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Chain 45. Light pollution 
F. Kehagia 

Animals react to the lights of passing vehicles. Light energy transmission is 
evident in seeing a vehicle’s headlights or taillights at night or an onrushing stop 
sign readable by reflected daylight. Light energy moves virtually instantaneously 
through air, irrespective of wind speed. Although roadside lighting may affect 
nocturnal frogs (Buchanan, 1993), little is known about the ecological effects of 
vehicle headlights. However, visual disturbance, in the sense of responding 
simply to the sight of a vehicle or vehicles, is likely to be important to wildlife 
(Liddle, 1997). Inappropriate street lighting and other stronger light sources 
killed off for instance the predaceous water beetle (family ditiscidae).  

At the same time light pollution is destroying natural heritage: only in recent 
decades, we have tainted our natural heritage of the night sky everywhere, 
except in inhabited regions. People no longer enjoy the stars and the Milky 
Way. Humanity has lost touch with the nocturnal environment.  

Chain 46. Introduction of invasive alien species 
K. Karkalis, G. Arapis and R. Joumard 

Many non-native species are unintentionally introduced into countries via the 
transport of commodities, food, etc. Although only a small percentage of these 
non-native species will become invasive, when they do their impacts are 
immense, insidious and usually irreversible, and they may be as damaging to 
native species and ecosystems on a global scale as the loss and degradation of 
habitats (IUCN/SSG/ISSG, 2000; UNEP, 2006, p. 16). Invasive alien species 
are now considered as second only to habitat loss as a cause of biodiversity 
loss. 

Social-agronomical effects 

One of the best examples effects of the introduction of invasive alien species 
that has caused in the past devastating agriculture production and social effects, 
and still influences European potato and vine production can be seen in the 
potato disease known as late blight and phylloxera. The potato late blight disease 
is caused by the fungus Phytophthora infestans whose genetic origins are traced 
up to the highlands of central Mexico. It is speculated that the disease was 
brought in Europe by fast clipper ships, transported on potatoes being carried to 
feed passengers sailing from America to Ireland, or with a shipments of seed 
potatoes destined to Belgian farmers. What ever the case, the disease managed 
to reach Europe mostly due the use of new fast maritime technologies and 
vehicles that permitted faster transatlantic speeds giving the possibility to the 
fungus to survive during the voyage. This alien species had the effect of massive 
crop failures in Europe that led to the Great Irish Famine. Especially in Ireland the 
disease caused the death of more than one million people between the period 
1845 and 1852 during which island's population dropped by 20-25 % and more 
than one million people had to immigrate in order to avoid famine. Similar 
problems of invasion of alien species have been experienced due to the species 
vitifoliae an insect that infects the root apparatus mostly of European vines. When 
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the insect was introduced in the Europe of the ninetieth century it caused the 
destruction of almost all the vineyards for wine grapes in France and later played 
a major role in the national bankruptcy of Greece today known as the “Sultanina 
wine grape Crisis” (Goidànich, 1975). Today the most susceptible habitats to 
invasive alien species have been identified as miss-managed agricultural and 
rural areas and wetland ecosystems. According to recent estimates, about 
45 000 ha of grassland in nationally designated sites in Hungary are affected by 
invasive plants such as Solidago spp., Ailanthus altissima, Elaeagnus angustifolia 
and Asclepias syriaca. The situation is not different for aquatic marine 
environments where Invasive alien species are frequently introduced into marine 
ecosystems through maritime transport or fishery (ballast tanks, anchors) and 
may have a significant impact on biological diversity. Introduced species comprise 
23 % of the total flora of Thau Lagoon, 20 % of the estuarine biota in the North 
and 18 % of the total biota in the eastern Bothnian Sea (EEA, 2006). In modern 
times another serious problem of invasion of alien species through modern freight 
and other transport modes for agronomical use along transport corridors, is taking 
place and probably will affect the biodiversity of wild species of agronomical 
importance: the invasion of artificially created species or GMOs (genetically 
modified organisms). This contamination of the different agronomical autochth-
onous ecotypes and loss in biodiversity is caused because of the movement of 
artificial seed and pollen during transport and other agronomical practises that 
involve agronomical machinery (Eastham and Sweet, 2002). 

Chain 47. Introduction of illnesses 
J.N. Poda and R. Joumard 

Transport takes part in the process of disease transmission by pathogenic 
agents according to three modes (UNEP, 2006; Poda et al., 2009): 
− The flows of people and goods, which are carriers of parasitic agents, 

bacteria, virus, mushrooms and their vectors or hosts 
− The emergence or development of pathogenic agents following the 

environmental and socio-economic changes due to infrastructures 
− The weakening (immunisation, adaptation, vulnerability) of humans living 

along or near infrastructures.  

Chain 48. Fire risk 
E. Ortega Pérez 

Some of wildfire causes in natural and urban areas are directly or indirectly 
related to transport. Directly, main causes can be defined like: train sparks 
(4 %) and traffic accidents (0.2 %). Indirect causes are related with getting more 
accessibility to natural areas by drivers, getting higher fire risk by accidents and 
negligence (campfire, cigarette butts, etc.). 

Fires have important local effects, which are commonly associated to fire 
frequency and intensity, which imply soil degradation, soil erosion, lost of lives, 
biodiversity, and infrastructures (Omi, 2005). On the other side, the fire plays an 
essential role in the Mediterranean ecosystem (Merino Saum, 2008). 
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In this way, burning vegetation supposes an important emission of carbon 
dioxide (26 %), methane (48 %) and nitrous oxide (26 %) to the atmosphere 
(Houghton, 2005).  

Otherwise, vegetable bio-mass transformation to ash causes an increasing 
in soil pH and nutrients available to plants (burning may increase nitrogen 
fixation in the soil). Pyrofit plants and herbs will quickly colonize burnt surface, 
therefore an important landscape modification will take place as result of 
species succession (Omi, 2005). Later, soil acidification and nutrients loss (soil 
humus) will happen by surface runoff and soil erosion. 

Figure 43. Chain of causality of fire 

 
Source: Traffic 
Pressure: Traffic (sparks, cigarette butts, accidents)  
State: Habitat change (loss functional area, loss vegetation, loss of nutrients) 
Impacts: Loss of biodiversity, loss of landscape quality, emissions 

If mineral soil is repeatedly exposed due to forest covert destruction (less 
than 30 % of initial vegetation after fire), rain impact may clog fine pores with 
soil and carbon particles, decreasing infiltration rates and aeration of the soil. 
This situation causes an important decrease of available water content (AWC) 
and strong surface runoff. The hydrologic cycle change caused by fire will finally 
modify rivers flow regime and associated ecosystem to them. Figure 43 shows 
the chain of causality of fire. 

Desertification phenomena, incapacity of plants regeneration, and 
destruction of vegetation and fauna during fire action (ground fauna, bird’s nets, 
reptiles) produce a global and persistent loss of biodiversity on environment. 

Consequently, all these effects are appreciable on landscape. After the fire, 
loss of scenic qualities will produce for five year at least. With pass of time and 
pyrofit plants and after herbs colonization, fire effects could be reversible.  
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Therefore, fire chain of causalities is long and complex with huge effects on 
local and global levels, most of them reversible if long time passes. 

Chain 49. Technological hazards 
K. Karkalis and G. Arapis 

Definition 

Any application of practical or mechanical sciences to industry or commerce 
capable of harming persons, property or the environment (EEA, website).  

Environmental effects 

Technological hazards due to transport can represent an increasing risk for 
the environment and by consequence human health and well-being. In today’s 
global production and increased commerce in all transport modes may it be 
naval, air or terrestrial transport the possibilities of a major technological 
accident are increasing. These risks involve the release of substances due 
transport accident (Krejsa, 1997). These substances can affect human health or 
the environment by contamination and their effects on animals and plants. 
Examples of major transport accidents are for maritime transport the “Exxon 
Valdez” oil spill in the Prince William Sound, Alaska, on March 24, 1989. 
Thousands of animals died; including 500 000 seabirds, 1 000 sea otters, 300 
harbour seals, 250 bald eagles, and 22 orcas, as well as the destruction of 
billions of salmon and herring eggs (Graham, 2003). In 2002 a Greek oil tanker, 
Prestige, sank near the coast of Galicia. The oil spill polluted thousands of 
kilometres of coastline in Spain and France causing great damage to the 
Environment. The spill is the largest ecological disaster in Spain's history. 

In air transport we have the Palomares incident on 1966 where a B-52G 
bomber collided with a air tanker during mid-air refuelling at 10 km over the 
Mediterranean sea, off the coast of Spain. The non-nuclear explosives in two of 
the weapons exploded when the airplane crashed, contaminating 2 km2 with 
radioactive plutonium. The cloud dispersed contaminated with radioactive 
material residential areas, farmland (especially tomato farms) and woods.  

Finally for terrestrial transport the sector mostly involved is rail road since rail 
is mostly used for the transport of heavy industrial hazardous material (Grytsyuk 
and Arapis, 2005). 

Agricultural effects 

Accidental releases of hazardous materials, including their progressive 
accumulation in plants, animals, fish or entire ecosystems can involve Agricultural 
production mostly by the contamination of soils and underground water. The 
effects of nuclear heavy contamination or “light” contamination like for example 
Palomares incident regarding agricultural soil require in any case first an 
assessment of risk and if the contamination is found relevant, special restoration 
procedures should be used (Marti et al., 1990; Grytsyuk et al., 2006). 
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Annex 7. Unconsolidated indicator selection 
criteria 

Author: H. Gudmundsson 

The list represents a combination of working group input and references 
from literature. Overlaps between criteria have not been fully addressed and 
definitions may not be fully consistent. According to e.g. Rochet and Rice 
(2005), such lists may nevertheless serve as a basis for conducting more 
simple assessment processes or be used as a starting point for designing a 
more elaborate one.  

Table 54. Long list of unconsolidated criteria 

Cate-
gory Criterion Proposed definition Source 

1.  
Represen-
tativity 

Correlation between an indicator and the issue for which 
it is supposed to be a proxy 

Hauge et al., 
2005 

2.  
Conceptual 
validity 

Is the indicator based on a well understood conceptual 
model? 
1) The definition of the indicator and the concepts that 
comprise it up is suitable. 
2) There is a correspondence between the indicator and 
the factor to be quantified.  
3) The interpretation and meaning of the indicator are 
suitable.  

CGER, 2000; 
Cloquell-
Ballester et al., 
2006 

3.  
Theoretical 
foundation 

Is the indicator explicitly defined by appropriate statistical 
units of measurement and standard international 
terminology? 
A clear theoretical definition of a concept to be indicated 
should, 
1) Identify the number of distinct aspects or dimensions 
of the concept. Each dimension requires a separate 
latent variable. 
2) The theoretical definition should clarify whether the 
latent variable is continuous or not.  
3) Each latent variable is ideally measured with several 
indicators.  

NCHOD, 2005;  
OECD, 2003;  
Bollen, 2004 

Does the measure correctly predict a situation which 
would be caused by the phenomenon being measured?  

Cole et al., 
1998 
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4.  
Predictive 
validity 

The degree to which data values satisfy acceptance 
requirements of the validation criteria or fall within the 
respective domain of acceptable values. Data validity 
can be expressed in numerous ways. One common way 
is to indicate the percentage of data values that either 
pass or fail data validity checks. 

Batalle et al., 
2004 
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An indicator must be able to reveal important changes in 
the factor of interest.  WHO, 2006 

5.  
Sensitivity Do the measurement tools and timing of results allow 

changes to be observed over time? NCHOD, 2005 

An indicator must reflect only changes in the issue or 
factor under consideration. WHO, 2006 

 

6.  
Specificity / 
transport 
specificity 

The indicator should identify the effect of transportation 
rather than providing an estimate of environmental 
quality that may depend on numerous sources. 

USEPA, 1999 

7.  
Transparency 

To which degree it is described in an understandable 
way how the indicator is constructed, how it varies with 
what it represent (the phenomenon in focus), and how it 
is influenced by uncertainties. This implies that input 
data, assumptions, methods, models and theories 
involved are described and justified.  

Internal 
Working group 
definition 

An indicator must give the same value if its 
measurement were repeated in the same way on the 
same population and at almost the same time.  

WHO, 2006 
8  
Reliability The ability of an indicator to perform its predefined 

functions in routine circumstances, as well as hostile or 
unexpected circumstances.  

Internal 
Working group 
definition 

Be easily measured: The indicator should be straight-
forward and relatively inexpensive to measure.  

Dale and 
Beyeler, 2003 

9.  
Measurability Measurable indicators are based on data that should be 

readily available or made available at a reasonable 
cost / benefit ratio.  

OECD, 2003 

10.  
Data availability 

Data that are available and accessible, accurate, 
comparable over time, complete with historical 
information and covering sufficient geographic area.  

Boyle, 1998 

11.  
Timeliness 

The degree to which data values or a set of values are 
provided at the time required or specified. Timeliness 
can be expressed in absolute or relative terms. 

Batalle et al., 
2004 
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12.  
Threshold 
availability 

Theory allows calculation of reference point associated 
with serious harm.  

Rice and 
Rochet, 2005 

13.  
Aggregatability 
without loss of 
representativen
ess 

How easy and to which degree indicators can be 
aggregated, to higher geographical levels, with other 
indicators etc. 

Internal working 
group definition  

D
at

a 
an

al
ys

is
 a

sp
ec

ts
 

14.  
Discountability 

Discounting influences people’s assessment and 
evaluation of impacts that will be perceived in different 
moments of time, as well as trade-offs with other effects 
characterized in other moments and through other 
indicators. Discounting factors are affected not only but 
subjective perceptions but, likewise, by changes in 
technology and by people becoming used to situations 

Internal working 
group definition 
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Annex 8. Formulation of habitat fragmentation 
indicators 

Author: E. Ortega Pérez 

Table 55. Composition indicators 

Number Expression Description 

Number of patches, NP 
(Turner et al., 1989)  

Number of patches 
caused by 
fragmentation 

Mean patch size, MPS 
(McGarigal et al., 2002) 

 
Si = area of patch 

N = number of patches 

Average area of a 
patch of a particular 
class 

Largest patch index, 
LPI ( Saura and 
Martinez-Millán, 2001) 

 
St = total area of landscape 

Percentage of 
landscape area 
occupied by the largest 
patch of a class 

Patch density, PD 
(McGarigal and Marks 
1995; Saura and 
Martínez-Millán, 2001) 

 
N = number of patches 

St = total area of landscape 

Number of patches per 
unit area 

Average patch 
carrying capacity, 
Kavg  
(Vos et al., 2001) 

 

Average of the number 
of reproductive areas of 
a species in the 
landscape 

Core area (McGarigal 
and Marks, 1995; 
Schumaker, 1996) 

 
Si = area of patch 

Sc = area of core of patch 

Core area inside a 
patch and percentage 
of the patch that is core 
area 
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Table 56. Shape indicators 

Number Expression Description 

Perimeter area ratio, P/S 
(Krummel et al., 1987; 
McGarigal and Marks, 1995) 

 
Pi = perimeter of patch 

Si = area of patch 

Ratio of patch 
perimeter to area 

Shape index, SI  
(McGarigal and Marks, 1995; 
Schumaker, 1996  

Ratio of perimeter to 
area adjusted by a 
constant 

Square pixel, SqP  
(Frohn, 1998) 

)4(1
P
ASqP !"=  

P = perimeter of patch 
A = square area 

Measures deviation 
from a square shape 

Table 57. Patch configuration indicators 

Number Expression Description 
Nearest neighbour, dij 
(Moilanen and 
Nieminen, 2002) 

 
Distance from a 
patch to the 
nearest 

Relative size of the 
biggest patch in the 
landscape, RSi 
(Turner, 2001) 

 
St = total area of landscape 
Ri = Si/St (Si = area of patch) 

Connectivity 
measure between 
patches of a class 

Connectivity index, CI 
(Martín et al., 2007) 

 
Sj = area of patch 

Cij = distance between patches i,j 
Cmax= maximum distance between 

patches 

Assess the 
landscape 
resistance to be 
crossed by species 

Patch cohesion (COH) 
index (Schumaker, 
1996) 

 
pi = perimeter of patch 

ai = area of patch 
N = total area of landscape 

Assess perimeter-
area ratio of each 
patch class in the 
landscape 

Integral index of 
connectivity, (IIC) 
(Pascual-Hortal and 
Saura, 2007) 

 
nlij = number of links in the shortest 

path between patches i and j 
ai and aj = area of patches 

AL = total area of landscape 

Connectivity 
measure between 
two patches in the 
landscape 
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Annex 9. Formulation of noise indicators 

Author: C. Camusso 

The Equivalent Level Leq 

The Equivalent level “Leq” is defined in the ISO 1996/1-1982, it is 
represented in the following equation: 
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A( ), T

= 10log
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(  [dB(A)]  [eq. 21] 

where: 
T = time of the noise duration; 
pa = instantaneous pressure; 
p0 = reference pressure 20 µPa. 

The Traffic Noise Index TNI 

The Traffic noise index “TNI”, proposed by Griffiths and Langdon (1968) as 
mentioned in Schultz (1972), it is an indicator used to describe the road traffic 
noise; its formulation is given in the following equation: 

30)(4 909010 !+!= LLLTNI  or eqLLLTNI +!= )(4 9010  [dB(A)] [eq. 22] 

where: 
L10, L90 = statistical level on the observation time of 24h; 
(L10-L90) = parameter for the variability of the noise; 
L90 = background noise; 
Leq = equivalent level of the 24h. 

The Noise Pollution Level NPL 

The Noise Pollution Level “NPL” is an indicator developed by Robinson at 
the end of the sixties (Robinson, 1969 as mentioned in Schultz, 1972); the 
formulation is reported in the following equation: 

!"+= kLL eqNP  [dB(A)] [eq. 23] 

where: 
Leq = equivalent level in the period of reference; 
σ = standard deviation of the instantaneous level; 
k = 2.56 constant. 
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The Sound Exposure Level SEL 

Another basic energetic indicator is the Sound Exposure Level “SEL” or 
“LAE” or “LAX” and it is defined by the ISO 1996/1-1982. It is used to describe 
the energetic emission of a single noise event in a particular context, for 
example a passage of a single vehicle in an empty street or a passage of a 
train.  

The expression of the indicator is given by the following equation: 
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LSEL  [dB(A)] [eq. 24] 

where: 
t2 – t1 = interval of the event where LA(t) > LAmax -10; 
t0 = reference time (1 s); 
pA(t) = instantaneous pressure [Pa]; 
p0 = reference pressure 20 µPa. 

In Figure 44 the time-history of a noise event is depicted and the 
methodology for the evaluation of the intervals for the calculation of the SEL is 
showed. 

Figure 44. Example of time history and time interval for Sound Exposure 
Level evaluation 
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Given a time period, with many single events, it is possible to evaluate the 

equivalent level on the time period if we know the SEL of the single events. 

In Italy, this indicator is typically used for the evaluation of the noise emitted 
by railways. The rail traffic, in fact, is characterized by different single passages 
of the vehicles. In an observation time period (TR), for example during a day or 
night reference time, if we measured the correspondent SEL for every event, it 
is possible to calculate the corresponding Leq, for the observation time period, 
generated by the source using the following equation: 


