
 
Regarding the use of a GIS: 
 

1. What is the quality of the SVF based on a viewshed which is created using a GIS, as 
compared to the SVF which is measured using fisheye photographs (photographical 
method)? 

 
Regarding model improvements: 
 

2. What GIS model input parameter are required in order to be able to compute a SVF 
of acceptable quality to be used in the Meteo Consult Network Model? 

3. How can the modelling of the trees in the GIS SVF model be improved? 
 
Regarding the dataset improvements: 
 

4. In which datasets can the required data be found? 
 
 

1.6 Report Outline 
 
Chapter 1 contains the introduction to this research. As this thesis research was a spinoff of 
a larger research project., in the first paragraph a concise description of this larger project is 
given.  
 
The next paragraph (1.2) contains more information on the so called Sky View Factor, the 
subject of this research project. The third paragraph (1.3) gives an overview of the methods 
which currently exist for computing the Sky View Factor. This paragraph is followed by the 
problem description (1.4) and the research objectives (1.5). 
 
Chapter 2 (the methodology) starts with a description of the research area (2.1). Also the 
datasets and software which were used (2.2.1 and 2.2.2) are described. The last part of this 
chapter contains the methodological framework (2.3).  
 
In the third chapter, the results of this research are discussed. The discussion of the results 
is also included in this chapter. Chapter 4 contains the conclusion and recommendations for 
further research. 
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2 Methodology 

2.1 Research area 
 
The research area of the RGI project “Preventieve Gladheidsbestrijding op basis van 
meteorologische, thermal-mapping en GPS data ter plekke” is the area called the Gelderse 
Vallei, which is located in the east of the Netherlands (see Figure 7).  
 
This area is located close to the office of Meteo Consult and features many combinations of 
different road and landscape types which is essential for the research project. The red line in 
the map indicates the route along which Meteo Consult has measured the SVF using the 
photographical method.   
 

 
In order to reduce computing time, a small subset of the research area was tested during this 
research. The maximum number of points in the model was limited to approximately 200. 
Because one of the goals of this research is to find a method to compensate for the fraction 
of sky which is visible through trees, it was essential that the research area contains different 
types of forested areas. Also important are built up areas.  
 
The municipality of Ede was selected to be the area of interest for this research project. 
Apart from the occurrence of difference road side landscape types, another reason to select 
this area was important. The municipality of Ede is considered to be very progressive in the 
GIS field, they have a lot of suitable GIS data available and are potential customers for the 
final product (the RST forecast). They made the so called “Local datasets” (see paragraph 
2.2.1) available for this research project.  
 
For all the reasons mentioned above, and the fact that the author is very familiar with this 
road, (part of) the “Edeseweg” was chosen to be the subject of this research. This road 
connects Bennekom to Ede and runs from the south to the north.  
 

Figure 7: The research area of the RGI project is located in the Gelderse Valley. The research project 
which is described in this research focuses on several small parts of this area. The red line indicates 
the route along which Meteo Consult computed the SVF based on the photographical method. 



  

- 10 - 
 

The selected stretch of road is surrounded by many different  types of ‘forested’ areas. There 
are tree lines (single row of trees) with pastures behind it, there are areas with several trees 
behind each other in the viewing direction and there are completely forested areas (see 
Figure 8). 
 
The SVF in open areas was also tested. Due to the fact that the source DEM does not 
contain tree height information, forest areas on the original source DEM  are flat thus 
representing open areas (see image b in Figure 8). During the SVF computations, these 
areas were used to mimic open areas.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a b c 

Figure 8: (a) raster version of the area of interest with the olive-green polygons indicating tree 
presence, the red polygons indicating the built-up areas and the black vertical dotted line indicating 
the SVF measuring locations, (b) raster DEM without trees, (c) Google Earth image (2005) showing 
the area of interest and the SVF measuring points (yellow drawing pins)  



  

- 11 - 
 

2.2 Materials 

2.2.1 Datasets 

 
Datasets originating from two different sources were used during this project. In order to be 
able to compare test results with the preliminary research, both datasets used during the 
preliminary research (TOP10VECTOR and AHN 5x5) were used again as input for a general 
model which computes SVF which was based on the approach during the preliminary 
research. These datasets will be referred to as the ‘national datasets’. 
 
Also part of this research was the question in which datasets can the data required for the 
SVF computation be found. Within the framework of this question, it was tested whether 
potentially suitable datasets which were made available by the municipality of Ede, (a 
potential customer of the final product (RST prediction)), were actually suitable for the SVF 
computation. These datasets will from now on be referred to as ‘local datasets’. 
 
National datasets: 

· TOP10VECTOR 
Ø The TOP10vector dataset is produced by Kadaster (the Dutch land registry 

office). It is a vector dataset covering the Netherlands containing detailed 
topographical information on landuse. The scale is 1: 10,000 and the revision 
frequency is 4 years2.  
Every type of landuse has a so called “TDN-code” assigned to it. Examples of 
landuse types are: building / house, high-rise building, highway with separated 
lanes, deciduous forest, arable land etc. In total, 77 different categories are being 
distinguished. Based on expert advice, the decision was made not to include the 
TOP10 point dataset.  

· AHN 2000 5x5 (Actueel Hoogtebestand Nederland) 
Ø This is a raster digital elevation model of the Netherlands with a resolution of 5 x 5  

m. This raster is based on a point file containing height measurements which are 
obtained by means of laser altimetry. Measuring points are distributed unevenly 
over the area, depending on the data gathering technique used by the contractor 
(many different contractors were used).  
The 5x5 dataset is the most detailed version of this dataset which is currently 
available (apart from the raw source point dataset). The terrain heights are 
calculated using the ‘inverse squared distance weighting’ technique. When no 
laser altimetry measurements are available in the search area surrounding the 
raster cell of which the height has to be computed, a no-data value is assigned to 
the cell. Tree heights were filtered from the dataset. 
The cell values in the current version of the AHN are based on at least 1 
measuring point per 16 m2 in rural areas and at least 1 point per 36 m2 in forest 
rich areas. The revision frequency of this dataset is once every 5 to 10 years3. 

 

                                                
2
 Source: www.kadaster.nl 

3
 Source: www.ahn.nl 
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Local datasets: 

· GBKN (Grootschalige BasisKaart Nederland – Large scale base map Netherlands) 
Ø This dataset also is a digital topographical base map of the Netherlands. The 

usable scale range is about 1 : 500 to 1 : 5,000. This datasets contains the 
geometry of all buildings, but also roads and other infrastructural features in the 
Netherlands. Also, semantic information is included (street names and sometimes 
house numbers). The GBKN is constantly being updated, there is no fixed update 
frequency4.  

· AHN 2000 5 x 5 (see above) 

· GBI (Geintegreerd Beheers Informatiessysteem – Integral management information 
system) for location and characteristics of individual trees. 
Ø The GBI is not actually a dataset, it is a management system. The municipality 

Ede uses this system to manage the trees which fall under their supervision. The 
dataset which was made available is a point feature dataset containing 
information on all trees which are managed by the municipality of Ede.  
In this file, tree height (categorized), trunk diameter (categorized), tree species 
and location can be found. The data within this datasets is constantly being 
monitored.  

 
Apart from these datasets, the SVF as measured by Meteo Consult was used as reference 
SVF data for this project. This dataset was created by driving past the locations of which the 
SVF was required. Approximately every 5 to 10 meter, a photograph was taken in the 
direction of the zenith, using a fisheye lens.  
 
The photographs were checked for errors (see Figure 2). After this, the SVF was computed 
from the fraction of visible sky in the photographs. This dataset is the result of a single 
sampling session. Although maximum care was used while collecting and processing the 
images, some errors might still occur. For the sake of this research however, the assumption 
was made that the reference SVF was 100% accurate.   

2.2.2 Software  

 
Several manufacturers / organizations offer GIS software nowadays. At Wageningen 
University, ArcGIS 9.2 (ESRI, 2006) was available at the time of the project, therefore this 
GIS was used during the research project. An ArcInfo license was available, as well as the 
Spatial Analyst extension which is essential for the SVF computation.   
 
Due to the rapid developments in the GIS field of work, also several organizations and 
companies have made their open source GIS available to the public. New programs are 
developed as we speak. This led to the decision to also explore the possibilities of using an 
open-source GIS for the SVF computation. The combination of GRASS and QuantumGIS 
was selected, predominantly for reasons of continuity.  
 
GRASS is a very well-known open source GIS packages. It was developed by the United 
States Army Construction and Engineering Research Laboratories. GRASS is available 
under the gnu open source license, and is used in academic and commercial settings as well 
as by several governmental agencies.  
 
Previously, GRASS was an OSGeo (Open Source Geospatial Foundation) project but very 
recently, GRASS was adopted by the Joint Research Centre of the European Union. This 
means that in the future, GRASS will be used by many governmental agencies, which in turn 
will guarantee the continuity of the program.  

                                                
4
 Source: www.gbkn.nl 
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2.3 Methodology 

2.3.1 Reading directions methodology 

 
Before continuing to the actual description of the methodology, it is recommended to read the 
following reading directions. 
 
Dataset / GIS model names and hierarchy 
Datasets and model nomenclature follows a specific system. All toolset names start with 
“SVF” followed by “_”, a capital letter (see Table 6 in appendix 2) and a short description. For 
example “SVF_A_data_preprocessing_general”. The letter (5th character) is used to identify 
which toolset it is and can be found back in all models within that toolset, as well as in the 
output of those models.  
 
All model names also start with “SVF” followed by “_” and a letter. The letter is the indicator 
of the toolset which contains the concerning model. The letter is followed by “_”, a number 
(starting with 00 or 01) and a short description. This number can also be found in the name 
of the output of the concerning model.  
 
The combination of letter and number is used to easily identify the model which was used to 
create a certain output file. Sometimes the number is followed by a prefix (a, b, c, etc) to 
indicate that the concerning model is part of a larger model (sequence).  
 
Some points which can be of use when reading the following chapter.  
 

· in case the term ‘model’ is used, this means Arc-GIS model builder model, unless 
otherwise explained; 

· (‘xxxxxxxxx’) including the brackets  refers the tool which is used; 

· words enclosed by square brackets [ ], like for instance [OBJECTID] refer to attribute 
names;  

· words in italic font (e.g. SVF_A_00_create_project_cilpbox) are table, feature class or 
model,  toolset or toolbox names; 

· In case the term ‘measured SVF’ is used, the SVF as computed by Meteo Consult 
(using the photographical method) is meant; 

· In case the term ‘mask’ is used, either a raster file or polygon feature is meant. (r) Is 
used to indicate a raster mask, (p) is used to indicate a polygon mask; 

· The term ‘tree transparency’ will be used from now on to indicate the fraction of sky 
which is visible through a bare tree; 

· The term ‘tree filter’ is used to indicate the algorithms which are used to compensate 
for tree transparency in the SVF computations; 

· A graphic representation of all models used in the computations is presented in 
appendix 1.  
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As mentioned before, the use of two different sets of datasets was tested during this 
research. Although these datasets differ, large parts of the methodology theoretically applies 
to both datasets. The overall GIS workflow during this project is visualized in Figure 9. In 
Figure 10, an overview of the proceedings within the GIS SVF computation model (blue box 
in Figure 9) is shown.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Within the GIS SVF computation 
model, several phases are 
distinguishable. To start with, the 
general data pre-processing (see 
paragraph 2.3.3). This phase entailed 
the non dataset specific pre-

processing activities such as e.g. the creation of the project clipbox delimiting the  area of 
interest and the creation of the annular template.  
 
The next phase was the dataset specific pre-processing (see paragraph 2.3.4). During this 
phase, relevant information was extracted from datasets, and data was manipulated in order 
for it to be used in the SVF computation.  
 
The third phase was the last pre-processing phase (see paragraph 2.3.5). During this phase, 
the trees were modelled. This was followed by the actual SVF computation (paragraph 
2.3.6).  
 
During this phase, the viewsheds were created and based on the sky which was visible in 
those viewsheds, the SVF was computed. The models which were used during this part are 
based on the models which were used during the preliminary research (Giffen et al. 2008) . 
 
The final step (see paragraph 2.3.7) was to validate the results and determine the quality of 
the GIS SVF. In order to do so, the computed SVF was compared with the SVF measured by 
Meteo Consult. In addition, the computed SVF was used in the Network Model in order to 
determine whether the use of the GIS SVF would affect the outcome of the Network model 
(RST forecast).  

Figure 9: General overview total GIS workflow. National dataset 
trajectory represented by black arrows, Local dataset trajectory 
represented by red arrows. 
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2.3.2 Methodological approach 

 
General data pre-processing 
 
The part of the data pre-processing which could be done without any requirement for other 
datasets is included in the general data pre-processing phase. Before the source data could 
be processed, several products had to be created and a number of requirements had to be 
met:  
 
1. A clipbox delimiting the area of interest had to be created; 
2. SVF measuring points had to be uniformly and consecutively numbered; 
3. The projection of the SVF measuring point locations had to be correct (points must be 

located within the borders of the roads; 
4. An annular template containing the rings, based on which the SVF would be calculated 

(see paragraph 1.3) had to be created; 
5. A table containing all results of calculations which could be done without the need for 

extra input data was created in order to save time during the actual SVF computation. 
 
The toolset used in this phase is called SVF_A_data_preprocessing_general 
The methods and models used during this phase are described in paragraph 2.3.3. 
 
 
Dataset specific pre-processing national datasets 
 
During this phase, the datasets (TOP10vector, AHN 2000 and SVF 
measurements by Meteo Consult were processed in order to be used in 
the SVF computation. Several actions were required in order to be able 
to start computing the SVF:  
 
6. All source datasets had to be clipped to match the area of interest, in 

order to reduce the amount of data during the computations; 
7. Relevant information had to be selected from the TOP10vector 

dataset (the location of roads, buildings and trees), thus creating 
polygon object masks of those landuse types; 

8. A table containing measuring locations for the SVF computation had 
to be created; 

9.  Raster versions of the previously mentioned object masks had to be 
created in order to be able to use specific parts of the raster DEM; 

10. Overlaps between different masks had to be eliminated. Due to the facts that the 
information from TOP10VECTOR came in vector format (smooth poly lines with the exact 
shape of the feature) and the information in the AHN is contained in 5 x 5 m square cells, 
sometimes an overlap in different filters can come into being when transforming the 
vector masks to a raster mask. 

11. Because the road surface in the DEM was still rough due to outliers (see Figure 11), the 
road surface had to be smoothened to remove outliers, in order to prevent SVF 
measurements from being taken on top of a tree; 

12. The modelling of the buildings in the DEM had to be improved, as can be seen in Figure 
12 (next page), the modelling of buildings in the original DEM is very coarse. 
Theoretically, computation accuracy can be improved by modelling the correct building 
outline and height; 

 
The toolset used in this phase is called SVF_B1_data_preprocessing_national_datasets 
The methods and models used during this phase are described in paragraph 2.3.4. 

Figure 11: fragment of the 
original DEM (AHN) 
showing roads (outline 
indicated by black lines) 
and terrain height (green = 
low and red = Raster 
resolution 5 x 5 m.  
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Dataset specific pre-processing local datasets 
 
Experiments with the local datasets which were available at the time 
of the research, (AHN, GBKN and GBI) have proven the unsuitability 
of the GBKN for use within the SVF application. This is due to the 
fact that this dataset consists of line features rather than closed 
polygons. Due to the complexity of converting a line feature dataset 
into a polygon feature dataset, it was (within the time span of this 
project) impossible to create polygon feature masks based on the 
information in the GBKN.  
 
For this reason, no methodology concerning the local datasets is 
included in this report. However, the possibilities of using locally 
available datasets must not be discarded, because other (suitable) 
datasets are potentially available (Westerbroek, 2008)). See 
paragraph 3.2  for a more elaborate report with regard to this topic.  
 
 
Improving the modelling of trees 
 
One of the research objectives was: ‘How can the modelling of the 
trees in the GIS SVF model be improved’ (see paragraph 1.5). In 
general, this problem can be split up into two parts, a source data part and a methodological 
part. The methodological part is where the improvements are made. 
 
The methodological improvements can be split up into two parts, namely the method for 
putting the trees in the DEM and the creation of a method to compensate for the amount of 
sky which is visible through a tree. The latter part is discussed in the next paragraph (SVF 
computation), but the first part is discussed here. Also part of this phase was the creation of 
a DEM containing no trees. This was required in order to facilitate the new SVF computation 
approach (see paragraph 2.3.6). 
 
13. The SVF computation method which was designed during this research requires two 

viewsheds, one based on a DEM containing all 3D structures in the environment 
(buildings, trees etc) and on based on a DEM from which the trees are removed (see 
paragraph 2.3.6 for more details). Therefore also a DEM with updated  roads and 
buildings but without trees had to be prepared; 

14. The AHN 5 x 5 does not contain tree heights (these are filtered out by the supplier of the 
data). In order to be able to accurately compute the SVF, the trees have to be integrated 
in the DEM. 

 
The toolset used in this phase is called SVF_B3_prepare_tree_mask. 
Step 13 and 14 are discussed in paragraph 2.3.5. 

Figure 12: fragment of the 
original DEM (AHN) 
showing buildings (blue 
lines). (green = low and red 
= high). 
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The SVF computation 
 
This phase is where the second part of the improvement of the modelling of the trees (the 
adaptation of the computation of the SVF) takes place. Using the photographical SVF 
method, the following steps have to be taken to compute the SVF: 
 

· A viewshed had to be created; 

· Using an annular template, the viewshed had to be divided into a number of 
annuli; 

· Finally, using equation (1), the SVF could be computed, 
 
In the GIS method the photographical viewshed is replaced with a viewshed which is created 
using a GIS, based on a raster DEM representing the environment. The rest of the method is 
basically the same, apart from the fact that in a photographical version of the viewshed, one 
can simply count the visible sky pixels (also the pixels which are visible through trees). In a 
viewshed which is created using a GIS, this is not the case, because trees are modelled as 
non-transparent (square) objects.  
 
No relevant literature was available at the time of this research, so a new approach was 
developed. Two approaches to modelling the transparency of the trees were considered. 
One strategy was adapting the DEM in a way that trees are represented as they are, a 3D 
structures containing open spaces. The other strategy was to adapt the computation which is 
used to compute the SVF in order to incorporate the fraction of sky which is visible through 
bare trees in the computed SVF. 
  
Because the ‘Solar Radiation Graphics’ tool input raster DEM can only consist one layer of 
information (terrain height in this case), trees can only be modelled as square cubic objects 
existing of 5 x 5 m square cells. No open spaces within trees can be modelled. Neither is it 
possible to apply any kind of ‘transparency factor’ to the tree height value in the raster DEM, 
as this would reduce the height of the modelled trees, thus altering the 
angle from which the sky is visible or not.  
 
The second approach seemed more suitable and was therefore 
implemented in the computations. In order to be able to calculate the 
fraction of sky which is visible through the trees based on a GIS 
viewshed (see Figure 13), the fraction of sky which is obscured purely 
and only by the trees had to be calculated.  
 
The required result could be achieved by creating not one, but two 
viewsheds. One viewshed based on the full DEM (including buildings, 
trees etcetera) and the second based on a DEM including all objects, 
except the trees.  
 
By subtracting the number of sky pixels visible in the viewshed based on the full DEM from 
the number of sky pixels visible in the viewshed based on the DEM without trees, the number 
of sky pixels obscured by trees could be determined for every annulus.  
 
This made it possible to reduce the fraction of the sky pixels which were obscured by trees 
according to the transparency of the trees. This was done by adding a fraction of the 
obscured pixels to the total number of visible sky pixels in the viewshed based on the full 
DEM, thus increasing the SVF. This approach also made it possible to use a different 
transparency level for each individual annulus (see Figure 14, next page). During the brief 
period of research on the topic of tree structure and the amount of sky which is visible 
through a tree, no literature was found from which to extract a suitable tree transparency 
level.  

Figure 13: example 
viewshed, green 
indicates visible sky, red 
indicates invisible sky. 
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Using this method, the number of visible sky pixels can never exceed the number of visible 
sky pixels in the viewshed based on the DEM without the trees. Therefore, the computed 
SVF can never exceed 1 (the theoretical limit of the SVF). 
 
Observations in the field showed a large fraction (estimations ranged between 70 and 95 %) 
of visible sky when looking upward through a tree to the zenith. Barely any sky was visible 
looking through a tree standing at the far end of the horizon. Standing in a forest, starting 
while looking upwards to the zenith and moving the direction of the view to the horizon, the 
tree transparency seemed to decrease with an increase in viewing angle relative to the 
zenith. Based on these observations and estimations, the decision was made to range the 
percentages from 80 % to 95 % percent in the inner annulus and (close to) 0 % in the outer 
annulus.  

 
Two forms of tree transparency decrease were tested, a linear decrease and an exponential 
decrease (see Figure 14). It is clear that the parameterisation of the tree transparency needs 
more research. Using this tree filter it is not yet possible to automatically make the distinction 
between a single row of trees blocking the sky view or a forest blocking the sky view. When 
looking horizontally through a forest, the blocking effect will be much larger as compared to a 
single tree. The blocking effect is also depending on tree species, no method to include this 
parameter in the GIS model was found yet either.  
 
In the current method, no distinction between coniferous and deciduous trees was made. 
This does not however influence the results of the current research, as there are no 
coniferous trees present (according to the TOP10vector dataset) in the research area.  
 
The problem could be solved by modelling the coniferous trees in what is currently the DEM 
without trees (model it as a ‘hard object’). This way, the fraction of sky obscured purely by 
deciduous trees can be computed. 
 
All of the above resulted in the following sequence of required activities:  
 
15. A separate database containing only relevant / required data for the SVF computation 

had to be created in order to put all relevant data within one database; 
16. Two viewsheds had to be created. The first viewshed was based on the DEM without  

trees, the second on the DEM with trees; 
17. Using an annular template, the viewshed had to be divided in 50 annuli and the fraction 

of visible sky per annulus had to be calculated; 
18. Based on the fraction of visible sky in each annulus, the SVF had to be computed using 

equation (1) (see paragraph 1.3) and a tree transparency compensation algorithm. 
 
Validation of the results 
 
After the SVF was computed, the results were validated using the reference SVF and the 
Network model. This process is described in paragraph 2.3.7 

Figure 14: example of exponential tree transparency decrease curves towards outer template annulus (top) and 
linear tree transparency curve (bottom). 
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2.3.3 General data pre-processing 

 
To begin with, a project clipbox was created (in order to be able to clip the relevant data 
from each dataset. The extent of the clip area is (coordinates RD_NEW): 

 
Y-max:  449500 

X-min: 172000   X-max:  175000 
Y-min: 446500 

 
The clipbox was created by first creating a constant raster (‘create constant raster’) with the 
previously mentioned extent. This raster was then converted to a polygon (‘raster to 
polygon’).  
 
(SVF_A_00_create_project_clipbox in appendix 1.1) 
 
 

The second step was to import the table containing the reference SVF. The table 
contained the location of each measurement point and the SVF computed by Meteo 

Consult at that point. In order to be able to do computations with this file, every location was 
assigned an id, called SVF_id. This was done by assigning the [OBJECTID] value to the 
SVF_ID field, thus numbering the locations starting from 1. 
 
(SVF_A_01_import_gps_locations_reference_SVF and 
 SVF_A_02_add_location_ids_to_SVF_tables in appendix 1.2) 
 
 

Although Meteo Consult measured the SVF on the road, several locations of the SVF 
measurement points did not coincide with the roads extracted from the TOP10VECTOR 

(and GBKN) dataset, most likely due to differences in projection methods.  
 
The points have to be located on the road, where the DEM surface is flat. If measurement 
points are located next to the road, they could be situated on top of e.g. a tree, resulting in an 
incorrect SVF. This problem was solved by manually increasing or decreasing the [X] and [Y] 
values in the attribute table of the feature containing the measured SVF. The result of this 
operation was checked visually.  
 
(SVF_A_03_reproject_SVF_sample_locations in appendix 1.3) 
 
 

In order to be able to compute the SVF based on a viewshed, an annular template 
containing 505 concentric rings with equal width had to be created. During the analysis, 

a viewshed resolution of 200 x 200 pixels and cell size of 1 x 1 (no unit) was used, these are 
the default values of the Solar Radiation Graphics tool (ESRI 2007).  
 
In order to create the annular template, first a viewshed with a resolution of 200 * 200 pixels 
at a random location was created (‘solar radiation graphics’). After this, the centre point of the 
viewshed was buffered 50 times, with the distance increasing 2 pixels at a time, creating a  
polygon feature containing 50 concentric rings with each a width of 2 pixels (see Figure 15).   
 
(SVF_A_04_create_annular_templates in appendix 1.4) 
 

                                                
5
 Previous research by Meteo Consult pointed out that 50 is the optimal number of rings (Wokke, 

2008) 

1 

2 

3 

4 
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In order to increase computing speed, a raster version of the annular template was 
created (see Figure 15). This was done using the (‘feature to raster’) tool.  

 
 

 
 
 
 
 
 
The computation speed was further increased by executing as much of the calculations as 
possible beforehand. A table containing the total surface area of each annulus was created. 
This was done by copying the attribute table of the annular template. Several fields were 
added to the table in order to be utilized later on: [SVF_select], [perc_sky], [extra_sky_1], 
[extra_sky_2], [TANH_part] and [SVF_1] to [SVF_15]. The use of these fields is explained 
further at the appropriate GIS model steps. 
 
Furthermore, the major part of equation (1) as shown below (see paragraph 1.3 for the 
complete equation) does not require any input and can therefore be computed beforehand. 
 

 
 
The result of this part of the equation was stored in the [TANH_part] field using MS Excel 
(Microsoft 2007). All other fields which were added previously were set to 0 in order to 
prevent computation errors due to empty fields.  
 
(SVF_A_05_create_raster_annular_template in appendix 1.5) 
 
 

5 

Figure 15: annular template containing 50 rings (left) and raster version of the same template (right) with the 
colour indicating the ring number (green indicating 1 and red indicating 50) 
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2.3.4 Dataset specific pre-processing national datasets6 

 
The first step of this phase was to clip all source datasets to match the area of interest. 
This was done by clipping the source datasets using the (‘clip’) tool. The clipbox which 

was created earlier (see paragraph 2.3.3) was used as clip feature. The results were stored 
as feature datasets. 
 
 (SVF_B1_01a_clip_source_data_to_aoi in appendix 1.6) 
 
 

Next, the relevant data was selected from the TOP10vector dataset. This was done by 
making a selection based on [TDN_CODE] using the tool (‘select’). For the exact 

selected TDN codes, see Table 7 in appendix 3. As the TOP10vector dataset contains tree 
line features, these were stored as a line feature, the rest were saved as polygon features. 
This way, the polygon version of the masks was created. For the tree masks, both line and 
polygon data were used, point data was left out of the analysis.  
 
Although the TOP10vector dataset also contains the locations of bridges and viaducts, these 
objects ore not yet used in the SVF computation. Due to the input requirements of the ‘Solar 
Radiation Graphics’ tool it is not possible to model these objects in the DEM in a way that 
compensates for the specific characteristics of such objects. The SVF at the locations of 
these objects has to be corrected by means of an overlay operation after the SVF 
computation.  
 
(SVF_B1_01b_select_relevant_data_from_top10_data in appendix 1.7) 
 
 

In order to prevent the original source data from being altered in any way, a new feature 
containing the sample locations had to be created. This was done by creating an XY 

layer (‘Make XY Event’) based on the clipped original sample locations. This layer was 
copied (‘Copy Feature’) and saved as a feature dataset. 
 
(SVF_B1_02_Create_model_sampling_points in appendix 1.8) 
 
 

After this, based on the data which was selected previously (at step 7), the required 
raster object masks were created. Initially, 4 masks (p) were created: a road mask, a 

built-area mask, a tree line mask and a tree polygon mask. All masks were created in the 
same way. The feature dataset containing the required features was used as a mask to 
extract the corresponding pixels from the DEM (AHN 2000) (‘Extract by Mask’).   
 
In order to make sure that all pixels containing road surface were selected from the DEM, the 
road feature was extended with a 5 meter buffer at both sides of the road. The tree line 
feature was also buffered, 2,5 m to each side in order to create polygons which could be 
used as a mask to extract the relevant pixels from the DEM. The clipbox created during the 
first step of the general pre-processing phase was used as an extent for the extraction. 
Pixels within the mask were given the value 1, pixels with nodata were given the value -
99999 (‘Reclassify’).  
 

                                                
6
 Note: An observant reader might notice that in this paragraph, the model names do not contain a 

consecutive numbering. This is due to the fact that during the research some models were developed 
which later proved to be superfluous. 
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(SVF_B1_05a_create_object_masks_for_DEM in appendix 1.9) 
Some of the masks (r) had an overlap with the road mask. These overlaps are 
caused by the transformation from polygon mask to raster mask, due to the raster 

resolution (5 x 5 m). This problem was solved by assigning the priority to road cells. In other 
words, if a cell had an overlap between road an for example buildings, the cell was assigned 
the value for roads.  
 
Overlaps between buildings and trees were solved later on by first integrating the trees into 
the DEM, followed by the buildings (this way, overlaps between buildings and trees were 
overwritten with the building pixel values). 
 
This order was chosen because for the SVF computation it is essential that the road surface 
does not contain any other objects such as trees or buildings. Therefore it was given first 
priority. The buildings were given second level priority because they are ‘hard objects’ of 
which one can be certain that they are present at the specified location, whereas the location 
of the trees is most uncertain of all. 
 
The overlaps between the road masks and other masks were eliminated by executing a 
conditional statement (‘Single Output Map Algebra’). If a pixel had the value 1 in e.g. both the 
road and the tree mask, the pixel was assigned to the road mask by assigning the nodata 
value of -99999 to that same pixel in the tree mask.  
 
(SVF_B1_05b_remove_road_pixels_from_masks in appendix 1.10) 
 
 

The next step was to erase the incidentally occurring peaks / anomalies from the 
roads (as shown in Figure 11). The smoothing method was based on the assumption 

that the maximum slope of roads in the Netherlands equals 20 %7.  
 
Based on this assumption, the maximum range in road surface height over a distance of 50 
meter is be 10 meter. This criterion was used to eliminate outliers from the road. If the range 
in road surface height in a circular neighbourhood with a radius of 5 cells (total diameter = 50 
meter) exceeded 10 meter, the road surface height value was replaced with the minimum 
value in that same area (the nodata-value was ignored in the calculations). 
 
To start with, using the road mask (r) , the road pixels were extracted from the DEM resulting 
in a raster containing pixels with the actual road surface height (nodata for pixels outside the 
road). Next, using the (‘Block Statistics’) tool, the range of the road surface height was 
determined for circular neighbourhoods with a radius of 5 cells (total diameter 10 cells x 5 m 
= 50 m). Next, the minimum road surface height was determined using the same tool and the 
same neighbourhood. Using a conditional statement (‘Single Output Map Algebra’) the 
minimum value of the neighbourhood was assigned to pixels with a range exceeding 10 
meter.  
 
The final step was to replace the road pixel values in the original DEM with the new road 
surface height values. This was done by again evaluating a conditional statement (if a pixel 
in the new road surface height raster contains a value other than the nodata value, this pixel 
value was copied into the a copy of the original DEM, the rest of the pixels in the copy of the 
original DEM keep the old cell values).  
 

                                                
7
 This assumption was made during the preliminary research. During this research, the use of this 

assumption was continued. 
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Initially, the evaluation of the previously mentioned conditional statements did not yield 
satisfactory results. Visual assessment of the results showed that parts of the road surface 
still contained unexpected peaks.  
 
Further research showed that the problem lied within the size of the neighbourhood which 
was used to determine the minimum road 
surface height, because on several occasions 
sudden unexpected increases in road surface 
height occurred over distances of in some 
cases 50 to 80 meter. Increasing the 
neighbourhood size to 20 cells (total diameter 
100 m) led to satisfactory results (see Figure 
16). 
 
 
(SVF_B1_06a_filter_trees_from_roads_in_DEM 
and  
SVF_B1_06b_filter_trees_from_roads_in_DEM 
in appendix 1.11) 
 
 

The last step of this phase was aiming to increasing the accuracy of the 
representation of buildings in the DEM. Two problems had 

to be solved:  
 

1. due to the raster resolution, the outlines of the buildings 
could not be modelled correctly (see Figure 17); 

2. due to the method of cell height assignment (see 
paragraph 2.2.1) it was possible for a built-up area cell to 
contain the terrain height value of the neighbouring terrain 
instead of the roof height (see Figure 18). 

 
Improving the modelling of the building outlines in the raster DEM 
could only be done by increasing the raster resolution. In order not 
to affect the cell values of the original DEM, the resolution had to 
be improved 500 % to 1m x 1m (when using other resolutions for 
example 2m x 2m, the cell outline will not coincide with the 5m x 
5m cell outline, thus changing the terrain heights for the non-
overlapping cells). 
 
Unfortunately, using the available computers it was impossible to process rasters with a 1m x 
1m resolution of the required extent.  
 
The roof height of each individual building was updated using the 
building mask (p) and a conditional statement. First the pixels 
containing built-up area were extracted from the mask (‘Single 
Output Map Algebra’).  
 
Next, the height of the individual buildings was determined by 
computing a geometric intersection (‘Identity’) between the building 
mask (p) and the DEM. In order for this to be possible, the DEM 
had to be converted to a polygon (‘Raster to Polygon’) where the 
terrain height value was assigned to the polygons in the output 
dataset.  
 

12 

Figure 17: example of coarse 
representation of building 
outlines in DEM (red, yellow, 
orange and green blocks are 
houses in the DEM, the blue 
line is the correct outline from 
the building mask (p). 

Figure 16: original road surface (between dark lines) 
(left) and smoothened road surface (right) 

Figure 18: example of possibly 
incorrect built-up cell height. 
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Furthermore, the individual buildings in the building mask (p), had to be given an id code in 
order to be able to make computations with individual polygons. This was done by adding a 
field called [Poly_ID] (and a field called [building_height]) to the attribute table of the building 
mask. After this, the individual polygons were numbered by copying the value of the [ID] field 
into the [Poly_ID] field.   
 
After the geometric intersection, using the (‘Summary Statistics’) tool, the maximum height 
within each individual building polygon was determined. The resulting statistics table was 
joined (‘Add Join’) to the attribute table of the building mask (p) based on the common 
attribute [Poly_ID]. The individual building heights were added to the building mask by 
copying the values from the summary statistics table to attribute table of the building mask. 
 
In order to be able to replace the building height values in the DEM, the building mask (p) 
containing the building heights had to be converted to a raster (‘Feature to Raster’), 
assigning the building height values to the built-up areas and assigning a no-data value to 
the rest of the pixels. The project clipbox was used as the extent for this operation. Finally, 
using a conditional statement (‘Single Output Map Algebra’), the original building height 
values in the DEM were replaced with the newly computed values, resulting in a DEM 
containing smooth roads and updated building heights. 
 
(SVF_B1_07a_model_buildings_in_DEM and SVF_B1_07b_model_buildings_in_DEM in 
appendix 1.12) 
 
 

2.3.5 Improving the tree modelling 

 
 In order to create the DEM containing only the buildings and roads, first a copy of 
the clipped source DEM (AHN 2000) was created. Using a conditional statement 

(‘Single Output Map Algebra’), the updated buildings were incorporated in the DEM, 
replacing the old built-up cell values with the updated values.  
 
This was done using the building height raster which was created earlier during the pre-
processing of the national datasets (see step 12, see paragraph 2.3.4). After this, the 
smoothened road surface height pixels (created during step 11, see paragraph 2.3.4) were 
also incorporated in the DEM.  
 
Finally, the smoothened road pixel height values were integrated in this DEM using the same 
method. This resulted in a DEM where (theoretically) the only objects obstructing the Sky 
View are the buildings. 
  
(SVF_B3_04_create_built_up_DEM in appendix 1.13) 
 
 

 In order to put the trees in the DEM, initially the same approach as used during the 
preliminary research was followed. This method was based on the assumption that 

although the DEM was filtered, still pixels containing the tree values were present in the DEM 
(Causing this assumption is the fact that certain otherwise unexplainable terrain height 
values occur, for example as showed earlier in Figure 16 in paragraph 0). 
 
Based on the tree mask (p) which contained the different polygons of tree zones of specific 
kinds (defined by their TDN code), the maximum and minimum terrain height was determined 
per individual zone. Assuming that the maximum height was measured on top of a tree and 
the minimum height at ground level, a tree height could be determined per zone.  

13 

14 
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Next, the previously computed tree height value was assigned to all pixels of the 
corresponding zone within the raster version of the tree mask. After this, the raster tree mask 
was transformed to a point feature, where the GRIDCODE attribute (containing the tree 
heights) was used to assign values to the created points. This resulted in a grid like feature 
with 2 m in between points (trees). 
 
In order to mimic a symmetrical distribution of trees throughout the tree zones, a selection of 
the created points was transformed to a raster. The selection was made by executing the 
selection expression (mod (OBJECTID, 6) = 0)” thus selecting all points of which the 
OBJECTID could be divided by 6. This resulted in a tree density of 1 tree (ground surface 
5x5 m) per 1.5  cells (37.5 m2). 
 
The final step was to incorporate the trees in the DEM which was created in the previous 
step. This was done by adding the tree height value to the terrain height value in the DEM in 
case a tree was present at the corresponding pixel, using a conditional statement (‘Single 
Output Map Algebra’).  
 
Unfortunately, the tree height which was computed using this method was too low. The 
maximum computed tree height was close to 6 meter, whereas the GBI (if information was 
available) indicated a tree height over 15 meter in a lot of these cases.   
 
Estimation of the tree height in situ also indicated much higher trees. Therefore, based on 
the estimations in the field, 11 resp. 14 meter was added to the tree height which was 
computed (2 datasets were created). This resulted of a maximum tree height of about 17 
resp. 20 meter. Obviously, further research into the actual tree height is required, see 
chapter 4 for elaborate comments of potential improvements to this method. The GBI dataset 
was not used in this research (apart from comparison of tree locations) for several reasons 
which are mentioned in paragraph 3.2. 
 
To finalize this phase, the terrain height values in the DEM were transformed from 
centimetres to meter (‘Single Output Map Algebra) and from integer to floating (‘Float’) 
values.  
 
(SVF_B3_05_insert_trees_in_DEM and SVF_B3_06_create_float_DEM in appendix 1.14) 
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2.3.6 SVF computation 

 
 To start with, two file-geodatabases were created. One for storing the viewsheds 
and one for storing the data required for the SVF computation as well as the SVF 

results. The databases were named viewsheds_xx and SVF_xx where xx was replaced with 
the capital letter indicating the corresponding toolset  (see Table 6 on page 78).  
 
The next step was to copy the required raster DEM’s (the results of step 13 and 14 in 
paragraph 2.3.5) into the SVF_xx database (‘Copy Raster’). Finally, a selection of the model 
sampling locations feature was made and stored in the SVF database.  
 
15 new attributes called [SVF_1] to [SVF_15] and an attribute called [SVF_select] were 
added to the attribute table. The [OBJECTID] was copied into the [SVF_select] in order to 
make model computations per SVF sampling location (and model iterations based on sample 
location number) possible. The attributes [SVF_1] to [SVF_15] were added to facilitate the 
SVF computation using 15 different tree filters at the same time later on in the computations. 
 
(SVF_J_01_prepare_input_viewshed_computation in appendix 1.15) 
 
 

 The viewsheds were created using the ‘Solar Radiation Graphics’ tool. Three 
parameters had to be set within this tool, the sky size for the viewshed, the height 

offset and the number of calculation directions. The default sky size (200 x 200  pixels) was 
used.  
 
Although the help function of the (‘Solar Radiation Graphics’) tool stated that the default 
value of 32 directions should be adequate for complex topography, increasing the number of 
calculation directions improved the result drastically. Therefore, the maximum number of 
directions (360) was used. Two different height offsets were used, the viewsheds were 
computed at ground level height and at 1.5 m above ground level (mimicking the same 
height at which Meteo Consult measured the SVF.  
 
The ‘Solar Radiation Graphics’ tool requires 2 inputs, a raster DEM and a point feature 
specifying the location for the viewshed computation. The point feature was created by 
selecting a point from the points feature. The raster DEM’s which were copied in to the 
SVF_xx database were used as input DEM’s. 
 
Because the viewshed of the full DEM is also used in the Network model, a copy of each 
viewshed was stored in the viewsheds_xx geodatabases. While working with the ‘Solar 
Radiation Graphics’ tool, a potential bug was discovered. For a description see appendix 9 
 
(SVF_J_03a_SVF_computation_create_viewsheds in appendix 1.16) 
 
 

 The next step is to compute the fraction of visible sky per annulus for both 
viewsheds. First, the viewshed is divided into 50 annuli. This is done by executing a 

conditional statement (‘Single Output Map Algebra’) using the raster annular template which 
was created in step 5 (paragraph 2.3.3).  
 
In the viewshed, the visible sky was assigned the value 1. Using the conditional statement, 
every pixel with value 1 in the viewshed was assigned the value of the corresponding pixel in 
the annular template (the annulus number). Other pixels received the nodata value. This 
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resulted in a viewshed containing only the visible sky pixels, but with the value of the number 
of the corresponding annulus (1 – 50). 
 
The fraction of visible sky was computed by joining the attribute table to the attribute table of 
the viewshed containing only the visible sky pixels. The number ([count] attribute) of visible 
sky cells was divided by the total number of cells ([count] attribute) per annulus. The result 
was stored in a new field called [PERC_SKY]. This procedure was followed for both 
viewsheds. 
 
(SVF_J_03b_SVF_computation_compute_sky_area and 
 SVF_J_03c_SVF_computation_compute_extra_sky_area_building_method in appendix 
1.17) 
 
 

 Finally, the SVF could be computed. Several steps were required to get to the actual 
SVF. The first step was to compensate fro the fraction of sky which is was visible 

through the trees. In order to do so, the fractions of visible sky from both viewsheds had to 
be stored within one table. The table which was created for this purpose during step 5 
(paragraph 2.3.3) already contains the results of the parts of the SVF equation which could 
be calculated without the fraction of visible sky.  
 
2 Attributes of this table were edited: first, the number of the sample location was stored in 
the field [SVF_select]. This was done to be able to create relationships with other tables, 
based on the sampling location. Second, the fraction of visible sky based on the viewshed 
including the trees was stored in the field [PERC_SKY] using a join between the attribute 
table of the viewshed and the table created during step 5.  
 
The fraction of visible sky in the viewshed based on the DEM with only the buildings was 
stored in the same table, in the field called [extra_sky_bu]. The same method was applied to 
do so. 
 
(SVF_J_03e_SVF_computation_compute_SVF and 
SVF_J_03f_SVF_computation_compute_SVF in appendix 1.18)  
 

 Now that both fractions of visible sky per annulus were known, compensation for the 
tree transparency could be applied. 15 Different equations (or tree filters, see Table 9 

in appendix 3 for the exact equations) were used to compute the fractions of visible sky per 
annulus, compensated for tree transparency. The results of this computation were stored in 
the fields [SVF_1] – [SVF_15]. 
 
In general what happened was that the fraction of visible sky in the full viewshed (including 
the trees) was subtracted from the fraction of visible sky in the viewshed based on the DEM 
without trees. The result is the fraction of sky which is purely obscured by trees.  
 
Using the tree filters, a percentage of the fraction of sky obscured purely by trees was added 
to the fraction of visible sky in the full viewshed. Note that all these computations still are 
applied per individual annulus. Based on the updated fractions of visible sky, the SVF per 
annulus was calculated by multiplying this fraction with the result of the part of the SVF 
equation which was calculated beforehand (stored in the [TAN_part] attribute). 
 
The only thing left in order to compute the SVF was to summarize the results of all annuli. 
This was done using the ‘Summary Statistics’ tool. The result of this action was a table 
containing 15 different SVF’s for 1 sampling location.  
 
(SVF_J_03h_SVF_computation_compute_all_SVF in appendix 1.19) 

18 
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To finalize the SVF computation, the SVF’s were stored in the SVF feature containing all 
sampling locations within the area of interest. This was done by joining the summary 
statistics table containing the 15 different SVF’s to the attribute table of the SVF feature and 
copying the SVF’s into the corresponding fields (‘calculate field’). The join was based on the 
[SVF_select] field, containing the number of the sampling location. 
 
(SVF_J_03j_SVF_computation_add_SVF_to_SVF_feature in appendix 1.19) 
 
 
The whole process described in this paragraph was automated by merging al models into a 
single model. By using the variable ‘%n% + 1’ (the model iteration count + 1)8 as a selection 
criterion for the sample location, the model could be iterated based on the number of 
sampling locations.  
 
By using the same variable to store the sample location number in the [SVF_select] field 
during step 18, the whole process could be fully automated. Apart form the location of the 
correct databases for the model output, only the number of model iterations, the input DEM’s 
and the SVF feature containing the sampling locations had to be specified.  
 
(SVF_J_03_SVF_computation_full in appendix 1.19) 
 

                                                
8
 The model iteration count + 1 was used because by default the counting starts at 0. In order to start 

with 1, 1 had to be added to the iteration count. 
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2.3.7 Validation of the results 

 
The only way to conclude whether the quality of the GIS SVF satisfies the requirements of 
Meteo Consult, was determine whether the use of the GIS SVF would affect the outcome of 
the Network model.  
 
After all, the quality of the GIS SVF is acceptable for Meteo Consult, when the advice as to 
whether or not road slipperiness prevention is required, remains unaffected as compared to 
the advice based on the use of the reference SVF. 
 
Therefore, based on expert knowledge at Meteo Consult, the decision was made to run the 
Network model using fixed parameters. The only variables were the computed GIS SVF and 
the computed GIS viewsheds9. The results were compared with results that were based on 
the reference SVF and viewsheds. 
 
This way, the effects of 2 variables (computed SVF and computed viewshed) were tested at 
the same time, where normally the effects of only 1 variable is tested. However, in this case, 
the effects of the two variables were interweaved so much, that the experts at Meteo Consult 
decided to test the effects of the 2 variables at the same time.  
 
Apart from running the GIS SVF in the network model, another way of validating / calibrating 
the GIS method which was considered, was to select a test area of which all objects in the 
environment could be modelled exactly replicating reality. As the AHN 2000 contains 
information on building height, one could assume that in areas without trees, theoretically the 
GIS SVF computation should yield exactly the same SVF as the photographical method.  
 
This method was not used for 2 reasons:  
 
1. So far, Meteo Consult has not been able to quantify a quality criterion which defines the 

maximum deviation of the GIS SVF from the reference SVF. Although the results can be 
compared visually in a graph, there is not yet a criterion based on which one can say that 
the GIS SVF equals the reference SVF (or not).  

2. Using a raster DEM to model the environment resulted in some limitations. The raster 
resolution of 5 x 5 m made it impossible to model buildings to the exact correct outline. 
Also, although building heights are included in the AHN, these heights are the results of 
interpolation operations and might not be the exact real height. So compared to the 
photographical method, the input data is just not accurate enough to be an exact 
replication of the environment. 

 

                                                
9
 The viewsheds are also required to determine the Sun View (amount of time per day that a location 

receives direct sun light), which is a parameter in the network model. 
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2.3.8 Methodological differences between preliminary research and this 
research. 

 
Although the methodology which was used during this research project was based on the 
methodology used during the preliminary research, several differences occur. The major 
differences are mentioned below: 
 

· During the preliminary research, only a small subset of the DEM was used for the 
creation of the viewshed. The measuring point was buffered 50 meter, the buffer was 
used to clip the corresponding area from the DEM resulting in a circular DEM with a 
radius of 50 meter. So the distance from horizon to horizon was 100 meter.  
 
Using the photographical method, the full extent of the area which is visible around 
the measuring points is used. Objects further away than 50 meter can still influence 
SVF. Imagine for example a large 30 storey flat that is 51 meter away from the 
measuring point. For this reason, the full DEM (or to a distance of at least 1000 meter 
away from the measuring point) was used during this research project; 
 

· The filter which was used to remove trees from the roads (smoothening the road 
surface) during the preliminary research used a threshold standard deviation value 
which was based on the surface height of two neighbouring cells. The assumption 
that the maximum road surfaces slope in the Netherlands is 20 % was used to define 
the threshold value. 
 
The filter in this research is based on the same assumption, but uses a different 
threshold value, namely the range in road surface height over a distance of 50 meter. 
If for a certain pixel this value exceeds 10 meter, the minimum road surface height of 
that area was assigned to the corresponding pixel.  
 
This might seem like a coarse filtering technique, but visual inspection of the DEM 
showed road segments of up to 40 meter with very high road surface height values, 
compared to the neighbouring pixels, whereas in situ, the road surface was perfectly 
horizontal; 
 

· The modelling of the trees during this project was based on the same methodology 
which was used during the preliminary research. But due to the fact that modelled 
trees seemed too low, and too sparsely modelled compared to the real situation, the 
amount of modelled tree cells was increased, as well as the tree height. 
 

· The sampling locations which were used during the preliminary research did not 
coincide with the points at which the SVF was measured by Meteo Consult. In order 
to make comparison between the GIS SVF and the reference SVF possible, the 
exact same locations were used during this research. 

 

· During the preliminary research, no process to correct for the amount of sky which is 
visible through bare trees was used. During this research, such an algorithm was 
developed and tested. The results are presented in paragraph 3.3.2; 

 

· During the preliminary research, terrain height values lower than the value of the 
measuring point were removed from the DEM. The reasons for this exclusion are 
unclear, therefore during the current research, no pixels were removed from the 
DEM.    
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3 Results and discussion 
 
As the title explains, in this chapter the results of this research project are discussed. The 
most obvious result is the computed SVF. Apart from that, this research project also 
generated some less obvious results. An example is a conclusion with regard  to the 
suitability of the open-source GIS GRASS. The less obvious results will be discussed first (in 
paragraph ), the next paragraph contains the results of the SVF computations. 
 

3.1 Use of GRASS 
Given the current developments in open-source GIS, the decision was made to test the 
suitability of such a GIS for the computation of the SVF. GRASS was selected as this SVF 
was the most promising for several reasons (see paragraph 2.2.2). 
 
In order to be able to compute a SVF, several tools are required. The most important is a tool 
which can compute a viewshed representing sky pixels which are visible from the observers 
location and sky pixels which are not.  
 
Although GRASS contains a tool which computes a viewshed (r.los10), this viewshed cannot 
be used in the SVF computation without adaptations because the computed viewshed 
represents the cells of the input DEM that are visible from the observers location. They are 
marked with integer values that represent the vertical angle (in degrees) required to see 
those cells (Khawaja 2002). 
 
Due to time limitations and the complex mathematics involved in reprogramming the tool, the 
decision was made to concentrate on the use of ArcGIS (ESRI 2006) for SVF computation, 
because this software already offers a tool which creates the desired viewshed.  
 
The creation of the correct tools in GRASS could be well worth the effort, considering the 
potential reduction in computation time (as well as costs). ArcGIS (ESRI 2006) has to load all 
modules, data and tools into memory before any computations can be executed. GRASS just 
loads the required modules and data, which could save a considerable amount of computing 
time.  
 

3.2 Local availability of suitable datasets 
 
It could be beneficial for both Meteo Consult and the ‘consumer’ of the product (the RST 
forecast), if relevant GIS data is available at the customer, as this could potentially mean a 
reduction in cost price of the product. In order to determine whether such information was 
available, the municipality of Ede was contacted. This municipality was selected because of 
their reputation of being very progressive in their use of GIS and geo-data.  
  
Three datasets were made available for research purposes: AHN2000 5 x 5 (same as 
available in the so called ‘national dataset’, the GBKN and the GBI (for a description of these 
datasets, see paragraph 2.2.1). Research pointed out that the GBKN (landuse dataset) could 
not be used to create the required masks without very complicated processing. The reason 
for this is that this dataset does not contain closed polygons of the required landuse types, 
but line features instead.  
 

                                                
10

 http://grass.itc.it/grass53/manuals/html53_user/html/r.los.html 
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The GBI could be very interesting for the use in this application. By law, local governments 
are required to monitor the status of trees under their supervision. Several engineering 
companies offer software to manage the administration of all relevant information. The 
municipality of Ede uses such a system called GBI (Geïntegreerd Beheer Informatiesysteem 
which translates as “integrated Management Information System), made by Oranjewoud. 
 
 
The GBI has proven to potentially be very useful. As mentioned before, this dataset contains 
information on all individual trees which are managed by the municipality. Information on 
location, species, trunk diameter and height are all included in this dataset. Two problems 
occurred while evaluating the use of this dataset: 
 

1. Only the trees managed by the municipality occur in the dataset, so trees next to the 
road but on private land are not included. In order to be able to correctly model the 
trees, data on all trees is required. 

2. The data on the tree height (which is very important in the SVF computation) is very 
coarse. Instead of the exact height of the tree, 4 categories are used. These 
categories are: 0 – 6 meter, 6 – 9 meter, 9 – 15 meter and  >15 meter. Accurately 
modelling the trees based on these numbers is not possible, more details such as for 
instance actual height and crown size are also required.  

 
These problems are currently limiting the use of this dataset. As mentioned before, the 
viewshed which is created using ArcGIS is in fact a representation of the angles at which the 
sky is visible from the viewing point (sampling location). The centre of the viewshed is the 
zenith, the edge of the circular "map" is the horizon, and the angle relative to the zenith is 
proportionate to the radius (ESRI 2007). 
 
Altering each of the previously mentioned characteristics (tree shape, tree height and tree 
location) results in a different SVF. Consider for example a 10 meter high tree at 10 meter 
from the sampling point. The angle (to the zenith) at which the sky is visible in the direction of 
the tree is 45 degrees. If the same tree is 15 meter high, the angle decreases to 34 degrees.  
 
This way, the variation within the GBI height class of 9 to 15 meter results in angle between 
48 and 34 degrees. Assuming the sampling location is completely surrounded by trees, the 
computed SVF based on a tree height of 9 meter would be 0.64. Based on a tree height of 
15 meter the computed SVF would be 0.44, resulting in a difference of 0.2.  
 
Based on Figure 19 (next page), in the worst case, a deviation in SVF of 0.2 could cause a 
difference of almost 2 ˚C in the forecasted road surface temperature. That could be the 
difference between a road surface slipperiness risk or not. 
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Figure 19: Effect of the SVF on the forecasted RST on December 9

th
 and 10

th
 2007. The speed at which the road 

surface cools down during the night is related to the SVF. As can be observed from the graph, if the SVF is lower, 
the RST will be higher. Source of the graph: (Dijke 2009). Hour 1 is 00:00 in the morning of December 9

th
. 

 
Despite the problems mentioned before, this is the most accurate and complete description 
of trees known to the author so far. The only other approach to gaining accurate tree height 
data could be using the unfiltered version of the AHN.  
 
In this dataset, height measurements of all tree areas are present, although the sampling 
resolution (at least 1 point per 16 m2  and 1 point per 36 m2 in forest rich areas ) could be 
improved. Fortunately, this will be the case when AHN II will be published (scheduled in 
2012, this DEM has an accuracy better than 5 centimetre and a minimum of 7 to 10 
measuring points per m2 (www.ahn.nl). 
 
Although this research has proven that the GBKN is not suitable as input dataset for the SVF 
computation, the possibilities of using locally available datasets must not be discarded. 
Further communications with the municipality of Ede revealed that also available is the BRT 
(Basis Registratie Topografie / Basic Registration Topography) also known as TOP10NL.  
 
This dataset contains similar information as the TOP10vector dataset, but it has an object 
oriented structure. So possibly using the combination of AHN 2000 and TOP10NL as source 
data could generate the same results as using AHN 2000 and TOP10vector. An interesting 
detail about the TOP10NL dataset is that it is renewed every 2 years. The AHN is renewed 
every 5 to 10 years (www.ahn.nl). 
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3.3 Computed SVF 
 
First, the results of the SVF computation without any compensation for the amount of sky 
visible through the trees are shown. These results are obtained using just equation (3). After 
this, the results of SVF computation which was compensated for the fraction of sky which 
was visible through the trees is discussed. 
 
Important to keep in mind is the fact that the network model (RST prediction model) only 
accepts a SVF between 0.6 and 1 (Wokke 2008). All SVF’s below 0.6 are changed to 0.6 
before computations are made. 
 

3.3.1 SVF without tree filter 

 
The graph below shows the SVF computed using a GIS, without any kind of compensation 
for the fraction of sky which is visible through bare trees. 
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Figure 20: SVF as computed using only equation (1) without the application of any kind of tree light penetration 
compensation method. The red line indicates the SVF computed based on a maximum tree height of 
approximately 20 meter (t20). The blue line indicates the GIS SVF based on a maximum tree height of 
approximately 17 meter (t17) 

 
Looking at Figure 20 several striking features can be observed: 
 
1. In general, the SVF computed using the GIS method is underestimating the measured 

SVF although the magnitude of the underestimation differs. Two features in the graph 
stand out (see point 2 and 3); 

2. Around point 21 – 24, the computed SVF overestimating the SVF, the computed SVF is 
close to 1 whereas the reference SVF approaches 0; 

3. At sample location 124 – 130, some unexpected large fluctuations in computed SVF are 
shown; 

4. In built-up areas where according to the TOP10vector dataset no trees are present (point 
1 – 17) the GIS SVF is a fluent almost horizontal line, whereas the reference SVF shows 
much more variation; 

5. In some locations (33 – 37 and 44 – 48), large negative peaks in the underestimation of 
the SVF occur. 
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AD 1: 
 
It is immediately clear that in general the computed SVF is underestimating the true SVF 
(see the trend line equations in Table 10 in appendix 5). This was expected, because the 
area of interest contains tree-rich areas and the computed SVF shown in Figure 20 is not 
compensated in any way for the amount of sky which is visible through trees. The magnitude 
of the underestimation can be explained by the difference in height, size and location of the 
modelled trees as compared to the real trees. This will be explained further in the following 
paragraphs.  
 
 
AD 2: 
 
This overestimation was expected. Point 21 – 24 is the location at 
which the Edeseweg is crossed by the A12 (highway), at this 
location a viaduct is present (yellow/orange feature running from 
the left end of the scale bar in the background image to label “20” 
at the X-axis) in Figure 20. 
 
Due to the fact that it is impossible to mimic a viaduct in a single-
layer raster DEM, it is not possible to compute a SVF underneath 
such an object. The SVF in this case is computed from the road 
surface of the elevated highway instead of under the viaduct. In 
the graph of the reference SVF, this feature is clearly visible as a 
steep decline in SVF at points 25 -28.  
 
The steep incline to a reference SVF of almost 1 right after the 
viaduct is also unexpected. As can be seen in Figure 21, the 
stretch of road to the right of the viaduct is surrounded by trees. 
One would not expect a SVF of (close to) 1 in such an area. This error could be explained by 
assuming the viewshed photograph was overexposed due to the sudden change of light 
intensity after leaving the ‘tunnel’ underneath the A12. 
 
 
AD 3: 
 
The strong fluctuations at point 124 – 130 are caused by the combination of the location of 
the modelled trees and the location of the SVF measuring points. The peak at point 125 
(computed SVF = 1) is caused by the fact that the sample location coincides with the location 
of a modelled tree (see Figure 22, next page). In the GIS model, this results in the creation of 
a viewshed with a base height on top of a tree. No objects in the surrounding area are 
higher, so no obstruction of the Sky View occurs, resulting in a SVF of 1.  
 
This error is caused due to inaccuracy of the data on which the masks for manipulating 
different essential landscape types in the DEM (roads, built-up areas, forested areas 
etcetera) are based, the TOP10vector dataset. This is visible in Figure 24 (next page) where 
the road information extracted from the TOP10 dataset is shown in an overlay with the 
information provided by the municipality of Ede (GBKN). A number of blue hexagons 
(representing SVF measuring points) fall outside the TOP10vector road polygon (grey 
polygon), but within the road surface delineated by the GBKN map (black lines). 
 
 

Figure 21: aerial photograph 
viaduct  Edeseweg / A12. 
(orientation equal to background 
in Figure 20, north to the right, 
west to the top). Source image: 
Google Earth (2005) 
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Figure 22: Computed and reference SVF at sampling points 124 – 130. In the background the raster DEM of the 
surroundings of SVF Orange squares represent trees, green background the terrain. The blue dots are the SVF 
sampling locations. In the picture it is difficult to see, but point 124 is located just next to the tree (as is point 128) 
whereas is located on top of the tree. The orientation of this graph corresponds with the orientation in Figure 20, 
north to the right, west to the top. (gl means ground level, txx means maximum tree height app. xx meter) 

 

 
 
The other fluctuations in this area (124 – 
130) are caused by the fact that the 
distance between some of the measuring 
points and the modelled trees varies. 
Points 126 and 27 are located in between 
2 trees (see Figure 22), resulting in a low 
SVF (0.56). The neighbouring points are 
located further away from the trees, 
resulting in a higher SVF. The 
corresponding viewsheds are shown in 
Figure 23.  
 
As can be seen in Figure 23, almost the 
entire firmament is visible in viewshed 
125. The effect of putting a sample 
location in between 2 trees can be 
observed in viewshed 126 (fourth 
viewshed from the left). Two semi-
triangular areas of invisible sky to the left 
and the right from the centre of the 
viewshed are clearly visible. These areas 
cause the low SVF (0.58) at that location. 
 
 
 

Figure 23: viewsheds of point 123 (left to point 129 (right). The orientation of the viewsheds corresponds to the 
raster map orientation in Figure 22 (north to the right and west to the top). Black areas indicate no-data, dark-
grey areas indicate invisible sky and light-grey areas indicate visible sky. Note that the third image from the 
left (point 125) is almost entirely light-grey. Images are based on the maximum tree height of 20 m. 

Figure 24: Detail of the road and built-up area masks 
created based on TOP10vector data (grey and red 
polygons) and an overlay of the corresponding GBKN data 
(black lines) .  
The black triangles and blue hexagons indicate the SVF 
sampling locations. The Blue hexagons are the sampling 
locations as shown in Figure 22. The orientation of this 
image corresponds with the orientation of the background 
of Figure 22. 
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AD 4: 
 
A closer examination of the source data led to an explanation of the over- / underestimation 
of the SVF at point 1 - 24 (and also at point 163 – 176). In the raster DEM, it seems that the 
Sky View is only obstructed by buildings. In reality trees are also present in these areas. In 
the TOP10vector dataset (which is used to extract the location of trees from) these trees are 
not present (see Figure 25). Not taking the trees into account leads to an underestimation of 
the obscured fraction of the sky, resulting in an overestimated SVF. 
 

 
 
AD 5: 
 
The same principle as described above applies to the underestimation of the SVF at point 33 
– 37 and point 44 – 47. At these points the trees are modelled closer to the sampling points 
than in the actual real environment (see Figure 26 for the raster DEM and Figure 27 for the 
aerial photograph).  
 
This results in a lower SVF because the parts of the viewsheds which correspond to the 
areas west of the sampling locations, show predominantly obscured sky (see Figure 28 for 
example viewsheds of points 40 - 49).  
 

 

 
 

Figure 25: Overview of the built-up areas at point 1 -24 (left) and point 163 – 176 (right). Trees in the 
TOP10vector dataset are represented by the bright light green polygons. Apart from the tree areas in the 
TOP10vector dataset, other trees are clearly visible in both areas. The orientation in these pictures is equal to 
orientation of the background in  Figure 20, north to the right, west to the top). Source image Google Earth 
(2005) 

Figure 26: close-up of the raster DEM of the surroundings of SVF sampling points 30 - 50. Orange squares 
represent trees, green background the terrain. The blue dots are the SVF sampling locations. Orientation of the 
background image: north to the right and west to the top. (gl means ground level, txx means maximum tree 
height app. xx meter) 
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Figure 27: aerial photograph of the area surrounding SVF measuring location 30 - 50. Orientation corresponds to 
raster map orientation in Figure 26 (north to the right and west to the top). Source image: Google Earth (2005) 

 
In Figure 28 the blocking effect of a row of trees is illustrated. Viewshed 44 – 47 are located 
close to a row of trees (west of the sampling locations), whereas the rest of the points are 
further away from the trees. Especially in viewshed 45 – 47 one can see that the upper half 
of the viewshed consist predominantly of obscured sky.  
 

 
 
Apart from the issue mentioned above, compared to the true situation the modelling of the 
trees in the raster DEM is not correct. The trees at the bottom of the graph in Figure 26 are 
located further away from the sampling points than they are in reality (see Figure 27). In 
addition to this, the modelled row of trees west of points 44 – 47 in the raster DEM in reality 
consists of a number of small and bushes, as can be seen in Figure 27.  

Figure 28: viewsheds 40 -44 (upper row, left to right) and viewsheds 45 – 49 (lower row, left to right). Black 
areas indicate no-data, dark-grey areas indicate invisible sky and light-grey areas indicate visible sky. 
Orientation corresponds to raster map orientation in Figure 26 (north to the right and west to the top). Images 
are based on the maximum tree height of 20 m. 
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3.3.2 SVF with tree filter 

 
Two different algorithms (called “exponential tree filter” and “linear tree filter”) were used to 
compensate for the fraction of sky which is visible through bare trees. Two different types of 
tree transparency curves (see paragraph 2.3.5 and appendix 3 and 4) were used. An 
exponential decrease of tree transparency towards the outer annulus and a linear decrease 
towards the outer ring.  
 
 
Results exponential tree filter 
 
The results of the exponential tree filter are shown in Figure 29 (SVF computed at ground 
level) and Figure 30 (SVF computed 1.5 m above ground level). As can be observed, the 
effect of the exponential tree filter is minimal (especially compared to the linear tree filters, 
see Figure 32, Figure 33, Figure 34 and Figure 35).  
 
In Figure 29 and Figure 30 (below and next page) no separate graphs are distinguishable. 
The graphs were created this way on purpose in order to demonstrate that the differences 
between the exponential filters are very small. 
 

 
 
Figure 29: SVF computed at ground level (gl) using an exponential tree filter in which tree transparency ranges 
from 90% - 60 % in the inner annulus and approximately 0% in the outer annulus (see appendix 4). (txx means 
maximum tree height app. xx meter) 
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Figure 30: SVF computed 1.5 m above ground level (gl) using an exponential tree filter in which tree transparency 
ranges from 90% - 60 % in the inner annulus and approximately 0% in the outer annulus (see appendix 4). (txx 
means maximum tree height app. xx meter) 

 
The cause of the minimal effect is the steep decline of tree transparency towards the outer 
viewshed annulus (see Figure 39) which is used in the algorithm to compute the fraction of 
sky which is visible through the trees. The largest effect of 
this algorithm is visible in the first 20 annuli, after that, the 
tree transparency drops below 10 %. That means that the 
angle (relative to the zenith) at which the sky is visible must 
be below approximately 40 degrees in order to reduce the 
sky area which is obscured by trees with 10 %. 
 
To give an example, a 12 meter high tree 10 meter away 
from the sampling location (see Figure 31) would obscure 
the sky to an angle of approximately 50 degrees, the angle 
with  the zenith would therefore be 40 degrees. The 
resulting fraction of sky which is obscured by this tree would 
be compensated for the fraction of sky which is visible 
through the tree with only 10 percent. In reality, this 
percentage might be larger.  
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Figure 31: schematic representation 
of a 12 meter tree 10 meter away 
from the sampling location 
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Results linear tree filter 
 
Two linear filters were tested. The difference lies within the percentage of visible sky in the 
inner annulus, either 95 % tree transparency or 80 % tree transparency (for all tree 
transparency curves, see appendix 4. The effect of an overall tree transparency of 90 % was 
also tested. 
 
In appendix 6, graphs containing all results of the SVF computation using linear tree filters 
are included (Figure 42 to Figure 45). Two different DEM’s were used to create these results, 
one with a maximum tree height of approximately 17 meter and one approximately 20 meter. 
The results are split up over 4 graphs (Figure 32 to Figure 35), showing the GIS SVF per 
filter (either 95 % or 80 % tree transparency in the inner annulus) and computation height (at 
ground level or 1.5 m above ground level).  
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Figure 32: SVF computed at 1.5 meter above ground level (gl), using a linear tree filter (with a linear decrease in 
tree transparency from 95 % in the inner annulus to 10 % - 50% in the outer annulus). The SVF is based on a 
DEM containing trees with a maximum height of approximately 17 meter (t17) and a DEM containing trees with a 
maximum height of approximately 20 meter (t20). The SVF full DEM graphs show the SVF computed without tree 
filter. 
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Figure 33: SVF computed at 1.5 meter above ground level (gl), using a linear tree filter (with a linear decrease in 
tree transparency from 80 % in the inner annulus to 10 % - 50% in the outer annulus). The SVF is based on a 
DEM containing trees with a maximum height of approximately 17 meter (t17) and a DEM containing trees with a 
maximum height of approximately 20 meter (t20). The SVF full DEM graphs show the SVF computed without tree 
filter. 
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Figure 34: SVF computed at ground level (gl), using a linear tree filter (with a linear decrease in tree transparency 
from 95 % in the inner annulus to 10 % - 50% in the outer annulus). The SVF is based on a DEM containing trees 
with a maximum height of approximately 17 meter (t17) and a DEM containing trees with a maximum height of 
approximately 20 meter (t20). The SVF full DEM graphs show the SVF computed without tree filter. 
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Figure 35: SVF computed at ground level (gl), using a linear tree filter (with a linear decrease in tree transparency 
from 80 % in the inner annulus to 10 % - 50% in the outer annulus). The SVF is based on a DEM containing trees 
with a maximum height of approximately 17 meter (t17) and a DEM containing trees with a maximum height of 
approximately 20 meter (t20). The SVF full DEM graphs show the SVF computed without tree filter. 

 
Several observations can be made:  

1. The application of the linear tree filters brings the computed SVF much closer to the 
reference SVF compared to the SVF computed without compensation for tree 
transparency. The graphs of the 95 % to 30% filter and the 80 % - 30 % filter seem to 
be the closest to the graph of the reference SVF, the other filters are over- or 
underestimating the SVF to a greater extent. 

2. The steep peaks (positive and negative) and variations in trend of the graphs which 
are visible in the SVF computed without a tree filter are weakened by the application 
of the tree filters. The higher the tree transparency in the outer annulus of the tree 
filter, the larger the damping effect; 
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3. In certain areas the magnitude of the effect of the tree filter differs from other areas. 
Compare for example the difference in the computed SVF with and without tree filter 
at point 5 – 10 with the SVF at for example points 100 – 120. At point 5 – 10 the 
effect is barely noticeable whereas the effect is clearly visible (an increase in SVF) at 
points 100 – 120; 

4. On first sight, no large differences between the SVF computed at ground level and 
the SVF computed at 1.5 m above ground level can be observed. The use of the 
different maximum tree heights does make a difference. The difference seems to be 
larger with the filters with a low tree transparency in the outer annulus, compared to 
the filters with a high tree transparency in the outer annulus; 

5. The effect of the tree filter seems increase if the SVF computed without a tree filter 
decreases. 

 
 
AD 1: 
The improvement of the GIS SVF caused by the application of the tree filters is confirmed by 
the scatterplots, R2 values and trend line equations of the GIS SVF with and without tree filter 
against the reference SVF (see Table 10, Table 11 and Table 12). In Table 1 the best results 
per DEM per SVF measurement height are shown.   
 
Table 1: Maximum improvements of the GIS SVF results caused by the application of the tree filters. The results 
are based on the scatterplots of the GIS SVF against the reference SVF as shown in Table 10, Table 11 and 
Table 12.  

SVF computation method Max 
increase R2 

Trend line equation (y = …) 
improvement  
(no tree filter applied) à (tree filter applied) 

Trees max 17 m, at ground level 0.0003 (0.8436 X)  à  (1.0064 X) 

Trees max 17 m, 1.5 m above ground level 0.0445 (0.8719 X)  à  (1.0067 X) 

Trees max 20 m, at ground level 0.1288 (0.7929 X)  à  (0.9858 X) 

Trees max 20 m, 1.5 m above ground level 0.1009 (0.8182 X)  à  (0.998 X) 

 
Looking at the graphs (Figure 32 to Figure 35) one can observe that a tree filter which 
approaches the reference SVF closely at one location might be further away from the 
reference SVF in other locations. This phenomena can be explained by 2 factors: the 
accuracy of the data and the accuracy of the model.  
 
Inaccuracy of the data is causing the two main features (errors) in the graphs (at points 22 – 
33 and points 123 – 130 (see paragraph 3.3.1 for an explanation of these errors). The 
phenomena described above is most likely caused by a combination of the inaccuracy of the 
data and errors in the GIS model (the parameterization of the tree filter and the modelling of 
the trees in the DEM to be more specific). Further comprehensive analysis of the results is 
required to determine to what extent the deviations can be put down to data inaccuracies, 
model inaccuracies or a combination of both. 
 
In order to determine which of the GIS SVF results on average approached the reference 
SVF the best, scatterplots of the GIS SVF against the reference SVF were created. In Table 
2 the R2 values and the trend line equations of the GIS SVF against the reference SVF from 
Figure 32 to Figure 35 are shown. The corresponding scatterplots are included in Table 11 
and Table 12 in Appendix 5. 
 
Based on the hypothesis that the GIS SVF is exactly the same as the reference SVF one 
would expect an R2 value of 1 and a trend line equation of Y = X (through (0,0)). In Table 2 
(next page) one can see that such a result was not obtained.  
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Table 2: R
2
 values and trend line equations of the SVF computed at ground level (left) and R

2
 values and trend 

line equations of the SVF computed at 1.5 m above ground level (right). The SVF computations are based on 2 
different maximum tree heights (17 and 20 meter [t17 and t20]) and 2 different tree filters (95 % and 80 % tree 
transparency in the inner annulus).  
Erroneous values of which the cause of the error could be explained were removed from the analysis (22-33 and 
123-130). In both sides of the table the 3 highest R

2
 values are marked (bold and italic), as well as the three trend 

line equations approaching Y = X the closest. In the trend line equation Y is the GIS SVF, X is the reference SVF. 
The trend line was forced through (0,0). 

Tree filter R2 Trend line 
equation 
 (y = …) 

  Tree filter R2 Trend line 
equation 
 (y = …) 

t17  95 - 10 0.3205 1.0064 X  t17  95 - 10 0.42 0.979 X 

t17  95 - 30 -0.207 1.0502 X  t17  95 – 30 0.2189 1.202 X 

t17  95 – 50 -3.622 1.1155 X  t17  95 – 50 -0.455 1.0616 X 

       

t20  95 - 10 0.4969 0.9365 X  t20  95 – 10 0.4767 0.9507 X 

t20  95 - 30 0.4156 0.9858 X  t20  95 – 30 0.3614 0.998 X 

t20  95 - 50 0.0215 1.0352 X  t20  95 – 50 -0.125 1.0453 X 

       

t17  80 - 10 0.3911 0.9911 X  t17  80 - 10 0.4368 0.9653 X 

t17  80 - 30 0.0686 1.0349 X  t17  80 - 30 0.3107 1.0067 X 

t17  80 - 50 -0.979 1.0786 X  t17  80 - 50 -0.117 1.0479 X 

       

t20  80 – 10 0.4917 0.9177 X  t20  80 – 10 0.478 0.9335 X 

t20  80 – 30 0.4624 0.9671 X  t20  80 – 30 0.422 0.9809 X 

t20  80 – 50 0.2499 1.0164 X  t20  80 – 50 0.145 1.0281 X 

 
 
Looking at the (marked) values in Table 2, one can see that in all cases, the filters with the 
lowest tree transparency (10 %) in the outer annulus have the highest correlation with the 
GIS SVF. The trend line resembling the reference SVF the closest however, is in most cases 
the filter with 30 % tree transparency in the outer annulus. 
 
This fact is most likely caused by the increasing dampening effect of the filters as the tree 
transparency in the outer annulus increases. Although the application of the tree filters brings 
the GIS SVF results closer to the reference SVF, at the same time it dampens the trends in 
the computed SVF. This results in a trend line equation closer to Y = X, but a lower 
correlation between GIS SVF and reference SVF.   
 
 
AD 2 and 3: 
 
The dampening effect is most likely caused by the coarse modelling of reality using a raster 
DEM with 5 x 5 m resulution. This method does not allow for very detailed modelling, 
whereas the photographic method uses the most accurate representation of reality, namely 
reality itself. This way, much more details are included in the analysis, resulting in a much 
more detailed SVF computation. 
 
The difference in magnitude of the effect of the tree filters was expected, due to the nature of 
the computation of the amount of sky which is visible in through trees (see paragraph 2.3.5 
and 2.3.6). The tree filter is used to add a fraction of the sky which is obscured by trees to 
the fraction of visible sky in the viewshed. If there are no trees present, no extra visible 
fraction of sky will be added, but if the number of trees present (or the size) increases, the 
fraction of sky which is added to the fraction of visible sky will increase with it.  
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Depending on the amount, location and size of the trees which are present in the area 
surrounding the sampling location, the magnitude of the effect changes. 
 
This also shows in the graphs: in the area surrounding point 1 – 20, in the GIS model no 
trees are present. Therefore, the application of the tree filter has no effect. But in the area 
surrounding for example point 30 – 50, tree rows occur on both sides of the sampling 
locations. In these areas, an increase of almost 0.2 in computed SVF can be observed 
(compared to the GIS SVF without tree filter). 
 
AD 4: 
 
From the graphs, hardly any difference between the SVF computation at ground level and 
the SVF computation at 1.5 m above ground level is visible. This is confirmed by the 
computation of the R2 value and the calculation of the equation of the trend line which was 
forced through (0,0). 
 
As can be seen in Table 3 none of the R2 values are below 0.99, indicating a strong 
correlation between the SVF measured at ground level and 1.5 m above ground level. From 
the equations, one can observe that on average the SVF at ground level is systematically 
slightly lower than at 1.5 m above ground level (largest average deviation in Table 3 is 1.9%).  
 
Table 3: 4 Randomly selected examples of scatterplots of the SVF computed at ground level against the SVF 
computed at 1.5 m above ground level. The left column contains results SVF results based on a DEM containing 
trees of maximum 20 meter high, the left column 17 meter. ). Erroneous values of which the cause of the error 
could be explained were removed from the analysis (22-33 and 123-130). R

2
 value and equation based on a trend 

line forced through (0,0). 

Tree height max 20 m Tree height max 17 m 

  

 

 
 



  

- 46 - 
 

Table 4: 4 Randomly selected examples of scatterplots showing the SVF computed using a DEM with trees with a 
maximum height of approximately 17 meter against the SVF computed using a DEM with trees with a maximum 
height of approximately 20 meter. In the left column are 2 examples of the SVF computed at ground level. In the 
right column are 2 examples of the SVF computed 1.5 meter above ground level. Erroneous values of which the 
cause of the error could be explained were removed from the analysis (22-33 and 123-130). R

2
 value and 

equation based on a trend line forced through (0,0). 

SVF computed at ground level SVF computed 1.5 m above ground level 

  

  
 
From Table 4 one can observe that there is a strong correlation (for these examples > 0.976) 
between the SVF based on a maximum tree height of 17 and 20 meter. From the trend line 
equations one can observe that the difference between the SVF based on a maximum tree 
height of 17 meter on average is systematically higher than the SVF based on a maximum 
tree height of 20 meter. This was to be expected since the obstruction of the sky view 
increases with an increase in tree height.  
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AD 5: This phenomena predominantly occurs in tree rich, building poor areas. It is caused by 
the mathematical nature of the tree filter. Areas with trees are abundant in the area of 
interest, whereas buildings occur only incidentally. Computation of the SVF in these areas 
results in low SVF’s if the trees are taken into account. If trees are left out of the computation, 
the SVF approaches 1 in large parts of the area (see Figure 36).  
 
The tree filter adds a percentage of the difference between the SVF computed with and 
without trees to the final SVF result, in order to compensate for the fraction of sky which is 
visible through trees.  
 
The SVF in an areas with a high tree density will be lower than the SVF in areas with a low 
tree density (leaving buildings out consideration for now). If the SVF without trees 
approaches 1, in tree rich areas the difference between SVF with trees and without trees will 
be larger compared to areas with fewer trees.  
 
A larger fraction of sky obscured purely by trees will thus result in a larger fraction of sky 
added to the already visible fraction of sky compared with areas with only a small fraction of 
the sky obscured purely by trees.  
 
 

 
Figure 36: SVF computed with the source DEM (AHN 2000 5 x 5) which (theoretically) does not contain tree 
heights.  

 
 
 



  

- 48 - 
 

3.4 Validation of the results 

3.4.1 Validation using the Network model 

The validation of the results of this research was executed by M. Wokke at the Meteo 
Consult office. Due to time limitations only the GIS SVF and viewsheds based on a DEM 
containing trees with a maximum height of approximately 17 meter (measured 1.5 meter 
above ground level) were tested. The forecasted RST was compared with the forecasted 
RST based on the reference SVF and the actually measured RST. 
 
The RST was computed (forecasted) for March 14th 2007, 01:00 UTC. The actual RST was 
measured using an infrared measuring device mounted behind a car, between March 13th 
23:00 UTC and March 14th 02:00 UTC. Note that the temperature sampling locations do not 
exactly coincide with the location at which the SVF is computed and the RST forecasted. A 
difference of 0 – 6 meter is possible (Wokke 2008).    
 
Below, the results of the RST forecast using the network model and the GIS / reference SVF 
and viewsheds is shown. The measured RST at the time of the forecast is also included in 
the graphs.  
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Figure 37: Forecasted RST based on GIS SVF and viewsheds computed with the tree filters with 95 % tree 
transparency in the inner annulus (grey lines) and reference SVF (dotted line). The red line indicates the 
measured actual RST. Erroneous values of which the cause of the error could be explained were removed from 
the analysis (22-33 and 123-130). 
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Figure 38: Forecasted RST based on GIS SVF and viewsheds computed with the tree filters with 80 % tree 
transparency in the inner annulus (grey lines) and reference SVF (dotted line). The red line indicates the 
measured actual RST. Erroneous values of which the cause of the error could be explained were removed from 
the analysis (22-33 and 123-130). 
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The main features to focus on in Figure 37 and Figure 38 is the comparison between the 
forecasted RST based on GIS data and the forecasted RST based on the reference SVF. In 
the graphs, at certain locations the GIS-based RST matches the reference SVF-based RST, 
in other locations differences over 3 °C occur. The magnitude of this difference can be traced 
back to the differences in SVF as shown in Figure 32 to Figure 35. If the GIS SVF is 
overestimating the reference SVF, the GIS-based forecasted RST will be lower than the 
reference SVF-based RST and vice versa. The magnitude of the difference depends on the 
magnitude of the difference between the GIS SVF and the reference SVF. 
 
At sample location 142 for example, the difference between the RST 80 - 50 and the 
reference SVF-based RST is 3.4 °C. The difference in SVF at this point is approximately 1.2. 
Compare this to a location with the GIS SVF matching the reference SVF (point 78 for 
example) and the forecasted RST based on the GIS SVF lies within 0.1 °C from the 
reference SVF-based RST.  
 
This way, all differences can all be traced back to the phenomena described in paragraph 
3.3.1 and 3.3.2. Further analysis of the results is required to determine precisely what is 
causing the differences, data errors, model errors or a combination of both.  
 
In order for the GIS application to be able to replace the photographical method, the results 
of the GIS-based RST forecast should match the results of the reference SVF-based RST 
forecast. Because Meteo Consult does not use a specific threshold temperature for road 
slipperiness risk, but a combination of amongst others air moisture level and temperature 
(Wokke 2009), for this research the threshold value of 0 °C (the temperature at which water 
freezes) was used. In this particular case, based on the reference RST no risk of water 
freezing occurs. Based on the GIS RST this is not the case, with freezing risk at sample 
locations 4 to 16.  
 
A striking feature in Figure 37 and Figure 38 is that the GIS based RST forecast clearly 
shows less variation than the reference SVF-based RST forecast. This phenomena is 
caused by the same phenomena which dampens the trends in computed SVF as described 
in paragraph 3.3.2 (page 39).  
 
From the graphs it is difficult to say which tree filter on average approached the reference 
SVF-based RST the closest. In order to determine the best result, scatterplots were created 
of the GIS based RST forecast against the RST forecast based on the reference SVF. The 
scatterplots are included in Table 13 in appendix 7. 
 
Table 5: R

2
 values and trend line equations of the GIS based RST forecasts against the RST forecasts based on 

the reference SVF. Erroneous values of which the cause of the error could be explained were excluded from the 
analysis (22-33 and 123-130). The trend line equations are based on trend lines forced through (0,0).  

Filter R2 value Trend line equation (Y = …) 

RST 95 - 10 0,3891 1,0602 X 

RST 95 - 30 0,4294 0,8319 X 

RST 95 - 50 0,4678 0,5892 X 

RST 80 - 10 0,3744 1,1334 X 

RST 80 - 30 0,3821 0,9016 X 

RST 80 - 50 0,4234 0,6661 X 

 
 

 
From Table 5 one can see that although the application of tree filters 95 – 30 and 95 – 50 
show the highest R2 values, the 95 – 10 and 80 – 30 tree filter based RST forecasts are on 
average closer to the reference SVF-based RST, with trend line equations approaching Y = 
X. 
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In Figure 37 and Figure 38 the actual measured RST at the time of the RST forecast is also 
shown. From the graphs it is obvious that none of the forecasts (neither GIS-based not 
reference SVF-based) closely approach the actual RST (see also Table 14 and Table 15 in 
appendix 8 for scatterplots of the forecasted RST plotted against the measured RST, 
measured temperature can deviate +/-0.5 degrees (Wokke 2009)).  
 
The major cause of these differences is the fact that the RST forecast itself is (amongst 
others) based on forecasted weather conditions. This causes a level of uncertainty in the 
RST forecast. Apart from that, not all parameters influencing the RST are included in the 
Network model, simply because that is not feasible. Heavy traffic for instance, can increase 
RST. Local variations in asphalt / soil properties can also influence RST. 
 
 
Comparison with other scientific researches 
 
Unfortunately, scientific literature does not provide any reference to comparable GIS SVF 
results. However, several methods of computing SVF using a GIS are being described. 
 
Souza et al. (2003) developed a GIS 3D Sky View extension for computing SVF. This 
extension computes SVF based on vector data (specifying building polygons and their 
height) and a point feature specifying the viewers location (coordinates, elevation and 
height). Their method was only applied to urban areas without trees. No actual results or 
quality of the results were included in their report. 
 
Li et al. (2004) also used a GIS for computing the SVF. They applied their method in urban 
areas, leaving trees out of consideration. Also, instead of ArcMap / ArcCatalog and a raster 
DEM, ArcScene and a TIN (Triangulated Irregular Network) were used. A custom tool 
capable of computing SVF based on a TIN and a point shapefile containing viewing locations 
was developed for this purpose. 
 
In this study, SVF was computed for 11 locations on the Singapore Management University 
campus. The quality of the SVF results or the accuracy of their method were not quantified. 
Li et al. (2004) conclude that SVF can be computed in ArcGIS effectively and efficiently for 
urban environment (including existing built area and proposals) although technical limitations 
exist. These findings are confirmed by this research project.  
 
Gál et al (2008) also used a GIS to compute SVF. Again, a custom tool for SVF calculation 
was developed. Both a vector DEM and a raster DEM (resolution 2 x 2 m) were used to 
compute SVF. The SVF was only computed in urban areas (without trees).  
 
Although the relation between the annual mean heat island and the SVF calculated by 
different methods is quantified (using R2 values and regression equations), the actual quality 
of the SVF results is not.  
 
The conclusion was drawn that the use of vector and raster DEM’s yielded very similar 
results for urban geometry, although in the vector approach, more (geometrical) details could 
be included. An advantage of the raster based method is that it was significantly faster than 
the vector based method. 
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4 Conclusion and recommendations  

4.1 Conclusion 
As the results of the validation process of this research pointed out, the forecasted RST 
based on the GIS SVF differed from the RST forecast based on the reference data. For 

certain locations the GIS based RST forecast showed temperatures below 0 C whereas the 
reference SVF-based RST forecast did not. Therefore the conclusion was drawn that the 
quality of the GIS SVF method is not yet equal to the photographical method.   
 
There are two main factors which are causing deviations between the GIS SVF and the 
reference SVF: inaccuracy of the source datasets and current limitations of the method which 
compensates for the fraction of sky which is visible through bare trees (methodological 
inaccuracies). The largest errors in the results could be traced back to errors in the datasets, 
but further research is required to determine in detail to what extent other errors or anomalies 
are caused by data inaccuracies, model inaccuracies or a combination of both.  
 
With regard to the improvement of the modelling of the trees the conclusion was drawn that 
trees were successfully integrated in the GIS SVF computation. The integration of trees in 
the model and the application of the so-called tree filter resulted in increased correlation 
coefficients between GIS SVF and reference SVF. Also, after the application of the tree filter, 
on average the GIS SVF approached the reference SVF closer than before (trend line 
equations of scatterplots of GIS SVF against reference SVF closer to Y = 1 X (GIS SVF 
equals reference SVF) 
 
As mentioned before, the modelling of the trees in the DEM is based on assumptions and 
estimations in the field. The GIS model requires accurate and comprehensive data on the 
location and geometry of all 3D static objects in the environment (for example trees and 
buildings).  
 
This research has shown that the datasets which were used during this project (TOP10vector 
and AHN 2000 5x5) contain inaccuracies which affect the outcome of this research. Most 
important is the lack of information with regard to the location, species and geometry of the 
trees in the research area. But also inaccuracies in the outline of for instance roads in the 
TOP10vector dataset caused errors in the SVF computation. 
 
Obtaining accurate and comprehensive data on location and geometry of all 3D static objects 
in the research area would not only increase the SVF model accuracy, it would also make it 
possible to eliminate the possibility of data inaccuracies while tracing back the cause of 
errors in the SVF computation. 
 
During this research, several datasets were screened for suitability for the GIS SVF 
computation. The most accurate dataset containing information with regard to trees known to 
the author is the GBI (see paragraph 3.2) which was provided by the municipality of Ede. A 
drawback of this dataset is that only trees managed by the municipality are included in this 
dataset. Further information on trees on private land as well as more accurate height 
measurements are essential in order to be able to accurately compute SVF. 
 
Other datasets containing relevant information are the TOP10NL dataset, the point data of 
the TOP10vector dataset and the GBKN (see paragraph 3.2), also available at the 
municipality of Ede. One dataset in particular might solve the problem of missing tree height 
data: the in 2012 to be released AHN-2 (see paragraph 3.2). This is the new version if the 
DEM of the Netherlands. The raw version of this dataset should contain accurate, high 
resolution (at least 1x1 meter) height measurements in areas containing trees. 
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4.2 Recommendations  

4.2.1 Improvement of the GIS SVF computation 

Potential improvements of the GIS SVF computation can be split up into two categories: 
  

· obtaining (or developing) datasets which are more accurate and comprehensive than 
the TOP10vecor and AHN 2000 datasets;  

· improving the GIS SVF computation method. 
 
Dataset improvements 
 
As mentioned before, new datasets like the AHN II can potentially increase the quality of the 
GIS SVF. Apart from the datasets mentioned in the conclusion, Meteo Consult will have to 
monitor the development of new datasets in order to be able to react when a suitable dataset 
becomes available.  
 
Relevant information is most likely available at municipalities, given the legal requirements 
with regard to for instance management of trees under the supervision of the municipality 
(GBI or comparable databases) or detailed information with regard to buildings and roads 
etcetera (GBKN). The only problem is that in many cases this data is not (yet) available as 
suitable geodata.   
 
Due to developments in the geo-data field of work, new datasets are being created 
constantly. An excellent example are the cyclorama’s created by Cyclomedia11. They are 
spherical panoramic photographs put together to mimic a 3D environment. These 
photographs contain information on buildings and trees etcetera. It is not yet possible to 
extract this information in a way that it is usable in a SVF computation, but the rapid 
developments in GIS technology might bring these possibilities in the future. 
 
Part of the GIS SVF method is the validation of the results. Specifying and quantifying certain 
SVF quality criteria (especially the allowed level of deviation from the reference SVF) by 
means of statistical parameters would make the validation process much more efficient. Due 
to the fact that the reference dataset so far is based on only 1 observation, this was not yet 
possible. More research on the validation process and expanding the reference datasets is 
therefore recommended, as well as creating a dataset with measured RST temperatures 
(also for validation purposes).  
 
Methodological improvements 
 
With regard to the current status of the tree filters, it is important to realize that the tree 
transparency fractions in the tree filters are based on a combination of estimations in the field 
and trial and error of different parameterizations. More research is required into this as the 
fraction of visible sky through a bare tree is depending on several factors, for example 
viewing angle, viewing distance, tree species and age.  
 
Also, currently, the tree filter cannot make the distinction between a single tree and a row of 
trees (in the viewing direction) obstructing the sky view. This is the difference between 
looking through a single row of trees next to the road, or a forest next to the road. A different 
fraction of sky is visible through a single tree as compared to a forest. This also depends on 
the species of trees and the crown density of the tree or the forest. Implementing these 
components in the tree filter would benefit the accuracy of the GIS SVF method. 
 

                                                
11

 http://www.cyclomedia.nl/ 
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4.2.2 Temporal aspects 

Apart from improving the SVF computation method, it is also essential to take temporal 
aspects into account. So far, these effects have been left out of the research. These effects 
however, are a relevant component of the SVF computation and require some attention.  
 
The objects influencing the SVF are subject to constant change. Trees grow, die, are 
trimmed, cut down and or replaced. Buildings are demolished, new buildings are built. 
Therefore, the SVF is a dynamic factor, it can and will change over time to a certain extent.  
 
The important question is whether these changes will influence the SVF in a way that the 
forecasted road surface temperature is significantly affected. The answer to this question is 
essential in determining the rate at which the SVF measurements / computations have to be 
‘refreshed’. This question occurs regardless from which type of SVF determination method 
(photographic, using a GIS or otherwise) is used.  
 
In case of the GIS approach, this is predominantly a source data problem. As mentioned 
before, the AHN is updated every 5 to 10 years. If this dataset is used to extract the tree 
height / size information and building height from, this information could potentially be 10 
years old. The same applies for e.g. building outline information. The TOP10vector dataset 
which is used in this research has a revision interval of 4 years. In such a time span, major 
changes can occur. 
 

4.2.3 Scientific relevance  

 
Apart from the application in the RST forecasting model described in this report, the 
development of the GIS SVF application might also benefit other fields of application: 
 
Personal communications with researchers at PBL (Plan Bureau voor de Leefomgeving 
(Breedijk, M. 2008)) pointed out that researchers were using a similar half product (combined 
digital elevation model and TOP10vector data) for modelling particle removal by trees and 
other objects alongside roads. Using an adapted version the SVF computation model, it 
might be possible to automate the computation the effective filtering surface area of trees 
alongside roads.  

 
Currently the SVF also is important in other disciplines (for instance urban planning and 
urban climatology). There is for instance a strong correlation between SVF and the 
occurrence of so-called ‘urban heat  islands’ (Grimmond et al. 2001, Li et al. 2004, Gál et al. 
2008). Having an automated model which can compute SVF might benefit the research on 
this phenomena.  

 
Another example is the GIS based visibility analysis for urban design evaluation (Yang et al. 
2007) or the analysis of sunlight penetration in urban areas. The results of an  automated 
SVF computation method could be used in assessing such parameters.  
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Appendices 

Appendix 1: Model graphics.  
 
1.1: SVF_A_00_create_project_clipbox 
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1.2: SVF_A_01_import_gps_locations_reference_SVF  

 
SVF_A_02_add_location_ids_to_SVF_tables 
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1.3: (SVF_A_03_reproject_SVF_sample_locations) 
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1.4: SVF_A_04_create_annular_templates 
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1.5: SVF_A_05_create_raster_annular_template 
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1.6: SVF_B1_01a_clip_source_data_to_aoi 
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1.7: SVF_B1_01b_select_relevant_data_from_top10_data 
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1.8: SVF_B1_02_Create_model_sampling_points 
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1.9: SVF_B1_05a_create_object_masks_for_DEM 
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1.10: SVF_B1_05b_remove_road_pixels_from_masks 
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1.11: SVF_B1_06a_filter_trees_from_roads_in_DEM  

 
SVF_B1_06b_filter_trees_from_roads_in_DEM 

 



  

- 67 - 
 

1.12: SVF_B1_07a_model_buildings_in_DEM (left) and 
SVF_B1_07b_model_buildings_in_DEM (right) 
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1.13: SVF_B3_04_create_built_up_DEM 
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1.14: SVF_B3_05_insert_trees_in_DEM 
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SVF_B3_06_create_float_DEM 
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1.15: SVF_J_01_prepare_input_viewshed_computation 
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1.16: SVF_J_03a_SVF_computation_create_viewsheds 
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1.17: SVF_J_03b_SVF_computation_compute_sky_area (left) and 
 SVF_J_03c_SVF_computation_compute_extra_sky_area_building_method (right) 
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1.18: SVF_J_03e_SVF_computation_compute_SVF  
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SVF_J_03f_SVF_computation_compute_SVF 
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1.19: SVF_J_03h_SVF_computation_compute_all_SVF (left) and 
SVF_J_03j_SVF_computation_add_SVF_to_SVF_feature (right) 
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SVF_J_03_SVF_computation_full 
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Appendix 2: (TDN-) Code descriptions. 
 
 
Table 6: Explanation capital letters in toolbox names. 

Letter Indicating:  

A general pre-processing 

B dataset specific pre-processing 

C - Z12 computation of SVF, each toolset a different computational approach 

 
 
Table 7: TDN codes used to select relevant information from TOP10vector dataset.  

Mask Selected TDN codes 

Road mask 2002, 2203 - 3433, 3533 and 3903 

Built-area mask 1000 – 1073, 1120 - 1800 

Tree mask deciduous* 5000 – 5063, 5120 – 5131, 5223, 5233 and 5313 

Tree mask coniferous 5053 

 
*In the tree mask used in this research, both deciduous and coniferous trees were selected. 
No distinction was made because no coniferous trees exist in the area of interest. The 
distinction can be easily made by excluding coniferous forest (TDN-code 5053) from the 
deciduous forest mask. For the meaning of the TDN codes in Table 7, see Table 8 (next 
page) 
 
Mixed forest should be included in the deciduous forest mask, based on the ‘better safe than 
sorry’ approach. The ultimate goal of the network model is to predict where the road surface 
is going to be slippery. The higher the SVF, the higher the risk of slippery roads. In winter 
deciduous trees do not carry leaves and will therefore cause a higher SVF than equally 
proportioned coniferous trees. In order to be sure the SVF is not underestimated, mixed 
forest is added to the deciduous trees mask. 

                                                
12

 Note: not all letters were used 
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Table 8: Meaning selected TDN-codes 

TDN-
code 

Meaning TDN -
code 

Meaning 

1000 Building / House 3103 Road other recommendable route > 7m 

1010 Built-on plot / Residential block 3142 Local metalled road > 7m 

1013 Built-on plot / Residential block 3143 Local metalled road > 7m 

1030 High-rise buildings 3202 Road other recommendable route > 4m 

1040 Wall 3203 Road other recommendable route > 4m 

1070 Department stores 3242 Local metalled road 4-7m 

1073 Department stores 3243 Local metalled road 4-7m 

1120 City Hall 3302 Local metalled road 2-4m 

1370 purification plant / sewage treatment plant 3342 Local metalled road 2-4m 

1700 Church without tower 3343 Local metalled road 2-4m 

1780 Monument 3402 Other road > 2m 

1800 Tower 3403 Other road > 2m 

2002 Highway with separated lanes 3413 Partly metalled  (tarmac) > 2m 

2003 Highway with separated lanes 3432 Unmetalled road > 2m 

2103 Highway > 7m 3433 Unmetalled road > 2m 

2202 Motorway with separated lanes 3533 Street 

2203 Motorway with separated lanes 3903 Car park 

2302 Motorway > 7 meter 5000 Solitary Tree 

2303 Motorway > 7 meter 5023 Deciduous forest 

2342 Motorway with separated lanes 5053 Conifer (pine) forest 

2343 Motorway with separated lanes 5063 Mixed forest 

2403 Main road between 4-7 meter 5111 Hedge 

2802 Main line road with 2 lanes 5120 Line of trees 

2803 Main line road with 2 lanes 5121 Line of trees 

2873 Main line road with 2 lanes 5131 Line of trees (double) 

2903 Main line road > 7m 5223 Orchard 

3002 Road other recommendable route with 
separated 

5233 Tree nursery 

3003 Road other recommendable route with 
separated 

5313 Fruit tree nursery 

3102 Road other recommendable route > 7m   
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Appendix 3: Equations used to compensate for tree transparency. 
 
Table 9: Equations used in the GIS computations to compensate for transparency of the trees (tree filters). The 
attribute name column contains the name of the attribute which was used to store the SVF computation result in. 
[VALUE] = annulus number, [extra_sky_bu] = fraction of sky visible, based on DEM containing no trees, 
[perc_sky] = fraction of visible sky based on full DEM, [TAN_part] = result of part of SVF equation which can be 
computed without the need for input data (see paragraph General data pre-processing). SVF_2 till SVF_5 are 
exponential decrease of tree transparency from inner to outer annulus, SVF_6 till SVF_13 have a linear decrease 
of tree transparency from inner to outer annulus.  

 

Attribute 
name 

Equation used in GIS model Percentage visible sky  
Inner annulus - outer 
annulus 

SVF_1 
( [perc_sky] ) * [Tan_part] ) 
 

0 – 0 

SVF_2 
( [extra_sky_bu] * [Tan_part] ) 
 

0 – 0 

SVF_3 
( ( ( ( 0.9 ^ [VALUE] ) * 0.66 * ( [extra_sky_bu] - [perc_sky] ) ) 
+ [perc_sky] ) * [Tan_part] ) 

app. 60 – app. 0 

SVF_4 
( ( ( ( 0.9 ^ [VALUE] ) * 0.77 * ( [extra_sky_bu] - [perc_sky] ) ) 
+ [perc_sky] ) * [Tan_part] ) 

app. 70 – app. 0 

SVF_5 
( ( ( ( 0.9 ^ [VALUE] ) * 0.88 * ( [extra_sky_bu] - [perc_sky] ) ) 
+ [perc_sky] ) * [Tan_part] ) 

app. 80 – app. 0 

SVF_6 
( ( ( ( 0.9 ^ [VALUE] ) * 0.99 * ( [extra_sky_bu] - [perc_sky] ) ) 
+ [perc_sky] ) * [Tan_part] ) 

app. 90 – app. 0 

SVF_7 
( ( ( 0.80 - ( ( [VALUE] - 1 ) * 0.01429 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

80 – 10 

SVF_8 
( ( ( 0.80 - ( ( [VALUE] - 1 ) * 0.01020 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

80 – 30 

SVF_9 
( ( ( 0.80 - ( ( [VALUE] - 1 ) * 0.00612 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

80 – 50 

SVF_10 
( ( ( 0.80 - ( ( [VALUE] - 1 ) * 0.00204 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

80 – 70 

SVF_11 
( ( ( 0.95 - ( ( [VALUE] - 1 ) * 0.01735 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] )  

95 – 10 

SVF_12 
( ( ( 0.95 - ( ( [VALUE] - 1 ) * 0.01327 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

95 – 30 

SVF_13 
( ( ( 0.95 - ( ( [VALUE] - 1 ) * 0.00918 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

95 – 50 

SVF_14 
( ( ( 0.95 - ( ( [VALUE] - 1 ) * 0.00306 ) ) * ( [extra_sky_bu] - 
[perc_sky] ) ) + [perc_sky] ) * [Tan_part] ) 

95 – 80 

SVF_15 
( ( ( 0.90 * ( [extra_sky_bu] - [perc_sky] ) ) + [perc_sky] ) * 
[Tan_part] ) 

90 – 90 
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Appendix 4: Tree transparency curves 
 

 
 
Figure 39: Exponential tree filters with percentage of visible sky ranging from 60 % - 90 % in the inner annulus 
and 0 % in the outer annulus. 

 

 
 

Figure 40: Linear tree filter with a percentage of 95 % of the sky visible through trees in the inner annulus and 
ranging from 10 % - 80 % in the outer annulus. 

 

 
 

Figure 41: Linear tree filter with a percentage of 80 % of the sky visible through trees in the inner annulus and 
ranging from 10 % - 70 % in the outer annulus. 
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Appendix 5: Scatterplots GIS SVF against reference SVF 
 
Table 10: Scatterplots of the GIS SVF without the application of a tree filter against the reference SVF. The 
middle column contains the SVF based on trees with a maximum height of approximately 17 meter, the right 
column contains the SVF based on trees with a maximum height of approximately 20 meter.  The first row 
contains the SVF computed at ground level, the second row the SVF computed 1.5 meter above ground level. 
 Erroneous values of which the cause of the error could be explained were removed from the analysis (22-33 and 
123-130), the trend line is forced through (0,0). 

SVF 
computation 
height 

Trees maximum 17 meter high Trees maximum 20 meter high 

Ground level 

  
150 cm above 
ground level 
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Table 11: Comparison of the computed SVF based on a maximum tree height of approximately 17 meter, with the 
reference SVF. The GIS SVF is shown on the X-axes, the reference SVF on the Y-axis. The GIS SVF was 
computed at ground level (left column) and 1.5 meter above ground level (right column). Erroneous values of 
which the cause of the error could be explained were removed from the analysis (22-33 and 123-130), the trend 
line is forced through (0,0).  

Tree height max 17 meter, ground level Tree height max 17 meter, ground level + 1.5 
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Table 12: Comparison of the computed SVF based on a maximum tree height of approximately 20 meter, with the 
reference SVF. The GIS SVF is shown on the X-axes, the reference SVF on the Y-axis. The GIS SVF was 
computed at ground level (left column) and 1.5 meter above ground level (right column). Erroneous values of 
which the cause of the error could be explained were removed from the analysis (22-33 and 123-130), the trend 
line is forced through (0,0). 

 
Tree height max 20 meter, ground level Tree height max 20 meter, ground level + 1.5 
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Appendix 6: SVF graphs linear filters 
 
The four figures below show the full results of the GIS SVF computation. The first 2 graphs 
are based on a DEM containing trees with a maximum height of approximately 20 meter. The 
third and fourth graph are based on a maximum tree height of approximately 17 meter. 
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Figure 42: GIS SVF computed using the tree filters with a linear decrease in tree transparency from 95 % in the 
inner annulus to 10 % - 80 % in the outer annulus). Also, a tree filter with a 90 % tree transparency overall is 
included in this graph. The SVF was computed at 2 levels, ground level (gl) and 1.5 meter above ground level. 
The maximum tree height in the DEM used for these computations was approximately 20 meter (t20). 
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Figure 43: GIS SVF computed using the tree filters with a linear decrease in tree transparency from 80 % in the 
inner annulus to 10 % - 70 % in the outer annulus). The SVF was computed at 2 levels, ground level (gl) and 1.5 
meter above ground level. The maximum tree height in the DEM used for these computations was approximately 
20 meter (t20). 



  

- 86 - 
 

 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

0 50 100 150

S
k

y
 V

ie
w

 F
a

ct
o

r

sample location number

reference SVF

linear 95 - 10 t17 (1.5 m above gl )

linear 95 - 30 t17 (1.5 m above gl )

linear 95 - 50 t17 (1.5 m above gl )

linear 95 - 80 t17 (1.5 m above gl )

linear 90 overall t17 (1.5 m above gl )

SVF full DEM t17 (1.5 m above gl )

linear 95 - 10 t17 (gl)

linear 95 - 30 t17 (gl)

linear 95 - 50 t17 (gl)

linear 95 - 80 t17 (gl)

linear 90 overall t17 (gl)

SVF full DEM  t17 (gl)

 
Figure 44: GIS SVF computed using the tree filters with a linear decrease in tree transparency from 95 % in the 
inner annulus to 10 % - 80 % in the outer annulus). Also, a tree filter with a 90 % tree transparency overall is 
included in this graph. The SVF was computed at 2 levels, ground level (gl) and 1.5 meter above ground level. 
The maximum tree height in the DEM used for these computations was approximately 17 meter (t17). 
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Figure 45: GIS SVF computed using the tree filters with a linear decrease in tree transparency from 80 % in the 
inner annulus to 10 % - 70 % in the outer annulus). The SVF was computed at 2 levels, ground level (gl) and 1.5 
meter above ground level. The maximum tree height in the DEM used for these computations was approximately 
17 meter (t17). 
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Appendix 7: Scatterplots GIS-based RST forecast against reference 
SVF-based RST forecast. 

 
Table 13: Scatterplots of the GIS-based RST forecast against the reference SV- based TST forecast for March 
14

th
, 2007 01:00 UTC. Erroneous values of which the cause of the error could be explained were excluded from 

the analysis (22-33 and 123-130). The trend line equations are based on trend lines forced through (0,0). 

Tree filter 95 % tree transparency in inner annulus Tree filter 80 % tree transparency in inner annulus 
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Appendix 8: Scatterplots RST forecast against measured RST. 
 
Table 14: forecasted RST based on the GIS SVF plotted against the Actual RST measured between March 13

th
 

23:00 UTC and March 14
th

 02:00 UTC. Erroneous values of which the cause of the error could be explained were 
excluded from the analysis (22-33 and 123-130). The trend line equations are based on trend lines forced through 
(0,0). 

Tree filter 95 % tree transparency in inner annulus Tree filter 80 % tree transparency in inner annulus 

  

  

  
 
Table 15: forecasted RST based on the reference SVF plotted against the Actual RST measured between March 
13

th
 23:00 UTC and March 14

th
 02:00 UTC. Erroneous values of which the cause of the error could be explained 

were excluded from the analysis (22-33 and 123-130). The trend line equations are based on trend lines forced 
through (0,0). 

Tree filter 95 % tree transparency in inner annulus 
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Appendix 9: bug solar radiation graphics tool  
 
The image on the next page (Figure 48) was created in order to demonstrate the current 
limitations of the Solar Radiation Graphics tool which was used to create the viewsheds. 
Depending on the number of computation directions and DEM complexity (see Figure 46) the 
output of this tool varies. During this research project, by coincidence a model run was 
executed using input raster DEM’s  with terrain height measured in centimetres.  
 
In this case that resulted for example in trees which seemed to be 500 meter high. In certain 
situations, this led to erroneous viewsheds (see Figure 48). In case of ‘simple’ DEM 
geometry (see Figure 46) no problems occurred, but in more complex situations an 
increasing number of erroneous viewsheds was created.  
 
As can be seen in Figure 48, using a ‘simple’ and ‘moderately complex’ DEM results in a 
usable viewshed regardless of the number of calculation directions which is used (although 
accuracy increases with the number of viewshed calculation directions used. The first 
viewshed in the column of viewsheds based on a DEM with a complex geometry shows an 
error.  
 
Not only is the generated viewshed not a viewshed, the whole area is given the attribute 
value of visible air. If this result is used without inspection of the viewshed (e.g. during 
automated computations), the SVF computation would return a value of (approximately 1), 
whereas due to the complexity of the DEM actually a lower value (close to 0) would be 
expected.  

 
 
 
 
 
 
This phenomena is even more obviously present at very complex geometries. For some 
unknown reason a usable viewshed is created using 280 and 320 calculation directions, 
whereas 360 calculation directions resulted in an erroneous viewshed. This error is also not 
an incidental random error, it consequentially occurs at the same 
locations every time the SVF computation procedure is repeated.  
 
Another - often encountered – error within this model run, was the 
fact that some of the viewsheds contain spaces of invisible sky 
within the visible sky area (see Figure 47). The cause of this error is 
unknown. The consequence of this error is an underestimation of 
the actual SVF. In order to be able to actually notice this error during 
automated SVF computations, is to inspect every single viewshed 
visually.  

Figure 47: viewshed 89, 
showing a large part of 
invisible sky within the 
visible sky area. 

Figure 46: examples of DEM geometry complexity. Simple geometry (a), moderately complex geometry (b), complex 
geometry (c) and very complex geometry (d). The colour green indicates low terrain height and the colour red high 
terrain heights. In raster c and d, three height (red dots) was exaggerated for the purpose of demonstrating the 
limitations of the Solar Radiation Tool, tree height here is approximately 500 meter. These images were created 
based on the exact locations that were used to created the viewsheds in Figure 48. 

 

d a b c 
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Because the ultimate goal of Meteo Consult is to make the Network model applicable in all of 
Europe, the extent of these errors has to be researched to greater depth. Because although 
such extreme differences in terrain height as mentioned above might not exist in the 
Netherlands, in other large cities in Europe sky scrapers might be present, or roads in 
mountainous areas might be located at the bottom of a cliff or a ravine, thus creating 
potentially very large terrain height fluctuations over a short distance. 
 

 
 
Figure 48: example of viewsheds created based on DEM’s with different complexity (see Figure 46) and different  
number of computation directions. The circular area is the actual viewshed. Black colour indicates nodata, blue 
colour is visible part of the sky and green colour is the invisible part of the sky.  

 
 


