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ABSTRACT

Previous research has pointed out the negative impact of traffic noise on wildlife adjacent to major roads,
but despite the scientific evidence, the impact of traffic noise in natural environments is rarely assessed,
and even more rarely mitigated, in road planning, in Sweden as well as in most other countries. It has been
argued that the reason to this shortcoming is the lack of a practical method to assess this impact on natural
environments. We developed a desktop method for assessing the traffic noise impact on areas of importance for
nature conservation, with special emphasis on important bird sites. The method output is a calculation of the
effective habitat loss due to traffic noise for each site, based on dose-effect relationships presented in literature,
available GIS data on selected habitat types, official road data, and a simplified model for noise distribution.
The method has a dual purpose; to estimate the impact of traffic noise on birds at larger geographic scales, and
to identify priority sites for mitigation efforts. We applied the method in two Swedish regions with relatively
low or moderate road and traffic densities. The results from these case studies pointed out that i) at regional
level, the impact zone covers a small part of the land area (0.6 and 3.3% of lower and higher density regions,
respectively), ii) for certain important bird habitat types, >10% of sites are within the impact zone, iii) the
impact from traffic noise represents an effective loss of 0.02-1.7% of the total area of the selected habitat types.
The latter figures can be taken as estimates of the present conservation debt of traffic noise. The results indicate
that traffic noise may have a disproportionate impact on some important bird habitats. Because bird sites are
often rich also in other taxa, and in addition tend to be important areas for outdoor recreation, we argue that
traffic noise may have a broad impact on nature conservation, and that mitigation efforts should be made to
minimize this impact. We discuss the general applicability of the method.
Keywords: Traffic noise; birds; assessment; method; Sweden.

RESUMO

AVALIACAO DO IMPACTO GERADO PELO RUIDO DO TRAFEGO EM IMPORTANTES
HABITATS DE AVES NA SUECIA — UM METODO PRATICO PARA A ESCALA REGIONAL.
Estudos anteriores indicam os impactos negatives do ruido gerado pelo trafego para a biota que vive em
ambientes adjacentes a grandes rodovias, mas apesar das evidéncias cientificas, o impacto do ruido gerado
pelo trafego em ambientes naturais é raramente estudado, e ainda mais raramente mitigado, no planejamento
de rodovias, na Suécia e também na maioria dos outros paises. Tem-se discutido que a razdo para a auséncia
de estudos ¢ a falta de métodos praticos que avaliem este impacto nos ambientes naturais. Nos desenvolvemos
um método computacional para avaliar o impacto do ruido do trafego em areas importantes para a conservagao
da natureza, com énfase especial em importantes habitats de aves. O funcionamento do método se da pelo
calculo da perda efetiva de habitat pelo ruido do trafego para cada area, com base nas relagdes de dose-efeito
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obtidas na literatura, dados GIS disponiveis para os habitats selecionados, dados oficiais das rodovias, e um
modelo simplificado para a propagacdo do ruido. O método tem dois objetivos; estimar o impacto do ruido
do trafego nas aves em grandes escalas geograficas; e identificar as areas prioritarias para acdes mitigadoras.
Nos aplicamos este método em duas regides na Suécia com relativamente baixa ou moderada densidades
de rodovias e tafego. Os resultados destes estudos de caso indicaram que i) em nivel regional, a zona de
impacto abrange uma pequena parte da area terrestre (0,6 e 3,3% das areas de menor ¢ maior dendidade,
respectivamente), ii) para alguns tipos importantes de habitats das aves, >10% das areas estdo dentro dos
limites da zona de impacto, iii) o impacto do ruido do trafego representa uma perda efetiva de 0,02-1,7% da
area total dos habitats selecionados. Estas informac¢des podem ser vistas como estimativas da atual auséncia
de agdes de conservagdo relacionadas ao ruido do trafego. Os resultados indicam que o ruido do trafego
pode ter um impacto desproporcional em alguns habitats importantes para aves. Ja que estes habitats sdo
frequentemente ricos também em outras espécies, ¢ ainda tendem a ser importante areas de recreagdo ao ar
livre, n6s argumentamos que o ruido do trafego pode ter um grande impacto na conservacao da natureza, e que
as acdes mitigadoras devem ser realizadas para diminuir este impacto. Nos discutimos a aplicabilidade geral
do método.

Palavras-chave: Ruido do trafego; aves; avaliacao; método; Suécia.

RESUMEN

EVALUACION DEL IMPACTO GENERADO POR EL RUIDO DEL TRANSITO EN LUGARES
IMPORTANTES PARA LAS AVES EN SUECIA - UM METODO PRACTICO A ESCALA REGIONAL.
Estudios preliminares han indicado el impacto negativo del ruido del trafico en la biota adyacente a grandes
carreteras, pero a pesar de las evidencias cientificas, el impacto del ruido del transito en ambientes naturales
es raramente evaluado, y mas raramente mitigado en el planeamiento de carreteras, tanto en Suecia como en la
mayor parte de los paises. Se ha afirmado que la razon para la ausencia de estudios es la falta de metodologias
practicas para evaluar el impacto en ambientes naturales. Desarrollamos un método computacional para
medir el impacto del ruido del transito en areas con importancia para la conservacion, con énfasis especial
en regiones importantes para las aves. El resultado del anélisis es un calculo de la pérdida de habitat efectiva
debida al ruido para cada region, basada en relaciones dosis-efecto presentadas en la literatura, datos de SIG
de los tipos de habitat seleccionados, datos oficiales de carreteras y un modelo simplificado para la distribucién
del ruido. El método tiene un propdsito doble; estimar el impacto del ruido del transito en las aves a gran
escala geografica e identificar lugares prioritarios para concentrar los esfuerzos de mitigacion. Aplicamos el
método en dos regiones suecas con densidades de transito relativamente bajas o moderadas. Los resultados de
este estudio de caso sugirieron que: i) a nivel regional, la zona de impacto cubre una pequeia parte del area
terrestre (0.6 y 3.3% de regiones de baja y alta densidad, respectivamente), ii) para algunos tipos importantes
de habitat para las aves, >10% de las areas estdn dentro de la zona de impacto, iii) el impacto del ruido del
transito representa una pérdida efectiva de 0.02-1,7% del area total de los tipos de habitats seleccionados. Las
ultimas cifras pueden ser tomadas como estimativas del area de conservacion faltante actual relacionada con el
ruido del transito. Los resultados indican que el ruido del transito puede tener un impacto desproporcionado en
algunos habitats importantes para las aves. Debido a que las areas con aves son a menudo ricas en otros taxones
y adicionalmente tienden a ser areas para la recreacion al aire libre, sugerimos que el ruido del transito puede
tener un amplio impacto en la conservacion de la naturaleza y que esfuerzos de mitigacion deben ser realizados
para minimizar este impacto. Discutimos la aplicabilidad general del método.
Palabras clave: Ruido del transito; aves; valoracion; método; Suecia.

INTRODUCTION studies have shown that several bird species occur
in lower numbers in the vicinity of high traffic roads

One of the many adverse effects of traffic and (reviewed by Reijnen & Foppen 2006, Benitez-Lopez
roads on wildlife is noise disturbance. Previous et al 2009), and that a major cause of this effect is
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likely to be traffic noise (Reijnen et al. 1995, Forman
& Alexander 1998, Reijnen & Foppen 2006, Garniel
et al. 2007, Parris & Schneider 2009, Barber et al.
2010, Kociolek et al. 2011, but see Summers et al.
2011).

Many animal species including birds, mammals,
frogs and insects use acoustic signals to attract mates,
to defend territories, to maintain group cohesion, to
hunt, and to warn for predators (Brumm & Slabbekoorn
2005). Anthropogenic noise has negative effects on
the function of such signals. For example, high levels
of traffic noise may lead to difficulties for birds and
frogs to attract mates (Reijnen & Foppen 1994, Bee
& Swanson 2007), and may result in reduced foraging
efficiency in bats (Siemers & Schaub 2011).

Behavioral responses to traffic noise in birds and
frogs include singing/calling at higher pitch (to reduce
the masking from low-frequency noise; Slabbekoorn
& den Boer-Visser 2006, Parris & Schneider 2009,
Parris et al. 2009) or at higher volume (Brumm 2004,
Katti & Warren 2004), altering the time spent singing/
calling (Sun & Narins 2005, Diaz et al. 2011), and
shifting to nocturnal singing (Fuller et al. 2007). Such
adaptations may reduce the problem with masking
but still involve costs in the form of physiological
and energetic stress. However, not all species have
the possibility to behavioral adaptation, and for these
species traffic noise may lead to reduced reproductive
success, increased mortality risk, and emigration,
resulting in decreased population densities (Fletcher
& Busnel 1978, Reijnen & Foppen 1994, Patricelli &
Blickley 2006, Lengagne 2008, Barber et al. 2010,
Halfwerk et al. 2011).

%
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Along busy-traffic roads, more than half of the bird
species may be negatively affected, and the effects
have been shown to be particularly strong in species
of conservation concern (Forman & Deblinger 2000,
Foppen et al. 2002, Reijnen & Foppen 2006, Garniel
et al. 2007). In comparisons among habitat types,
wetlands, grassland and natural woodland appeared
to have a larger proportion of affected species than
arable land or urban habitats (Reijnen et al. 1996,
Reijnen & Foppen 20006).

Traffic noise also decreases the value of human
recreation in natural environments, urban green areas
as well as more remote wilderness. Tranquility is
increasingly perceived as an important landscape
value (Shaw 1996, Health Council of the Netherlands
2006, National Board of Housing Building and
Planning 2007). Technical noise causes an array of
physiological and psychological effects in humans,
such as raised stress levels, disturbed conversation
and sleep, and increased ill-health (WHO 2000,
Mace et al. 2004). Outdoor environments provide
important opportunities for human physical exercise
and psychological restoration (Grahn & Stigsdotter
2003, Ottosson 2007, National Board of Housing
Building and Planning 2007), but technical noise has
a negative impact on the value of outdoor recreation
(Mace et al. 2004, Nilsson & Berglund 2006).

Interestingly, some of the most comprehensive
studies that we have come across concerning the
effects of noise on outdoor recreation (Nilsson
2007) and wild bird fauna (Reijnen & Foppen
1995, Reijnen et al. 1996) show strikingly similar
dose-effect relationships (Figure 1), which reveals
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Figure 1. Effects of noise on wild bird fauna and outdoor recreation; a) relative frequency of breeding birds in Dutch grasslands, adopted from Reijnen
et al. (1996), and b) proportion of visitors in Swedish urban-suburban green areas perceiving the soundscape as good or very good, adopted from Nilsson
(2007).
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a promising prospect for a coordinated treatment
of noise disturbance in environmental assessment
and mitigation. The first discernible effects occur
at noise levels of 42—47dBLAeq, at 48—49dBLAeq
the environmental quality (measured as perceived
soundscape quality for people and breeding population
density for birds, respectively) has dropped to 80% of
that in the undisturbed surroundings, and at 55dBL,
the environmental quality is halved. At higher noise
levels, environmental
asymptotically towards 10-20% of the undisturbed

surroundings.

quality further decreases

Due to its impact on wildlife and outdoor

recreation, noise emissions from  transport
infrastructure can be seen as a considerable problem
for nature conservation (Nilsson & Berglund 2006,
Swedish Environmental Protection Agency 2007,
Barber et al. 2010, Kociolek et al. 2011). With the
ongoing urbanization and the rise in motorization,
and the resulting increase in anthropogenic noise in
the landscape, the need for efficient noise mitigation
measures will further increase. However, until now,
the impact of traffic noise in natural environments has
only incidentally been addressed in Swedish transport
infrastructure planning. Present noise regulations
in Sweden (Swedish Government 2004a) and the
European Union (European Parliament and Council
2002) require traffic noise to be mitigated only in
residential areas. Existing general (non-binding)
advices on noise prevention in recreational areas,
issued by Swedish transport authorities (Swedish
Road Administration 2001), are rarely followed, even
by the authorities themselves. Sweden is not unique
in this sense; in most countries the impact of traffic
noise on wildlife is receiving scant attention (Reijnen
& Foppen 2006).

The lack of a practical method to assess the impact
of traffic noise in natural environments may be one
reason why this question not has been addressed
in planning and conservation. It has been argued
that without a baseline assessment, the obstacle to
implementation is twofold: i) there are no results
to illustrate the overall severity of the problem,
and ii) there are no means to identify priority sites
for mitigation (A. Sj6lund, Swedish Transport
Administration; personal communication).

In this paper, we describe a desktop method for

assessing regional scale impact of traffic noise on

areas of importance for nature conservation, with
special emphasis on important bird sites. The purpose
of the method is dual; to estimate the impact of
traffic noise on birds at larger geographic scales, and
to identify priority sites for mitigation efforts. We
present results derived from the method applied in
two Swedish regions with relatively low or moderate
traffic densities. The significance of the results in a
broader nature conservation perspective is discussed.

THE METHOD

In one sentence, the method maps the overlaps
between noise impact zones and important bird sites
within a specified region, and ranks the sites according
to priority for noise mitigation. The method offers a
standardized procedure, and relies on a number of
simplifications and assumptions described below. It
is a desktop method, in the sense that it uses only data
derived from existing data bases. The method is here
described as it was applied in the two case studies
presented below.

PREDICTION OF NOISE IMPACT ZONES

Traffic noise levels along roads were calculated
using the so-called Nordic prediction method
(Jonasson et al. 1996, Bendtsen 1999, Swedish
Environmental Protection Agency 2008), which
is the present standard prediction model for noise
propagation in Sweden. In order to make the model
operational at regional scale, we simplified it by
assuming no noise screening, flat terrain, road surface
in level with adjacent terrain, receiver at 2m above
ground level and soft (unpaved) ground surface
between road and receiver. Hence, only data on
traffic density (separated between light and heavy
vehicles) and signed speed were needed for model
input. Data were derived from the Swedish Data
Base for Road Traffic (http://www22.vv.se/nvdb2
templates/default  36975.aspx), administered by
the Swedish Transport Administration. Roads with
speed limits below 70km/h and with less than 3000
vehicles/day were excluded, because no significant
noise impact on birds has been proven for these minor
roads (Reijnen & Foppen 2006). Three noise impact
zones were calculated; the selection of zone intervals
being based on the dose-effect relationships described
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in previous research (see introduction and Figure 1),
and approximated to the nearest 5dB:

e inner impact zone: 55+dBL, ~— assumed to
correspond to an average 70% decrease in habitat
quality;

e mid impact zone: 50-55dBL, - assumed to
correspond to an average 30% decrease in habitat
quality; and

e outer impact zone: 45-50dBLAeq -
correspond to an average 10% decrease in habitat

quality.

assumed to

SELECTION OF HABITAT TYPES AND CRITERIA
FOR INCLUSION

In order to identify bird sites of conservation
concern, we selected four habitat types (bird lakes,
high nature value grasslands, large open bogs and
high nature value deciduous woodlands), based
on general knowledge about bird richness and
importance for particular species of conservation
concern (Berg & Tjernberg 1996, Part & Soderstrom
1999). Furthermore, a high proportion of the bird
species occurring in these habitats have been shown

to be negatively affected by noise (following Reijnen
et al. 1996, Reijnen & Foppen 2006).

Bird lakes

These are shallow lakes (Figure 2a) with a high
biodiversity and bird density, hosting a large number
of wetland bird species, many of which are red-listed.
Because no national survey of bird lakes has been
conducted, we defined these as areas where at least
4 of 8 indicator species were observed during the
breeding period in the last 5 years. As indicator species
for bird lakes the following were selected: pochard
(Aythya ferina), shoveler (Anas clypeata), horned
grebe (Podiceps auritus), coot (Fulica atra; only
breeding birds), black-headed gull (Larus ridibundus;
only breeding birds), grasshopper warbler (Locustella
naevia), reed warbler (Acrocephalus scirpaceus), and
sedge warbler (Acrocephalus schoenobaenus). Bird

observations were derived from the Species Gateway
(http://www.artportalen.se/birds), the national web-
based system for voluntary reports of observations
of birds administered by the Swedish Species
Information Centre.

Figure 2. Habitat types with assumed large importance to birds, and therefore selected for the method: a) bird lake, b) high nature value grassland, c)
large open bog, and d) high nature value deciduous woodland. Photos: Jan Olof Helldin.
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High nature value (HNV) grasslands

These are semi-natural grasslands (Figure 2b) —
pastures and meadows — that host a large proportion
of the declining agricultural bird community (Part
& Soderstrom 1999). In Sweden these grasslands
are often small in size. Therefore, grasslands
within <500m from each other were lumped into
one HNV grassland cluster, including a 250m
buffer zone around each grassland. Because larger
grassland areas are expected to have larger value
for birds, clusters <50ha were excluded. Data on
area and position of grasslands were derived from
the Swedish Grassland Survey (https://etjanst.sjv.se/
tuva2/site/index.htm), administered by the Swedish
Board of Agriculture.

Large open bogs

These (Figure 2c¢) often have low numbers of
bird species and individuals, but host species that
are characteristic for the boreal region (Bostrom &
Nilsson 1983). Because larger bogs are expected
to have larger value for birds, bogs <30ha were
excluded. Data on area and position of bogs were
derived from the Wetland Survey, accessed through
the Environmental Data Gateway (http://gpt.vic-
metria.nu/GeoPortal/#/startMenu), administered by
the Swedish Environmental Protection Agency.

High nature value (HNV) deciduous woodlands

Woodlands
species of particular conservation value: Quercus,

dominated by deciduous tree
Ulmus, Fagus, Tilia, Acer, Fraxinus and Carpinus
(Figure 2d). Such woodlands generally have a high
biodiversity and bird density, and host several bird
species on the red-list (Berg & Tjernberg 1996, Berg
et al. 2002). Because such woodlands in Sweden are
often small in size, woodlands within <500m from
each other were lumped into one HNV deciduous
woodland cluster, including a 250m buffer zone
around each woodland. Because larger deciduous
woodland areas are expected to have larger value
for birds, clusters <50ha were excluded. Data on
area and position of deciduous woodlands were
derived from the Swedish Forest Data Base (http://

www.skogsstyrelsen.se/Aga-och-bruka/Skogsbruk/
Karttjanster/Skogens-Kalla), administered by the
Swedish Forest Agency.

Inmost cases, data were available through internet
databases without cost. All data was downloaded
as shape files and further handled in ArcGIS 9
and Excel. Road data was recalculated to width of
the three noise impact zones as described above.
Overlaps between important bird sites (as defined by
the criteria described above) and the noise impact
zones were calculated. Each of the habitat types was
treated separately in the following procedure.

CALCULATIONS OF EFFECTIVE LOSS OF
HABITAT AND LOSS-PER-ROAD-LENGTH
RATIO

For each bird site overlapping with the noise impact
zones, the total overlapping area (all three zones
combined), the effective habitat loss, the length of the
road section causing the loss, and the loss-per-road-
length ratio were calculated (Figure 3). The effective
loss of habitat due to traffic noise was calculated as
the sum of habitat losses in the three impact zones,
and the habitat loss in each impact zone was in turn
calculated as the area in that zone multiplied by the
assumed decrease in habitat quality (70, 30 and 10%
for inner, mid and outer zones, respectively).

The road section causing the impact at each site
was defined as the road within 250m from the site (this
distance was arbitrarily selected to cover most impact
zones). The loss-per-road-length ratio was calculated
by dividing the effective habitat loss with the length
of the road section (ha/km). This calculation was done
because noise mitigation measures such as screens or
adapted paving have a constant cost per road meter, so
the ratio can be interpreted as an expected mitigation
efficiency, the amount of habitat that would be
recovered per distance of noise preventive measure
along the road. Because this was an aspect that was
developed late in the project, road length and loss-
per-road-length could only be calculated in one of the
case study regions (Mid-Sweden). In order to explore
the data, correlations were tested between 1) effective
habitat loss and size of each site, and ii) effective
habitat loss and the length of the road section causing
the impact at each site.
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Figure 3. Principal illustration of expected impact zones along larger roads, the area overlapping with a bird site (A+B+C),
the effective habitat loss for the site (A x 0.7+B x 0.3+C x 0.1), and the length of the road section causing the loss. Further
explanations are given in the text.

THE CASE STUDY REGIONS

We applied the method in two Swedish regions,
Mid-Sweden and West Gotaland (Figure 4), during
2009-2011.

Figure 4. Map of Sweden, with location of the two case study regions
(grey areas), with their networks of larger roads (black lines).

Oecol. Aust., 17(1): 48-62, 2013

REGION MID-SWEDEN

This 117,000km? region is sparsely populated
(7.8 inhabitants/km?), with a density of the state
road net of 18km road/100km? and the traffic density
on this road net is on average about 360 vehicles/
road km. The natural environment in the region is
typically boreal; hilly terrain covered by coniferous
forest, and with a high frequency of bogs. The few
agricultural areas, villages and towns are generally
concentrated in narrow river valleys. HNV deciduous
woodlands are largely lacking.

REGION WEST GOTALAND

This 25,000km? region is more densely populated
with Swedish standards (66.1 inhabitants/km?), and
include one of Sweden’s larger cities, Gothenburg.
The density of the state road net in this region is
62km road/100km? and the traffic density on these
roads is on average about 740 vehicles/road km. Also
in this region, hilly terrain with coniferous forest of
boreal type is a dominant trait, but with nemoral/
continental elements; agricultural land makes up a
larger proportion, at some places concentrated in
agricultural plains, and HNV deciduous woodlands
occur.

It should be noted that despite the different traffic
intensity in the two regions, neither of them can be
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considered densely populated, nor densely roaded,
in comparison with, for example, western and
central Europe, were road densities in most parts are
considerably higher (Jaeger et al. 2011).

RESULTS FROM THE CASE STUDIES
REGIONAL LEVEL IMPACT

In Mid-Sweden, the total length of the roads
included was 1,570km, and the total width of the
predicted noise impact zones along these roads
varied between 110 and 350m on each side of the
road. The noise impact zones covered a total of
735km?, or 0.63% of the total area of the region. The
impact zones affected 8.4% of the bird lakes, 6.9%

of HNV grassland clusters, and 1.5% of the large
open bogs in the region (Table 1; see also Figure
5 for an example). In most cases the impact zones
covered only a minor part of each bird site, and
the proportion of the total area of each habitat type
within the impact zones was therefore considerably
lower; 1.4% of the total bird lake area, 2.0% of
HNYV grassland cluster, and 0.1% of large open bog
(Table 1). The effective habitat losses due to traffic
noise were 0.48km? bird lake (=0.3% of a total of
154km? bird lake; Table 1), 3.63km? HNV grassland
cluster (=0.6% of totally 635km?), and 2.22km?
large open bog (=0.02% of totally 11,680km?). Due
to the low occurrence of HNV deciduous woodland
in the region, this habitat type was excluded from
the analysis.

Table 1. Results for each of the selected habitat types in the two case studies.

HNV Laree open HNV decid.
Bird lakes grassland £¢op woodland
bogs
clusters clusters
I. Mid-Sweden
a) Total n° of sites in the region 153 726 5600 -
b) N° of sites within impact zones 13 50 85 -
c) Total area in the region (ha) 15400 63 500 1 168 000 -
d) Total area within impact zones (ha) 210 1290 1050 -
e) Total effective habitat loss in the region 50 360 20 i
(ha)
f) Effective habitat loss per affected site
(ha, mean=SD) 3.7£3.1 7.3£6.1 2.6£3.3 -
g) Road length per affected site (km, 1412 13207 1312 i
mean+SD)
h) Loss-per-road-length ratio (ha/km, 28417 13216 18216 i
mean+SD)
II. West Gétaland
a) Total n° of sites in the region 120 1736 998 476
b) N° of sites within impact zones 19 261 87 83
c) Total area in the region (ha) 19 900 235500 97 100 42 000
d) Total area within impact zones (ha) 340 9100 1270 2790
e) Total effective habitat loss in the region 30 2690 330 730
(ha)
f) Effective habitat loss per affected site 454102 1034117 3.846.4 2.849.0

(ha, mean+SD)

Oecol. Aust., 17(1): 48-62, 2013
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Figure 5. Bird lakes covered by the noise impact zone (black circles) and outside the noise impact zone
(white circles) in Mid-Sweden.

In the region West Gotaland, the total length of the
included roads was 2,624km, and the total width of
the predicted noise impact zones varied between 95
and 1,410m on each side. The impact zones together
covered 1,133km? in total, or 3.28% of the region’s
total area, and affected 15.8% of the bird lakes,
15.0% of HNV grassland clusters, 8.7% of the large
open bogs, and 17.4% of the region’s HNV deciduous
woodland clusters (Table 1). The proportion of the
total area of each habitat type covered by the noise
impact zones was 1.7% of the total bird lake area,
3.9% of HNV grassland clusters, 1.3% of large open
bog, and 6.6% of HNV deciduous woodland clusters
(Table 1). The effective habitat losses due to traffic
noise were 0.8km? bird lake (=0.4% of a total of
199km? bird lake; Table 1), 26.9km> HNV grassland
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cluster (=1.1% of totally 2,355km?), 3.3km?* large
open bog (=0.3% of totally 971km?), and 7.3km?
HNYV deciduous woodland cluster (=1.7% of totally
420km?).

SITE LEVEL IMPACT

Both the size of the sites and the effective habitat
loss varied greatly among sites in each region
and habitat type (Tables 1 and 2). The variation in
effective habitat loss indicated that a smaller number
of sites constituted particular conflict points, where
much of the total habitat loss was concentrated. For
example in bird lakes in region Mid-Sweden, >50%
of the total habitat loss derived from the four most
affected sites (Table 2). The variation among sites
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in size and effective habitat loss were not strongly
correlated, neither in Mid-Sweden (r><0.20 for the
three habitat types) nor in West Gotaland (r’<0.10

for the four habitat types), showing that the effective
habitat loss was not well associated with the size of
the site.

Table 2. Bird lakes in region Mid-Sweden, as an example of calculations of effective loss of habitat due to traffic noise and

mitigation efficiency. Lakes are sorted by size.

2 - £
~ - 2 £ 2
& = 2 = =~
= g~ Z < T E
Name of site and location § = 2 B 2 e %
< o - 9 oL =
2 z 5 9 2=
[ 3 2 g &%
G2 & & &
[Sa} —
Lake Havran, Hedemora 1132 1.08 0.1 1.04 1.04
Lake Idbyfjarden, Ornskoldsvik 607 0.57 0.1 0.14 3.92
Lake Séssman, Edsbyn 473 9.50 2.0 4.48 2.12
Lake Sonnboviken, Avesta 439 7.12 1.0 1.06 6.71
Lake Andsjon, Froson 347 6.76 1.9 1.51 4.48
Lake Mardéngsjon, Givle 237 5.18 2.2 1.35 3.84
Lake Hillesjon, Gévle 236 2.99 1.2 1.48 2.07
Lake Selangersfjarden, Sundsvall 145 6.14 4.2 2.86 2.15
Lindénget/Lake Orsasjon, Orsa 136 1.59 0.0 1.49 1.07
Lake Limsjon, Leksand 133 5.08 3.8 1.65 3.09
Lake Karlslundstjarn, Falun 32 1.50 4.7 0.95 1.58
Lake Lillsjén, Ostersund 26 0.02 0.1 0.00 -
Leachate pond, Hudiksvall’s dump 5 0.79 15.8 0.69 1.14
The length of the road section causing the impact DISCUSSION

(only measured in region Mid-Sweden) were for
most sites between a few hundred meters and a few
km, with a mean around 1.3km (Tables 1 and 2). The
variation in the road length explained 42-63% of the
variation in effective habitat loss (r>=0.42 to 0.63 for
the three habitat types). The ratio of loss-per-road-
length averaged around a few ha/km road (Table
1), with maximum values for individual bird lakes
6.7ha/km (Table 2), HNV grasslands 8.4ha/km, and
large open bogs 5.3ha/km.

The case studies showed that the predicted noise
impact zones cover only a few percent of the total
area of these two swedish regions. Still a considerably
larger proportion of the important bird sites are
to some degree impacted by noise, for exemple
13.5% of all bird sites (450/3330) identified in West
Gotaland. Even if the noise impacts only part of a
site it is possible that this will create secondary, long-
term effects on the area as a whole, for exemple by
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an increased pressure on the non-disturbed parts, or
by reducing the total population size of some species
below critical population thresholds.

Even if only considering the area within the noise
impact zones, important bird sites may to some
degree be more affected by noise than the average
landscape. In the present case studies, bird lakes and
HNV grassland in region Mid-Sweden and HNV
deciduous woodland in West Goétaland overlapped
with the noise impact zones 2-3 times more than
the average landscape for the respective region.
The reason to this pattern is probably to be found in
landscape structure; both some bird rich habitats and
human settlements, with associated roads, tend to be
concentrated in agricultural areas and river valleys.
Traffic noise may therefore have a disproportionate
impact on some important bird habitats.

Previous attempts to estimate the proportion of
habitats ecologically affected by roads have presented
higher estimates than the present cases. Reijnen &
Foppen (2006) concluded that between 8 and 19%
of bird habitat area in the Netherlands was located
within road effect zones, where noise is expected to
be the dominating road-induced factor affecting bird
density. Forman (2000) estimated that at least 20% of
the land area in the United States is affected by roads,
but in that assessment a variety of taxa and effects
were included (in addition to noise, also mortality
and barrier effects, hydrology, spread of exotic plants,
etc.), so the study from the Netherlands is more
comparable to our study. Obviously, the Netherlands
has on average a much denser road net and higher
traffic densities than Sweden, which explains the
larger effect of traffic noise. However, our results
highlight that also in regions with low or moderate
traffic densities, critical noise levels may be reached
at many sites of importance for nature conservation.
In addition, the disproportionate impact on certain
habitats due to landscape structure can make noise
disturbance a more serious issue than first expected.

Because areas impacted by noise are not totally
lost as bird habitat, only their value as habitat
impaired, we calculated an effective loss of habitat
due to noise, taking into consideration the expected
relative decrease in bird abundance at different noise
levels. The effective loss of habitat ranged from 0.02
to 0.6% of the total area of the selected habitat types in
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the region with the lower traffic density, and from 0.3
to 1.7% in the region with the higher traffic density.
These figures can be taken as estimates of the relative
conservation debt of traffic noise in the two regions.

Clearly one can argue that if not more than a few
percent of the important bird habitat is lost, traffic
noise is a small threat to the conservation of birds,
and other factors (in Sweden mainly habitat changes
due to agriculture and forestry) probably have a
larger general impact on bird populations. However,
noise effects may well be additive to other impacts,
and therefore critical to bird conservation under
the present circumstances. Furthermore, according
to principles stated in article 6b of the Convention
on Biological Diversity (United Nations 1992),
each sector is responsible for its own impact on
biodiversity. Particularly at the restricted number
of major conflict points, it is of potentially high
conservation importance that noise emissions are
mitigated.

This in turn points at the importance of identifying
such major conflict points. The effective loss of
habitat at individual sites provides one possible basis
for the ranking of sites. As indicated by our results,
much of the total habitat loss is concentrated to a
relatively small number of sites of each habitat type,
and should therefore be possible to mitigate with
limited efforts. The described method will, however,
not point out any cut off value, that is what sites that
need to be mitigated and what sites that need no
measures, since this is a matter of policy and available
funding. As described in the introduction, present
swedish environmental legislation does not state
acceptable noise levels in natural environments, but
environmental targets refer to the long-term viability
of populations (Swedish Government 2004b). We
therefore recommend that any mitigation efforts are
accompanied by field monitoring of their effect on
bird populations, to provide data for assessing the
compliance of the road system to environmental
targets.

An alternative for identifying priority sites for
mitigation, that may appear more practically relevant,
is to rank according to the loss-per-road-length ratio.
This ratio indicates the amount of habitat that would
be recovered per distance of road if noise mitigation
would be conducted at the site. With the assumption
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that any noise mitigation has a constant cost per road
meter (which is true for the most common noise
mitigation measures, such as walls, earth berms or
noise-absorbing paving), it points out the most cost-
efficient road stretches to mitigate.

By calculating the effective habitat loss and
pointing out the major conflict points, the present
method is qualitatively different from previously
published attempts to estimate road effects on larger
geographic scales (Forman 2000, Reijnen & Foppen
2006). The method was developed to provide a
reasonable trade-off between ecological rigour and
the simplification often required by management. One
assumption in the method that could be discussed is
that the character of the impact on habitat quality is
equal over the gradient in noise level, so that the loss
in a certain area within the inner impact zone equals
the loss in a three times larger area in the mid zone or
in a seven times larger area in the outer zone. Another
simplification is that the method does not take site-
specific conservation value within habitat types into
consideration. The biodiversity and conservation
status may vary considerably among sites (Collinder
et al. 2012), but because current swedish nature
conservation management does not provide any
generally accepted means to assess the conservation
value of a site or an area, we chose not to include
this aspect. Obviously also the simplified noise
propagation model may open for misclassifications
of sites, but detailed noise predictions (including for
example effects of topography and ground structure)
applied at a regional scale would be very expensive,
and were judged not cost-efficient. All in all we believe
that we found a reasonable balance between rigour
and applicability, but the details in the application of
the method as well as in the presentation of results
can of course be fine-tuned.

Moreover, the method as it is described here is
developed for a swedish context and relies on data not
available in all countries. Adaptation of the method
would be necessary in other biogeographical regions and
with available data being of less or different detail. The
minimum requirements are that a selection of important
bird habitats can be made, that baseline data of the
geographic distribution of these habitats are available,
and that an established model for noise propagation can
be applied to the entire road network at reasonable cost.

We want to underline that the described method is
designed to work as a first and coarse identification
of priority sites for mitigation. Before any practical
mitigation is conducted, a field based assessment
should be made to establish the appropriateness of the
action at that particular site. Such an assessment may
reveal local circumstances not covered by the method,
such as topography or additional (non-traffic) noise
sources, that would alter the expected effectiveness of
mitigation efforts. A site-specific assessment should
also involve a detailed noise propagation prediction.

Although only recently presented in the context
of swedish infrastructure planning and environmental
management (Bengtsson et al. 2009, Collinder et
al. 2012), the described method has been adopted
(in slightly adapted versions) in the environmental
assessment of a large swedish infrastructure project
under construction (Collinder & Bengtsson 2010)
and as input to landscape analyses in infrastructure
planning (Swedish Transport Administration 2012).
Albeit this implementation of the method in current
transport infrastructure planning can be considered a
success, it has yet to be proven whether the process
will eventually lead to practical action to mitigate the
propagation of noise in particularly vulnerable natural
environments such as bird sites.

The habitat types included in the described method
were selected primarily on the basis of value for birds.
However, they tend to be important habitats also for
other taxa, such as amphibians and bats (possibly
with the exception of bogs; Ahlén et al. 1995, Ahlén
2006), and also for other taxa that may be negatively
affected by traffic noise (see introduction). Similarly,
these habitat types are also expected to be of value
for human recreation, because of their accessibility,
high biodiversity and wilderness qualities (National
Board of Housing Building and Planning 2007,
Slabbekoorn & Ripmeester 2008). Hence, we argue
that birds are useful indicators of nature conservation
value in a broader perspective, and particularly in
relation to noise disturbance. The species-rich and
important bird taxon may well be reason enough for
substantial conservation efforts, but noise mitigation
in important bird areas will probably have multiple
conservation benefits (Mace et al. 2004, Slabbekoorn
& Ripmeester 2008, Arévalo & Newhard 2011,
Kociolek et al. 2011).
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