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Executive summary 
The EU-project ASSET (ASessing SEnsitiveness to Transport) aims at developing and 

implementing a concise concept to assess transport sensitive areas (TSA) in a European context, 

i.e. areas in which transport leads to more serious impacts than in other areas. The aim of work 

package 2 (WP2) of ASSET is the precise definition of TSA. To do so we analyse why pressures 

are higher in certain areas (drivers), how these drivers can be measured (indicators) and what 

thresholds can be set for the indicators to define TSA. 

For marine areas the transport sensitive areas have already been defined by the International 

Maritime Organisation (IMO), namely the Particularly Sensitive Sea Areas (PSSA). For road, rail, 

and air transport as well as for inland waterways the definition of TSA needs to be developed. 

The starting point of this report is the definition of four different area types: 

• Sensitive areas (SA): These areas are environmentally, socially, culturally or 

economically sensitive because the local impacts due to a given or potential pressure are 

clearly higher than in other areas. Higher vulnerability to transport pressures is the key 

characteristic of SA. 

• Particularly transport affected areas (TAA): These are areas where the actual or 

potential presence of a transport route leads to particularly high pressures. 

• Transport sensitive areas (TSA): A transport sensitive area (TSA) 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 local impacts caused are 

particularly high. 

• Policy relevant TSA: Only those TSA, where damaging traffic volumes are actually 

present or planned, are relevant for policy makers. In these areas policy measures should 

be taken to protect the TSA from the negative impacts from transport. 

Note that the first three definitions are independent of the transport volume. If the transport 

volume were relevant, sensitive areas would only consist of narrow corridors along transport 

routes (e.g. Brenner, Gotthard etc.). However, the above definitions ensure that whole areas are 

defined as sensitive (indicating where plans for new infrastructures might be problematic). 
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All definitions only include local effects of transport which can be mitigated by extraordinary 

policy measures in the area concerned. Thus global warming, an important environmental 

problem, is not analysed here. Instead we concentrate on noise, air pollution, transport 

infrastructure (land take, coastal erosion, barrier effects, and visual intrusion), and accidents. 

The conceptual approach to analyse these different area types is based on the functional chain of 

all effects (or the impact pathway approach: emissions ⇒ concentrations ⇒ impacts ⇒ costs). 

We define two checks to analyse whether an area is a SA or TAA: 

• Check 1: Vulnerability of endpoints: Why are the endpoints more vulnerable (or 

sensitive) to a given pressure, i.e. why are impacts and costs higher? The results of check 

1 are the sensitive areas (SA). 

• Check 2: Transport related pressures: Why are pressures caused by transport higher, 

i.e. why are emissions and concentrations per vehicle km or infrastructure / route km 

higher? The results of check 2 are the transport affected areas (TAA). 

The following table shows the result of the detailed analysis of the reasons why areas are more 

vulnerable or more exposed to transport pressures compared to others. The table summarizes the 

relevant indicators and the corresponding thresholds based on a European level analysis: Three 

indicators of check 1, population density, sensitive ecosystems and cultural heritage are relevant 

for all four effects, while touristic and recreational value is only excluded for accidents. The final 

three indicators of check 1 are effect specific. For check 2 there are fewer indicators and there is 

even no indicator for accidents. For the other effects the topography is relevant. Furthermore, 

different characteristics of the wind speed are relevant for noise and air pollution, while 

temperature is only relevant for noise.  

It must be stated that there is no clear scientifically based threshold. In contrast, the definition of 

thresholds is a political decision that is dependent on political preferences. In order to reflect the 

relative vulnerability of areas we propose the 90-precentile as threshold for some indicators, i.e. 

we order the areas within a region according to the indicator and define those 10% of the region 

as sensitive where the highest indicator values are observed. This is a first proposition what might 

be a reasonable threshold. All thresholds will be tested, varied, and possibly reviewed in the 

mapping exercise in WP3 of ASSET (possibly also introducing different thresholds for the same 

indicator, but for different effects). 
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Table: Summary of all indicators for the four different effects 

Indicator Threshold Noise Air Infra- Acci- 
number name description pollution structure dents
Check 1 for the definition of SA

11 Population density 90-percentile X X X X
12 Sensitive ecosystems Natura 2000, UNESCO biosphere 

reserve
yes / no X X X X

European Coastal Erosion Layer yes / no X
13 Cultural heritage UNESCO world heritage site yes / no X X X X
14 Tourisitc and 

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

15 Connectivitiy index Measure of ease of movements Average of Natura 2000 sites X
16 Tunnels 500m length X
17 Pollution of ground 

water
ground water protection zone yes / no X

Check 2 for the definition of TAA
21 Topography Altitude differences 400m in 1km X X X
22a Wind speed Possibly frequency of wind above 

certain velocity
to be determined in WP3 X

22b Wind speed Low wind speeds 10-percentile X
23 Temperature Possibly average yearly 

temperature
to be determined in WP3 X

All threshold must be reviewed in WP3.  

 

After defining SA and TAA based on the indicators of check 1 or check 2 in the table above, we 

turn to defining TSA. The definition of TSA is based on the following considerations: 

• A sensitive area is a transport sensitive area per se: An area where e.g. population density 

is high, where the ecosystem is sensitive, or whose touristic value is high, is a transport 

sensitive area because of the high vulnerability of the receptors. 

• A transport affected area alone is not a transport sensitive area: High pressures due to 

traffic alone do not make an area a TSA because the high pressure is no problem if there is 

nobody (or no sensitive environmental area) around which is hampered by the high pressure. 

• In a transport affected area the thresholds for the check 1 indicators are lower: However, 

in a TAA where transport pressure is particularly high, lower thresholds for the check 1 

indicators are sufficient to make the area a TSA. For example, while we use the 90-percentile 

for the definition of SA and TSA, we propose the 75-percentile in a TAA (to be reviewed in 

WP3). 

The results of WP2 will be applied in WP3 of ASSET where maps of the SA, TAA and TSA for 

Europe are drawn. This visualises the consequences of the definitions of different thresholds (for 

policy makers). Twelve maps will be presented: for each of the four effects (noise, air pollution, 

transport infrastructure, and accidents) we will draw three maps for the SA, TAA und TSA. 
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Moreover, the indicator set will be used in WP4 of ASSET in order to design policy instruments 

to address the question of extraordinary measures in policy relevant TSA. 

Finally, the indicator set will also be applied in WP5 of ASSET where case studies for particular 

TSA are conducted. There the indicator set will be applied on a regional scale (instead of a 

European one as in WP3): 

• On the regional scale there might be better data to evaluate the indicators than on the 

European scale.  

• Some indicators are approximations as no data are available for the driver on European scale. 

On the regional scale such data might be available.  

• Some drivers have been neglected on the European scale because there are no data or because 

their importance it too low. These drivers could be considered on the regional scale if data are 

available or regional circumstances suggest a higher importance than on the European level. 
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1 Introduction 

1.1 Overview 
The EU-project ASSET (ASessing SEnsitiveness to Transport) aims at developing and 

implementing a concise concept to assess transport sensitive areas (TSA) in a European context, 

i.e. areas in which transport leads to more serious impacts than in other areas. Figure 1 shows the 

different work packages (WP) of ASSET. In WP1 a literature review was undertaken to set the 

scene and to evaluate existing definitions of TSA and applied policy measures to mitigate the 

transport impacts in TSA. Based on this overview a general definition of TSA has been derived. 

Figure 1: Positioning of WP2 
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In WP2 – whose results are documented in this report – a detailed framework is developed how 

to define the TSA and an indicator set is set up based on the analysis of the main drivers causing 

sensitiveness. This indicator set will then be applied in WP3 where maps of the sensitive areas in 

Europe will be produced. 

In parallel WP4 analyses what extraordinary policy measures could be taken to reduce the 

negative effects of transport in these TSA. Based on these considerations WP5 will conduct a 

series of case studies analysing in detail certain sensitive areas and the policy measures that could 

mitigate the impacts. Finally, WP6 will evaluate all the results from the different WP and derive 

conclusions. 

1.2 Aims of this report 
The WP2 – and thus this report – has the following aims: 

• The general definition of TSA in WP1 will be put in more concrete terms. In particular, a 

framework and scientific background is developed to determine which areas are sensitive. 

• To do so we derive the conceptual background for the definition. Therefore the main 

drivers of the different effects of transport are analysed. As a first step the relevant 

effects are determined 

• Based on the knowledge of these drivers, indicators for the definition of TSA are 

developed. 

• Finally, thresholds for these indicators have to be set. These thresholds will guide the 

separation of TSA from less transport sensitive areas (in WP3). 

• The final outcome must be so concrete that it can be applied in WP3 (where a European 

map of sensitive areas is drawn) and in WP5 (where it is applied in the case studies). 

Therefore guidelines for the application in WP3 and WP5 are developed. 

This report is structured as follows: In chapter 2 the conceptual approach is described and some 

general subjects are dealt with (local and regional damages, marine areas). In chapters 3 to 6 we 

analyse the main drivers for four different effects: noise (chapter 3), air pollution (chapter 4), 

transport infrastructure (chapter 5) and accidents (chapter 6). Finally, chapter 7 summarizes the 

findings and draws conclusions. Chapter 7 also gives hints on the further work in WP3 and WP5. 
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2 Assessment of sensitiveness to transport: the approach of 
ASSET 

2.1 Starting point: WP1 
The starting point of this report is chapter 4 of Deliverable 1 of ASSET. In D1 it is shown that 

there are five different types of areas which are potentially sensitive to transport (potentially 

transport sensitive areas – not mutually exclusive): 

• Mountain areas are special because of their topographical and meteorological 

phenomena. For example, temperature inversions (which increase noise and air pollution) 

are more common in mountain areas. Furthermore, the ecosystems tend to be more 

sensitive as the vegetation period at high altitudes is shorter. Mountain areas are also 

popular tourist attractions (for day excursions as well as for longer stays). 

• Agglomerations are densely populated areas so that more people are exposed to the 

different pressures caused by transport. Thus only limited space is available for 

recreational purposes. Finally, agglomerations are typically areas with high preload levels. 

• Coastal zones lie at the interface between sea and land, where life forms adapted to the 

special environmental conditions have evolved. The natural habitats of the shorelines are 

very varied but also very small in area, and have been shrinking fast for several decades. 

Coastal ecosystems tend to have very high biological productivity.1 Moreover, coastal 

areas are partly densely populated and they are also popular tourist destinations. 

• Unique natural resources, habitats and cultural heritages should be protected from 

damages. Therefore transport infrastructures should curve around these unique sites. This 

can include lakes and rivers (possibly used as inland waterways). 

• Marine areas are generally considered as sensitive and in need of special protection. 

This means that there is a general suspicion that these areas might be sensitive. In what follows, 

we will have to define the term “transport sensitive area” and we will then have to check whether 

or not all the above mentioned types of areas are actually transport sensitive and how to draw the 

                                                 
1  The reproduction and nursery grounds of most fish and shellfish species of economic value are in the coastal 

strip, and a significant proportion of the catch of these species comes from this area. Furthermore, coastal areas 
are also important for many bird species. 
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borderline between these areas and other areas (for example between transport sensitive mountain 

areas and less transport sensitive flat areas). 

Our analysis looks at four different transport modes, namely 

• Road 

• Rail 

• Water (marine and inland) 

• Air 

 

2.2 Definition of transport sensitive areas 
As developed in WP1 of the ASSET project, we define a transport sensitive area as follows: 

A transport sensitive area (TSA) 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 local impacts caused are particularly high. 

A transport route can only be a traffic flow (e.g. sea) or a transport infrastructure and a traffic 

volume. This definition is independent of the traffic volume and even of the presence or 

absence of a transport infrastructure. When we speak of impacts we mean monetary and non-

monetary damages. The definition takes account of the fact that there are still limits in expressing 

damages in monetary terms (e.g. in the field of biodiversity) though a considerable number of 

scientific valuation approaches are available.  

If the transport volume were relevant, sensitive areas would only consist of narrow corridors 

along transport routes (e.g. Brenner, Gotthard etc.). The independence of the definition on the 

presence of a transport route is relevant because our concept should be applicable for situations 

where a sensitive area is already affected by transport and where we “only” have a potential 

affection (e.g. plans for a new rail line through an ecologically precious wetland). 

Overall, we are first of all interested in whether impacts per vkm are especially high in a certain 

area (assuming that there is a transport route). The traffic volume (actual or predicted) becomes 

relevant as soon as policy measures become the focus of the discussion: Only in sensitive areas 
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with damaging traffic volumes (i.e. traffic volumes above a threshold that is acceptable for the 

area under discussion) policies have to be found to reduce the impacts caused in the sensitive area. 

Obviously, the notion of sensitive area differs depending on the context. Based on the work in 

WP1 of the ASSET project, we use in this report the definitions given in the following box for a 

classification of sensitive areas.  

 
Classification of sensitive areas: Definitions 

Sensitive areas (SA): These areas are environmentally, socially, culturally or economically 

sensitive because the local impacts due to a given or potential pressure are clearly higher than in 

other areas. Higher vulnerability2 to transport pressures is the key characteristic of SA. 

Particularly transport affected areas (TAA): These are areas where the actual or potential 

presence of a transport route leads to particularly high pressures. 

Transport sensitive areas (TSA): In general, they are a combination of SA and TAA. This 

combination leads to the definition given above (for details see chapter 7.1): A transport 

sensitive area (TSA) 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 

local impacts caused are particularly high. 

Policy relevant TSA: Only those TSA, where damaging traffic volumes are actually present or 

planned, are relevant for policy makers. In these areas policy measures should be taken to 

protect the TSA from the negative impacts from transport. 

 

For the analysis, a further distinction is necessary: The distinction according to the type of 

transport pressure3 and the vulnerability of an area. We thus define noise TSA, air pollution 

TSA etc. Of course, the area has to be considered transport sensitive only for the corresponding 

characteristic, while the same area might be considered ordinary for all the other characteristics. 

A further important question when defining sensitive areas is the scale of the analysis: Is a 

sensitive area an area of one or several hectares, several square kilometres or several hundred or 

                                                 
2  The terms “sensitiveness” and “vulnerability” are essentially synonyms. 
3  Transport pressures are pollution levels (e.g. noise levels) or pollution concentrations (e.g. air pollutant 

concentrations) caused by transport. 
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thousands of square kilometres? Thus there are different scales of sensitive areas, e.g. biotopes, 

habitats, landscapes etc. Different criteria and different indicators would have to be applied to 

sensitive areas at a local, regional or at the European scale.4 In ASSET we concentrate on the 

European scale. We look at TSA that are relevant from a European perspective (European / 

international significance). The same focus will be used in the discussion of mitigation measures 

(WP4 of the ASSET project): here, measures to be developed at the European level will be in the 

centre of interest.  

However, the conceptual approach presented in this paper can also be applied to other scales. 

Within the ASSET project, the transfer of the conceptual approach from the European scale to 

lower scales (regional) will take place in the case studies of WP5.  

 

2.3 Conceptual approach 
In ASSET we have to operationalise these definitions of SA, TAA and TSA so that they are 

applicable in practice and especially in WP3 (and WP5). This will also provide a basis for the 

analysis of policy instruments most suitable for different sensitive areas in WP4.  

We differentiate between the following effects: 

• Noise 

• Air pollution 

• Water and soil pollution 

• Transport infrastructure (land take, coastal erosion, barrier effects, and visual intrusion) 

• Accidents (risks from accidental release of hazardous goods or fuel) 

These are the main external effects caused by transport (for global warming see chapter 2.4 

below). However, we do not examine vibration since studies show that the costs caused by 

vibration are negligible (compared to the costs of other effects).5 Additional external effects have 

hardly been analysed so far and are of minor importance. 

                                                 
4  European Commission (2003), Sensitive areas and transport, p. 3. 
5  Vibration causes damages to buildings and inconveniences to people. Hence, densely populated areas (in 

agglomerations) are more prone to damages by vibrations (Infras 2006, Externe Kosten des Strassen und 
Schienenverkehrs 2000). 
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Thus we define transport noise sensitive areas, transport air pollution sensitive areas etc. In order 

to do so we first consider the functional chains of all effects. These are conceptually equivalent to 

the impact pathway approach. The impact pathway approach has been developed in the European 

Commission funded ExternE project as a detailed bottom-up approach for valuing external 

effects (see http://www.externe.info). Its main advantage for use in ASSET is that local 

circumstances leading to varying environmental costs of transport are identified and can thus be 

reflected in cost estimations and policy advice for solutions. 6  This is consistent with 

methodologies for developing environmental sustainability indicators, e.g. the DSR (Driving 

forces /Pressure-State-Response) model used by UNEP and UNCSD7 but further breaks down the 

functional chain between driving forces due to transport activities and state of the environment in 

order to identify indicators for different types of sensitive areas. 

For air pollution for example (see Figure 2) we thus look at where emissions are particularly high 

(e.g. due to gradients), where concentrations are particularly high (e.g. due to inversions and low 

wind speeds), where impacts are high (e.g. due to high population density) and where the costs 

are higher (e.g. due to damages to unique natural resources, habitats or cultural heritages).  

Starting from the definition of TSA in the box above our approach distinguishes between two 

“checks” that have to be carried out for the identification of a TSA. Figure 3 shows to what 

elements of the functional chain, or of the impact pathway approach, the two checks refer to.  

Figure 2: Impact pathway approach for the example of air pollution in mountain areas 

Emissions
Higher emissions 
due to gradients 
and altitude

Concentration 
Higher concentrations due to 
topographical and 
meteorological conditions

Impacts 
Different impacts 
due to different 
population densities

Costs 
Uniqueness
Tourism

 
 

Figure 3 starts from the synopsis of criteria for identifying TSA developed in D1 of the ASSET-

project.8 The synopsis distinguishes between two main “axles” to identify TSA, namely the 

vulnerability of endpoints and the higher transport related pressures. 

                                                 
6  Bickel et al. (2006), Introducing Environmental Externalities into Transport Pricing: Measurement and 

Implications. 
7  UNEP and DPCSD (1995), The role of indicators in decisionmaking. 
8  Sessa et al. (2007), chapter 4, table 11. 
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Figure 3: Check 1 and check 2 to identify TSA – Overview of the approach 
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In defining the two checks we start with the second part of the impact pathway approach (check 1 

for impacts and costs) and continue with the beginning (check 2 for emissions and 

concentrations). We turn the order around because – as we will see – impacts and costs are more 

important for the definition of TSA. 

 

Check 1: Vulnerability of endpoints: On the one hand we analyse under what conditions the 

endpoints are more vulnerable (or sensitive) to a given pressure, i.e. we analyse under what 

conditions impacts and costs are higher. Thus the results of check 1 are the SA. The following 

figure illustrates check 1 in more detail.  

 

Figure 4: Check 1: Assessment of vulnerability of endpoints (due to different area characteristics) 
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Check 2: Transport related pressures: On the other hand we analyse under what conditions 

pressures caused by transport are higher, i.e. we analyse under what conditions emissions and 

concentrations per vehicle km or infrastructure / route km are higher. Thus the results of check 2 

are the TAA. 
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Figure 5: Check 2: Assessment of higher transport related pressures 
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The two figures can be used to illustrate the work to be carried out in the rest of this report: 

• First, we will have to identify the relevant drivers D1, D2, etc. for the checks 1 and 2 to 

identify SA and TAA, respectively. Drivers are reasons why emissions, concentrations, 

impacts and / or costs are higher in certain areas (for examples see Figure 4 and Figure 5). 

After describing all drivers the key drivers have to be filtered out by assessing their 

importance. 

• Then indicators I1, I2, etc. are derived that could be used as measurement units for the 

drivers. It might well be that combined indicators covering several drivers are more 

appropriate in specific cases (illustrated in Figure 5 with the indicator I4+5 “Inversion”).  

• In a next step, thresholds T1, T2, etc. will have to be discussed for the indicators in order 

to delineate areas where the vulnerability or the pressures are particularly high. These 

thresholds may be defined as quantitative figures, on the basis of an ordinal classification 

(very high, high, medium, low) or even as a Yes / No-decision. Check 1 and check 2 will 

provide the information needed to define sensitive areas (SA) and transport affected areas 

(TAA). Moreover, thresholds for the delineation of TSA will have to be found. Thus these 
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thresholds divide TSA from less transport sensitive areas (SA from less sensitive areas 

and TAA from less transport affected areas, respectively). The thresholds can be defined 

for single indicators or for the combination of two or several indicators. We will also 

differentiate between the different effects, i.e. we will define noise transport sensitive 

areas, air pollution transport sensitive areas etc.9 

The possible indicators and thresholds must be discussed and determined in view of the 

application in WP3 and WP5. The key issue of WP3 is to visualise the concepts of SA, TAA and 

TSA in the form of maps. Therefore a pragmatic concept has to be developed which is based on 

data which are available on a European scale. Where no data are available for a certain indicator, 

approximations with available data have to be implemented. Sometimes an indicator can 

approximate several drivers (e.g. the frequency of inversions as an indicator of topography and 

meteorology, see Figure 5). In WP5 regional case studies will be conducted. Therefore the 

indicators must also be applicable on a more regional scale. Furthermore, some data might only 

be available on the regional, but not on the European scale. 

In general, an area is transport sensitive if there are drivers which lead to the fact that the 

impacts are much higher in this area than in other areas. As we will see in chapter 7.1 SA are 

TSA because of their high vulnerability with respect to transport induced pressures. In contrast, a 

TAA is not a TSA because the high pressure is no problem if nobody is affected. However, in 

TAA where pressure is particularly high, a lower threshold for the indicators of check 1 (or of 

SA) should be applied in order to qualify as a TSA.10  

Before we discuss drivers, indicators and thresholds, we focus on two further important 

considerations (local and regional damages and marine areas).  

                                                 
9  The proposal of POU and IWW (2004) for a definition of TSA in mountain areas is an extreme example of a 

definition which does not differentiate between the different effects. 
10  We thus further develop the preliminary definition in D1: There a sensitive area was defined as an area where 

some transport related pressure is very high (check 2) and the vulnerability of the area to this pressure is also 
very high (check 1). However, we refined this definition. Without this refinement agglomerations would not be 
sensitive: Noise levels are not necessarily higher in agglomerations than in normal sparsely populated areas. 
Hence the pressure cannot be classified as very high and thus the area would not be sensitive. Furthermore, for 
land take and barrier effects a classification of the intensity of the impact (very high, high, medium, low) is not 
possible as for example a road needs the same amount of land and has the same barrier effects everywhere – but 
the vulnerability of the area might be different.  
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2.4 Local and regional damages 
According to the definition of a TSA (see above) an area is sensitive to transport if the presence 

of a traffic route causes more severe impacts in the area than in another area. When considering 

this definition more closely we recognize that the impacts or damages considered must be caused 

locally, say within several kilometres from the transport route. However, damages which are 

caused by regional pollutants are of less interest here. When we speak of regional pollutants, we 

mean pollutants which cause damages in areas which are far (sometimes several hundreds of 

kilometres) from the place of emissions. Typical regional pollutants are bound to atmospheric 

dispersion like acid rain and eutrophication. 

The distinction between local and regional pollutants matters with regard to the discussion of 

policy strategies and instruments: The damages caused by regional pollutants must be tackled by 

ordinary transport policy (which apply everywhere), while the damages caused by local 

pollutants in TSA call for extraordinary policy responses in the TSA (spatial explicit) to protect 

the TSA (see D1 of ASSET). Of course, there are also areas which react more sensitively to 

regional pollutants (as e.g. areas where acid rain causes more serious damages due to a low buffer 

capacity). However, the pressures caused by the local transport are mainly transported far away 

and the local pressures are mainly due to transport activities taking place far away from the area 

under consideration. Thus they are not TSA in the sense we use here, but areas sensitive to 

regional air pollution (which might be caused by transport). If we want to protect these areas 

from damages, we have to change ordinary transport policies applying everywhere (since the 

damages are caused by pollutants transported over large distances). In contrast, if we want to 

protect a TSA we have to consider the transport routes through or close to a sensitive area and 

should therefore tailor our extraordinary policy response to the local conditions. Furthermore, an 

extraordinary policy response might be reinforced by better ordinary policies. 

A direct consequence of this reasoning is that global warming is not analysed in this report as 

greenhouse gases cause global damages. Nevertheless, there are areas where global warming 

causes more serious damages. Moreover, climate change can increase the vulnerability of an area 

to other pressures. So climate change could lead to stricter thresholds for other pollutants. Global 

warming is an important problem. However, if we want to protect these areas, we must reduce 

greenhouse gas emissions around the world (not only locally). Therefore local, extraordinary 
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policy measures which are the main issue in ASSET cannot alleviate global warming. For all 

the other effects we will consider check 1 and check 2.  

 

2.5 Marine areas11 
The POU and IWW-study (2004) recommends a differentiation of terrestrial areas and the marine 

environment. For marine areas the definition of sensitive areas is at an advanced stage: For 

marine areas the MARPOL (International Convention for the Prevention of Pollution from Ships) 

established a comprehensive procedure including criteria to define sensitive marine areas.  

The MARPOL Convention implemented the concept of special areas. These sea areas need more 

protection due to their oceanographic and ecological condition and due to their sea traffic. The 

special areas can be interpreted as transport sensitive areas. They are so vulnerable to pollution 

by oil that oil discharges within them have been completely prohibited. All oil-carrying ships 

crossing a special area are required to be capable of retaining oily wastes on board.  

Special areas are defined in relation to different sorts of pollution: oil, noxious substances, 

harmful packaged goods, sewage and garbage. Table 1 lists the areas given in the Annexes of the 

MARPOL convention. As can be seen from the table the special areas in the MARPOL 

convention (and its different annexes) encompass almost all seas around Europe. 

The concept of Particularly Sensitive Sea Areas (PSSA) is based on the special area concept of 

the MARPOL Convention. But a PSSA needs even more protection because of its significance 

for recognized ecological, socio-economic or scientific reasons and because it may be vulnerable 

to damage by international maritime activities (the exact criteria for the definition of PSSA are 

shown in D1 of ASSET12). PSSA are even more threatened by adverse impacts than special areas 

under the MARPOL Convention which can already be classified as more affected than the 

average. Therefore, PSSA are protected through actions by the International Maritime 

Organization (IMO), such as routeing measures, strict application of MARPOL discharge and 

equipment requirements for ships and the requirement for the installation of Vessel Traffic 

Services (VTS). Currently eleven areas around the world are classified as PSSA, in Europe there 

                                                 
11  The following section is mainly based on POU and IWW (2004), Transport-related impacts and instruments for 

sensitive areas and D1 of ASSET. 
12  Sessa et al. (2007), ASSET D1: Definition of transport sensitive areas and classification, chapter 1.2.2. 
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are four areas, namely the Wadden Sea, the Western European Waters, the Canary Islands and 

the Baltic Sea (see also Table 1). 

 
Table 1:  Special areas and particularly sensitive sea areas (PSSA) as defined by the MARPOL 

Document Regulation Special Areas in Europe 
MARPOL  
ANNEX I 

Regulation for the Prevention of Pollution 
by Oil 

Mediterranean Sea, Baltic Sea, Black Sea, North West 
European Waters (North Sea, Irish Sea and its 
approaches, Celtic Sea, English Channel and its 
approaches and  North East Atlantic) 

MARPOL  
ANNEX II 

Regulations for the Control of Pollution 
by Noxious Liquid Substances in Bulk 

Baltic Sea, Black Sea  

MARPOL  
ANNEX III 

Prevention of Pollution by Harmful 
Substances Carried by Sea in Packaged 
Form 

no special area defined 

MARPOL  
ANNEX IV 

Prevention of Pollution by sewage from 
Ships 

no special area defined 

MARPOL  
ANNEX V 

Prevention of Pollution by Garbage from 
Ships 

Mediterranean Sea, Baltic Sea, Black Sea, North Sea 

MARPOL  
ANNEX VI 

Prevention of Air Pollution By Ships SOx Emission Control Area (SECA) 
Baltic Sea, North Sea 

PSSA in Europe Particularly Sensitive Sea Areas defined 
by IMO 

Wadden Sea, the Western European Waters, the Canary 
Islands and the Baltic Sea.13 

 

 

Hence, for marine areas a comprehensive international procedure is already established by 

MARPOL, addressing criteria and areas of particular sensitivity (PSSA). We conclude that for 

the ASSET project we do not need to go any further in defining transport sensitive marine areas. 

Instead, we use the work done within the MARPOL convention. The transport sensitive areas 

have already been identified, namely the PSSA.14 

                                                 
13  See http://www.imo.org/environment/mainframe.asp?topic_id=1357 
14  We should mention that the definition of the PSSA includes the traffic volume while in our definition (see 

chapter 2.2) we do not. Or in our terminology the MARPOL convention directly considers policy relevant TSA 
(It should be mentioned that sea areas with many storms or with shallows are possibly more accident prone.). 
This difference is no reason of concern since we mainly defined the TSA independently of the presence of a 
transport route because we want connected TSA (not only corridors along infrastructures) and because our 
definition is independent of the planning of new infrastructures. The PSSA are defined as connected areas and 
for marine transport the whole sea area is in principle a possible transport route where ships can sail. So the 
construction of new “infrastructure” is not possible (except the building of new ports and the dredging of canals 
linking the ports with the sea if the port is not directly at the coast, e.g. Hamburg). 
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Digression: Accidents in maritime and coastal areas 

Sea pollution is caused by accidents and (illegal) discharge of oil and other harmful substances 
by marine vessels. Shipping and especially oil transportation is a significant source of oil 
pollution in marine areas, either during operations or from accidents. Oil spills to marine areas 
have a significant impact on environmental quality affecting many aspects of marine 
ecosystems.15 

Amongst researchers16 there is a general agreement that the costs of oil spills depend largely on 
the following factors i) type of oil, ii) weather and sea conditions, iii) amount spilled and rate of 
spillage, iv) time of the year, v) effectiveness of cleanup, vi) location of the oil spill (offshore, 
close to shore), and vii) physical, biological and economic characteristic of the location. On open 
seas the ecological and economic effects are much smaller compared to coastal oil spills. 

The IMO (1995) estimates the annual oil input from marine transportation at a total of 570,000 
tonnes, while a more recent assessment by Cedre17 estimates the amount spilled in 2000 at 
712,000 tons.  If these amounts are compared to the transport volume, the divergence between 
the two estimates amounts to only 7%. Using specific spill rates, the total amount of oil spilled in 
2005 is estimated at 890,000 tons. Oil spills from tankers contribute 23% (Cedre) to 48% (IMO) 
of the total pollution, while the remaining spillage is caused by bilge or fuel oil discharges of 
other vessels. Therefore, a large share of the oil spills is caused by comparatively small amounts 
from non-tankers which are concentrated – as Figure 6 shows – along the main shipping routes. 

Further problems arise from waste dumped into the sea. An estimate18 assesses the amount of 
waste and oil dumped into European Water at 20 million tons annually. Most of the amounts are 
dumped illegally into the waters. 

Since the oil spills and some dumped waste are transported by wind and marine currents and 
thus might reach the coasts, the location of the accidents and the location of the impact are not 
identical, i.e. the shipping route may be a considerable distance away from the area of impact.  

Coastal areas are extremely sensitive ecosystems. “Eight of the forty priority habitats listed in the 
Directive on the Conservation of Natural Habitats of wild fauna and flora are coastal. 
Approximately a third of the Union's wetlands are located on the coast, as well as more than 
thirty per cent of the Special Protection Areas designated under the Directive on the 
Conservation of Wild Birds” (Ecoplan 2006 p.8). The European Environmental Agency19 lists 
2224 biotopes at the European Coast that are reported by its member countries derived from 
CORINE Biotope. As Figure 7 shows, these biotopes cover large parts of the coastlines. Thus 
the impacts of accidental oil spills can be catastrophic for coastal zones. 

                                                 
15  The consistency of oil can cause surface contamination and smothering of marine biota. In addition, its chemical 

components can cause acute toxic effects and long-term accumulative impacts. Marine life may also be affected 
in clean-up operations, either directly or through physical damage to marine and coastal habitats. 

16  White and Molloy (2003), Etkin (1999, 2000, 2003, 2004), Helton and Penn (1999), Grey (1999). 
17  www.black-tides.com, consulted April 2007 
18  http://www.oceana.org 

19  http://dataservice.eea.europa.eu/dataservice/metadetails.asp?id=737 
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Figure 6: Oil spills in the North and Baltic Sea 2002 

 
Source: HELCOM (Helsinki Commission http://www.helcom.fi/stc/files/Maps/oilspills/oilbsns2002.pdf ). 
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Figure 7: Reported coastal biotopes by EEA 

 
Source: Map IER, Data EEA (http://dataservice.eea.europa.eu/dataservice/metadetails.asp?id=737). 
 
 

2.6 Outline of the report 
In the following chapters of this report we discuss the different effects of transport. In particular 

the following effects are considered: 

• Noise (chapter 3) 

• Air pollution (chapter 4) 

• Water and soil pollution (shortly discussed in chapter 420) 

• Transport infrastructure (land take, coastal erosion, barrier effects, and visual intrusion – 

chapter 5) 

• Accidents (risks from accidental release of hazardous goods or fuel – chapter 6) 

When analysing the different effects, we analyse under what conditions the pressures (noise, air 

pollution etc.) are particularly high (check 2). Furthermore, we consider the vulnerability of the 

endpoints which might be particularly sensitive because of the following reasons: 

                                                 
20  Here we only consider pollution from regular operation; accidents are treated separately in chapter 6. 
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• Population exposure: Effects on human health depend on the number of people exposed 

to a certain pressure. Therefore the population density and distribution are important. On a 

more local level of analysis, further indicators would become interesting e.g. presence of 

hospitals, schools etc. 

• Sensitive ecosystems: The same pressure can have higher impacts or damages when the 

ecosystem reacts more sensitively to the pressure. 

• Landscapes with recreational (touristic) functions: The same impact or damage can be 

valued higher if the damages occur in an area with recreational or touristic functions. This 

is especially true in agglomerations where recreational areas might be scarce or in areas 

where transport infrastructures can lead to significantly less tourists. 

• Unique natural resources, habitats and cultural heritages: The same impact or 

damage can be valued higher if unique natural resources or habitats (like untouched 

natural areas, rare or / and endemic species, high biodiversity etc.) and unique cultural 

heritages are affected. 

• Areas with extraordinary preload levels: In areas where there are high pressures from 

other sources than transport (e.g. industry, agriculture or also other transport routes than 

the route currently considered), the additional pressure due to transport can lead to the 

exceedance of threshold levels and thus to higher impacts. Therefore areas with high 

preload levels (without the pressures caused by the transport route considered) can also be 

considered as more vulnerable. These areas are a bit of a special case: While for the other 

reasons for vulnerability we use only transport policy responses to reduce the impacts, 

here we have other options to complete the policy package (i.e. tackling the preload levels, 

e.g. industries). Possibly we do not even need transport policies since other policies are 

more efficient in reducing the impacts to an acceptable level. 

In the following chapters we derive for each effect (noise, pollution, transport infrastructure, and 

accident) the main drivers, indicators and thresholds for check 1 and check 2. For each effect and 

for each check we fill in two tables: In the first table the drivers are presented, their relevance is 

asserted and first suggestions for possible indicators are given. When discussing the relevance we 

use four categories: low, medium, high and very high (we exclude the fifth category very low (or 

irrelevant) because the corresponding effects are no longer drivers). Then the indicators are 
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analysed more closely and presented in the second table together with the accompanying 

threshold. In these tables we use the following abbreviations: 

C 
D 
I 

N 
AP 
TI 
LT 
CE 
BE 

VI 
A 

Check 
Driver 
Indicator  

Noise 
Air pollution 
Transport infrastructure 
Land take 
Coastal erosion 
Barrier effects 

Visual intrusion 
Accidents 

 

In chapters X.1 (of chapters 3-6) we will discuss the drivers, indicators and thresholds for check 1 

(vulnerability of endpoints), in chapters X.2 the same will be done for check 2 (transport 

pressures). We first discuss check 1 because the vulnerability of endpoints is independent of the 

transport mode (road, rail, air, water). For check 2, in contrast, the transport mode can be of 

importance. In chapters X.3 we summarise the findings and present the final indicators and 

thresholds for the definition of SA and TAA together with the data sources for the indicators. In 

these summaries we only retain the main drivers for which data are available. Thus some drivers 

fall out because they are not important enough or they have to be approximated because of 

missing data. 
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3 Transport noise sensitive areas 
 
In the presence of noise, houses and apartments are let (or sold) for lower prices. Recreation areas 

which are hampered by noise are also less attractive (especially for tourists). Furthermore, noise 

is associated with annoyance, stress, sleep disturbance and reduced physical well being, and it 

leads to health problems related to the long term exposure to noise (ischaemic heart diseases and 

hypertension related diseases). 

The main impacts of transport noise are:21 

• mortality (important, but there are more information about the years of life lost (acute and 

chronic mortality)); better: ischaemic heart diseases, like myocard infarction (fatal / non-

fatal) and angina pectoris 

• hypertension 

• Annoyance 

• sleep disturbance / subjective sleep quality 

Annoyance and sleep disturbance are the dominant effects, whereas the other effects are long-

term.  

As table 1 demonstrates, effects weighted with Lden are more precise, whereas the LAeq-values 

have a large range from the lowest to the highest value. In between the effects, there is not a big 

difference and they are quite independent of the transport modes. 

Table 2:  Effects of exposure to environmental noise and observed thresholds 

Health effect Observation threshold 
 Metric Value in dB(A) 
Hypertension Lden 70 
 LAeq, 6-22hr(road) < 55-80 
 LAeq, 7-19hr(air) 55-72 
Ischemic heart disease  Lden 70 
 LAeq, 6-22hr(road) 51-70 
Myocardial infarction Lden  
 LAeq, 6-22hr(road) 51-80 
Annoyance for %HA Lden (road,rail, air) 42 
Sleep disturbance  SEL 35 
 LAeq, Night < 60 
Source: Schmid 2005, Nicolopoulou- Stamati 2005 
 
                                                 
21  De Kluizenaar et al. (2001), Adverse effects of noise exposure on health – a state of the art summary. 
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It becomes clear that there is a big difference of the possible thresholds regarding Table 2, i.e. the 

values in between the different health effects and also within one health effect vary very much.  

Furthermore, noise has a very local character as noise is only heard in a limited area around the 

infrastructure. 

A heuristic, given in Table 3, is used to figure out possible impacts on humans and / or animals 

depending on a certain transport mode and a certain area.  

 

Table 3:  Heuristic for noise impacts and their relevance in sensitive areas 

                                                          Mode 
Area 

Road 
Transport 

Rail 
Transport 

Air 
Transport 

Inland 
Waterways 

Agglomerations Humans Humans Humans  Humans 
Sensitive Ecosystems Animals  Animals  Animals (Birds) Animals 
Mountain Areas (better noise propagation) Humans and 

animals 
Humans and  
animals 

  

Landscapes with touristic function Humans  Humans Humans  Humans  
Unique natural resources, habitats, cultural 
heritages 

Humans and 
animals 

Humans and  
animals 

Humans and 
animals 

Humans and 
animals 

Areas with high preload level Humans and 
animals 

Humans and  
animals 

Humans and 
animals 

Humans and 
animals 

     

Legend Very sensitive, 
strongly relevant 

Sensitive, relevant in 
certain cases / areas 

Little sensitive, 
Not very relevant  

 

Source: Own assumptions     
 

Some of the cells in Table 3 are shaded in dark grey, which means that there is not a relevant 

nexus between the mode and the area. These cells are not relevant for ASSET. Cells with light 

grey background show that the nexus is existent, but the significance of the event is rather low 

compared to other relevant cells. The white cells identify the main relevance for a research within 

ASSET. 

In agglomerations mainly road, rail and air traffic have an influence regarding noise. Waterways 

have fewer impacts due to transport noise. Noise disturbance here occurs mainly in harbours, 

while the noise costs outside ports can be largely neglected.22  

Animals are annoyed by noise and in sensitive ecosystems these annoyance is more important 

(see below). 

Mountain areas are only affected from road and rail transport. 

                                                 
22  IER (2006), Marginal environmental cost case studies for air and water transport, p.43. 
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Landscapes with touristic function are often exposed to high noise levels. Concerning impacts 

from transport noise mainly road and rail traffic are taken into account. 

For unique natural resources, habitats, and cultural heritages, there is nearly the same distribution 

as for sensitive ecosystems, but here also humans visiting these sites are bothered by the noise. 

High preload levels are not of importance for noise and therefore not included below because 

either transport noise is not audible due to other noise sources or the other noise source is not 

audible because of transport noise. Other than in the case of other emissions, transport noise costs 

connected with a certain traffic volume do not increase with higher preload levels. Rather the 

opposite is true: The higher the preload level from another source, the less audible is the 

additional noise caused by transport. But a problem is the exceedance of thresholds or at least 

limiting values, which can cause health problems. 

 

3.1 Check 1: Vulnerability to noise 
 
3.1.1 Drivers 

The following table gives an overview of the relevant drivers and indicators of check 1 which are 

discussed below. 
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Table 4:  Higher vulnerability of endpoints to noise (check 1): Summary table of drivers 

Drivers: Impacts Relevance  Suggestion for possible 
indicators  

N_C1_D1:  
Population density 

High relevance 
Linear dependency: The more people can hear transport 
noise, the higher the noise impacts. 

Population density in principle in the 
area where noise is audible, in 
practice probably in communities 

N_C1_D2:  
Sensitive ecosystems 
(effects on animals) 

Medium relevance 
Mainly birds, also unique ecosystems 
 

Difficult to measure  
 Approximation: nature protection 

areas  
N_C1_D3:  
Sensitive areas because 
of health - sensitive 
people 

High relevance 
i.e. Hospitals, Schools, Kindergarten, Disabled 
institutions, rehabilitation centre. 

Sensitive persons / km2; 
Probably only available like: 
Employees / km2 or institution 
Places or  beds / km2 or institution 

Drivers: Costs   
N_C1_D4:  
Cultural heritage 

High relevance 
Unique sites 

UNESCO world heritage sites 

N_C1_D5:  
Touristic and recreational 
value 

High relevance Number of nights per km2 or per 
inhabitant 
Where recreation areas are scarce 
(in agglomerations), their 
importance is higher, which is 
probably not measurable  

 

Discussion of impact and cost drivers 

N_C1_D1: Population density  

The more people are within earshot of the transport noise source, the higher the impacts (lost 

rents, health costs). Therefore densely populated areas are more sensitive to noise. Assuming that 

work places are mostly concentrated in areas of high population density, this indicator also covers 

disturbances due to daytime noise exposure at the work place. 

N_C1_D2: Sensitive ecosystems  

Noise is disturbing for specific fauna. Noise can hinder the reproduction of birds as the 

communication between birds is hampered so that mating calls are no longer heard.23 In Germany 

for instance 47 / 50 dB(A) is discussed to be the maximum allowed daytime level to avoid 

influence on sensitive bird species in Special Protected Areas (SPA, according to EU directive 79 

/ 409 / EEC).24 

                                                 
23  Econcept, Nateco (2004), Externe Kosten des Verkehrs im Bereich Natur und Landschaft, p. A-7. 
24  POU and IWW (2004), Transport-related impacts and instruments for sensitive areas – final report, p. 23. 
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Urban development can impact birds indirectly through human activities. Traffic, noise pollution, 

and the presence of humans can cause birds to avoid urban developments. 25 

Also unique ecosystems can be called sensitive as their preservation is of higher importance.  

The measurement of sensitive and unique ecosystems is far from easy. In principle the indicators 

are the following ones:  

• Rarity (landscape, landscape forms and elements, habitats, plants, animals, land-use 

forms) 

• Closeness to the natural state (untouched nature, extensive farming methods, silent areas) 

• Diversity (biodiversity of species and habitats, small-scale natural changes of living 

conditions, diversity of utilization, networked habitat).  

• Identity and natural scenery (unique scenery, well preserved old cultivated landscape, 

characteristic landscape elements) 

However, data are not available for these indicators. In practice, we therefore have to use 

approximations such as Natura 2000 areas, UNESCO Biosphere areas, and National protected 

areas such as national parks etc.26 The question is where to draw the line: If data are available on 

the national park level, we should include them, because if an area has been protected for natural, 

ecological or cultural reasons this means that it should be a SA. However, we should differentiate 

international / national protected areas from regional / local areas. At least in Spain, National 

Park is the top category although most of the area that forms a National Park is also a Natura 

2000 area, as this is also the case for other European countries.  

If an ecosystem becomes more sensitive due to global warming (this is a sort of high preload 

level), this should be taken into account in the definition of the sensitive ecosystems. In practice, 

this is not always the case. 

 

 

                                                 
25  Mark Hostetler, Kim Knowles-Yanez (2003), Land use, scale, and bird distributions in the Phoenix metropolitan 

area  
26  The data on the World Database on Protected Areas (WCPA) are not yet available (only a test version is 

available which cannot be used for research purposes), so that they cannot be incorporated. 
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N_C1_D3: Sensitive areas because of health-sensitive people 

People, which are present in hospitals, schools, kindergartens, disabled institutions, rehabilitation 

centres, etc. and which have already a “sensitive” status, are more affected by additional noise.27 

Data about these sensitive people are available at Eurostat, WHO, and national statistics. This 

driver is only relevant on a local / regional scale. 

N_C1_D4: Cultural heritage 

Areas where important cultural heritages are present should be enjoyable by people without being 

hampered by transport noise. Note that there is some overlap between this driver for cultural 

heritage and the next driver for touristic and recreational values as cultural heritage sites tend to 

be visited by tourists or people seeking recreation. 

N_C1_D5: Touristic and recreational value 

The attractiveness of nature areas for tourism is strongly correlated with the possibilities of 

undisturbed outdoor activities (such as walking, mountaineering, rafting, fishing, relaxing and 

skiing) as well as spas, natural parks, etc. Tourists expect silence, pure air, unspoiled nature, and 

a pleasant landscape. Hence, perceptible noise levels deteriorate the attractiveness of tourism 

destinations. Already air pollution concentrations and noise levels below the legal limit values are 

detrimental to nature tourism. Looking at the importance of the tourism sector these effects could 

considerably weaken the local economy in some areas (such as the Alps). 

A motorway or major rail corridor has many consequences on tourism – especially in nature areas. 

We might suspect that more overnight stays in cities are due to business people than in nature 

areas. Tourists visiting the large cities are looking for culture (museums, theatre, opera), nice 

buildings, night life, shopping etc. and are not deterred by the main traffic routes. Hence, major 

traffic routes have little influence on tourism in cities. Thus effects on tourism are only relevant 

for nature tourism. 

Municipalities along a motorway or major rail corridor tend to have fewer tourists because the 

noise, the air pollution and the visual intrusion experienced deter tourists from visiting (or 

staying) in such locations. It is to be expected that the tourists, who would be visiting these 

municipalities without the major transport route, are redirected to other municipalities, where 
                                                 
27  Stansfeld et al. (2005), RANCH Study and Highways Agency (1994), Design Manual for Roads and Bridges: 

Volume 11 Section 3 Part 7: Traffic Noise and Vibration, p. 4/1. 
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they can still find silence, pure air and a pleasant landscape (possibly increased pressure for 

remote areas, which are explored due to reduced attractiveness of areas visited before). Hence, 

traffic routes lead to a redistribution of tourism away from the municipalities located directly at 

the traffic route, while other tourist destinations profit from the diverted tourists although their 

profit is clearly less perceptible than the losses along the traffic route since the profits accrue too 

many different destinations.28 The problem with existing traffic routes is that the high level of 

tourism without the traffic route is not observable. Therefore we should measure the share of 

tourism in local / regional GDP more on regional than local scale. 

 

3.1.2 Indicators and thresholds for the definition of SA 

Table 5:  Higher vulnerability of endpoints to noise (check 1): Summary table of indicators and thresholds 

 

 

                                                 
28  It might also be argued that a motorway enhances the accessibility of the communities along the motorway and 

that therefore a motorway is good for these locations despite its negative effects – especially for those 
communities which do not lie directly along the motorway and thus are not hampered by the negative effects of 
the motorway, but profit from the higher accessibility. However, every motorway increases the accessibility of 
the communities along the motorway. But in touristy areas motorways have additional negative effects. 

Drivers: Impacts Indicator Threshold 
N_C1_D1:  
Population density 

Population density (Inhabitants / km2) 
Data availability: Eurostat 

90-percentile (to be reviewed in 
WP3) 

N_C1_D2:  
Sensitive ecosystems  
(effects on animals) 

Nature protection areas  
Natura 2000 (habitat-directive and birds directive) 
UNESCO biosphere reserves 

Yes / no 

N_C1_D3:  
Sensitive areas because of 
health- sensitive people 

Population density in health-sensitive areas 
 Classification sensitiveness  

Due to the sensitivity of the persons impacts are expected 
to be compared to the population age distribution / 
population pyramid 

 Overlap  with N_C1_D1 
Data availability: Eurostat, WHO 

Employees / km² or institution and 
Places or  beds / km² or institution 

Drivers: Costs     

N_C1_D4:  
Cultural heritage 

UNESCO world heritage sites Yes / no 

N_C1_D4:  
Touristic and recreational 
value 

Number of nights / km²  90-percentile (to be reviewed in 
WP3) 
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N_C1_D1: Population density 

High population densities exposed to noise are mainly found within agglomerations, touristic 

landscapes and main transport axis. Therefore these areas will be taken into account, as there is 

reliable data available.  

We have continuous data on the population density.29 The difficulty lies in the definition of a 

threshold. In this report we always use the 90-perentile for continuous data. These thresholds will 

have to be reconsidered in WP3 when the maps are drawn and the consequences of the threshold 

become visible. The threshold of the 90-percentile means that we put the continuous data in a 

sequence, starting with the highest population density. Then the highest 10% of Europe with the 

highest population density are called sensitive.  

The provisional threshold of 90% has been chosen because this means that for that indicator 10% 

of the area will be called sensitive. A lower threshold of e.g. 75-percentile would mean that with 

several indicators possibly more than 50% of the area would be called sensitive (partly the areas 

of different indicators will be overlapping). However, as we understand the concept of TSA only 

particularly sensitive areas should be chosen. It must be clearly stated that there is no 

scientifically correct threshold. In contrast, the definition of thresholds is a political decision 

which is more or less arbitrary. The higher the threshold (90- instead of 75-percentile), the 

smaller the area, which will be called sensitive. 

N_C1_D2: Sensitive ecosystems 

Nature protection areas will be considered as sensitive ecosystems, as there is reliable data 

available, especially regarding the impacts of noise on animals. In particular we take into account 

Natura 2000 areas. These areas include the Special Areas of Conservation, according to FFH-

Directive 92 / 43 / EEC (fauna, flora, habitat-directive) as well as the Special Protected Areas, 

SPA according to EU-Directive 79 / 409 / EEC for the protection of birds. Furthermore, 

UNESCO biosphere reserves are also considered. 

                                                 
29  The population density data are very exact. They are available on 100m x 100m-grid. This is extremely helpful 

when considering the population density at a local scale. However, to draw maps on a European scale this is too 
exact. Therefore we propose to smooth the data: instead of using the data for the 100m x 100m-cell we use the 
average of all cells within a certain distance from the cell considered. In that way small, but densely populated 
centres of villages or small towns are no longer above the threshold. Moreover, local parks in cities disappear. 
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N_C1_D3: Sensitive areas because of health-sensitive people 

As described above people in hospitals, schools, kindergartens, disabled institutions, 

rehabilitation centres, etc. are only relevant on a local scale, but not on a European scale. 

Therefore this driver is not evaluated in detail, but it is assumed that it is (approximately) covered 

by N_C1_D1 (population density). 

N_C1_D4: Cultural heritage 

As an indicator we use UNESCO world heritages sites which are internationally accepted. In the 

case studies also national heritage sites can be considered. 

N_C1_D5: Touristic and recreational value  

One reason why an area can be transport sensitive is its high touristic value as a recreational area. 

Therefore we are also interested in the importance of tourism. The data available are the number 

of beds and the number of overnight stays (nights). This includes hotels and similar 

establishments as well as campsites, holiday dwellings, and other collective accommodation 

establishments such as youth hostels and tourist residences. In some cases the number of beds or 

nights is divided by the population or by the surface area of the region. Sometimes, we also find 

the number of arrivals. 

The question now is which data are best suited for the purpose at hand. The number of beds 

shows the maximal number of tourists an area can accommodate per night. The number of nights 

takes into account the occupancy ratio of these beds. In general, the two numbers are more or less 

in line with each other. However, when an area is interesting for (mass) tourism only in a 

particular season (e.g. summer or winter) the beds are unused most of the time. Therefore the 

number of nights gives a better image of the importance of tourism for the area considered. The 

number of arrivals is less suited than the number of nights because it does not show how long the 

tourists stay in the area. Also the number of beds is better than the number of arrivals as more 

beds are necessary when tourists stay for a long time. 

The absolute number of tourists tends to be higher in larger areas. Therefore a ratio of the number 

of tourists and the “largeness” of the area should be used. The “largeness” can either be measured 

by the surface area (km2) or by the number of inhabitants. The advantages of these two 
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possibilities are discussed in what follows. Reasons to prefer nights per inhabitant are the 

following: 

• When we are interested in the economic importance of tourism, the number of inhabitants 

must be chosen. As the number of nights per inhabitant indicates how important the 

tourism industry is for the area considered (of course, we would prefer value added per 

inhabitant or the percentage of the work force employed in the tourism industry, but these 

data are not available on a European scale (even in Switzerland such data are difficult to 

get at30)). Using this indicator will therefore show the areas which are most affected by 

changes in the number of tourists (due to transport).  

In contrast, the following reasons speak in favour of nights per km2: 

• An area is more sensitive to transport, when more tourists are negatively affected by 

transport. The chance of being negatively affected by a transport infrastructure and the 

transport volumes on it is higher when there are more tourists per km2. 

• If the population density is low in a certain area (e.g. northern Sweden) a new 

infrastructure in this area will not deter tourists from coming there because the area is 

large, so that it is easy to leave the infrastructure and find untouched nature. (It is even 

possible that the new infrastructure leads to more tourists as accessibility increases.) 

Hence, the new infrastructure has little influence on the number of tourists although the 

number of tourists per inhabitant is high. Thus, in scarcely populated areas, the number of 

tourists per inhabitant can be high, but the number of tourists per km2 is low. Therefore 

using the number of tourists per inhabitant could be misleading. 

• When we consider the persons affects (instead of the tourists affected) we use the 

population density (per km2). Thus an analogy leads us to use the tourist density (per 

km2). 

Therefore we choose the number of nights per km2 as our indicator, although the number of 

nights per inhabitant could also be used. The indicator per km2 better reflects the probable 

reaction of tourists, while the indicator per inhabitants better shows the local consequences of 

changes in the number of tourists (but says nothing about whether or not these changes occur). 

                                                 
30  Ecoplan (2006) Environmental costs in sensitive areas, p. 65-66. 
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It is important to stress that many overnight stays in a certain area do not necessarily mean that 

the area concerned is sensitive. It is important why tourists are there. Tourists in large cities are 

looking for culture (museums, theatre, and opera), nice buildings, night life, shopping etc. These 

tourists are not deterred by traffic infrastructure and high traffic volumes, as large cities cannot be 

had without high traffic volumes (except for pedestrian zones and Venice). Moreover, many 

overnight stays in large cities are not due to tourists, but due to business people (which are also 

there because of the high accessibility due to transport infrastructures). 

In contrast, tourists visiting rural areas are interested in undisturbed outdoor activities (such as 

walking, mountaineering, rafting, fishing and skiing) as well as spas, natural parks, etc. These 

tourists expect silence, pure air, unspoiled nature, and a pleasant landscape. Hence, large 

transport infrastructures and high traffic volumes are a clear handicap: rural areas with large 

infrastructures are avoided. Nevertheless, in scarcely populated areas, a new infrastructure might 

lead to more, not less tourists. The new infrastructure increases the accessibility of the region and 

since the area is large it is easy to leave the infrastructure and find untouched nature (that is why 

we propose to use number of nights per km2). 

The previous reasoning indicates that it might be useful to exclude (large) urban areas as the high 

number of nights in these areas is not sensitive to transport. However, there are reasons not to 

exclude urban areas: in ASSET we are not only interested in the effects of transport on tourists, 

but also on local people seeking recreation. Especially in densely populated areas green near-

recreation areas are important. Transport infrastructures are highly unwanted in recreation areas 

(visual intrusion, noise, air pollution etc.). Therefore we would like to have an indicator for near-

recreation areas. In terms of mapping, potential recreation areas could be highlighted around 

urban areas using land cover data. However, on a European scale this is not visible. A very rough 

approximation might be the population density: in highly populated areas near recreation areas 

are more important.31 

Above we have been looking at tourism with at least one overnight stay. This of course excludes 

near recreation. However, since near-recreation is also important and since we do not have an 

indicator for near-recreation we pragmatically decide that urban areas are not excluded in the 

                                                 
31  If this indicator is used the population density should not be used on too small a scale because inside the near-

recreation area the population density is very low or even zero. 
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tourism indicator (despite the reasoning for exclusion above). This finally gives a last reason why 

we prefer nights per km2 over nights per inhabitant: If we chose nights per inhabitant and 

combined this with the population density (a rough indicator for near-recreation areas), we arrive 

at nights per km2 (by multiplication). 

Due to all the reasons presented above we use the number of nights per km2 as our indicator.  

 

3.2 Check 2: Transport related pressures due to noise 
 
3.2.1 Drivers 

The following table gives an overview of the relevant drivers of check 2 which are discussed 

below. 
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Table 6:  Higher transport related pressures due to noise (check 2): Summary table of drivers 

Drivers: Emissions Relevance  Suggestion for possible 
indicators 

N_C2_D1:  
Gradients  

Mode: Road 

Low to medium relevance. 
Well-founded knowledge on the impact of gradients on 
noise emissions 

Gradients in % or approximation 
with altitude differences 

N_C2_D2:  
Precipitation 

Mode: Road 

Low relevance. 
Higher noise emissions on wet roads 

90-percentile  

Drivers: Noise 
propagation 

  

N_C2_D3:  
Inversion 

Modes: Road, rail 

High relevance. 
In depth scientific analysis carried out within the 
MONITRAF and the GRACE project. 

Frequency of inversions in a certain 
area, i.e. days / year 

N_C2_D4:  
Topography (amphitheatre 
effect and reflections, also 
from buildings) 

Modes: Road, rail 

High relevance.  
In depth scientific analysis carried out within the 
MONITRAF and the GRACE project.  

Altitude differences 

N_C2_D5:  
Wind speed  
All modes  

High relevance.  
Noise propagation is dependent on the wind speed. 

Frequency of wind speed above a 
certain velocity 

N_C2_D6:  
Temperature 
All modes 

High relevance. Temperature distribution or average 
temperature 

N_C2_D7:  
Humidity 
All modes 

Medium relevance 
Related to air absorption. 

Frequency of humidity above a 
certain threshold  

N_C2_D8:  
Land cover (i.e. hard 
surface, grass / field, 
forest / trees / shrub, …) 

High relevance. 
Reflection / absorption of noise to a high degree depend 
upon surface type.  

Mapping of land cover 
  classes of use 

 

Discussion of drivers 

N_C2_D1: Gradients  

Road noise emissions can be higher due to gradients (only ascents, not descents): Depending on 

the gradient (1% to 6%) car noise emissions are 6% to 56% higher, HGV noise 8% to 82%. 

Central values for gradients of 2% are 12% for cars and 18% for HGVs.32 From the German 

Guidelines for noise control to roads a value of 5% is stated for higher noise emissions on 

                                                 
32  Ecoplan (2006), Environmental costs in sensitive areas, p. 45. 
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roads.33 In the Swiss noise model there is no threshold, but noise increases with the steepness of 

the road.34 

For rail transport there is no literature available which shows that rail noise emissions are higher 

on gradients.35 

N_C2_D2: Precipitation 

Although wet road surfaces are known to increase noise emissions from vehicles there is little 

scientific literature quantifying the effect. Descornet (200036) finds that the effect of a wet 

surfaces is below 5 dB(A) for lorries. Sandberg and Ejsmont (200237) provide a rough estimate of 

values ranging from 0 to 6 dB(A) depending on the humidity and the velocity (the wetter, the 

higher and the faster, the lower). Due to this uncertainty of results precipitation is not used further 

in this project.  

N_C2_D3: Inversion 

Temperature inversions increase the noise level:38 In normal meteorological conditions noise 

decreases with distance (by 3 dB or halving for a doubling of the distance from the road39). But 

temperature inversions increase the noise level from a certain distance from the noise source. The 

reason is the following:40 The velocity of noise increases with the temperature. Thus with an 

inversion temperature increases with heights, so that the quickest way is no longer the direct way 

but a curved way passing through the higher, warmer air layers. This has the effect that barriers in 

                                                 
33  RLS- 90 (1990) 
34  EMPA (1997), Neues EMPA-Modell für Strassenlärm. 
35  In descents more breaking is necessary and therefore noise could be higher. Furthermore, curvy rail tracks might 

also lead to higher noise emissions of the wheels. Especially tight corners (with small radius) can lead to 
screeching noise emissions so that noise can increase by 8 dB (Judgement of the Swiss Eidgenössische 
Rekurskommission für Infrastruktur und Umwelt of the 15. December 2004 concerning Beschwerdeverfahren 
A-2003-2). However, such tight corners are not to be found along main traffic routes. Apart from that we could 
not find any hints on higher noise emissions on gradients in the literature. Thus for rail traffic there are hints that 
noise emissions might be higher on gradients, but there are no quantifications available. Therefore, we have to 
assume that emissions are equal on gradients and in flat areas (see Ecoplan 2006, Environmental costs in 
sensitive areas, p. 52). 

36  Descornet (2000), Vehicle noise emission on wet road surfaces, cited in BUWAL and ASTRA (2004), 
Lärmarme Strassenbeläge innerorts, p. 76. 

37  Sandberg and Ejsmont (2002), Tyre / Road Noise Reference Book, cited in BUWAL and ASTRA (2004), 
Lärmarme Strassenbeläge innerorts, p. 103. 

38  Ecoplan (2006), Environmental costs in sensitive areas, p. 46ff, Wunderli and Heutschi (2002), 
Berücksichtigung der Meteorologie bei der Schallausbreitung and Kurze (2001), Lärm im Alpenraum durch 
Strassen- und Schienenverkehr. 

39  Kurze (2001), Lärm im Alpenraum durch Strassen- und Schienenverkehr, p. 10. 
40  Wunderli and Heutschi (2002), Berücksichtigung der Meteorologie bei der Schallausbreitung. 
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between the noise source and the receptor can be “jumped over” (see Figure 8) which has 

consequences for receptors farther away from the noise source. Thus due to inversions a much 

larger distance from the road is necessary to reduce noise to a certain level. 

Inversions are particularly common in mountain areas, but can also be observed in other areas. 

Inversions are especially common during the night when noise has more disturbing effects. 

 

Figure 8: Noise propagation during a temperature inversion (left) and “jumping over” noise barriers (right) 

               
Source: Wunderli and Heutschi (2002), Berücksichtigung der Meteorologie bei der Schallausbreitung, p. 4 and 5. 

 

N_C2_D4: Topography 

At mountainsides noise can propagate directly – often high above ground – without dampening 

by trees and buildings etc. and with a significantly reduced ground effect (ground effects 

normally cause a reduction of sound exposure). This is called the amphitheatre effect of valleys – 

even at the top every word spoken on the stage can be understood (or every vehicle can be heard). 

The amphitheatre effect is sometimes reinforced by reflections of noise (echo).41 Reflections can 

also come from buildings. 

It has been shown that all three effects together can lead to 5 times (2.5 – 12.5 times) higher noise 

levels in mountain areas than in a flat area.42  

Moreover the distribution of noise source and receivers is special in mountain areas: the 

topography restricts the area suited for transport routes and settlements. Traffic and villages 

                                                 
41  Ökoscience (2005), Zur Luft- und Lärmsituation in den Alpentransittälern von Fréjus, Montblanc, Gotthard und 

Brenner, Scheiring (2000), Schutzleistung des Tiroler Bergwaldes gegen Lawinen, Molitor et al.(2001), Road 
freight transport and the environment in mountainous areas, and Weissen (1996), Die Alpen – ein ökologisches 
Frühwarnsystem. 

42  Ecoplan (2006), Environmental costs in sensitive areas, p. 46ff. 
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concentrate along valleys and the average distance between noise sources and recipients is often 

short.43 

Inversions, reflections and the amphitheatre effect also decrease the effectiveness of noise 

barriers, since they allow the noise to circumvent the noise barriers. For motorways – where 

noise barriers are relatively far away from the noise emissions (due to several lanes) – noise 

barriers are relatively ineffective in decreasing noise levels, while rail noise can more easily be 

reduced by noise barriers, since the distance between noise emission and the barrier is smaller.44 

Hence, the “Alpine Initiative” states that noise barriers can reduce road noise by 5 dB and rail 

noise by 15 dB.45 

N_C2_D5: Wind speed and N_C2_D6: Temperature 

The temperature influences sound propagation constantly in every direction because the velocity 

of noise increases with the temperature. However, the wind influence is depending on orientation: 

Since the velocity of the wind increases with heights (due to fewer obstacles) the fastest way 

from the noise source to the receptor becomes curved when the wind blows in the same direction. 

Thus noise can “jump over” barriers. 

With tail wind the sound speed increases with height so that the sound waves are refracted 

downward towards the ground. At the ground surface the sound waves are subject to reflection. 

The reflected sound is again refracted downward. A possible consequence is multiple reflection 

which is favourable to the sound propagation near the surface over large distances. 

With head wind the sound speed decreases with height so that the sound waves are refracted 

upward. As a consequence, an acoustical shadow is forming into which sound energy cannot 

penetrate directly. Thus noise levels are lower in the direction against the wind. 

The effect of wind on sound propagation has a strong influence for large distances, i.e. the wind 

has only little influence on the measured noise level at short distances up to 100 m. With a longer 

distance the effect increases. In the direction of the wind the noise level can increase by some dB 

                                                 
43  ALPNAP(2007): Monitoring and Minimisation of Traffic-Induced Noise and Air Pollution Along Major Alpine 

Transport Routes. 
44  POU and IWW (2004), Transport-related impacts and instruments for sensitive areas and  Alpeninitiative (2002), 

Lärm im Alpenraum durch Strassen- und Schienenverkehr. 
45  Alpeninitiative (2001), Verkehr verlärmt die Alpentäler. 
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(depending on the wind speed). 46  In contrast, the noise level decreases with headwind or 

crosswind (depending on wind speed and distance a reduction by more than 20 dB is possible47). 

Wind speed has mainly an influence for sound propagation at near-ground sources and receivers. 

The sound propagation from elevated sources (e.g. aircrafts) or receivers (e.g. tall buildings) is 

much less affected.48 

N_C2_D7: Humidity 

Temperature and humidity distribution are necessary to calculate the real absorption in the 

atmosphere. Dry air absorbs more acoustic noise than wet air, which causes reflection. 

Air absorption is principally independent of the topography. However, the meteorological 

conditions, temperature and humidity distribution, in an Alpine valley often deviate from those in 

the plains and may modify the local absorption coefficients.49 

N_C2_D8: Land cover 

In the study of Defrance and Barrière (2002) two major phenomena are affecting traffic noise 

propagation through a strip of trees (at least 100 m wide): 

• The typical ground effect due to the presence of humus, which brings about a change in 

the absorption due the specific soil porosity. Compared to a standard plain covered with 

farmland in homogeneous atmospheric conditions, noise attenuation due to the humus is 

usually less around 500 Hz but higher elsewhere. 

• The meteorological effects due to a quasi cancellation of wind speed and air temperature 

gradients. The consequence is that in the case of downward sound propagation conditions 

(e.g. temperature inversion at night) leading to a maximum noise at the receiver, the 

presence of a wide strip of trees along a road or a railway track will transform this 

climatic situation into a quasi-homogeneous one, meaning lower noise levels. 

                                                 
46  Astrid Ziemann, Kati Balogh (2005), Auswirkungen unterschiedlicher Schallstrahlenmodelle auf die Schall-

prognose. 
47  Brüel & Kjær (2000), Brüel & Kjær Sound & Vibration Measurement A/S, Umweltlärm, p. 20. 
48  ALPNAP(2007): Monitoring and Minimisation of Traffic-Induced Noise and Air Pollution Along Major Alpine 

Transport Routes and Prof. Mehra (2007), Vorlesung Lärm und Lärmbekämpfung. 
49  Alpeninitiative (2001), Verkehr verlärmt die Alpentäler. 
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The traffic composition and the road surface have no relevant influence since we are considering 

whether a given traffic composition and a given road surface have more pronounced effects in 

certain areas. The traffic composition and road surface are only relevant when we are considering 

policy relevant TSA, i.e. the actual traffic volumes and its composition and its emissions on the 

road surface at hand.  

 

3.2.2 Indicators and thresholds for the definition TAA 

Table 7:  Higher transport related pressures due to noise (check 2): Summary table of indicators and 
thresholds 

 

N_C2_D1: Gradients 

The definition of a threshold for gradients is difficult. Moreover, when defining TAA not only 

existing roads are analysed, but as well potential roads to be built in a sensitive area are included. 

Slopes, however, can only be measured for actual roads. For this purpose elevation differences 

might be suitable. This leads to problems at hillsides: the road could either follow the contour line 

or it could be very steep if it follows the direction of the highest gradient. Furthermore, the actual 

slope also depends on the road construction design. With many tunnels and bridges, altitude 

differences can be minimized. As a consequence, either whole mountain areas (to be defined 

Drivers: Emissions Indicator Threshold 
N_C2_D1: Gradients 
Mode: Road 

Gradients in % or approximation with altitude 
differences 

 Digital Elevation Model 

IgI > 5% (RLS-90, 1990) or 400m 
in 1km 

N_C2_D2: Precipitation 
Mode: Road 

Precipitation 90-percentile 

Drivers: Noise propagation     
N_C2_D3: Inversion 
Modes: Road, rail, water 

Frequency of inversions, i.e. days / year  XXX days per year 

N_C2_D4: Topography 
(amphitheatre effect and 
reflections, also from buildings) 
Modes: Road, rail 

Topography (altitude differences on both sides of the 
transport infrastructure) 

 Digital Elevation Model 

400m in 1km  

N_C2_D5: Wind Frequency of wind speed above a certain velocity days / a  
N_C2_D6: Temperature Average yearly temperature  XXX °  
N_C2_D7: Humidity  
Air absorption 

Frequency of humidity above a certain threshold days / a 

N_C2_D8: Land cover Mapping of land cover  
 Corine Landcover (LCC)  

Areas divided in different land use 
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using altitude differences) have to be classified as sensitive areas or only existing roads are 

considered. Since we want to draw maps on which whole areas are sensitive (not only road 

corridors) and since gradients are not that important for noise, we opt for the first variant and take 

altitude differences as the indicator. We thus incorporate gradients into the indicator on altitude 

differences for N_C2_D3 (see below). For the case studies in WP5 the actual gradients can also 

be considered. 

N_C2_D2: Precipitation  

Since wet road surfaces lead to higher noise emissions, areas with high levels of precipitation are 

more prone to high noise levels. Therefore we propose as always the 90-percentile as threshold. 

However, we skip this indicator in the final set of indicators because the results are only based on 

a few studies, because of the uncertainties in these studies and because humidity is judged to be 

of higher importance than precipitation (and even humidity is skipped, see below). 

N_C2_D3: Inversion  

Inversions are not directly taken into account within this analysis, because data are scarce and not 

available on a European scale. But it will be indirectly incorporated in the chosen indicators 

topography, wind, and temperature. 

N_C2_D4: Topography 

High relevance has the indicator topography, which is decisive when it comes to noise 

calculations with regard to sensitive areas. 

Moreover, in flat areas it is relatively easy to move away from the traffic route to places where 

the negative effects are no longer felt. In mountain valleys, in contrast, this is not so easy because 

noise is audible from a much larger area and because settlement can be difficult in mountainous 

areas due to slopes etc. 

As threshold we apply altitude differences of more than 400 metres within a distance of 1 

kilometre50 as proposed by POU and IWW.51 With the Digital Elevation Model, this can be 

                                                 
50  This is not measured along the road, but in all directions from a given point. 
51  POU and IWW (2004), Transport-related impacts and instruments for sensitive areas. 
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calculated on a European scale. Note that we also include valleys in between areas which fulfil 

this condition. 

Street canyons are not considered here as they are not visible on a European map. 

N_C2_D5: Wind and N_C2_D6: Temperature 

For wind speed and temperature only statistical data or calculated data from a meteorological 

model, like e.g. Natair (2007), can be taken for the calculation on a European scale. How this will 

be done will be developed in WP3 as data availability is not yet clear. 

N_C2_D7: Humidity 

Humidity is of minor importance as for the definition of TAA other indicators are more relevant. 

Therefore this driver is skipped when deriving the relevant indicators in chapter 3.3.  

N_C2_D8: Land cover 

It is extremely difficult to define a threshold for land cover. Therefore we abstain from using this 

driver for the final set of indicators.  

This driver can be covered by other indicators like e.g. topography, sensitive ecosystems and 

population density. If in WP3, it turns out that a classification by sectors should be included this 

could be realized with the Corine Landcover Data (LCC).  

 

3.3 Summary of indicators and thresholds 
 
In Check 1 and Check 2 different indicators were analysed. Now the most significant indicators 

will be presented and summarized in the following tables. The indicators presented are those 

relevant for the definition of SA and TAA (see chapter 7.2 for more details). All tables first 

define the indicator and then discuss its application on the European scale (for WP3) and on the 

regional scale (for WP5). 
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Table 8:  Indicator N_C1_I1: Population density 

Indicator N_C1_I1 Population density 
Definition Population density 
Modes covered All modes; mainly road, rail and air 
Drivers covered N_C1_D1 population density, N_C1_D3 sensitive areas because of health sensitive people 
Relevance High relevance. Due to the sensitivity of the persons impacts are expected to be of large scale. 
European scale   
Type and unit Inhabitants / km² 
Sources for values • EEA 

• Eurostat 
• National statistics 

Threshold 90-percentile. To be reviewed in WP3.  
Matching of driver In principle, we would want the number of people affected by noise (maybe by noise classes). 

Since these data are not available we use the population density as a good approximation. 
Regional scale   
Type and unit Inhabitants / km² or persons exposed to a certain noise levels (based on noise models) 
Sources for values As above 
Threshold 90-percentile. To be reviewed in WP3. 
Matching of driver Depending of the given data. See above. 

 

Table 9:  Indicator N_C1_I2: Sensitive ecosystems 

Indicator N_C1_I2 Sensitive ecosystems 
Definition Nature protection areas  
Modes covered All modes 
Drivers covered N_C1_D2 sensitive ecosystems 
Relevance Medium relevance. 
European scale   
Type and unit Natura 2000 areas (i.e. FFH-Directive 92 / 43 / EEC and Special Protected Areas according to EU-

Directive 79 / 409 / EEC for the protection of birds) and UNESCO biosphere reserves 
Sources for values Natura 2000 (FFH- areas, bird sanctuaries) and UNESCO 
Threshold Yes / no 
Matching of driver Approximation, as the effects of noise on ecosystems are not easily measured. 
Regional scale   
Type and unit As above, additionally: 

• Other protected areas according to national / regional legislation 
Sources for values District plans for protection zones 

Regional plans for protection zones 
Threshold Yes / no 
Matching of driver Although all local / regional protection zones are taken into account, it is still an approximation.  
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Table 10:  Indicator N_C1_I3: Cultural heritage 

Indicator N_C1_I2 Cultural heritage 
Definition Sites of particular cultural importance  
Modes covered All modes 
Drivers covered N_C1_D4 cultural heritage 
Relevance High relevance. 
European scale   
Type and unit UNESCO world heritage sites 
Sources for values UNESCO 
Threshold Yes / no 
Matching of driver Very good. The designated sites are important, but there might be other sites which should be 

protected. 
Regional scale   
Type and unit As above, additionally: 

• nationally / regionally important cultural heritages 
Sources for values UNESCO and national / regional sources 
Threshold Yes / no 
Matching of driver Very good. 
 

Table 11:  Indicator N_C1_I4: Touristic and recreational value 

Indicator N_C1_I3 Touristic and recreational value 
Definition Tourists can be negatively affected by transport noise. 
Modes covered All modes 
Drivers covered N_C1_D5 Touristic and recreational value 
Relevance High relevance. 
European scale   
Type and unit Number of overnight stays / km2  
Sources for values Eurostat 
Threshold 90-percentile. To be reviewed in WP3. 
Matching of driver Reasonable. 
Regional scale   
Type and unit Indicator as given above 
Sources for values National statistics 
Threshold 90-percentile. To be reviewed in WP3. 
Matching of driver Reasonable. 
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Table 12:  Indicator N_C2_I1: Topography 

Indicator N_C2_I1 Topography 
Definition The shape of the ground's surface has an important influence on the propagation of noise. 
Modes covered Road and rail 
Drivers covered N_C2_D1 gradients, N_C2_D3 inversions, N_C2_D4 topography 
Relevance High relevance. In mountain areas, emissions are higher due to gradients. Furthermore, noise can 

be heard further away from the source due to inversions, the amphitheatre effect and reflections. 
European scale   
Type and unit Altitude differences 
Sources for values • E.g. SRTM (2004) 90m Digital Elevation Data, CGIAR-CSI,  

• Or GTOPO30 (2004) 
Threshold Altitude difference 400m in 1km; to be reviewed in WP3 
Matching of driver Rough approximation of different drivers. 
Regional scale   
Type and unit Indicator as given above  
Sources for values • E.g. SRTM (2004) 90m Digital Elevation Data, CGIAR-CSI,  

• Or GTOPO30 (2004) 
Threshold Altitude difference 400m in 1km, to be reviewed in WP3. 
Matching of driver Rough approximation of different drivers. 

  

Table 13:  Indicator N_C2_I2: Wind speed 

Indicator N_C2_I2 Wind speed  
Definition Meteorological conditions favouring propagation of high local noise pollution, like wind speed and 

wind direction  
Modes covered All modes 
Drivers covered N_C2_D5 wind speed 
Relevance High relevance 
European scale   
Type and unit Frequency of wind speed above a certain velocity 

Geographical Delimitation: 
• Special Areas of with a certain topography 

Sources for values • E.g. Natair (2007), IER 
• pan European map data with high spatial resolution 

Threshold To be determined in WP3.  
Matching of driver Related to topography and temperature. Approximation. 
Regional scale   
Type and unit Indicator as given above 
Sources for values See above 
Threshold To be determined in WP3. 
Matching of driver Related to topography and temperature. Approximation. 
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Table 14:  Indicator N_C2_I3: Temperature 

Indicator N_C2_I3 Temperature 
Definition Meteorological conditions favouring propagation of high local noise pollution, like temperature  
Modes covered All modes 
Drivers covered N_C2_D6 temperature 
Relevance High relevance 
European scale   
Type and unit Average yearly temperature 

Geographical Delimitation: 
• Special Areas of with a certain topography 

Sources for values • E.g. Natair (2007), IER 
• pan European map data with high spatial resolution 

Threshold To be determined in WP3. 
Matching of driver Related to topography and wind speed. Approximation. 
Regional scale   
Type and unit Indicator as given above 
Sources for values See above 
Threshold To be determined in WP3. 
Matching of driver Related to topography and wind speed. Approximation. 
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4 Transport air pollution sensitive areas 
Human Health 

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. Throughout Europe, poor air quality causes hundreds of 

thousands of premature deaths every year and continuously damages crops and ecosystem health 

(EEA 2007). Main impacts on human health and loss of lives come from particulate matter (PM) 

and ozone, including their precursors transforming during transportation and dispersion in the 

atmosphere. Hereunder, the transport sector contributes with 44% to ozone precursors and 25% to 

the overall emissions of PM10 and its precursors. Within these about 2/3 originates from road 

transport (EEA 2007). Actually, road transport is the main contributor of Nitrogen Dioxide and 

Benzene in cities and it represents the major reason for non compliance with current European 

Union limit values for these pollutants.52 

Even though emissions are expected to decrease in general due to regulations and structural 

changes in the energy system, they will continue posing a major threat to human health and 

ecosystems in a foreseeable future. As a consequence of the Thematic Strategy on Air Pollution, 

significant emissions reductions are expected to happen in Western Europe, having the largest 

emission today (Amann et al., 2005), see Figure 9. In contrary, the New Member States and 

Eastern Europe as a whole have lower emission levels today but are anticipated to have economic 

development and face a potential increase to higher emission levels.  

Sensitivity due to impacts from air pollution should be considered in relation with exposure to 

emissions from local sources as well as long range transportation. Endpoints regarding transport 

related air pollution are human population, sensitive terrestrial ecosystems including agricultural 

production and fresh water and marine ecosystems. Usually, assessments take into account the 

combined effect of global as well as regional and local sources. In ASSET, however, we only 

consider the effects originating from local emissions (see chapter 2.4). 

                                                 
52  WHO (2005), Health effects of transport-related pollution.  
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Figure 9: Loss of statistical life expectancy attributed to anthropogenic contributions to PM2.5, 2000 and 2020 

 
Source: Amann et al., 2005a (left); Amann et al., 2005b (right) (also published in EEA 2007). 

 

According to the US Environmental Protection Agency, particle pollution - especially fine 

particles - contains microscopic solids or liquid droplets that are so small that they can get deep 

into the lungs and cause serious health problems. Numerous scientific studies have linked particle 

pollution exposure to a variety of problems, including: 

• increased respiratory symptoms, such as irritation of the airways, coughing, or difficulty 

breathing, for example;  

• decreased lung function;  

• aggravated asthma;  

• development of chronic bronchitis;  

• irregular heartbeat;  

• nonfatal heart attacks; and  

• premature death in people with heart or lung disease.  

People with heart or lung diseases, children and older adults are the most likely to be affected by 

particle pollution exposure (EPA Web site).  
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Ecosystem health may be affected by air pollution via direct deposition on plants and via 

changes in soil fertility. Soil quality is an important component regarding the quality and 

sustainability of terrestrial ecosystems and agriculture. Soil quality is especially impaired by 

acidification, eutrophication and by contamination via heavy metals and pollution due to 

polycyclic aromatic hydrocarbons (PAH’s). Acidification is caused by NOx, NH3 and SO2, 

eutrophication by nitrogen (NOx and NH3).53 These impacts are usually attributed to regional 

and global air pollution, transported over considerable distances. They are relevant for preload 

levels, but not for the definition of TSA where only local effects are considered (see chapter 2.4). 

An example of preload levels is shown in Figure 10 for Nitrogen deposition, other distributions 

and exceedance levels have been modelled too depending on the scenario applied. A considerable 

contribution to the overall level from local air pollution can be found within a narrow strip of 

about 1km along transport routes, making these areas potentially transport sensitive (TEN-STAC, 

2003 / 2004) especially in areas with high preload levels and / or sensitive naturally nutrient poor 

ecosystems.  

Today, there is almost no pollution by lead from road transportation any more since the 

introduction of lead-free petrol. Heavy metals like zinc and cadmium are emitted in road traffic 

due to abrasion of tyres and brakes. In rail traffic abrasion of brakes and the overhead wire result 

in emission of copper and cadmium. Traffic also leads to pollution by PAH created during 

combustion (especially in soot of diesel motors) and from abrasion of the road surface. PAH’s are 

cancer-causing and are poorly biodegradable. Both heavy metals and PAH deteriorate the fertility 

of the soil and influence ecosystem health and agricultural fertility, but detailed knowledge of 

these damages is still very scarce.54  

Pollution levels from local emissions of heavy metals and chemicals only lead to exposures 

significantly higher than those from the regional and global background levels within very 

narrow bands along transport routes and are not considered relevant for the delineation of TSA 

with respect to ecosystems and population in the wider countryside at a European scale. Actually, 

relevant damages for heavy metals occur only within less than 10m from the infrastructure, for 

                                                 
53  Infras (2006), Externe Kosten des Strassen und Schienenverkehrs 2000, p. 190-201 and 210-213. 
54  Infras (2006), Externe Kosten des Strassen und Schienenverkehrs 2000, p. 210-213. 
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PAH in road transport within less than 25m.55 Therefore these damages are similar to land take 

which is considered in chapter 5. 

Figure 10: Percentage of total ecosystems area receiving nitrogen deposition above the critical loads for 
eutrophication for the emissions of the Thematic Strategy scenario in 2020. 

 

Calculation results for the meteorological conditions of 1997, using grid-average deposition (Source: Amann et al., 

2005b) 

 

Water pollution caused by atmospheric deposition may affect freshwater ecosystems and is 

mainly caused by regional and global pollutants which are transported over considerable 

distances. Acidification is caused by NOx and SO2 and eutrophication of lakes and rivers is 

caused by NOx and ammonia. Other relevant air borne pollutants are MTBE (methyl tertiary-

butyl ether), benzol, toluol, enthyl benzol and xylene.56 For freshwater areas in general, the 

fraction of pollutants from long range transport is higher than contributions by local pollutants 

and thus the importance of local pollutants for the overall impact is rather limited.57 Thus water 

                                                 
55  Infras (2006), Externe Kosten des Strassen und Schienenverkehrs 2000, p. 95. 
56  Infras (2006), Externe Kosten des Strassen und Schienenverkehrs 2000. 
57  Infras (2006), Externe Kosten des Strassen und Schienenverkehrs 2000 and Ecoplan (2006), Environmental 

costs in sensitive areas, p. 74-75. 
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pollution is not relevant for the definition of air pollution TSA, as no extraordinary local 

measures can be outlined (see chapter 2.4). Water pollution caused by accidents is considered in 

chapter 6. 

Critical loads: Critical threshold values are also called carrying capacity or critical loads (similar 

terms which are often used are absorption capacity, regenerative capacity and buffer capacity). 

Hence, the carrying capacity is the maximum level of pollution or deposition, below which – 

according to today’s knowledge – no significant environmental degradation can be detected.58 

Thus the carrying capacity is based on the assumption, that pollution uptake should not be higher 

than the capacity of the ecosystem to buffer, store or assimilate pollutants. If the carrying 

capacity is overstepped, however, damages for humans, plants, ecosystems or materials occur. 

However, the carrying capacity is difficult to measure. Moreover, the carrying capacity shows the 

present knowledge and is subject to a continuous review process, i.e. new insights can change the 

values. 

One problem with all derivations of critical loads is that they consider only one pollutant at a 

time. However, the different pollutants interact and this interaction is complicated and we are far 

from understanding it. Hence, critical loads must always be treated with caution. Because of the 

difficulties in measuring carrying capacity rough auxiliary indicators are often used such as: 

• Duration of the vegetation period: Outside the vegetation period the absorption of 

pollutants is much lower and if the growth period is short and growth is further slowed 

down by pollution, the growth period can become too short. 

• Extreme living conditions (climatic conditions (temperature, precipitation, short 

vegetation period, frequent winds)) 

• Intensity of relief (big differences in altitudes and thus smaller habitats) 

• Altitude 

• Measures for poor buffering capacity: small area size (limited habitat), permeable subsoil, 

ability of soil to hold back / filter pollutants, poorly buffered surface water (low flow / 

exchange rate), extreme habitat (e.g. heath, high moor), silent areas 

• Regeneration potential (high resource costs and / or long time required for regeneration, 

uncertain success of regeneration measures) 
                                                 
58  Witten (2001), Carrying capacity and the comprehensive plan.  
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• Critical existing loads: contaminated sites, groundwater pollution, pollution of surface 

waters, air pollution, fragmented and / or cleared landscapes 

4.1 Check 1: Vulnerability to air pollution 
4.1.1 Drivers 
Table 15: Higher vulnerability of endpoints to air pollution (check 1): Summary table of drivers 

Drivers: Impacts Relevance Suggestion for possible 
indicators  

AP_C1_D1:  
Population density 
 

High relevance 
Evidences on the higher impacts of air pollution in urban 
areas and agglomerations are available from several 
studies an EU projects. Disaggregated data is also 
available. 

Population density 

AP_C1_D2 
Sensitive ecosystems 

Medium relevance.  
Acidification and / or eutrophication due to emissions 
from local pollution sources within a narrow band along 
the routes (approx 1km width). 

Areas of ecological importance: 
Natura 2000 network, UNESCO 
biosphere reserves, National Parks 
and areas protected by national 
legislation 

AP_C1_D3 
Affected buildings 

Low relevance 
As emissions of acidifying substances - mainly SOx – 
are decreasing the impact is becoming lower.  

Densely built up urban areas and 
industrial sites 
 

AP_C1_D4 
High preload levels 

Medium relevance 
If an area is already highly polluted without the 
considered transport infrastructure, the chances that 
legal thresholds are (clearly) overstepped become 
higher. 

Pollutant concentrations without the 
considered transport infrastructure 
or as a very rough approximation 
population density 
 

Drivers: Costs   
AP_C1_D5 
Cultural heritage 

Medium relevance. 
Buildings exposed to air pollution fall into decay due to 
corrosion by acidifying air pollution and dirt from 
particles. Higher sensitivity than other buildings, as 
heritage sites can not just be replaced by new buildings.  

Places for building belonging to 
cultural heritage, mainly those of 
international importance (UNESCO 
world heritage sites) 

AP_C1_D6 
Touristic and recreational 
value 

Low relevance 
Tourists have low preference to visit sites characterised 
by air pollution, but other factors like noise and beauty 
might be more important. 

Number of overnight stays / km2 

AP_C1_D7:  
Sensitive population 
groups 

High relevance 
Evidences of major risks on human health (morbidity 
and mortality) on vulnerable people are available from 
recent studies and projects (WHO, NEEDS) 

Age distribution of population - % of 
children and elderly people living in 
a certain area 

AP_C1_D8 
Critical loads 

Medium relevance.  
Depending on nutrient state and acidity, some 
ecosystems are more vulnerable to eutrophication and 
acidification than others.  

Subset of areas listed under 
AP_C1_D2, depending of soil parent 
matter and water supply. No 
information can be retrieved from 
EU maps. 

AP_C1_D9:  
Building material 

Low relevance 
Exposure-function studies (ExternE, ICP Materials) 

Receptors data are missing. 
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Discussion of impact and cost drivers 

AP_C1_D1: Population density  

Over 75% of the European population is living in urban areas; by 2020 it should be 80% and for 

some countries it will be even 90%59. As a consequence, the number of people affected by 

elevated pollutant concentrations is notably higher in urban areas. Thus, it can be assumed that 

even small increments in concentrations will result in higher impacts than somewhere else. 

AP_C1_D2: Sensitive ecosystems 

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 might be affected 

in the same way. As we do not have in depth information on the vulnerability of these 

ecosystems, a more general approach has to be applied. Assessment of real exposure values 

requires detailed atmospheric modelling, but for local area pollutants the assumption can be made 

that exposure is an exponential function of emissions. A buffer zone around sensitive ecosystems 

should be considered: taking into account the dispersion pattern of pollutants, the weighting 

within three distance bands can be set to 10 within the area of special 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_D3: Affected buildings 

Buildings are damaged not only by natural weathering but the damages related to air pollution 

can be up to a factor 10 higher.60 Atmospheric corrosion and deterioration is an irreversible 

process taking place under all climatic conditions, where acidifying substances originating from 

human activities further increase the corrosion rates. Close to the emission sources, the direct 

effect of sulphur dioxide is dominating (‘dry’ deposition), while acidifying substances play the 

main role for background sources (‘wet’ deposition). As buildings are concentrated within urban 

areas, where most emission sources can be found as well, these areas should be in focus as main 

sensitive areas with high deterioration rates. Unfortunately, no limits or target values have been 

                                                 
59  EEA (2006), Urban sprawl in Europe  
60  Friedrich and Krewitt (1997) 
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defined for atmospheric corrosion within the European Community so far (Larsen et al., 2002 

p.55).  

AP_C1_D4: High preload levels 

In areas where the pollutant concentration is already high without the considered transport 

infrastructure, additional pollution leads to even higher concentrations and thus possibly to the 

fact that legal concentration levels are (clearly) overstepped. This is of particular importance in 

cities where the background pollution is high due to the high concentration of industries, 

households, heating and energy production – and from other transport modes or infrastructures of 

the same mode farther away.  

To consider the background pollution of a certain road we would need the concentration without 

this road. This is difficult to calculate. But the actual concentration gives a good overview of the 

background pollution for planned new infrastructures. For existing roads we could calculate the 

background concentration without e.g. road traffic as a whole. This of course gives too low 

values as in urban areas the background pollution of other roads further away is significant. A 

much coarser approximation would be to just select areas with high population density. In highly 

populated areas background concentration tends to be high. 

To estimate levels of background concentration, in WP3 emissions, dispersion and resulting 

concentrations will be modelled for Europe at a spatially coarse level of 50x50km.  

AP_C1_D5: Cultural heritage 

Cultural heritage in general has been created by society in former times and is inherited as trust 

which cannot be re-build in exactly the same manner, as some of the uniqueness lies in the 

building materials themselves. Recent studies introduce the Cultural Heritage Value as a relevant 

parameter to be considered when performing a cost benefit analysis, damage to cultural targets 

seriously endanger the rich European cultural heritage. As for building materials as such, 

corrosion due to atmospheric pollutions poses a serious threat to these buildings. However, the 

evaluation of the total number of affected buildings could be problematic as receptor data for 

buildings without cultural or historical relevance are rather scarce on an European scale. The only 

data available for pan European mapping are the location of the UNESCO world heritage sites 
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including a brief description from the World Heritage Information System at the UNESCO-

Server (http://www.unesco.org/whc/). 

AP_C1_D6: Touristic and recreational value 

Levels of air pollution high enough to be considered annoying on tourist and recreational 

functions usually only occur near major infrastructures. Furthermore, the visibility might be 

reduced by aerosol resulting from air pollution, reducing the scenic beauty of the landscape. 

Sensitiveness can be accounted as number of overnight stays / km2 (see chapter 3.1). 

AP_C1_D7: Sensitive population groups 

Several studies provide evidences of major risks on human health (morbidity and mortality) on 

vulnerable people, e.g. children and elderly people. The development of suitable exposure 

exposure-response functions has been the subject of several research projects (NEEDS). 

However, receptor data are normally available only on a country scale, which could hinder the 

evaluation of the local effects.  

Concerning the proximity to roads, studies in Holland (Brunekreef, 1997; van Vliet, 1997), show 

an association between decreased lung function in children and exposure to truck traffic was 

strongest for children living within 300 metres of motorways. In addition, chronic respiratory 

conditions were reported more often for children living within 100 metres from a motorway. 

AP_C1_D8: Critical loads 

Air pollution poses a major threat to biodiversity and well functioning of ecosystems. A 

vulnerability analysis would require more detailed knowledge of the local ecosystem settings and 

their nutrient state and buffer capacity. For the time being, only the areas protected are provided 

as maps, without any auxiliary information. 

AP_C1_D9: Building material 

Deterioration highly depends on the type of building material(s) used. Highest corrosion rates due 

to background pollution levels have been measured for weathering of steel, while much lower 

and almost the same rates have been found for zinc, copper, bronze and lime- and sandstone 

(Kreislova, 1997 in Larsen et al., 2002). The dose-response functions for unsheltered exposure 

provided by the ICP Materials (International Cooperative Programme on Effects on Materials) 
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allow making distinctions regarding the type of building material, but data existing are not 

sufficient to derive any regional differences throughout Europe. Furthermore, spatially distributed 

data on building materials are not accessible.  

 
4.1.2 Indicators and thresholds for the definition SA 

Table 16: Higher vulnerability of endpoints to air pollution (check 1): Summary table of indicators and 

thresholds 

Drivers: Impacts Indicator  Threshold 
AP_C1_D1:  
Population density 
 

Population density (EEA popdens) 90-percentile 

AP_C1_D2 
Sensitive ecosystems 

Areas of ecological importance: Natura 2000 network, 
UNESCO biosphere reserves 

Yes / no 

AP_C1_D3 
Affected buildings 

Densely built up urban and industrial areas according to 
Corine Land Cover classes.  
 

Areas covered by CLC classes: 
111 Continuous urban fabric  
112 Discontinuous urban fabric  
121 Industrial or commercial units 

AP_C1_D4 
High preload levels 

Pollution concentration without the considered 
infrastructure  
or 
Population density 

Legal thresholds (possibly reduced 
because the considered infrastruc-
ture will increase the concentration) 
90-percentile for population density 
(as in AP_C1_D1) 

Drivers: Costs   
AP_C1_D5 
Cultural heritage  

UNESCO world heritage sites 
Map data at: http://whc.unesco.org/ 

Yes / no 

AP_C1_D6 
Touristic and recreational 
value 

Number of overnight stays / km2  90-percentile 

AP_C1_D7:  
Sensitive population 
groups 

Age distribution of population - % of children and elderly 
people living in a county (Eurostat, statistics data at 
NUTS3 level) and statistical loss of life expectancy. 

Statistical loss of life expectancy 
due to PM-pollution > 12 months 
 

AP_C1_D8 
Critical loads 

Subset of areas listed under AP_C1_D2, depending of 
soil parent matter and water supply.  

Critical loads exceedance 
No information from EU maps 

AP_C1_D9:  
Building material 

Type of building material Not available 

 

Discussion of indicators and thresholds 

AP_C1_D1: Population density 

Urban areas are places where high population density coincides with high transport volumes and 

thus high emissions levels of air pollutants. This leads to a particularly high number of people 
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with air pollution induced health problems. There also are some legal thresholds for pollutant 

concentrations. However, on a European scale there are no data which are precise enough to use 

these legal limit values as thresholds. 

AP_C1_D2: Sensitive ecosystems 

Impacts from air pollution on special protected areas should generally be minimised. As long as 

no additional information on emission components and habitat type is available, a general 

approach using an inside / outside indicator has to be applied. This may be modified by declaring 

declining sensitivity for rings of buffer zone around each site – as applied in the TEN-STAC 

project mentioned above.  

AP_C1_D3: Affected buildings 

Building density usually is closely related with population density, even though there might be 

regional variations throughout Europe. Hence, the main urban area classes of Corine Land Cover 

mapping could be used as proxy indicator for number and density of buildings. This would come 

up with potential areas of high building density and high overall emission density, thus defining 

the most sensitive areas regarding local air pollution. Buffer zones around built up areas, 

according to those specified for ecosystems, may be applied. 

AP_C1_D4: High preload levels 

Ideally we consider the concentration without the considered infrastructure (which is easy when 

we consider a planned infrastructure, but quite demanding for existing infrastructures). As a 

threshold legal maximum concentration could be used. However, since the concentration will 

increase when the considered infrastructure is taken into account, the legal values must possibly 

be reduced such that the concentration is still below the legal value including the infrastructure. A 

rough approximation could also be the usage of the population density as in AP_C1_D1. 

AP_C1_D5: Cultural heritage 

Sites of international cultural heritage are buildings or even as large as old city centres. As many 

of them are heavily affected by background pollution, local contributions should be brought to a 

minimum. All sites are considered sensitive, and buffer zones as mentioned under ecosystems 

and buildings may be applied. 
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AP_C1_D6: Touristic and recreational value 

Even though air pollution is judged to have a minor effect on tourism compared to noise and 

visual intrusion, suggestions as specified in chapter 3.1 on noise may apply. 

AP_C1_D7: Sensitive population groups 

Age distribution could be used as an indicator for a co-driver, besides population density itself. If 

data can be made available, statistical loss of life expectancy for the present time could be used. 

AP_C1_D8: Critical loads 

As far as could be researched, only overall maps on critical loads exceedance levels exist for 

Europe on a large scale (i.e. 50x50km grid). Maps of Natura 2000 habitats and other designated 

areas only display the outline, but not the habitat types which in many occasions only occupy a 

minor part of the total protected area.  

AP_C1_D9: Building material 

Type of building material could be an indicator. Anyhow, Larsen et al. (2002, p.55) indicate that 

corrosion rates at least regarding background pollution are quite similar for different materials 

affected – except weathered steel. No applicable data are available. 

 

4.2 Check 2: Transport related pressures due to air pollution 
 
As mentioned in the introduction, air pollution levels are combined by contributions from local, 

regional and global sources. Air quality in general is a combination of factors influencing 

emissions and factors regarding dispersion and chemical reaction rates. Furthermore, local air 

pollution levels are influenced by a mixture of polluted air with less polluted air.  

Within ASSET the purpose is to assess local effects on air quality, which can be used to define 

targeted, local extraordinary measures to reduce impact on sensitive areas. These are influenced 

by two components – factors influencing transport emissions and factors regarding dispersion, i.e. 

factors favouring or hampering exchange and mixture of air masses. These two components will 

be discussed in the following sections. 
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4.2.1 Drivers 

Table 17: Higher transport related pressures due to air pollution (check 2): Summary table of drivers 

Drivers: Emissions Relevance Suggestion for possible 
indicators 

AP_C2_D1:  
Gradients  

Mode: Road (rail) 

Medium 
Road: Well-founded knowledge on the impact of 
gradients on the emissions of air pollutants 
Rail: Small effect due to more frequent use of breaks 

Gradients in %,  
simplification: altitude differences 

AP_C2_D2:  
Bendiness 
Mode: Road 

Low 
Acceleration and breaking on winding roads will lead to 
extra emissions, but most of the main roads are not that 
curvy. 

Terrain morphology 

AP_C2_D3:  
Altitude 
Mode: Mainly Road 

Low 
At high altitudes the motor emissions are higher. 

Altitude 

Drivers: Dispersion   
AP_C2_D4:  
Inversion 

Modes: Road, rail (air, 
IWW) 

High relevance 
In depth scientific analysis carried out within the 
MONITRAF and the GRACE project.  
 

Average wind speed, frequency of 
days with low wind speed as 
indicator for inversion frequencies. 
Enclosed features derived from 
landscape topography. 

AP_C2_D5:  
Urban topography 

Mode: Mainly Road 

High relevance 
The cities in general; unfavourable street ventilation 
abets the formation of the so called canyon street effect. 

Urban areas, street canyons 

 

Discussion of drivers 

AP_C2_D1: Gradients 

Gradients can have a relevant impact on air pollutants from road transport, especially NOx, PM 

and CO, as the vehicle has to work with a different engine load. According to estimates obtained 

using COPERT61 (Computer programme to calculate emissions from road Transport, version 4) a 

change in gradient of +2% leads to an increase of the NOx emission factor of 41-94% for HGV’s 

(Heavy Goods Vehicles). For PM and CO the increase accounts for 12-86% and 15-86%, 

respectively. Fuel consumption and thus CO2 also rises considerably. Generally, urban driving 

conditions cause the lowest increase and driving on highways the highest increase. It is assumed 

that while going downhill, the emission factor does not change. According to Table 18, taken 

from the German and Swiss “Handbuch Emissionsfaktoren” (handbook emission factors), 

however, the increase is smaller than from COPERT: In the year 2000 the emissions of HGV on 
                                                 
61  EEA, 2007 
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slopes with ±2% of NOx, Particles and CO are 9%, 4% and 1% higher than on a flat road (for 

cars the figures are higher: 11%, 8% and 74%).62, 63 

Table 18: Emissions in the year 2000 / 2020 on roads with gradients (+/-2% or +/-4%) relative to a flat road 

and on winding roads relative to straight roads 

Car Gradient PM HC CO NOx CO2 
2000: +/-2% 108% 149% 174% 111% 105% 
2020: +/-2% 108% 150% 171% 111% 105% 
2000: +/-4% 228% 192% 189% 112% 110% 
2020: +/-4% 153% 171% 184% 137% 111% 
Curvy road  120% 140% 130% 110% 108% 
HGV Gradient PM HC CO NOx CO2 
2000: +/-2% 104% 85% 101% 109% 111% 
2020: +/-2% 95% 84% 92% 105% 114% 
2000: +/-4% 130% 85% 114% 143% 151% 
2020: +/-4% 116% 91% 96% 139% 159% 
Curvy road  120% 110% 110% 110% 105% 
PM = Particles, HC = hydrocarbons, CO = carbon monoxide, NOx = nitrogen oxide, and CO2 = carbon dioxide. 
Source: UBA and BUWAL (2004), Handbuch Emissionsfaktoren des Strassenverkehrs (HBEFA). Version 2.1. 
 

Since rail is using electricity, emissions occur not along the rail track, but at the point of 

electricity production. At the location of the electricity use by rail transport there are almost no 

air pollution emissions. It follows that it is no problem for the location of electricity use that 

energy consumption of rail is 20-30% higher on steep sections and 15% higher in tunnels.64  

The only exception is particles. They whirl up when a train is passing and there is overhead 

abrasion. Thus particles are “emitted” at the location of the transport activity. It might be 

suspected that emissions are higher in mountain terrain because of the abrasion while braking in 

descents or because of higher abrasion on curvy tracks. However, we could not find any material 

pointing at higher emissions in gradients (neither qualitatively nor quantitatively). Hence, it 

seems that this is a minor problem.65 

 

 

                                                 
62  Ecoplan (2006), Environmental costs in sensitive areas, p. 25. 
63  The emission factors of the HBEFA distinguish between traffic situations and are composed of values from 

measured driving cycles. In comparison COPERT estimates a speed-emission from individual driving cycles. 
Therefore, in a specific traffic situation used in HBEFA, the influence of gradient and bendiness might be 
smaller due to other influencing factors. 

64  Suter et al. (1999), PETS D10: Transalpine Freight Case Study, p. 39. 
65  Ecoplan (2006), Environmental costs in sensitive areas, p. 35-36. 
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AP_C2_D2: Bendiness 

If the road is curvy, then the pollutant emissions increase by 5% to 40% (see Table 18) because 

vehicles have to brake and accelerate in the bends (in serpentines the effect would even be 

larger).66 Winding roads are more likely in mountain areas (or construction costs are higher to 

build a straight road). 

AP_C2_D3: Altitude67 

It has been shown that car and HGV exhaust contains more air pollutants when driving in regions 

that are higher above sea level. For HGVs the emissions of particles are about 75% higher, those 

of HC about 20% higher and those of CO 150% higher at a height of 2000 metres than at sea 

level. 68  However, all these results are based on only a few measurements. Hence, large 

uncertainties abound and the results must be treated with caution.69 

A newer study for CO and HC emissions from cars shows that the increase in emissions from 500 

to 1500 metres above sea level is at most 25-30%. Furthermore, the study showed that other 

factors such as gradients, driving style or load have a higher influence on emissions than height 

above sea level.70 

Emissions at very high altitudes from aircraft are excluded in this project due to the global nature 

of their impacts. 

AP_C2_D4: Inversion (Thermal Inversion) 

Thermal inversion occurs when a warmer, less dense air mass moves over a cooler, denser air 

mass and where extremely little movement of air masses occurs. Depending on meteorological 

conditions and in combination with the local topography, a thermal inversion leads to higher 

pollutants accumulation and “smog” within cities or mountain valleys. From these arguments one 

can also infer, that the frequency of temperature inversions enhances significantly pollutant 

concentrations. Ecoplan (2006, p. 26-31) shows that emissions are about 4.2 (2.5 to 6.25) times as 

                                                 
66  Ecoplan (2006), Environmental costs in sensitive areas, p. 24-25. 
67  Ecoplan (2006), Environmental costs in sensitive areas, p. 25-26. 
68  BUWAL (1995), Luftschadstoff-Emissionen des Strassenverkehrs 1950-2010, p. 203. 
69  BUWAL (1995), Luftschadstoff-Emissionen des Strassenverkehrs 1950-2010, p. 320. 
70  EMPA (2002), Emissionen in Abhängigkeit der Meereshöhe, p. 3. 
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harmful in Alpine valleys than in a flat area. This is mainly due to more frequent inversions in 

Alpine valleys. Thus inversions are of high importance. 

Furthermore, in mountain valleys air exchange is hampered due to limitation of horizontal 

circulation of air because of the valleys flanks. The direction of the valleys relative to the 

prevailing wind conditions is also an important determinant of pollutant concentrations. If the 

wind is predominantly passing along the valley, it tends to sweep the air masses out more 

effectively and can counteract the build-up of pollutants.71  

AP_C2_D5: Urban topography 

The World Health Organization summarized different studies in which pollutant concentrations 

measured at urban traffic sites were a factor of 1.2 to 2.3 higher than urban background sites in 

the same cities.  Furthermore, in the so-called street canyons the pollutants concentrate easily due 

to the urban topography (streets width, building height, street configuration, etc). In addition, the 

dispersion is restricted.  

4.2.2 Indicators and thresholds for the definition TAA 

Table 19: Higher transport related pressures due to air pollution (check 2): Summary table of indicators and 

thresholds 

Drivers: Emissions Indicator  Threshold 
AP_C2_D1:  
Gradients  

Gradients in % or approximation with altitude 
differences 

- Slopes > 6 %, derived as terrain slope from 
elevation model 100x100m (SRTM) 
- Altitude differences, i.e. > 400m within 1km   

AP_C2_D2:  
Bendiness  

No data available. Approximation with altitude 
differences.  

400m within 1km   

AP_C2_D3:  
Altitude  

altitude Difficult to define, only very few TEN-T 
network roads at relevant altitude 

Drivers: Dispersion   
AP_C2_D3:  
Inversion 

Meteorological data from few observation 
stations. Proxy indicators could be: 
- low wind speed 
- wind energy (prepared for placement of wind 
turbines) 
- terrain morphology from digital elevation 
model 

- occasions with low speed  
- wind energy, lowest 10 percentile 
- terrain enclosures and valleys  
 

AP_C2_D4:  
Urban topography 

Urban areas with high frequency of street 
canyons 

Areas covered by CLC class 111 - Continuous 
urban fabric 

                                                 
71  European Commission (2003), Sensitive areas and transport, p. 3. 
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Discussion of indicators and thresholds 

AP_C2_D1: Gradients 

Slopes can be derived directly from maps of transportation networks overlaid on digital elevation 

maps. The best map available is the 3. version of the SRTM – Space Shuttle measured elevation, 

corrected and supplemented by national elevation data. Data is available at approx. 90x90 meter 

grid resolution allowing very precise computation of gradients. As threshold we could use 6% 

which is the highest gradient category mentioned in the COPER / Corine Air guidelines. 

However, as argued in chapter 3.2 we approximate here by using altitude differences. 

AP_C2_D2: Bendiness  

Road curvature can be computed for existing transport routes. Actual data are not available. 

However, the altitude difference used for gradients is also a proxy for bendiness as in mountain 

areas it is more difficult to build straight infrastructures. 

AP_C2_D3: Altitude 

As explained above there are only very few measurements available. Therefore it is difficult to 

define a threshold. Furthermore, it seems that altitude is of little importance because there are 

only very few major transport infrastructures above 1000 or even 2000 meters above sea level 

and because the effects do not seem to be large compared to other drivers. Therefore this driver 

will not be retained for the final set of indicators in chapter 4.3. 

AP_C2_D4: Inversion 

Meteorological conditions leading to inversion layer are very hard to assess on a pan European 

level via existing geo-data, so we have to try finding proxies. Relevant data available for the time 

being are elevation model and derived data sets, mapping enclosures and valleys. Wind industry 

has produced some rather concise and detailed maps and data covering their interest in wind 

energy potentials. If access can be gained, these could be used to supplement maps on enclosed 

areas with wind energy as a proxy for the dilution potential of local air pollution. This will have 

to be further developed in WP3. 
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AP_C2_D5: Urban topography 

High building and street canyons in general hamper air exchange and keep part of the pollution at 

street level. The impact is depending on the place where the people are exposed (in the street, in 

the uppermost flat or in the backyard). Anyhow, lower wind speed in general will lead to greater 

exposure levels for the urban population. Average wind velocity or energy might be an additional 

indicator, as is for inversion layers. 

4.3 Summary of indicators and thresholds 

In Check 1 and Check 2 different indicators were analysed. Now the most significant indicators 

will be presented and summarized in the following tables. The indicators presented are those 

relevant for the definition of SA and TAA (see chapter 7.3 for more details). All tables first 

define the indicator and then discuss its application on the European scale (in WP3) and on the 

regional scale (in WP5). 

Table 20: Indicator population density 

Indicator AP_C1_I1 Population density
Definition Population density. This Indicator adresses people related to their home, not their working 

places, schooles, recreation areas etc. The population density can also be used as an 
approximation for affected buildings, high preload levels and sensitive population groups.

Modes covered All - mainly road, rail and air plus areas around harbours
Drivers covered AP_C1_D1 population density, AP_C1_D3 affected buildings, AP_C1_D4 high preload levels, 

AP_C1_D7 sensitive population groups
Relevance Very high. The number of residents influenced by air pollution is the most important single 

parameter to assess potential health effects. Furthermore, it serves as a proxy for several further 
effects.

European scale
Type and unit Inhabitants / km2
Sources for values EEA / JRC population density map (1ha). This is a spatial disaggregation of number of 

inhabitants within communes, depending of Corine land cover
Threshold 90-percentile, to be reviewed in WP3
Matching of driver Very good approximation and the best data available at EU-level. The map is an approximation of 

population density, reassigned to 1ha squares from population density within communes in 
EU27+. The actual quality is depending on, whether the relationship between urban land cover 
classes and density of inhabitants realy matches. Minimum size of CLC areas is 25 ha.

Regional scale
Type and unit If available (as for Denmark) we could use data from housing and central person registers. 

Another way would be disaggregation for population census data using type and density of 
houses as co-variable.

Sources for values Besides EEA map local statistics databases and population registers can be applied.
Threshold 90-percentile, to be reviewed in WP3
Matching of driver population register reflects distribution very precisely  
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Table 21: Indicator sensitive ecosystems 

Indicator AP_C1_I2 Sensitive ecosystems
Definition Areas of ecological importance, Natura2000 network
Modes covered Road, rail - and airports, harbour areas
Drivers covered AP_C1_D2 sensitive ecosystems (AP_C1_D8 critical loads)
Relevance Medium.  Acidification and eutrophication of sensitive ecosystems by transport routes crossing 

these areas.
European scale
Type and unit Areas of ecological importance: Natura 2000 network, UNESCO biosphere reserves
Sources for values European Environmental Agency EEA and UNESCO
Threshold Yes / no.
Matching of driver High geographical precision, but no information on habitat type and thus not possible to assess 

vulnerability to air pollution
Regional scale
Type and unit Same as European scale, unless better local data
Sources for values Same as European scale, unless better local data. National mapping of habitat types or critical 

load values for some countries
Threshold Yes / no, If applicable, exceedence of critical loads
Matching of driver depends on data availability  
 

Table 22: Indicator cultural heritage 

Indicator AP_C1_I3 Cultural heritage
Definition Buildings exposed to air pollution fall into decay due to corrosion by acidifying air pollution and 

dirt from particles. Higher sensitivity than other buildings, as heritage sites cannot just be 
replaced by new buildings.

Modes covered All
Drivers covered AP_C1_D5 cultural heritage
Relevance Medium
European scale
Type and unit UNESCO world heritage sites
Sources for values Map data at: http://whc.unesco.org/
Threshold Yes / no 
Matching of driver Very good, but only the (center)coordinates are published, some sites will have a certain extent 

as old city centers.
Regional scale
Type and unit same as European scale, and additionally national heritage sites, if national data exist (as a 

comprehensive database for Denmark)
Sources for values
Threshold
Matching of driver  
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Table 23: Indicator touristic and recreational value 

Indicator AP_C1_I4 Touristic and recreational value
Definition Tourists have low preference to visit sites characterised by air pollution, but other factors like 

noise and visual intrusion might be more important.
Modes covered All
Drivers covered AP_C1_D6 touristic and recreational value
Relevance Low
European scale
Type and unit Number of overnight stays / km2 
Sources for values Eurostat, data for NUTS3 administrative units (counties)
Threshold 90-percentile, to be reviewed in WP3
Matching of driver This is a proxy for the effects on tourists. The number of overnight stays is only an 

approximation, and the geographical precision is poor.
Regional scale
Type and unit Number of overnight stays / km2 
Sources for values national statistics often provide data with better geographical precision (in Switzerland per 

community)
Threshold 90-percentile, to be reviewed in WP3
Matching of driver depends on data avaiability  
 

Table 24: Indicator topography 

Indicator AP_C2_I1 Topography
Definition Increased emissions and / or exposure levels due to higher emissions levels in areas with slopes 

and curvy roads and / or valleys / enclosures hindering air exchange. 
Modes covered Road, rail, (air, IWW)
Drivers covered AP_C2_D1 gradients, AP_C2_D2 curvy roads, AP_C1_D4 inversons
Relevance Very high. Valleys and enclosures tend to hinder exchange of local air masses and increase the 

probability of inversions, leading to high concentrations of pollutants. Gradients are one of the 
factors included in the EMEP/CORINEAIR guideline. From these data a general relationship 
between gradients and emissions can be deducted, using data for typical vehicle categories and 
transport modes. Moroever, in mountain areas curvy roads are more common.

European scale
Type and unit altitude differences
Sources for values terrain morphology data derived from SRTM digital elevation model
Threshold 400m within 1km, to be reviewed in WP3
Matching of driver Approximation. Depending on mapping results, WP3 will try to develope other measures for 

terrain morphology. NERI has done some work before and approaches from e.g. Switzerland 
exist.

Regional scale
Type and unit same as for European scale
Sources for values
Threshold
Matching of driver  
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Table 25: Indicator wind speed 

Indicator AP_C2_I2 Wind speed
Definition Meteorological conditions influencing exchange and dispersal of high local air pollution 

concentrations.
Modes covered All
Drivers covered AP_C2_D4 inversions, AP_C2_D5 urban morphometry
Relevance Highly relevant, but difficult to assess for local conditions. Modelling data exist only at 50x50 km 

resolution on European scale
European scale
Type and unit Overall wind speed
Sources for values Wind atlas of Europe or air pollution modelling in WP3
Threshold Lower 10-percentile, to be reviewed in WP3
Matching of driver Medium. Hard to determine correct indicator and threshold (influence of spatial and temporal 

scale, average wind speed, peek events). For the time being we propose to use 10% lowest wind 
speeds as with slow wind pollution concentrations are not transported away

Regional scale
Type and unit Overall wind speed
Sources for values Local wind conditions from monitoring stations and large scale meteorological modelling
Threshold depends on case area and data availability
Matching of driver Good (at least in Denmark)  
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5 Transport infrastructure sensitive areas 
As presented in chapter 2.6, four different types of pressures from transport infrastructures are 

distinguished which are relevant in the context of analysing transport sensitive areas:  

• Land take (LT) 

• Coastal erosion (CE) 

• Barrier effect (BE) 

• Visual intrusion (VI) 

The resulting impacts and costs are generally very site-specific, i.e. it is difficult to impossible to 

treat them based on general values. In the following we will try to elaborate general elements 

from the national and European perspective, but a detailed assessment will be the privilege of the 

ASSET case studies. 

The effects of transport infrastructures are only relevant when we consider the planning of new 

or the extension of existing infrastructures. For the latter, one may imagine new accesses to 

existing infrastructures that frequently lack of planning procedures, widening of existing 

infrastructure, construction of transport support services in existing infrastructure (e.g. rest areas, 

motorway service areas) or induced developments after an infrastructure has been extended.  

Land take (LT) 

Transport, and especially road transport, is a great consumer of land: in addition to routes and 

stations, parking, maintenance, manufacture and service structures take up notable areas. Land 

take by transport may degrade biodiversity and cause environmental, social and economic harm 

through impacts on agriculture and forestry. Land taken up by transport is a resource that could 

be in other use: nature areas, agricultural land or housing. Regarding the sustainable development 

of Europe, competition between alternative uses of the relatively scarce land resources is one of 

the key issues.  

Measuring the impacts and costs of land take are a difficult task, mainly because impacts and 

costs depend on the previous use of the land taken. Particularly, the environmental impacts such 

as impairment of ecosystems (incl. loss of biodiversity) is difficult to measure as the complex 

system of an ecosystem is not fully understood to the required level to be properly evaluated and, 

should that be the case, there are important doubts and concerns on the best way to do so. Indirect 
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and induced impact on land use due to transport infrastructure construction are also important 

consequences not fully met by most of the environmental impact assessments of new projects. 

When a new transport infrastructure affects an important habitat for threatened species, a loss in 

biodiversity may be the most critical consequence. It should be taken into account that the degree 

of damage depends highly on the specific ecosystem characteristics of the piece of land in 

question. Some species have narrow ecological niches and are more vulnerable, since any small 

change in ambient conditions, supply of a certain plant or animal (modification of the trophic 

chain) or nesting area will have large effects on their population, while other species may be 

more robust and adaptable. The role of that species in the ecosystem will also configure its 

vulnerability. Therefore, assessing the damages caused by land take or land use changes is a 

complicated task due to multiple and cascading impacts, with a need of very detailed and 

extensive data, and the significance of critical loads and specific thresholds is not always 

sufficiently understood.  

Another impact of providing transport infrastructure is the invasion of non-native species, that 

takes advantages of the corridors created, or are caused by human intervention on these corridors 

that severely alter ecosystem function and reduce biodiversity72. The extent of this risk has been 

underestimated in the past, but their consequences are getting more attention in the recent years 

(for instance, ballast water taken up at sea and released in ports is a major source of exotic marine 

life, and the adoption of several regulations have improved the situation). 

Regarding pollution by heavy metals and polycyclic aromatic hydrocarbons (PAH), provision of 

impervious surfaces areas associated with development (transport infrastructures and induced 

land-use effects) increase the volume and the rate of surface water runoff and the transport of 

various types of pollution accumulated on the surface that aggravates the impact of soil and water 

pollution in the buffer areas of the infrastructure (see chapter 4). 

Coastal erosion (CE) 

European coasts are specially affected by erosion, and so the environmental and human activity 

that these areas support. Obviously, the intensity depends on the different areas and their 

characteristics, as well as external factors. New transportation infrastructure, in the form of new 

                                                 
72  Our Built and Natural Environments, EPA, 2001. 
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motorways, railways and especially ports exacerbates coastal erosion during the construction and 

exploitation stages, as well as by attracting some other activities in their surroundings. 

As EEA (2006)73 indicates, coastal erosion is largely caused by human activity in the form of 

river dams, intensive development and the use of sand for construction and engineering purposes. 

Rising sea levels and increasingly frequent storms and floods are likely to exacerbate this 

problem. Human activity reduces or blocks sediment supply to the coast itself, which may give 

rise to the retreat of the coastline through wave erosion. It should be noted, however, that erosion 

is a natural process which allows accretion in other parts of the coastline. It is not negative per se, 

but becomes a risk for settlements and human population, as well as to the natural habitats. 

Aside from urban population concentrations, competing land use along the coast comes from 

tourism, agriculture, fisheries and aquaculture, transport, energy and industry infrastructure, 

causing acceleration of the modification of the morphology of the coastal system. Coastal erosion 

is an environmental threat, related to a combination of human activities such as damming and 

coastal development, the abandonment of agriculture, and global climate change. 

Apart from coastal effects, transport infrastructures also exacerbates erosion elsewhere by 

changing hydrological and geomorphological aspects of watersheds and landscapes, which 

ultimately may intensify erosion processes and create new affected areas.  

However, compared to the other effects the impacts of transport infrastructure on erosion seem to 

be of minor importance. 

Barrier effects (BE) 

The main impact of barrier effects is the fragmentation of habitats (i.e. splitting of ecosystems 

into smaller and more isolated units, thus endangering the survival of animal and plant species 

and communities), which negatively affects wildlife in a number of ways. It interferes with 

wildlife travel, decreases habitat size, and reduces interactions with other wildlife communities. 

Fragmentation produces declines in both the number of species (diversity) and populations 

(abundance).74 

The survival of threatened species depends on populations which are large enough to maintain 

their genetic diversity and to continue reproduction, and on the inherent characteristics of the 
                                                 
73  The changing faces of Europe's coastal areas, EEA, 2006 
74  See Our Built and Natural Environments, EPA, 2001. 
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concrete species that form part of the different ecosystems, as some species need more space than 

others, or special features to maintain their population. If the habitats of these species are reduced 

or fragmented, it may lead to isolation of individuals and groups of the main population, 

compromising their future probabilities of success. There have been several efforts to release an 

indicator of fragmentation in Europe. In this regard, EEA has developed different fragmentation 

indexes due to anthropogenic activities; based on the connectivity of each cell (with six different 

categories, from minimal to extreme fragmentation based on how connected is each map unit, on 

a 10 x 10 km grid size); by measuring fragmentation by major roads, based on the identification 

of large forest complexes (>600 km²); or by measuring the average size of non-fragmented land 

parcels, i.e., not cut through by major transport infrastructure. All these indexes give an idea of 

what is the situation in Europe and, perhaps more importantly, its evolution, but it is obvious that 

it is not possible to define a threshold or a certain value of non fragmented area or connectivity 

figure above which one could say that the area is protected. 

Regarding fragmentation, it seems not clear whether or not mountain areas are more sensitive in 

this respect. On the one hand, there are fewer roads in mountain areas and thus there is less 

fragmentation but, on the other hand, the area is less fertile and the space available is shorter 

(narrow valleys, higher slope) and therefore animals tend to need a larger area to support their 

habitat. In addition, animal species living in mountain areas are usually those with more need of 

space for their natural functions (hunting, reproduction patterns, etc.,) and the latter is actually 

one of the reasons why they are there, since those areas are often the ones with minor human 

activity and related impacts. Furthermore, in Alpine areas there are more tunnels and bridges 

which can also allow animals to cross the road or rail track (without an explicit animal bridge).  

Apart from the barrier effect itself, the most direct effect is animal mortality or (mainly) road kill 

in vertebrates, as well as light disturbances.75 

Visual intrusion (VI) 

The impact on visual resources is defined by the changes produced by the proposed new 

infrastructure or actions. The environmental quality of a given area is highly determined by the 

visual perception of those enjoying that area, and it can be affected by transportation projects. 

The location, design, and / or maintenance of transportation facilities may adversely affect visual 

                                                 
75  See COST 341 Habitat Fragmentation due to Transportation Infrastructure, 2003 
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features of the landscape, and concern over adverse visual impacts can be a major source of 

project opposition. Sensitivity of an area due to visual impacts will be determined by the visual 

quality of the area, the size of the view shed or “field of vision” (how much land can be observed 

from a given point) and the number of people enjoying that area.  

In addition, two different focuses should be taken when assessing visual impacts and costs of 

transport infrastructures:  

• the view from the infrastructure and 

• the view of the infrastructure 

The view from the infrastructure is particularly relevant, as the number of people travelling to the 

targeted high capacity infrastructures is rather high and the pleasure of enjoying such areas when 

travelling is significant for an increasing number of people who do not have frequent contact with 

rural or natural environments. On the other hand is the adverse visual effect of a given transport 

infrastructure in a natural surrounding. In sensitive areas pleasing vistas for travellers are of less 

importance than views from surrounding areas. 

According to Marriott (1997)76, the visual characteristics before and after the project should be 

assessed in order to know the effect and magnitude of the impact, keeping in mind that change is 

usually, but not always, adverse. In natural areas, change from a natural visual environment 

would be adverse, based on user’s expectations. In an urban area, more emphasis may be placed 

on the compatibility with the architectural style and mass of the built setting, and it can be 

beneficial or adverse based on viewer’s feelings. In addition, an important element, particularly 

in urban areas, is the change that may be produced in shade and shadow, or light, and glare as 

these aspects may be considered visually intrusive and incompatible with before-project 

conditions. 

There is a lack of objective and scientifically valid information about the resulting impact. The 

visual impact of transport infrastructure can have relevance in terms of amenity, people’s 

aesthetic and subjective enjoyment of their environment. Bridges for example may be considered 

disturbing for certain parts of the population. Others at the same time enjoy the architectural or 

                                                 
76  Marriott, Betty B. Environmental Impact Assessment: A Practical Guide. McGraw-Hill Professional Publishing, 

1997. 
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engineering value of the infrastructure. However, the second effect seems to be much smaller 

than the first, so that the overall effect is clearly negative. 

A method to value visual intrusion has been developed in the Swiss NISTRA (sustainability 

indicators for road projects).77 NISTRA analyses only the effects of visual intrusion on residents 

seeking recreation. The method is a first attempt at monetizing landscape changes.78 

5.1 Check 1: Vulnerability to impacts from transport infrastructure 

5.1.1 Drivers 

The following table shows the main drivers identified in the analysis of vulnerability of endpoints 

to transport infrastructure. 

                                                 
77   ASTRA (2003), NISTRA: Nachhaltigkeitsindikatoren für Strasseninfrastrukturprojekte. 
78   See Ecoplan, 2006, p. 57-60 
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Table 26: Higher vulnerability of endpoints to transport infrastructures (check 1): Summary table of drivers 

Drivers: Impacts Relevance Suggestion for possible indicators  
TI_C1_D1 : 
Population density 

Pressures: BE, VI 

Medium 
Quantification approach for 
time losses due to 
severance effects highly 
difficult at this scale 

Population density 

TI_C1_D2: 
Sensitive 
ecosystems 

Pressures: LT, CE, 
BE 

High 
Uniqueness and rarity of 
ecosystem  
Measurement of impact not 
straightforward; dose-effect 
relationships limited 

Protected areas 
BE: number of species with extensive land need 

TI_C1_D3:  
Socially / culturally 
sensitive area 

Pressures: LT, CE, 
VI 

Medium to high 
Measurement of impact not 
straightforward; dose-
response relationships 
limited 

LT, CE: if not protected; outstanding areas from the cultural socioeconomic 
or traditional point of view  
VI: visual shed size and landscape quality (natural, cultural, traditional land 
uses), untouched environment 

TI_C1_D4:  
High preload levels 

Pressures: BE 

Medium to high. 
Methodologies still need to 
be assessed at higher 
scale 

Fragmentation index – land not cut through by infrastructures.  
Connectivity index and perimeter / area index  

Drivers: Costs   
TI_C1_D5: 
Existing land use 

Pressure: LT 

Low 
Valuation very difficult 

% of available land, and % of different land uses and an estimation of their 
production profitability (i.e. agricultural areas) 

TI_C1_D6: 
Touristic and 
recreational value 

Pressures: LT, CE, 
VI 

Medium 
Valuation difficult 

Number of overnight stays / km2  
CE is an important issue here: Cost of beach recovery by municipalities 
VI: Number of people enjoying natural / cultural / recreational sites, number 
of visitors to the designated areas 

 
 
Discussion of impact and cost drivers 

TI_C1_D1: Population density 

Especially in urban areas, the amount of people living or enjoying a particular area gives an idea 

of the vulnerability to barrier effects and visual intrusion derived from the construction of new 

transport infrastructure. Daily costs derived from longer trips and even social exclusion episodes 

would need to be considered when assessing this impact, although this will be rather difficult at 

strategic scale. 
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TI_C1_D2: Sensitive ecosystems 

The richness and maturity of the ecosystems in a given area is a key variable for assessing its 

quality that along with its relative scarcity configures its “protection value”. Regarding land take, 

the damage is caused not only in the area directly affected by the new transport infrastructure but 

also in the so-called buffer area, or area where the impacts can be perceived. The extension of 

this area varies among the types of infrastructure and the component of the environment that it is 

considered. When considering sensitive ecosystems, one could use the degree of protection 

(designated natural areas: National Parks, Natura2000, etc.) as a proxy to assess the value of an 

area and its vulnerability, given the criteria applied to nominate such areas. In terms of barrier 

effect, one would need to measure the number of species with extensive land need in each area to 

properly assess the potential impacts (barrier effect) caused by a new infrastructure, but data 

needs will go far beyond the present study scope and therefore the degree of protection could also 

serve as a proxy in this regard. For non-protected areas, international and even national scale is 

not sufficient for acquiring the amount and detail of data needed for a proper assessment of 

natural quality and sensitiveness, and therefore a proxy would also need to be found, probably by 

incorporating some other areas of interest at regional level. In terms of erosion impacts the 

extension of land potentially affected by a new transport infrastructure depends on external 

factors as topography conditions, geomorphology, vegetation or hydrological processes. 

TI_C1_D3: Socially / culturally sensitive area 

This driver is complementary and similarly founded to the previously mentioned, but considering 

social, cultural and economic attributes in addition to environmental considerations. Regarding 

visual intrusion impacts, one should take account of the visual shed size of the area and its main 

characteristics to be able to assess its  vulnerability. There are areas with some type of protection 

regarding landscape or other cultural and economic outstanding features that can be used as a 

proxy, but for those areas without this legal characteristic there will be few feasible options 

unless a well designed GIS model based on existing geographical data are used.  

TI_C1_D4: High Preload levels 

Previous fragmentation levels in a particular area are a very important element of the 

vulnerability of the area to new transport infrastructure. The size of a non-fragmented land parcel 

has been used in different studies to analyse this effect. The European Environmental Agency 
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concluded that the average size of continuous land units that are not cut through by major 

transport infrastructure ranges from about 20 km² in Belgium to nearly 600 km² in Finland, with 

an EU-15 average of about 130 km² (TERM, 2001). Other studies, as Martín et al. (2006) 

proposed interesting indicators such as the connectivity index or the relation between the 

perimeter and the area of a given land parcel to know the degree of existing fragmentation and 

evaluate its vulnerability taking account of the ecosystem function and type. 

TI_C1_D5: Existing land use 

Loss of soil can significantly impact on a local / regional economy when the land taken is highly 

profitable in terms of agriculture / cattle / forest production. The price of the land should show 

how important the land is (i.e. the opportunity costs of alternative uses). Although the cost of the 

land is usually included in a cost benefit analysis of a new infrastructure project, the driver would 

be useful when analysing vulnerability of end points, as it would point out areas where such costs 

would be particularly high. Again, at strategic scale, this impact would imply important 

uncertainties and technical hitches. 

TI_C1_D6: Touristic and recreational value 

Similar to the case of mountain areas as regards to noise, land take can reduce the attractiveness 

of the area and deter tourist from visiting or staying in such places. Coastal erosion and visual 

intrusion are especially relevant in this aspect. However, it is not always clear how the different 

impacts contribute to the unwanted result, the loss of the recreational value of a given area, since 

both the negative visual effects of infrastructures, and the barrier effect caused by infrastructures 

jeopardised the opportunity of an area to be valuable in terms of tourist potential. It will be very 

useful to have an idea of how many tourists enjoy a particular area and what is the importance of 

tourism on local economy, to interpret how sensitive is that area to changes that could decrease or 

increase its attractiveness. Tourists looking for natural surroundings and undisturbed outdoor 

activities will be negatively affected by a new infrastructure due to the increase on noise levels, 

pollution, visual intrusion etc. but the impact could be easily enlarged in the medium term as the 

induced effects due to the construction of new infrastructure, i.e., land use changes and the effects 

derived from them, are usually even more important than the direct effects of the new 

infrastructure. The proper method to assess potential induced effects are still in development, but 

its importance should not be neglected. 
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5.1.2 Indicators and thresholds for the definition of SA 

Table 27: Higher vulnerability of endpoints to transport infrastructures (check 1): Summary table of 

indicators and thresholds 

Drivers: Impacts Indicator  Threshold  
TI_C1_D1 :  
Population density 

Pressure: BE, VI 

Population density 90-percentile 
 

TI_C1_D2:  
Sensitive ecosystems 

Pressures: LT, CE, BE 

Natura 2000 Network, 
UNESCO biosphere 
reserves 
Species area relationship 

Yes / no 

TI_C1_D3:  
Socially / culturally 
sensitive area 

Impacts: LT, CE, VI 

UNESCO cultural sites 
Quality of the area 
Erosion risk 
 
Landscape quality  

Yes / no  
To be assessed 
High to very high risk (Erosion risk map) or “erosion status” 
(coastal Erosion map - CEL) 
Size of visual shed  

TI_C1_D4:  
High preload levels 

Pressure: BE 

Fragmentation index 
(Average size of contiguous 
land units or area / perimeter 
or transport infrastructure 
density) 
Connectivity index 

90-percentile 
 
 
 
 
Average value of units catalogued as Natura 2000 network sites 
(should the standard deviation be sufficiently low) 

Drivers: Costs   
TI_C1_D5:  
Existing land use 

Pressure: LT 

Contained in TI_C1_D2 and 
TI_C1_D3 

 

TI_C1_D6:  
Touristic and recreational 
value 

Pressures: LT, CE, VI 

Number of overnight stays / 
km2 

90-percentile 

 
 
 
Discussion of indicators and thresholds 

TI_C1_D1: Population density 

LAND TAKE 

The construction of a new transport infrastructure or the extension of an existing one, could result 

in a significant economic and / or social impact (cost driver) due to the expropriation of private 

owned land (usually residential) needed for the deployment of the new road, railroad, etc (Land 

Take impact). From an economic point of view, the monetary compensation will vary according 
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to the squared meters of land dispossessed, and land use type. This area is determined by the area 

of the planned infrastructure itself and a certain buffer area. But also residential building height is 

relevant for this calculation. That is why population density is preferred as indicator over the 

Built Area of a certain municipality. High population densities are indicative of a larger number 

of people living in the area, as well as higher residential buildings, which result in a larger 

number of household removal compensation. There is one effect that this driver is not capable to 

reflect: the case of low density residential areas, where low population density is not indicative of 

greater public land available. But this effect seems to be much smaller than the first one, and 

would normally lead to less costly expropriations than very dense areas. From a social point of 

view, higher population densities are indicative of a greater number of families to be removed 

from their actual homes. 

BARRIER EFFECT 

Although the main objective and outcome of new transport infrastructures is a reduction of travel 

time, it could also lead to an increase of time losses and longer trips to overcome its physical 

effect at a local scale (e.g. there are not many crossings of a motorway). The amount of people 

living in a particular area gives an idea of the magnitude of the impact caused by the barrier 

effect induced by the infrastructure. But the indicator should also take account of the territorial 

implications of the effect. This means that, for two areas with the same population, the magnitude 

of the impact is bigger for those concentrated in less territory (higher population density). There 

are two reasons for this: 

 The construction of a new transport infrastructure could act as barrier for trips over a 

certain area. There would be more people interacting within the specific area affected by 

the transport infrastructure in high density areas than in low density areas 

 Also, barrier effect is mostly suffered by non-motorized travelers. Mobility patterns 

across Europe reveals that the modal share of non-motorized modes is bigger in denser 

areas. More detailed considerations of this indicator regarding case studies, as percentage 

of non-motorized movements in a given urban area or percentage of older people or 

citizens with disabilities, could also enrich its application 

An important issue here is the notion of accessibility to activities, values and goods by all modes 

of transport. While certain citizens could enjoy a new urban highroad to get faster to work by car, 
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others could be geographically unable to access job opportunities or key public services. Social 

exclusion episodes related to access and mobility options are highly relevant in European cities. 

According to Cass et al. (2005), much of the literature on social exclusion ignores its ‘spatial’ or 

‘mobility’ related aspects. Transport research is increasingly paying attention to it, and the 

selection of sensitive areas should mention this issue, highly relevant when analysing barrier 

effect in urban areas.  

VISUAL INTRUSION 

As for visual intrusion (VI), the sensitivity of a certain area to this impact is determined (among 

others) by the number of people enjoying that area. In urban areas, citizens are those directly 

enjoying the area, and the number of inhabitants is the main driver for this impact. But it is 

difficult to use this indicator for comparison between urban areas. The construction of a transport 

infrastructure in a low populated municipality with a high population density may result in a 

higher visual intrusion impact than the same infrastructure in a higher populated town with a low 

population density (less potential inhabitants exposed to the impact at the same time). Population 

density might be used as indicator to reflect this twofold effect as regards of VI. Higher 

population density means higher impact. But also buildings are usually higher in denser areas, 

which reduce the “field of vision” and therefore the magnitude of the impact. Nevertheless, this 

effect seems to be much smaller than the first one, so that the overall effect is clearly negative.  

 

TI_C1_D2: Sensitive ecosystems 

Sensitive ecosystems are basically remnants of rare and fragile ecological communities where 

biotic factors are interacting together with abiotic factors in a natural equilibrium. Therefore, the 

assessment of its sensitiveness should require an analysis of the components that form the natural 

unity, their relationships and how all and each of these factors are threatened by human activities. 

In terms of ecological value, Gomez Sal et al., 200379 (citing More et al., 1999) discusses the 

differences between the value of existence and the intrinsic value of resources. They state that the 

first is bestowed by society, having a more cultural character, being related to the conservation 

value. The second is more functional and depends upon characteristics of the ecosystem as an 

                                                 
79  Gómez-Sal, A. et al.(2003). Assessing landscape values: a proposal for a multidimensional conceptual model. 

Ecological Modelling 168 (2003) 319–341 
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autonomous entity capable of regeneration—its maturity and integrity—and is related to the 

capacity to face human exploitation: the carrying capacity of the ecosystem. 

Obviously, in order to evaluate the degree of sensitiveness of a given ecosystem for the purpose 

of ASSET, following the latter arguments, the team should have a whole variety of datasets 

regarding the different components of each ecosystem at a convenient scale and time of period. In 

spite of the magnitude of the challenge, a map of sensitive ecosystems could be built at European 

scale, concerning and differentiating its sensitiveness in terms of land take, erosion, or barrier 

effect. These would include a detailed description of the species that can be found in that area, 

their relative value in terms of rarity-biodiversity assessment, the degree of conservation of the 

habitat, etc. That is to say, an assessment of all the benefits that the ecosystem is actually and 

potentially providing to the local community and the society as a whole would have to be carried 

out.  

It is clear that this goes far beyond the possibilities of this project giving the difficulty of the task 

both in terms of data availability, and time for analysis and assessments. Therefore, a proxy needs 

to be set up for this driver. 

The degree of protection that different countries apply to certain areas serves as a suitable proxy 

for this project, and the most straightforward. Generally, there are different levels of protection 

within each country, ranging from local or regional protected areas to national or international 

ones. Natura 2000 network is a well known international concept for the protection for natural 

areas that is very well suited for the kind of analysis that ASSET tries to undertake. Firstly, 

because it is defined at international level and the data needed for such analysis (Europe-wide 

sensitive areas) is easily accessible, secondly because of the clear criteria used for their definition, 

and finally because national and regional areas are mainly included in Natura 2000 designed 

areas.80  

As stated by the European Commission81  “Natura 2000 is the centrepiece of EU nature & 

biodiversity policy. Natura 2000 is an EU-wide network of nature protection areas established 

under the 1992 Habitats Directive. The aim of the network is to assure the long-term survival of 

                                                 
80  Europarc-Spain states that 70,69% of the Special Protection Areas overlap with regional and nationally 

protected areas (43 different protection concepts only in Spain). This percentage will be increased if the areas 
protected under the Habitats Directive would be taken into account. (Anuario EUROPARC-España del estado de 
los espacios naturales protegidos 2005. Fundación Fernando González Bernáldez. EUROPARC-España 2006). 

81  http://ec.europa.eu/environment/nature/natura2000/index_en.htm 
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Europe's most valuable and threatened species and habitats. It is comprised of Special Areas of 

Conservation (SAC) designated by Member States under the Habitats Directive (FFH Fauna 

Flora Habitat), and also incorporates Special Protection Areas (SPAs) which are designated under 

the 1979 Birds Directive. Natura 2000 is not a system of strict nature reserves where all human 

activities are excluded. Whereas the network will certainly include nature reserves most of the 

land is likely to continue to be privately owned and the emphasis will be on ensuring that future 

management is sustainable, both ecologically and economically.” 

Therefore, it is considered to be a good indicator of ecosystem sensitivity, clearly defined at 

European scale. The threshold should be its presence or absence in a given point of the territory, 

at least as far as WP3 is concerned. For a more local focus (i.e. WP5), one could differentiate 

between internationally designed areas (Natura 2000, UNESCO biosphere reserves) and national 

and regional areas. Generally, nationally protected areas (National Parks) have stricter legal 

frameworks in terms of permitted uses within the area and mostly include Natura 2000 areas. On 

the other hand, regionally protected areas (Regional Parks) are a step below National Parks in 

terms of protection but usually include also Natura 2000 areas. There are some other protected 

areas, such as protected landscapes or wetlands, but most of them are also included in Natura 

2000 network and could be considered in more detail when undertaking case studies. 

Regarding barrier effect, and specially for the case studies, the analysis could also include a more 

detailed assessment if data on the presence / absence of species are available. Natura 2000 sites 

usually have a description file where it is stated what are the main characteristics of the site that 

made it worth of such protection, including the most important species found in that area. The 

presence of species (generally terrestrial mammals) that need extensive space for their natural 

functions gives the area a more sensitive character, specially when the area required for such 

species is already close to the extent of the area under protection. 

RELATIONSHIPS SPECIES-AREA 

An interesting approach to estimate species richness in a given territory is the relationship 

between species and area. The species-area relationship is considered as one of the more robust 

index in ecology, often referred to as the closest thing to a rule. As Lomolino (2000) states, along 

a gradient of ecosystems of increasing size, the numbers of species inhabiting those ecosystems 

increases; rapidly at first, but then more slowly for the larger ecosystems. It can be used to 
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demonstrate that the species richness depends on the size of the habitat, and the ecological value 

is very related with its compactness. The relationship is clear, and has been used for decades, 

being the pattern so common that “it would be much more expedient to report the few exceptions 

than the many hundreds, and possibly thousand of studies reporting this pattern for a wide variety 

of taxa [taxon = group of living beings] and types of ecosystems”. 

The species-area relationship can be approximated by a power function of the form: 

S = CAz 

Where S is the number of species,  

C is a fitted constant which vary in a poorly understood manner (Lomolino 2000) but that 

could be used in a general basis once it is firstly defined. 

A is the area of the natural space considered. 

z is a constant that varies according to the topographic diversity, the isolation of the area 

and the mobility of the taxon. Some works have put it in between 0.15 and 0.40, depending on 

the species (Williamson 1988 in Martín et al. 2006) but a constant like 0.25 can be used 

(Lomolino 2000). 

Although the construction of this index at the scale and for the purpose of the present project is a 

really difficult task, it is considered worthwhile to present it here, should it be feasible in case of 

new data availability or regarding its consideration in the case studies (WP5). A proxy can be 

done by applying Corine Land Cover82 different natural land uses, considering A as the area of 

contiguous cells of the same type. Once this area is known and the two constants are determined, 

then a hypothetical number of species would be obtained. What can be done is to compare this 

hypothetical number with the real number of species surveyed in a sample (for example, Natura 

2000 sites offer some information in this regard), in order to check how this relationship could 

work at different cases and scale. 

 

 

                                                 
82  Corine Land Cover maps have a comprehensive legend that describes 44 different categories, although they can 

be clustered to work with five main land use categories: Agricultural areas, Forest and semi natural areas, 
Wetlands, Water bodies and Artificial surfaces  
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TI_C1_D3: Socially / culturally sensitive area 

LAND TAKE 

The previously mentioned driver – sensitive ecosystems – could be enriched by considering also 

additional aspects that contribute to what could be named socially / culturally sensitive area. It 

would be a function of its ecological value as well as its social, cultural and economic attributes. 

However, 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. 

Although the difficulty in undertaking such a complex measure, there are at least one suitable 

option that should be considered, and this is those sites catalogued as areas of special cultural 

heritage by UNESCO. As stated by the organization “the United Nations Educational, Scientific 

and Cultural Organization (UNESCO) seeks to encourage the identification, protection and 

preservation of cultural and natural heritage around the world considered to be of outstanding 

value to humanity”83. While areas catalogued because of their natural value will be already on 

board in the assessment (TI_C1_D2), cultural heritage areas are of special relevance when 

assessing the socially / culturally sensitive areas and they will be of high importance (considered 

as sensitive if catalogued) for land take and visual intrusion pressures due to transport 

infrastructures. 

In addition to the consideration of UNESCO cultural sites, an interesting approach is the 

construction of an environment quality map, taking account of parameters from the Corine Land 

Cover map (which facilitates information for land use, vegetation and natural quality) along with 

other variables such as habitat naturalness, vegetation coverage, soil quality, or landscape 

attributes that has been already tested in Spain. Mancebo et al. (2006) described their 

methodology as a combination of 5 different datasets: Corine Land Cover 2000 EU-wide map, a 

landscape map and habitats map (both produced by the Spanish Ministry of Environment), a soil 

map (available EU-wide) and a vegetation forestry map (also produced by the Spanish Ministry 

of Environment). From the mentioned datasets, a number of variables were obtained in order to 

be combined at a latter point, these are: valuation of landscape quality (subjective values, from a 

experts panel), a valuation of soil quality based on soil characteristics and productivity, valuation 

                                                 
83  http://whc.unesco.org/en/list 
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of flora and fauna richness, vegetation and habitat fragmentation, habitat and land cover 

naturalness, land cover vegetation percentage and landscape, soil, land cover and habitat 

singularity. The singularity attribute was defined by the comparison of the surface area of a given 

unit with the total surface area, giving a larger weight to small-sized units, while fragmentation 

was valuated using patch size. Once these 12 variables are obtained, a “Euclidean distance from 

the origin” multicriteria assessment method was chosen. As the authors stated, this is a positivist 

method, measuring “what we have” instead of “what we lack”, being suitable for sensitiveness 

assessments. The result is a raster map where each cell has a value for the 12 different variables 

as well as an integrated value of environmental quality, measured in a 0-1 scale, being 0.48 on 

average, while ranging from 0.23 to 0.86. 

Although this methodology seems to be suitable for the type of analysis that ASSET intends to do, 

the main disadvantage is the data requirements to build such a model at this scale. However, 

Corine Land Cover 2000 map is a comprehensive dataset which allows different analysis at EU-

level. From the data contained in it, at least 3-4 variables can be extracted that could be combined 

with that from soil characteristics (also EU-wide 84 ). If a habitats and a landscape map 

(description of landscape units based on natural, cultural and geographic conditions) is available 

at European scale, the described methodology could be applied EU-wide with success, 

identifying as sensitive areas those with a quality index above a certain threshold (a decision will 

have to be made in the light of sensitivity analysis). 

An interesting debate here is the extent of area that should be considered in order to calculate the 

reference value (i.e. 90-percentile). If the 90-percentile is calculated taking account the different 

values at European level, the result will be likely different than that at regional or national level, 

as the distribution of quality areas differ from country to country. Accordingly, a given region 

could have more or less (or none) areas considered as sensitive depending on the “reference” 

chosen. At European scale the 90-percentile is proposed to be considered, while more specific 

thresholds (national or regional 90-percentile) could be considered on a regional scale. The 

construction of an environmental quality map would produce a rather complex indicator that has 

been tested in Spain with good results. 

 

                                                 
84  One Single 10km x 10km reference grid covering EU25 countries (European Soil Portal. 

http://eusoils.jrc.it/library/reference_grids/reference_grids.cfm) 
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EROSION 

The construction of transport infrastructures can cause important changes in hydrological and 

geomorphological aspects of watersheds and landscapes, altering fluvial dynamics, sediment 

production and chemical balances, which can adversely affect floodplain functioning and alter 

ecological conditions in aquatic and riparian areas. By affecting geomorphology and water 

movements-runoff patterns, linear transport infrastructures can increase the risk of flooding 

episodes and also act as a driver to create or intensify erosion processes, that can be one of the 

most important threat in some European areas.  

Erosion is essentially a natural process, necessary for the transport of materials and energy and 

therefore healthy for the ecosystem at certain level. However, in terms of quality of the area, the 

term erosion means the probability of a detrimental displacement of solids (sediment, soil, rock 

and other particles) that exacerbates the loss of essential properties of the land and therefore 

diminishes its quality to support a mature ecosystem. The removal of soil by natural or artificial 

agents is faster than the soil forming processes can replace it.  In this sense, the risk of erosion 

can be introduced as an indicator in terms of assessing its sensitiveness (the higher the risk, the 

more sensitive the area). 

The risk of erosion has been already studied at EU-level by European organizations. The Pan-

European Soil Erosion Risk Assessment - PESERA 85  - uses a process-based and spatially 

distributed model to quantify soil erosion by water and assesses its risk across Europe. The 

PESERA model combines the effect of topography, climate and soil into a single integrated 

forecast of runoff and soil erosion. Data for each of these three factors have been extracted from 

existing sources and combined in a physically based model to make forecasts of soil erosion. The 

model is intended as a regional diagnostic tool, intended to replace comparable existing methods, 

such as the Universal Soil Loss Equation (USLE), which are less suitable for European 

conditions and lack compatibility with higher resolution models. The project provides a map of 

Estimated Annual Erosion (t / ha / a) at EU-level at 1 km resolution. However, the project also 

indicates some limitations regarding the quality of results, and areas where the results can 

underestimate or overestimate the real situation according to experts’ observation. Prior to the 

PESERA project, Soil Erosion Risk Assessment data have been calculated by INRA (France) 

under contract to the Joint Research Centre (JRC), based on the Soil Geographical Data Base of 
                                                 
85  http://eusoils.jrc.ec.europa.eu/library/themes/erosion/ 



                       
 

 

 92

Europe at scale 1:1 Million. The results, in form of an European map, is also available upon 

request. The resulting map86 presents five risk classes (very low, low, medium, high and very 

high) which can be used as thresholds to identify the sensitiveness of an area. However, there are 

concerns on the limitations of this datasets due to the low spatial resolution and accuracy of the 

original data. 

Regarding Coastal erosion patterns the European Environmental Agency offers the European 

Coastal Erosion Layer, which is a product from the EUROSION project available at the EEA 

web site87. EUROSION is a project commissioned by the Environment Directorate-General (DG) 

of the European Commission that developed a methodology to build the so-called “European 

Coastal Erosion Layer” (CEL), compatible with a scale of 1:100,000. As stated in its 

methodological document, the design approach is an update of the 1990 CORINE Coastal 

Erosion (CCEr) methodology in which three criteria were used: i) morpho-sedimentology (rocky 

coasts, beaches, muddy coasts, etc.) ii) evolutionary trends (erosion, aggradation, stability) and 

iii) presence or not of coastal defence measures. EUROSION project introduced also two further 

criteria for the CEL: Coastline geology (to provide information on the potential scale of possible 

erosion) and data status and availability: i) no data available, data are from the CCEr database, ii) 

updated or new information.  

The European Coastal Erosion Layer divides the coast in segments. Each coastal segment is 

characterised by a code representing that segment’s evolutionary trend. There are ten different 

code items which are divided into four main classes: not in nomenclature or absence of 

information, stability, erosion, aggradation (sedimentation, accretion). Giving the purpose of 

ASSET and the need of data already elaborated to identify suitable indicators of sensitiveness, it 

is proposed to use this dataset available through the European Environmental Agency to feed the 

indicators and threshold for the definition of sensitive areas, identifying the segments with 

“erosion” class as a feature of sensitiveness.  

VISUAL INTRUSION 

Both a new transport infrastructure and the traffic that it carries can have a significant visual 

impact on the intrinsic quality of existing landscape. Scenic, historic, recreational, cultural, 

                                                 
86     http://eusoils.jrc.it/ESDB_Archive/serae/grimm/erosion/inra/europe/analysis/maps_and_listings/web_erosion/ma

ps_and_listings/riskannual_a3.gif 
87  http://dataservice.eea.europa.eu/dataservice/metadetails.asp?id=730 
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archeological, or natural features that are considered representative for an area can be jeopardized 

by the presence of a new transport infrastructure that usually (as highways and high speed rails) 

must not have sharp curves and therefore frequently need impressive bridges, levelling land cut / 

fill slope, embankments, etc., specially in mountain areas. Therefore, sensitive scenery 

characteristics cannot always be avoided, consequently damaging the previous landscape.  

The construction of landscape units seems to be the best option for assessing this impact. 

Landscape units would be defined as areas with similar attributes in terms of land use (human 

influence), vegetation (quality and density), topography and existing special elements (such as 

rivers, lakes, cultural features), that will then need to be rated subjectively according to stated 

preferences. However, giving the difficulty of building a landscape map Europe-wide88  and 

assessing the quality of the different landscape units Europe-wide, an alternative would be just to 

evaluate the potential sensitivity of the landscape by the size of the visual shed or by altitude 

differences (see driver TI_C2_D1 – Topography below), although it could be deemed as too 

simple to be acceptable. 

 

TI_C1_D4: High preload levels 

This driver intends to measure the previous fragmentation of the territory, and the possibilities to 

determine its magnitude for different type of patch areas of similar characteristics. High-preload 

levels not only refer to fragmentation, but to other pressures exerted to that territory by a number 

of human activities, and include effects such as air pollution or noise, the incremental 

contribution of adversity effects may cause an overall adverse cumulative effect. When 

considering how sensitive an area is, the amount and magnitude of impacts that have already 

been affecting that area should be taken into account. But previously to the conjunction of all 

different potential effects, and regarding territorial impacts, there are diverse ways in which these 

pre-load levels can be assessed. 

 

 

                                                 
88  Although a dataset of “Dominant landscape types of Europe”, based on Corine land cover 2000 is available at 

EEA http://dataservice.eea.europa.eu/atlas/viewdata/viewpub.asp?id=2573. However, it is considered not 
suitable for the mentioned purposes. 
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a) Size of contiguous land units of the same type 

This is probably the simplest methodology to assess how fragile a given territory is regarding the 

territorial pressures that it suffers. The size of contiguous land units of the same type gives an 

idea of how suitable the area is for supporting communities, as the larger the area, the more 

possibilities of having enough resources for surviving. As already mentioned when analysing the 

species-area relationship, Corine Land Cover map can be used for analysing the different land 

uses in a given territory and, by selecting patches of similar categories and calculating their size, 

generate a proxy of the preload level of that territory.  

However, the question is what would be the minimum area, not fragmented, necessary to support 

“communities” at this scale. The answer to that question is far from clear at this point, and of 

course would be very much dependent of each species. On one hand, an area can be so small that 

it is not sensitive anymore, since all the potential biodiversity is already so damaged and 

constricted to a limited piece of land that there is no possibility of recovery. On the other hand, an 

area could actually be so extensive that the likelihood of having a significant impact in terms of 

biodiversity support possibilities if fragmented by an infrastructure is rather low, because the 

resulting pieces of land could still be sufficiently big to still support as much biodiversity as the 

original area. The exact location of the new infrastructure is obviously a key input for the 

assessment. 

So then, in order to consider an area as sensitive, the threshold should actually be an interval. 

Above a given figure, the zone is still capable of supporting biodiversity, but a new episode of 

fragmentation will damage the resulting zones to a no-return situation, which makes it sensitive. 

On the other hand, above the second threshold, the zone is not sensitive as it is sufficiently big to 

absorb a “medium” fragmentation impact. Having said that, it is just too daring to give a 

particular threshold (or interval) for Europe applicable to all species. 

However, recognising the difficulties and uncertainties involved, we need to take a step forward 

in the analysis. It seems useful at this stage to select major non-fragmented areas catalogued with 

forest & semi-natural or wetlands land use type, defined by Corine Land Cover, in case there is 

not any other indicator of fragmentation suitable for ASSET purposes. The rationale is that those 

areas are of natural quality, potential biodiversity patches, deserve attention because their 

fragmentation could lead to a risk of biodiversity lost. Again, it is not easy to set a threshold for 
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this, but a suitable option at this point is to highlight contiguous land units of natural land use 

type with a total area above the 90-percentile (to be reviewed when drawing the maps).  

In addition to its size, the relationship between the area and the perimeter of each patch is often 

calculated, as not only the size, but the shape of the patches is of importance in terms of 

fragmentation and ecological effects in natural communities, as the relative compactness means 

that the area is, in principle, less sensitive. Again, there are no robust references that would allow 

the establishment of thresholds, unless a complete research is done.  

b) Density of linear transport infrastructure 

Other studies have analysed the density of linear transport infrastructure as an indicator of the 

territorial pressures in terms of transport networks, and its correlation to their environmental 

effects. For instance, the US Committee on Ecological Impacts of Road Density89 presents some 

results, based on different studies, concluding that only areas with road density less than 0.72 km 

/ km2 seem to support vibrant populations of wolves (Canis lupus) in Minnesota, Wisconsin, the 

western part of the Great Lakes region of the United States, and Ontario. While an exception to 

the trend is an established wolf population in a fragmented area of Minnesota with a road density 

of 1.42 km / km2. The Committee states that increased traffic density also has been shown to 

reduce amphibian population based on three more studies. But could the density of linear 

infrastructures be a better indicator for fragmentation, high preload levels and, therefore, for the 

probability of a given area to support communities of wild life? Again, data on transport 

infrastructure density in different European countries is available through TERM90 but it is not 

clear how this indicator should be calculated (i.e., how to delimit the areas where the indicator is 

calculated) or what is the significance of this indicator in isolation, although it can add 

information to other measures. 

c) Connectivity index 

One of the main negative effects of the transport infrastructures is the creation of a barrier effect. 

As stated above, the fragmentation index should indicate which zones are more vulnerable to the 

                                                 
89  Committee on Ecological Impacts of Road Density, National Research Council (2005). Assessing and Managing 

the Ecological Impacts of Paved Roads. The National Academic Press. 
90  TERM 2003 gives an average of 0,016 km / km2 for EU-15 countries and 0,0038 km / km2 for, at that time, 

10AC countries, even though values are very different between countries.  
(http://themes.eea.europa.eu/Sectors_and_activities/transport/indicators/supply/TERM18%2C2003.10/TERM20
03_18_EU_Capacity_of_transport_infrastructure_networks_final.pdf) 
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construction of new infrastructures or which ones are so badly fragmented that the need for 

protection is lower. If it is important to consider the area of a habitat for the reproduction of the 

species, it is equally important to know how the areas in which wildlife is living are connected 

one to each other. 

There are instrumental ways to determine the degree of connectivity between two points, or 

between one point and the whole area. The value of this connectivity will depend on different 

factors, namely the location of the point within the area or the barriers that are needed to 

overcome to allow movements, as well as the topography or natural pathways that facilitate these 

movements. 

Martín et al. (2006) – researching on the influence of the new infrastructures on the habitats– 

propose a connectivity index based on the idea that two habitats of the same type have to be 

connected to ensure the survival of the species that live on it. This work was done using habitat 

GIS datasets available for Spain. 

The construction of this index requires information related to the existence and type of 

ecosystems and information regarding potential barriers for wildlife movements. The basis of the 

index is to calculate how a given cell is connected with cells of the same or similar type, 

considering the distance between same class cells and taking account of the barriers as friction 

elements that would need to be crossed (Cost Distance). 

In order to know the real connectivity between cells, a map of impedances is used. Each cell 

would have an impedance value, dependent on its class. Cost Distance value will therefore 

depend on the different elements’ friction to movement, being minimal when a given cell is of 

similar type than the origin and this value increases when the cell belongs to some other habitat 

type or it represents urban areas or transport infrastructure (different values depending on the 

type of infrastructure).  

Once the map of impedance is built, the variable Cost Distance can be used in the following 

expression: 

CCI = ΣAj / Ci,j / 2пCmax 

Where Aj is the area of the habitats of the same type as the origin 

Ci,j is the cost distance  
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2пCmax is a normalization factor applied to transform the CCI value in a 0 to 1 range, 

being 0 the worst value (lowest connectivity) and 1 the maximum value (best connectivity). 

The connectivity index can give information about the easiness of movement for a given 

population to reach similar areas and therefore can express how previously damaged it is in terms 

of wildlife conditions. This indicator is preferred over other available fragmentation indexes that 

do not take account of the distances between similar land use pixels but only their distribution 

within a given zone, although they can be applied for confined areas to investigate what is their 

level of compactness91. 

However, the main disadvantage is again the need of a geographical database about habitats at 

European level, as well as the relative complexity of its calculation EU-wide. The Corine Land 

Cover dataset could again be used for this purpose, considering the different natural zones 

available in the map, and calculating its connectivity. Uncertainty about what would be the 

minimum value to conclude that a piece of land should be considered as sensitive remains here, 

which makes really difficult to give a threshold unless a map is built and a more comprehensive 

analysis is done. The assessment would include a statistical analysis of the values found in the 

cells that belong to areas protected by Natura 2000 network, where we expect a higher 

connectivity index. An average value and standard deviation within Natura 2000 sites will be 

obtained and should the standard deviation be low enough, the average can be used as a threshold 

to define other areas as sensitive. This process will be reviewed in WP3. 

 

TI_C1_D5: Existing Land Use 

When an infrastructure is planned in a certain area, the previous land uses are at risk of 

transformation, both by the construction of the infrastructure itself and by the attraction of new 

activities due to the improvement of accessibility and general conditions of that area. The loss of 

an area leads to opportunity costs. However, the suitable indicator would be really difficult to 

assess, mainly because it would need to give values to the different existing land uses, taking 

account of the economic potential (productivity), social preferences, environmental aspects, etc. 

It is considered that, bearing in mind that previous indicators have already taken on board 

                                                 
91  See Steenmans and Pinborg, (2000) for a good example (Online:  

http://europa.eu.int/comm/agriculture/publi/landscape/ch5.htm (09.06.2008)) 
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environmental and social aspects of the territory (“sensitive ecosystems” as well as “socially / 

culturally sensitive area”), this issue is already covered to a reasonable degree, since giving 

values to existing land uses based on land prices and cost of opportunity is clearly beyond the 

scope of ASSET. 

 

TI_C1_D6: Touristic and recreational value 

See chapter 3.1 for an explanation of this indicator and threshold. 

 

5.2 Check 2: Transport related pressures due to transport 
infrastructures 

5.2.1 Drivers 

Table 28: Higher transport related pressures due to transport infrastructures (check 2): Summary table of 

drivers 

Drivers Relevance Suggestion for possible 
indicators  

TI_C2_D1: Topography  

Pressures: LT, CE, BE, VI 

Modes: Road, rail 

Medium 
 

Indicator of the variability of the 
topography in the area: Slope levels 
(difference in altitude) 

 
 
Discussion of impact and cost drivers 

TI_C2_D1: Topography 

The topography of a particular area influences the need for more land take during the 

construction of the new infrastructure (levelling land cut / fill slope), and they would probably be 

larger, thus affecting more surface. On the other hand, tunnels and bridges hardly cause any land 

take. Overall, the relevance of this driver is not high since this effect would account for a small 

proportion of the overall land taken. In terms of coastal erosion, obviously the steeper the area is, 

the more risk of erosion is suffered, but there are other key elements to be considered in assessing 

the risk of erosion apart from topography. Regarding barrier effect this has also an impact, as in 

case of sharp areas there could be some species that have more limited space, as they cannot 

move freely, so the notion of size of non-fragmented land parcels is influenced.  
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However, topography is the most important element when analysing visual intrusion, apart from 

the infrastructure itself. And the key concept is visual shed, defined as the area formed by the 

conjunction of points visible from a given point. Of course, the visual distance from a given point 

is always context dependent, as one can see as far away as the eye is capable, unless a higher 

point interrupts the visibility. Therefore this concept depends on where the observer is as much as 

what is the context, the surroundings. In order to build a map of visual sheds, which will very 

much help on the assessment of visual intrusion, both elements topography and surroundings 

(buildings, trees, etc) should be taken into account.  

 

5.2.2 Indicators and thresholds for the definition TAA  

Table 29: Higher transport related pressures due to transport infrastructures (check 2): Summary table of 

indicators and thresholds 

Drivers Indicators  Thresholds  
TI_C2_D1: Topography  

Pressures: VI 

Modes: All modes 

Size of Visual shed or 
Altitude differences 
(approximation) 

90-percentile 
400m in 1km 

 
 
Discussion of indicators and thresholds 

TI_C2_D1: Topography 

LAND TAKE 

Land transportation networks are notably influenced by the topography, as highways and 

railways tend to be impeded by grades higher than, approximately, 3% and 1% respectively. 

Under such circumstances, land transportation tends to be of higher density in flat areas. In terms 

of land take impacts, this means that wherever the slope is higher than 3% the decision makers of 

a proposed new linear transport infrastructure (or extension) need to choose between founding a 

new route (usually the least physical impediments, such as on plains, along valleys, or through 

mountain passes) or increase the number of embankments, tunnels, bridges, levelling land cut / 

fill areas. Both options could lead to opposite results: while tunnels and bridges92 would lead to 

                                                 
92  It is not clear if the portion of land under bridges should be considered as ”transport land use”, as this portion of 

land could still be used for some other purposes (including ecological uses), although limited. 
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less land take, the need of additional measures (embankments and land levelling) would lead to 

the occupation of larger areas. In general terms, the impact of the additional measures on land 

take total volumes will be higher than the land save through the construction of bridges or tunnels, 

but this is very difficult to say at the strategic scale. It depends on the individual projects, and a 

number of additional variables: project budget, environmental conditions, mountain-specific key 

criteria of altitude and altitude difference (POU and IWW 2004), etc. 

For other modes of transport (airports or ports) topography has no significant influence. This type 

of infrastructures will simply be located in areas of considerable size for take off and landing 

(airports) or where water depths are enough (ports and inland waterways). Special attention 

should be placed on the impacts caused by the dredging of access canals in maritime ports. 

In general, topography is not relevant for land take. It depends too much on the specific projects 

and their characteristics. 

VISUAL INTRUSION 

As it was previously defined, the amount of land that has been negatively affected by a an 

extension or a new infrastructure is the set of points from where one can see the infrastructure. As 

this feature could be a historical site but also a river, lake or the landscape as a whole, visual shed 

areas should be taken into account to assess the detrimental effects, and topography is the basis of 

the extension of visual sheds.  

As visual shed is defined as the area visible from a given point, this map will be the key for visual 

intrusion assessments, as the larger the visual shed, the more sensitive is that area (the impact is 

higher, should an infrastructure be located there, as it can be seen from a larger area). In addition, 

that area is also more sensitive if the quality of the landscape is better and the area is highly 

visited (drivers TI_C1_D2 and TI_C1_D6). We could define those areas with the largest visual 

shed as sensitive. As normal we would use the 90-percentile. 

The major concern is, however, whether visual shed is actually measurable on a European scale. 

In addition, it seems very difficult that a European model could ever take into account obstacles 

which could block the view (trees, houses etc.), that are extremely important in flat areas as any 

obstacle (and mitigation measures) can minimise the potential impact (without obstacles the 

infrastructure can be seen from everywhere, with obstacles only on a narrow band along the 

infrastructure). Therefore the exclusive consideration of mountain areas is proposed. For instance, 
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Ecoplan (2006, p. 57-60) states that the area from which an infrastructure can be seen is about 

3,33 times larger in an Alpine area than in a flat area.  

In order to define mountain areas for the purpose of this indicator, it is proposed to set altitude 

differences of more than 400 metres93 within a distance of 1 kilometre to show whether we are in 

a relatively flat area or in a mountain area. For the ease of application we use the same threshold 

(400m in 1 km) as in the other chapters, although for visual intrusion we would prefer to have a 

lower threshold (200m or 300m in 1km). As always this includes valleys in between areas which 

fulfil this condition. 

 

COASTAL EROSION AND BARRIER EFFECT 

It is believed that the contribution of topography to these two effects have been already discussed 

in previous paragraphs. The extent to which topography influences these two aspects is not 

considered as relevant as to introduce an indicator on isolation. 

 

5.3 Summary of indicators and thresholds 

In the following tables the main indicators of check 1 and check 2 are summarized and described. 

The indicators presented are those relevant for the definition of SA and TAA (see chapter 7.4 for 

more details). All tables first define the indicator and then discuss its application on the European 

scale (in WP3) and on the regional scale (in WP5). 

 

                                                 
93  POU and IWW (2004), Transport-related impacts and instruments for sensitive areas. 
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Table 30: Indicator: Population density 

Indicator TI_C1_I1 Population density
Definition Population density
Modes covered Mainly road and rail (linear infrastructure)
Effects covered LT, BE, VI
Drivers covered TI_C1_D1: population density
Relevance Medium-Low.  The relevance of this indicator is higher at local scale, when the detailed data 

allow better analysis, and where barrier effect, land take and visual intrusion impacts are really 
important. At national or European scale, this indicator looses representativity

European scale
Type and unit Inhabitants / km2
Sources for values EEA population density map.
Threshold 90-percentile, to be reviewed in WP3
Matching of driver Reasonable.
Regional scale
Type and unit Inhabitants / km2
Sources for values Local statistics, density by city zone. 
Threshold 90-percentile, to be reviewed in WP3
Matching of driver Reasonable.  
 

Table 31: Indicator: Sensitive ecosystems 

Indicator TI_C1_I2 Sensitive ecosystems
Definition There are two types of sensitive ecosystems with respect to infrastructure: Natura 2000 and the 

presence of coastal areas that have been catalogued as "in risk of erosion" by the European 
Coastal Erosion Layer.

Modes covered Road, Rail, Maritime, Air
Effects covered LT, CE, BE, VI
Drivers covered TI_C1_D2 Sensitive ecosystems, TI_C1_D3 socially / culturally sensitive area, and TI_CI_D5 

existing land use
Relevance Very high. Designated areas under the Natura 2000 Network are essential elements to define an 

area as sensitive and the coastal erosion risk is also a major concern in Europe. However, the 
quality of the Coastal Erosion Layer map is not well known, so there is a risk of worsening the 
indicator by adding the "erosion" areas defined in the mentioned map.

European scale
Type and unit Yes / no
Sources for values Natura 2000 Network, UNESCO biosphere reserves, European Coastal Erosion Layer
Threshold Yes / no
Matching of driver Reasonable.
Regional scale
Type and unit Yes/no
Sources for values The same values applied. More flexibility could be applied in order to consider other areas that 

according to data availability should also be included in this list at national-regional level.
Threshold Yes/no
Matching of driver Reasonable.  
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Table 32: Indicator: Cultural heritage  

Indicator TI_C1_I3 Cultural heritage
Definition Sites of particular cultural importance (UNESCO sites)
Modes covered Road, Rail, Maritime, Air
Effects covered LT, CE, VI
Drivers covered TI_C1_D3 socially / culturally sensitive area
Relevance Very high
European scale
Type and unit Yes / no
Sources for values UNESCO world heritage sites
Threshold Yes / no
Matching of driver Very good
Regional scale
Type and unit Yes / no
Sources for values UNESCO world heritage sites and additionally nationally / regionally important cultural heritages

Threshold Yes / no
Matching of driver Very good  

 

Table 33: Indicator: Touristic and recreational value 

Indicator TI_C1_I4 Touristic and recreational value 
Definition Tourists are negatively affected by the visual intrusion, land take, and coastal erosion due to transport 

infrastructures. 
Modes covered All modes 
Effects covered LT, CE, VI 
Drivers covered N_C1_D6 Touristic and recreational value 
Relevance Medium 
European scale   
Type and unit Number of overnight stays / km2  
Sources for values Eurostat 
Threshold 90-percentile. To be reviewed in WP3. 
Matching of driver Reasonable. 
Regional scale   
Type and unit Indicator as given above 
Sources for values National statistics 
Threshold 90-percentile. To be reviewed in WP3. 
Matching of driver Reasonable. 
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Table 34: Indicator: Connectivity Index  

Indicator TI_C1_I5 Connectivity index
Definition This indicator measures how easily a given animal population can reach similar areas. Hence, 

the indicator measures the preload for barrier effects. 
CCI = ΣAj / Ci,j / 2пCmax
Where Aj is the area of the habitats of the same type of the origin
Ci,j is the cost distance 
2пCmax is a normalization factor 

Modes covered Mainly road and rail (linear infrastructure)
Effects covered BE
Drivers covered TI_C1_D4: High preload levels
Relevance High
European scale
Type and unit 0 to 1 range (0 being the worst value and 1 the maximum value of connectivity)
Sources for values Corine Land Cover Map, infrastructures map
Threshold Average value of Natura 2000 areas (should the standard deviation be sufficiently low)
Matching of driver Reasonable
Regional scale
Type and unit 0 to 1 range (0 being the worst value and 1 the maximum value of connectivity)
Sources for values Corine Land Cover Map, infrastructures map
Threshold Average value of units catalogued as Natura 2000 (should the standard deviation be sufficiently 

low)
Matching of driver Reasonable  

 

Table 35: Indicator: Topography 

Indicator TI_C2_I1 Topography

Definition Visual shed is defined as the area visible from a given point. The larger the visual shed is, the 
more sensitive is that area (the impact is higher, should an infrastructure be located there, as it 
can be seen from a larger area). Thus visual intrusion is particularly harmful in mountain areas 
where the visual shed tends to be much larger. Since data availability regarding possible 
obstacles or main features in the landscape is obviously a limitation for the construction of visual 
sheds on a European scale, we concentrate on mountain areas, i.e. altitude differences.

Modes covered Road, Rail (Maritime, Air)
Effects covered VI
Drivers covered TI_C2_D1: Topography
Relevance Medium 
European scale
Type and unit Altitude difference
Sources for values Digital elevation model
Threshold 400m in 1km, to be reviewed in WP3
Matching of driver Reasonable
Regional scale
Type and unit altitude difference or size of Visual shed (m2)
Sources for values Digital elevation model and local information
Threshold 400m in 1km or 90-percentile of visual shed, to be reviewed in WP3
Matching of driver Reasonable  
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6 Transport accident sensitive areas 
Accidents can cause serious impacts to the environment and human beings.  People are killed and 

injured when involved in transport accidents. The natural environment is affected particularly, if 

hazardous goods are transported, resulting in air pollution (in case of fire or gases), or through 

soil and water contamination (ground water, rivers, lakes, seas).  

The main impacts of transport accidents are: 

• Injuries and fatalities, caused by  

− vehicle collusions 

− single vehicle accidents 

− accidents with hazardous goods 

• Surface water, ground water and soil pollution caused by hazardous goods or vehicle fuels 

• Pollution of inland water bodies 

• Pollution of marine areas by maritime accidents and illegal discharge of pollutants 

 

Accidents with passenger transport  

As Table 36 demonstrates, accident risks for road modes are far higher than for rail or aviation. 

Due to their low significance accidents involving persons with other modes than road are 

disregarded by ASSET. Road accidents have a significant negative impact, especially in urban 

areas. In 2000, 64% of all accidents causing casualties and 60% of severe accidents in Germany 

occurred inside urban areas. This has to be judged against the background, that only 27% of 

vehicle km are driven in urban areas. This is mainly due to the following effects: 

• traffic volumes are higher in urban areas, 

• accident hot spots (junctions, zebra stripes, slip roads, drives) accumulate in towns, 

• more vulnerable road users (pedestrian, bicycle, etc.) on the roads 

These causes cannot be alleviated by ‘extraordinary’ measures implemented by the EU 

Commission. Solutions would be rather on the community level, such as speed and alcohol 

controls, traffic calming, pedestrian and bicycle infrastructures, red lights, etc. Since these 
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measures are not ‘extraordinary’, road accidents by passenger transport are excluded from the 

ASSET analysis. 

 
Table 36:  Accident risks in EU17 in the year 2000 

Casualties per bn  
pkm / tkm 

Fatalities Severe Injuries 

Road 6.2 24.3 
Rail 0.2 0.7 
Air 0.2 n.a. 
Source: Own calculations, INFRAS / IWW 2004 
 

Aircraft accidents might entail large numbers of casualties, if the plane crashes on densely 

populated areas. The evidence in Europe is that on average only 6 accidents causing fatalities 

occur annually, with a decreasing tendency.94 World-wide merely 25 non-plane-occupants are 

killed annually (average 1997-2006), including on-ground fatalities and occupants of other planes. 

Given the rare occurance, plane crashes on urban areas are not included.  

 
Accidents with hazardous goods 

While conventional road accidents are not taken into account, the impacts of hazardous goods 

may cause severe impacts on human beings and the environment if discharged in sensitive areas. 

The environmental effects can be classified as mainly ground water and soil pollution. These 

effects can affect especially sensitive ecosystems and unique natural resources, habitats, cultural 

heritages. In urban areas, accidents involving hazardous goods may entail larger impacts through 

explosions, fires and release toxic or infectious gases and fluids.  

Major accidents happened in Los Alfaques (1978, Catalonia) where more than 200 persons were 

killed when a tanker truck loaded with propylene exploded.95 Another accident happened in 

Herborn (1987, Germany) when the brake of a tanker failed causing an explosion killing six 

persons, injuring 37 and destroying 12 houses.96 

An analysis of 50 road accidents retrieved from the FACTS Accidents Database revealed that 

10% of incidents caused a large number of fatalities (>17 people) and in 64% of the cases, there 

was one or more injured persons (Good Route D1, p. 11). 

                                                 
94  Average 2000 to 2006, source: http://aviation-safety.net/pubs/,  
95  Time, Monday, Jul. 24, 1978 
96  Report of the fire brigade in Herborn, http://www.feuerwehr-herborn.de 



                       
 

 

 107

The most important hazards during the transportation of hazardous goods are due to possible loss 

of containment. Release of flammable gases or vapours can end up to flash fire and vapour cloud 

explosion, while flammable liquids usually result in pool fires. Jet flame is another type of fire 

that can be provoked by immediate ignition of a flammable gas released during an accident. Also, 

the containment might undertake a boiling liquid expanding vapour explosion or other types of 

explosions. In conclusion, flammable liquids result in fires rather than explosions. Explosion 

hazards exist mostly in the cases where the transported substances are quite unstable. If the 

hazardous good is toxic, its release will form a toxic gas cloud. Toxic and corrosive substances 

can spread during a release just like liquids do. Accident history has shown that the risks related 

to the transportation of hazardous goods can be of the same magnitude as those caused by fixed 

installations.97 

Hazardous goods are divides into 13 classes and subgroups98 as given in Figure 11. In 2006 the 

road transport volume of hazardous goods in EU 26 can be estimated at 83 bn tkm, of which 65% 

occurred in Spain, France, Italy, UK and Germany.99 58% of the tkm were flammable liquids, 

12% gases and 11% corrosives (Figure 11). Between 1999 and 2006 the volume of hazardous 

goods transported on roads increased by 1/3. 

 

                                                 
97  http://www.goodroute-eu.org 
98  The classification of Dangerous Goods follows the "ADR, Agreement concerning the International Carriage of 

Dangerous Goods by Roads" of 30th September 1957, that has been included in the Annex E of the ECE rules 
1172 / 98, which has been reported by the directive 200017 / CE of the 29th January 2001. 

99  EUROSTAT, Internet query, 18 Apr 2008. 
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Figure 11: Road transport volume of hazardous goods in Europe 

Road transport of hazardous goods in EU25, 2006, Tonne-km

9. Miscellaneous dangerous 
substances

99. Unknow n dangerous good

8. Corrosives 2. Gases, compressed, 
liquif ied, dissolved und 

pressure

3. Flammable liquids

6.2. Substances liable to 
cause infections

7. Radioactive material

6.1. Toxic substances

5.2. Organic peroxides

4.3. Substance emitting 
f lammable gases (w ith w ater)

4.2. Substances liable to 
spontaneous combustion
4.1. Flammable solids
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Source: Own graph, data: Eurostat Website 2008. 

 

For the land based modes100 in Europe hazardous goods comprise 8% (9% for Germany) of total 

goods transport volume (tkm). In Germany this is transported equally (1/3) by the three modes 

road, rail and inland waterways (Stat. Bundesamt 2007, p. 40f). For the EU15 road is responsible 

for 58% of the tkm of hazardous goods.101 Table 37 shows that in Germany road transport was 

the cause for 89% of all accidents with hazardous goods, during which 96% of the hazardous 

volume was discharged (no European data available). Since road transport is mainly responsible 

for accidents with hazardous goods, the other modes will henceforth be disregarded.  

 

Table 37:  Accidents with hazardous goods in Germany 2003 

 Number Vehicles Volume [m³] 
Road 51 104.4 
Rail 1 1.0 
IWW 5 3.5 
Total: 57 108.9 
Source: Bundesanstalt für Materialforschung und -prüfung 2006, p11. 
 

Between 2004 and 2006 in Germany 170’000 goods vehicles were involved in road accidents. 

From this large amount around half a percent (i.e. 913) transported hazardous goods. Only 0.07% 

                                                 
100  Excluding maritime shipping 
101  Pira International (2005), Evaluation of EU-Policy on the Transport of dangerous goods since 1994, p. 3 and 34. 
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(122) of the vehicles discharged hazardous cargoes (Statistisches Bundesamt 2007). Thus the 

overall risk of an incident with hazardous goods is low.  

While the accident risk is relatively low, the potential damages are considerably higher. 

Accidents costs of hazardous goods are reported to be 40% higher for injuries compared to 

general goods transport accidents, while material damages are three-fold (Pöppel-Decker 1998).  

Brainard et al. (1996) researched the risks related to transport of hazardous waste in London. The 

major input next to road and accident data were population densities and ground water 

vulnerability. Population avoiding routing is one of the scenarios calculated, which revealed, that 

1.2 million inhabitants102 (-35%) are less at risk compared to the Shortest Travel Time Scenario. 

A similar study by Martínez-Alegría (2003) includes population and environmental vulnerability. 

The latter includes various water sources, forestry land, protected natural and historic sites.  

The EU research project Good Route (2006) assessed the risks related to transport of hazardous 

goods with the goal to design a routing device which minimizes the accident risks. The following 

main factors influence accident risk: Visibility conditions, road surface conditions, light 

conditions, roadway alignment, type of cargo, travel speed related to accidents, vehicle 

manoeuvre, type of road / type of location, weather conditions, time of day, time of week, time of 

year, vehicle type. For the spatial perspective of ASSET only the road type / location is of 

relevance. The following priorities were made: 

• Low risk: Highways, non-residential areas 

• Medium risk: Rural roads, residential areas, tunnels, bridges ferry lines and harbours, 

peri-urban motorways of big cities, new roads of high speed, entry points 

to a state and especially to the EC 

• High risk: Urban roads 

This picture was differentiated within the study by analysing an accident database set up by BP. 

“The location sites, in which, incidents …are most frequently met are the commercial sites and 

the distribution terminals” (Good Route D1, p.10).  

The above research leads us to the following conclusions: Risks of accidents with hazardous 

goods relate to population, ground water and protected natural zones. Even though with regard to 

                                                 
102  Inhabitants living less than 500 m distance from the route. 
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population, the risk of an accident is relatively low, the large potential impacts once an accidents 

happens justify a risk-averse approach. This approach has the goal to reduce the injury and 

fatality risks for human beings. Since the risks increase with population density, all urban areas 

can be classified as sensitive areas with regard to hazardous goods transport.  

Ground water and protected natural zones are discussed below. 

 

Transport accidents and discharge of pollutants on sea 

Since this issue is not only related to accidents, but mainly to the regular release of pollutants by 

shipping operations, this issue is discussed in Chapter 2.5. 

 

In the following we are discussing check 1 and check 2 for accidents according to the following 

criteria: 

• Check 1: Higher damages due to an accident   

e.g. more fatalities and injuries per accident, more severe environmental damages  

• Check 2: Higher accident probability  

The risk that an accident happens is higher. This can be identified as accident hot spots or 

environmental conditions that enhance accident risks, such as gradients and snow and ice 

on roads. 
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6.1 Check 1: Vulnerability to transport accidents 

Table 38: Higher vulnerability of endpoints due to transport accidents (Check 1): Summary table of drivers 

Drivers: Impacts Relevance and state of knowledge  Suggestion for possible 
indicators  

A_C1_D1:  
Population density  
 
Mode: Road Freight (only 
hazardous goods) 

Low 
Low frequency of incidents which may affect large 
numbers of population.  

Population density or 
Urban agglomerations 

A_C1_D2:  
Sensitive ecosystems 

Mode: Road Freight (only 
hazardous goods) and 
inland waterways 

Low 
Accidents with hazardous goods might entail major 
damage to flora and fauna of unique environments. 
 

Protected areas such as Natura 
2000 and UNESCO biosphere 
reserves  
 

A_C1_D3:  
Cultural heritage 

Mode: Road Freight (only 
hazardous goods) 

Low 
Accidents with hazardous goods might entail major 
damage to unique cultural heritages. 
 

UNESCO world heritage site 
 

A_C1_D4:  
Road tunnels  
 
Mode: Road Freight  
(only hazardous goods) 

Low 
Accidents in tunnels entail a high risk of causing large 
numbers of casualties if hazardous goods are involved. 
Furthermore, tunnels will possibly be closed for a long 
time. However, accident probabilities are low. 

Tunnels, which allow hazardous 
goods to pass 

A_C1_D5:  
Pollution of ground water 

Mode: Road Freight 

Medium 
Intrusion of vehicle fuels and hazardous goods into the 
ground water used to produce drinking water. Example 
of Germany shows high frequencies of accidents 

Ground Water Protection Zones 
 

 

A_C1_D1: Urban areas 

As described above urban areas are sensitive to hazardous goods transport because in case of an 

accident the high population density in urban areas can lead to many casualties. 

A_C1_D2: Sensitive ecosystems 

As discussed in the previous chapters, accidents involving hazardous goods may have more 

serious effects in sensitive ecosystems than in other areas. This is due to the damages, which soil 

and water pollution cause if unique or other sensitive ecosystems are affected. 

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 
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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.  

Again, since EU statistics are not available, the German example shall be used: In 2003 26.5 m3 

of water pollutants were released by inland barges and maritime ships, which is less than 5% of 

all water pollutants released by transport (Bundesanstalt für Materialforschung und -prüfung 

2006). Even though the quantity seems to be low, the large impacts of oil spills might justify an 

inclusion in ASSET. The most appropriate solution would be the inclusion of accident hot spots. 

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. 

A_C1_D3: Cultural heritage 

Accidents with hazardous goods can lead to fires or contamination of adjacent areas. Therefore 

such accidents should not occur near unique cultural heritages. 

A_C1_D4: Tunnels 
In the beginning of this millennium public attention was drawn towards accidents in tunnels. In 

the three years 1999 - 2001, accidents caused by trucks killed 39 people in Mont Blanc (F), 12 

people in Tauern (A) and 11 people in Gotthard (CH) road tunnel. The Gotthard and Mont Blanc, 

which are important international transit routes, were closed for long periods: the Gotthard for 

two months, Mont Blanc even for three years. 

However, research by Brilon et al. (2000) revealed that the accident risks103 and average costs in 

German tunnels are generally much lower than on comparable roads, which is mainly due to 

speed limits and missing weather influences, such as heavy rains, icy roads, fog, cross wind and 

dazzle by sunlight. Research in Switzerland (Salvisberg 2004, Ecoplan 2006, p.80 based on data 

from motorways between 1992-2002) revealed comparable risks, while in Austria (Nussbaumer 

et al 2005) higher risks were detected in tunnels. Since the empirical evidence is contradicting, 

ASSET assumes that tunnels are not more accident prone than average roads. 

                                                 
103  Accident rates and accident cost rates (i.e. average accident cost per vehicle km) 
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However, 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. Additionally, the tunnel might be closed for hours, months or even years, as it 

was the case of the Mont Blanc Tunnel. This leads to high costs of detours. 

Directive 2004 / 54 / EC requires that all tunnels longer than 500 meters and belonging to the 

Trans European Road Network meet minimum safety requirements. More than 500 tunnels in 

operation, under construction or at the design stage, are concerned by the Directive. ASSET 

considers all tunnels with a length of more than 500m as sensitive to hazardous goods transport. 

In some tunnels transport of hazardous goods is prohibited. This is a clear sign that the tunnel is 

sensitive and shows one possibility of a policy measure to solve this problem of sensitivity. 

A_C1_D5: Pollution of ground water 

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.  

Since a statistic on the EU level is missing, German data will be used to exemplify the issue: 545 

m³ of water polluting substances were set free in 2003, of which 50% could be retrieved after the 

accident. The causer was – as already explained above – mainly road transport. The discharge of 

pollutants can be distinguished between (i) the discharge of water pollutant goods amounting to 

65% of the volume, and (ii) the release of engine fuels, which amount to 35% of the pollutant 

volume.  The average release of engine fuels amounts to 207 litre per accident (Bundesanstalt für 

Materialforschung und -prüfung 2006, p. 11). The quantity indicates that mainly large goods 

vehicles are the causer of ground water and soil pollution. Consequently, the relevant mode is 

goods transport in general and the analysis shall not be confined to hazardous goods only. 

Table 39 shows the location of accidents with ground water pollutants in Germany 2003. Again 

the main causer is road transport. Surprisingly, 18.5% of the road accidents polluted protected 

areas, especially water protection zones; but even the catchment areas of mineral springs were 

affected in 11 cases. This is mainly due to the tight network of roads in Germany. Other modes 

had a modest impact and shall henceforth be neglected. 
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Table 39: Location of accidents involving water pollution in Germany 2003 

 Total 
Accidents 

Water 
Protection 

Zones 

Mineral 
Spring 

Inundation 
Area 

Other 
protected 

areas 

Other areas 

Road 1097 164 11 8 20 894 
Rail 28 5 - - - 23 
Ships 81 1 - 3 4 73 
Pipelines 1 - - - - 1 
Other means 6 2 - - - 4 
Source: Bundesanstalt für Materialforschung und -prüfung 2006, p.16 
 

The EU Water Framework Directive (2000 / 60 / EC) requires the member states to define 

groundwater bodies, classify them and report back to the Commission, which is now available on 

the Commission website. On the national level protected groundwater areas or habitats and 

species directly dependant on water are registered. The new Groundwater Directive (2006 / 118 / 

EC) adds i.a. groundwater quality standards, pollution trends and prevention measures. 

The regulations are different in European countries. In Germany three Water Protection Zones 

are established:  

• 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, no roads.  

• Zone III:  Whole catchment area of the well, transport restricted. 

It is proposed to use a similar definition within ASSET, which comprises the whole catchment 

area of a well as sensitive zone. These areas are particularly sensitive to transport of hazardous 

goods, but also “ordinary” freight transport may have serious effects. 
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Table 40: Higher vulnerability of endpoints to transport accidents (check 1): Summary table of indicators 

and thresholds 

Drivers: Impacts Indicator  Threshold 
A_C1_D1:  
Population density  
 
Mode: Road Freight (only hazardous 
goods) 

Population density or 
Urban agglomerations 

90-percentile or 
Functional delimitation of urban 
agglomerations 

A_C1_D2:  
Sensitive ecosystems 

Mode: Road Freight (only hazardous 
goods), inland waterways 

Nature Protection Areas, Nature 
Sanctuaries, Nature Reserves, 
Preservation Areas, National parks 
Fauna, Flora, Habitat 

Natura 2000 and UNESCO biosphere 
reserves: yes / no 

A_C1_D3:  
Cultural heritage 

Mode: Road Freight (only hazardous 
goods) 

UNESCO world heritage site UNESCO world heritage site: yes / no 

A_C1_D4:  
Road tunnels  
 
Mode: Road Freight (only hazardous 
goods) 

Tunnels with right of way for hazardous 
goods 

Tunnel length > 500m 

A_C1_D5:  
Pollution of ground water 

Mode: Road Freight 

Ground Water Protection Areas  Ground Water Protection Zone: yes / no 
Catchment area of wells  
(Germany Zone I to III) 

 

 

6.2 Check 2: Transport related pressures due to transport accidents 
Accident hot spots are the most sensitive locations regarding accident rates analysed in Check 2. 

Unfortunately, on a European scale, these hot spots cannot be located. Furthermore, hot spots are 

mainly local features, such as dangerous crossroads. Thus, local measures such as traffic lights, 

roundabouts, road alignments etc. might decrease accident risks. Therefore, extraordinary policy 

measures considered in ASSET are not suitable for these sorts of problems. Therefore accident 

hot spots are excluded from ASSET, although on a local scale and with the necessary data they 

are important.  

The frequency of snow and ice might be an additional driver. However, on a European 

perspective only major roads are relevant and on major roads measures are taken to minimize the 

effects of snow and ice (application of road salt etc.). Hence, on major roads frequent snowfalls 

or ice formations lead to higher operation costs, but hardly to higher accident risks. Therefore 
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within ASSET, the frequency of snow and ice is not taken into account, but they might be 

relevant when considering minor roads. 

Accidents in mountainous areas are dependent on the gradient and the bendiness (curvature) of 

the roads. Steep gradients represent a challenge in mountains, which mainly affect Heavy Goods 

Vehicles on roads.104 On descending slopes the braking distance is larger. Descending slopes also 

allow HGVs to drive too fast which again increases the braking distance. During long downhill 

passages, breaks are heating up and the risk of fires increases. Moreover, breaking problems 

(which are often the cause of truck accidents) can have serious consequences. Furthermore, 

accidents on hillside roads can also have more serious consequences when the vehicle is falling 

down the hillside into the valley bottom. Data from Swiss motorways from 1994 – 1998 show 

that the accident rate (casualties per vkm) on motorways is higher by a factor of 1.22 in Alpine 

areas compared to a flat area.105  

Although the risk is higher on gradients, the difference is relatively small. Moreover, the 

definition of a threshold for gradients would be difficult. On the one hand the accident risk 

depends on the steepness of the slope on the other hand it depends on the length of the downward 

sloping section (heating of breaks). To our knowledge, there are no studies analysing the relation 

between the steepness and the accident risk and thus the definition of a threshold would be more 

or less arbitrary. Furthermore, as explained in chapter 3.2 on noise there is no straightforward 

way of defining an indicator for gradients. Therefore gradients are not considered here. 

It can be argued that bendiness is not relevant either: The following mathematical formula 

describes the nexus: Bendiness S is determined by the change of the angle γi (grad)106 and the 

length L (km) of the road section:  

L
S i∑γ
=  

The literature survey did not reveal any thresholds regarding the bendiness of the roads. It has to 

be kept in mind that accident rates depend not only on the bendiness, but as well on the vehicle 

                                                 
104  For rail transport, the gradient and bendiness is not influencing accident rates, which is mainly due to system 

specifications, such as maximum slope of 3%, small probability of derailments and independence from weather 
conditions. 

105  Ecoplan (2006), Environmental costs in sensitive areas, charter 3.7.1. 
106  Grad is a unit of plane angle, equivalent to 1⁄400 of a full circle, dividing a right angle in 100.  

100 grad = 90˚degrees  
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speed and the weather conditions. Furthermore, people drive more slowly and pay more attention 

in curves which reduces the accident risk. Additionally, only 10% of accidents with HGV and 

hazardous goods happen in a curve (Good RouteD1, Annex 1). Both facts contribute to the 

insight that the driver might have a low significance. We conclude that bendiness is not relevant 

for ASSET. 

 

Summary 

To resume, Table 41 gives an overview on the above findings. Most of the cells are shaded in 

grey, which means that there is not a relevant nexus between the mode and the area. Cells with a 

horizontal hachure show that the nexus is existent, but the significance of the event is rather low 

compared to other relevant cells. Cells with a vertical hachure signify that the issue is significant 

but not relevant in the context of ASSET.  

 
Table 41:  Overview on accident impacts in sensitive areas  

Road Rail Air 
Transport 

Inland 
Waterways 

Mode  
 
Area type Passenger Goods Passenger Freight   
Agglomerations 
 

 Hazardous 
goods 

    

Tunnels 
 

 Hazardous 
goods 

    

Sensitive  
Ecosystems and water 
protection zones 

 Water and 
soil pollution 

   Water 
pollution 

Mountainous  
Areas 

 Casualties     

Landscapes with  
touristic function 

      

Unique natural 
resources, habitats, 
cultural heritages 

 Water and 
soil pollution 

    

Areas with  
high preload level 

      

       

Legend  not 
relevant 

 low 
significance 

 Not relevant 
for ASSET 
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6.3 Summary of indicators and thresholds 

In the following tables the main indicators of check 1 are summarized and described. The 

indicators presented are those relevant for the definition of SA (see chapter 7.5 for more details). 

All tables first define the indicator and then discuss its application on the European scale (in 

WP3) and on the regional scale (in WP5). 

 
 
Table 42: Indicator: Population density for hazardous goods on roads 

Indicator A_C1_I1 Population density for hazardous goods on roads 
Definition Population density 
Modes covered Hazardous goods on roads 
Drivers covered A_C1_D1 population density 
Relevance Low: low probability of accidents, but potentially high damages to human beings 
European scale  
Type and unit Population density  
Sources for values GIS database. 
Threshold 90-percentile, to be reviewed in WP3 
Matching of driver Good 
Regional scale  
Type and unit Population density 
Sources for values Local maps and plans. 
Threshold 90-percentile, to be reviewed in WP3 
Matching of driver Good 
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Table 43: Indicator Sensitive ecosystems 

Indicator A_C1_I2 Sensitive ecosystems 
Definition Accidents in sensitive ecosystems can have serious consequences for the ecosystem. This holds 

also true for contamination of rivers and lakes caused by transport on inland waterways. 
Modes covered Hazardous goods on roads, and inland waterways 
Drivers covered A_C1_D2 sensitive ecosystems 
Relevance Leakage of hazardous goods affects sensitive ecosystems more severely (soil and water pollution) 
European scale   
Type and unit Natura 2000 areas and UNESCO biosphere reserves 
Sources for values European Environmental Agency EEA, UNESCO 
Threshold Yes / no 
Matching of driver Good, but the actual sensitiveness (critical loads) cannot be taken into account.  
Regional scale  
Type and unit See above + small regional protected areas 
Sources for values Land-use plans, maps, information from community administrations 
Threshold yes / no 
Matching of driver Good, if all local protection zones are taken into account 
 

Table 44: Indicator cultural heritage 

Indicator A_C1_I3 Cultural heritage 
Definition Accidents with hazardous goods near unique cultural heritages can lead to irreversible damages. 
Modes covered Hazardous goods on roads 
Drivers covered A_C1_D3 cultural heritage 
Relevance Low 
European scale   
Type and unit UNESCO world heritage sites 
Sources for values Map data at: http://whc.unesco.org/ 
Threshold Yes / no  
Matching of driver Very good, but only the (center)coordinates are published, some sites will have a certain extent as 

old city centers. 
Regional scale   
Type and unit same as European scale, and additionally national heritage sites, if national data exist (as a 

comprehensive database for Denmark), 
Sources for values   
Threshold   
Matching of driver   
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Table 45: Indicator: Road tunnels for hazardous goods 

Indicator A_C1_I4 Road Tunnels 
Definition Road Tunnels  
Modes covered Hazardous goods on roads 
Drivers covered A_C1_D4 tunnels 
Relevance Low: low probability of accidents, but potentially high damages to human beings and possibly long 

closure of the tunnel after the accident 
European scale  
Type and unit Road tunnels  
Sources for values GIS database 
Threshold Length of 500m 
Matching of driver Perfect 
Regional scale  
Type and unit see above 
Sources for values see above 
Threshold see above 
Matching of driver see above 
 

Table 46: Indicator Pollution of groundwater for road freight 

Indicator A_C1_I5 Pollution of groundwater for road freight 
Definition Zone reserved for the protection of ground water to produce drinking water. The zone includes the 

whole catchment area of the well (Germany Zones I, II and III). 
Modes covered Road Freight 
Drivers covered A_C1_D5 pollution of ground water 
Relevance Leakage of hazardous goods or vehicle fuels may have large impacts on ground water. 
European scale   
Type and unit Groundwater Protection Zones 
Sources for values Links to official Water Framework Directve web sites in Member states 

http://ec.europa.eu/environment/water/water-framework/links/index_en.htm 
http://circa.europa.eu/Public/irc/env/wfd/library?l=/framework_directive/implementation_ 
documents_1/wfd_reports/member_states&vm=detailed&sb=Title 

Threshold Yes / no 
Matching of driver Unclear how accurate the ground water protection zones can be delimited 
Regional scale   
Type and unit Freshwater protection zones according to district plans 
Sources for values District plans for water protection zones, Regional plans for water protection zones 
Threshold Yes / no 
Matching of driver Excellent, if all local protection zones are taken into account 
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7 Synthesis: ASSET indicators to identify TSA 
 

7.1 Introduction 

In this final chapter we will summarize the findings of the previous chapters. In particular, we 

will clearly define under what conditions a certain area is a sensitive area (SA), a transport 

affected area (TAA), and a transport sensitive area (TSA). This will be done for each of the four 

aspects, i.e. an area can be sensitive to noise, air pollution, transport infrastructure or accidents. 

Thus the final aim is a set of core indicators to define TSA. Availability of data and models as 

well as knowledge about thresholds and impacts differ significantly between different 

geographical scales (pan European mapping in WP3 versus regional case studies in WP5). Thus 

the applicability of the indicators defined here has to be demonstrated and if necessary adjusted 

and supplemented during the work on European mapping (WP3) and case studies (WP5). 

This indicator set will guide the implementation of the findings in WP3, whose task is the 

illustration of the geographical implications of the concept of transport sensitive areas using GIS 

and mapping tools. Therefore maps will be drawn on which the SA, TAA, and TSA are shown. 

We will draw 12 different maps: For each of the four effects (noise, air pollution, transport 

infrastructure, and accidents) we draw three maps for the SA, TAA und TSA. Moreover, the 

indicator set will also be used in WP4 in order to decide on policy instruments. 

In principle, we could even draw more maps differentiating between the different transport 

modes. However, SA (check1) are not dependant on the transport mode. Therefore in the 

following tables of this chapter we will always see that the indicators for check 1 are relevant for 

all transport modes.107 In contrast, indicators for TAA (check 2) can be valid for one or more 

transport modes (e.g. only road). As we will see, also for check 2 the differentiation of transport 

modes is not that important (except for accidents). Thus we will not differentiate between the 

different transport modes.108 As we will see some indicators are relevant for all four effects. 

                                                 
107  This does not mean that different transport modes cause the same pressure. But the definition of sensitive areas 

is similar for all transport modes. However, one could argue that the thresholds for road transport should be 
lower. 

108  We will also not draw different maps fort the different effects of transport infrastructure (land take, barrier 
effect, costal erosion, and visual intrusion) as we consider these as the different effects of the same pressure (as 
lost rents and different health problems for noise).  
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Therefore, it also makes sense to draw maps in WP3 for the single indicators (possibly in the 

appendix).109 

For some indicators the thresholds are apparent (yes / no-indicators). For others the 

determination of thresholds is more complex. When continuous data are available, we always 

propose the 90-percentile as the threshold.110 These thresholds must be reviewed in WP3. The 

provisional threshold of 90% has been chosen because this means that for that indicator 10% of 

the area will be called sensitive. A lower threshold of e.g. 75-percentile would mean that with 

several indicators possibly more than 50% of the area would be called sensitive (partly the areas 

of different indicators will be overlapping). However, as we understand the concept of TSA only 

particularly sensitive areas should be chosen. It must be clearly stated that there is no 

scientifically correct threshold. In contrast, the definition of thresholds is a political decision 

which is more or less arbitrary.111 The higher the threshold (90- instead of 75-percentile), the 

smaller the area, which will be called sensitive. 

The provisional thresholds will be reviewed in WP3 when we can see from the resulting maps 

what the thresholds really mean in practice. For instance, for the population density we would 

like to include the main urban areas and exclude small town centres. It will have to be found out 

in WP3 with what threshold this aim can be reached. It is also possible to use different thresholds 

in WP3 in order to conduct a sensitivity analysis of the results. It will have to be decided in WP3 

whether or not a sensitivity analysis is helpful. 

As we will see some indicators are relevant for several effects. Therefore it might be that 

different thresholds should be chosen for the same indicator for different effects. This will also be 

analysed in more detail in WP3. Here we simplify by always using the same thresholds for the 

same indicator. 

For some indicators it might also be useful to apply buffer zones. This is particularly true for the 

three yes / no-indicators sensitive ecosystems, cultural heritages and pollution of ground water. 

                                                 
109  In these maps we can not only show which areas overstep the threshold, but also the exact numbers for each area 

(especially when the indicator is based on continuous data like population density). 
110  The 90-percentile means that the original data for the different areas are ordered and 10% of the areas with the 

highest values are chosen as sensitive areas. 
111  In some areas there are politically agreed thresholds as for example maximum air pollutant concentrations. 

However, on a European scale only data on a 50km x 50km grid are available which are not exact enough. 
However, these thresholds might be used in the case studies if exposure models are available. 
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Here we could consider a buffer zone around these areas as the harmful effects should not only be 

prohibited in these areas, but also near these areas. This will be further analysed in WP3. 

As can be seen in what follows in this chapter we normally define thresholds for single indicators. 

In principle it would also be possible to define thresholds for a combination of different 

indicators. However, the combination of different issues such as population density, sensitive 

ecosystems and touristic values is very difficult and needs value judgements. Therefore we 

abstained from combining indicators. 

After defining SA and TAA based on the indicators of check 1 or check 2, respectively, we will 

turn to defining TSA. The definition of TSA is based on the following considerations: 

• A SA is a TSA per se: An area where e.g. population density is high, where the ecosystem is 

sensitive, or whose touristic value is high, is a transport sensitive area because of the high 

vulnerability of the receptors. 

• A TAA alone is not a TSA: High pressures due to traffic alone do not make an area a TSA 

because the high pressure is no problem if there is nobody (or no sensitive environmental 

area) around which is hampered by the high pressure. 

• In a TAA the threshold for the check 1-indicators is lower: However, in a TAA where 

transport pressure is particularly high, a lower threshold for the check 1-indicators is 

sufficient to make the area a TSA. For example, while we use the 90-percentile for the 

definition of SA and TSA, we use the 75-percentile in a TAA.112 

When drawing the final maps for SA, TAA, and TSA for noise, air pollution etc. it is possible 

that a certain area is sensitive due to more than one indicator (e.g. high population density, 

cultural heritage and high recreational value). Therefore we propose to draw maps in which areas 

are white, where no indicator threshold is exceeded, areas with one threshold overstepped yellow, 

with two thresholds orange and three thresholds red etc. Areas where several thresholds are 

overstepped are particularly important when considering policy measures. In these areas it might 

be reasonable to apply several policy instruments. But of course, also areas where only one 

indicator threshold is overstepped are relevant for extraordinary policy measures. 

Finally, we have defined policy relevant TSA as those areas where (damaging) transport volumes 

are actually present or planned. Therefore in WP3 we will also plot the actual transport volumes 

                                                 
112  For the yes / no-indicators of check 1 this is of course not possible. 
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on top of the maps of TSA in order to identify the policy relevant TSA. Transport in TSA – even 

small transport volumes –always tends to be problematic. 

In what follows we will summarise the relevant indicators for the different effects (noise, air 

pollution, transport infrastructure and accidents in chapter 7.2 to 7.5). We always define how SA, 

TAA and TSA are demarcated. In chapter 7.6 we will then summarize all the indicators for the 

four different effects and draw some conclusions. In chapter 7.2 to 7.6 we concentrate on the 

European scale and on the European maps to be drawn in WP3. In chapter 7.7 we finally consider 

what changes if we apply a more regional scale as in the case studies in WP5. 

 

7.2 Noise 

7.2.1 Noise: Sensitive areas 

The following table summarizes the indicators derived in chapter 3. There are four indicators for 

check 1 (definition of SA) and three for check 2 (definition of TAA). The table shows the 

proposed thresholds (which will have to be reviewed in WP3), the relevance, and the transport 

modes concerned.  

Based on the work in chapter 3 we define noise sensitive areas (noise SA) as follows: 

• N_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• N_C1_I2: The area is a Natura 2000 site or a UNESCO biosphere reserve. 

• N_C1_I3: The area is a UNESCO world heritage site. 

• N_C1_I4: Percentile of overnight stays / km2 is higher than 90% (≥ 90%). 
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Table 47: Summary of indicators for noise 

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.  
 

7.2.2 Noise: Transport affected areas 

Accordingly we define areas affected by transport noise (noise TAA) as follows: 

• N_C2_I1: Altitude differences of more than 400m in 1km (≥ 400m).113 

Note that this always includes valleys in between areas which fulfil this condition. 

Further areas will be TAA based on the two other indicators wind speed and temperature. 

However, in WP3 the data availability on these two indicators will have to be analysed. Based on 

this knowledge the indicators and thresholds will be defined in more concrete terms. 

 

7.2.3 Noise: Transport sensitive areas 

Finally, we have to define noise transport sensitive areas (noise TSA). As explained in the 

introduction (chapter 7.1) all noise SA are noise TSA. Furthermore, in TAA the thresholds for the 

check 1 indicators become lower (this is only possible with continuous indicators, but not with 

yes / no-indicators). Thus noise TSA are defined as follows: 

• N_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• N_C1_I2: The area is a Natura 2000 site or a UNESCO biosphere reserve. 

• N_C1_I3: The area is a UNESCO world heritage site. 

• N_C1_I4: Percentile of overnight stays / km2 is higher than 90% (≥ 90%). 

                                                 
113  This is not measured along the road, but in all directions from a given point. 
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• N_C2_I1 and N_C1_I1: Altitude differences of more than 400m in 1km (≥ 400m) and 

percentile of population density is higher than 75% (≥ 75%). 

• N_C2_I1 and N_C1_I4: Altitude differences of more than 400m in 1km (≥ 400m) and 

percentile of overnight stays / km2 is higher than 75% (≥ 75%). 

Again, the TSA evolving from wind speed and temperature will have to be defined in WP3. 

 

7.3 Air pollution 

7.3.1 Air pollution: Sensitive areas 

Table 48 summarizes the indicators for air pollution derived in chapter 4. As a matter of fact the 

indicators are identical to those for noise except that the last noise indicator (temperature) drops 

out for air pollution and that the wind speed indicator probably is differently measured for noise 

and air pollution. Therefore the same areas which react particularly to noise (SA, TAA and TSA) 

also react particularly to air pollution. The only difference is the relevance of the different 

indicators: for example while noise is an important problem in touristic and recreational areas, air 

pollution is not that seriously felt by most people. Therefore it might be reasonable to apply a 

more stringent threshold for air pollution than for noise. However, as mentioned we use the same 

threshold for noise and air pollution for the same indicator here. In WP3 it will be analysed 

whether or not different threshold should be chosen. This statement applies analogously in the 

following chapters. 

Thus we define air pollution sensitive areas (air pollution SA) as follows: 

• AP_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• AP_C1_I2: The area is a Natura 2000 site or a UNESCO biosphere reserve. 

• AP_C1_I3: The area is a UNESCO world heritage site. 

• AP_C1_I4: Percentile of overnight stays / km2 is higher than 90% (≥ 90%). 

This is exactly identical to noise SA. In WP3 it will be analysed whether different thresholds 

should be applied for noise and air pollution (especially for the touristic and recreational value). 
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Table 48: Summary of indicators for air pollution 

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.  
 

7.3.2 Air pollution: Transport affected areas 

Analogously, we define areas affected by air pollution (air pollution TAA) as follows: 

• AP_C2_I1: Altitude differences of more than 400m in 1km (≥ 400m). 

• AP_C2_I2: Percentile of wind speed is below 10% (≤ 10%). 

 

7.3.3 Air pollution: Transport sensitive areas 

From the definitions above we can deduce the definition of air pollution transport sensitive areas 

(air pollution TSA): 

• AP_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• AP_C1_I2: The area is a Natura 2000 site or a UNESCO biosphere reserve. 

• AP_C1_I3: The area is a UNESCO world heritage site. 

• AP_C1_I4: Percentile of overnight stays / km2 is higher than 90% (≥ 90%). 

• AP_C2_I1 and AP_C1_I1: Altitude differences of more than 400m in 1km (≥ 400m) and 

percentile of population density is higher than 75% (≥ 75%). 

• AP_C2_I1 and AP_C1_I4: Altitude differences of more than 400m in 1km (≥ 400m) 

percentile of overnight stays / km2 is higher than 75% (≥ 75%). 

• AP_C2_I2 and AP_C1_I1: Percentile of wind speed is below 10% (≤ 10%) and percentile of 

population density is higher than 75% (≥ 75%). 

• AP_C2_I2 and AP_C1_I4:  Percentile of wind speed is below 10% (≤ 10%) and percentile of 

overnight stays / km2 is higher than 75% (≥ 75%). 
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Again, this is very similar to the definition of noise TSA. WP3 will show whether or not different 

thresholds for the different effects should be introduced. 

 

7.4 Transport infrastructure 

7.4.1 Transport infrastructure: Sensitive areas 

In the following table we summarize the indicators for transport infrastructure as derived in 

chapter 5. Before considering the table 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, in chapter 5 we have differentiated between four different effects, namely land take, 

coastal erosion, barrier effects and visual intrusion. Therefore Table 49 also shows which 

indicators are relevant for which effects. 

All indicators for transport infrastructure are also relevant for noise and air pollution except the 

connectivity index. Furthermore, for check 2 there is only one indicator, while there were three 

for noise and two for air pollution. 

Based on chapter 5 we therefore define transport infrastructure sensitive areas (transport 

infrastructure SA) as follows: 

• TI_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• TI_C1_I2: The area is a Natura 2000 site, a UNESCO biosphere reserve, or in the European 

coastal erosion layer. 

• TI_C1_I3: The area is a UNESCO world heritage site. 

• TI_C1_I4: Percentile of overnight stays / km2 is higher than 90% (≥ 90%). 

• TI_C1_I5: Connectivity index is higher than the average of Natura 2000 sites. 

Thus in addition to the Natura 2000 sites and the UNESCO biosphere reserve for transport 

infrastructures also the European coastal erosion layer is a SA for transport infrastructure. 
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Table 49: Summary of indicators for transport infrastructure 

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

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.  
 

7.4.2 Transport infrastructure: Transport affected areas 

Areas particularly affected by transport infrastructure are mountain areas where the infrastructure 

can be seen from farther away. Therefore we define transport infrastructure TAA as follows: 

• TI_C2_I1: Altitude differences of more than 400m in 1km (≥ 400m). 

As mentioned in chapter 5 we could possibly apply a lower threshold here than for noise and air 

pollution. This will be considered in WP3. 

 

7.4.3 Transport infrastructure: Transport sensitive areas 

Analogous to the definitions above we therefore define transport infrastructure TSA as follows: 

• TI_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• TI_C1_I2: The area is a Natura 2000 site, a UNESCO biosphere reserve, or in the European 

coastal erosion layer. 

• TI_C1_I3: The area is a UNESCO world heritage site. 

• TI_C1_I4: Percentile of overnight stays / km2 is higher than 90% (≥ 90%). 

• TI_C1_I5: Connectivity index is higher than the average of Natura 2000 sites. 

• TI_C2_I1 and TI_C1_I1: Altitude differences of more than 400m in 1km (≥ 400m) and 

percentile of population density is higher than 75% (≥ 75%). 
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• TI_C2_I1 and TI_C1_I4: Altitude differences of more than 400m in 1km (≥ 400m) and 

percentile of overnight stays / km2 is higher than 75% (≥ 75%). 

The topography indicator (TI_C2_I1) is, however, not combined with the connectivity index, 

because topography is only relevant for visual intrusion and the connectivity index only for 

barrier effects. 

 

7.5 Accidents 

7.5.1 Accidents: Sensitive areas 

The following table finally shows the indicators for accidents derived in chapter 6. What 

immediately sticks out is that almost only hazardous goods on roads are relevant. Air and rail 

transport are not relevant because accidents occur with such a low frequency that it does not 

make sense to define accident TSA for these transport modes. Inland waterways are only of 

importance when accidents lead to pollution of sensitive ecosystems. Road passenger transport is 

also of minor importance as the effects caused are small scale. Freight transport is only relevant 

in ground water protection zones because the fuel that can be lost in an accident may cause 

serious problems.  

While the first three indicators are the same as for the other effects (noise etc.), there are two 

indicators which are only relevant for accidents. In particular we define accident SA as follows: 

• A_C1_I1: Percentile of population density is higher than 90% (≥ 90%). 

• A_C1_I2: The area is a Natura 2000 site or a UNESCO biosphere reserve. 

• A_C1_I3: The area is a UNESCO world heritage site. 

• A_C1_I4: The road tunnel is longer than 500m (≥ 500m). 

• A_C1_I5: The area is a ground water protection zone. 
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Table 50: Summary of indicators for accidents 

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

7.5.2 Accidents: Transport affected areas 

As explained in chapter 6.2 there are no relevant drivers for check2 and therefore there are no 

areas which are particularly affected by transport accidents. 

 

7.5.3 Accidents: Transport sensitive areas 

Since there are no accident TAA, the accident TSA are identical to the accident SA (as defined 

above).  

Note again that the accident TSA are almost only relevant for road transport of hazardous goods. 

Transport of hazardous goods is a special case. . This problem is mainly concerning route choice 

in order to avoid sensitive areas. Or from a policy point of view the question arises whether or not 

hazardous goods should be banned from certain roads (especially if there are relatively short 

detours around the TSA). If the detours become extremely long, the policy measure could be a 

ban of road transport for these goods. Thus haulier would have to transport the goods by rail or 

water transport, which is safer (however, additional handling might counteract the safety gain). 

 

7.6 Overview over all indicators: TSA in general 

As we have seen, for the different effects more or less the same indicators are relevant. Therefore 

the different indicators used for the different effects are summarized in the following table. 



                       
 

 

 132

Table 51: Summary of all indicators for the four different effects 

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 first four indicators of check 1 are identical for all four effects with two exceptions: the 

European Coastal Erosion Layer is only relevant for transport infrastructure and the touristic and 

recreational value is not relevant for accidents. The other three indicators of check 1 are effect-

specific: the connectivity index is only relevant for the infrastructure and tunnels and ground 

water are only relevant for accidents. 

For check 2 there are fewer indicators than for check 1. For accidents there is no relevant 

indicator, for the infrastructure only one, namely the topography. Note that this indicator of 

altitude differences always includes valleys in between areas which fulfil this condition and is 

also relevant for noise and air pollution. There are probably two indicators for wind speed as 

wind has different effects on noise and air pollution. Finally, the temperature has also an 

influence on noise. 

We can therefore also draw a map for all the different effects together, i.e. a map for TSA in 

general not for TSA due to noise or air pollution. However, when doing so we exclude accidents 

because accidents are only relevant for road freight and except for ground water protection zones 

even only for hazardous goods on roads. Therefore the scope of the accident indicators is much 

smaller. In fact, transport of hazardous goods is a special case which calls for specially targeted 

policy measures. 
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Furthermore, transport infrastructure is only relevant when we analyse the planning of a new or 

the extension of an existing infrastructure,114 whereas noise and air pollution are relevant for 

existing as well as planned infrastructures. Therefore we can draw two maps, one for the 

sensitiveness of an area to existing infrastructure (combination of noise and air pollution), 

and the other for the sensitiveness to new infrastructures (combination of noise, air pollution, 

and infrastructure). In the planning of the infrastructure we have much more (policy) 

instruments to influence the final outcome. 

The general maps will show where policy measures influencing transport in general are 

particularly important. The maps for noise or air pollution etc. will show where noise or air 

pollution specific policy measures should be implemented. 

As for the maps for the single effects we propose to draw the maps in such a way that it is shown 

how many indicators have overstepped the threshold in a certain area (different colours for 0, 1, 2, 

3 … thresholds overstepped). This could be interpreted to mean that the different effects are 

equally weighted.115 However, we understand it more in the way that in areas where several 

thresholds are overstepped, different problems arise and should be solved by policy measures. 

Sensitive ecosystems are TSA for noise, air pollution and transport infrastructure. Therefore we 

propose to colour such an area with three thresholds overstepped (not just one). This will have to 

be reviewed in WP3. 

We concentrated on land transport and inland waterways in chapter 3-6. As explained in chapter 

2.5 there are of course also transport sensitive marine areas. These have already been 

determined on an international level by the IMO (International Maritime Organisation). As 

shown in chapter 2.5 almost the whole sea area around Europe is sensitive. However, four areas 

have been defined as particularly sensitive sea areas (PSSA): Wadden Sea, the Western 

European Waters, the Canary Islands and the Baltic Sea. 

 

                                                 
114  The only exception is barrier effects: in principle, extraordinary policy measures could be applied to reduce 

barrier effects of existing infrastructures (e.g. building fauna passages). However, these measures should be 
taken when the infrastructure is built (which does not mean that it cannot be helpful to take them later on when 
they have not been taken into account when building the infrastructure). 

115  In principle we could also weight the different indicators in the mapping. However, as mentioned this weighting 
would need value judgements for the relative weight of such different things as population density, sensitive 
ecosystems and touristic values. 
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7.7 Transfer to the regional scale 

In chapter 7 we have so far concentrated on the European scale. However, in WP5 several case 

studies on a regional scale will be conducted. On a more regional or local scale, better data are 

often available which allow to measure the different indicators better or even allow to measure 

indicators which are not available on a European scale. Therefore this final chapter 7.7 

“translates” the indicators derived above to the regional scale for the use in the case studies in 

WP5. 

The following table reproduces Table 51 and shows in its rightmost column how the indicators 

can be adjusted in a more regional context. 

 

Table 52: Transmission of the indicators to the regional scale 

European scale
Indicator Threshold
number name description
Check 1 for the definition of SA

11 Population density 90-percentile evaluated in smaller area
12 Sensitive ecosystems Natura 2000, UNESCO biosphere 

reserve
yes / no

European Coastal Erosion Layer yes / no
13 Cultural heritage UNESCO world heritage site yes / no
14 Tourisitc and 

recreational value
number of overnight stays / km2 90-percentile evaluated in smaller area, 

better data
15 Connectivitiy index Measure of ease of movements Average of Natura 2000 sites evaluated in smaller area
16 Tunnels 500m length possibly better data
17 Pollution of ground 

water
ground water protection zone yes / no possibly better data

Check 2 for the definition of TAA
21 Topography Altitude differences 400m in 1km possibly better data on 

effects approximated by 
altitude differences

22a Wind speed Possibly frequency of wind above 
certain velocity

to be determined in WP3 possibly better data  

22b Wind speed Low wind speeds 10-percentile evaluated in smaller area, 
possibly better data

23 Temperature Possibly average yearly 
temperature

to be determined in WP3 possibly better data  

All threshold must be reviewed in WP3.

additionally national and 
regional protected areas / 
sites

Transmission to the 
regional scale

 
 

For all indicators there might be better data on the regional scale which allow measuring the 

indicator more accurately. This is not explicitly mentioned for all indicators in Table 52, because 

for some indicators the data on the European scale are already so good that not much can be 

gained from better regional data. 
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For those indicators for which we have a threshold with a percentile we can take the percentile on 

a smaller area: on the European scale we show the particularly densely populated areas. However, 

in some countries there might hardly be any densely populated areas (compared to other 

European countries). For transport infrastructures in these countries it is nevertheless problematic 

to go through the most densely populated areas within these countries. Hence, on the European 

scale we can consider where about the main European transport routes should be, on the local 

scale we can analyse the more exact planning of traffic flows. 

For the sensitive ecosystems and for cultural heritages we can also include national or regional 

protected areas or cultural sites beside the Natura 2000 areas, the UNESCO biosphere reserves 

and the UNESCO world heritage sites. In principle, we should also consider critical loads (or 

carrying capacities, see AP_C1_D8), but here even data on regional scale are scarce. 

When considering population density we could possibly also consider the age distribution as 

senior citizens are particularly vulnerable to noise and air pollution. Thus we might consider: 

• Health sensitive people (N_C1_D3) 

• Sensitive population groups (AP_C1_D7) 

Topography (measured with altitude differences) is an indicator which is an approximation for 

several different effects:  

• Gradients (N_C2_D1 and AP_C2_D1) 

• Bendiness (AP_C2_D2) 

• Inversions (N_C2_D3 and AP_C2_D4) 

• Amphitheatre effects and reflections (N_C2_D4) 

• Reduced wind speed (N_C2_D5) 

• Visual intrusion (or visual shed, TI_C2_D1) 

On a more regional scale it might be possible to measure at least some of these effects instead of 

approximating them by altitude differences. 

Furthermore, some drivers have been neglected on the European scale because there are no data 

or because their importance it too low: 

• Precipitation (N_C2_D2) 

• Humidity (N_C2_D7) 
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• Land cover (N_C2_D8) 

• Affected buildings and building material (AP_C1_D3 and AP_C1_D9) 

• High preload levels (AP_C1_D4) 

• Altitude (AP_C2_D3) 

• Urban topography (AP_C2_D5) 

• Existing land use (TI_C1_D5) 

These drivers could also be taken into account on the regional scale if data are available or 

regional circumstances suggest a higher importance than on the European level. 
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