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ABSTRACT - [ Formatado

In 1998, the Danish Environmental authorities ideshto restore approximately 16.000 ha of low-level
areas into functional wetlands, primarily lakes amd meadows under a national water management plan
(VMP2). The primary aim of VMP 2 was to reduce thewash of nitrogenous and phosphorous compounds
from cultivated farmland areas to lakes, fjords eodstal and offshore areas around Denmark. VMR w
also intended to increase biodiversity, and birdsevexpected to be among the first conspicuousesptr
colonise restored wetlands.

In Denmark, the authorities responsible for airpoginagement are obliged by the National Aviation
Authority to take actions to prohibit the establignt of habitats or landscape features within 13rom
airports that potentially attract birds. Hence arious conflict of interest exists between the Emwimental
and Aviation authorities in relation to restoringestablishing wetlands in suitable places negois.

To evaluate the potential bird strike risk from nertlands close to airports, a general assessriient o
expected bird occurrence (based on species speciflogy) in relation to various types of wetlands,
wetland size and shape and management strategisgompared to existing bird strike statistics from
Denmark 1992-2005. This comparison formed the Hasideveloping a basic geographical model, which
set out guidelines for what habitat changes maydomitted without increasing the risk of bird sér$k as

well as proscribing high risk actions in areas eltsairports. Basically the model outputs prettiat only
very minor habitat changes should be made withiméf airport runways, whereas larger wetland prsje
may be considered at distances between 6 and 1Béadjng careful evaluation of potential bird
movements across airport areas between the newxistihg wetlands. The model can be consideredsiz ba
tool in wetland management near airports, but gmieability and usefulness to specific airportdl wi
depend somewhat on specific local and regional kexbge of bird occurrence and movements.



Introduction

In 1987 the Danish government launched the wateragement plan, VMP 1, in order to reduce a marked
long-term outwash of nitrogenous and phosphoroogpoonds from cultivated farmland areas into lakes,
fjords and shallow coastal and offshore areas.&hbempounds had lead to undesirable increasesarae
eutrophication levels and to more frequently réagrincidences of oxygen depletion in waters over
extensive areas. The first water management plarfallawed by a second (VMP 2 in 1998) and a third
(VMP 3 in 2004), which together intended to resimr&6,000 ha low-lying areas into functional wetls,
primarily lakes and wet meadows. At the end of 2086 implementation of the plans had led to rediton
of approximately 6,800 ha, of which c. 3,800 hasisted of lakes and c. 3,000 ha consisted of wedmes
and marsh-like habitats along existing streamsicBHg, these habitats should reduce the dischayge
converting nitrogenous compounds into atmosphéetiogen, but restoration of wetland habitats shaiéd
aid in increasing the general biodiversity and iowernature quality and restoration/establishment of
wetlands was expected to immediately improve thelitimns for birds species associated with these
habitats.

Following the Danish Aviation authorities’ (SLV) igielines BL 3-16, Danish airport management
authorities were obliged to oppose the establishmiemabitats within a distance of 13 km from tliperts,
that potentially attract wildlife that would poseyerisk to flight safety. Given their flying behawir, birds
have long been recognised as critical speciedation to flight safety, and subject to specifiteation from
airport authorities, both within airport confinesdain adjacent areas.

In Denmark, the area covered by 13 km zones arairpdrts amounts to 13.5% of the total country area
and most of which belongs to a huge number of leméos with different interest in land use and
management. Thus, very frequently private and puatidowners apply for establishing small lakes and
ponds on their property on aesthetic grounds aridfoecreational use, while airport authorities
automatically oppose these projects with the argnirtieat more birds may be attracted to the gersees,
increasing the risk of bird-aircraft collisions. i&eally, final decisions of permits to establiskvneetland
habitats close to airports have been a matter déthltby the Nature Protection Board of Appeal, an
mechanism for arbitration organised within the Miry of Environment. As decisions taken by thisrdoa
are based on a legal framework, it has often nen lp@ssible to accommodate aviation perspectites in
judgements, especially since no reference matrigliidelines existed that combined bird occurrénce
habitats close to airports with risk assessmenkérdfstrikes. Thus there was an urgent need foerwict
guidelines on this subject, a need that was araglifiy the implementation of the water managememtspl

Acknowledging the conflict of interest and the né@da management tool, the Danish Forest and Batur
Agency contracted the National Environmental Rede#rstitute (NERI) to produce a technical repbstt
should set out guidelines and recommendationse&ioration and establishment of lakes and meadows i
proximity to airports. This report should specifigaonsider the potential attraction of birds hese
habitats and assess the associated potential chente risk of bird-aircraft collisions. The repwould be
based on existing knowledge on bird occurrencebah@viour in relation to specific types of wetland
habitats in order to predict the species compaoséitd abundance that could be expected to reeuit fr
wetland restoration projects, as well as taking atcount the general patterns of large/regiondl an
short/local bird movements and movements betwegtawt wetlands. Finally, the report would make
specific analyses of bird strikes recorded in Demimiraorder to pinpoint the bird species most frewfly
involved in bird strike incidences, and to asselsre, in relation to the airport and at what atttumost
bird strikes happen.

The present paper summarises very briefly the ipaits of the NERI report. The original report istten
in Danish, and can be accessed as an electronlicgtidn athttp://www2.dmu.dk/Pub/TA23.pdf




Methods

Data on bird occurrence and expected numeric regsaio restored wetlands by species associated with
wetland habitats were assessed through a compilatiexisting literature. The majority of the lisure

used originates from a series of Danish monitosimyeys conducted in relation to re-establisheddand
meadows during recent years (all published in Dar8gndergaarg & Jeppesen 1991, Brggger-Jensen &
Nghr 1992, Jacobsen 1994, Ringkgbing Amstkommu®©8,TRoft 1999) and from national monitoring
programmes covering migrating and wintering wateidin Danmark (e.g. Clausen et al. 1997).
Internationally publish papers on the relationshipsveen duck community composition and abundamce i
relation to habitat type and structure (e.g. Elrglegral. 1993, 1997), as well as studies of distnck effects
on waterbirds from hunting and other recreatiortivdies (e.g. Madsen 1998a, 1998b, Madsen & Fox
1995), was also included.

Bird species were roughly classified as speciescésgd with wetlands (lakes and meadows), both as
breeding and staging, and species that were notiagsd with these habitats. This is an arbitrary
classification, which considers species as wettpaties if they have the potential of occurringelatively
high numbers in these habitats at some time dah@gnnual cycle.

Data on recorded bird strikes in Denmark during2t2005 was obtained from annual bird-strike reports
(e.g., Pihl 1993, Hounisen 1998, Junker-Hansen 200penhagen Airport), covering the airports ofdktp
(EKYT), Billund (EKBI), Esbjerg (EKEB), Karup (EKK} Kastrup (EKCH), Odense (EKOD), Rgnne
(EKRN), Roskilde (EKRK), Skrydstrup (EKSP), Sgndendp(EKSB), Thisted (EKTS), Arhus (EKAH),
Veerkgse (EKVL) and Vandel (EKVA), which reporteddbstrikes to the Aviation authorities (SLV) in
relation to obligations under BL 3-16. In total @4%ird strikes were recorded during the period2t2905.
Of these, successful bird identifications were ioletd for 1,045 incidences, involving 74 differepesies.

Bird strike data includes only incidences record@tin airport near-zone, defined as strikes reedrd/hile
the aircraft are on the ground and at altitudeswdl,500 feet during take-off and below 1,000 fh&ing
landing. One bird strike record may include momntbne bird. The data includes bird strikes reabizle
both military and civil aircrafts.

Results and discussion

Bird occurrence in restored wetland habitats

Restoration or establishment of lakes and wet mesaddll generally improve the conditions for birds
associated with these types of habitats, leadirgtimcrease in species richness and in speciebarum
during all periods of the annual cycle. The nunmdamrurring will, however, to some extent dependhan t
size, shape and heterogeneity of the area, arfokoocturrence and intensity of human recreatiamites
and habitat management.

In association with lakes, the number of breedindsbwill generally increase with lake size, buidbi
numbers will also depend on factors such as wagethd shore-line vegetation and the presence df sma
islet/islands, that set limits to foraging area arekence of predator free nest or roosting Sitiegs, most
birds will occur in larger, shallow lakes with emgéve and variable shore-line vegetation and wiémyn
small islets or islands, compared to larger dekgdavith a narrow uniform shore-line consistingeof.,
reed Phragmites sp.) vegetation and with no islets present.

During migration and winter, lakes will be used bmth foraging and roosting, and may thus potdutial
attract relative high numbers of waterfowl sucllasks geese and swans. There exist no specifiestod
densities of waterfowl and lake size, but a cruskeasment based on counts in a number of Danist lak
suggests that in lakes of larger size than 2-3vagerbirds are likely to occur in large numbers,(9D).
Basically it is considered that newly created ladless than 0.5 ha will not lead to marked insesain bird



densities of either breeding or resting speciesvéver, knowledge of regional bird occurrence would
greatly improve the assessments of what to expiletrespect to the abundance of wintering and stagi
bird species in a specific area.

The density of breeding birds in meadows is gehel@aver than in lakes. Meadows constitute, howeger
attractive breeding habitat for several wadershorebirds, and are likewise attractive to seveeabivorous
waterbird species, which may exploit this habitattfoth foraging and roosting year round. To méshese
species, however, the meadow habitat is most @tteawhen the grass sward height is kept low, wiich
many areas is a management objective obtained &yhHeay cutting or grazing by cattle. As for lakiesger
areas will attract a larger number of birds, amkemlly staging birds, than smaller areas.

An important factor determining bird occurrencehivitand close to airport areas when new wetlandédtab
are established relates to local movements. Althdlifficult to assess, movements of birds assogiaiith
lakes and open meadows, will often make movemestiseen different regional wetland areas and/or
between inland wetlands and coastal areas. Thamoid a potential increase in the number of bindd t
would have to pass over airport areas during aadyements, new wetlands areas should be estabkshed
that local movements predictably will not crossalke place parallel to runways (Fig. 1).
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Fig. 1. A) Schematic description of bird movemgatsows) between wetland areas (blue circles) aads
large lake shorelines (black line), and B)-D) exéasmn different locations of wetlands in relattorairport
runways (light blue bar) and expected bird movement



The total number of bird strikes recorded durin§2-2005 within airport near-zone comprised 1,964
records. Of these, 552 were with unknown birds43 With identified species and 367 were strikesavthe
birds have been identified to a group, e.g., swad|aloves, gulls etc. Including the last two categn
passerine species comprised by far the largespguith 600 strikes and 24 identified species. N@xthe
list were gulls and terns with a total of 336 stskwith 8 species, owls and raptors with 270 strikeluding
13 species, 90 strikes with 3 species of dovegayebns, 56 strikes with 12 species of wadersti2zs
with 4 species of crows, 18 strikes with 2 speoidsens/pheasants, 4 strikes with 2 species ofdland 1
strike with 1 species of water hen.

Of identified species the species most frequentiglived in bird strikes were Kestrel co tinnunculus with
182 records (17.4%). Swiftpus apus were recorded with 99 records (9.5%), Common Garlis canus
with 88 records (8.4%), Herring Gulhrus argentatus with 83 records (7.9%), Wood PigeGolumba
palumbus and Rock Pigeo@olumba livia with 70 records (6.7%), Starlirfjurnus vulgaris with 61 records,
Skylark Alauda arvensis with 57 strikes, Swallowirundo rustica with 54 records, Black-headed GL#rus
ridibundus with 48 records, BuzzafButeo buteo with 31 records, Meadow Pipigsithus pratensis with 29
records and Lapwinganellus vanellus with 27 records.

The temporal occurrence of bird strikes in Denn{&if§§. 2) shows that 58.6% of all strikes occur dgri
June, July and August. The vast majority is comtgtit by small and medium species, which probabdy is
result of the extremely high abundance of sma#iéiaird populations, characterised by high annual
reproduction (producing many young per year), caegb#o more stable populations of larger sizedspird
having much lower annual reproductive rates.
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Fig. 2. The temporal distribution of Danish birdlgts (N=1,964) grouped on small (<100 g), medid®0¢
1,000 g) and large (> 1,000 g) birds.

The vertical distribution of birds strikes (Fig. @)ows that the majority of bird strikes takes pladtile the
aircrafts are on the ground or below 100 feet dubiath take off and landing. Calculated from anrapph
angle of 3°, almost 60% of all bird strikes areargled within 600 metres from the runways. Includairgl
strikes recorded up to an altitude of 500 feet,ariban 90% of the bird strikes are recorded wighi©0
metres from the runways. The remaining 10% occaftétides between 500 and 1,500 feet, while the
aircrafts are at a distance between 3,000 and ér@@&s from the runways. Tentatively the frequenfcy
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bird strikes when aircrafts are above 1,000 feeinduake off and landing does not deviate from the
frequency of bird strikes recorded while aircrafitsen route, thus there seems to be no change in the risk of
bird strikes with distance to airports, when aificage more than 6 km away from the runway.
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Fig. 3. The vertical distribution of bird strikescorded in the near-zone of Danish airports 19935 2{uring
take offs (N=501) and landings (N=978).

Basic management approach when establishing wetlaealr airports

Based on the existing knowledge on bird occurrémesssociation with wetland habitats, general bird
movement patterns and on bird strike data, it issicered that it is possible to re-establish calgisth new
wetland areas within a distance of 13 km from aiigavithout increasing the risk of bird-aircraétlicsions.
The precise decision regarding the type and sizegifen wetland habitat, lake or meadow, and atwh
distance such an area can be located in relatiarspecific airport will depend, however, in eaake; on
in-depth local assessments of expected bird oaucgrand on the existing species specific bird estrik
frequencies. Thus a pre-assessment of a givershoe#d include at least the following points:

Area description:

1) What type of wetland habitat will appear afestoration actions have taken place (lake, wet owead
bog)?

2) What will be the geographical and biologicaltéeas of the area (size, outline, vegetation)?

3) The location of the habitat in relation to eixigtwetlands and coastlines of large lakes or ga®s

4) The location in relation to the airport and aitgrunways?

5) Which birds are known to occur in existing regibwetlands and coastal areas?

6) Which human activities are expected to affeetwietland habitat?

Expected bird occurrence:



1) Which breeding/staging bird species could besetgd to occur?

2) What number of birds could be expected?

3) Where will birds be expected to make regiona lacal movements day/night, to/from existing wetla
or coastal areas?

Location of new wetlands
With respect to assessment of location of wetlamdslation to airports, a basic geographical m¢e. 4)
is proposed as a working tool when actual projeate to be evaluated.

Fig. 4. Schematic drawing of geographical ‘managghmnes showing airport runway (black bar in cent
and a 6 km (from end point of airport runways) 48dkm zone. A rectangular zone with an orientatit
parallels the runway is 6 km wide, 3 km to eacle sifithe runway, subdivide the circular zones. @api
letters denote the different zones used in theviotig text.

Distance of 0-6 km from airports:

» Re-establishment and establishment of wetland &alshould not take place closer than 6 km from
airports in extension of runways and within a diseof 3 km from these (zone A in figure 4).

» Re-establishment of extensive meadow areas adjazstreams and rivers may be critical, as
periodic flooding may make such areas very atvadty foraging waterfowl (zone B in Figure 4)

« Small lakes (< 0.2 ha) can be re-established i B(Fig. 4), but an assessment of the location in
relation to existing wetlands and coastlines shbeldnade to avoid bird movements close to or
across airport areas .

Re-established wetland habitats within 6 km frorpait should be designed or managed so they do not
provide optimal breeding and roosting sites toditdkewise restrictions should be implementedvioic
introduction of, e.qg., shooting ducks and feedeas$ tay increase local bird densities.

The distance of 6 km from airports should be mesbtnom the end point of runways.

Distance of 6-13 km from airports:



* Small lakes (< 0.2 ha) and meadow areas can betablished between 6 and 13 km from airports in
the area extending of runways (zone C in Figure 4).

* Re-establishment of larger lakes (> 0.2 ha) anddmeareas in zone D (Fig. 4) is assessed
acceptable. However, since large wetland areasattieact a large number of birds, careful
evaluation of location of such areas should be nradelation to existing wetlands and coastal
Zones.

Concluding remarks

Although the present recommendations and desigmeafnanagement model for establishing wetland
habitats in areas close to airports are based tanedalusively obtained from Denmark; it is belidyvthat
the basic approach of the present model have aftéor more general use. Given that the crustiep in
the model design is related to the analysis of/éréical distribution of bird strikes, the importanof
recording the altitude of bird strikes should bepbasised. Thus, if adequate data exists, sepamtelsncan
be made for individual airports which are not joased on averages from national bird strike datshas

Assessed from the list of species involved in birikes in Denmark, waterbirds, such as ducks aede)
are not involved in bird strikes in substantial toars, even though several Danish airports areddazdbse
to wetland areas or directly on coastlines. Theidant species in the bird strike statistic, e.g@stel, gulls,
swifts and swallows, represent species that, afthaccurring in wetland habitats, most probably are
species that are strongly attracted to the opessignad habitat found between airport runways. Tthes,
management of the ‘airport habitat’ may be equiatigortant in relation to the risk of bird strikdsah the
establishment or restoration of new wetland hahigiten that new wetland areas may increase ttesntial
number of birds and species that may be attractadport areas.
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