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Executive Summary: 
The overall aim of the ASSET (ASsessing SEnsitiveness to Transport) project is to develop the 
scientific and methodological capabilities in order to support implementation of European 
policies aiming at balancing the environmental protection of Sensitive Areas. WP3 Mapping 
transport and related sensitive areas in the EU deals with the operationalisation of the criteria for 
transport sensitivity and impacts, as defined in D2.  
 
This paper reports the findings of task 3.2 ‘Mapping transport related sensitive areas at a 
European level’ and task 3.3 ‘Visualise hot spots of conflicting interests and Web-presentation of 
the results’ The work is targeted at mapping of the criteria and indicators proposed in ASSET 
WP2 regarding transport sensitive areas (TSA’s) and impacts from transport activities at pan 
European level, utilising existing maps and statistical data.  
 
This report provides background information for the WebGIS pages established as part of WP3. 
It should be read together with the Web site, as most of the maps compiled are not included in 
this paper version, but can be seen at this address http://dmugisweb.dmu.dk/ASSET_EU/  
 
…. 
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1 Introduction 
This report is the second document from the ASSET project regarding mapping of transport 
sensitive areas in Europe, describing the findings of work package 3, task 3.2 and 3.3. The aim of 
WP3 is to support identification and mapping of transport sensitive areas in a pan European 
context. It is important to remember, that the assessment of sensitivity to impacts from transport 
should be seen as a screening tool, targeted at providing an overview at coarse level and 
envisaging pan European coverage.   
Based upon prior knowledge, the concept of transport sensitive areas has been developed within 
the first work package of ASSET and reported in D1. Afterwards, methods and indicators for 
assessing sensitiveness and impacts originating from transport activities have been developed 
within WP2 (Lieb et al., 2008 – ASSET D2) in parallel with the literature and map data survey 
published in report D3.1. The focus of WP3 is to analyse, demonstrate and visualise the spatial 
implication of impacts from transport activities in relationship to the distribution of sensitive 
areas. Hot-spots will be highlighted as places where areas of high impact coincide with areas of 
high sensitivity. Figure 1 outlines the interrelationships of WP3 inside ASSET. 
 

 WP1
Setting the scene

Task 1.1: Developing the TSA concept Task 1.2: Classifying TSAs

WP2
Assessment of 
sensitiveness

Task 2.1:  Outline of conceptual approach and 
guidelines
Task 2.2: Cost driver analysis and ASSET 
criteria-set
Task 2.3:   Indicator analysis and thresholds
Task 2.4: Synthesis and application of the 
concept

WP3
Mapping of TSAs

Task 3.1   State of the art of techniques
Task 3.2 Mapping TSAs at EU level
Task 3.3  Visualise hot spots of conflicting
Interests and Web-presentation of the results

WP4
Analysing Policy 

Instruments
Task 4.1 Review of policy instruments and their 
application to sensitive areas
Task 4.2: Design principles for policy 
instruments in sensitive areas
Task 4.3:  Assessment of policy instruments / 
packages and recommendations

WP5
Case studies

Testing different policy instruments

WP6
Cross-site evaluation

TSAs: concept and
identification

TSAs: policies and
instruments

W
P
0

M
a
n
a
g
e
m
e
n
t

W
P
7

D
i 
s
s
e
m
i
n
a
t
i
o
n

Task 6.1: The Cross-site Evaluation Frame
work
Task 6.2: Cross-site Evaluation
Task 6.3: Project conclusions and
recommendations 

WP1
Setting the scene

Task 1.1: Developing the TSA concept Task 1.2: Classifying TSAs

WP2
Assessment of 
sensitiveness

Task 2.1:  Outline of conceptual approach and 
guidelines
Task 2.2: Cost driver analysis and ASSET 
criteria-set
Task 2.3:   Indicator analysis and thresholds
Task 2.4: Synthesis and application of the 
concept

WP3
Mapping of TSAs

Task 3.1   State of the art of techniques
Task 3.2 Mapping TSAs at EU level
Task 3.3  Visualise hot spots of conflicting
Interests and Web-presentation of the results

WP4
Analysing Policy 

Instruments
Task 4.1 Review of policy instruments and their 
application to sensitive areas
Task 4.2: Design principles for policy 
instruments in sensitive areas
Task 4.3:  Assessment of policy instruments / 
packages and recommendations

WP5
Case studies

Testing different policy instruments

WP6
Cross-site evaluation

TSAs: concept and
identification

TSAs: policies and
instruments

W
P
0

M
a
n
a
g
e
m
e
n
t

W
P
7

D
i 
s
s
e
m
i
n
a
t
i
o
n

Task 6.1: The Cross-site Evaluation Frame
work
Task 6.2: Cross-site Evaluation
Task 6.3: Project conclusions and
recommendations 

 

Figure 1: Positioning of WP3 
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This report describes methods and results achieved regarding mapping of transport related 
sensitive areas at a European level according to the criteria and indicators derived within WP2 - 
pursuing the following tasks:  
 

• A review of the indicators developed in WP2 in the light of availability of comprehensive 
and harmonised map data for the area of the European Union. Areas outside the European 
Union will be covered for some indicators, subject to availability of map data.  

• Deriving single indicator maps regarding sensitive areas (SA) and transport affected areas 
(TAA) and production of maps on SA and TAA. 

• Discussing and testing approaches for mapping of transport sensitive areas (TSA) by 
combination of the indicator maps. Indicator maps reflecting sensitive areas (SA) and 
transport affected areas (TAA) may be combined as binary maps (yes/no), using 
thresholds for each indicator map, or by adding indicator maps reflecting continuous 
values like population density, distance etc. While the first approach leads to maps 
displaying sensitive / not sensitive areas, the later enable assessing degrees of sensitivity. 

• Provide examples highlighting and visualising hot spots of conflicting interests and 
cumulative effects or aggregated sensitivity. 

• Establish an Internet Map Server displaying the results, namely examples of pan-
European mapping of sensitive areas concerning transportation.  

 

1.1 Background 
Due to definitions discussed and outlined at an earlier stage of the ASSET project, transport 
sensitive areas occur as combinations of sensitive areas and potentially particularly transport 
affected areas. As defined in the report from ASSET WP2, a transport sensitive area is an area 
where the presence of a transport route deteriorates the quality of the area clearly more than the 
presence of the same transport route in another area because the impacts caused are particularly 
high (Lieb et al. 2008, ASSET D2). It is the main task of this report to catch and visualise the 
geographical variability in sensitiveness to transport related pressures and impacts, and thus the 
distribution of sensitive areas throughout Europe. Recognising these spatial differences is highly 
important for mapping TSA’s and identifying hot spots in a pan European context. As explained 
in D2 p. 9, the actual transport volumes are not relevant for the definition of SA, TAA and TSA. 
Only when assessing impacts from actual or planned transport routes we can talk about policy 
relevant TSA, and definition of transport networks and flows are relevant. 
 
Several finished or on-going projects assess many aspects of sensitivity, related to impacts from 
different means of transport and to endpoint as humans, ecosystems and the environment. Among 
those are EU-projects modelling and mapping the spatial variability of flows for all means of 
transport. As transportation usually takes place along transport routes (land & inland waters) or 
corridors (air & sea) impacts will occur either on the route itself, in the surroundings or via 
spreading of pollution over large regions or the entire globe. Those impacts which are global in 
nature and related to ordinary policy measures are not relevant for the discussion of TSA’s – see 
chapter 2.4 in ASSET - D2 (Lieb et al., 2008). 
 
Concurrently, the degree of sensitiveness of areas often depends on local conditions as population 
density, cultural history, ecology of habitats, soil, water flows, meteorological conditions or the 
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shape of the terrain. Due to this high importance of spatial relationships, mapping has to aim at 
localise TSA from overlay of impacts from potential transport with relevant types of sensitivity.  
 
Within recent years, data processing power and data storage capacity even of ordinary desktop 
computers has increased tremendously. Furthermore, increasing awareness has been gained 
regarding the importance of spatial phenomena and their interaction in space and time in 
environmental research. These two trends have led to data collection activities for creating of 
many new and more precise geographical databases and maps, with increasing spatial resolution 
(finer grain size). Many of these databases have been made available to the public or for research 
purposes, enabling more detailed and in depth analysis regarding TSA’s.  
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2 Mapping of ASSET indicator set 
 
The indicators developed in WP2 have guided the implementation in WP3, illustrating the spatial 
implication of the TSA concept by using GIS and web based mapping tools. The outcome should 
cover maps showing SA, TAA and TSA regarding four effects worked out in WP2, i.e. noise, 
infrastructure, air pollution and accidents. Furthermore, in D2 we argue that the sensitiveness of 
an area with respect to a given impact is intrinsic and thus independent of the transport mode. In 
contrary, Transport affected areas can be highly impacted by one or more modes, but a 
differentiation of transport modes is not deemed important and as a consequence it is not 
applicable to distinguish between modes when mapping TAA’s. 
In the synthesis of D2, a proposal for all indicators for the four different effects of transportation 
activities has been provided, see table 1 below. This forms the point of departure of the GIS 
implementation to be accomplished by WP3. During the hands on work with GIS and map data, 
thresholds and algorithms for indicator integration had to be reviewed and adopted, and methods 
for hot spot identification worked out. 
 
Table 1: Summary of all indicators for the four different effects  

(copy from D2, table 51, p. 132) 
Indicator  Threshold Noise Air Infra- Acci-  
number name description  pollution structure dents 
Check 1 for the definition of SA  

11 Population 
density 

90-percentile N_C1_I1 AP_C1_I1 TI_C1_I1 A_C1_I1 

12 Sensitive 
ecosystems 

Natura 2000, UNESCO biosphere 
reserve 

yes / no N_C1_I2 AP_C1_I2 TI_C1_I2 A_C1_I2 

  European Coastal Erosion Layer yes / no  TI_C1_I2 
13 Cultural 

heritage 
UNESCO world heritage site yes / no N_C1_I3 AP_C1_I3 TI_C1_I3 A_C1_I3 

14 Tourisitc and 
recreational 
value 

number of overnight stays / km2 90-percentile N_C1_I4 AP_C1_I4 TI_C1_I4 

15 Connectivitiy 
index 

Measure of ease of movements Average of 
Natura 2000 
sites 

 TI_C1_I5 

16 Tunnels 500m length  A_C1_I4 
17 Pollution of 

ground water 
ground water protection zone yes / no  A_C1_I5 

Check 2 for the definition of TAA  
21 Topography Altitude differences 400m in 1km N_C2_I1 AP_C2_I1 TI_C2_I1 

22a Wind speed Possibly frequency of wind above 
certain velocity 

to be 
determined 
in WP3 

N_C2_I2  

22b Wind speed Low wind speeds 10-percentile AP_C2_I2 
23 Temperature Possibly average yearly temperature to be 

determined 
in WP3 

N_C2_I3  

All threshold must be reviewed in WP3.  

 
The following sections will briefly run through the indicators developed for all four effects in 
WP2, and discuss their possible implementation using the map set from WP3 task1 (D3.1), where 
metadata and links to data sets and their description can be found. Indicator maps regarding 
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sensitive areas as well as transport affected areas will be developed in this chapter, while the 
combination of indicators to map transport sensitive areas is the topic of the next chapter. Most of 
the indicators apply to more than one effect and usually the same mapping procedure is applied to 
all effects concerned. Only if there can be found a significant difference in the way an indicator 
should be mapped concerning different effects, the mapping procedure will be discussed and 
differences accentuated. 
 

2.1 Noise 
The main effects of noise are related to human health and well-being, including recreational 
values related to sites of cultural heritage and beautiful nature. Impacts on ecosystems are valued 
to be of less importance. Settings that increase noise from traffic in some areas more than others 
are mainly the terrain shape of an area and meteorological conditions. 
 
Table 2: Indicators regarding noise (D2 – table 47) 
Indicator Threshold Relevance relevant for
number name description road rail air IWW
Check 1 for the definition of SA
N_C1_I1 Population density 90-percentile very high X X X X
N_C1_I2 Sensitive ecosystems Natura 2000, UNESCO biosphere 

reserve
yes / no medium X X X X

N_C1_I3 Cultural heritage UNESCO world heritage site yes / no high X X X X
N_C1_I4 Tourisitc and recreational 

value
number of overnight stays / km2 90-percentile high X X X X

Check 2 for the definition of TAA #)
N_C2_I1 Topography Altitude differences *) 400m in 1km very high X X X X
N_C2_I2 Wind speed Possibly frequency of wind above 

certain velocity
to be deter-
mined in WP3

high X X X X

N_C2_I3 Temperature Possibly average yearly 
temperature

to be deter-
mined in WP3

high X X X X

IWW = inland waterways. All threshold must be reviewed in WP3.
#) including flat moutain valleys
*) gradients, inversion, amphitheater effect, reflections  
 

2.1.1 Indicators for Noise Sensitive Areas 

N_C1_I1: Population density 
Densely populated areas are more sensitive to noise, as it must be assumed that more people are 
exposed in these. At a European level, population statistics only exist for administrative units 
(communes), while the actual places of living and working have not been mapped. So this 
indicator is a first approximation for the number of citizens affected by noise within a given area.  
 
Map: ‘Population density disaggregated with Corine land cover 2000’, EEA data service (EEA 
data service) and JRC (See: Gallego J., Peedell S., 2001). The population density map produced 
by JRC is based on the assumption that urban areas are more densely populated than rural ones. 
Hence, there is a proportional relationship between the population density and the land cover 
classes found in Corine maps, i.e. there is a decreasing population density from the land classes 
‘Continuous urban fabric’ to ‘Discontinuous urban fabric’, ‘Other urban’, agricultural areas, 
forests etc.. Using geo-statistics, the population statistics for the communes have been re-
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assigned onto Corine Land Cover classes. The figure below shows a subset of this map for the 
Greater Copenhagen area.  
 
For the indicator, a linear relationship between the number of people affected and the population 
density map is assumed. For the 90-percentile threshold, the 10% of the EU territory with highest 
population density have to be selected. 
 

 
Figure 2: Clip from ‘Population density disaggregated with Corine land cover 2000’ map, overlaid 
by road network. 

 
N_C1_I2 Sensitive ecosystems: 
Noise is anticipated to have a disturbing influence on several fauna species, mainly for birds it 
has been shown that noise disturbance has negative impact on reproduction ratio. Potential 
approaches for mapping sensitive areas could be by using maps on UNESCO biosphere reserves, 
National Parks, rare habitats or areas with high biodiversity. Anyhow, no consistent maps 
regarding these criteria could be found. On the other hand, the designation of areas as Natura2000 
habitats carried out recently by the EU member stats, can be anticipated to include most of these 
criteria and thus for a reasonable basis for producing maps of sensitive ecosystems.  
 
Map: A recently collected map with polygons for all Natura2000 sites could be obtained from 
DG Environment. The spatial data were extracted from the database according 3 main ‘Natura 
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2000’ categories: SPA’s (Special Protection Areas - Birds Directive), SCIs (Sites of Community 
Importance – Habitats directive) and a third category i.e. C-types (Natura2000 sites that are 
designated both as SCI and SPA). As mainly birds are assumed to be noise sensitive, only the 
SPA’s have been used as sensitive ecosystems here. As this is a binary Yes/No map all SPA’s 
must be considered as sensitive ecosystems. 
 
N_C1_I3 Cultural heritage: 
People visiting and enjoying places or areas of cultural heritage often feel that noise hampers 
their experience of the scenery. However, in most cases the area of a cultural heritage I very 
small, seen in a pan European context so that impacts are not easily to be mapped on this level. 
Maps on cultural heritage could not be found available on-line and thus this indicator will not be 
included in further mapping operations. 
 
N_C1_I4 Touristic and recreational value: 
Touristic and recreational activities cover a wide range of interests and preferences. In relation to 
noise sensitive areas, the attractiveness of nature areas for tourism is strongly correlated with the 
possibilities of undisturbed outdoor activities. Tourists in these areas expect silence, pure air, 
unspoiled nature, and a pleasant landscape. Hence, perceptible noise levels even below the legal 
limit deteriorate the attractiveness of tourism destinations. Looking at the importance of the 
tourism sector, these effects could considerably weaken the local economy in some areas. 
Unfortunately, only few data are available here and from WP2 it has been recommended that the 
number of overnight stays could be a reasonable indicator here.  
 
Mapping: An approximation would be the map shown in D3.1: ‘Tourism intensity (tourists per 
km2) in the EU’ - (DG Enterprise, 2002). Unfortunately, no digital edition of this map was 
available. Instead, two sets of data were accessible for downloaded from Eurostat, joined to 
different administrative levels (NUTS = nomenclature of territorial units for statistics - 
EUROSTAT), with the most complete set available for the year 2005. As listed in the indicator 
table, the best indicator had been found to be the number of overnight stays / km2 . Unfortunately, 
these figures are available only on the coarser NUTS2 level, while the number of beds in tourism 
sector has been collected at the finer NUTS3 level. So, we took the number of overnight stays 
and redistributed them within each NUTS2 unit according to the number of beds found at NUTS3 
level.  This does not give the precise figure, but anyway a more detailed spatial representation of 
the number of overnight stays.  
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Figure 3: Map with modelled yearly overnight stays / km2 (Base data from Eurostat, 2005) 

 

2.1.2 Indicators for Transport Noise Affected Areas 

N_C2_I1 Topography 
In mountainous areas noise can propagate directly – often high above ground – without damping 
by trees and buildings etc. and with a significantly reduced ground effect. This is called the 
amphitheatre effect, observed in valleys, where every vehicle can be heard even over long distances, 
in the valley bottom as well as on the slopes. The amphitheatre effect is sometimes reinforced by 
reflections of noise (echo). So, in these cases the terrain form is important as an indicator for areas 
where noise from traffic is emphasised more than in flat landscapes. 
 
Mapping of the indicator has been achieved by computing a terrain shape index. This indicator 
distinguishes between concave and convex forms, i.e. valleys / depressions and mountain ridges / 
summits, with a sensitivity gradient from valleys to ridges. A map called LANDFORM has been 
compiled from a digital elevation model (DEM) by smoothing the elevation map and 
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subsequently subtracting the original, undulating, terrain from the smoothed surface. In this map, 
larger values indicate higher transport noise affected areas. 
 

Real land surface
Smoothed surface
Difference = LANDFORM

Real land surface
Smoothed surface
Difference = LANDFORM

Real land surfaceReal land surface
Smoothed surfaceSmoothed surface
Difference = LANDFORMDifference = LANDFORM

 
Figure 4: Principal sketch explaining the generation of the LANDFORM map, exemplified on a 
cross section through a mountain landscape. Grey arrows indicate positive values for 
depressions/valleys and negative for summits/ridges. 

 
The elevation data used for generating the LANDFORM index originate from NASA’s Shuttle 
Radar Topographic Mission (SRTM). After processing by NASA, the data have been improved 
and processed to fill data voids using numerous auxillary data by a consortium of fifteen 
International Research Centers, who formed the Consortium for Spatial Information (CGIAR-
CSI) http://srtm.csi.cgiar.org/. The elevation data have been released at a spatial resolution of 90 
meters, and are available for free download. During ASSET, version 3 of the SRTM elevation 
data has been downloaded from King’s College London mirror site.. The SRTM V4 data is as of 
now available at a mirror site at the Joint Research Center in the Institute for Environmental 
Research. 
For mapping the LANDFROM indicator, the elevation data have been resampled to the chosen 
standard spatial resolution of 1km2. From this, the smoothed surface has been generated by 
computing the mean elevation over a 10x10 km grid and subtracting the two maps. Figure 5 
displays a comparison of the resampled elevation map to the left and the LANDFORM map to 
the right. The mapped area shown is approximately 100 x 200 km, with the river Inn valley and 
the city of Innsbruck in the centre and Munich placed in the uppermost centre. The indicator 
proposed in D2, areas with elevation differences above 400 meters within one square kilometre, 
can be seen as grey areas in the middle map for comparison. During the mapping it turned out, 
that this indicator covers steep slopes and ridges/summits, but not the (flat) valley bottoms as 
required in the indicator table. Therefore, the LANDFORM is judged to be a better 
approximation of an indicator reflecting the amphitheatre effect.  
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Figure 5: Comparison of maps with elevation data (left), areas with elevation differences above 
400m in 1 km2 (middle map, grey areas) and LANDFROM index (right, depressions & valleys in 
red shades and summits & ridges in green). 

 
N_C2_I2 Wind speed and N_C2_I3 Temperature 
No sufficient data could be found to reflect these two proposed indicators at a level of sufficient 
spatial detail. 
 

2.2 Infrastructure 
Table 3 summarizes the indicators for transport infrastructure as derived in D2, chapter 5 & 7. As it is 
impossible to consider a juvenile landscape without the transport infrastructure, cities and other man 
made features existing today, it is important to point out that these indicators are only relevant when 
we consider the building of a new infrastructure or the extension of an existing one. Furthermore, as 
shown in the table, in D2 we have differentiated between four different effects, namely land take, 
coastal erosion, barrier effects and visual intrusion. The indicators can be applied all together or, if we 
are considering a certain impact, only the indicators relevant for this effect should be drawn in. 
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Table 3: Indicators regarding infrastructure (D2 – table 49)
Indicator Threshold Relevance relevant for Effects covered
number name description road rail air IWW LT CE BE VI
Check 1 for the definition of SA
TI_C1_I1 Population density 90-percentile medium-low X X (X) (X) X X X
TI_C1_I2 Sensitive Natura 2000, UNES-

CO biosphere reserve
yes / no very high X X X X X X X

ecosystems European Coastal 
Erosion Layer

yes / no medium X X X X X

TI_C1_I3 Cultural heritage UNESCO world 
heritage site

yes / no very high X X X X X X X

TI_C1_I4 Tourisitc and 
recreational value

number of overnight 
stays / km2

90-percentile medium X X X X X X X

TI_C1_I5 Connectivitiy index Measure of ease of 
movements

Average of Natura 
2000 sites

high X X (X) (X) X

Check 2 for the definition of TAA
TI_C2_I1 Topography altitude differences as 

approximation for 
visual shed  #)

400m in 1km medium X X (X) (X) X

#) including flat moutain valleys
IWW = inland waterways, LT = land take, CE = coastal erosion, BE = barrier effects, VI = visual intrusion, (X) = in principle 
relevant, but in practice not. All threshold must be reviewed in WP3.  
 

2.2.1 Indicators for Infrastructure Sensitive Areas 

TI_C1_I1 Population density 
The indicator reflects the number of citizens living in an area, and thus tells how many people are 
affected by a transport infrastructure. The map applied is the same as produced for noise sensitive 
areas, only the relevance of the indicator for the overall sensitiveness is judged to be less. 
 
TI_C1_I2 Sensitive ecosystems 
Ecosystems in general are sensitive to disturbances by fragmentation due to transport 
infrastructure and traffic volumes. As for noise, we use the Natura2000 habitat map. Opposite to 
noise sensitive bird habitats, in this case all habitat types are potentially affected and used for 
mapping.  
 
TI_C1_I3 Cultural heritage 
The summary of indicators (see table above) mentions UNESCO world heritage sites, while 
chapter 5 in D2 mentions socially / culturally sensitive areas. It is seen as a supplement to 
‘sensitive ecosystems’ (TI_C1_I2) and ‘connectivity’ (TI_C1_I5). Furthermore, D2 states that 
‘we face a really difficult task here, as the measurement of social / cultural importance is far from 
straightforward, and it is not clear what kind of data could be used for such an assessment at EU-
level’. As no map data could be found readily available, this indicator will not be included in 
further mapping operations. 
 
TI_C1_I4 Touristic and recreational value 
Here, the economic values will be assessed similar to noise sensitive areas, and the same map 
will be applied. 
 
TI_C1_I5  Connectivity index - European Union Connectivity Index 
The main objective is to develop a European spatial dataset to help on the identification of 
Sensitive Areas related to biodiversity. Measuring biodiversity in such an extensive territory as 
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Europe is not an easy task, though ecology and biogeography sciences offer a huge amount of 
useful knowledge. 
In earlier works, the authors already studied a similar challenge in Spain (Martín Ramos et al., 
2008; Mancebo Quintana et al., 2009). Thus, a Connectivity Index (CI) was developed to 
measure landscape structural and functional connectivity, being this index related to biodiversity 
through Hansky's (1994) metapopulation theory. This index is not the only parameter to measure 
biodiversity, the Species-Area Relationship (SAR) and the potential biodiversity of each habitat 
are also important contributors towards its measure. SAR was not considered because, partially, it 
is already considered in the CI. Potential biodiversity of each habitat was either not taken into 
account because of a lack of information for all European habitats. Nevertheless this parameter 
should be considered to achieve better results. 
The CI sums available habitat for each patch reduced by the effective distance (Bunn et al. 2000) 
needed to reach other patches. “It reflects –as information on the structure of the landscape– the 
area occupied by each habitat, plus its connectivity understood from a functional point of view. 
This is possible because the effective distance takes into account the resistance offered by the 
landscape matrix to the movement of species.“ (Mancebo Quintana et al., 2009) 
In the context of this research project, the main achievement has been to adapt land cover (the 
only source for habitat mapping in Europe) so as to be used as a habitat source for CI calculation. 
Land cover can be considered as a generalized form of habitat mapping, for each land cover type 
there are several ecological habitats that fits beneath. Being the number of types smaller, the area 
of each type is greater and, hence, the CI is bigger -e. g. riparian vegetation would be considered 
of the same type than oak forests though obviously they do not represent the same ecological 
habitat-. The adaptive methodology consists in measuring in a sample territory the probability of 
having the same habitat two patches of the same land cover. The bias from using land cover in 
compilation of the CI is corrected this way, though local deviations from the general probability 
cannot be corrected. Calculation of CI is programmed in a Geographic Information System 
(Mancebo Quintana, 2007), and updated to incorporate habitat coincidence probability when 
using land cover datasets.  
 
Methodology 
Source datasets acquisition and setup 
The European Environmental Agency with EU Member States geographic institutions developed 
the Corine Land Cover map (EEA, 2000), version CLC2000v3 9/2007. In order to measure the 
Land Cover -habitat probabilities of coincidence- the Spanish habitat map (Ministerio de Medio 
Ambiente, 2005) was used. 
 
Measurement of habitat coincidence within land covers 
In Spain land covers and habitat types were compared within the GIS. It was measured the 
probability of habitat coincidence for a set of distances (from 100 m to 50 km) and for every land 
cover type (see graph below). These probabilities are near 100% when distances are narrow -as it 
was expected- and get smaller with distance. The upper threshold of 50 km comes from a 
preceding study (Martín Ramos et al., 2008) in which autocorrelation was measured and it was 
concluded that from that distance habitat patches don't significantly contribute to CI results. 
Probability patterns with distance for each land cover resulted very similar in most cases. 
Therefore, a regression model was adjusted for the whole set of land cover types, having a power 
regression the best statistical goodness of fit.  
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Figure 6: Probability patterns with distance for each land cover 

 
Program update 
CI calculation was already programmed in a GIS. This program was updated in order to take into 
account the probability function obtained before. Power regression model constants were added 
as parameters. 
 
Calculation in Europe 
CI calculation involve several tasks: 
First a reference dataset was created from Corine Land Cover, so that sea, inland waters, coastal 
lagoons... are excluded from calculations. 
Each natural land cover is considered a different type of habitat. This is the main landscape 
dataset. 
Artificial and agriculture land covers are not considered as habitat, though they are part of the 
background landscape or matrix. Agriculture types can include small natural patches, though 
their habitat is unknown and CI cannot be calculated. 
Artificial types are isolated into an artificial map and integrated in the landscape with a high 
resistance to connectivity between natural patches. 
Once all datasets were setup, CI calculation was launched in a sample of zones to check for 
consistency of results. CI was finally calculated for the study area and proper metadata (ISO 
19115) was attached to resulting dataset. An integer version was obtained to facilitate layer 
management and distribution. 
 
 
Result 
The main result is the EU Connectivity Index datasets and map: 
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Figure 7: EU Connectivity map 

 
Discussion 
This map depicts habitat connectivity in Europe, being useful to identify Sensitive Areas. 
In boreal ecosystems and other zones the CI is very high due to homogeneous land cover. 
Biodiversity in these ecosystems is not that high (Blondel, 1979), therefore potential biodiversity 
of each ecosystem should provide a valuable contribution towards biodiversity. 
Extrapolation of probability coincidence regression model to the EU has not been validated and 
might have some bias and deviation. Sample zone was Spain, a territory where four of eleven 
European bio-geographical regions are present. 
 

2.2.2 Indicators for Transport Infrastructure Affected Areas 

TI_C2_I1 Topography: 
Topography is the only indicator mentioned in the ASSET set of indicators regarding transport 
infrastructure affected areas. Actually, it is only related to visual intrusion and thus has a medium 
relevance. Visual transport infrastructure is potentially most enjoying, where it can be seen from 
far away or where it dominates valleys in mountain areas. Therefore, a map of valleys and flat 
areas is considered to best represent this indicator, and we have chosen to use the LANDFORM 
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map described under ‘Noise’ for this indicator too. Only the weighting should be different, as 
relevance of topography (=LANDFORM) is considered very high regarding noise, but medium 
relevant for infrastructure. 
 

2.3 Air pollution 
Air pollution still poses one of the main threats to human and ecosystem health, despite 
substantial international and national legislation and regulation initiatives resulting in significant 
reductions of common pollutants. Ecosystem health may be affected by air pollution via direct 
deposition on plants and via changes in soil fertility. Table 4 shows the common ASSET 
indicators developed. 
 
Table 4: Indicators regarding air pollution (D2 – table 48)
Indicator Threshold Relevance relevant for
number name description road rail air IWW
Check 1 for the definition of SA
AP_C1_I1 Population density 90-percentile very high X X X X
AP_C1_I2 Sensitive ecosystems Natura 2000, UNESCO 

biosphere reserve
yes / no medium X X X X

AP_C1_I3 Cultural heritage UNESCO world heritage site yes / no medium X X (X) (X)
AP_C1_I4 Tourisitc and 

recreational value
number of overnight stays / 
km2

90-percentile low X X X X

Check 2 for the definition of TAA
AP_C2_I1 Topography Altitude differences *) 400m in 1km very high X X (X) (X)
AP_C2_I2 Wind speed Low wind speeds 10-percentile high X X (X) (X)
IWW = inland waterways, (X) = in principle relevant, but in practice not. All threshold must be reviewed in WP3.
*)  including flat moutain valleys. Gradients, inversions, enclosure, reduced wind speed  
 
 

2.3.1 Indicators for Air Pollution Sensitive Areas 

AP_C1_I1 Population density 
As for noise, densely populated areas are more sensitive to impacts due to air pollution, and a 
linear relationship between number of citizens and sensitivity should be assumed. The indicator 
map is the same as used for ‘noise’.  
 
AP_C1_I2 Sensitive ecosystems 
Ecosystems are considered to be impacted by air pollution, where impacts may differ depending 
of ecosystem type, buffer capacity of the soil and other factors. Extra load from air polluting 
substances on valuable nature areas may lead to harmful effects and exceedance of thresholds, which 
according to the habitats directive is no longer acceptable for Natura 2000 sites and other protected 
areas like UNESCO biosphere reserves.  
As we do not have auxiliary information on individual ecosystems for the time being, a more 
general approach has to be applied. We use the map of all Natura2000 designated habitats as 
indicator here, and for local area pollutants the assumption can be made that exposure is an 
exponential function of emissions. A buffer zone of 1km around sensitive ecosystems has been 
applied, where sensitivity decreases proportional with distance from the Natura2000 area, taking into 
account the dispersion pattern of pollutants. This weighting is quite similar to the approach used in 
the TEN-STAC project, working with three distance bands can be set to 10 within the area of special 
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protection, 2 for a 0-500 m distance band, 1 within the 500-1000 m band and 0.5 within the 1000-
2000 m band (TEN-STAC, 2003 / 2004, p. 125). 
 
AP_C1_I3 Cultural heritage 
Air pollution may deteriorate and corrode monuments that have been pinpointed as cultural 
heritage by UNESCO. In order to decide whether these sites are air pollution sensitive, it would 
need more information on building material etc. Furthermore, impact from local air pollution is 
limited to a very close neighbourhood. As no digital data could be found on these factors, we 
decided not to use this indicator.  
 
AP_C1_I4 Touristic and recreational value 
Air pollution only in rather extreme situation influences tourists’ interest in visiting and staying 
in an area. Accordingly, this indicator is considered of low relevance, and the map on tourist and 
recreational value should be applied here. 
 

2.3.2 Indicators for Transport Air Pollution Affected Areas 

AP_C2_I1 Topography 
Enclosures, valleys and depressions are generally characterised by lower wind speeds, occurrence 
of inversion layers and reduced air exchange and thus higher concentration levels of pollutants. 
The indicator map applied here is similar to LANDFORM, but it should only consider 
depressions. So, the map applied is the LANDFORM map, but with all convex areas set to zero.   
 

Real land surface
Smoothed surface
Difference = LANDFORM
VALLEYS map, these
areas have been set to 0

Real land surfaceReal land surface
Smoothed surfaceSmoothed surface
Difference = LANDFORMDifference = LANDFORM
VALLEYS map, these
areas have been set to 0
VALLEYS map, these
areas have been set to 0  

Figure 8: Principal sketch explaining the generation of the VALLEYS map, opposed to the 
LANDFORM index in figure 3. Positive values are set for valleys, while red arrows indicate areas 
with values set to ‘0’.  

 
AP_C2_I2 Wind speed –> Meteorology 
NERI has provided model simulations using the Danish Eulerian Hemispheric Model (DEHM) to 
cover this topic, as no area covering wind speed data were available at a sufficient level of detail. 
Even though the atmospheric modelling presented here is rather coarse in term of spatial 
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resolution, it should be considered together with the previous indicator on topography, covering 
the local variations from the overall atmospheric conditions. 
 
The model applied, DEHM, is a state-of-the-art atmospheric chemistry transport model that 
covers the Northern Hemisphere with a resolution of 150 km x 150 km and includes a two-way 
nesting capability (nesting factor of 3) with currently two nests implemented to zoom over 
Europe (the EMEP area) and Denmark and surrounding countries. The model has 20 non-
equidistant layers in the vertical and gives a good description of the lowest 15 km of the 
atmosphere. The DEHM model includes a comprehensive chemistry module with 63 included 
compounds of which 4 relate to primary particulates (PM2.5, PM10, TSP and sea salt), other 
compounds are SOx, NOx, NHx, VOC’s, and secondary inorganic particulates. 
 
 
 

  
Figure 9: The DEHM model domain and grid, including the two nests with 50km and 17km 
resolution. 

The model runs simulated the influence of meteorological conditions on the dispersion of 
chemicals by making a simulation with constant emissions of a chemical tracer. Results highlight 
regions or areas in Europe where air pollution is concentrated due to atmospheric dispersion 
alone. The indicator map has been drawn using average concentration of pollutants over 10 one-
year model simulations with emissions over land in the whole Northern Hemisphere. Units used 
are arbitrary and thus reflect relative values, providing an index of sensitivity. 
 

2.4 Accidents 
The following indicators for accidents have been defined in D2 and form the point of departure 
for mapping indicators in WP3: 
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Table 5: Indicators regarding accidents (D2)
Indicator  Threshold Relevance relevant for 
number name description road rail air IWW
Check 1 for the definition of SA     
A_C1_I1 Population density 90-percentile low HG (HG) (HG) (HG)
A_C1_I2 Sensitive ecosystems Natura 2000, UNESCO 

biosphere reserve 
yes / no low HG (HG) (HG) X 

A_C1_I3 Cultural heritage UNESCO world heritage site yes / no low HG (HG) (HG) (HG)
A_C1_I4 Tunnels 500m length low HG (HG)  
A_C1_I5 Pollution of ground 

water 
ground water protection zone yes / no medium Freig

ht 
(HG) (HG) (HG)

Check 2 for the definition of TAA   
No relevant indicator   
IWW = inland waterways, HG = hazardous goods,  (HG) = in principle relevant for hazardous goods, but in practice not.  
All threshold must be reviewed in WP3. 

 
 

2.4.1 Indicators for Accident Sensitive Areas 

A_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 
This indicator describes the fact that accidents with hazardous goods have larger impacts than 
ordinary accidents in densely populated areas.  
 
Mapping: 
Since a mathematic equation on accident impacts dependent on population densities is not 
available, this indicator was formulated in a manner, that generally urban areas should be 
included. Therefore, sensitivity maps on population densities that have been developed for other 
effects shall be used for accidents as well. 
 
A_C1_I2: The area is a Natura 2000 site or a UNESCO biosphere reserve. 
Accidents by inland water transport are affecting natural water bodies. Generally inland water 
bodies are - from the ecological point of view - especially sensitive areas due to their diversity of 
flora and fauna. A release of hazardous fluids or engine fuels might have a large impact on these 
sensitive ecosystems. The fact that 1 litre of oil might contaminate up to 1 million litres (1000 
m3) of water, justifies a risk averse approach.  
 
Mapping:  
The most appropriate solution for mapping would be the depiction of accident hot spots on the 
maps. However since data are missing on national and European scale, this option is not feasible. 
As a second-best solution, it is proposed to only take into account protected natural areas that are 
crossed by inland waterways. The areas are determined by national and regional decision makers 
according to the NATURA 2000 directive. Furthermore, waterways in UNESCO biosphere 
reserves are also taken into account.  
 
The map depicting sensitive areas for inland water transport is generated through an overlay of a 
map of the European Waterways (Map_Waterways_Euro, Figure 10) with FFH areas.  
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Figure 10: European Waterways 

 
A_C1_I3: The area is a UNESCO world heritage site. 
Accidents with hazardous goods can lead to fires or contamination of adjacent areas. Therefore, 
such accidents should not occur near unique cultural heritages. 
 
Mapping: 
The maps produced for other transport effects shall be used as well for this indicator. 
Additionally, a buffer zone of 100m around the heritage sites is recommended, in order to protect 
the site from accident impacts, such as fires and explosions. Anyhow, no digital data exist on 
UNESCO world heritage sites, and as the buffer zone is very narrow seen at a pan European 
scale, this indicator is relevant only on a very local scale. 
 
A_C1_I4: The road tunnel is longer than 500m (≥ 500m). 
The potential damages caused by a major incident involving hazardous goods are relatively high. 
Fire and explosions in tunnels may cause large numbers of human casualties. Especially, the high 
fire loads necessitate large fire ventilation systems in order to allow for sufficient oxygen. 
Therefore ASSET only takes into account accidents involving hazardous goods in tunnels. 
 
Mapping: 
Maps should depict the sections of the road system that proceed in tunnels longer than 500m, as 
these sections are sensitive for hazardous goods transport. Anyhow, this only applies to actual 
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existing transport routes, as it is impossible to map potential tunnels placement and length. As a 
consequence, only mapping of policy relevant TSA’s can be done, using maps of existing or 
planned transport infrastructure. 
 
A_C1_I5: The area is a ground water protection zone. 
Release of harmful substances and the intrusion into the soil will have major impacts on the 
ground water and on the flora and fauna. Therefore, ground water protection zones and Flora 
Fauna Habitat Reserves are classified as transport sensitive areas.   
 
The EU Water Framework Directive (2000 / 60 / EC) requires that the member states define 
groundwater bodies, classify them and report back to the Commission. On the national level 
protected groundwater areas or habitats and species directly dependant on water are registered. 
Member state have to report all bodies of water used for the abstraction of water intended for 
human consumption providing more than 10 m3 a day as an average or serving more than 50 
persons. The new Groundwater Directive (2006 / 118 / EC) adds i.a. groundwater quality 
standards, pollution trends and prevention measures.  
 
The register of protected areas required under the directive shall include the following types of 
protected areas: 
 

• areas designated for the abstraction of water intended for human consumption; 
• areas designated for the protection of economically significant aquatic species; 
• bodies of water designated as recreational waters, including areas designated as bathing 

waters, 
• nutrient-sensitive areas, including areas designated as vulnerable zones under Directive 

91/676/EEC and areas designated as sensitive areas under Directive 91/271/EEC; and 
• areas designated for the protection of habitats or species where the maintenance or 

improvement of the status of water is an important factor in their protection, including 
relevant Natura 2000 sites designated under Directive 92/43/EEC (1) and Directive 
79/409/EEC (2). 

 
Mapping: 
As required by the EU Water Framework Directive, the European States reported on their river 
basins. The map below gives an overview on the catchment areas of the major river basins in 
Europe (Figure 11). The degree of the vulnerability of the groundwater bodies is depicted as well. 
Another map with the surface water bodies depicts a similar risk assessment.  
 
However, the scales of the maps are far too coarse to allow for a reasonable analysis of transport 
related sensitivities. Thus, detailed maps on larger scales would be necessary in order to identify 
sensitive areas, but do not exist for the time being.  
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Figure 11: European Water Basis and their vulnerability  

(Source: http://ec.europa.eu/environment/water/water-framework/index_en.html) 
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Zone III 
 
 
Zone II 

 
Figure 12: Water catchment areas for Stuttgart water supply  

(Source: Landeswasserversorgung Stuttgart, http://www.lw-online.de/inter.html, 2008) 
 
The water supply system of Stuttgart as given above is an example on the local sensitivities of 
drinking water supply zones. The annual output of the water supply system exceeds 95 million 
cubic metres drinking water of the highest quality for about three million customers. The water 
catchment areas are vast due to the Karst subsoil, where long aquifers are existent. In Germany 
three Water Protection Zones are defined as follows: 
 

• Zone I: 10-30m around the well, usage and entry generally forbidden. 
• Zone II: flow time to the well 50 days, minimum 100m, land use is restricted for farming, 

construction, roads (red colour on map). 

 

 
Access forbidden for water 
pollutant transports to Zone 
II in Germany 
 

• Zone III: Whole catchment area of the well (light blue in Figure 12). Restrictions to 
usage, but not explicitly formulated for transport. 
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Access regulations to Zone 
III in Germany. Drivers are 
warned to drive cautiously. 
No penalties foreseen.   

 
The Donauried near Langenau (Figure 13) may serve as an example on the impacts of transport 
on the water catchment area. The map below (Figure 13) shows that some major settlements are 
located directly next to Zone II.  The northern border is represented by a railway line. The zone 
itself contains some farmsteads, a graveyard and a larger number of minor roads, mainly for 
farming purposes. One local, one regional and even 3km of motorway cross Zone II.  Definitely 
on these sections, spillage of ground water polluting substances might have major impacts on the 
drinking water supply of Stuttgart. However, the actual catchment areas of the wells are only to a 
small extent penetrated by roads.   
 

 
Figure 13: Water catchment area around Langenau  

(Source: Zweckverband Landeswasserversorgung (1997): Das Württembergische Donauried, p. 81) 
 
 
Conclusions:  
The protection of ground water catchment areas are very local phenomena, which should be 
rather researched on a big scale and not on the European level.  As a proxy the catchment area in 
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Germany defined as Zone II might be used. However, since data on the European level are 
presently not available, no Europe-wide maps can be produced on the issue.  
 
 

2.5 Other maps 
In this section, we present two additional maps providing useful information when considering 
areas sensitive to imapcts from transport. As they are not part of the common ASSET indicator 
set developed in the summary of D2 – chapter 7, we chose to present them separately. The first 
map asseses landscape quality at a pan European level and provides a useful supplement to the 
indicator maps on sensitive ecosystems and touristic and recreational value. The later is the result 
of an atmospheric modelling task in line with the one presented on meteorology (Indicator 
AP_C2_I2), hightlighting areas of high preload levels regarding road transport. 
 

2.5.1 European Union landscape map 

Introduction 
The main objective is to develop a European spatial dataset to help on the identification of 
Sensitive Areas related to landscape. In earlier works, the authors already studied the authors’ 
research group has also worked in landscape mapping at regional and national scales (Otero et al., 
2006, Otero et al., 2007a, Otero et al., 2007b). The landscape evaluation methods applied in these 
previous works are focused in the possession of attributes, in particular in the possession of 
physical attributes.  
The focus based on the possession of attributes encompasses a number of physical, artistic and 
psychological descriptors. Physical descriptors were used in landscape evaluations by Daniel & 
Boster (1976), Ramos et al. (1976), Schauman (1979), Civco (1979), Blanco & Otero (1980) and 
Schaumann (1986). The assessment method applied in this work is based in the cartographic 
method used by Otero e al. (2007a). It is a superimposition process of the spatial information of 
physical landscape attributes.  
The number of attributes evaluated is limited by the availability of the data, thus only 4 physical 
attributes were taken into account. Though landscape value is also a function of other physical, 
artistic and psychological attributes, it was not possible to obtain and manage that amount of 
information for the whole Europe.  
 
Source datasets acquisition and setup 
The Corine Land Cover Map (EEA, 2000). It was used to identify the different land uses, the 
presence of water and the human activities in the territory. 
In order to obtain the landforms The SRTM 90m Digital Elevation Data (Consortium for Spatial 
Information (CGIAR-CSI, 2004) was used. The last version SRTM v4 (2008) is provided in 5 
deg x 5 deg tiles. The available tiles corresponding to Europe were downloaded, processed and 
integrated into the GIS. 
 
Methodology 
The method is based in giving greater importance to the possession of a series of physical 
attributes. In the present study information was available for the following attributes: 

• Land use 
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• Land form 
• Presence of water 
• Human impact 

 
The information related with each of these variables was processed with Geographic Information 
Systems, in particular with Arc/Info in raster format, which means that a pixel by pixel analysis 
was used. Different coefficients were ascribed to each type of attribute. Afterwards, the landscape 
value was calculated by inserting the coefficients in the following formula: 
 

 (1) 
 
For each cell i, Vi is the landscape value is the land use value, Ai is the presence of water value 
and Hi is the value of the human activities. The bigger the score obtained in Vi, the better is the 
visual landscape quality for the cell i. The treatment applied to each physic attribute is described 
as follows: 
 
Land use: 
First of all a generalization operation was computed. For each cell location on the Corine Land 
Cover 2000, the majority value (the value that appears most often) within a 5 km radius circle 
was found. From 5 km distance, the basic visual elements are perceived in a different way: the 
colors seem to be paler, and less bright, the line intensity decreases and the texture contrast starts 
to disappear (Aramburu et al., 1994). 
The coefficients Ui assigned for each pixel adapted from the work of Otero et al. (2007a) are 
listed in the table 1. 
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Table 6: Ui for each land use

Land Use  
Non-irrigated arable land 4 
Permanently irrigated land 4 
Rice fields 5 
Vineyards 6 
Fruit trees and berry plantations 6 
Olive groves 5 
Pastures 5 
Annual crops associated with permanent crops 5 
Complex cultivation patterns 6 
Land principally occupied by agriculture, with significant 
areas of natural vegetation 6 
Agro-forestry areas 7 
Broad-leaved forest 9 
Coniferous forest 6,5 
Mixed forest 8 
Natural grasslands 5 
Moors and heathland 6 
Sclerophyllous vegetation 7 
Transitional woodland-shrub 6,5 
Beaches, dunes, sands 7 
Bare rocks 3 
Sparsely vegetated areas 2 
Burnt areas 1 

 
 
Landform: 
Landform has a notable impact on landscape value, which increases with the complexity of the 
relief. The method distinguishes four classes of landform and assigns the following coefficients 
Ti: 

• Flat land - 9,3 
• Undulating land - 9,8 
• Mountainous land - 10,3 
• Rugged land - 10,6 

The information for the calculation and further classification of the slopes was obtained from 
SRTM 90m Digital Elevation Data. 
 
Presence of water: 
The cells where the general land use (within a 5 km generalization) is water presence are not 
valued, but the surrounding zones, where the water is visible increase their landscape value. 
According to the methodology used, the presence of water improves the landscape quality.  
This coefficient value is a function of the distance to the water presence and the surface of visible 
water from each cell (see figure3). The formula applied is:  
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     (2) 
Where:  
Ai is the value of the coefficient for presence of water that corresponds to each cell i.  
a and b are constants obtained considering that Ai is 1,5 in the cell closest to water presence and 1 
when the distance to water presence is bigger than 5000 m. 
Sk is the area of each cell k (corresponding to water presence) that can be seen from the pixel i. 
dk  is the distance between the pixel i and the pixel k. 
 
Human activities: 
The cells, where the general land use (within a 5 km generalization) corresponds to an artificial 
surface, are not valued. The human activities are taken into account in the surrounding zones.  
Human activities are included in the analysis as a negative effect. The information related with 
the location of human activities was obtained from CLC 2000. The land covers analyzed and the 
values Hi assigned to the closest cells to the human activities are: 
- Industrial - 14 
- Transport infrastructures and associated land - 11 
- Mining, construction and dump sites - 7 
The coefficients were corrected using the same formula applied for the water presence 

    (3) 
Hi is the value of the corrected coefficient for human activities that corresponds to each cell i.  
a and b are constants obtained considering that Hi  is 14;11 or 7 in the cell closest to the human 
activities and 1 when the distance to human activities is bigger than 5000 m. 
Sk is the area of each cell k (corresponding to human activities) that can be seen from the pixel i. 
dk  is the distance between the pixel i and the pixel k. 

 

 

Figure 14: variables included in the formulas (2) and (3) applied to obtain Ai and Hi values 

 
Result 
The main result is the EU Landscape datasets and map: 

32 



 
Figure 15: EU landscape map 

 
Discussion 
The European Landscape Map provides a spatial dataset useful to identify sensitive areas. The 
methodology applied made viable to calculate Vi throughout such an extensive territory as 
Europe. 
The European Landscape Map includes some lacks of data. There is no Corine Land Cover data 
for Switzerland, Norway, Russia, Turkey and the region of Kosovo and is no elevation data over 
60º northern latitude in the SRTM Digital Elevation Data.  
Since artistic and psychological descriptors have not been taken into account in the Landscape 
map, complementary information in these issues would make the landscape evaluation more 
complete. 
 
 

2.5.2 Road traffic contribution to existing air pollution 

The Eulerian Hemispheric Model (DEHM) describes under indicator AP_C2_I2  - Meteorology 
has been used to cover this topic, using a different set-up. In one model simulation, the relative 
contribution to air pollution concentrations and depositions over Europe from road transport has 
been estimated by applying the so-called tagging technique. In this technique the studied 
emission sector (here road transport) will be split into separated tracers and transported in the 
model independently of the emissions from other sectors. In processes that are highly non-linear, 
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such as the chemical reactions in the atmosphere, the tracers are combined. By keeping track of 
the relative concentration of an emission sector compared to other emission sectors at all time in 
the model simulation the relative contributions of emission sectors can be estimated with higher 
precision than when applying other methods. When extracting concentrations and depositions 
from the model simulation, the contribution from road transport relative to the contribution from 
other sectors can be estimated.  
 
The simulation is made covering the hemisphere (150 km X 150 km resolution), Europe (50 km 
X 50 km resolution) and Northern Europe (Denmark, Germany, Belgium, Nederland, Luxemburg, 
Switzerland and parts of Norway, Sweden, Poland, Czech Republic, Austria, Italy, France and 
United Kingdom) (16.7 km X 16.7 km resolution). The map provides the percentage of air 
pollution, contributed by road transport as mean value for the year 2000.  
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3 Implementation into WebGIS 

3.1 Conceptual approach 
 
Collection of map data is always a very time consuming task, as it may need digging out the data 
from different map providers, harmonisation of classifications and production standards and last 
not least solving of copyright issues. Within the time frame and resources available in a project 
like ASSET, we have mainly to rely on maps readily available for the entire project area as fully 
covering, harmonised maps – alternatively to adjust the project area according to availability of 
data. An overview of relevant data sets have been produced during the first period of ASSET 
(D3.1), and is mainly collected from international organisations like the EEA, JRC and 
Eurostat’s, plus some major EU research and development projects. This means, unfortunately, 
that not all European countries could be represented on the maps. 
 
When establishing the ASSET map database for compilation of indicator maps, all map data have 
been harmonised to the same spatial resolution with 1km2 grid size and to the EEA standard map 
projection (ETRS89- LAEA5210). This is a compromise between high spatial resolution and 
processing speed for running the WebGIS services. Overlay maps showing transport 
infrastructure and countries are kept in their original format, as polygons and linear features. A 
more detailed description of the maps produced is given under the index map section. 
 
The definition of thresholds for indicators pre-selected has been a major issue in the 
recommendations of WP2, and has been left for further review in WP3, where the actual maps 
have been available. The general conclusion in WP2 was that for nominal data a 90-percentile of 
the area mapped could form a reasonable point to start. Other maps are binary by nature, such as 
Natura2000 designated sites where a place is either inside or outside. Anyhow, as a transport 
route may have an effect over a certain distance, buffer zones around these features can be 
defined. The distance to Natura2000 sites is used to gradually decrease sensitiveness with 
distance from a Natura2000 area.  
 
Having assessed the maps when working on WP3, it seems to be a better solution to preserve as 
much variation of the original map data throughout the analysis steps, i.e. only to apply a cut-off 
level to the final maps for SA, TAA and TSA indicators. Assigning thresholds based on the area 
covered is problematic in the mapping exercise for several reasons: 

- for some indicators like Natura2000 areas, it is obvious that all Natura2000 areas are 
sensitive, so no area threshold can be applied here. 

- Continuous indicators like population density, the choice of 10% of the total area of the 
EU is rather arbitrary. There is no good reason why one percentage should be more 
realistic than another, fx. 5% or 15%.  

- A threshold based on a percentile of the total area depends on the area under consideration, 
i.e. an extension of the EU with further (sparsely populated) Eastern European countries 
would change the sensitivity computed as the 10% most densely populated area in other 
areas like the Alps.  

- It is not feasible (and not advisable too due to the points made above) to carry out a trial 
and error task to find a threshold that meets the requirements (which or who’s 
requirements?). 
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Furthermore, it is hard to find scientific evidence for selecting a threshold or a cut-off value for 
all ASSET indicators and, when it comes to an end, in many cases thresholds to a certain degree 
are a question of political decisions. We should remember that the main purpose with the 
WebGIS is to provide the basis for screening exercises. This screening exercise has to be 
followed up by in depth assessments based on detailed data and knowledge available for local or 
regional analysis, like Strategic Environmental Impact Assessment (SEA) and Environmental 
Impact Assessment (EIA). Furthermore, results from the case studies carried out in parallel with 
this work are expected to contribute here. 
 

3.2 Implementation of maps and indicators in WebGIS 
Table 2 gives an overview of indicator selected and maps produced according to the effects 
covered, as described in the previous section. The table is produced by adding tables 47 – 50 
from D2 into one table. The right most four columns have been attached and mention the GIS 
data applied and produced. A more comprehensive discussion of the single indicator maps will be 
given in D3.2, so here only a few remarks necessary for understanding the mapping application. 
 
Table 7: Overview of ASSET set of indicator maps 

--- This table is attached under Annex A --- 
 
The first step is to compile individual maps for each single indicator as outlined in table 1 for SA 
and TAA. Indicators are measured in different units, i.e. distance in meters, population in capita 
etc. It is not easy to compare and even more questionable to combine maps indicating such 
different things like population density, ecosystem health and the influence of topography or 
meteorology. Hence, the solution chosen is to use relative scales and each indicator map is 
rescaled into index values from 0...100, representing lower to higher sensitivity of an area. These 
maps reflect relative sensitivity or weightiness of the affected areas – showing areas more 
sensitive than others.  
 
The next step is combination and weighting of these index maps into indicators required to show 
transport sensitivity. In this step the information on relevance of each indicator for assessing 
sensitivity has been used, listed in the ‘weight’ column of the indicator tables in D2. As a general 
assumption, weight factors of 1,2,4,8 have been proposed relevance mentioned as ‘low’, 
‘medium’, ‘high’ and ‘very high’. Thus, the same indicator map can be assigned different 
weights, depending on the effect under consideration. As an example, population density occurs 
with relevance ‘very high’ = weight ‘8’ and relevance ‘medium’ = weight ‘2’.  
Next, the weighted indicator maps have been added to form final maps on SA, TAA and TSA. 
For presentation purposes, all vales have been divided by 100.  
 
Weights are difficult to decide on, and there is no obviously (scientifically) correct way of doing 
so. Thus we decided to use the 'double up' concept as a middle way. A multiplication could have 
been used too, but would over-emphasize the dominating layer much more. Weights of 1,2,4,8 
compared to 1,2,3,4 give almost the same results, it only emphasises the highly relevant 
indicators a little more. As we put some effort in defining relevance (=weight) in WP2, it seems 
reasonable to reflect weights in the maps. The proposal in D2, chapter 7 was to adjust thresholds 
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for less relevant indicators, i.e. narrow the area covered by these indicators. The result would in 
principle be the same as assigning a lower weight. 
 
Combination of indicator maps: In D2 it is recommended to combine the threshold maps by 
simple overlay, and to compute the number of threshold exceedences (pp. 132-133). This has 
been achieved in WP3 in a slightly different way. We carry out the addition first, using degrees of 
sensitiveness, and that at the last step apply a threshold (i.e. 10% of the area, which inherits the 
same problems of an area based threshold discussed above).  
 
For the following list, you can have a look at the WebGIS maps as we follow the list of maps 
presented here: 
 

3.2.1 Sensitive areas (SA): 

 Population density has been compiled by JRC (ref.), using population data on NUTS4 
level from Eurostat’s, reassigned to land cover types from Corine Land Cover maps.   

 Sensitive ecosystems have been mapped in two different ways, based upon Natura2000 
designated areas. Sensitivity to air pollution is anticipated to regard all Natura2000 areas, 
while for noise sensitivity mainly bird protection sites are considered relevant. 

 Habitat connectivity is mapped using an approach on shortest distance to neighbouring 
habitats of same type. 

 Tourism intensity is best reflected by number of overnight stays. As these are only 
available from Eurostat’s on rather large administrative units, the so called NUTS2 level, 
these figures have been redistributed into the next detailed level (NUTS3), using number 
of beds in tourism industry for NUTS3 units as co-variable, i.e. the more beds it is 
anticipated that there are more tourist staying over night too.   

 

3.2.2 Transport affected areas (TAA): 

 Local meteorological conditions are of major importance for outlining areas, where 
emissions from transport lead to higher impacts than in other areas. Unfortunately, no 
meteorological data are accessible to reflect these local differences, so another approach 
had to be applied. A meteorological modelling of constant emissions over all land surface 
of Europe shows the overall meteorological conditions, as can be seen in the index map 
‘Meteorology’ on the WebGIS. 

 Additional to this, local deviations have been appraised by using land form analysis of an 
elevation model, i.e. depressions/valleys versus ‘mountain’ tops/summits. As air pollution 
has a tendency to concentrate I valleys, only those have been applied here by cutting away 
tops (index map ‘Valleys’). On the other hand, for noise affected areas the total land form 
is relevant (index map ‘Landform’). 

 

3.2.3 Transport sensitive areas (TSA): 

An interactive mapping function has been implemented to allow the use compiling maps of SA, 
TAA and TSA for three effects Noise, Infrastructure and Air Pollution from the index maps listed 
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above. It was found, that almost not map data exists regarding accidents, as the only factor of 
medium relevance is pollution of ground and an overall data set for Europe or the area of the 
European Union could not be found. 
 
The interactive mapping tool can be found in the top right corner of the ASSET WebGIS page. 
For assistance refer to the help function, under ‘Calculations’ and the sub-menus for the three 
effects. Try running different map combinations and leave out some single indicators by change 
the map name to ‘none’ in the calculation pop up window. The maps selected will be multiplied 
by the weight and added to each other as explained above.  
 
This mapping tool offers two sets of map data for each effect, one with the weight assigned as 
described above (the indicator map names end with the weight applied, i.e. ‘Population_8’ for 
population density * 8) and another without weights (names end with ‘…_1’). So the user has the 
ability to try out different combinations. Maps of SA and TAA can be produced by only 
including indicators relevant for those, as listed in the above sections and in table 7 – choosing 
the ’none’ map option one or several times means that these layers are left out in the compilation.  
 
The box below shows how the calculation tools look like (copy from the ‘help’ function of the 
Web page): 
 

Air Pollution: 
 

 
 
The Air pollution tool opens a calculation dialog: 
 

 
From the menu it is possible to combine different raster layers. The layers are displayed with ther 
wieghts as determined in the Asset project. Layers can be combined in multiple ways - if less 
than 5 layers are to be calculated, the ' None' option should be selected from the dropdown menu 
of that data item. 
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3.2.4 Overall hot-spot map: 

Unfortunately, it is not possible to combine the index maps created by the user. Therefore, an 
overall TSA map is provided as ‘Combined indicators’ layer. This map is a combination of TSA 
maps for all three effects, displayed each by one colour: Red for Noise, Green for Infrastructure 
and Blue for Air Pollution. How the individual colours of this map are formed from these three 
maps can be illustrated in figure 2. Light colours mean low sensitivity, while dark areas represent 
areas of high sensitivity.  
 

 
Figure 16: A principal model of colours occurring as a combination of red, green and blue (as used 
in TV and on the computer display) 

The combined map the TSA for all three effects should be used to get an overview and find the 
effects dominating in the different parts of Europe (the different colours) and the degree of 
sensitive ness (light vs. dark areas).  
 

3.2.5 Auxiliary maps and other functions 

Background maps include in the WebGIS are maps on Land Cover, Elevation and Satellite image 
(Image 2000 from JRC), and the Land quality mapping from UPM. These are for visual 
comparison and reference. Zooming in will replace the land cover map by the satellite map. 
 
ASSET Overlay maps show transport infrastructure, countries and administrative borders for 
comparison and visual overlay with the sensitivity maps. Maps delineating the case study sites 
can be search and zoomed into using the ‘Select case area’ tool button. Depending on the 
background maps, the user can display the case study sites as black boundary lines or with yellow 
hatching. 
 
The ‘infrastructure’ maps show tunnels longer than 500m, relevant with respect to accidents on 
roads and railroads, as a separate layer.  
 
The basic map display functions are explained in the ‘help’ function of the Web page. A copy is 
provided here: 
 
Navigation bar: 
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The navigation bar contains the basic map functions such as zoom, pan and identify.  
Hoover the curser over the icons in the application to see the tool text. 
 
The Fixed scale zoom function: 

 
The fixed scale zoom function can gradually change the zoom of the map, and stepwise move the 
map frame.  
 
The map browser: 

 
The map browser shows the available maps in the application. The interface allows layers to be 
turned on and off. By unfolding the submenus, the legend of each dataset becomes visible. 
 

 
The print function enables the map in the current frame to be printed by the user.  
 
 

40 



4 Quality Assessment of Mapping transport sensitive 
areas using an internet based WebGIS server 

This chapter is about the quality assurance of the internet based WebGIS server established 
within the ASSET project, which is a primary tool to the ranking of areas according to their 
sensitiveness to transport activities and give feedback to WP2 regarding the fine tuning of the 
indicator thresholds. 

4.1 Introduction: 
The quality management included checks needed to justify that the WebGIS is able to fulfil the 
intended tasks and meets the requirements stated by the objectives.  
 
The following objectives can be derived from Annex I of the contract – “Description of Work” 
and other deliverables: 

• visualise the concepts of SA, TAA and TSA in the form of maps; 
• present the spatial indicators of transport and related pressures; 
• make possible the examination of the sensitivity of an area with respect to a particular 

application; 
• map transport activities and related sensitive areas at a European level according to the 

criteria and indicators derived within WP2; 
• review of the indicators and their thresholds developed in WP2; 
• rank the areas according to their sensitiveness to impacts from transport; 
• visualize hot spots of conflicting interest and 
• web presentation of the results. 

 
The following is a list of test carried out to check whether the website meets with objectives from 
the technical, performance and content side1: 

• check the system design; 
• integration test for validation the databases work smoothly together; 
• usability test focusing on user interaction of the application; 
• end user experiences; 
• interoperability testing to see whether it works in the most common circumstances, 

especially browser independency; 
• performance testing. 

 

4.2 Test results 

4.2.1 System design 

The idea of mapping the indicators and make GIS based calculations led to a fairly robust and 
swift way in reviewing of the indicators and their thresholds developed in WP2 and in mapping 
the hot spots. 

                                                 
1 The test plan is based on the testing standards for MOA GIS see: 
http://munimaps.muni.org/common/IT%20GIS%20Data%20and%20Application%20Testing%20Standards.pdf
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The software behind is a market leading GIS software provider ESRI product therefore there are 
no real issues in this context. 
 
The available data sources, methods and state-of-the-art were identified in D 3.1: Review of 
spatial approaches, mapping examples and available data sets at EU level.  
 
Regarding the liaison between WP2 and WP3 the clear identification of the WP3 tasks was fine. 
 
However in the early phase the implementation of the targets seemed to be hampered by some 
reasons since there were missing items stated in the papers but not seen in the map. The most 
trivial problems were: 

• missing metadata information, 
• missing cities layer, 
• missing tunnels as SA layers and 
• missing accident indicators. 

 
During the test phase most of these issues were accepted and eliminated as shown below: 

 missing metadata information – short indicator map description was be added to final 
report.  

 missing cities layer – has been added to the overlay maps. 
 missing tunnels as SA layers – tunnels were added as transportation layers. 

 
The only pending one was the missing of accident indicators. For this latter issue the following 
explanation was given in the description of the WebGIS: “It was found, that almost not map data 
exists regarding accidents, as the only factor of medium relevance is pollution of ground and an 
overall data set for Europe or the area of the European Union could not be found.” The proposed 
solution was to calculate the accidents on the basis of the traffic volumes but consulting 
TransTools developers they stated that the flows database was empty in the base scenario data set, 
as they only could be published by the European Commission themselves. Thus there is no way 
to solve this issue within the scope of the project. 
 
Anyway publishing the data coming from Transtools is a question. No doubt that it would have 
and added value to the maps but on the other it raises legal and other issues. The current state is 
to omit them for now but they can be included later according to the decision of the EU 
representative. 

4.2.2 Integration test 

Integration test should look after for validation the databases work smoothly together. 
 
It was a bit questionable at the transport flow layers since loads and the infrastructure does not 
match and such hooks as shown in the load map view below does not exist in the network. 
(marked with green). They are coming from different sources but for the sake of quality the 
distortions should be minimised.  
 
Solution was: 
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 maps on loads and the infrastructure do not match – the load maps were removed from 
the thematic map list. 

 
Figure 17: Disintegration in the transport data (infrastructure vs. traffic loads) 

4.2.3 Usability test 

Usability test is about testing of pre-defined/planned user actions. It covers presentation and user 
interaction, such as the testing of the graphical user interface (GUI).  
 
The only major comment regarding this issue is the behaviour of the magnifier. During tests a 
number of different issues aroused  

• the positioning and the speed (most important), 
• very often the magnifier window hangs-up, 
• it seems that the zoom options are bundled with the map scale and the larger scale the 

smaller magnifying policy works. 
 

 Since the magnifier is inherited in the Application by the developer of the software (ESRI) 
team suggests using the ‘overview’ map window instead. 

 
A minor comment is the behaviour of the scale bar. At a smaller scale (i.e. having a zoom at a 
region, roughly) it collapses to a small column showing a zero as scale but it does not have real 

impact on the usability. (  vs. ) 

4.2.4 End user experiences 

The GUI design and the layer structure were obvious, especially for user experienced in GIS 
systems. The relevant data are available and the thematic maps’ legends are adequate and well 
formed.  
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The overall favourable impression was distorted by some unfortunate behaviour. 

• As an end user the missing of metadata is a key issue. It should cover the naming 
conventions used (why “population_8”) 

• The country boarders are not shown on a smaller scale which makes the user’s self-
positioning uncomfortable. 

• However the combined indicator (red-green-blue) has been defined in the paper the 
legend is uninformative. 

 
These issues were treated as below: 

 naming conventions used – table titled “Overview - ASSET set of indicators and maps” is 
provided, 

 missing country borders – fixed, 
 combined indicator (red-green-blue) legend is uninformative – this is a bug in the 

software. The legend has been named ‘Noise’ ‘Infrastructure’ and ‘Air pollution’, but this 
is dropped by the Web application – a bug in the software obviously.  

 
It seems that the scale of the vector maps is fixed and it leads to a rasterisation of these layers at 
small scale; practically they became too thick, see the Fig. However it is very rare in the intended 
use of these maps therefore the change of this behaviour is not recommended. 
 

 
Figure 18: Rasterized view of the vector data at a small scale view 
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4.2.5 Interoperability test 

The interoperability test should cover the platform dependent behaviour of the system. However 
in this case only the browser independency is a meaningful issue. The most recent global data are 
given in the table below2: 
 
Table 8: Browser Statistics Month by Month 

2009 IE7 IE6 IE8 Fx Chrome S O
February 25.4% 17.4% 0.8% 46.4% 4.0% 3.0% 2.2% 
January 25.7% 18.5% 0.6% 45.5% 3.9% 3.0% 2.3% 

 
Since Microsoft Internet Explorer 7.0, Firefox 3.0 and Chrome are the most common ones the 
interoperability was tested with these browsers and there were no special issue to mention here. 
Frames remained untouched and the WebGIS worked seamlessly. 
 

4.2.6 Performance test 

During the test two major issues were identified: 
• One is the long boot up of the application at the first time. This is below the threshold that 

makes the user very disappointed. The first impression could be distorted if a loading icon 
could come up first. 

• Second is the sometimes pretty long loading. Like submitting the air pollution results took 
1 minute. 

 
The team made extra efforts to boost the performance as much as possible. However the 
following explanations were added to these issues: 

 long boot up of the application at the first time – usually it only takes 5-15 seconds, but 
this may depend on several parameters, such as server load, network and display card & 
driver on the desktop PC. 

 Like submitting the air pollution results – This executes a raster overlay operation, 
involving 5 data layers with 4000 x 4000 grid cells each. Can probably be speeded up by 
a factor of 2-3 by reorganising the raster database. But for an on-line scenario tool this is 
pretty fast. 

4.3 Conclusions 
The WebGIS is a very comprehensive and pretty impressive application which is in many aspects 
fulfilled the expectations. The overall performance and quality including the system design is 
fairly robust and represent the state-of-the-art. 
 
The tests made and listed proved that WebGIS meets its objectives. In the future we suggest 
producing some statistics based on the GIS analyses that can summarise the key results in a 
spreadsheet (like having a table to show the rank of EU NUTS II or III regions according to their 
sensitiveness to impacts from transport) which can ease the communication of the results. 

                                                 
2 http://www.w3schools.com/browsers/browsers_stats.asp  
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6 Annex A - Overview of ASSET indicator maps for WebGIS 
O

 

verview - ASSET set of indicators 
and maps 

  

   
Noise name description in D2 Indicator in D2 Threshold GIS map Map layer - index 

SA (Check 1)   
N_C1_I1 Population density Pop1km 90-percentile Mean population density / km2 Pop1km2_I100 
N_C1_I2 Sensitive ecosystems Natura 2000, UNESCO biosphere reserve N2k_birds1km yes / no Inverse distance Natura2000 bird habitats N2k_birds_I100 
N_C1_I3 Cultural heritage UNESCO world heritage site N/A yes / no N/A  
N_C1_I4 Tourisitc and recreational value NUTS2 / 3 map and Eurostat data Tour_1km 90-percentile Number of overnight stays / km2 in NUTS Tour_km_I100 

TAA (Check 2)   
N_C2_I1 Topography Altitude differences - gradients, inversion, 

amphitheater effect, reflections - including flat 
moutain valleys 

DEM_diff400 400m in 1km Morphology, terrainform as difference 
between 1km and 10km smoothed grid 

Landform_I100 

N_C2_I2 Wind speed Possibly frequency of wind above certain 
velocity 

 N/A  

N_C2_I3 Temperature Possibly average yearly temperature  N/A  
N_C2_I4 Land cover   

   
   

Infrastructure name description Indicator in D2 Threshold Index map 
SA (Check 1)   

TI_C1_I1 Population density Pop1km 90-percentile Mean population density / km2 Pop1km2_I100 
TI_C1_I2 Sensitive ecosystems Natura 2000, UNES-CO biosphere reserve N2k_1km yes / no Inverse distance Natura2000 all habitats N2k_I100 
TI_C1_I3 Cultural heritage UNESCO world heritage site N/A yes / no N/A  
TI_C1_I4 Tourisitc and recreational value number of overnight stays / km2 Tour_1km 90-percentile Number of overnight stays / km2 in NUTS Tour_km_I100 
TI_C1_I5 Connectivitiy index Measure of ease of movements EUCI1 Average of 

Natura 2000 
sites 

Connectivity index EUCI_I100 

TAA (Check 2)     
TI_C2_I1 Topography altitude differences as approximation for 

visual shed 
DEM_diff400 400m in 1km Valleys as depressions in elevation model, 

difference between 1km and 10km smoothed 
grid 

Landform_I100 

   
   

Air pollution name description Indicator in D2 Threshold Index map 
SA (Check 1)   

AP_C1_I1 Population density Pop1km 90-percentile Mean population density / km2 Pop1km2_I100 
AP_C1_I2 Sensitive ecosystems Natura 2000, UNESCO biosphere reserve N2k_1km yes / no Inverse distance Natura2000 all habitats N2k_I100 
AP_C1_I3 Cultural heritage UNESCO world heritage site N/A yes / no N/A  
AP_C1_I4 Tourisitc and recreational value number of overnight stays / km2 Tour_1km 90-percentile Number of overnight stays / km2 in NUTS Tour_km_I100 

TAA (Check 2)   
AP_C2_I1 Topography Altitude differences, including flat moutain 

valleys. Gradients, inversions, enclosure, 
reduced wind speed 

DEM_diff400 400m in 1km Valleys as depressions in elevation model, 
difference between 1km and 10km smoothed 
grid 

Valleys_I100 

AP_C2_I2 Wind speed Low wind speeds  10-percentile Meteorological modelling by NERI Meteorology_I100 
   
   

Accidents name description Indicator in D2 Threshold Index map 
Check 1 for the definition of SA   

A_C1_I1 Population density x 90-percentile Mean population density / km2  
A_C1_I2 Sensitive ecosystems Natura 2000, UNESCO biosphere reserve x yes / no Inverse distance Natura2000 all habitats  
A_C1_I3 Cultural heritage UNESCO world heritage site x yes / no N/A   
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