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The paper deals with di�culties that are encountered by investors and decision-making authorities in the course
of investment processes involving construction of wind power plants. Moreover, attention is focused on absence of
standardized procedures that could be used to determine environmental impact of wind turbines, mainly in the
scope of acoustic e�ects appearing in conditions typical for operation of such devices (strong wind), high elevation
of related noise sources, and the nature of the sound emission (tonality and amplitude modulation). Lack of such
procedures is a source of serious ambiguities developing in assessment of all investment stages � planning and
forecasting, construction, and operation. An additional problem arises in the case of power plants located in the
vicinity of Natura 2000 area, where construction projects are often obstructed on the grounds of unclear criteria
concerning, among other things, the e�ect of acoustic phenomena on birds, bats, and other animals. It follows
from the research presented in this paper that the consistent system of procedures and criteria should be worked
out on the grounds of long-term monitoring studies.
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1. Introduction

Construction of a new wind power plant becomes fre-
quently a source of emotions, sometimes evolving into
disputes, con�icts, and protests among local communi-
ties. Numerous international associations have been es-
tablished, gathering both fervent enthusiasts supported
by the wind turbine manufacturers' lobby and avowed
opponents of wind farms backed up by authorities re-
sponsible for wildlife conservation. In view of contin-
uously shrinking availability of areas o�ering favorable
conditions both from the windiness and access to electric
power network in Poland, such projects start to cross
borders of areas on which they would require a more de-
tailed assessment. In order to improve the overall quality
of reports providing statutory environmental impact as-
sessments and forecasts predicting such impact, experts
from FNEZ (Foundation for Sustainable Energy) in co-
operation with GDO� (General Directorate for Environ-
mental Protection) have worked out Guidelines in scope
of forecasting environmental impact of wind farms [1].
However, information contained in the document per-
tains mainly to administrative and legal requirements ap-
plicable to wind power plants, without any detailed ref-
erence to technical solutions. The guidelines contain also
recommendations concerning �good practices� applicable
to drawing up good investment projects and compiling
reliable reports on expected impact of such undertakings
on natural environment.
Such Provinces as Lubuskie, Zachodniopomorskie,

Warmi«sko-mazurskie, Podlaskie, and Podkarpackie,
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which are regions of potentially attractive for investors on
one hand, on the other are characterized with the high-
est share of Natura 2000 areas which represent 19.8%
of Poland's land are, including 144 special bird pro-
tection areas. Despite unquestionable necessity to de-
velop a system of environmentally clean energy sources
in Poland, investors' requests for construction permits
are frequently dismissed for reasons relating to negative
assessment of the e�ect of the planned undertakings on
the natural environment.

An example of problems arising in connection with con-
struction of wind turbines in the neighborhood of Natura
2000 areas are wind power plants in Górowo Iªaweckie
and S¦popol. The farms were planned to be constructed
on the Natura 2000 special bird protection area �Ostoja
Warmi«ska� (Warmia Reserve). This area is a refuge of
white stork sustaining 2% of its total population, and
one of the most important refuges for lesser spotted ea-
gle, sustaining 5% of the whole population of the species.
Moreover, the area is also a sanctuary for 46 bird species
listed in Annex I to the Birds Directive [2], represent-
ing mainly the breeding species. Indeed, the report on
environmental impact of the planned wind farm project
admitted the necessity to determine actual value of in-
dividual fragments of the area, make location of farms
conditional on the obtained results, and thus avoid any
substantial hazard to the birds, but objectors to the un-
dertaking were still able to demonstrate insu�ciency of
information provided in the investment documentation
not allowing to exclude possible negative impact of the
planned investments on the environment. Planned loca-
tion of wind farms were selected regardless of routes used
by birds of protected species to access their main preying
areas, and assessments of expected impact of the planned
investment project on bats have been carried out in an
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inadequate scope and with the use of improper method-
ologies. It is however unclear whether di�erent positions
taken by authors of the report on one hand and the re-
viewers on the other were the result of negligence on the
side of experts compiling the assessment or ambiguous
requirements and criteria applicable to assessment of en-
vironmental impact of wind turbines.
A draft version of document entitled Guidelines con-

cerning the impact of wind power plants on bats [3], con-
tent of which was consulted with practitioners and ex-
perts dealing with protection of bats in the territory of
Poland, presents a harmonized and precise system of
research methods in line with recommendations of the
Agreement on the Conservation of Populations of Euro-
pean Bats (EUROBATS). However, authors of the pro-
posal note with regret that the negative impact of barri-
ers on migration routes and the scary e�ect forcing bats
to leave their feeding grounds in connection with already
existing wind power plants is still unsatisfactorily identi-
�ed. The related analysis is hindered by the fact that re-
action of these mammals in the contact with wind power
farms are di�erent in individual species. Population of
bats in Poland can be categorized into groups charac-
terized with di�erent degree of exposure to fatal thread
in collisions with wind power turbines: species with very
high, high, moderate, low, and very low exposure to mor-
tality. The high risk group comprises bat species that
�y fast but not very nimbly, prey in the open air, and
undertake seasonal migrations. However, there are re-
gions where a very high activity of bats is observed with
very low mortality. A thesis has been therefore put for-
ward that mortality among bats is usually positively cor-
related with power plant's tower height, rotor diameter,
and rated turbine power; however, possible correlation
between the noise emitted by wind farms with activity
variations or just mortality among bats was not discussed
in the report. In view of the fact that the poorly rec-
ognized impact of wind power plants on bats becomes
apparent most distinctly only after putting turbines into
operation, any report on potential environmental impact
of the investment may be considered insu�cient already
at the moment of submission.
The negative impact of wind farms on birds and bats

is discussed in numerous scienti�c papers, however both
nature and scale of the involved e�ects, as it has been
already mentioned above, are very di�erent and di�cult
to estimate. Literature of the subject analyses the ad-
verse e�ect of wind farms on birds in the following four
aspects [4, 5]:

• Killing as a result of collision of birds with fast
moving rotor blades (collision mortality). On the
other hand, bats, despite their echo ranging abili-
ties, die as a result of lungs rupture caused by rapid
pressure drop (pulmonary barotrauma). The risk
of collision, similarly as in bats, depends strongly
on bird species [5]. The high-risk group includes
mainly the birds of prey (Accipitriformes, preda-
tors), and in particular, white-tailed eagle, red kite,

common buzzard, and golden eagle, with Eurasian
skylark alike representing a high percentage among
the victims. High susceptibility to collisions is also
characteristic for birds migrating in the night;

• Scaring the birds o� both in the stage of construc-
tion and later in the course of operation by noise
and vibration that can results in driving them to
other locations and loosing their previous breeding
grounds or feeding areas (displacement due to dis-
turbance);

• The so-called barrier e�ect � constrained changes
of passage routes where a wind farm located on the
�ight route between the roost site and the prey-
ing area forces the birds to take a roundabout way
twice a day (or more times in the case of birds feed-
ing their nestlings) for up to 100 days in the year
in some cases, which may result in an increased cu-
mulative energy consumption and correspondingly
increased mortality among birds;

• Loss of habitat areas and feeding grounds as result
of transformation of the land (habitat change and
loss).

The examples quoted above represent only a fraction of
issues that the investors planning erection of wind farms
must stand up to. Moreover, it turned out to be im-
possible to work out any clear stance with respect to
possible harmfulness of wind turbines and in case of its
actual existence, develop any explicit assessment crite-
ria. The reasons include, among other things, diversity
of wind turbine designs and methods used in working out
the statutory environmental impact assessment. An im-
portant factor is also the subjective selection of research
methods applied when review papers are compiled � re-
sults di�er signi�cantly depending on who, wind turbine
construction supporters or opponents, are authors com-
piling or employers commissioning making out the envi-
ronmental assessment report.
No research is currently conducted that would be

aimed at determining the e�ect of sound emitted by wind
farms in Natura 2000 area although it is a well-know fact
that such noise is the source of occurrence of the barrier
e�ect and scaring the birds o�, ultimately resulting in
driving them from their habitats.

2. Legal instruments concerning the e�ect of

wind turbines on environment

Because of lack of su�ciently detailed legal regulations
concerning assessment of environmental impact of wind
turbines in scope of acoustic e�ects, authors of the assess-
ment reports use methodologies and standards pertaining
to industrial noise (generated by manufacturing plants).
In view of speci�c conditions in which the turbines op-
erate, i.e. high wind speeds and location at large alti-
tudes, as well as the speci�c type of the noise they emit,
currently applicable methods used to asses the e�ect of
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such noise raise doubts in all stages of the proceedings
� modeling, measuring, and applying assessment crite-
ria. Fundamental legal instruments applicable currently
to the subject matter discussed here include:

• The Act `Environment Protection Law' of 27 April
2001 [6], Division V `Protection Against Noise', as
a higher-order document, together with executive
acts, especially Regulation [7] of the Ministry of
Environment of 4 November 2008 on requirements
in scope of carrying out measurements of emissions
and measurements of water intake and Regulation
of 14 June 2007 on admissible noise levels in the
environment [8];

• Act of 3 October 2008 on providing information
on the environment and environmental protection,
public participation in environmental protection
and on environmental impact assessment, regulat-
ing the course of issuance of environment usage per-
mits, in this case concerning assessments of impact
on Natura 2000 areas necessary to obtain the build-
ing permit [9].

From the point of view weather conditions, the method
applicable for determination of acoustic power, which
is the basic input quantity for further calculations, re-
mains still ambiguous. In this aspect, it is possible to
use methods proposed in the European Noise Directive
(END) [10], EN ISO 3744 (the engineering method) [11],
EN ISO 3746 (the survey method) [12], and ISO 8297 [13]
(the engineering method dedicated for small enterprises)
or, on the other hand, the method speci�ed in EN 61400-
11 [14] and dedicated for measuring noise (sound power)
generated by wind turbines. Nevertheless, none of the
methods is described as the �recommended� one. In view
of the above, even in the initial stage of modeling the
noise pattern in vicinity of wind turbines, it is possible
to use di�erent methodologies. It is also necessary to note
that in many cases, turbines installed in Poland were op-
erated earlier elsewhere, sometimes for many years, and
therefore the are likely to represent rather obsolete con-
struction designs.
According to commercial speci�cations, the acoustic

power level for wind turbines quoted by di�erent manu-
facturers may vary from 98 to 115 dB(A) for units with
rated electric power from 0.5 MW to 2 MW and at wind
speed of about 15 m/s measured at the nacelle altitude.
Typical heights of wind turbine towers are 70 m, 80 m,
or 100 m, with blade length reaching up to 50 meters.
It is worth mentioning that the main source of sound

emitted by a wind turbine, i.e. the aerodynamic noise
generated by rotor blades, is typically modeled as a point
omnidirectional source located at a height corresponding
to the turbine nacelle altitude. Actually, wind turbines
are directional sources with maximum noise levels occur-
ring to leeward of them.
Another stage of determining the noise distribution

pattern involves the use of calculation algorithms. In

most countries of the world, including Scandinavia with
its most dense network of wind turbines, algorithms
based on ISO standards 9613-2 [15] and 9613-1 [16] are
used. However, ISO 9613-2, although commonly recog-
nized as the most useful for modeling noise propaga-
tion in the environment, pertain to sources located up
to 30 m above the ground level (a.g.l.). The main noise
sources, i.e. the nacelle and rotor blades, are mounted
much higher, and additionally end parts of the blades
are in permanent motion with linear velocity falling usu-
ally in the range 70�100 m/s. The blade tip representing
the main source of noise is characterized with varying
height above the ground level and thus operates in vari-
able (changing with the height) sound propagation con-
ditions. Another factor raising doubts in connection with
application of the standard to modeling noise generated
by wind turbines is the ground factor default value of
which assumed in the WindPro program is G = 1. Such
assumption is disputable from the physical point of view
as the ground impedance, value of which is essential for
determining the damping factor, depends not only on the
ground structure but also on the sound wave incident
angle that varies with elevation of the source. Further
reservations concern the method of taking into account
the wind direction and velocity. In the case of classic
noise sources, calculations can be carried out for wind-
less conditions, but in the case of turbines, the wind is
the natural environment for operation in which they are
designed. Algorithms provided by this standard allow to
perform only the calculations �with the wind� without its
speed and height-dependent gradient pro�le taken into
account.

Wind turbine noise measurements are not just sound
power surveys, but also environmental studies that are
required (in Poland) to be carried out in accordance with
the reference methodology [7], therefore with all its pro-
visions taken into account. Conditions concerning appli-
cability of the method provide for some limiting weather
conditions with the maximum wind speed is 5 m/s at
height of the measuring microphone (4 meters in a de-
veloped area and 1.5 m for an undeveloped area). In the
case of measurements aimed at determination of acoustic
impact of wind power plants on the environment, noise
measurements can be considered reliable only when the
monitored turbine reaches its rated operating condition.
This occurs for the wind speed above 10�12 m/s at the
nacelle altitude (70�100 m) which translates to about 7
m/s at altitude 10 m and a similar speed at 4 m a.g.l.
At wind speeds of the order of 3�5 m/s at height of 4
m, wind turbines work well under their rated power and
thus are much less noisy. A negative e�ect of the wind
speed on the acoustic pressure measurement results has
been taken into account in the standard PN-EN 61400-
11 [14]. According to provisions of the norm, measure-
ments are to be taken in at least four points around the
power plant. A microphone, protected with two wind-
screens, is placed on a dedicated circular plate with the
diameter of 1 m as a minimum located directly on the
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ground (0.05 m a.g.l.). At the same time, measured are:
the equivalent A-weighted sound level; spectrum in 1/3
octave bands; rotor rotation period; and wind velocity
and direction. Adoption of such methodology allows to
obtain: the acoustic power level; noise emission as a func-
tion of wind speed; directivity; emission levels in 1/3 oc-
tave frequency bands in the range 0.8�20 kHz (including
infrasound and low-frequency noise), tonality, and pulsa-
tion characteristics including amplitude modulation. Ap-
plication of the method speci�ed in EN 61400-11 [14],
though allows to carry out measurements at higher wind
speed (above 5 m/s), does not solve the problem of con-
version of the value measured on the ground level into
the height of 4 m a.g.l. A strong, if not the strongest,
controversy is aroused by wind turbine noise assessment
carried out taking into account the criteria applicable
in the light of Regulation of the Minister of Environ-
ment [8] which are based, for the purpose of establish-
ing conditions of the use of environment, on equivalent
noise levels LAeqD and LAeqN , [17], while the criteria
determined in the long-term environment noise protec-
tion policy refer to levels LDEN and LN [10]. There are
therefore no grounds on which authors of environmental
impact assessments would be obliged to take into account
some characteristic features of noise generated by wind
turbines, namely the amplitude modulation and tonality,
as well as the infrasonic noise issue frequently raised by
the opponents protesting against erecting wind farms in
sensitive regions.

Lack of unambiguous and detailed legal instruments
within the scope of wind turbine noise assessment results,
just like in the case of measurement methodologies, in sit-
uation where criteria used to assess arduousness of noise
generated by turbines are the same as those applicable to
other noise sources (i.e. to the industrial noise) [8], which
stirs up signi�cant (and understandable) controversy.

While the methodologies used to assess the impact of
noise generated by wind turbines on humans are already
relatively consolidated, though still lacking su�cient es-
tablishment in legal instruments†, the impact of wind
turbine noise on the animal kingdom lacks practically
any speci�cally oriented research back-up. Opinions con-
cerning the issue of sensitivity of the animal world to
noise range from views equaling it with reactions demon-
strated by humans to �rm claims that the animal king-
dom is much more sensitive to alien sound including, of
course, the noise coming from wind turbines. None of
these stances should be accepted unconditionally, at least
because of the fact that animals (and birds) have quite
di�erent �hearing characteristics�, in any case far from be-
ing recognized. Moreover, the phenomenon of the noise
itself encompasses not only an �objectively� measured A-
weighted sound pressure level, even if corrected for pulsa-

†In Poland, studies aimed at working out a methodology for

wind turbine noise measurements are now in progress.

tion and tonality, and in the case of wind turbines addi-
tionally for amplitude modulation; on the contrary, noise
must be considered as a subjective factor, taking into
account also such circumstances as e.g. the time of the
day and the place where the subjects (people or other
animals) are exposed to this type of hazard. In view of
quite frequent (and costly) instances where investments
planned in the neighborhood of Natura 2000 areas are ob-
structed because of, among other things, excessive noise
generated by them, there is an urgent need to carry out
research allowing to make noise assessment criteria ap-
plicable to Natura 2000 areas more objective, especially
for wind turbines taken into account as a good example.
The doubts raised in the above-mentioned opinions have
been also con�rmed by own studies carried out by the
present authors on the wind farm site in �¦ki Dukielskie.

3. Acoustical studies on �¦ki Dukielskie wind

farm

The study was carried out on the wind farm site in
�¦ki Dukielskie (Podkarpackie Province) put into oper-
ation in 2009. The facility comprises 5 wind turbines
manufactured by REPower with rated electric power of
2 MW, rotor diameter (blade span) of 92 m, and tower
height of 100 m each. The electric power units installed
in the farm are MM92 models typically used in areas with
low or average wind speeds. Annual output of this wind
power plant is estimated as 20�24 GWh. The investor
was a Portugal company Martifer Renewables, and since
2011 the farm is owned by IKEA group.
In the territory of Gmina of Dukla, the following

Natura 2000 areas exist [18]:
1) habitat areas: Ostoja Magurska, Ostoja Ja±liska, Ja-
sioªka, Trzciana, and �ysa Góra;
2) areas subject to the Birds Directive: Beskid Niski. The
forest fauna refuges are populated by e.g. brown bear
(Ursus arctos), wolf (Canis lupus) and Eurasian lynx
(Lynx lynx ). Reserves Kornuty and Ko±cióª in Bednarka
are habitats of Geo�roy's bat Myotis emarginatus and
Bechstein's bat Myotis bechsteini. Areas subject to pro-
visions of the Birds Directive in the Beskid Niski moun-
tains are the habitat of, among other species, black stork,
lesser spotted eagle, golden eagle, com crake, Eurasian
pygmy owl, Ural owl, European nightjar, king�sher,
gray-headed woodpecker, white-backed woodpecker, Syr-
ian woodpecker, three-toed woodpecker, red-breasted �y-
catcher, lesser spotted eagle, Ural owl, and golden eagle.
Some species living in the Beskid Niski area are listed in
Poland's Red Book as the endangered ones.
The environmental impact assessment for the planned

investment has been carried out in 2003 and presented
for public consultations in 2004. According to indepen-
dent opinions on the e�ect of the investment on birds
worked out at that time, no essential hazards to the en-
vironment were found. Next, in the year 2010, a meet-
ing of the National Committee for Environmental Impact
Assessments was held. As a result of analysis of the doc-
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umentation concerning environmental impact of under-
takings involving construction of another wind farms and
planned to be realized in Podkarpackie Voivodship, the
Committee raised objections concerning documentation
submitted in the framework of the permit granting pro-
cedure. Its opinion pointed out the lack of su�ciently ex-
haustive information concerning the e�ect of investment
on species protected under the Birds Directive and the
Habitats Directive, improper scope of ornithological and
chiropterological studies, and lack of analyses taking into
account various cumulated e�ects. In the �nal conclu-
sions, the Committee stated that in view of their location
and scale, the planned undertakings might have signi�-
cantly negative e�ect on the environment. Requests for
positive opinions �led to the Committee and concerning
subsequent investment plans in the area were dismissed.
In view of the above, acoustical studies carried out for

the wind farm in �¦ki Dukielskie, located in the vicinity
of Natura 2000 area can constitute an important con-
tribution to discussion on undertakings that have a sig-
ni�cant impact on the natural environment. Relevant
measurements were carried out by the present authors
several times, i.e. in November 2011, and in August and
December 2013, in di�erent weather conditions (ambi-
ent temperature, atmospheric pressure, humidity, wind
speed, the land's vegetal cover).

4. Measurement methodology

The study on the wind farm site in �¦ki Dukielskie was
carried out according to two di�erent methodologies: (1)
the reference methodology [7], i.e. with the microphone
placed at the height of 4 m a.g.l. and equipped with a
standard windscreen, and (2) according to the method-
ology recommended in standard [14], i.e. with the mi-
crophone placed on the plate but equipped with a single
windscreen.

4.1. Example results

Results of measurements of noise generated by wind
farms are presented below in the form of acoustic pres-
sure level spectrum not corrected with A or G weighting
curves, i.e. LLINeq, in 1/3 octave bands. Such approach
allows to identify low-frequency components of the spec-
trum, including infrasound, for variants involving correc-
tions with the use of di�erent weighting curves, such as
A and G (Table). Results presented in Figs. 1 and 2
show the e�ect of wind direction on the noise directivity
pattern (mainly leeward and windward as well as the dif-
ference resulting from di�erent microphone heights above
the ground level).
Results presented in Table and Fig. 1 reveal directional

nature of wind power turbines as the sound sources.
Noise propagated �with the wind� (downwind, behind an
operating turbine) can be by from several to a dozen
or so decibels higher with respect to this measured in a
point situated in front of the working unit. The noise
reveals also a low-frequency spectral structure, although

Fig. 1. Unweighted spectrum of the sound pressure
level generated by wind power plant REPower MM92
for measurement points located to windward and lee-
ward on the examined area. Microphone placed at 4 m
a.g.l. (on a stand), wind speed 5.1 m/s at 10 m a.g.l..

Fig. 2. Unweighted spectrum of the sound pressure
level generated by wind power plant REPower MM92
measured in points to windward and leeward on the ex-
amined area. Microphone placed at 4 m a.g.l. (on a
stand), wind speed 2.1 m/s at 10 m a.g.l.

Fig. 3. Acoustic pressure level spectra in 1/3 octave
bands: black bars �microphone at 4 m a.g.l. (on a
stand); gray bars �microphone at 0.05 m a.g.l. (on the
plate).
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the acoustic pressure level values for low frequencies do
not disclose presence of any infrasound above the hearing
threshold (which is nearly 100 dB in the 10 Hz band).

Further, in Fig. 3, noise spectra measured with micro-
phone located on the plate (at 0.05 m a.g.l.) and on a
stand (at 4 m a.g.l.) are shown.

TABLE

Equivalent acoustic pressure levels: LLINeq (unweighted), LAeq (A-weighted), and LGeq (G-
weighted) in selected frequency bands for REPower MM92 wind power turbine measured at leeward
and windward points of the monitored area. Distance from the turbine tower base � 200 m; micro-
phone position � 4 m a.g.l.; wind speed � 5.1 m/s at 10 m a.g.l.

Frequency band
LLINeq (dB) LAeq (dB) LGeq (dB)

Leeward Windward Leeward Windward Leeward Windward
0.8�20000 Hz (full band) 97.4 81.6 � � � �
0.8�16 Hz (infrasound band) 97.1 81.6 � � 87.0 63.8
0.8�315 Hz (low frequency band) 97.2 81.6 � � 89.4 64.8
20�20000 Hz (audible band) 80.5 54.0 51.3 37.1 � �

It can be clearly seen from Fig. 3 that in the low fre-
quency range, the acoustic pressure level is de�nitely
higher than this at height of 4 m a.g.l. (the e�ect of
wind), while on the plate, higher values were measured
in the higher frequency regime (the e�ect of sound re-
�ected from the plate). It can be therefore stated that
placement of the microphone on a plate eliminates e�-
ciently the e�ect of wind on measurement results in the
low frequency range that could be misinterpreted as the
ultrasound. However, there is still the problem of the re-
lationship between the value measured on the plate and
at height of 4 m a.g.l. that also depend on the wind speed
an in the case of the study presented above varied from
1�2 dB(A) at slight breeze to 4 dB(A) at stronger wind.
In all probability, the most irritating feature of noise

generated by wind turbines are the sound level amplitude
modulations, i.e. the �swishing� noise. In turbines of
newer generations, the sound falls in the band ranging
from 250 Hz to 700 Hz, in older types it may exceed 1
kHz. This phenomenon is illustrated in Fig. 4 where it
can be seen that in short time intervals (2�3 seconds),
a periodical component with amplitude of about 5 dB
appears in the A-weighted sound pressure level.

5. Conclusions

Results of the research presented in this paper il-
lustrate typical problems encountered in the course of
preparing reports on environmental impact of wind power
stations on acoustic climate in the environment includ-
ing, �rst of all, the impact of directive pattern of noise
emitted by wind turbine on such assessment both in the
design stage and in the course of measurements and fur-
ther, ambiguity of measurement results acquired accord-
ing to (applicable) reference methodology [7], mainly in
view of strong dependence of such results on prevailing
wind velocity and direction.

Fig. 4. Modulation of A-weighted sound pressure level
(LAeq) for REPower MM92 turbine: black plot � mi-
crophone at 4 m a.g.l. (on a stand); gray plot � micro-
phone at 0.05 m a.g.l. (on the plate).

The study has revealed also existence and signi�cant
�uctuation of tonal sound components that are more and
more commonly praised as a dominant (apart from the
low-frequency noise) source of acoustic annoyance caused
by wind turbines. Examples quoted above include neg-
ative assessment of the e�ect of wind turbines on birds
and bats. It has been also noted that such assessment fail
to take into account the impact of noise, whereas in the
case of investment of other types criteria similar to those
applicable to assessment of noise arduousness to humans
are used.
The problems related to the impact of wind turbines

on acoustic climate pertain not only to land inhabited
by people, but also to areas protected under the Natura
2000 scheme, mainly in view of absence of harmonized
procedures applicable to preparation of reports concern-
ing environmental impact of investments that would take
into account typical conditions of operation of wind tur-
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bines, their location, and the type of noise generated
by such devices. The necessity to work out relevant
national-level documents that would establish conditions
to be met by undertakings that either always have or
may have a negative environmental impact, in accor-
dance with the sustainable development principle and
with consideration for social, economical, and environ-
mental needs was many times praised at meetings of the
Committee for Environmental Impact Assessments. It is
worthwhile to point out that the prepared draft versions
of related guidelines [3, 5] lack standardized procedures
for determining the e�ect of wind turbines on the envi-
ronment especially in scope of acoustic interactions that
would take into account the operation conditions normal
for this type of devices (strong wind), high altitude of
the involved sound sources, and the type of noise emit-
ted (tonality, amplitude modulation, and low-frequency
noise).
As a particularly urgent issue, one has to consider the

development of such measuring methodologies and as-
sessment criteria for noise generated by wind turbines
which would take into account speci�c operation condi-
tions and features of the emitted sound. Independently,
general methods applicable to assessment of the impact
of noise on Natura 2000 areas should be worked out. In
this context, there is an urgent need to continue research
on the relationship between the noise and behavior of
animals living in these protected habitats. Long-term
monitoring studies should be a base for development of
such assessment procedures and criteria.
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