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Introduction

Assessing the impact of wind farm technology on native Australian birds has,
to date, generally focused on the impact any individual wind farm may have on
a protected species. This method of assessment, however, may only provide
part of the broader picture where a bird species has a wide distribution, may fly
over long distances, and be subject to the impacts of collisions at multiple wind
farms.

In 2005, Biosis Research Pty Ltd was contracted by the Australian Government
to develop a means of modelling the predicted cumulative risks posed to birds
from collisions with turbines at multiple wind farms. Cumulative risk
modelling was then undertaken for four endangered species of birds: the
Orange-bellied Parrot, the Tasmanian Wedge-tailed Eagle, the Swift Parrot and
the Australian population of the White-bellied Sea-eagle. The risk of collision
for a number of other birds and a bat species was also modelled, focusing on
wind farm developments in Gippsland, Victoria.

The study centres on threatened and migratory species under the Environment
Protection and Biodiversity Conservation Act 1999. It provides an overview of
the cumulative models that have been developed and an explanation of the
rationale that underlies these processes. The capacities and limitations of the
modelling are also outlined, as well as some recommendations provided to
improve the knowledge base required to make the modelling process more
widely applicable.

This document incorporates 6 individual reports:

e An overview of the modelling of cumulative risks posed by multiple
wind farms;
Modelled cumulative impacts on the Orange-bellied Parrot;
Modelled cumulative impacts on the Tasmanian Wedge-tailed Eagle;
Modelled cumulative impacts on the Swift Parrot;
Modelled cumulative impacts on the White-bellied Sea-eagle; and
Risk level to select species listed under the EPBC Act of collision at
wind farms in Gippsland, Victoria.



Impacts of avian collisions with
wind power turbines: an overview
of the modelling of cumulative risks
posed by multiple wind farms

January 2006

lan Smales



BIOSIS

RESEARCH

Report for
Department of Environment and Heritage

Impacts of avian collisions with wind
power turbines: an overview of the
modelling of cumulative risks posed
by multiple wind farms

January 2006

lan Smales

Project no. 5182

© Biosis Research Pty. Ltd.

This document is and shall remain the property of Biosis Research Pty Ltd. The document may only be
used for the purposes for which it was commissioned and in accordance with the Terms of the
Engagement for the commission. Unauthorised use of this document in any form whatsoever is
prohibited.

Melbourne: 38 Bertie Street Port Melbourne 3207 Ballarat: 449 Doveton Street north, Ballarat VIC 3354
Ph: (03) 9646 9499 Fax: (03) 9646 9242 Ph: (03) 5331 7000 Fax: (03) 5331 7033
email: melbourne@biosisresearch.com.au email: ballarat@biosisresearch.com.au




Overview of cumulative risk modelling for avian collisions at multiple wind farms — February 2006

ACKNOWLEDGEMENTS

Biosis Research wishes to acknowledge the contribution of the following people and
organisations in preparation of this overview:

Department of the Environment & Heritage, Canberra
e  Wayne Furler
e  Alex Rankin

SymboliX
e  Dr. Stuart Muir

Biosis Research Pty. Ltd.
e Dr. Charles Meredith
e Dr. Bob Baird

School of Botany, University of Melbourne.
e Dr. Michael McCarthy — for providing the basis of the background to risk assessment.

BIOSIS RESEARCH Acknowledgments & Abbreviations 1]



Overview of cumulative risk modelling for avian collisions at multiple wind farms — February 2006

CONTENTS
ACKNOWLEDGEMENTS ......coooeeeeeeeeeetessasssssssssssssssssssssesssssssesssssssssssssssssssssssssssssssssssssssssssses [//]
(020 Vi /=1 N v
1.0 INTRODUGCTION..........eeeeeeeeeeeeeseeessseeeses e ssssssssnsenssssesssssssssnnenssesssssssssnnsnnnsesssssssnnnnnnns 5
2.0 BACKGROUND TO MODELLING AS A TOOL IN RISK ASSESSMENT ................. 6
3.0 RISK TO BIRDS AND BATS OF COLLISIONS WITH WIND TURBINES................. 7
4.0 COLLISION RISK MODELLING FOR INDIVIDUAL WIND FARMS.............ccceeceruen.. 9
5.0 CUMULATIVE COLLISION RISK MODELLING FOR MULTIPLE WIND FARMS.. 12
6.0 CRITICAL IMPACT DETERMINATION FOR THREATENED TAXA.......ccocccveeunees 15
7.0 CAPACITIES AND LIMITATIONS OF CUMULATIVE COLLISION RISK
MMODELLING. ...ttt ettt s este e s s esaee e e s asanesesassnnnessssmnnessssmnnesssnnnesssnnnnnes 16
8.0 RECOMMENDATIONS ......ooooeeeeeeeeeeeeeesesteessssssssessssnsssssssnssnsssssssssssssnnessssnnsnssssnnnes 19
8.1 Bird utilisation of wind farm Sites .........ccccccciiiiiii s ——— 19
8.2 Turbine avoidance behaviour by birds..........ccccccciiniiiinnnn . 20
BIOSIS RESEARCH Contents

\Y



Overview of cumulative risk modelling for avian collisions at multiple wind farms — February 2006

1.0

INTRODUCTION

In Australia, assessments of the risk of bird and bat collisions with wind powered
electricity turbines have been made for individual wind farms as part of the
evaluation of new proposals for wind farms by regulatory agencies. However,
assessment of the impacts of an individual wind farm may provide only a small
part of the story where a significant bird or bat species has a wide distribution, or
may move long distances, and can be subject to the impacts of collisions at
multiple wind farms.

During 2005, Biosis Research was contracted by the Australian Government
Department of Environment and Heritage to develop methodologies for
modelling of the predicted cumulative risks posed to birds of collisions with
turbines at multiple wind farms. Cumulative risk modelling was then undertaken
for four birds, the Orange-bellied Parrot, Tasmanian Wedge-tailed Eagle, Swift
Parrot and the Australian population of the White-bellied Sea-eagle (Smales
2005a, b; Smales and Muir 2005; Smales et al. 2005).

The present document provides an overview of the cumulative models we have
developed, along with the rationale underlying the processes. In addition, the
capacities and limitations of this modelling are outlined. Finally some
recommendations are made with a view to improving the knowledge base
required to make the process more widely applicable.

BIOSIS RESEARCH Introduction
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2.0 BACKGROUND TO MODELLING AS A TOOL
IN RISK ASSESSMENT

The fundamental objective of modelling of risk is to provide a rigorous process
by which probability can be assessed in a manner that can be replicated.

When making predictions of risk using a model, the rationale behind the
predictions is explicitly stated in the mathematics of a model, which means that
the logical consistency of the predictions can be easily evaluated. This is the
case regardless of the type of model used.

The only real alternative to the use of a model is the use of subjective judgement
to predict risks. Compared to subjective judgement, the explicit nature of inputs
and rigour entailed in modelling makes models more open to analysis, criticism
or modification when new information becomes available. Although there may
be assumptions used and some arbitrary choices made when deciding on the
structure and parameters of a model, these choices are stated explicitly when
using a model but this is difficult to do when making subjective judgements. The
assumptions underlying a model can be tested. Models can be used to help
design data collection strategies. They can also help to resolve and avoid
inconsistencies, and the rigorous analysis of data can help to clarify thoughts.
Models are often also valuable for their heuristic capacities, by focussing
attention on the important processes and parameters when assessing risks (Brook
et al.,2002). These benefits are difficult, if not impossible to achieve with
subjective judgement. Another drawback of subjective judgement is that it may
lead to biased predictions of risk, and the biases vary unpredictably among
people (Tversky and Kahneman, 1974; Ayton and Wright, 1994; Gigerenzer and
Hoffrage, 1995; Anderson, 1998). The predictions of models tend to be less
biased (Brook et al. 2000, McCarthy et al. 2004). There are thus considerable
benefits to be gained by employing a model when assessing risk.

BIOSIS RESEARCH Background to Modelling as a Tool in Risk Assessment 6



Overview of cumulative risk modelling for avian collisions at multiple wind farms — February 2006

3.0

RISK TO BIRDS AND BATS OF COLLISIONS
WITH WIND TURBINES

Modern wind powered electricity generators (wind turbines) consist of three
essential structures: a tower, rotors and a nacelle. Turbines are usually arrayed in
the landscape with little change to pre-existing land use and thus local
populations of fauna are generally not expected to alter from the levels at which
they existed prior to construction of a wind farm. Note that throughout this
report we refer to ‘birds’ for simplicity, however much is equally applicable to a
variety of bat species.

The principal risk to birds believed to be posed by turbines, is the potential for
individuals to be killed as a result of collision with moving rotors. In Australia
the majority of recently built and currently proposed commercial wind farms, use
turbines with rotor diameters in the range of 60 to 90 metres. Rotational speeds
are generally in the order of 14 to 18 rpm. Thus the tips of turbine rotors are
usually travelling at speeds of between 200 and 300 km/h. In the design of
current wind farms, turbines are usually micro-sited in such a way as to
maximise wind values and to minimise turbulence from topographic features and
other turbines. In practice, this means that there are usually large and variable
spaces between turbines.

The rotors and nacelle of a turbine are moved in the horizontal plane around the
fixed tower in order to face into the wind. The tower and nacelle are generally
large, essentially stationary elements which we consider to present negligible
collision risk to birds.

Clearly a risk of collision with rotors exists only when a bird is in flight within
the rotor-swept-area, or may be affected by turbulence caused by rotors. Flight
behaviours, including the heights at which birds fly, vary considerably between
species. Many birds rarely, if ever, reach rotor-swept height, while others do so
routinely and some frequently fly above that height. It is also the case that
different types of flight, such as hovering, circling, vertical and horizontal flights
made by different species of birds, and by birds engaged in different activities,
may pose quite different risks of collision. Variations in visibility due to time of
day or night and weather conditions are also likely to be influential in altering
risk. For example, although little data are available, it seems likely that most
collisions that do occur may be the result of a bird being struck by a rotor it did
not see, rather than of a bird failing to avoid a visible turbine.

Significant bird mortality due to collisions with wind turbines is obviously not
desirable and it is the intent of both the power generation industry and regulators
representing the community to minimise it as far as possible. It should be noted,
however, that in addition to windfarms, there are numerous other anthropogenic
causes of fauna mortality, the great majority of which are entirely unquantified.

Of primary concern is the potential for windfarms to impact on populations of
threatened birds and bats. Predictions of collision risk for those listed species are
of principal interest in the decision-making process relating to the approval of

BIOSIS RESEARCH Risk to Birds and Bats of Collisions with Wind Turbines
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new wind farms in Australia. To that end, collision risk modelling for some
species has now been undertaken for a number of individual wind farm
proposals.

However, assessment of the risk posed by individual wind farm proposals is of
limited value if undertaken in isolation, when there are multiple new proposals
across the range of some threatened or listed species. As part of this study,
Biosis Research has now developed approaches to permit modelling of the
cumulative risk that may be posed to key species by multiple wind farms. This
document provides an outline of these cumulative modelling approaches and
their underlying rationale.

BIOSIS RESEARCH Risk to Birds and Bats of Collisions with Wind Turbines 8
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4.0

COLLISION RISK MODELLING FOR
INDIVIDUAL WIND FARMS

Modelling of cumulative risk is founded on the modelling of collision risk that is
posed by individual wind farms. It requires initial modelling of risk for each
wind farm within the range of the species of interest. For that purpose we have
used the Biosis Research Deterministic Avian Collision Risk Assessment Model
which is designed to determine the risk of bird-strike at individual wind farms.

No other wind farm avian collision risk model currently exists in Australia, and
the Biosis Research model is more advanced than those that have been used
overseas. The Biosis Research model has been developed in the context of
Australian birds and has been tested on a range of wind farm proposals in
Australia. The model has also been subject to independent peer review by
Uniquest Pty. Ltd. (University of Queensland) (Pople 2005). The model has
been constantly updated and improved over the last five years and now
constitutes a unique and powerful tool for assessing the potential impacts of wind
farms on birds. The model is the proprietary software of Biosis Research Pty.
Ltd.

In usual practice, the model requires data on the site utilisation rates for each
species being modelled, as collected during Point Count surveys on the site of a
wind farm. These data provide inputs to the model that help characterise the
activities of birds that might be at risk of collision with turbines. In the case
where a species is believed to utilise a wind farm site, but data are not available
because the species is not recorded during site surveys, or where data are too few
and thus do not provide a reliable basis for extrapolation, a well informed
scenario can be used.

The risk assessment modelling takes into account a combination of variables that
are specific to a particular wind farm and its site, as well as relevant
characteristics of bird species of concern that may occur in the vicinity. They
include the following:

e The numbers of flights each bird species may make below rotor height, and
for which just the lower portion of the turbine towers present a collision risk.

e The numbers of bird flights that may occur at heights within the zone swept
by the turbine rotors, and for which the moving rotor blades present a
collision risk.

e The numbers of movements-at-risk of collision. Usually this parameter is
based upon the data recorded for each species during timed Point Count
surveys, which are then extrapolated to determine an estimated number of
movements-at-risk for each species for an entire year. Account is also taken
of whether particular bird species are year-round residents or annual
migrants that may be either seasonally resident or simply pass through the
site.

e The mean area (m” per turbine) of the tower, nacelle and stationary rotor
blades of a wind generator that present a risk to birds. A

BIOSIS RESEARCH Collision Risk Modelling for Individual Wind Farms
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multidirectional model can be used which allows for birds to move toward a
turbine from any direction, or a unidirectional model can be used where bird
flights are strongly directional, such as when birds are travelling along a
topographic feature or are on migration. Thus the mean area presented by a
turbine is determined to be between the maximum (where the direction of
the bird is perpendicular to the plane of the rotor sweep) and the minimum
(where the direction of the bird is parallel to the plane of the rotor sweep).
The mean presented area is normally determined from turbine
manufacturer’s specifications provided for individual turbine makes and
models.

e The additional area (m” per turbine) presented by the movement of rotors
during the potential flight of a bird through a turbine. This is determined
according to the rotational speed of the turbine blades and the length and
flight speed of the bird species in question. For instance in the case of a
Vestas V90 turbine and a White-bellied Sea-eagle, the rotors are
approximately 43 metres long and rotate at 16.1 rpm. The average length of
the bird is 800 mm and it is assigned a flight speed of 60 km/h.

e A calculation, based on the layout and total number of turbines proposed for
a wind farm, of the number of turbines likely to be encountered by a bird in
any one flight. This differs according to whether turbines are aligned in a
linear or a clustered array on the landscape.

Numerous values for all of the above parameters, form inputs to the model for
each wind farm for which a collision risk is modelled.

This initial process of modelling for individual wind farms is a critical first-step
in the cumulative modelling process because of the very wide distribution of
existing and proposed wind farms across the country, and the consequent
differences between their designs and layouts and the habitats, diversity and
behaviour of the various bird species found in these areas. All these factors
mean that the risk posed to birds varies considerably between individual wind
farms.

The model also incorporates a measure of the estimated rate at which different
species of birds might actively avoid collisions with wind turbines. For example,
a 95% avoidance rate means that in one of every twenty flights a bird will take
no action to avoid an obstacle in its path, while a 99% avoidance rate means that
in one of every one hundred flights a bird will take no action to avoid such an
obstacle. Modelled predictions of collision risk are determined for whatever
avoidance rates are considered to be appropriate for a particular species, and
these are often prescribed by regulatory authorities.

In the model, a collision is assumed to result in death of a bird.

It is also an important prerequisite that the number of birds comprising the
population that interacts with each wind farm is either known or can be
estimated. Results of the collision risk of a species are expressed in terms of the
annual proportion of the species’ population at a particular site that are predicted
to survive encounters with wind turbines. In demographic terms this is the
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annual survivorship rate. The annual mortality rate is the simple inverse of
annual survivorship rate.

BIOSIS RESEARCH Collision Risk Modelling for Individual Wind Farms 11
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5.0 CUMULATIVE COLLISION RISK MODELLING
FOR MULTIPLE WIND FARMS

As indicated previously, the Biosis Research Deterministic Avian Collision Risk
Assessment Model was modified as part of this study to create a Multi-site Risk
Assessment Model, enabling the assessment of cumulative risk posed by multiple
wind farms.

At present relatively few wind farms are operational in Australia. However a
much larger number are in various stages of planning. For the purposes of
modelling of cumulative impacts of turbine collisions on threatened bird species,
we have included each existing or proposed wind farm for which sufficient
information was available, across the distributional range of the species in
question. This process involves the initial modelling of each wind farm, and
results for each have been presented. This approach permits the cumulative
model predictions to be adjusted at any time in the future to account for changes
in the number, size (or other specifications) of planned wind farms. Note,
however, that the cumulative model predictions provided to-date (Smales 2005a,
b; Smales and Muir 2005; Smales et al. 2005) evaluate the total cumulative
impact of all current and proposed wind farms, and therefore present a ‘worst-
case’ scenario in which all of those wind farms for which planning had
commenced in early 2005 are modelled as having a simultaneous impact.

In essence, the process of determining a predicted cumulative impact on a
threatened or listed species involves combining the multiple impacts predicted
for all of the relevant individual wind farms. However, some key differences
between the ways in which different birds use their distributional ranges must be
recognised and accounted for in the cumulative process.

In species that are sedentary through the course of their lives, the risk of colliding
with turbines exists only for the portion(s) of the overall population whose home
ranges coincide with wind farms. Thus, for example, adult Wedge-tailed Eagles
Agquila audax in temperate south-eastern Australia generally reside permanently
within quite stable home ranges (albeit that juveniles and subadults may be
dispersive or more mobile). Accordingly, only those adult Wedge-tailed Eagles
whose home ranges intersect with a wind farm, or farms, are at risk of collision.
This means that the great majority of the adult population that is located
elsewhere is at no risk at all.

Species that migrate seasonally from one part of their distributional range to
another present a different situation for modelling purposes. Most of these
species vacate one area, such as their breeding range, entirely for part of the year
and take up seasonal residence elsewhere. Some of these species may migrate
along quite narrow flyways and, outside of the breeding season, may move about
within a non-breeding range. For such species it is possible that large portions,
or even the entire population, might pass through multiple wind farm sites in the
course of an annual migratory cycle. The Orange-bellied Parrot Neophema
chrysogaster and Swift Parrot Lathamus discolour are examples of such
migrants.

BIOSIS RESEARCH Cumulative Collision Risk Modelling for Multiple Wind Farms 12
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As part of this study, Biosis Research developed an approach to cumulative
modelling for both sedentary and migratory species. Other less predictable
behaviour relating to the usage of habitats within a species’ distributional range
(such as nomadism) is a feature of some Australian birds, however, such
behaviour does not occur in any of the species modelled as part of this
cumulative risk assessment.

For sedentary, year-round resident species, the cumulative impact of collisions at
wind farms on the entire species is simply the sum of the impact experienced by
those parts of the population that are at risk of collisions. Thus, for modelling
purposes, we first determined the annual survivorship rate for each species in
question for each wind farm within that species’ range. From those rates, we
then calculated the mean survivorship rate for the portion of the population
interacting with all existing and proposed wind farms. The mean is weighted
according to the relative numbers of birds resident at the different wind farm
sites. The cumulative impact of wind farm collisions on the entire population of
the species was then found by multiplying the survivorship rate for the portion of
the population at risk of collisions by the background annual survivorship rate
affecting the entire population in the absence of any turbine collisions. The
measure of cumulative impact is the difference between the newly derived rate
and the background survivorship rate for the species.

For a migratory species, all or part of the population may encounter a number of
wind farms during the course of its annual cycle. Accordingly, the cumulative
impact of windfarms on that species is derived by assessing the probability of
birds surviving their encounters with one wind farm after another, for as many
wind farms as it is believed they might pass through within their distributional
range. The survivorship rate for each wind farm provides a measure of the
proportion of the population that survives annual encounters with that particular
farm, and thus has the potential to encounter further wind farms within the
species range. The cumulative species survivorship rate, for all wind farms in
the species range, is thus the product of the survivorship rates of all relevant
wind farms multiplied together.

If a species’ population is segmented into various geographic portions during
parts of the migration cycle, or only portions of the population will encounter
particular wind farms, then this process may be applied only to the relevant
portion(s) of the population and to applicable wind farms.

Similarly, a population of a migratory species may encounter wind farms during
only a portion of its annual migratory cycle. The effect of turbine collisions will
then be a seasonal one. For calculating this effect in terms of an annual
survivorship rate, the process is no different from calculating it for the seasonal
variations in survivorship that affect populations due to natural seasonal variables
of climate, breeding and non-breeding behaviours, fluctuations in predator and
prey numbers, and the like. However, it is important to determine the seasonal
duration of the collision effect and factor it appropriately into the annual
survivorship rate.

BIOSIS RESEARCH Cumulative Collision Risk Modelling for Multiple Wind Farms 13
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As for sedentary species, the cumulative population survivorship rate as affected
by collisions at wind farms is multiplied by the background annual survivorship
rate that effects the entire population in the absence of any turbine collisions.
The measure of cumulative impact is the difference between the newly derived
rate and the background survivorship rate for the species.

It is assumed that impacts of collision caused by an established wind farm on a
bird population will function as a constant over time, provided the characteristics
of the wind farms do not change. For this reason we use demographic rates
(annual survivorship or mortality) to quantify impacts, because they are
independent of population size and can be applied to determine the number of
birds predicted to be killed, or to survive, for any given population size. Thus if
the population size of the species in question alters over time then the number of
birds killed would be expected to change proportional to the relevant
survivorship rate. This is appropriate since wind farms being built now have
operational life expectancies of about twenty years and bird populations may
fluctuate over those timeframes. Where current population estimates are
available (e.g. Orange-bellied Parrot, Tasmanian Wedge-tailed Eagle) the
predicted altered survivorship rate due to collision with turbines has been
converted into an expected mean number of annual mortalities for the current
size of the population.

BIOSIS RESEARCH Cumulative Collision Risk Modelling for Multiple Wind Farms 14
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6.0 CRITICAL IMPACT DETERMINATION FOR
THREATENED TAXA

The objective of this element of the assessment is to determine the level at which
the predicted cumulative effect of collision is likely to cause a ‘significant’
impact on the population of the particular species being assessed. Simplistically,
the objective is to provide information for a particular species from which a
threshold risk can be determined, below which the predicted cumulative impact
of collisions with wind turbines could be considered ‘acceptable’ and above
which the impact could be considered to be ‘unacceptable’.

A meaningful way to accomplish this is to determine the level of impact on the
population that would significantly increase the probability of extinction risk for
the population. Population Viability Analysis (PVA) (Schaffer 1981) was used
as part of this study as it is a widely accepted modelling tool used for this kind of
analysis. The PVA program VORTEX 9.51 (Lacy 2005) was used to examine
the degree of increased extinction risk posed to birds resulting from increased
mortality due to collisions with wind turbines, as predicted by our modelling of
the cumulative effects of wind farms across the species’ range. The VORTEX
model used is an individualistic, stochastic model, accounting for life-stages and
various mortality risks.

It has been possible to undertake this analysis only for species for which
comprehensive census data and demographic values are available. Population
and demographic values resulting from long-term investigations of subject
species were used for inputs to the PVA model.

In the absence of empirical data about actual impacts on the species, any
evaluation of what constitutes a critical level of impact on an endangered or
listed species, is necessarily subjective and arbitrary. Nevertheless, for the
purposes of this study, the approach was adopted whereby scenarios in the PVA
model were re-run, increasing the environmental mortality each time. This
approach allowed us to determine where the cumulative effects of turbine
collisions began to have a measurable and significant effect on extinction
probability. Thus our critical impact evaluation is quantified in terms of changes
to extinction risk that the cumulative effects of wind turbine collisions might
have on a particular species’ population.

BIOSIS RESEARCH Critical Impact Determination for Threatened Taxa 15
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7.0 CAPACITIES AND LIMITATIONS OF
CUMULATIVE COLLISION RISK MODELLING

The cumulative risk model is considered to be a sophisticated and powerful tool
that it is very capable of providing appropriate assessments of the collision risk
for particular species associated with multiple wind turbines at different sites.

For sedentary bird species there is a clear value in making determinations about
the potential impact of turbine collisions at the population level, rather than
assessing individual wind farms in isolation. This situation is even more
applicable for migratory species, where large portions of the species population
may encounter multiple wind farms. The results of cumulative impact
modelling for sedentary species can be generated and interpreted in a relatively
straightforward way, as impacts can generally be expected to be felt by local
segments of the population-at-large. The cumulative model is, however, of
perhaps greater value in assessing cumulative risk for migrant species, whose
entire populations may move very widely and the evaluation of the risk is
somewhat less intuitive than it is for sedentary species.

The main limitation in the modelling approach relates to the quality and quantity
of data available for use as inputs to the model. Principally, this limitation
relates to data on bird behaviour and characteristics rather than on that for wind
farms or turbines, for which engineering specifications generally provide the
values required for modelling. Available data relating to bird behaviour and life
cycle characteristics are generally much poorer. Wherever good data are
available, such as the comprehensive values for Orange-bellied Parrot population
parameters provided by the Orange-bellied Parrot Recovery Team, they have
been used. However, this situation is not the case for most parameters for the
majority of threatened or listed species and empirical data, at the fine level of
detail required for modelling purposes, are simply not available. Accordingly,
assumptions are typically required to be made for almost all variables relating to
birds - including population numbers, numbers of movements they make, heights
and speeds at which they fly, and the timing and likelihood that species might
inhabit or visit a particular site.

Investigation of bird usage of proposed wind farm sites is generally a pre-
requisite to the approval process for these developments, however,
comprehensive bird utilisation data, spanning a full range of seasonal and
climatic variables, are available for very few wind farm sites in Australia. For
most proposed wind farms no data have been collected at all.

Other than a single short investigation at one wind farm (Meredith et al. 2002),
no comprehensive investigation of bird or bat avoidance behaviour has been
made at any wind farm in Australia. Thus for the great majority of wind farms
included in this study informed assumptions are required to be used as inputs to
modelling process. This is not a limitation of cumulative modelling per se but
must be acknowledged. Also, this situation is not likely to improve significantly
in the short-term.

BIOSIS RESEARCH Capacities and Limitations of Cumulative Collision Risk Modelling 16



Overview of cumulative risk modelling for avian collisions at multiple wind farms — February 2006

Uncommon species, or those that visit a region rarely, may easily be missed
during site surveys. Furthermore, the level of our knowledge of bird
distributions is not sufficiently detailed for us to be entirely certain how likely it
is that some species will utilise a particular site. The collective ornithological
knowledge within Australia is certainly not comprehensive enough at this time to
provide reliable information about the frequency or numbers of a particular
species that might use most sites where wind farms are proposed to be built.
Given this limitation, there is usually no alternative but to make informed
assumptions for modelling purposes.

Obviously it is equally important to have good information about species
population size and demographic characteristics in order to accurately quantify
the level of impact windfarms may have on a particularly species. However,
such detailed population data are available for relatively few Australian birds
(Smales 2004), and even estimates of total population size are rarely based on
comprehensive census data. Lack of information about actual, or even estimated,
population size means that cumulative modelling is not feasible for many bird
and bat species, regardless of whether they are listed or not. While this factor is
not a limitation of the cumulative modelling process, it does limit its applicability
to a broad range of species. It is somewhat ironic that the more reduced and
concentrated a population becomes, the more accurately it can be counted and
otherwise investigated. Thus quite precise population and demographic data are
available for some particularly endangered species like the Orange-bellied Parrot,
and have allowed those parameters of modelling to be undertaken with a
relatively high degree of precision.

In an independent review undertaken by Pople (2005) of the cumulative risk
assessment modelling for the Orange-bellied Parrot , the modelling process itself
was agreed to be sound. The main points raised, however, related to the
assumptions used about aspects of the bird’s population and its utilisation of
proposed windfarm sites. Clearly the accuracy of the assumptions used as inputs
to the model will effect the accuracy of any predicted outcomes, and we have
taken great care to ensure that any assumptions used are based on the best
available information.

Within the overall distributional range of most wide-ranging bird species,
population density varies in accord with local variables in environmental
resources. If a wind farm is situated in an area where a naturally high density of
a bird species occurs, such as key breeding or feeding sites, then it is possible
that mortalities due to collisions could create a local population ‘sink” which
could have a widespread impact on the species. In the modelling undertaken in
this study, this aspect has been accounted for in the assumptions used in the
scenarios developed for the various wind farms. However, in common with all
bird data used as inputs, there is considerable potential to refine these
assumptions if better data becomes available.

A deterministic approach to modelling cumulative impacts has been used in our
studies. Many of the parameters used in the model (such as natural changes in

bird population sizes, annual variables in turbine operation due to weather, etc),
will in reality be subject to natural stochastic variation. However, no data were
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available to provide a basis for estimating variables for such parameters.
Therefore this study has we have been constrained to using single ‘average’
values as inputs which represent a measure of central tendency for the
assumptions modelled. As a consequence, predicted outcomes are also expressed
as single, representative values.
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8.0 RECOMMENDATIONS

The greatest improvement in terms of modelling the impacts of wind-turbine
collision risk to birds and bats (and as a consequence to modelling cumulative
impacts on species), will come from better information about the utilisation of
proposed wind farm sites and the behaviour of birds and bats when they are
within the proximity of turbines.

8.1 Bird utilisation of wind farm sites

It is recommended that emphasis be placed on improving the understanding of
how key species utilise wind farm sites. Relevant information can be obtained
from utilisation studies targeted at key species, which should be carried out at all
proposed wind farm sites where initial investigations demonstrate the presence of
key species, or where habitat for these species occurs.

Key species/groups include:

=  all threatened species for which little data presently exists,

= all species which are rarely recorded,

= all species which exist naturally at relatively low densities,

=  waders and seabirds,

= species that are active during the hours of darkness,

= all bats,

= larger birds such as eagles, cranes, swans, geese and pelicans.

Currently data are too few for threatened species, all species that are rarely
recorded, and all groups which exist naturally at relatively low densities, such
raptors. Also, few data currently exist for some particular groups such as waders
and seabirds at coastal locations. Little information has been collected about bird
usage at night and some groups are certainly active during the hours of darkness.
Usage by all bats is poorly understood. As a general rule, larger birds would
appear likely to have higher risk of collisions, as eagles, cranes, swans, geese and
pelicans frequently fly at rotor-swept-height. A combination of their large size
and flight behaviours would appear to increase their probability of collision with
wind turbines.
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8.2 Turbine avoidance behaviour by birds

Little is currently known about real avoidance rates exhibited by different species
— and this is a significant constraint to predictive modelling. This information
can only be obtained by the accumulation of data from well designed
investigations at operational wind farms, and will entail the observation of the
behaviour of birds when they encounter turbines.

It is strongly recommended that further study of this aspect be undertaken.
Typically, at least three different avoidance rates are used in modelling collision
risk for individual wind farms (as well as in this cumulative risk assessment). It
is then left for a subjective judgement to be made about which rate is the most
appropriate for a particular species. Predictive modelling of collision risks
would be improved by removing this uncertainty. It would be valuable to pursue
such research, both for its value to improvements in predictive modelling and
because public perceptions about collisions may be considerably improved by the
results obtained from soundly based research into this question.
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1.0 INTRODUCTION

1.1 Project Background

The Orange-bellied Parrot Neophema chrysogaster is listed as Endangered under
provisions of the EPBC Act for threatened species. The species migrates
annually between Tasmania and the coast of south-eastern mainland states of
Australia. Current population estimates indicate that the population numbers
fewer than 200 birds. The species range coincides with a number of recently
constructed wind power generation facilities (wind farms) and more facilities are
proposed. The wind farms may pose a risk of collision to the parrot as bird
mortalities are known from wind farms in a variety of situations worldwide.

The project has two essential aims:

1. To predict, based upon the extant population of Orange-bellied Parrots, the
potential cumulative impacts of collision risk posed by a number of wind
farms across the range of the species distribution. The project utilises bird
collision risk modelling to generate assessments of the cumulative risk to the
endangered Orange-bellied Parrot posed by such collisions.

2. To determine a suitable assessment to provide an estimate of the level at
which predicted collision is likely to present concerns for the Orange-bellied
Parrot population. We term this ‘critical impact level’.

The cumulative modelling was undertaken for the species using the Biosis
Research avian collision risk model. The assessment is based on existing and
currently proposed wind farm sites.

Using data available for the Orange-bellied Parrot, the Biosis Research collision
model is utilised to determine the bird strike risk for the parrot’s population from
the wind farms in the following categories, as at 30™ May 2005, within the
species range:

(1) already constructed or approved,

(i1) referred under the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act) and:

determined to be not a controlled action (NCA);
determined to be not a controlled action manner specified (NCA-MS);

approved under the EPBC Act; and
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proposed and currently being assessed for a determination under the EPBC
Act.

111 Risk modelling

The fundamental objective of modelling of risk is to provide a rigorous process
by which probability can be assessed in a manner that can be replicated.

When making predictions of risk, the rationale behind the predictions is
explicitly stated in the mathematics of a model, which means that the logical
consistency of the predictions can be easily evaluated. Compared to subjective
judgement, this makes models more open to analysis, criticism and modification
when new information becomes available. Although there may be assumptions
used and some arbitrary choices when deciding on the structure and parameters
of a model, these choices are stated explicitly when using a model but are
difficult to disclose when making subjective judgements. Assessments based on
subjective judgement can give the illusion that they are not scientifically rigorous
(Burgman 2000), regardless of whether they are or not. The assumptions
underlying a model can be tested. Models can be used to help design data
collection strategies. They can help to resolve and avoid inconsistencies, and the
rigorous analysis of data can help to clarify thoughts. Models are often most
valuable for their heuristic capacities, by focussing attention on the important
processes and parameters when assessing risks (Brook et al., 2002). These
benefits are difficult, if not impossible to achieve with subjective judgement.

Biosis Research’s Avian Collision Risk Assessment Model is designed to
determine the risk of birdstrike at individual wind farms. This model has been
modified to create a Multi-site Risk Assessment Model, enabling the assessment
of cumulative risk from multiple wind farms. No other windfarm avian collision
risk model currently exists in Australia, and the Biosis Research model is more
advanced than those that have been used overseas. The Biosis Research model
has been developed in the context of Australian birds and has been tested on a
range of wind farm proposals in Australia, and has been subject to independent
peer review by Uniquest Pty. Ltd. (University of Queensland). It has been
constantly updated and improved over the last five years and now constitutes a
unique and powerful tool for assessing the potential impacts of wind farms on
birds. The model is the proprietary software of Biosis Research Pty. Ltd.

1.1.2  Overview of Collision Risk Modelling for individual wind farms

In order to quantify levels of potential risk to birds of collision with turbines,
Biosis Research Pty Ltd developed a detailed method for the assessment of
deterministic collision risk, initially for the Woolnorth Wind Farm in Tasmania
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(Meredith et al. 2000). This model has continued to be used for a variety of
operating wind farms as further data has been obtained and has also been used to
assess the potential impacts of wind farms at a number of further potential sites
in Tasmania, Victoria, South Australia and recently in Fiji. It is applied here to
determine levels of predicted risk to Orange-bellied Parrots from individual wind
farms.

The model provides a measure of the potential risk at different rates at which
birds might avoid collisions. For example, a 95% avoidance rate means that in
one of every twenty flights a bird would hit an obstacle in its path. Clearly, birds
have vastly better avoidance capacity than this and it is well established overseas
that even collision-prone bird species avoid collisions with wind generators on
most occasions (see Section 2.4.2, below).

In the modelling undertaken for the present project we divide the risk into two
height zones according to components of wind turbine structures. These are:

1. the stationary tower below rotor height, and
2. the turbine components within the height area swept by turbine rotors

We consider that birds will avoid collision with the stationary tower below rotor height
in all but the most exceptional circumstances and model for 99% avoidance rate in that
height zone. For the zone within rotor-swept height (encompassing rotors, upper portion
of tower and nacelle) we provide predictions for movements at risk for each of 95%,

98% and 99% avoidance rates.

In usual practice the model requires data on the utilisation rates of each species
being modelled, as collected during Point Count surveys on-site. This data
provides inputs to the model regarding activities of birds that might be at risk of
collision with turbines. Where data is not available because a species is not
recorded from a site, or where data are too few and is thus an unreliable basis for
extrapolation, a well informed scenario can be used, as is the case for the present
project. The risk assessment accounts for a combination of variables that are
specific to the particular wind farm and to birds that inhabit the vicinity.

They include the following:

e  The numbers of flights for each bird species below rotor height, and for
which just the lower portion of turbine towers present a collision risk.

e  The numbers of bird flights at heights within the zone swept by turbine
rotors, and for which the upper portion of towers, nacelles and rotors present a
collision risk.

e  The numbers of movements-at-risk of collision. Usually this parameter is
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as recorded for each species during timed Point Counts, which are then
extrapolated to determine an estimated number of movements-at-risk for each
species for an entire year. Account is taken of whether particular bird species are
year-round residents or annual migrants.

e  The mean area of tower (m” per turbine), nacelle and stationary rotor blades
of a wind generator that present a risk to birds. The multidirectional model used
here allows for birds to move toward a turbine from any direction. Thus the
mean area presented by a turbine is between the maximum (where the direction
of the bird is perpendicular to the plane of the rotor sweep) and the minimum
(where the direction of the bird is parallel to the plane of the rotor sweep). The
mean presented area is determined from turbine specifications supplied to Biosis
Research for individual turbine makes and models.

e  The additional area (m” per turbine) presented by the movement of rotors
during the potential flight of a bird through a turbine. This is determined
according to the length and flight speed of the bird species in question. In the
case of the Orange-bellied Parrot the bird’s length is set at 200 mm and its flight
speed at 60 kmh.

e A calculation, based on the total number of turbines proposed for the wind
farm, of the number of turbines likely to be encountered by a bird in any one
flight. This differs according to whether turbines form a linear or a clustered
array on the landscape.

A value, or values, for each of the parameters above forms an input to the model
for each wind farm for which collision risk is modelled.

1.1.3 Presentation of results

All collisions are assumed to result in death of a bird or birds. Results produced
from modelling of the collision risk to Orange-bellied Parrots, of both individual
wind farms and of the cumulative impacts of them all, are generally expressed
here in terms of the annual proportion of the known population of the species
that are predicted to survive encounters with wind turbines. On the basis of
known demographic values for the current population of the species, including
the numbers of birds known to exist and the annual mortality rate that is believed
to be affecting the population in the absence of wind farm collisions, we also
provide estimates of our predicted results in terms of the number of birds that
might be affected annually.

Assessment of critical impact levels on the Orange-bellied Parrot population was
undertaken using Population Viability Analysis (PVA) (Shaffer 1981). PVA
outcomes are routinely measured in terms of increase or decrease in the

BIOSIS RESEARCH Introduction



Modelled cumulative impacts of wind farms on the Orange-bellied Parrot — December 2005

1.1.4

probability of extinction of the subject species. Thus our critical impact
evaluation is quantified in terms of changes to extinction risk that the cumulative
effects of wind turbine collisions might have on the Orange-bellied Parrot
population.

Orange-bellied Parrot population size and dispersion

Population estimates for the entire known population of the Orange-bellied
Parrot are based on detailed demographic data for the entire known population
kindly supplied to us by Mark Holdsworth (Orange-bellied Parrot Recovery
Team and DPIWE) (Table 1). The census data covers the period from the
breeding season of 1998/99 to the breeding season of 2004/05. Estimates are
based on re-sightings records of banded and unbanded adults and juveniles
during the period from spring 1998 to autumn 2005 in the breeding range at
Melaleuca, and a former natural breeding site at Birch’s Inlet, where birds have
been reintroduced in recent years in Tasmania. A ratio of banded to unbanded
birds for each year has been used to derive estimates, based on the sum of the
two components over the seven years, for mean total size of the annual
population minimum (immediate pre-breeding season in spring) and annual
maximum (immediate post-breeding season). The annual maximum and
minimum population sizes coincide with the autumn and spring migrations of
Orange-bellied Parrots. Mean annual minimum (spring) population was 99 birds
(SD =10.22) and mean annual maximum (autumn) population was 200 birds
(SD =21.02).

Table 1 Annual minimum and maximum Orange-bellied Parrot population estimates based on
numbers of birds at commencement and conclusion of breeding seasons at Melaleuca and Birch’s Inlet

(data supplied by Orange-bellied Parrot Recovery Team Nov 2005)

Estimated Estimated
annual total annual total
Breedin opulation in opulation in Annual number
g  Ppop pop of birds died
season spring (annual autumn
minimum (annual
population) maximum
population)

1998/99 83 184 102
1999/00 96 220 124
2000/01 107 171 64
2001/02 108 229 121
2002/03 110 212 103
2003/04 95 189 94
2004/05* 92 194 102

mean 99 200 101

SD 10.22 21.02 19.74
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Note that these figures include an average of 32 (SD 9.48) Orange-bellied
Parrots bred in captivity and released in spring of each of the six years since
1999 as part of the recovery effort for the species. Their mortality rate
immediately after release in Tasmania has been substantially higher than that of
the natural population. Thus the number of Orange-bellied Parrots that
undertake the subsequent autumn migration to the mainland is believed to have
generally been fewer than the maximum autumn mean of 200 birds comprising
the entire population. Nonetheless, given that it is feasible that disappearance of
some of those birds could be ascribed to migration rather than mortality, we used
200 as the average annual maximum in the population for the purposes of
modelling.

Whilst the numbers of Orange-bellied Parrots comprising the breeding
population and annual numbers of offspring are quite well known and appear to
have remained relatively stable over recent years, the mainland distribution of
the population during the non-breeding period remains largely unknown. The
numbers of parrots reported as utilising the few well known regular locations on
the mainland account for just a small fraction of the breeding population. In
addition, the numbers of birds reported from those sites have declined over
recent years. Clearly, a very significant portion of the population must be
spending the winter period at sites that remain to be discovered.

1.1.5 Orange-bellied Parrot migration

The Orange-bellied Parrot migrates annually between its breeding range in
south-west Tasmania and the coastal mainland of Victoria, South Australia and
New South Wales. This annual process involves both regular migratory
movements through a very large geographic range and variable periods of
residence by portions of the population at different locations across the range.
The timing of migratory movements is well known from annual arrival and
departures dates from key locations. However, actual migratory movements
have rarely been documented for a number of reasons, including the following:

e the very few birds in the extant population,

o the small numbers of ornithologists able to competently identify the
species,

e difficulties of terrain and access along much of the west coast of
Tasmania,

e the fact that part of the route is across Bass Strait,

e along distance of coastline in both Tasmania and the mainland along
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which birds could depart or arrive,

e uncertainty about the winter destination(s) of the majority of the
population and,

e the possibility some migration occurring at night.

It is known that the annual migration cycle commences after the breeding season,
with parrots moving north from south-west Tasmania in March/April and birds
appearing then in north-west Tasmania, adjacent islands and King Island.

Shortly thereafter birds appear at locations along the coast of central and western
Victoria and eastern South Australia. A very few individuals are reported in
some years from coastal eastern Victoria and even southern NSW. A small
portion of the known breeding population utilises traditional locations on the
mainland during parts of each year whilst they are on the mainland. These
locations include western Port Phillip Bay, especially near Point Wilson, Swan
Island and nearby locations around Queenscliff and Lake Connewarre on the
Bellarine Peninsula, and the Yambuk estuary in Victoria. In South Australia
some birds have been sighted fairly routinely although not altogether predictably,
from places like Carpenters Rocks, Picanninie Ponds and the coastal side of
Canunda National Park. Occasional birds are reported from a host of other
places along the coastline from west of Adelaide almost to Sydney.

The parrots disappear from most mainland locations during September and this
coincides with birds appearing in south-western Tasmania. On this leg of the
migration, birds are not generally reported from Bass Strait islands or north-
western Tasmania and it is assumed that the southward migration proceeds
rapidly, possibly taking only one or two days of travel.

BIOSIS RESEARCH Introduction 12
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2.0 METHODS: CUMULATIVE IMPACTS
MODELLING

Methods are presented here for the first aim of the project - to predict, based
upon the extant population of Orange-bellied Parrots, the potential cumulative
impacts of collision risk posed by a number of wind farms across the range of the
species distribution.

The modelling outlined here assesses the potential risks to a bird population of
collision with wind-driven electricity turbines. Other potential impacts, such as
loss of habitat, increased disturbance, or other effects that may result from wind
farms are not encompassed by this assessment.

2.1 Mathematical approach to cumulative impacts
modelling

The mathematical approach to modelling of the potential cumulative impacts on
bird populations used, along with its rationale, is provided in Appendix 1
(Cumulative Wind Farm Effects Modelling by Dr. Stuart Muir).

The Orange-bellied Parrot migrates annually between its breeding range in
south-west Tasmania and the coastal mainland of Victoria, South Australia and
New South Wales. This annual process involves both regular migratory
movements through a very large geographic range and variable periods of
residence by portions of the population at different locations across the range.
Throughout the entire distributional range of the species are a number of current
and proposed wind farms which may present a collision risk to the birds. The
likelihood of the entire Orange-bellied Parrot population, or parts of it
encountering and/or colliding with turbines is considered likely to differ
according to a wide range of variables of particular wind farms and of the
numbers and behaviours of the parrots. In essence, the approach taken here to
modelling of potential cumulative impacts on the population has been as follows:

e First, the possible impact of each wind farm on the Orange-bellied Parrot has
been modelled on the basis of available information about that particular farm
and an informed scenario of how part or all of the parrot’s population might
interact with the wind farm annually. The impact is expressed as a mortality rate
(annual probability of parrots being killed by the particular wind farm). The
inverse of annual mortality is an annual survivorship rate (annual probability of
parrots surviving encounters with the wind farm).

e Given that parts, or all, of the population of a migratory species such as the
Orange-bellied Parrot may encounter a number of wind farms during the course
of its annual cycle, the cumulative effects are derived, in essence, by assessing
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the probability (P) of parrots surviving their encounters with one wind farm after
another. The survivorship rate (S) of each wind farm provides a measure of the
proportion of the population that survives annual encounters with that particular
farm and thus has the potential to encounter another wind farm, and so forth
sequentially through the geographic spread of wind farms within the range of the
species. The probable population survivorship rate for multiple wind farms that
may be encountered, is thus found by multiplying the survivorship rates of wind
farms together. i.e the annual population survivorship of all wind farms within a
particular range equates to = P(S;)P(S2)P(S3)....P(Sy).

2.2 Model inputs

Inputs to the model have been determined to specifically assess the possible
cumulative effects upon the Orange-bellied Parrot population posed by twenty-
three existing and proposed wind farms, through the entire range of the species’
natural distribution. Specific attributes of each wind farm were provided by
DEH and were augmented where required, from our own investigations.

Field investigations of the utilisation by birds of fifteen of the relevant wind
farms have been undertaken previously by Biosis Research and of at least two
additional sites by other workers. Results of all of those studies were checked to
determine the known usage of each site by Orange-bellied Parrots. The species
has been recorded at, or within close proximity to, only three of the wind farm
sites (Studland Bay (Woolnorth Lot 2) in Tasmania and Nirranda South and
Yambuk in Victoria) and those records are of only one or two birds at each of
those locations. Orange-bellied Parrots have not been reported from any of the
other sites, albeit they are known to occur quite close to some of them. As a
consequence, modelling using actual utilisation rates for the species was not
considered possible or reliable for any of the twenty-three sites. Thus scenarios
to represent the interactions of Orange-bellied Parrots with each wind farm were
used.

The specific scenario developed for each wind farm site was determined from
knowledge of the size of the Orange-bellied Parrot population and its geographic
and temporal use of its distributional range. Considerable gaps in knowledge of
the species exist, particularly with regard to the whereabouts of the majority of
the population outside of the annual breeding season, despite extensive efforts
undertaken under the auspices of the Orange-bellied Parrot Recovery Team.
Where assumptions were made in the absence of empirical information, we have
used what we believe are valid judgements based on what is known. Parameters
specific to each site were used to account for seasonal variation in the population
of Orange-bellied Parrots and behaviours of parrots.

We have used a precautionary approach to input assumptions to modelling. For
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instance, Orange-bellied Parrots have not been recorded at twenty of the 23 wind
farm sites under consideration despite active searching for them at most of the
sites. One or two sightings of individuals have been made at the other three
sites. Thus there is no informative empirical data about actual numbers or
variation in numbers of birds that might reside at any site. However we have
modelled on the basis that numbers of birds do spend time at the great majority
of sites. The modelling here thus exceeds all actual experience. Similarly, we
have modelled for birds to remain present within single mainland wind farm
locations for six months - which is the longest possible duration in the annual
cycle of the species that birds could remain at such a site - and longer than any
birds have ever been recorded to remain at any winter location. We have
intentionally adopted this approach in an attempt to err, if at all, on the basis of
over- rather than underestimation of potential risks to the species.

2.3 Parameters of wind farms

231

Of the twenty-three wind farms considered here, eight are built and currently in
operation (Breamlea, Codrington, King Island Huxley Hill Stage 1, King Island
Huxley Hill Stage 2, Bluff Point (Woolnorth Lot 1), Lake Bonney Stage 1,
Canunda, Toora (DEH data)). Yambuk is currently under construction and a
further fourteen are not yet constructed but fall within categories (i) or (ii) of
Section 1.1, above.

Key to the collision risk posed by a wind farm to Orange-bellied Parrots are both
the specifications of turbines proposed to be used and configuration of turbines
on the landscape.

Turbines

The model of turbine in use, or proposed to be used, at the various wind farms
differ. The specific attributes of turbines are incorporated into the model since
the different turbine types present different collision risks to birds. Differences
are due to such things as the size (‘presented area’) of the structure that a bird
might strike and such specifics as operational rotor speed and percentage of time
that rotors are likely to turn, as dictated by variables of appropriate wind speed
and maintenance downtime.

As far as we were able to determine, nine different models of turbine are
currently in operation, or are proposed to be built at the twenty-three wind farms
considered here. For three potential wind farms (Kongorong, Nirranda South
and Jim’s Plain) we were not able to obtain a clear indication of the turbine type
proposed to be used as it appeared that proponents have not yet determined
which they might use. In those instances we modelled for a turbine type most
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likely to be used based on the total generating capacity planned for and from
industry trends in the type of turbines being proposed. Table 2 provides
information about turbines in use, or proposed for the twenty-three wind farms
assessed here.

Table 2 Details of the twenty-three wind farms assessed.

EPBC
referral Number

Windfarm number POINT_X POINT_Y of Turbine model
(where turbines

applicable)
Heemskirk 2002/678 145.121 -41.833 53 Vestas V90
Jim's Plain 2003/1162 144.838 -40.847 20 *Vestas V90

Studland Bay

(Woolnorth 2000/12 144.925 -40.785 25 Vestas V90

Lot 2)

Bluff Point

(Woolnorth 2000/12 144.925 -40.785 37 Vestas V66 1.75MW
Lot 1)

King Is.

Huxley Hill 143.893 -39.942 3 Nordex 0.25MW
Stage 1

King Is.

Huxley Hill 2002/570 143.893 -39.942 2 Vestas [V52 - 850] 0.85MW
Stage 2

Nirranda 2001/471 142.741 -38.524 28 NEG Micron 1.65MW
Nirranda 2002/763 142788 -38.561 40 * Vestas V66

South

Codrington 142.383 -38.174 14 AN Bonus 1.3MW
Yambuk 2000/18 141.625 -38.390 20 NEG Micron 1.65MW
Portland 3

Capes 2000/18 100 NEG Micron 1.65MW
combined

Green Point 2001/529 140.883 -38.030 18 Vestas V90
Kongorong 2002/568 140.499 -37.939 20 *Vestas V90
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EPBC
referral Number
Windfarm number POINT_X  POINT_Y of Turbine model
(where turbines
applicable)
Canunda 2002/691 140.400 -37.767 23 Vestas V80 2.0MW
Lake Bonney 50011065 140067  -37.417 46 Vestas V66 1.75MW
Stage 1
Lake Bonney 50041630 140350  -37.688 53 Vestas V90
Stage 2
Breamlea 144.602 -38.247 1 Westwind 60kW
Wonthaggi 2002/820 145.561 -38.614 6 REPower each turbine 2MW
Bald Hills 2002/730 145.946 -38.751 52 REPower each turbine 2MW
Dollar 2003/1110 146.166 -38.568 60 NEG Micron 1.65MW
Toora 146.407 -38.652 12 Vestas V66 1.75MW

* denotes number of turbines and turbine type used for modelling particular wind farm where manufacturer and

model of turbine not specified

Manufacturer’s specifications for wind turbine models were used to calculate
attributes of each of the nine models. Sixteen dimensions for each turbine, in
combination with rotor speed, were input to the model. The mean presented area
[m?] of each turbine, that presents a collision risk to parrots, was calculated from
specification data for both the static elements (tower and nacelle) and moving
components (rotors) of each turbine structure.

The plane of a wind turbine rotor pivots in a 360° horizontal arc around the
turbine tower in order to face into the wind direction. Hence, the area presenting
a collision risk to a bird flying in a particular direction may vary from a
maximum, in which the rotor plane is at 90° to the direction in which the bird is
travelling, to a minimum in which the rotor plane is parallel with the travel
direction of the bird.

To account for this variable, specifications for turbine types were used to
calculate a mean area that each turbine presents to birds. The use of a mean
turbine area is appropriate when the flights of birds are not correlated to any

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling
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2.3.2

particular wind direction and it is thus assumed that a bird is equally likely to
encounter a turbine from any direction. Strongly directional movements are
made by Orange-bellied Parrots during their annual migrations, however the
number of such flights is an extremely small proportion of the total number of
flights made by the birds during the course of a year. For the modelling
undertaken here, we are assuming that birds are resident in the vicinity of most
wind farms for periods of some months during which their flights are multi-
directional. Hence the use of a mean turbine area is the appropriate approach.

The area presented by a turbine does differ according to whether the rotors are
stationary or are in motion. When turbines are operational and rotors are in
motion, the area swept by the rotors during passage of a bird the size of an
Orange-bellied Parrot is included in calculations of the presented area.

Turbine rotors do not turn when wind speed is too low (usually below about 4
m/sec) and are braked and feathered to prevent them from turning if it is too high
(usually in excess of about 25m/sec), and during maintenance. During such
times only the minimum area of each turbine presents a collision risk. To
account for the difference in mean area presented by operational and non-
operational turbines a percentage of downtime is an input to the model.

Turbine number and configuration

Two principal components of the collision risk represented by a particular wind
farm are the number of turbines at the site and way in which they are positioned
relative to each other in the landscape.

The number of turbines at each site is a simple parameter input to the model.

The layout of turbines relative to each other, in combination with the lengths and
directions of flights that birds make, affects the number of turbines that a bird
might be likely to encounter at the site. In relation to this, a linear array entailing
a single row of turbines is quite different from a cluster of turbines. This factor
is taken into account as a parameter input that can be varied according to the
known layout array of each wind farm modelled.

2.4 Parameters of Orange-bellied Parrots

241 Flight heights of Orange-bellied Parrots
The height at which birds fly within a wind farm is clearly relevant to the
likelihood of collision with turbines. This is due to the different heights of
turbine components and of collision risks they present to birds. The moving
BIOSIS RESEARCH Methods: Cumulative Impacts Modelling
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rotors of a turbine are considered to present a greater risk than is the stationary
tower. Whilst a variety of turbine types are involved in this assessment, the
lowest point swept by rotors for the majority of them is approximately 33 metres
above the ground. The largest turbines (Vestas V90) sweep up to approximately
123 metres above the ground. The height zone swept by rotors (in the case of
Vesta V90 between 33 and 123 metres height) is considered to represent the zone
of greatest danger to flying birds.

In studies of the utilisation of wind farm sites by birds through south-eastern
Australia, we have consistently evaluated the height of each flight recorded
during standard point counts. Very few data for Orange-bellied Parrots are
available since the species has very rarely been recorded. However, a larger
body of data has been obtained for the closely related Blue-winged Parrot
Neophema chrysostoma. This indicates that Neophemas do fly within the rotor-
swept-height at times although the very great majority of recorded flights are
from below that zone. Flight behaviour, including height, is likely to vary
according to the activity being undertaken. Parrots moving about a location in
the course of routine foraging generally seem to do so at quite low heights whilst
less frequent movements between sites, between feeding and roosting areas and
on migration may be higher. We have assigned 25% of flights to the rotor-swept
zone and 75% to the zone below rotor height. This is conservative when
compared with our data for Blue-winged Parrots, in which a larger percentage of
flights have generally been below rotor-swept height.

24.2 Avoidance by Orange-bellied Parrots of wind turbines

Note that in modelling of the cumulative impacts of collision, any collision
caused by a bird striking, or being struck by, a turbine, is assumed to result in
death of the bird.

The use of the term ‘avoidance’ here refers to how birds respond when they
encounter a wind turbine, that is, the rate at which birds attempt to avoid
colliding with the structures.

At the request of DEH, three avoidance rates are modelled: 95%, 98% and 99%.
Given that static elements of a turbine (tower, nacelle, etc.) are stationary and
highly visible, we take the approach of modelling the likely avoidance rate of the
area presented by these parts as 99% in all scenarios. The three variable
avoidance rates that are modelled relate to the area presented by moving turbine
components (the area of rotors plus the area swept by rotors during the passage
of a bird at a given flight speed). Complete lack of avoidance (0%) is behaviour
that has not been observed in any study of bird interactions with wind turbines
and would be analogous to birds flying blindly without responding to any objects
within their environments. In should noted that 99% avoidance rate means that
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for every 100 flight made by a bird it will make one in which it takes no evasive
action to avoid collision with a turbine. In real terms this equates to avoidance
behaviour that is considerably lower than that shown by most birds in most
circumstances. Absolute avoidance behaviour (100%) has been documented for
some species and may be a reasonable approximation for many species in good
conditions, but unlikely for some species in certain conditions.

It would seem likely that avoidance by a species with the flight characteristics of
the Orange-bellied Parrot would generally be close to 100% in most conditions,
but it may decrease in conditions of poor visibility, resulting in the average
(mean) avoidance rate, being less than 100%. Migrating birds usually do not fly
when visibility is reduced by fog or rain (Richardson 1998, Tulp et al. 1999).
However, some individuals of some species do fly under these conditions and
this can lead to increased collision risk. This occurs due to a decreased level of
control individual birds have of their flight in very windy conditions or reduced
visibility in fog/mist events (Richardson 1998). In respect of Orange-bellied
Parrots specifically, there are no data, however, anecdotal evidence indicates that
birds generally do not migrate in storm weather and the southward migration
occurs in fine north-westerly weather conditions (Mark Holdsworth pers.
comm.). This is consistent with migration behaviour as observed in birds
generally (Richardson 1998). Overall, considering the range of species sampled
in Australia and overseas, the consistency in avoidance rates and the absence of
any documented cases lower then 95%, it is appropriate to assume that Orange-
bellied Parrots will have avoidance rates in the 95%-100% range.

243 Modelling of Orange-bellied Parrot migration and population size

Records of Orange-bellied Parrots across the species’ range are strongly
correlated with proximity to the coast. Virtually no records exist of the species
further than five kilometres inland and by far the majority are within two
kilometres of the coast. For the purposes of modelling, we have ‘confined’ the
movements of parrots to a two-kilometre wide strip that is the length of the
geographic range of the parrot and incorporates all of the relevant wind farms. In
the model this does not mean that birds cannot interact with inland wind farms,
but it artificially constrains the population to a strip of a width that appears to be
realistic. This parameter of the model can thus only serve to overestimate risk to
parrots by not ‘allowing’ them to fly outside of a zone which contains the wind
farms.

The migration pattern and population dispersion of the Orange-bellied Parrot
differ considerably according to geographic regions. For the purposes of
modelling here they are considered according to the following regions:
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Region 1:  South-western Tasmania, where no wind farms are proposed,

Region 2:  West coastal Tasmania from Cape Sorell to Sandy Cape, where it is
considered likely that the entire population migrates twice annually (autumn and
spring) along the coastal strip. Currently, one wind farm is proposed and under
assessment for this region.

Region 3: North-western Tasmania and western Bass Strait islands, through
which the entire population is believed to pass twice annually on migration and
in which a portion of the population is known to reside for some days or weeks
during the northward, autumn migration. Three wind farms are operational and a
further two are proposed (one listed as ‘Approved’ and one as ‘Approval not
Required’ under EPBC Act) in this region.

Region 4:  Coastal Victoria, eastern South Australia and southern NSW, where
the entire population is believed to be dispersed during the non-breeding season.
It is considered likely that birds migrating from Tasmania make their landfall
somewhere in the vicinity of Cape Otway, from where portions of the population
disperse to the east and to the west. Within this region, birds may be resident for
variable periods at particular locations and movements may occur over parts or
all of the mainland range. Throughout this region, five wind farms are
operational, one is under construction and a further eleven are proposed (six
listed as ‘Approved’, three as ‘Approval not Required’, and two currently being
assessed under the EPBC Act).

Within these four regions a scenario was developed and modelled to ascertain a
potential survivorship rate for Orange-bellied Parrots for each wind farm with
which it was deemed likely that parrots might interact. A scenario was
determined to reflect potential population size that might be resident in the
vicinity of the particular wind farm, annual period during which it might be
resident, number of annual migratory movements and numbers of parrots that
might interact with the wind farm during those movements. The actual numbers
of Orange-bellied Parrots and frequency of their movements for any given wind
farm are unknown and, especially for the mainland, it is not clear to what extent
the population might be segmented or alternatively how widely the total
population ranges. Hence, we have estimated population sizes for each wind
farm such that when summed they equal the total known population. Modelled
assumptions about numbers of birds that might interact with any given wind farm
were informed, where possible, by known usage of key locations by the species.

From the discussion above (Section 1.1.4) it is apparent that some aspects of the
Orange-bellied Parrot’s migration and population size are quantifiable and can
thus be modelled directly. However, a range of other aspects are not known and,
for the purposes of modelling, require assumptions to be made.
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Movements by birds that are resident in the vicinity of wind farms for variable
periods of time are modelled for the likelihood that they may be made in any
compass direction (see Section 2.3.1, above), since actual usage patterns are not
known for any of the sites.

Region 1

No consideration of Region 1 is required for the present modelling as no wind
farms are proposed for the region.

Region 2

In Region 2 a single large wind farm, the Heemskirk Wind Farm, is proposed.
For this region we have modelled on the assumption that the entire population
may make two passes through the site of the wind farm, once on the autumn and
once on the spring migration. Mean population estimates of the Orange-bellied
Parrot population for the two migrations are 200 in autumn and 99 in spring
(Section 1.1.4). Thus a mean value of 150 parrots was modelled as making the
two flights through the wind farm.

Region 3

For Region 3 it is known that the entire population passes through the general
area during both autumn and spring migrations. As for Region 2, allowance was
made for a margin of overestimation of potential risk and thus a mean value of
150 parrots was modelled as making the two migratory movements through the
region. Some or all of the population is known to spend a period of some days or
weeks within the region during the course of the autumn migration only.
Knowledge of the availability of habitat at all sites and records from detailed
investigations of bird utilisation of the two Woolnorth sites, allowed some site-
specific assumptions to be made.

The two operating wind farms on King Island are considered to be on habitat
inappropriate for the species. In addition, records of regular occurrence, in
which a portion of the parrot population usually spends some weeks in autumn
on the island, are from elsewhere on the island. Hence, no potential impacts on
the parrot are considered likely to be posed by the two wind farms and modelling
was not undertaken for them.

During extensive field investigations at the Woolnorth Lot 1 site no Orange-
bellied Parrots have been recorded and again the habitat seems unsuited to the
species. No part of the population is believed to reside in the vicinity of the farm
for any length of time. Nevertheless, it is possible that the entire population
could pass directly through the site unnoticed during its migration. Hence we
have modelled for the possibility of the entire population (mean of 150 birds)
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annually making two migratory passes through the site.

For both Studland Bay (Woolnorth Lot 2), which has been investigated on-site,
and Jim’s Plain, where no studies have been undertaken, we have modelled for
the possibility of one third of the population spending two weeks resident at the
sites during autumn, one third of the population annually making two migratory
passes through the sites and the remaining third bypassing the site altogether.
The number of movements made by resident birds was set at two per day for two
weeks, based on the concept that such birds might fly through the wind farm in
question during daily flights to and from roost and foraging locations.

Region 4

In Region 4, the Dollar and Toora wind farms in South Gippsland are considered
not to offer habitat suitable for the species and to be too far from suitable habitat
to warrant modelling. Hence, no potential impacts on the parrot are considered
likely to be posed by those farms and modelling was not undertaken for them.

No wind farm in this region occupies the entire coastal strip available to the
species, but each encompasses a portion of that zone. Thus the number of
parrots modelled as interacting with each wind farm, either during a period of
residence locally or during migration through the area, has been estimated on the
basis that part of the population will fly through the site and another part will
bypass the wind farm.

A number of locations within this region do not directly offer suitable habitat and
are geographically positioned such that it would seem unlikely that Orange-
bellied Parrots would reside at the particular location for any length of time. In
those instances we have modelled for the possibility of a portion of the
population annually making two migratory passes through the site.

Various other sites are within close proximity of appropriate habitats where
portions of the parrot’s population are recorded, but none are known to be
inhabited themselves by long-term resident birds. In those cases we have
modelled for the possibility that a portion of the population is resident close to
the site for six months of the year. The number of movements made by such
resident birds was set at two per day for an entire six months, based on the
concept that such birds might fly through the wind farm in question during daily
flights to and from roost and foraging locations. A further portion of the
population is modelled as annually making two migratory passes through the
site.

The numbers of parrots modelled as either resident or migrating through sites
within Region 4 are based on the concept that the entire population migrating
from Tasmania in autumn makes a landfall in the area between Cape Otway and
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the Bellarine Peninsula. We have assumed that half of the population then
moves eastward along the coastline whilst the remaining half moves westward.
For the modelling of cumulative impacts of multiple wind farms we make a
distinction between these two sub-populations (see below Section 2.4.4). We
refer to these sub-regions and populations as Region 4W (the portion from Cape
Otway to the western extremity of the species’ distribution in South Australia),
and Region 4E (the portion from Cape Otway to the eastern extremity of the
species’ distribution in NSW). As each location where birds are known to reside
for part of the non-breeding period is encountered during the migration into the
mainland range by the two sub-populations we have assumed that a number of
birds take up residence there whilst the rest of the birds continue eastward or
westward. Thus the number of birds continuing to travel further is modelled as
becoming sequentially less as birds take up residence along the route. For
Region 4 we have modelled for a total of 95 birds in a western sub-population
and 95 in an eastern sub-population that may interact with turbines. This total of
190 birds equates to 95% of the entire mean autumn population of Orange-
bellied Parrots recorded during the seven years between 1998/99 and 2004/05
and models for that portion of the population all having some interaction with
wind turbines.

The Orange-bellied Parrot scenario modelled for each wind farm is outlined in
Table 3.
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244 Modelling of cumulative impacts relevant to subpopulations

In assessing the cumulative impacts of wind farms it is plausible to argue that all
birds in the Orange-bellied Parrot population could encounter wind farms in
western Tasmania and Bass Strait islands, as outlined above (Section 2.4.3
Regions 2 and 3). However, it appears unlikely that the entire Orange-bellied
Parrot population would face risks from all of the wind farms distributed across
the large mainland range in a given year. In order to account for this in
modelling of cumulative impacts we have assessed the mainland range as two
separate subregions (Region 4W and Region 4E, see Section 2.4.3). This
concept allows modelling without the unrealistic assumption that every bird is at
risk from every wind farm. The survivorship rate for the overall mainland range
is thus found by first determining the survivorship rate for each subregion (i.e.
the product of survivorship values of all wind farms within each subregion - see
also Section 2.1 and Appendix 1). Since we have modelled population
dispersion on the basis that each of these subregions accommodates half of the
entire population, the survivorship rate for the two subregions is next halved and
the two resulting values are then summed to obtain the overall value for the
mainland (Region 4). Finally, that value is multiplied by the overall survivorship
rate for Regions 2 and 3 to obtain the survivorship rate for the entire twenty-three
wind farms across the species’ total range.
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3.0 RESULTS: CUMULATIVE IMPACTS
MODELLING

3.1 Estimated impacts from modelling of individual wind
farms

The initial stage for modelling the cumulative risk of Orange-bellied Parrot
collisions with wind turbines is to determine a level of risk posed by each
individual wind farm. Results from this process also allow assessments to be
made of the effects of any single wind farm or of any combination of farms. For
the purposes of evaluating the potential impacts of current or future proposals to
build wind farms this component of the process provides a valuable tool.

Predicted risk of collisions is expressed as a mean annual survivorship rate which
represents the proportion of the population that is expected to survive all
encounters with turbines at a given wind farm during the course of a year.
Modelled survivorship rates for relevant wind farms are shown in Table 4. It has
been necessary to calculate and show these values to seven significant numbers
in order for differences between them to be detected. It is important that this is
not to be misinterpreted to indicate any level of ‘accuracy’ in the predicted

results.
Table 4 Modelled survivorship rates for wind farms presenting a collision risk to Orange-bellied
Parrots
Survivorship rate Survivorship rate Survivorship rate
Wind farm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Regions 2 and 3
Heemskirk 0.9999702 0.9999799 0.9999832
Jim's Plain 0.9999368 0.9999574 0.9999643
Woolnorth Lot 2 0.9999293 0.9999524 0.9999600
Woolnorth Lot 1 0.9999641 0.9999718 0.9999744
Region 4W
Nirranda 0.9986540 0.9989850 0.9990960
Nirranda South 0.9984370 0.9988000 0.9989210
Codrington 0.9980340 0.9984910 0.9986430
Yambuk 0.9970040 0.9977410 0.9979860
Portland 3 Capes 0.9998727 0.9999041 0.9999145

BIOSIS RESEARCH Results: Cumulative Impacts Modelling 29



Modelled cumulative impacts of wind farms on the Orange-bellied Parrot — December 2005

Survivorship rate Survivorship rate Survivorship rate
Wind farm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Green Point 0.9955140 0.9969750 0.9974620
Kongorong 0.9952720 0.9968110 0.9973250
Canunda 0.9999301 0.9999489 0.9999552
Lake Bonney Stage 1 0.9999200 0.9999372 0.9999429
Lake Bonney Stage 2 0.9999405 0.9995990 0.9999664
Region 4E
Breamlea 0.9997710 0.9997810 0.9997850
Wonthaggi 0.9999288 0.9999502 0.9999574
Bald Hills 0.9999001 0.9999294 0.9999392

3.2 Estimated cumulative impacts across the range of the
Orange-bellied Parrot

The cumulative products of survivorship rates determined for all wind farms
across the regions of the Orange-bellied Parrot’s range are provided in Table 5.

Table 5 Cumulative survivorship values for the Orange-bellied Parrot population from potential

collision risk posed by 17 wind farms in south-eastern Australia

Survivorship Survivorship Survivorship
rate at 95% rate at 98% rate at 99%
avoidance rate avoidance rate avoidance rate

0.9910 0.9933 0.9944

3.21 Impacts on Orange-bellied Parrot annual survivorship

In order to assess the potential impact of altered survivorship rates that may be
imposed on the Orange-bellied Parrot population by collisions with wind
turbines it is first necessary to know the natural, background survivorship rate.

Comprehensive population data for Orange-bellied Parrots for the period from
1998/99 to 2004/05 has been provided to us by the Recovery Team (M.
Holdsworth pers. comm. 2005). From that data we have determined survivorship
values from the portion of the population comprised of individually colour-
banded birds in the wild population, including reintroduced birds known to have
survived beyond a first migration. Use of this portion of the population permits
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the most accurate calculation of survivorship values.

The data for this portion of the population indicates that the mean annual
survivorship rate (calculated for each year and then averaged) was 0.68 (SD =
0.10) (i.e. on average 68% of the population survive from one year to the next)
for the period from 1998/99 to 2004/05 (Table 6).

McCarthy (1995) found that the annual survivorship of the wild Orange-bellied
Parrot population was 0.59 (i.e. 59% of the population surviving from one year
to the next). Data for the period from 1998/99 to 2004/05 thus indicates a higher
background annual survivorship rate than that calculated by McCarthy for the
period prior to 1995.

Orange-bellied Parrots are sedentary during the six month long annual breeding
period in south-western Tasmania where there is no risk of interactions with
wind farms. Hence, only the six-month period from autumn until spring, when
collisions with wind turbines could occur, is relevant to determination of the
background survival rate for the species for our purposes. The available data
does not provide sufficient detail to determine actual survival rates for different
portions of the birds’ annual cycle. Thus a constant year-round rate is assumed
here for all post-fledgling birds in the population. On that basis the data gives us
a background survival rate of 0.82 (SD = 0.07) for the six-month period during
which birds are at risk of turbine collisions. The value is shown to four
significant figures in Table 6 for the purpose of further calculations, below.

Table 6 Population and demographic values for the banded component of the Orange-bellied
Parrot population 1998/99 — 2004/05
Breeding Annual Annual Annual Six-monthly
season population population survivorship (Autumn -
minimum maximum rate Spring)
[total pre- [total post- survivorship
breeding breeding rate
season season
population] population]
1998/99 83 106 0.7784 0.8823
1999/00 64 97 0.6568 0.8105
2000/01 81 96 0.8448 0.9191
2001/02 59 121 0.4909 0.7006
2002/03 73 108 0.6752 0.8217
2003/04 69 108 0.6375 0.7984
2004/05 68 96 0.7038 0.8389
mean 71 105 0.6839 0.8245
SD 8.58 9.13 0.10 0.07

BIOSIS RESEARCH
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The effect on the Orange-bellied Parrot population of survivorship values
calculated here for cumulative impacts of collision risk may be determined by
multiplying the background six-monthly survivorship rate by wind farm
survivorship rates.

Thus, for the case of 95% avoidance rate, the cumulative effect equals 0.8170
(0.8245 x 0.9910). The equivalent annual rate for 98% avoidance rate equals

0.8189 (0.8245 x 0.9933) and for 99% avoidance rate equals 0.8198 (0.8245 x
0.9944).

In summary, it is predicted from the cumulative effects modelling process that
the overall mean survival rate for the Orange-bellied Parrot may be expected to
drop from a background environmental rate of 0.8245 to 0.8170, 0.8189 or
0.8198 for turbine avoidance rates of 95%, 98% and 99% respectively. These
changes correspond to increases of 0.009, 0.007 or 0.006 in mortality rate.

It will immediately be seen that the rates of survivorship of turbine collisions at
wind farms, predicted by our cumulative modelling, will alter survivorship rates
of the Orange-bellied Parrot population from the existing background rate to
only a very small degree. For all avoidance rates we have modelled, the
predicted change in survivorship rates are approximately one order of magnitude
less than the annual variation in the background rate as indicated by the standard
deviations for background survivorship rates (Table 6).

3.2.2 Predicted Orange-bellied Parrot mortalities

A number of birds that might be killed annually by the predicted cumulative
effects of collisions with wind turbines can be determined by multiplying the
mean annual number of Orange-bellied Parrots that might interact with wind
turbines by the predicted annual cumulative mortality rate. Note that the
mortality rate is simply the inverse of the survivorship of rate.

The mean population size used here is 150 birds (i.e. equals the mean of the
annual population maximum and minimum (200 + 99)/2 = 149.5) see Section
1.1.4).

For the case of 95% avoidance rate, the predicted annual cumulative mortality
rate from wind turbine collisions equals 0.0090 (i.e. the inverse of the predicted
annual cumulative survivorship rate (1 - 0.9910 = 0.0090). The annual number
of mortalities thus equates to 1.35 birds (i.e. 150 x 0.0090 = 1.35).

For the case of 98% avoidance rate, the predicted annual cumulative mortality
rate from wind turbine collisions equals 0.0067 (i.e. the inverse of the predicted
annual cumulative survivorship rate (1 - 0.9933 = 0.0067). The annual number
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of mortalities thus equates to 1.01 birds (i.e. 150 x 0.0067 = 1.005).

For the case of 99% avoidance rate, the predicted annual cumulative mortality
rate from wind turbine collisions equals 0.0056 (i.e. the inverse of the predicted
annual cumulative survivorship rate (1 - 0.9944 = 0.0056). The annual number
of mortalities thus equates to 0.84 birds (i.e. 150 x 0.0056 = 0.8400).

In the entire Orange-bellied Parrot population, an average of 101 Orange-bellied
Parrots have died annually in the period from 1998/99 to 2004/05 (Table 1).
However the actual number has varied from 64 to 124 (SD = 19.74). Predictions
of the current modelling suggest that between 1.35 and 0.84 additional parrot
mortalities might result annually from the cumulative effects of wind turbine
collisions across the species range if all potential wind farms were to be built.
We consider that a collision avoidance rate for the species will be 99% or higher.
Thus the additional mortality predicted for the cumulative effects of turbine
collisions for wind farms within the range of the Orange-bellied Parrot is likely
to result in the additional death of less than one bird per annum.

In a review of an early draft of this report (Pople 2005) it was suggested that
compensatory mortality might be expected to ameliorate the effects of collisions
at wind farms due to density dependent regulation of the population. In other
words, birds that might fatally collide with turbines may have been birds that
would have died anyway or their death might improve the survival probability of
other birds. However, in order to demonstrate that the population is regulated in
a density dependent fashion it would first be necessary to show that it is at
equilibrium. We do not suggest that density dependence might not regulate the
population, but we are not aware of any demonstrable evidence that this is the
case and it is difficult to substantiate for almost any natural population (Krebs
1995). Certainly the population is now limited by a variety of influences,
possibly including its fidelity to traditional relict breeding and overwintering
locations and the resources provided at those sites. However such mechanistic
regulators of the population do not of themselves provide evidence of density
dependence. Indeed the Orange-bellied Parrot population’s substantial decline
since European settlement has occurred for largely unknown reasons and current
influences are also largely unknown. Despite relative stability of the population
for the seven years of data we have here, the data for the period since 1999
follows some population growth resulting from initiation and continuing
supplementation of the population by way of reintroductions. The
reintroductions into apparently suitable former habitat at Birch’s Inlet actually
provide an experimental indication that the population is not presently operating
at a habitat carrying capacity and may not currently be regulated in a density
dependent fashion.
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3.2.3

Conclusion: Predicted Cumulative Impacts

The cumulative impacts of collision with turbines on the population of Orange-
bellied Parrots predicted by the modelling undertaken here are small and it is
highly likely that their effects would be masked by normal fluctuations that occur
in the population due to natural environmental variables.

Mortality of Orange-bellied Parrots due to collisions with turbines may be very
small — even barely noticeable - compared with natural mortality, however, we
are of the view that it is nonetheless a negative impact on the species and should
be offset by mitigation and conservation measures. That is preferable to
assuming that density dependent regulation of the population will offset losses or
that it might prevent potential growth of the population initiated by positive
mitigation measures.

BIOSIS RESEARCH Results: Cumulative Impacts Modelling
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4.0 METHODS: CRITICAL IMPACT LEVEL

411

The objective of this element is to determine a suitable estimation of the level at
which predicted cumulative effects of collision is likely to present concerns for
the Orange-bellied Parrot population.

One method is to use a Population Viability Analysis (PVA) to assess the level
of impact on the population that would significantly increase the probability of
extinction risk to the population. Simplistically, the objective would be to
determine a threshold extinction risk below which the impact of predicted
collisions with wind turbines would be considered ‘acceptable’ and above which
the impact would be considered to be ‘unacceptable’.

We have used the Population Viability Analysis tool, VORTEX (v9.51), to
examine the difference in extinction risk posed to the Orange-bellied Parrot
resulting from increased mortality due to collisions with wind turbines as
predicted by our modelling of the cumulative effects of wind farms across the
species’ range. The VORTEX model used is an individualistic, stochastic
model, accounting for life-stages and various mortality risks. It was possible to
undertake this analysis for the Orange-bellied Parrot only because
comprehensive census data for population has been obtained by the Orange-
bellied Parrot Recovery Program since 1998 (Holdsworth, pers. comm.) and was
made available to us. Population and demographic values from the data were
used for input to the PVA model. A life-table was constructed from these to
derive life-expectancy values.

In the absence of empirical data about actual impacts on the species, any
evaluation of what constitutes a critical level of impact on an endangered species
or population, will necessarily be subjective and arbitrary and we are not in a
position to mandate a threshold level for ‘acceptable’ risk. Nevertheless, by re-
running scenarios, increasing the environmental mortality each time, we were
able to determine where the cumulative effects of wind farms (under the
refinements and assumptions of our greatly simplified PVA — see below) began
to make a measurable and significant effect.

Assumptions and inputs to the VORTEX PVA model

The modelling assumed that there is a single Orange-bellied Parrot
population of an initial population size of 99 birds (i.e. the recent mean
population size at the commencement of annual breeding seasons). A
stable age distribution was used and a sex ratio of 3 males : 2 females was
used.

Simulations were run for 100 years and for 1000 iterations per scenario.

BIOSIS RESEARCH Methods: Critical Impact Level
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Environmental variation in reproduction and mortality was considered to
be concordant. An upper habitat carrying capacity of 500 Orange-bellied
Parrots was used.

Extinction was defined as occurring in a simulation if the population was
reduced to only one gender.

The parrots were defined as monogamous, but capable of re-pairing rapidly after
the death of a previous partner. It was assumed that the age of first breeding was
at one year and was the same for both males and females. Maximum breeding
age for both sexes was set at a mean of ten years of age (Table 7).

Table 7 Putative life-table for Orange-bellied Parrot population based on life-history and

survivorship attributes provided by Orange-bellied Parrot Recovery Team (2005).

Mean
Age of life- Cumulative number of
Annual Lo
stage . . . cohort individuals of
. Life stage survivorship - .
increment rate (Sx) survivorship annual
(years) rate (Sx) cohort
surviving
hatch 101
0-1 Juvenile S 0.50 0.50 51
1-2 Adult1 S 0.68 0.34 34
2-3 Adult2 S 0.68 0.23 23
3-4 Adult 3 S 0.68 0.16 16
4-5 Adult4 S 0.68 0.11 11
5-6 Adult5 S 0.68 0.07 7
6-7 Adult 6 S 0.68 0.05 5
7-8 Adult 7 S 0.68 0.03 3
8-9 Adult 8 S 0.68 0.02 2
9-10 Adult 9 S 0.68 0.02 2
10 - 11 Adult 10 S 0.68 0.01 1
11-12 Adult11 S 0.68 0.01 1
12-13 Adult12 S 0.68 0.00 0

Annual survivorship rate for both sexes from hatch to one year of age was
0.50. For all adults it was 0.68. Environmental variation in annual
survivorship for all ages and both sexes was set at 0.10 (Table 6).
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Based on data supplied, fecundity rates used for those females producing
progeny were:

6.00 percent of females produce 1 progeny in an average year
10.00 percent of females produce 2 progeny in an average year
24.00 percent of females produce 3 progeny in an average year
33.00 percent of females produce 4 progeny in an average year
23.00 percent of females produce 5 progeny in an average year
4.00 percent of females produce 6 progeny in an average year

Deterministic population growth rate values are critical for understanding the
observed dynamics. (see Section 5.0 Results and Discussion: PVA Modelling of
Critical Impact Assessment for discussion). The relevant values are:

r= 0.043

lambda = 1.044

R() = 1.129

Generation time for females and males = 2.82 years.

No information was available about the possible influences of negative
stochastic effects such wildfire, storm events during migrations or disease
nor of unpredictable positive events like eruptions of favoured foods.
Likewise, we were not able to incorporate any effects of inbreeding
depression on a small population, or the influences of ‘harvest’ of birds
into a captive population and of supplementation through reintroductions.

4.1.2 Incorporating the effects of wind farm collisions

Whilst Orange-bellied Parrot densities vary considerably across the species’
range, our objective was to provide a critical impact evaluation for the
cumulative impact of all relevant wind farms. Hence the cumulative impact
value predicted for all wind farms combined, for each avoidance rate (see 3.2
Estimated cumulative impacts across the range of the Orange-bellied Parrot)
was used in PVA modelling.

4.1.3 Finding a Critical Level of impact on the Orange-bellied Parrot

In order to ascertain a point at which the effects of collisions at a number of wind
farms begin to make a measurable and significant effect on the extinction risk to
the population, we re-ran the wind farm scenario a number of times increasing
the environmental mortality each time. Scenarios were run to model the
predicted cumulative effects of wind farm collisions, and the mean outputs were
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compared with the outputs of the previous ‘Baseline’ model, which represents
the population as it is currently functioning. This process, under the refinements
and assumptions of this very simplified PVA, permitted us to determine a level at
which heightened mortality began to significantly increase the probability of
extinction risk.
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5.0 RESULTS AND DISCUSSION: PVA
MODELLING OF CRITICAL IMPACT
ASSESSMENT

The following findings of Population Viability Analyses are drawn from
two data sets: the Baseline and the Critical Level scenarios.

The Baseline scenario models the current observed environment for
Orange-bellied Parrots as described in the Recovery Team data supplied
by Mark Holdsworth. We then ran a further three scenarios,
corresponding to the Cumulative Wind Turbine Collision effects results
calculated for 95%, 98% and 99% avoidance rates respectively.

PV A modelling found that the risk of extinction is affected to varying degrees by
the introduction of collision risks predicted by our modelling of the cumulative
impacts for the twenty-three wind farms assessed here.

As can be seen in Figure 1, the probability of extinction immediately
increases from the Baseline scenario when we add the cumulative effects
of wind farm collisions, at any of the three avoidance rates, into the model.

Mean(P[extinct])
/ 0BF Papulation 1 ST.0BP Avoidance(dd) BT.0BP Avoidance(38)  / ST.OBP Avoidance{d5)
Population 1 Population 1 Population 1

020

0164

0101

0.05+4

000 — | | | |

] 20 40 B0 a0 100
Years
Figure 1 Probability of extinction of the Orange-bellied Parrot for Baseline (blue) and Cumulative

Wind Turbine Collision results calculated for 95%, 98% and 99% avoidance.
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Figure 2 displays the standard error bars over the same data, clearly
showing that the separation between the Baseline case and the 99%
avoidance of the current and proposed wind farms is a real effect.

Mean(P[extinct])

/ OBF Population 1 ST.OBP Avoidance(94) ST.0BP Avoidance(@8)  / ST.OBP Avoidance(95)
Populatian 1 Population 1 Population 1

0.20—
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I"I::“I "T!“l
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i

0.05—+—

0.00 =

Figure 2 Probability of extinction of the Orange-bellied Parrot for Baseline (blue) and Cumulative

Wind Turbine Collision results calculated for 95%, 98% and 99% avoidance with Error Bars shown.

The following few charts highlight the large amount of spread in the
simulated population numbers, with the error bars corresponding to 66%
confidence. The apparent plateau is driven by the population truncation as
it reaches the proposed site capacity of 500 individuals.
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Mean(N[all])

# OBP Population 1 ST.0BP Avoidance(99) ST.OBP Avoidance(98) # ST.OBP Avoidance(d5)
Population 1 Population 1 Population 1
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Figure 3 Mean predicted population size of the Orange-bellied Parrot over time for

Baseline (blue) and Cumulative Wind Turbine Collision results calculated for 95%, 98% and

99% avoidance.

Mean(N[all])
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Figure 4 Mean predicted population size of the Orange-bellied Parrot over time for Baseline
(blue) and Cumulative Wind Turbine Collision results calculated for 95%, 98% and 99% avoidance with

Error Bars shown.

This distribution of population possibilities is explained by examining the
deterministic drivers of the population.

The most significant of these is the deterministic “r” value (Figure 5),
which controls the (exponential) growth of any natural system. As we can
see, the Baseline case exhibits an “r” = of only 0.043. This value is

BIOSIS RESEARCH Results and Discussion: PVA Modelling of Critical Impact Assessment
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critical because, should it become negative, no environmental variations
can conspire to save the species from impending extinction. Any
additional stresses placed on the population, can be seen to immediately
reduce this value. What makes the population so dynamic, is the effect of
the Environmental Variations, which contribute around 0.23, or 5 times
the baseline deterministic value. This means that the population is almost
completely dominated by environmental variation.

Mean(Det.r)
/ OBP Population 1 ST.OBP Avoidance(99) ST.OBP Avaidance(38) / ST.OBP Avaidance(da)
Population 1 Population 1 Population 1

0.05—1

0.04—1

0.03—1
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0.0

0.00 f f f f |

1] 20 40 60 a0 100
Years
Figure 5 Deterministic “r” values for the Orange-bellied Parrot over time for Baseline (blue) and

Cumulative Wind Turbine Collision results calculated for 95%, 98% and 99% avoidance.

Environmental variations are shown in the chart of Stochastic “r” (Figure
6). This indicates how the normal variation frequently tips the growth rate
negative. The average for the current environment remains positive, albeit
only just.

An “r” value of 0.04 means that for an average year, we expect the
population to grow by about 4%, or in this case, 4 individuals. Once we
add environmental effects, the average value drops to closer to 0.02,
meaning average years only supply two individuals to the population
(assuming a population of around 100).

Thus the continued survival of the species is currently very precariously
balanced.

BIOSIS RESEARCH Results and Discussion: PVA Modelling of Critical Impact Assessment
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Mean(Stoch.r)
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Figure 6 Stochastic “r” values for the Orange-bellied Parrot over time for Baseline (blue) and

Cumulative Wind Turbine Collision results calculated for 95%, 98% and 99% avoidance.

To highlight and interpret this component of the model, the ratio of the
standard deviation of the growth rate to the deterministic value implies
that 42% of years will result in a population decline. This in turn means
that only around one in five years will actually result in a net population
growth (two bad years, two good years to recover, and the final year to
actually move forward).

5.1.1 Finding a Critical Level

Technically, and numerically, the critical level of environmental risk is
when the deterministic “r” drops to a negative value. In order to find the
Critical Level, the PVA model was run using incremental increases of
0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.10, 0.15 and 0.20 of the Baseline
environmental risk. These are shown sequentially as “Critical Level (1),
“Critical Level (2)”, ....“Critical Level (10)”, in Figure 7. It can be seen
that the deterministic “r” drops to a negative value critical level at around
0.05 increase (“Critical Level (5)”), over the current observed risk to the
birds from their environment. However, it should also be noted that large
variation in population numbers is possible for this and any of the other
levels modelled (Figure 8).
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Figure 7 Incremental increases of 0.1 — 0.20 environmental risk (Deterministic “r”
values above those currently operating (shown as Baseline (blue)) for the Orange-bellied

Parrot population over time.
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Figure 8 Variation in population size (error bars) for an increases of 0.5 environmental

risk (Deterministic “r”’) value above current for the Orange-bellied Parrot population over time.

To find the critical value, we can use either of the following methods, both
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of which indicate an increase in background environmental risk of 0.05
will result in the loss of the species. It should be noted that at the current
levels, the species only enjoys population growth, minimal as it is, 60% of
the time, implying a one-year-in-five net growth. Any increase in risk to
this species, such as the effects of catastrophes or genetic inbreeding, will
reduce this tenuous hold. As it stands, an unmodelled event occurring
once every five years may reduce the species growth rate to zero or
negative.

Time to Extinction

100

90
80 X\v
70 2

60

Mean TE of those

- Extinct Runs Only
50

Years

—*— Median if more than
50% of runs became|

40 extinct

? - \\

20
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0 T T T T T
0.95 1 1.05 1.1 1.15 1.2 1.25

Increase over BaseLine Risk

Figure 9 Modelled mean and median times to extinction as environmental risk is

incrementally increased above current “Baseline” (1.0).

Figure 9 shows the Time to Extinction (TE) predicted from the PVA. The
yellow curve is the mean time for any runs in the scenario testing which
actually became extinct. We show the more robust median TE only when
more than 50% of the models resulted in an extinction. Both these curves
show a change in behaviour at an increase of 0.05 — 0.06 over the baseline
case.

This is driven by the deterministic growth factor, shown in Figure 10.
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Background environmental Risk over BaseLine

Deterministic growth rate for the Orange-bellied Parrot population as

environmental risk is incrementally increased above current “Baseline” (1.0).

5.1.2 Caveats and Conclusions.

PV A modelling should only really be used as a comparative tool, to assess

the relative effects of different management strategies. However, in this

particular case, we believe that the quality of data is good enough and

consistent enough to draw the conclusions above.

The exclusion of some environmental effects, such as catastrophes, from
this model highlights the tenuous balance of the species. The current and
proposed levels of wind farms within its habitat do not significantly affect

the chance of survival, although the clear dominance of the environmental

variation (in

which wind farms are included) upon the system is noted.

Although technically capable of withstanding an increase to about 0.05
times current levels of environmental risk (after which extinction is
predicted to be inevitable), this figure does not allow room for the effects
of sporadic events, nor the stochastic conspiring of a run of “bad” years,
which would potentially be the ultimate cause of extinction of the species.

BIOSIS RESEARCH
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Modelling of the cumulative impacts of turbine collisions at twenty-three wind
farms predicts an increases in mortality rates in the range of between 0.006 and
0.009 above current levels, dependant upon turbine avoidance rate (see Section
3.2.1). PVA modelling predicts that extinction risks for Orange-bellied Parrots
would increase slightly as a result of such increases in mortality rates, as shown
in Figures 1 and 2. PVA modelling indicates that extinction risk will increase to
the point where it is an inevitable outcome if environmental risk, such as
mortality rates, increase to about 0.05 times above current levels.

Of vital concern for the Orange-bellied Parrot, is the fact that PVA modelling
utilising the most up-to-date and comprehensive population information indicates
that the species has a very high probability of going extinct within about 50 years
in the absence of any mortality due to wind turbine collisions. Despite the best
efforts of the Orange-bellied Parrot Recovery effort, there are clearly substantive
factors that are presently largely preventing growth of the population and placing
it at very significant risk of extinction. Our modelling did not have information
available from which to incorporate frequency or magnitude of stochastic
environmental events such as wildfire, disease or storm events, nor adverse
genetic consequences of small population size. Without doubt such factors must
have adverse effects on the population that increase the risks of its extinction
over and above results shown by our PVA modelling.

The Orange-bellied Parrot is clearly in a very tenuous predicament caused by an
array of both identified and unknown factors. Our modelling suggests that the
cumulative mortality of Orange-bellied Parrots that is likely to result from
turbine collisions at current and proposed wind farms across its range will be
very small at the population level. PVA modelling of this cumulative effect
indicates that it would increase the probability of extinction if it were to continue
over timeframes substantially longer than the average expected life of current
wind farms.

Given that the Orange-bellied Parrot is predicted to have an extremely high
probability of extinction in its current situation, almost any negative impact on
the species could be sufficient to tip the balance against its continued existence.
In this context it may be argued that any avoidable deleterious effect - even the
very minor predicted impacts of turbine collisions - should be prevented. Our
analyses suggest that such action will have extremely limited beneficial value to
conservation of the parrot without addressing very much greater adverse effects
that are currently operating against it.
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Abstract

The method to combine the individual wind-farm site assessments into
a cumulative effects model is described. It is shown that this is done by
multiplying all the individual site survival probabilities for each species
together. i.e Survival chance = P(S1)P(S2)P(S3)P(S4) ... P(Sn)

1 Introduction

Previous windfarm modelling has resulted in a measure of risk of bird-
turbine interactions. It inherently relied on the assumption that the bird
interacted with the site of the farm, and proceeded to generate a measure
of the probability of birdstrike through calculations of presented areas of
turbine and assumptions and observations of bird movements.

To approximate cumulative effects of multiple windfarms on the risk of
strike, we need to remove the assumption that the bird is already interact-
ing with the site. Having done this, we must account for the probabilities
of interacting with a given farm site, and then incorporate the risk of
strike associated with that farm. We then can proceed to calculate the
survival rate of a bird population residing or moving through a region
with resident windfarms.

2 Mechanics

This section is provided to allow for subsequent auditing of the process.
Due to its technical nature, it may be skimmed by the non-technical
reader.



2.0.1 Definitions

e ‘“region” At this stage we only refer to a region to allow the distinc-
tion between “home-ranges” and “habitats.” Appropriate choices
for what these regions represent will need to be made at a later
stage.

e N the number of wind farm sites found within the region of interest

e “site” A particular wind farm, consisting of turbines standing on
some of the region

o B, the event of a birdstrike associated with site 2
e A, the event of a bird interacting with site i
e S; the event of survival of an interaction with site 4

e P(C) a measure of the probability of an event, C, occurring

Note: The development of the method requires that all mortality risk
assessments be converted to survival chance. This is due to the impossi-
bility of a struck bird going on to either be struck again, or to survive the
next interaction. Only survivors can continue to interact.

2.1 Estimating Individual Site Risk (P(B;|A;))

As stated previously, the previous wind farm risk assessments have con-
centrated on the risk of strike, given that the bird is flying through the
site.

Using the definitions of section 2.0.1, this is written as

P(B;|As), (1)

and read as the probability of strike (event B;), given that the bird is
already on site (event A;).

A measure of this risk can be obtained one of two ways. Assuming
there is a significant population (defined to be large enough that the loss
of a single bird will not be significant and another individual will replace
it) then

Movements at Risk
Total Yearly Movements

(2)

can be used. Using this ratio implicitly assumes that the site population
is comparable to the number of observed movements. This may result in
a significant under estimate of risk.

If the population is small, then the mortality rate should be taken from
the earlier model’s measure of corpse numbers per year, and expressed as

Expected corpses per year

3)

Population

The later form, if population data is available, is the preferred form.
This is both for completeness as well as ease of implementation. If the
actual population is known to be small but site residency is unknown, it is
better to estimate site population, or enter the habitat population, than
to rely on the movements at risk approximation which could well be two
orders of magnitude below actual risk.



2.2 Estimating the chance of surviving a site

To estimate the chance of surviving a site, we need both the probability
of never visiting (P(A’)) and the chance of visiting, but not being struck
(P(B'|A)). As there are only three possibilities,

1. Visiting and not being struck,
2. Visiting and being struck,
3. and Not visiting at all

the easiest estimation of this risk is to calculate the risk of visiting and
being struck, and subtract this value from unity.
The probability of visiting and being struck is given by,

P(A;N B;) = P(A;)P(B;|A;) (4)
The chance of surviving site 4 is then given by
P((AiN By)') = P(Si) = 1 — P(A:) P(Bi|A:) (5)

Note: Earlier, non-cumulative models assumed that P(A) =1

The previous section (2.1) dealt with derivation of the second term.
The first term (P(A;)) can be approximated a number of ways. These are
detailed next.

2.3 Estimating the chance of visiting a site (P(4;))

Previous modelling successfully avoided the issue of the physical size of
the windfarm site through its implementation of the observational data.
Unfortunately, there does not appear to be any way to avoid incorporating
this measure into the model at this stage.

The chances of visiting a given site can be generated by measuring the
interaction between a region and the site. This is most naturally done
by comparing areas of the site relative to the region. This assumes that
there is no reason for visiting or avoiding the site relative to any other
area of the region. It may be appropriate to adjust this value if the site
is a significant habitat or food source likely to attract visits. Conversely,
if the site is barren, P(A;) might be adjusted downwards to account for
this. Without accurate data on visitation habits, the following estimates
are safe and realistic by assuming a homogenous region.

A basic measure of this probability is given by

Area of site

P(A;) = (6)

Area of region

This approximation is most appropriate for sedentary species, where
the relevant region is the home range, not the habitat.

The form indicated above may also be used for migratory species. If
it is to be used for a migratory species, the region appropriate becomes
the habitat area. Should the species be using a narrow corridor, this form
will be an underestimate of risk.

For a migratory species using a corridor, P(A;), is better approxi-
mated by taking the widest projection of the farm site (orthogonal to the



corridor), and dividing through by the width of the migratory corridor at
that location. i.e

width of site
width of corridor

P(A;) = (7)

This removes the possibility of birds flying around a farm placed in
the corridor, without ever “passing” it. This eventuality is possible for
sedentary species, who are free to roam in arcs whilst avoiding the actual
site.

2.4 Cumulative effect of N sites

Having generated the chance of surviving site i’s existence
(P(Si) =1— P(A;)P(Bil|As)),
we need to know the likelihood of surviving all N sites in the region.
This is given by
P(Slﬂ52ﬂ53ﬂ...). (8)
As surviving any one of the windfarm sites in the region is independent
of surviving any other site, this simplifies to

P(S1..n) = P(S1)P(S2)P(S5)... (9)
=11 P(S;) (10)

3 Summary

The derivation of cumulative effects takes into account the varying individ-
ual risk presented by each wind farm in a given region. This information
can be taken directly from the previously prepared reports on each site.
Extra information required to perform this calculation is:

For sedentary species : relative areas of home ranges and site areas occu-
pied by windfarms/turbines

For migratory species : effective blockage of corridors by windfarm sites.

3.1 Calculation steps
To calculate the cumulative effect on the survival rate of a species:

1. Identify the sites relevant to each species

2. Estimate the mortality rate for each site (P(B;|A;)). This can be
done either through the movements at risk, or mortality (corpse)
rate found on the summary pages. (See Section 2.2)

3. Determine an appropriate chance of site visitation, P(A;). (See Sec-
tion 2.3)
Note: If the home range of a sedentary species is signifi-
cantly smaller than the habitat, then average, representa-
tive values for these probabilities may be calculated and
substituted.



4. Determine the survival rate of each site via 1 — P(A;)P(B;|A;).

5. Multiply all the survival rates of each site relevant to the species
together.
Note: If using average properties (as discussed in the pre-
vious point), raise the average probability to the power of
the number of sites relevant to the size of the home range.

The resultant figure is a chance of survival for the species as a result
of the residency of windfarms in the habitat or corridor. A figure of unity
(1) indicates no individual will ever be struck. Zero (0) indicates complete
loss of the population.
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1.0

1.1

INTRODUCTION

Project Background

The Tasmanian Wedge-tailed Eagle Aquila audax fleayi is listed as Endangered
under provisions of the Environment Protection and Biodiversity Conservation
Act (1999) for threatened species. The subspecies is distributed across most of
Tasmania and some of its offshore islands, but is believed to be in slow decline
(Bell and Mooney 1999, Garnett and Crowley 2000). The subspecies range
includes a number of recently constructed wind power generation facilities (wind
farms) and more facilities are proposed.

Wind farms may pose a risk of collision to the eagle as bird mortalities are
known from wind farms in a variety of situations worldwide and a few Wedge-
tailed Eagles have already been recorded as casualties of collision with turbines
in Tasmania and elsewhere in Australia. The present project is specifically
aimed at determining the cumulative risks posed by collision of eagles with wind
turbines. A variety of associated impacts of wind farm developments may affect
bird populations. They include direct loss of habitat due to constructed facilities
and roads; alienation of habitat caused by disturbance during construction and
on-going operation; and potential for electrocution and collisions with overhead
distribution lines. These latter impacts are not addressed as part of the present
project.

The project has two essential aims:

1. To predict, based upon the extant population of Tasmanian Wedge-tailed
Eagles, the potential cumulative impacts of collision risk posed by a number
of wind farms across the range of the species distribution. The project
utilises bird collision risk modelling to generate assessments of the
cumulative risk to the endangered Tasmanian Wedge-tailed Eagle posed by
such collisions.

2. To determine a suitable assessment to provide an estimate of the level at
which predicted collision (and hence number of turbines or presented area of
turbines) is likely to present concerns for the Tasmanian Wedge-tailed Eagle
population. We term this ‘critical impact level’.

The cumulative modelling was undertaken for the species using the Biosis
Research avian collision risk model. The assessment is based on existing and
currently proposed wind farm sites.

Using data available for the Tasmanian Wedge-tailed Eagle, the Biosis Research
collision model is utilised to determine the bird strike risk for the eagle’s

BIOSIS RESEARCH Introduction
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population from the wind farms in the following categories, as at 30™ May 2005,
within the species range:

(1) already constructed or approved,

(i) referred under the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act) and:

determined to be not a controlled action (NCA);
determined to be not a controlled action manner specified (NCA-MS);
approved under the EPBC Act; and

proposed and currently being assessed for a determination under the EPBC
Act.

111 Risk modelling

The fundamental objective of modelling of risk is to provide a rigorous process
by which probability can be assessed in a manner that can be replicated.

When making predictions of risk, the rationale behind the predictions is
explicitly stated in the mathematics of a model, which means that the logical
consistency of the predictions can be easily evaluated. Compared to subjective
judgement, this makes models more open to analysis, criticism and modification
when new information becomes available. Although there may be assumptions
used and some arbitrary choices when deciding on the structure and parameters
of a model, these choices are stated explicitly when using a model but are
difficult to disclose when making subjective judgements. Assessments based on
subjective judgement can give the illusion that they are not scientifically rigorous
(Burgman 2000), regardless of whether they are or not. The assumptions
underlying a model can be tested. Models can be used to help design data
collection strategies. They can help to resolve and avoid inconsistencies, and the
rigorous analysis of data can help to clarify thoughts. Models are often most
valuable for their heuristic capacities, by focussing attention on the important
processes and parameters when assessing risks (Brook ef al., 2002). These
benefits are difficult, if not impossible to achieve with subjective judgement.

Biosis Research’s Avian Collision Risk Assessment Model is designed to
determine the risk of birdstrike at individual wind farms. This model has been
modified to create a Multi-site Risk Assessment Model, enabling the assessment
of cumulative risk from multiple wind farms. No other windfarm avian collision
risk model currently exists in Australia, and the Biosis Research model is more
advanced than those that have been used overseas. The Biosis Research model

BIOSIS RESEARCH Introduction
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has been developed in the context of Australian birds and has been tested on a
range of wind farm proposals in Australia, and has been subject to independent
peer review by Uniquest Pty. Ltd. (University of Queensland). It has been
constantly updated and improved over the last five years and now constitutes a
unique and powerful tool for assessing the potential impacts of wind farms on
birds. The model is the proprietary software of Biosis Research Pty. Ltd.

1.1.2 Overview of Collision Risk Modelling for individual wind farms

In order to quantify levels of potential risk to birds of collision with turbines,
Biosis Research Pty Ltd developed a detailed method for the assessment of
deterministic collision risk, initially for the Woolnorth Wind Farm in Tasmania.
This model has continued to be used for a variety of operating wind farms as
further data has been obtained and has also been used to assess the potential
impacts of wind farms at a number of further potential sites in Tasmania,
Victoria, South Australia and recently in Fiji. It is applied here to determine
levels of predicted risk to Tasmanian Wedge-tailed Eagles from individual wind
farms.

The model provides a measure of the potential risk at different rates at which
birds might avoid collisions. For example, a 95% avoidance rate means that in
one of every twenty flights a bird would hit an obstacle in its path. Clearly, birds
have vastly better avoidance capacity than this and it is well established overseas
that even collision-prone bird species avoid collisions with wind generators on
most occasions (see Section 2.4.6, below).

In the modelling undertaken for the present project we divide the risk into two
height zones according to components of wind turbine structures. These are:

1. the zone between the ground and lowest height swept by turbine rotors, and
2. the height zone swept by turbine rotors

We consider that birds will avoid collision with the stationary components of a
turbine in all but the most exceptional circumstances and model for 99%
avoidance rate in the height zone below rotor height. For the height zone swept
by rotors we provide predictions for movements at risk for each of 95%, 98%
and 99% avoidance rates.

In usual practice the model requires data on the utilisation rates of each species
being modelled, as collected during Point Count surveys on-site. This data
provides inputs to the model regarding activities of birds that might be at risk of
collision with turbines. Where data is not available because a species is not
recorded from a site, or where data are too few and is thus an unreliable basis for
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extrapolation, a well informed scenario can be used. In the case of the present
project, data has been obtained for Tasmanian Wedge-tailed Eagles at four of the
seven wind farms and is used here. For the other three wind-farms scenarios are
modelled, based on available information about the sites and experience from
similar sites. The risk assessment accounts for a combination of variables that
are specific to the particular wind farm and to birds that inhabit the vicinity.

They include the following:

e  The numbers of flights made by the species below rotor height, and for
which just the lower portion of turbine towers present a collision risk.

e  The numbers of flights made by the species at heights within the zone swept
by turbine rotors, and for which the upper portion of towers, nacelles and rotors
present a collision risk.

e  The numbers of movements-at-risk of collision. Usually this parameter is
as recorded for each species during timed Point Counts, which are then
extrapolated to determine an estimated number of movements-at-risk for each
species for an entire year. Account is taken of whether particular bird species are
year-round residents or are present for a portion of the year as annual migrants.

e The mean area of tower (m” per turbine), nacelle and stationary rotor blades
of a wind generator that present a risk to birds. The multidirectional model used
here allows for birds to move toward a turbine from any direction. Thus the
mean area presented by a turbine is between the maximum (where the direction
of the bird is perpendicular to the plane of the rotor sweep) and the minimum
(where the direction of the bird is parallel to the plane of the rotor sweep). The
mean presented area is determined from turbine specifications supplied to Biosis
Research for individual turbine makes and models.

e  The additional area (m” per turbine) presented by the movement of rotors
during the potential flight of a bird through a turbine. This is determined
according to the length and flight speed of the bird species in question. In the
case of the Tasmanian Wedge-tailed Eagle the bird’s length is set at 950 mm and
its flight speed at 60 km/h.

e A calculation, based on the total number of turbines proposed for the wind
farm, of the number of turbines likely to be encountered by a bird in any one
flight. This differs according to whether turbines form a linear or a clustered
array on the landscape.

A value, or values, for each of the parameters above forms an input to the model
for each wind farm for which collision risk is modelled.
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1.1.3

Presentation of results

All collisions are assumed to result in death of a bird or birds. Results produced
from modelling of the collision risk to Tasmanian Wedge-tailed Eagles, of both
individual wind farms and of the cumulative impacts of multiple wind farms, are
generally expressed here in terms of the annual proportion of the known
population of the species that are predicted to survive encounters with wind
turbines. On the basis of published demographic values for the current
population of the species, including the numbers of birds known to exist and the
mean annual mortality rate that is believed to be affecting the population in the
absence of wind farm collisions, we also provide estimates of our predicted
results in terms of the number of birds that might be affected annually.
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2.0

2.1

METHODS: CUMULATIVE IMPACTS
MODELLING

Methods are presented here for the first aim of the project - to predict, based
upon the extant population of Tasmanian Wedge-tailed Eagles, the potential
cumulative impacts of collision risk posed by a number of wind farms across the
range of the species distribution.

The modelling outlined here assesses the potential risks to a bird population of
collision with wind-driven electricity turbines. Other potential impacts, such as
loss of habitat, increased disturbance, or other effects that may result from wind
farms are not encompassed by this assessment.

Mathematical approach to cumulative impacts
modelling

The mathematical approach to modelling of the potential cumulative impacts on
bird populations used, along with its rationale, is provided in Appendix 1
(Cumulative Wind Farm Effects Modelling by Dr. Stuart Muir).

The Tasmanian Wedge-tailed Eagle is confined to Tasmania, where it occupies
the majority of the state, including a number of small offshore islands (Brothers
et al. 2001) and larger Bass Strait islands. However, the species breeds through
a portion, but not all, of this range. Wedge-tailed Eagles are believed to remain
as year-round residents only within home-ranges occupied by breeding birds.
The portion of the population comprised of non-breeding adults between one and
four years of age is believed to be nomadic over the greater range across the
state. Such birds may overlap with the home-ranges of breeding birds in areas
where they occur.

Since resident birds, including adult parents and their first-year offspring, are
sedentary, such birds are considered to have a probability of interacting with
only one wind farm throughout the course of a given year. It is possible that
nomadic birds may move through more than one wind farm site during the
course of a year, however, no data exists about movements of such birds and it is
therefore assumed for the purpose of this project that they are essential random.

Modelling for the cumulative effects of collisions with wind turbines for resident
birds is effectively as outlined in the mathematical model (Appendix 1), where
they can interact with a single wind farm. As mentioned above, there is no real
basis on which to determine a number of wind farms which nomadic birds might
encounter. We considered an option of assessing the probability of nomadic
birds encountering a series of wind farms as relative to the proportions of the
entire range (the area of Tasmania) that is occupied by various wind farms.

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling
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However, the proportional areas are extremely small and we considered that this
might underestimate potential risk, especially if nomadic birds are more
concentrated into some regions than others. On balance, we determined that a
more parsimonious approach was to assume that nomadic birds might be
modelled as though they were resident within wind farm sites throughout a given
year at a rate proportional to the percentage of nomadic birds that comprise the
overall population. This approach is considered more likely to introduce some
slight overestimate of risk than an underestimate.

Initially, the possible impact of each wind farm on the Tasmanian Wedge-tailed
Eagle is modelled on the basis of available information about that particular wind
farm or an informed scenario of how part of the eagle’s total population might
interact with the wind farm annually. The impact is expressed as a mortality rate
(annual probability of eagles being killed by the particular wind farm) for that
part of the eagle population. The inverse of annual mortality is an annual
survivorship rate (annual probability of eagles surviving encounters with the
wind farm).

The cumulative impacts of all wind farms across the subspecies’ range is
subsequently determined as the mean of the combined survivorship rates for
Tasmanian Wedge-tailed Eagles interacting with all wind farms. The mean is
weighted according to the relative numbers of birds modelled for the different
sites. Cumulative impact is expressed as a mortality rate (annual probability of
eagles being killed at all wind farms involved) for the combined portion of the
total eagle population interacting with all of the wind farms. The inverse of
annual mortality is an annual survivorship rate (annual probability of eagles
surviving encounters with all wind farms). This survivorship rate is multiplied
by the background annual survivorship rate that effects the entire population in
the absence of any impacts of wind farms. The result indicates the cumulative
impact of wind farm collisions on the entire population of the Tasmanian Wedge-
tailed Eagle.

2.2 Model inputs

Inputs to the model have been determined to specifically assess the possible
cumulative effects upon the Tasmanian Wedge-tailed Eagle population posed by
seven existing and proposed wind farms, through the entire range of the
subspecies’ natural distribution. The subspecies has been recorded at, or within
close proximity to, all of the seven wind farms under consideration here. Specific
attributes of each wind farm were provided by DEH and were augmented, where
required, from our own investigations.

Field investigations of the utilisation by birds at four of the relevant wind farms
have been undertaken previously by Biosis Research. Results of those studies
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were used here to determine the usage of those sites by Tasmanian Wedge-tailed
Eagles. For the remaining three sites we have used a scenario for each based on
informed assumptions about similarity of the particular location to sites for
which we do have data.

Where assumptions were made in the absence of empirical information, we have
used what we believe are valid judgements based on what is known and have
attempted to err, if at all, on the basis of over- rather than underestimation of
potential risks to the species.

2.3 Parameters of wind farms

Of the eight wind farms considered here, four are built and currently in operation
(King Island Huxley Hill Stage 1, King Island Huxley Hill Stage 2, Woolnorth
Lot 1, Flinders Island (DEH data)). The remaining four wind farms are proposed
(Heemskirk, Mussleroe, Jim’s Plain, Woolnorth Lot 2) and fall within the
categories outlined at (i) and (i1) in Section 1.1, above. Hereafter we treat the
two stages of the Huxley Hill wind farm as one site.

Key to the collision risk posed by a wind farm to Tasmanian Wedge-tailed
Eagles are both the specifications of turbines in use or proposed to be used and
configuration of turbines on the landscape.

2.3.1 Turbines

The model of turbine in operation, or proposed to be used, at the various wind
farms differ. The specific attributes of turbines are incorporated into the model
since the different turbine types present different collision risks to birds.
Differences are due to such things as the size (‘presented area’) of the structure
that a bird might strike and such specifics as operational rotor speed and
percentage of time that rotors are likely to turn, as dictated by variables of
appropriate wind speed and maintenance downtime.

At least four different models of turbine are currently in operation, or are
proposed to be built at the eight wind farms considered here. The current
proposal for the Mussleroe wind farm will utilise Vestas V90 turbines installed
on reduced height towers and specifications for these were provided by Hydro
Tasmania. For one potential wind farm (Jim’s Plain) we were not able to obtain
a clear indication of the turbine type proposed to be used as it appeared that
proponents have not yet determined which they might use. In this instance we
modelled for a turbine type most likely to be used based on the total generating
capacity planned for and from industry trends in the type of turbines being
proposed. We were not supplied with specifications of the two rather old
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turbines on Flinders Island and were unable to obtain them. Hence we modelled
for a turbine type for which we have specifications with a slightly larger
generating capacity than the actual turbines. Similarly, for the two stages of
Huxley Hill wind farm on King Island we were unable to obtain full
specifications for the three older generation turbines installed for Stage 1. Thus
we used the specifications of the slightly larger machines comprising Stage 2 for
the entire farm of five turbines and hereafter evaluate the entire installation as
one wind farm. Table 1 provides information about turbine type used in
modelling for the various wind farms assessed here.

Table 1 Details of the wind farms assessed.
EPBC
referral Number . .
Windfarm number  POINT_ X  POINT_Y of Turbine type used for risk
= - R modelling
(where turbines
applicable)
Mussleroe 2002/683 148.09 -40.04 46 Vestas V90 (low tower)
Heemskirk 2002/678 145.121 -41.833 53 Vestas V90
Jim's Plain 2003/1162  144.838  -40.847 20 Vestas V90
m‘;":“m" 2000/12 144925  -40.785 37 Vestas V66 1.75 MW
m‘:"z'"m" 2000/12 144925  -40.785 25 Vestas V0
King Is
. 2002/570  143.893  -39.942 5 Vestas [V52 - 850] 0.85 MW
Huxley Hill
Flinders 148.09 -40.04 2 Nordex 0.125 MW
Island

Manufacturer’s specifications for wind turbine models were used to calculate
attributes of each of them. Sixteen dimensions for each turbine, in combination
with rotor speed, were input to the model. The mean presented area [m°] of each
turbine, that presents a collision risk to eagles, was calculated from specification
data for both the static elements (all physical components of a turbine, including
tower, nacelle, rotors) and the dynamic components (accounting for the
movement of rotors) of each turbine structure.
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The plane of a wind turbine rotor pivots in a 360° horizontal arc around the
turbine tower in order to face into the wind direction. The area presenting a
collision risk to a bird flying in a particular direction may thus vary from a
maximum, in which the rotor plane is at 90° to the direction in which the bird is
travelling, to a minimum in which the rotor plane is parallel with the travel
direction of the bird.

To account for this variable, specifications for turbine types were used to
calculate a mean area that each turbine presents to birds. The use of a mean
turbine area is appropriate when the flights of birds are not biased toward any
particular compass direction and it is thus assumed that a bird is equally likely to
encounter a turbine from any direction. The flights of Wedge-tailed Eagles in
the vicinity of the relevant wind farms are multi-directional and the use of a
mean turbine area is thus the appropriate approach.

The area presented by a turbine also differs according to whether the rotors are
stationary or are in motion. When turbines are operational and rotors are in
motion, the area swept by the rotors during passage of a bird the size and speed
of a Tasmanian Wedge-tailed Eagle is included in calculations of the presented
area.

Turbines rotors do not turn when wind speed is too low (usually below about 4
m/sec) and are braked and feathered to prevent them from turning if it is too high
(usually in excess of about 25m/sec), and during maintenance. During such
times only the static area of each turbine presents a collision risk. To account for
the difference in mean area presented by operational and non-operational
turbines a percentage of downtime is an input to the model.

2.3.2  Turbine number and configuration

Two principal components of the collision risk represented by a particular wind
farm are the number of turbines at the site and way in which they are positioned
relative to each other in the landscape.

The number of turbines at each site is a simple parameter input to the model.

The layout of turbines relative to each other, in combination with the lengths and
directions of flights that birds make, affects the number of turbines that a bird
might be likely to encounter at the site. In relation to this, a linear array entailing
a single row of turbines is quite different from a cluster of turbines. This factor
is taken into account as a parameter input that can be varied according to the
known layout array of each wind farm modelled.
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2.4 Parameters of Tasmanian Wedge-tailed Eagles

241 The Tasmanian Wedge-tailed Eagle population

In order to assess the potential cumulative impacts of collisions with wind
turbines on the Tasmanian Wedge-tailed Eagle population an initial review was
required to determine a number of aspects of the population for use in our
analyses. These included the overall size of the population, relevant information
about variable densities of the subspecies across its range and the potential
influences of nomadic and residential behaviours of different age-classes of the
birds. A population viability analysis for the Tasmanian Wedge-tailed Eagle
population inhabiting the Forestry Tasmania Bass District has recently been
undertaken by Bekessy et al. (2004). Their work provides the most
comprehensive and up-to-date collation of information about demographics of
the entire Tasmanian Wedge-tailed Eagle population. In general, we have used
demographic values they provide both directly and to derive additional values
required for our analysis. However, we note that population and demographic
estimates provided by various primary authors differ somewhat. We have relied
on our own judgement of these various estimates, particularly with regard to
overall population size.

Population size and density

Tasmanian Wedge-tailed Eagles occupy most of the state (Bryant and Jackson
1999, Barrett et al. 2003). Various estimates of the size and densities of the
population of Tasmanian Wedge-tailed Eagles have been published in recent
years (Bell and Mooney 1999, Garnett and Crowley 2000, Bekessy et al. 2004).

Total population estimates range from ‘an adult population of less than 440’
(Bell and Mooney 1999), to 750 territorial birds’ (= breeding adults) (Bekessy et
al. 2004).

Bell and Mooney (1999) cite density estimates varying from a maximum of one
pair per 20 — 30 km” in lowland eastern and northern Tasmania to one pair per
1,200 km? in southern and western parts of the state. Bekessy et al. (2004) cite
Mooney and Holdsworth (1991) and Bell and Mooney (1999) for values of 50 —
100 km® in lowland eastern and northern Tasmania to one pair per 1,200 km*in
southern and western parts of the state. Since the species is a top-order predator
and scavenger, densities are likely to correlate very directly with productivity of
habitats the birds occupy.

Bekessy ef al. (2004) provide the most recent overview of available information
about population size and density relevant to the present assessment.
Information they provide is summarised in Table 2.
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Table 2 Summary of population size and density information for Tasmanian Wedge-

tailed Eagles adapted from Bekessy ef al.

Maximum total population of Tasmanian Wedge-tailed Eagles 1500

Number of territorial birds (breeding adults) 750

Number of non-territorial birds (juveniles, immatures & non-territorial adults 750

Density of Wedge-tailed Eagles eastern and northern Tasmania 1 pair/50 - 100 km2
Density of Wedge-tailed Eagles southern and western Tasmania 1 pair/1,200 km2

Territoriality, social and site fidelity

Breeding adults occupy home-ranges year-round and generally maintain life-long
monogamous pair bonds. The death of a partner may be followed by the
survivor re-pairing (Marchant and Higgins 1993). It appears usual for home-
ranges to be occupied throughout the adult life of Wedge-tailed Eagles and,
whilst various nest sites may be used in different years, a given nest may be re-
used for many years and even by subsequent generations of birds. During the
breeding season adult pairs concentrate their activities on a nesting territory,
which is a core portion of the year-round home-range.

Age-related movement behaviour

During the first year of life, juveniles remain within their parents’ territories. As
the subsequent breeding season approaches, immature birds move away from
natal territories and from that age, eagles join a non-breeding component of the
population until forming partnerships and themselves becoming breeders at about
five years of age. Dispersal of non-breeding birds in Tasmania has not been
investigated, although long-distance movements by such birds have been
recorded from the mainland subspecies and it is thus possible that non-breeders
(‘floaters’) may wander widely over the state (Olsen 1995, Bekessy ef al. 2004).

It seems likely that more productive areas of the state, where high densities of
Wedge-tailed Eagles occur are also areas where breeding territories are
concentrated. The distribution of breeding records across the state is provided by
Bryant and Jackson (1999). In regions inhabited by breeding birds, the home-
ranges of resident breeding birds may overlap with areas used by non-breeding
birds (Olsen 1995, Bekessy et al. 2004), although it is expected that residents
would not normally tolerate non-breeders within their core nesting territories.
Conversely, areas of low densities of birds are likely to be inhabited principally
by non-breeders. If that assumption is correct, then breeding territories may be
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rare in the south and west of Tasmania, where non-breeding birds may
predominate, albeit at low occupancy rates. Marchant and Higgins (1993)
indicate that breeding occurs on Flinders Island in the Furneaux Group, but that
whilst birds are recorded from King Island, no breeding is known to occur there,
so we presume that birds there are nomadic non-breeders.

Additional demographic data

A variety of demographic information for the subspecies, additional to
population size and density, is provided by Bekessy et al. (2004) and is
summarized in Tables 3 and 4 below.

Table 3 Demographic values for Tasmanian Wedge-tailed Eagles adapted from
Bekessy et al. (2004).

Estimated number of territories within Tasmania 363

Approx. proportion of territories annually producing chicks 0.5

Average annual number of chicks per successful territory 1.07

Fecundity per breeding female 0.531

Nestling period Hatch - 11 or 12 weeks
Juvenile period 12 weeks - 1 year of age
Average age at first breeding 5 years

Reproductive lifespan 15 - 20 years

‘Usual lifespan' 20 - 25 years

Bell and Mooney (1999) provide minimum mortality rates for three life-stages.
Those rates were incorporated into a refined set of rates for eight life-stages used
by Bekessy et al. (2004).

Table 4 Mortality rates for life-stages of Tasmanian Wedge-tailed Eagles (adapted

from Table 10.1 of Bekessy ef al.) and derived survivorship rates

Life-stage Average mortality rate Derived survivorship rate
Chick 10% 90%
Juvenile 50% 50%
Immature 1 30% 70%
Immature 2 25% 75%
Immature 3 20% 80%
Immature 4 10% 90%
Non-breeding Adult 5% 95%
Breeding Adult 5% 95%
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24.2 Determining population values used for modelling
We have used the demographic information, summarized above, as the basis for
creation of a static life-table for the Tasmanian Wedge-tailed Eagle population
(Krebs 1978) (Table 5). In essence it provides a cross-section of the age
structure of the population. The life-table was used to ascertain putative values
required for our modelling that were not explicitly provided by previous authors,
including the proportions of the population that are breeders and non-breeders. It
was also used to provide the population estimate for our modelling purposes and
to determine the background mean annual survivorship rate of the population
against which to measure the predicted impacts of collision risk.
Table S Putative life-table for Tasmanian Wedge-tailed Eagle population based on
life-history and survivorship attributes provided by Bekessy ez al. (2004)
Age of life- Life stage Life-stage Annual Cumulative Mean number Life stage
stage survivorship survivorship cohort of individuals duration
increment rate (Sx) rate (Sx) survivorship annually (months)
(years) rate (Sx) survive life-
stage in Tas.
Population
0 Hatch 1.00 1.00 194
0-0.22 Chick 0.90 0.90 175 2.6
0.22 -1 Juvenile 0.50 0.45 0.45 87 9.4
1-2 Immature 1 0.70 0.70 0.32 61 12
2-3 Immature 2 0.75 0.75 0.24 46 12
3-4 Immature 3 0.80 0.80 0.19 37 12
4-5 Immature 4 0.90 0.90 0.17 33 12
5-6 Adult 1 0.95 0.95 0.16 31 12
6-7 Adult 2 0.95 0.95 0.15 30 12
7-8 Adult 3 0.95 0.95 0.15 28 12
8-9 Adult 4 0.95 0.95 0.14 27 12
9-10 Adult 5 0.95 0.95 0.13 26 12
10-11 Adult 6 0.95 0.95 0.13 24 12
11-12 Adult 7 0.95 0.95 0.12 23 12
12-13 Adult 8 0.95 0.95 0.11 22 12
13- 14 Adult 9 0.95 0.95 0.11 21 12
14-15 Adult 10 0.95 0.95 0.10 20 12
15-16 Adult 11 0.95 0.95 0.10 19 12
1617 Adult 12 0.95 0.95 0.09 18 12
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17-18
18-19
19-20
20-21
21-22
22-23
23-24
24 - 25

Adult 13 0.95 0.95 0.09 17 12
Adult 14 0.95 0.95 0.08 16 12
Adult 15 0.95 0.95 0.08 15 12
Adult 16 0.95 0.95 0.07 15 12
Adult 17 0.95 0.95 0.07 14 12
Adult 18 0.95 0.95 0.07 13 12
Adult 19 0.95 0.95 0.06 12 12
Adult 20 0 0 0.00 0 12

Annual maximum Tasmanian population based on life-table 742

Mean population annual survivorship rate (Sx) 0.8660

Portion of total population (post-fledging birds) that are floaters (1 - 4 years of age) 0.24

Mean number floaters in population (1 — 4 years of age) 177

Bekessy ef al. state that “usual lifespan’ of Tasmanian Wedge-tailed Eagles is 20
— 25 years. We have thus truncated the life-table to a maximum longevity of 25
years.

Cumulative cohort survivorship rates are derived from the product of the
incremental survivorship rates of all preceding annual age-classes in a population
(S, = finite rate of survival during the time interval x to x + 1 (Krebs 1978)).

We have used a mean number of 194 chicks annually hatched in the entire
population. This is derived from detailed values, as provided by Bekessy et al.
(2004), for the total estimate of Tasmanian Wedge-tailed Eagle breeding
territories (= 363); the percentage of those that are successful annually (~50%);
and the mean number of chicks hatched per successful female (= 1.07). We have
used these values, which would appear to be based on more detailed estimates,
rather then the, “approximately 140 pairs breed successfully each year” that
Bekessy et al. cite elsewhere (p. 219).

Note, that the life-stage survivorship rates and longevity attributes provided by
Bekessy ef al. (2004), in combination with the number of chicks produced per
annum as we have determined it, indicates a mean annual maximum population
estimate for Tasmanian Wedge-tailed Eagles of 742 birds. This is the maximum
number of eagles that are suggested would be of flying age and is comprised of
the combined estimates of 390 adults, 175 fledglings and 177 birds aged 1 — 4
years. It excludes chicks prior to fledging and juveniles which are encompassed
within each annual cohort of fledglings.

This total is considerably lower than the 1500 birds in the population suggested
by Bekessy et al. although it is derived entirely from values they provide. The
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number of adults suggested by the life-table does not equate with the 363
breeding pairs on which it is based. This would seem to indicate that published
population estimates or demographic rates are not entirely accurate. A smaller
annual cohort of chicks, based on 140 successful breeding pairs, would suggest
an even lower total population. We have not attempted to reconcile these
differences, but note that they are indicative of the kinds of difficulties in
population estimates that are available even for a large and conspicuous species
that is relatively easy to study. Despite that, in the absence of other information,
we have based our modelling on this most recently available information.

Values from the life-table indicate that approximately 24% of the population is
comprised of non-breeding adult birds aged 1 —4 years. This constitutes the
nomadic portion of the population.

2.4.3 Populations of Tasmanian Wedge-tailed Eagles at wind farm sites

Specific investigations have not been undertaken into the population dynamics of
Tasmanian Wedge-tailed Eagles inhabiting any wind farm sites in Tasmania so
there is no empirical data about the number of birds using sites. In order to
provide necessary inputs about the number of birds that might interact with
turbines at any given site, and consequently across all sites, we have made
assumptions about the number of birds involved based on available information
about relative regional densities of the wider Tasmanian population of the
species (see 2.4.1 The Tasmanian Wedge-tailed Eagle population). That has
been further informed by knowledge of habitats at particular sites and their
potential influence on densities of the bird; by local knowledge, where available;
and by information gleaned during bird utilisation studies at a number of the
sites. The latter includes the relative frequencies of observing Wedge-tailed
Eagles and the maximum numbers of individuals observed on any one occasion
at any of the relevant wind farm sites.

The Wedge-tailed Eagle population is comprised of two components whose
movement behaviours relative to a particular site are likely to differ. These are
territory residents, including breeding adults and their first-year offspring, and
nomadic non-breeders aged between approximately one and five years. We have
therefore had to determine how to appropriately model for these two sectors of
the population in modelling of both collision risk for individual wind farms and
subsequently of the cumulative impacts of multiple wind farms.

The numbers of Tasmanian Wedge-tailed Eagles that we have considered are
likely to be resident in the area of each wind farm, based on the considerations
above, is shown in Table 6 (Section 2.4.5). In order to account for a level of
uncertainty, we have attempted to err toward modelling for a higher level of risk
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and have assumed that the territories of more than one pair may intersect within
the site of any given wind farm. Thus for every location where breeding birds
might occur we have modelled for the possibility that a minimum of two pairs
and their juvenile offspring may interact with turbines on the site.

Based on the 24% of the overall population that was determined to be nomadic,
we have added that percentage to the number of residents believed to be present
at the majority of wind farm sites. At two sites where resident breeding birds are
considered unlikely to exist (Heemskirk and Huxley Hill), we have modelled on
the basis of two non-breeding birds being present at all times. Numbers of non-
breeding birds at each site are provided in Table 6. The rationale for modelling
of the presence of nomadic birds is outlined above (2.4 Mathematical approach
to cumulative impacts modelling).

The combined total of Tasmanian Wedge-tailed Eagles modelled as having
potential to interact with turbines at each wind farm is shown in Table 6.

We have assumed that development of a wind farm does not alienate the area
from further use by eagles. This is considered to be the case because previous
land uses at all current wind farm sites in southern Australia, including
Tasmania, have continued and pre-existing habitat values have remained largely
unaltered following construction of facilities. It is also the case that Wedge-
tailed Eagles are known to continue to occupy operational wind farm sites in
southern Australia, including the large Bluff Point Wind Farm (formerly
Woolnorth Lot 1) in Tasmania.

It is also assumed that mortalities due to collisions with turbines do not alter
usage, or occupancy of wind farm sites by Tasmanian Wedge-tailed Eagles. We
do not consider that collisions are likely to result in heightened avoidance
behaviours on the part of survivors. The closest analogy in our view are motor
vehicle collisions involving Wedge-tailed Eagles and we are not aware of any
suggestion that fatal accidents result in changed behaviours on the part of
surviving birds. In the short-term there may be a period of months before an
individual bird that is killed might be replaced in a local population. However
we do not consider that the presence of a wind farm or the incidence of collision
is likely to materially alter the rate at which dead eagles will be replaced from
that which occurs elsewhere.

Following the rational outlined above, we have modelled the effects of collisions
on the basis that occupancy rates of wind farm sites and eagle behaviours,
including avoidance rates for eagles encountering turbines, will remain constant
over time.
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244 Frequency and heights of flights by Tasmanian Wedge-tailed Eagles

In studies of the utilisation of wind farm sites by birds through south-eastern
Australia, the number of flights and height of each flight made by birds has been
recorded during standard point counts. Thus we have data for utilisation by
Tasmanian Wedge-tailed Eagles of the Mussleroe, Woolnorth Lot 1, Woolnorth
Lot 2 and Heemskirk wind farm sites where Biosis Research has undertaken such
investigations. These data provide the parameter inputs used here that are
specific to those wind farm locations.

We do not have data for utilisation by Tasmanian Wedge-tailed Eagles of the
Jim’s Plain, Flinders Island and Huxley Hill sites. In order to model for those
sites we have used a scenario for each based on informed assumptions about
similarity of the particular location to sites for which we do have data. Thus we
have modelled the Jim’s Plain site on the basis that it is biogeographically close
to the Woolnorth sites and have assumed that utilisation might equate with those
recorded at Woolnorth Lot 2, which has higher rates than Woolnorth Lot 1.
Similarly, Flinders Island has been modelled on the basis of its biogeographic
proximity to the Mussleroe site. Tasmanian Wedge-tailed Eagles are known
from King Island but are not known to breed there. Hence, we have assumed
that utilisation rates for the Huxley Hill site may be most similar to those
recorded at the Heemskirk location which is also in a region believed to be
inhabited by few, if any, breeding birds.

Frequency of Wedge-tailed Eagle flights

The numbers of movements-at-risk of collision has been determined from the
number of Wedge-tailed Eagle flights recorded during timed point count records
at wind farms where they have been undertaken (Mussleroe, Woolnorth Lot 1,
Woolnorth Lot 2 and Heemskirk). This parameter is then extrapolated to
determine an estimated number of movements-at-risk for each species for an
entire year.

For sites where the number of flights has not been collected or was not available
(Jim’s Plain, Flinders Island and Huxley Hill), we have used a scenario for each

based on informed assumptions about similarity of the particular location to sites
for which we do have data, as outlined above (Section 2.5).

The numbers of flights per annum at risk of collision with turbines that have
been used in modelling for each site are the sum of the numbers of flights shown
for the two height zones in Table 6.

Relative heights of Wedge-tailed Eagle flights

The height at which birds fly within a wind farm is relevant to the likelihood of
collision with turbines due to the different heights of turbine components and
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different collision risks they present to birds. The moving rotors of a turbine are
considered to present a greater risk than are the static elements of the machine.
A variety of turbine types are involved in this assessment, but by way of
example, the rotors of the largest turbines (Vestas V90) on a standard height
tower, sweep a 90 metre deep height zone between 33 and 123 metres above the
ground. This rotor-swept-zone is considered to represent an area of greater
danger to flying birds than is the stationary tower below rotor-swept height.

As part of our studies of bird utilisation at the Mussleroe, Woolnorth Lot 1,
Woolnorth Lot 2 and Heemskirk wind farm sites we have recorded the height of
each flight made by birds observed during standard point counts. These data are
allocated to the two height zones in which birds may interact with turbines:

e the zone between the ground and the lowest point swept by rotors, and

e the zone between the lowest and highest point swept by rotors (the rotor-
swept-zone).

The proportion of flights recorded from the two height zones vary considerably
between the four sites, but are consistent in that the majority of flights were from
rotor-swept-height at all of them (Table 6).

Flight height data has not been collected or was not available for the remaining
three sites, Jim’s Plain, Flinders Island and Huxley Hill. In order to model for
those sites we have used a scenario for each based on informed assumptions
about similarity of the particular location to sites for which we do have data, as
outlined above (Section 2.5).

245 Parameters modelled for Tasmanian Wedge-tailed Eagles at wind
farm sites

The data or scenario for Tasmanian Wedge-tailed Eagle modelled for each wind
farm is outlined in Table 6.
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Table 6 Inputs modelled for Tasmanian Wedge-tailed Eagle use of wind farms
Wind farm Number of Number of  Total minutes Putative Putative Modelled
flight records flight records of number of number of population
from below from within observations residents floaters (1- 4 total for site
rotor-swept- rotor-swept- (breeding age year old non-
zone zone adults + breeders)
juveniles)
modelled
Mussl A 2 1
ussleroe 3 9 8100 6 1.44 744
Heemskirk * 1 7 11610 0
2 2
Jim's Plain ® Modelled as for Woolnorth Lot 2 6 1.44 7.44
Woolnorth 11 32 11315 9
A 2.16 11.16
Lot 1
Woolnorth 32 45 14805 6
A 1.44 7.44
Lot 2
King Is Modelled as for Heemskirk 0 2 2
Huxley Hill ®
Flinders Modelled as for Mussleroe
B 6 1.44 7.44
Island
Total 33 11.9 44.9

A = All values from site-specific data

B . .. .
= Scenario based on similar site

24.6 Avoidance by Tasmanian Wedge-tailed Eagles of wind turbines

Note that in modelling of the cumulative impacts of collision, any collision
caused by a bird striking, or being struck by, a turbine, is assumed to result in
death of the bird.

The use of the term ‘avoidance’ here refers to how birds respond when they
encounter a wind turbine, that is, the rate at which birds attempt to avoid
colliding with the structures.

At the request of DEH, three avoidance rates are modelled: 95%, 98% and 99%.
Given that static elements of a turbine (tower, nacelle, etc.) are stationary and
highly visible, we take the approach of modelling the likely avoidance rate of the
area presented by these parts as 99% in all scenarios. The three variable
avoidance rates that are modelled here relate to the area in which the sweeping
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motion of rotors is considered to present a higher risk. They are calculated as the
area swept by rotors during the passage of a bird at a given flight speed.
Complete lack of avoidance (0%) is behaviour that has not been observed in any
study of bird interactions with wind turbines and would be analogous to birds
flying blindly without responding to any objects within their environments. It
should be noted that 99% avoidance rate means that for every 100 flight made by
a bird it will make one in which it takes no evasive action to avoid collision with
a turbine. In real terms this equates to avoidance behaviour that is considerably
lower than that shown by many species of birds under most circumstances.
Absolute avoidance behaviour (100%) has been documented for some species
and may be a reasonable approximation for many species in good conditions, but
is unlikely for some species in certain conditions.

For all bird groups, specific avoidance rates measured to date are:

1. Directly observed avoidance rates (i.e. observations of birds passing
through a turbine array, but showing active avoidance of collisions):

° 100% - Barnacle, Greylag, White-fronted Geese, Sweden (Percival 1998);

e 100% - range of species (Common Starling, Straw-necked Ibis, Australian
Magpie, Australian Raven, Little Raven, European Goldfinch, White-fronted
Chat, Skylark, Black-shouldered Kite, Brown Goshawk, Richards Pipit,
Magpielark, Nankeen Kestrel, White-faced Heron, Brown Songlark, Wedge-
tailed Eagle, Swamp Harrier, Brown Falcon, Collared Sparrowhawk, egret sp.,
White Ibis), Codrington, Victoria (Meredith ez al. 2002);

e 99% - migrating birds, Holland (diurnal and nocturnal data) (Winkelman
1992);

e 99.9% - gulls, Belgium (Everaert et al. 2002, in Langston & Pullan 2002);

e  99.8% - Common Terns, Belgium (Everaert ef al. 2002, in Langston &
Pullan 2003);

e  97.5% - waterfowl and waders, Holland (Winkelman 1992, 1994);
e  87% - waterfowl and waders at night, Holland (Winkelman 1990).

2. Calculated avoidance rates (i.e. recorded fatalities compared with measured
utilisation rates — these are more accurately considered as survival rates of birds
passing through a wind farm, but they give an indirect estimate of avoidance
rate):

e  100% - waterfowl, Yukon, Canada (Mossop 1997);
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e 100% - raptors, Yukon (ibid);

e 99% - Australian Magpie, Skylark, Codrington Victoria (Meredith et al.
2002);

e  99% - waterfowl, waders, cormorants, UK (Percival 2001);
e  >95% - Brown Falcon, Victoria [Codrington] (Meredith et al. 2002).

Based on the experience cited above, it is reasonable to conclude that an
avoidance rate of 99% or greater is typical for daylight and normal weather. The
only measured avoidance rate of nocturnal flights is 87% (Winkelman 1990).
While other sources conclude that birds’ avoidance behaviour differs between
night and day, they do not provide actual avoidance rates. Radar studies record
100% avoidance in most cases, but where a “reduction” in avoidance has been
noted, corresponding avoidance rates have not been provided (Dirksen et al.
1996). These sources suggest that at night, birds are more cautious about flying
into a wind farm area, but have potentially lower rates of avoidance if they do
enter a wind farm. Since 87% is the only avoidance rate figure available for
conditions of poor visibility (e.g. night, fog), and in the absence of any other
empirical data this is most reasonable to use as a lower bound on ecologically
reasonable rates.

It would seem likely that avoidance by a species with the flight characteristics of
the Tasmanian Wedge-tailed Eagle would generally be in the range of 95% to
100% in most conditions. Eagles may fly infrequently when visibility is reduced
by fog or rain, however some individuals of some species do fly under these
conditions and this can lead to increased collision risk. They are highly unlikely
to fly during the hours of darkness. Data from overseas, based on findings of
bird carcasses, demonstrates that large raptors do collide with turbines.

However, empirical data about avoidance rates requires investigations that assess
the actual behaviours of birds when they are confronted by turbines. Such
studies for raptors have rarely been attempted and the only research into this
question for the Wedge-tailed Eagle is that of Meredith ez al. (2002) who
investigated avian avoidance of turbines at the Codrington wind farm in Victoria.
They documented just three instances of Wedge-tailed Eagles flying in the
vicinity of the wind farm and the birds avoided collision in each case. In a recent
investigation of collision risk for the closely related Golden Eagle Aquila
chrysaetos for the proposed Lewis Wind Farm in Scotland, Coates (2004)
modelled for avoidance rates of between 95% and 99.9%. He considered that,
‘... the actual level of avoidance is most likely to lie within the upper part of this
range, that is, around 99.0 to 99.5%”. Overall, considering the range of species
sampled in Australia and overseas, the consistency in avoidance rates and the
absence of any documented cases lower then 95%, it is appropriate to assume
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that Tasmanian Wedge-tailed Eagles will have avoidance rates in the 95% -
100% range. Nonetheless, we recommend that this is a key area requiring further
soundly based investigation within operational wind farms.

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling 27



Modelled cumulative impacts of wind farms on the Tasmanian Wedge-tailed Eagle — September 2005

3.0

3.1

RESULTS: CUMULATIVE IMPACTS
MODELLING

Estimated impacts from modelling of individual
wind farms

The initial stage for modelling the cumulative risk of Tasmanian Wedge-tailed
Eagle collisions with wind turbines is to determine a level of risk posed by each
individual wind farm. Results from this process also allow assessment to be
made of the effects of any single wind farm or of any combination of farms. For
the purposes of evaluating the potential impacts of current or future proposals to
build wind farms this component of the process provides a valuable tool.

Predicted risk of collisions is expressed as a mean annual survivorship rate which
represents the proportion of the population that is expected to survive all
encounters with turbines at a given wind farm during the course of a year.
Modelled survivorship rates for relevant wind farms are shown in Table 7. It has
been necessary to calculate and show these values to four significant numbers in
order for differences between them to be detected. It is important that this is not
to be misinterpreted to indicate any level of ‘accuracy’ in the predicted results.

Table 7 Modelled survivorship rates for wind farms presenting a collision risk to

Tasmanian Wedge-tailed Eagles

Survivorship rate Survivorship rate Survivorship rate
Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

Mussleroe 0.8621 0.9248 0.9467
Heemskirk 0.9118 0.9524 0.9663
Jim's Plain 0.9269 0.9595 0.9706
Woolnorth Lot 1 0.9628 0.9783 0.9835
Woolnorth Lot 2 0.9187 0.9548 0.9672
King Is Huxley Hill 0.9793 0.9891 0.9924
Flinders Island 0.9881 0.9932 0.9948
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3.2 Estimated cumulative impacts across the range of
the Tasmanian Wedge-tailed Eagle

No empirical values for annual variations in population numbers nor for any
variables of demographic parameters influencing the population were available.
Clearly environmental variables and stochastic events have effects on the
Tasmanian Wedge-tailed Eagle population, however in the absence of any
known values and for simplicity of presentation, we have not assigned arbitrary
coefficients of variation. Therefore, in the following results and discussion mean
values are used throughout, but may be viewed as indicative only. Annual
variations in all values will occur and may have considerable influence on
population numbers used here and on predictions derived from them.

The total number of Wedge-tailed Eagles modelled as interacting annually with
all seven wind farms under consideration here is 45 (2.4.5 Parameters modelled
for Tasmanian Wedge-tailed Eagles at wind farm sites). This equates to 6% of
the entire Tasmanian population of 742 Wedge-tailed Eagles (as derived from the
life-table) that is at risk of collisions with wind turbines.

The weighted mean survivorship rates determined for the cumulative impacts of
collisions at all wind farms across the Tasmanian Wedge-tailed Eagle’s range are
provided in Table 8.

Table 8 Cumulative survivorship values for the Tasmanian Wedge-tailed Eagle
population from potential collision risk posed by seven wind farms in

Tasmania

Survivorship rate Survivorship rate Survivorship rate
at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

0.9355 0.9642 0.9741

3.21 Impacts on Tasmanian Wedge-tailed Eagle annual survivorship

In order to assess the potential impact of altered survivorship rates that may be
imposed on the Tasmanian Wedge-tailed Eagle population by collisions with
wind turbines it is first necessary to know the background survivorship rate that
affects the population in the absence of any impacts of wind farm collision.

A mean annual background survivorship rate of 0.8660 (i.e. 86.60% of the
population surviving from one year to the next) was obtained from the life-table
constructed from previously published rates for life-stages of the Tasmanian
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Wedge-tailed Eagle population (see 2.4.2 Determining population values used
for modelling).

The effect of survivorship values for cumulative impacts of collision risk on the
portion of the Tasmanian Wedge-tailed Eagle population that interacts with wind
farms is found by multiplying the background by wind farm survivorship rates.

Thus, for the case of 95% avoidance rate, the cumulative effect equals 0.8102
(0.8660 x 0.9355). The equivalent annual rate for 98% avoidance rate equals
0.8350 (0.8660 x 0.9642) and for 99% avoidance rate equals 0.8436 (0.8660 x
0.9741). Note that these altered survivorship rates affect only the 6% of the
population that are modelled as coming into contact with wind farms in any year,
while the remaining 94% of the population continue to experience the
background rate.

We can also determine an overall cumulative impact of the seven wind farms on
the entire subspecies. To do so we compare the effect of background
survivorship of the entire population in the absence of wind farms, with the
combined effects of that rate affecting the 94% of the population that do not
interact with turbines on the seven wind farms and the predicted increased rate
affecting the 6% of the population that does interact with them.

The background rate for the entire population indicates that a mean of 642.23
birds survive each year (742 x 0.8660). Of 94% (697 birds) of the population
surviving at the mean annual background rate, 603.26 (697 x 0.8660) would be
expected to survive per annum.

For 95% collision avoidance rate, of 6% (45 birds) of the population affected by
the survival rate for wind farms, 36.46 (45 x 0.8102) would be expected to
survive each year. The sum of these two components of the overall population is
640.06 birds. Expressed in terms of the effect on annual survivorship rates of the
entire population, this predicts an overall decrease from 0.8660 to 0.8631.

For 98% collision avoidance rate, of 6% (45 birds) of the population affected by
the survival rate for wind farms, 37.58 (45 x 0.8350) would be expected to
survive each year. The sum of these two components of the overall population is
641.18 birds. Expressed in terms of the effect on annual survivorship rates of the
entire population, this predicts an overall decrease from 0.8660 to 0.8646.

For 99% collision avoidance rate, of 6% (45 birds) of the population affected by
the survival rate for wind farms, 37.96 (45 x 0.8436) would be expected to
survive each year. The sum of these two components of the overall population is
641.22 birds. Expressed in terms of the effect on annual survivorship rates of the
entire population, this predicts an overall decrease from 0.8660 to 0.8646, which
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is no different from that predicted for 98% avoidance.

3.2.2 Predicted Tasmanian Wedge-tailed Eagle mortalities

A number of birds that might be killed annually by the predicted cumulative
effects of turbine collisions for all seven wind farms can be determined by
comparing the number of individuals utilising the wind farm sites that would be
expected to die at the background mortality rate with the number expected to die
at the rate predicted for wind farms. The total population of Wedge-tailed Eagles
modelled as interacting annually with all seven wind farms under consideration
here is 45 (2.4.5 Parameters modelled for Tasmanian Wedge-tailed Eagles at
wind farm sites). Note that mortality rate is simply the inverse of survivorship of
rate. See Section 3.2.1 Impacts on Tasmanian Wedge-tailed Eagle annual
survivorship for survivorship rates calculated for the three different rates of
collision avoidance modelled.

The background annual mortality rate equals 0.1340 (i.e. the inverse of the
predicted annual cumulative survivorship rate (1 - 0.8660 = 0.1340). The annual
number of background mortalities occurring within the population of Wedge-
tailed Eagles modelled as interacting annually with all seven wind farms thus
equates to 6.03 birds (i.e. 45 x 0.1340 = 6.030).

For the case of 95% avoidance rate, the predicted annual cumulative mortality
rate from wind turbine collisions equals 0.1898 (i.e. the inverse of the predicted
annual cumulative survivorship rate (1 - 0.8102 = 0.1898). The annual number
of mortalities thus equates to 8.54 birds (i.e 45 x 0.1898 = 8.541). The increase
in mortalities of the entire Tasmanian Wedge-tailed Eagle population due to the
cumulative effects of collisions at 95% avoidance rate, is thus predicted to
average approximately 2.5 birds per annum (8.54 — 6.03 = 2.51).

For the case of 98% avoidance rate, the predicted annual cumulative mortality
rate from wind turbine collisions equals 0.1650 (i.e. the inverse of the predicted
annual cumulative survivorship rate (1 - 0.8350 = 0.1650). The annual number
of mortalities thus equates to 7.43 birds (i.e 45 x 0.1650 = 7.425). The increase
in mortalities of the entire Tasmanian Wedge-tailed Eagle population due to the
cumulative effects of collisions at 98% avoidance rate, is thus predicted to
average approximately 1.4 birds per annum (7.43 — 6.03 = 1.40).

For the case of 99% avoidance rate, the predicted annual cumulative mortality
rate from wind turbine collisions equals 0.1564 (i.e. the inverse of the predicted
annual cumulative survivorship rate (1 - 0.8436 = 0.1564). The annual number
of mortalities thus equates to 7.04 birds (i.e 45 x 0.1564 = 7.038). The increase
in mortalities of the entire Tasmanian Wedge-tailed Eagle population due to the
cumulative effects of collisions at 99% avoidance rate, is thus predicted to
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3.2.3

average approximately 1.0 birds per annum (7.04 — 6.03 = 1.01).

We consider that a collision avoidance rate for the species is likely to be 99% or
higher. Thus the additional mortality predicted for the cumulative effects of
turbine collisions for wind farms within the range of the Tasmanian Wedge-
tailed Eagle is likely to result in the additional death of approximately one bird
per annum.

Conclusion

The cumulative impacts of collision with turbines on the overall population of
Tasmanian Wedge-tailed Eagles, predicted by the modelling for current and
presently proposed wind farms within the species’ range, are very small and it is
thus highly likely that their effects would be masked by normal fluctuations in
the population due to natural environmental variables. However, mortality due
to turbine collision is a negative impact on the species that would be expected to
increase further if the number of wind farms continues to grow (see also Section
5.0 Results and Discussion: PVA Modelling Of Critical Impact Assessment).

Effects of wind farm developments on eagle populations, other than collisions
with turbines, such as direct and indirect losses of habitat are not encompassed
by the assessment here. Collisions with other wind farm infrastructure like
transmission poles and lines may present particular risks for eagles. We
recognise that the cumulative impacts of a variety of such aspects of wind farms
may have adverse effects on the Tasmanian Wedge-tailed Eagle population
additional to those modelled here.
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4.0

411

METHODS: DETERMINING CRITICAL IMPACT
LEVEL

The objective of this element was to determine a suitable assessment for
providing an estimate of the level at which predicted collision is likely to present
concerns for the Tasmanian Wedge-tailed Eagle population. Ideally, a critical
impact level should be measured in terms of presented area of turbines (m?).
Such a value could conceivably be converted into a number of turbines of any
particular type, or into a matrix of both turbine numbers and types.

One method is to use a Population Viability Analysis (PVA) to assess the level
of impact on the population that would significantly increase the probability of
extinction risk to the population. Simplistically, the objective would be to
determine a threshold extinction risk below which the impact of predicted
collisions with wind turbines would be considered ‘acceptable’ and above which
the impact would be considered to be ‘unacceptable’.

We have used the Population Viability Analysis tool, VORTEX (v9.51), to
examine the difference in extinction risk posed to the Tasmanian Wedge-tailed
Eagle resulting from increased mortality due to collisions with wind turbines as
predicted by our modelling of the cumulative effects of wind farms in Tasmania.
The VORTEX model used is an individualistic, stochastic model, accounting for
life-stages and various mortality risks. It was possible to undertake this analysis
for the Tasmanian Wedge-tailed Eagle only because a recent PVA has been
undertaken to assess the potential impacts of forestry practices on a regional
portion of the population (Bekessy et al. 2004) and it provided values for most of
the population parameters required. Where derived values were required, the
base data provided by Bekessy ef al. permitted us to construct a life-table in
order to calculate required values.

In the absence of empirical data, any evaluation of what constitutes a critical
level of impact on an endangered species or population, will necessarily be
subjective and arbitrary and we are not in a position to mandate a threshold level
for ‘acceptable’ risk. Nevertheless, by re-running scenarios, increasing the
environmental mortality each time, we were able to determine where the
cumulative effects of wind farms (under the refinements and assumptions of our
greatly simplified PVA — see below) began to make a measurable and significant
effect.

Assumptions and inputs to the VORTEX PVA model

Extinction was defined as occurring in a simulation if the population was
reduced to only one gender.
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The population was modelled as homogenous over the entire suitable habitat
range. We are aware that densities of Wedge-tailed Eagles do vary considerably
across the species’ range in Tasmania (Mooney and Holdsworth (1991), Bell and
Mooney (1999)). But we were not able to take this factor into account in PVA
modelling since the proportions of the population that exist at different densities
have not been quantified. However, this will mean that wind farms situated in
different parts of the range would present different levels of risk to the
population. Hence a single measure of risk is not entirely applicable across the
species’ range and this complicates the notion of determining a single suitably
applicable threshold that would constitute a critical impact level.

The eagles were defined as long-term monogamous, with a maximum breeding
age of 25 years. It was assumed that the age of first breeding was the same for
both males and females, and was set at 5 years. The maximum progeny per cycle
was set at two, although with a 98% likelihood of only one offspring. The sex
ratio at birth was assumed to be equal.

The mean annual fecundity of adult females was set at 0.531 (Bekessy et al.
2004), with an environmental variation allowing for a 95% confidence interval
for the rate of between 0.425 and 0.637.

No distinction in demographic values was drawn between the sexes, and the
following table of mortality rates (Table 9) was derived from the life table we
constructed (2.4.2 Determining population values used for modelling).

Table 9 Mortality rates and standard deviations for life-stages used in PVA
modelling of extinction risks posed by predicted collisions with wind turbines

on Tasmanian Wedge-tailed Eagles

Life Stage Mortality Standard Deviation due to

Environmental Variance

0-1 Year 0.55 0.20
1-2 Years 0.30 0.03
2-3 Years 0.25 0.03
3-4 Years 0.20 0.03
4-5 Years 0.10 0.03
5+ Years 0.05 0.03
25+ Years 1.00 0.00

The initial population was assumed to be 700 individuals, with a maximum
environmental carrying capacity of 1500 individuals. It should be noted that in
the 20000 simulation runs used to generate the following findings, not a single
run met this carrying capacity barrier. It was assumed that carrying capacity was
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static for the 200 years of the simulation run, meaning that no habitat loss (or
creation) was modelled.

There was assumed to be a correlation between the environmental variation in
good breeding years, and years conducive to higher survival rate.

The focus of this model was to highlight the difference in survivorship
rate/extinction probability between different scenarios hence we did not model
the species’ recovery rate, or the ability to recover from any stochastic
catastrophe. In the absence of input values and the interests of clarity, we did not
model genetic effects or density dependent breeding effects. There was no
account made in this modelling for either harvest, or supplementation of the
population.

A run of 5000 iterations, modelling the population over 200 years, was
completed for the background configuration detailed above. The data from this
was collated, and the mean extinction was used to generate a probability of
extinction.

4.1.2 Incorporating the effects of wind farm collisions

From the cumulative effects modelling process, it was predicted that the overall
survival rate for the Tasmanian Wedge-tailed Eagle may be expected to drop
from a background environmental rate of 0.8660 to 0.8646. This corresponds to
a 0.001% increase in mortality rate. As wind farms are assumed to be non-
discriminating in their risk, this 0.001% increase in mortality was applied across
all of the life stages. Environmental variation and all other factors were kept the
same as previously. Another 5000 scenarios were run to model the predicted
cumulative effects of wind farm collisions, and the mean outputs were compared
with the outputs of the previous ‘background’ model.

41.3 Assessment of significant impacts

It order to ascertain a point at which the effects of collisions at a number of wind
farms begin to make a measurable and significant effect on the extinction risk to
the population, we re-ran the wind farm scenario a number of times increasing
the environmental mortality each time. This process, under the refinements and
assumptions of this very simplified PVA, permitted us to determine a level at
which heightened mortality began to significantly increase the probability of
extinction risk.
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5.0

RESULTS AND DISCUSSION: PVA
MODELLING OF CRITICAL IMPACT
ASSESSMENT

PV A modelling found that the risk of extinction is not affected to any significant
level by the introduction of collision risks predicted by our modelling of the
cumulative impacts for the seven wind farms assessed here.

Comparing the two P(Extinct) curves generated for extinction risk in the absence
of the seven wind farms and with the seven wind farms (i.e. with a mortality rate
increase of 1.001 over the base scenario) (Figure 1), a slight increase in
extinction risk can be identified for the data set containing wind farm effects.
However the standard error associated with each curve clearly overlaps the other,
indicating that there is no significant difference. In fact, the median year of
extinction for both scenarios is identical, supporting the argument of no
significant effect.

Mean(P[extinct])

/ Tasmanian Wedgetail Statewide Population Tasmanian Wedgetail wiwindfarm cumulative
effacts

08
061
04+

02+

01 ! = . I I

Figure 1

Examining the same curves with the Standard error bars overlain (Figure 2), it
can be seen that there is no significance to the slight difference between the two
curves.
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Mean(PJextinct])
/ TasmanianWedgetail Statewide Population Tazmanian Wedgetail wi windfarm cumulative
effacts
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06+
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02+
il | |

i al 200

Figure 2

The model was re-run using the same scenarios but with incrementally increased
mortality each time with a view to determining a point at which the effects of
collisions at a number of wind farms begin to make a measurable and significant
effect on the extinction risk to the population. Hence, it was run with for 1.005,
1.0075, 1.01 and 1.02 times the background mortality. This generated the family

Mean(P[extinct])
/ Tas'Wedgetail / +Windfarms @ / +Windfarms @/ +Windfarms @/ + Windfarms @
Fopulation 1 1.005 1.0074 1.M 1.02
1.0
08+
06T
0.4+
0.2+
0.0 I I I I
i a0 100 140 200
Years

of curves shown in Figure 3.
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Figure 3

It is at the 1.005 level, or an increase of 0.5% to the background mortality rate
that a difference in the models can first start to be resolved. It should be noted
here that the increase of 0.75% actually shows a greater chance of extinction than
increasing the background mortality by a whole percentage point. This serves to
highlight the level of caution we should have in using the model for such fine
analysis.

Mean(P[extinct])

/ TasWedoetail Population 1 +Windfarm Cumulative effects of 0.5%

0.8+

Figure 4

Showing the error bars, we can see that they just begin to separate at the 0.5%
level (Figure 4).

If we examine the mean numbers of individuals predicted for any given time we
can see that all curves are well and truly within each other’s band of confidence
(Figure 5).
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511
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Figure 5

Conclusion and caveats

Predicted risk of extinction for Tasmanian Wedge-tailed Eagles of the modelled
cumulative impacts of the seven wind farms (i.e. an expected 0.001 increase in
mortality) is not significantly different from that indicated for the population in
the absence of those wind farms. PVA modelling predicted a significant
difference in extinction risk only when the mortality rate increased to five times
that level. On this basis it could be predicted that a significant impact on the
Tasmanian Wedge-tailed Eagle population, over and above the existing variable
mortality due to current environmental conditions, might occur only if collisions
with turbines occur at a considerably higher rate than they are predicted to by our
modelling for seven existing and currently proposed wind farms.

However, we offer this assessment derived from PVA modelling with strong
reservations. Using the PVA model in this way places incredible faith in its
representation. We have used the PVA model in the most appropriate setting, as
an aid to comparison of two scenarios. Unfortunately, the actual data entered to
the PVA model is simplistic as it does not account for catastrophes, significant
events, or a full range of potential environmental variables. These factors aside,
the simple PVA as it is used here can highlight the extent to which collisions
with turbines at that the wind farm sites can be expected to affect the likelihood
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of survival. By removing the environmental factors described above, we reduce
the variability of the population, and increase the sensitivity of the population to
background environmental mortality rates. This will result in a slight
overstatement of the sensitivity to cumulative effects of wind farms on the
probability of survival.
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Abstract

The method to combine the individual wind-farm site assessments into
a cumulative effects model is described. It is shown that this is done by
multiplying all the individual site survival probabilities for each species
together. i.e Survival chance = P(S1)P(S2)P(S3)P(S4) ... P(Sn)

1 Introduction

Previous windfarm modelling has resulted in a measure of risk of bird-
turbine interactions. It inherently relied on the assumption that the bird
interacted with the site of the farm, and proceeded to generate a measure
of the probability of birdstrike through calculations of presented areas of
turbine and assumptions and observations of bird movements.

To approximate cumulative effects of multiple windfarms on the risk of
strike, we need to remove the assumption that the bird is already interact-
ing with the site. Having done this, we must account for the probabilities
of interacting with a given farm site, and then incorporate the risk of
strike associated with that farm. We then can proceed to calculate the
survival rate of a bird population residing or moving through a region
with resident windfarms.

2 Mechanics

This section is provided to allow for subsequent auditing of the process.
Due to its technical nature, it may be skimmed by the non-technical
reader.



2.0.1 Definitions

e ‘“region” At this stage we only refer to a region to allow the distinc-
tion between “home-ranges” and “habitats.” Appropriate choices
for what these regions represent will need to be made at a later
stage.

e N the number of wind farm sites found within the region of interest

e “site” A particular wind farm, consisting of turbines standing on
some of the region

o B, the event of a birdstrike associated with site 2
e A, the event of a bird interacting with site i
e S; the event of survival of an interaction with site 4

e P(C) a measure of the probability of an event, C, occurring

Note: The development of the method requires that all mortality risk
assessments be converted to survival chance. This is due to the impossi-
bility of a struck bird going on to either be struck again, or to survive the
next interaction. Only survivors can continue to interact.

2.1 Estimating Individual Site Risk (P(B;|A;))

As stated previously, the previous wind farm risk assessments have con-
centrated on the risk of strike, given that the bird is flying through the
site.

Using the definitions of section 2.0.1, this is written as

P(B;|As), (1)

and read as the probability of strike (event B;), given that the bird is
already on site (event A;).

A measure of this risk can be obtained one of two ways. Assuming
there is a significant population (defined to be large enough that the loss
of a single bird will not be significant and another individual will replace
it) then

Movements at Risk
Total Yearly Movements

(2)

can be used. Using this ratio implicitly assumes that the site population
is comparable to the number of observed movements. This may result in
a significant under estimate of risk.

If the population is small, then the mortality rate should be taken from
the earlier model’s measure of corpse numbers per year, and expressed as

Expected corpses per year

3)

Population

The later form, if population data is available, is the preferred form.
This is both for completeness as well as ease of implementation. If the
actual population is known to be small but site residency is unknown, it is
better to estimate site population, or enter the habitat population, than
to rely on the movements at risk approximation which could well be two
orders of magnitude below actual risk.



2.2 Estimating the chance of surviving a site

To estimate the chance of surviving a site, we need both the probability
of never visiting (P(A’)) and the chance of visiting, but not being struck
(P(B'|A)). As there are only three possibilities,

1. Visiting and not being struck,
2. Visiting and being struck,
3. and Not visiting at all

the easiest estimation of this risk is to calculate the risk of visiting and
being struck, and subtract this value from unity.
The probability of visiting and being struck is given by,

P(A;N B;) = P(A;)P(B;|A;) (4)
The chance of surviving site 4 is then given by
P((AiN By)') = P(Si) = 1 — P(A:) P(Bi|A:) (5)

Note: Earlier, non-cumulative models assumed that P(A) =1

The previous section (2.1) dealt with derivation of the second term.
The first term (P(A;)) can be approximated a number of ways. These are
detailed next.

2.3 Estimating the chance of visiting a site (P(4;))

Previous modelling successfully avoided the issue of the physical size of
the windfarm site through its implementation of the observational data.
Unfortunately, there does not appear to be any way to avoid incorporating
this measure into the model at this stage.

The chances of visiting a given site can be generated by measuring the
interaction between a region and the site. This is most naturally done
by comparing areas of the site relative to the region. This assumes that
there is no reason for visiting or avoiding the site relative to any other
area of the region. It may be appropriate to adjust this value if the site
is a significant habitat or food source likely to attract visits. Conversely,
if the site is barren, P(A;) might be adjusted downwards to account for
this. Without accurate data on visitation habits, the following estimates
are safe and realistic by assuming a homogenous region.

A basic measure of this probability is given by

Area of site

P(A;) = (6)

Area of region

This approximation is most appropriate for sedentary species, where
the relevant region is the home range, not the habitat.

The form indicated above may also be used for migratory species. If
it is to be used for a migratory species, the region appropriate becomes
the habitat area. Should the species be using a narrow corridor, this form
will be an underestimate of risk.

For a migratory species using a corridor, P(A;), is better approxi-
mated by taking the widest projection of the farm site (orthogonal to the



corridor), and dividing through by the width of the migratory corridor at
that location. i.e

width of site
width of corridor

P(A;) = (7)

This removes the possibility of birds flying around a farm placed in
the corridor, without ever “passing” it. This eventuality is possible for
sedentary species, who are free to roam in arcs whilst avoiding the actual
site.

2.4 Cumulative effect of N sites

Having generated the chance of surviving site i’s existence
(P(Si) =1— P(A;)P(Bil|As)),
we need to know the likelihood of surviving all N sites in the region.
This is given by
P(Slﬂ52ﬂ53ﬂ...). (8)
As surviving any one of the windfarm sites in the region is independent
of surviving any other site, this simplifies to

P(S1..n) = P(S1)P(S2)P(S5)... (9)
=11 P(S;) (10)

3 Summary

The derivation of cumulative effects takes into account the varying individ-
ual risk presented by each wind farm in a given region. This information
can be taken directly from the previously prepared reports on each site.
Extra information required to perform this calculation is:

For sedentary species : relative areas of home ranges and site areas occu-
pied by windfarms/turbines

For migratory species : effective blockage of corridors by windfarm sites.

3.1 Calculation steps
To calculate the cumulative effect on the survival rate of a species:

1. Identify the sites relevant to each species

2. Estimate the mortality rate for each site (P(B;|A;)). This can be
done either through the movements at risk, or mortality (corpse)
rate found on the summary pages. (See Section 2.2)

3. Determine an appropriate chance of site visitation, P(A;). (See Sec-
tion 2.3)
Note: If the home range of a sedentary species is signifi-
cantly smaller than the habitat, then average, representa-
tive values for these probabilities may be calculated and
substituted.



4. Determine the survival rate of each site via 1 — P(A;)P(B;|A;).

5. Multiply all the survival rates of each site relevant to the species
together.
Note: If using average properties (as discussed in the pre-
vious point), raise the average probability to the power of
the number of sites relevant to the size of the home range.

The resultant figure is a chance of survival for the species as a result
of the residency of windfarms in the habitat or corridor. A figure of unity
(1) indicates no individual will ever be struck. Zero (0) indicates complete
loss of the population.
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1.0 INTRODUCTION

11  Project Background

The Swift Parrot Lathamus discolor is listed as Endangered under provisions of
the EPBC Act for threatened species. The species migrates annually between
Tasmania and the coast of south-eastern Australia. Current population estimates
indicate that the population numbers fewer than 2000 birds. The species range
coincides with a number of recently constructed wind power generation facilities
(wind farms) and more facilities are proposed within its range. The wind farms
may pose a risk of collision to the parrot as bird mortalities are known from wind
farms in a variety of situations worldwide.

The essential aim of the current project is to predict, based upon the extant
population of Swift Parrots, the potential cumulative impacts of collision risk
posed by wind farms across the range of the species distribution. The project
utilises bird collision risk modelling to generate assessments of the cumulative
risk to the endangered Swift Parrot posed by such collisions.

The cumulative modelling was undertaken for the species using the Biosis
Research avian collision risk model. The assessment is based on existing and
currently proposed wind farm sites.

Using data available for the Swift Parrot, the Biosis Research collision model is
utilised to determine the bird strike risk for the parrot’s population from the wind
farms in the following categories, as at 30" May 2005, within the species range:

(1) already constructed or approved,

(i1) referred under the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act) and:

determined to be not a controlled action (NCA);
determined to be not a controlled action manner specified (NCA-MS);
approved under the EPBC Act; and

proposed and currently being assessed for a determination under the EPBC
Act.

111 Risk modelling

The fundamental objective of modelling of risk is to provide a rigorous process

BIOSIS RESEARCH Introduction
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by which probability can be assessed in a manner that can be replicated.

When making predictions of risk, the rationale behind the predictions is
explicitly stated in the mathematics of a model, which means that the logical
consistency of the predictions can be easily evaluated. Compared to subjective
judgement, this makes models more open to analysis, criticism and modification
when new information becomes available. Although there may be assumptions
used and some arbitrary choices when deciding on the structure and parameters
of a model, these choices are stated explicitly when using a model but are
difficult to disclose when making subjective judgements. Assessments based on
subjective judgement can give the illusion that they are not scientifically rigorous
(Burgman 2000), regardless of whether they are or not. The assumptions
underlying a model can be tested. Models can be used to help design data
collection strategies. They can help to resolve and avoid inconsistencies, and the
rigorous analysis of data can help to clarify thoughts. Models are often most
valuable for their heuristic capacities, by focussing attention on the important
processes and parameters when assessing risks (Brook et al., 2002). These
benefits are difficult, if not impossible to achieve with subjective judgement.

Biosis Research’s Avian Collision Risk Assessment Model is designed to
determine the risk of birdstrike at individual wind farms. This model has been
modified to create a Multi-site Risk Assessment Model, enabling the assessment
of cumulative risk from multiple wind farms. No other windfarm avian collision
risk model currently exists in Australia, and the Biosis Research model is more
advanced than those that have been used overseas. The Biosis Research model
has been developed in the context of Australian birds and has been tested on a
range of wind farm proposals in Australia, and has been subject to independent
peer review by Uniquest Pty. Ltd. (University of Queensland). It has been
constantly updated and improved over the last five years and now constitutes a
unique and powerful tool for assessing the potential impacts of wind farms on
birds. The model is the proprietary software of Biosis Research Pty. Ltd.

1.1.2 Overview of Collision Risk Modelling for individual wind farms

In order to quantify levels of potential risk to birds from collision with turbines,
Biosis Research Pty Ltd developed a detailed method for the assessment of
deterministic collision risk, initially for the Woolnorth Wind Farm in Tasmania
(Meredith et al. 2000). This model has continued to be used for a variety of
operating wind farms as further data has been obtained and has also been used to
assess the potential impacts of wind farms at a number of further potential sites
in Tasmania, Victoria, South Australia and recently in Fiji. It is applied here to
determine levels of predicted risk to Swift Parrots from individual wind farms.

The model provides a measure of the potential risk at different rates at which

BIOSIS RESEARCH Introduction
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birds might avoid collisions. For example, a 95% avoidance rate means that in
one of every twenty flights a bird would hit an obstacle in its path. Clearly, birds
have vastly better avoidance capacity than this and it is well established overseas
that even collision-prone bird species avoid collisions with wind generators on
most occasions (see Section 2.4.2, below).

In the modelling undertaken for the present project we divide the risk into two
height zones according to components of wind turbine structures. These are:

1. the stationary tower below rotor height, and
2. the turbine components within the height area swept by turbine rotors

We consider that birds will avoid collision with the stationary tower below rotor
height in all but the most exceptional circumstances and model for 99%
avoidance rate in that height zone. For the zone within rotor-swept height
(encompassing rotors, upper portion of tower and nacelle) we provide
predictions for movements at risk for each of 95%, 98% and 99% avoidance
rates.

In usual practice the model requires data on the utilisation rates of each species
being modelled, as collected during Point Count surveys on-site. These data
provide inputs to the model regarding activities of birds that might be at risk of
collision with turbines. Where data are not available because a species is not
recorded from a site, or where data are too few and are thus an unreliable basis
for extrapolation, a well informed scenario can be used, as is the case for the
present project. The risk assessment accounts for a combination of variables that
are specific to the particular wind farm and to birds that inhabit the vicinity.

The variables are:

e  The numbers of flights for each bird species below rotor height, and for
which just the lower portion of turbine towers present a collision risk.

e  The numbers of bird flights at heights within the zone swept by turbine
rotors, and for which the upper portion of towers, nacelles and rotors present a
collision risk.

e  The numbers of movements-at-risk of collision. Usually this parameter is
as recorded for each species during timed Point Counts, which are then
extrapolated to determine an estimated number of movements-at-risk for each
species for an entire year. Account is taken of whether particular bird species are
year-round residents or annual migrants.

e  The mean area of tower (m” per turbine), nacelle and stationary rotor blades
of a wind generator that present a risk to birds. The multidirectional model used
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1.1.3

1.1.4

here allows for birds to move toward a turbine from any direction. Thus the
mean area presented by a turbine is between the maximum (where the direction
of the bird is perpendicular to the plane of the rotor sweep) and the minimum
(where the direction of the bird is parallel to the plane of the rotor sweep). The
mean presented area is determined from turbine specifications supplied to Biosis
Research for individual turbine makes and models.

e  The additional area (m” per turbine) presented by the movement of rotors
during the potential flight of a bird through a turbine. This is determined
according to the length and flight speed of the bird species in question. In the
case of the Swift Parrot the bird’s length is set at 230 mm and its flight speed at
60 km/h.

e A calculation, based on the total number of turbines proposed for the wind
farm, of the number of turbines likely to be encountered by a bird in any one
flight. This differs according to whether turbines form a linear or a clustered
array on the landscape.

A value, or values, for each of the parameters above forms an input to the model
for each wind farm for which collision risk is modelled.

Presentation of results

All collisions are assumed to result in death of a bird or birds. Results produced
from modelling of the collision risk to Swift Parrots, of both individual wind
farms and of the cumulative impacts of them all, are expressed here in terms of
the annual proportion of the known population of the species that are predicted to
survive encounters with wind turbines. On the basis of the size of the population
modelled as likely to encounter wind farms, the modelling also provides an
actual number of parrots predicted to be killed annually.

Swift Parrot ecology

The Swift Parrot Lathamus discolor is a small, fast-flying nectarivorous parrot
that inhabits eucalypt forests in south eastern Australia. Swift Parrots breed in
eastern Tasmania and migrate to mainland Australia in autumn

Within both the breeding and non-breeding range, Swift Parrots prefer to forage
in larger trees, as these provide greater floral food resources than smaller trees
and also flower more frequently (Wilson and Bennett 1999). During the
breeding season, Swift Parrots feed primarily on the nectar from the flowers of
Tasmanian Blue Gum Eucalyptus globulus and to a lesser extent Swamp Gum
Eucalytptus ovata. Post-breeding food resources in Tasmania include a range of
other summer and autumn flowering eucalypts. On mainland Australia, the
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1.1.5

1.1.6

1.1.7

species feeds extensively on nectar and lerp (carbohydrate exudates of insects
that feed on eucalypt phloem through leaf surfaces) from eucalypt flowers and
foliage. Red Ironbark Eucalyptus tricarpa, Mugga Ironbark Eucalyptus
sideroxylon, Grey Box Eucalyptus microcarpa and Yellow Gum Eucalyptus
leucoxylon provide important food resources during the non-breeding season.
Other foods such as Acacia flowers, insect galls on foliage and insects are
consumed less often.

Probably the most important habitat for overwintering Swift Parrots is the Box-
Ironbark Forests of central Victoria and southern NSW, where it feeds on the
profusely-flowering Red Ironbarks E. tricarpa (central Victoria), Mugga
Ironbark E. sideroxylon (north eastern Victoria) and other flowering eucalypts.
However, small numbers of individuals are often recorded foraging at winter-
flowering eucalypts throughout much of south-eastern Australia, including
within planted trees in parks and gardens in suburban Melbourne.

Swift Parrot population size

The most recent population estimates for the entire known population of the
Swift Parrot are provided in the Swift Parrot Recovery Plan (Swift Parrot
Recovery Team 2001). The most recent estimate is for the 1995/96 breeding
season, for which an estimated 940 pairs were located. The Plan suggests that
the Swift Parrot population is at best stable at an estimate 1000 breeding pairs
but may be in a continuing decline due to habitat loss. The number of Swift
Parrots can be expected to vary from an annual low immediately prior to the
breeding season, to an annual high at the end of the breeding season.

No study of swift Parrot demographics has been undertaken, so demographic
parameters such as annual mortality and fecundity rates are unknown.

Swift Parrot breeding range

The parrot has a breeding range restricted to Tasmania centred on the south-east
coast within the range of Tasmanian Blue Gum Eucalyptus globulus. There is
also a smaller breeding population between Launceston and Smithton on
Tasmania’s north coast (Swift Parrot Recovery Team 2001).

Swift Parrot migration

The Swift Parrot migrates annually between its breeding range in eastern and
north-central Tasmania and the coastal mainland of Victoria, New South Wales
and southern Queensland. Rare occurrences are recorded from south-eastern
South Australia. This annual process involves both regular migratory
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1.1.8

movements through a very large geographic range and variable periods of
residence by portions of the population at different locations across the range.
The timing of migratory movements is quite well known from annual arrival and
departures dates from the breeding range. However, actual migratory
movements have rarely been documented for a number of reasons likely to
include the following:

. the small number of birds in the extant population,

. the few ornithologists, relative to the extensive migration area, that are
likely to be on hand to make observations of the species,

o the fact that it entails crossings of Bass Strait,

o the probability, based on the species flight capacity, that migrations
across Bass Strait may be rapid, entailing direct flights of just a few hours
(Brown 1989), and

o the possibility, based on a general lack of records of Swift Parrots
aggregating at ‘staging’ locations, that they may migrate directly across Bass
Strait from locations dispersed across northern Tasmania and southern Victoria.

It is known that the annual migration cycle commences somewhat after the
breeding season with some records of parrots appearing at various localities in
Tasmania outside of the breeding range. Between January and May birds have
generally left Tasmania (Higgins 1999) and thereafter are found across the
mainland range. During August and September small to quite large groups of
birds are sometimes located in southern Victoria, occasionally including urban
areas. By October most birds are believed to be within the breeding range in
Tasmania (Higgins 1999). During the annual periods of trans- Bass Strait
movements, a few records exist from the Furneaux Islands and King Island,
however these are not considered to suggest routine reliance on these islands by
the migrating population (Higgins 1999).

Swift Parrot population dispersion in the mainland range

During the wintering period of the Swift Parrot’s annual cycle, birds may be
found across much of Victoria, eastern New South Wales and south-eastern
Queensland. Within this range, records of the species are most usually of birds
feeding at flowering eucalypts and heavy concentrations of psyllid lerps on
eucalypts (C. Tzaros pers. comm.). These resources may be very localised,
eruptive and highly variable from one year to another. As a consequence, Swift
Parrots appear to be very mobile, even nomadic, during the course of a given
winter and their mainland distribution may differ considerably between years
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1.1.9

(Higgins 1999). In general, the resource requirements of the species are met only
within specific eucalypt forest or woodland environments. Planted flowering
eucalypts in urban situations are sometimes used.

Wind farms are not suited to wooded environments and Swift Parrots are thus
highly unlikely to reside in close proximity to wind farms anywhere within their
range. Nonetheless, the mobile nature of the species means that it must traverse
‘unsuitable’ habitats whilst moving between places where it feeds, roosts and
breeds. During these movements it is possible that occasional flights may be
made through wind farms.

Swift Parrot collisions

Key threats affecting the Swift Parrot, are identified in the Swift Parrot Recovery
Plan (Swift Parrot Recovery Team 2001) and The Action Plan for Australian
Birds (Garnett and Crowley 2000).

The two key threats to the species are:
e loss of habitat
e mortality, primarily through collision with artificial objects

One of the recovery actions for the species listed in the Swift Parrot Recovery
Plan 2001-2005 is:

to reduce the incidence of swift parrot collisions with man made structures
including chain-link fences, windows and vehicles.

With a population estimated at 2000 birds or less (Swift Parrot Recovery Team
2001), mortality due to collisions with artificial structures, particularly when the
population is concentrated during the breeding season in Tasmania, is believed to
be removing a significant proportion of the population each year. Since
collisions with man-made structures are significant in this species, the following
review has been compiled to assist assessment of the likelihood that collisions
with wind turbines might occur.

Studies of Swift Parrot mortality that have been recorded since 1981 indicate that
a substantial cause of death and injury in Tasmania and the mainland occurs as a
result of collision with man-made structures. Primarily, these are:

e windows (including buildings and bus shelters);
e chain mesh fences; and

® cars.

The most common cause of such deaths of Swift Parrots is trauma, sustained
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Table 1

through window strike, fence strike or motor vehicle impact. In some cases a
cause of death has not been identified. To date, no wind turbines have been
implicated in Swift Parrot collisions.

For south-east mainland Australia, records of Swift Parrot collisions have been
kept since 2002. A summary of this information has been kindly provided by
Debbie Saunders, co-ordinator of the National Swift Parrot Recovery Team and
is presented in Table 1 below.

Summary of Swift Parrot collision in south-east mainland Australia

Bus

Year Number Status Window Fence Car Unknown

shelter

2005 (to
date)

2002 14 Deceased

2003

2004

- 2 4 5
Released
Deceased

a A AW
'
'

Released

N N W W

Deceased - - - - -
Released - - - - 2

1 Deceased 1 - - - -

Released - - - - -

Total 7 2 2 6 8

Data provided by Debbie Saunders, Swift Parrot Recovery Team co-ordinator

The high number of collisions in 2002 is attributed to drought forcing Swift
Parrots to concentrate their foraging in eucalypts in developed areas where they
are thought to have encountered man-made structures more often than normal.

Overall the statistics presented above are likely to represent only a small
proportion of the total number of birds that have collided with objects. They do
not include birds taken to wildlife carers and not reported to the Recovery Team,
birds not collected at all, and birds not found due to inaccessibility of the site of a
collision. Numbers cited here are for the mainland and it is understood that in
the order of 15 to 20 birds are documented as being killed due to collisions in
Tasmania each year.

Swift Parrot collisions with built structures like chainmesh fences, windows and
glass bus shelters are associated with situations where such structures are in
close proximity to sites of concentrated foraging by the species. The species is
known for bursts of extremely rapid flight (hence its common name). In
situations where groups of the birds aggregate to forage in close proximity to
mesh fences and glass and fly rapidly amongst trees, this flight behaviour seems
to be a primary factor leading to collisions. Most likely these collisions occur
principally where birds can see through glass or mesh without perceiving them to
be barriers.
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The proximity of a structure to a tree in which Swift Parrots forage is believed to
influence the likelihood of collision and the degree of injury suffered by a bird.
This is related to the behaviour of the bird when leaving a foraging tree. Swift
Parrots typically swoop out of a tree and fly at 1-2 metres above the ground as
they gain speed. Studies of injuries suffered by Swift Parrots indicate that birds
do not collide head-first with structures, but many strike objects with the
sternum. This suggests that the bird may see an object and attempt to avoid it but
cannot due to its flight speed. As such, the experts consider the following
scenarios are likely:

e A Swift Parrot may collide with a structure located immediately adjacent to a
foraging tree but is less likely to suffer fatal injuries as it will be travelling at
a slower rate at the time of impact.

e A Swift Parrot is likely to collide with structures, particularly mesh fences or
bus shelters, that are in the zone of their flight when they are 1-2 metres
above the ground. They are likely to suffer fatal injuries as they are flying at
high speeds in this portion of their flight.

o Swift Parrots are likely to avoid a structure that is situated far enough from a
foraging resource that they will have gained sufficient height to pass above
the object. However, if they do collide, they will be travelling at high speed
and be likely to suffer fatal injuries.

In the breeding range in Tasmania the placement of a structure in an area
between breeding and foraging habitat is also likely to pose a high risk to Swift
Parrots. This is principally due to the number of movements the birds make
between their two key habitat areas. However, a collision in this instance
resulting in death of an adult could have a greater impact on the population
through the potential for resultant death of eggs or dependent juveniles.

It is suggested that longer movements, in which Swift Parrots fly between more
distant locations, may entail different behaviours that are less prone to collision
risk. This may be because they generally fly at greater heights above the ground
when making such movements thereby reducing the risks of collision.

Wind farms in south-eastern Australia are not built in wooded or forested
environments. None of the current and proposed wind farm developments within
the overall range of the Swift Parrot are in close proximity to habitats utilised by
the species. Wind turbines are solid, opaque structures and the risks posed by
moving rotors are generally within the height range of between 30 and 120
metres above the ground. It is thus considered unlikely that the types of collision
situations that the parrot presently encounters in urban environments will exist at
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wind farms.

BIOSIS RESEARCH Introduction 14



Modelled cumulative impacts of wind farms on the Swift Parrot — October 2005

2.0

2.1

METHODS: CUMULATIVE IMPACTS
MODELLING

Methods are presented here for the first aim of the project - to predict, based
upon the extant population of Swift Parrots, the potential cumulative impacts of
collision risk posed by a number of wind farms across the range of the species
distribution.

The modelling outlined here assesses the potential risks to a bird population of
collision with wind-driven electricity turbines. Other potential impacts, such as
loss of habitat, increased disturbance, or other effects that may result from wind
farms are not encompassed by this assessment.

Mathematical approach to cumulative impacts
modelling

The mathematical approach to modelling of the potential cumulative impacts on
bird populations used, along with its rationale, is provided in Appendix 1
(Cumulative Wind Farm Effects Modelling by Dr. Stuart Muir).

The Swift Parrot migrates annually between its breeding range in portions of
Tasmania and a large mainland area including parts of Victoria, New South
Wales, Queensland and, occasionally South Australia. This annual process
involves both regular migratory movements through a very large geographic
range and variable periods of residence by portions of the population at different
locations across the range. Throughout the entire distributional range of the
species there are a number of current and proposed wind farms which may
present a collision risk to the birds. The probability that any Swift Parrots will
encounter and/or collide with turbines is likely to differ from one wind farm to
another and according to the seasonal activities of the parrots in the regions of
different wind farms. In essence, the approach taken here to modelling of
potential cumulative impacts on the population has been as follows:

Initially, the possible impact of each wind farm on the Swift Parrot is modelled
on the basis of an informed scenario of how part of the parrot’s total population
might interact with the wind farm annually. The impact is expressed as a
survivorship rate (annual probability of parrots surviving the risks of collision at
the particular wind farm) for that part of the parrot population. Based on the
number of individuals that are assumed to be at risk of collision at each wind
farm, the predicted number of Swift Parrot fatalities per annum is calculated
from the mortality rate (the direct inverse of survivorship rate) for that site.

The cumulative risk is subsequently determined as the number of birds that the
scenario modelling predicts might be killed due to collisions with turbines, on
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average per annum, at all wind farms across the species’ range. This provides an
indication of the level of cumulative impact on the entire population of Swift
Parrots.

A background annual survivorship rate, that effects the entire population in the
absence of impacts of wind farms, is not known. However, if or when that is
determined, the turbine collision mortality rate for the population can be
multiplied by the background rate to show the predicted change in population-
wide mortality that modelling predicts will occur due to collisions with turbines
across the species’ range. Since collision effects are considered to be constant
over time, the adjusted mortality rate will be applicable regardless of the Swift
Parrot population size.

Mathematics of modelling for the cumulative effects of birds colliding with wind
turbines at all wind farms within the parrot’s range is outlined in Appendix 1.
The population of Swift Parrots that might encounter wind farms is highly
dispersed across a very wide range within which current and proposed wind
farms are also very widely scattered. As a proportion of the landscape in which
the parrots move, wind farms constitute only a minute fraction and none of the
current or proposed wind farms occupies habitat that is ideal for Swift Parrots. It
is thus considered that there is essentially a zero probability of a single bird
encountering more than one wind farm in a given year. For that reason the
cumulative effect of turbine collisions on the population is modelled in such a
way that the number of sites with which any one bird can interact is modelled as
one.

2.2 Model inputs

Inputs to the model have been determined to specifically assess the possible
cumulative effects upon the Swift Parrot population posed by thirty-nine existing
and proposed wind farms, through the entire range of the species’ natural
distribution. Specific attributes of each wind farm were provided by DEH and
were augmented where required, from our own investigations.

Field investigations of the utilisation by birds of twenty of the relevant wind
farms have been undertaken previously by Biosis Research or other workers.
Results of all of those studies were checked to determine the known usage of
each site by Swift Parrots. As far as could be determined, the species has not
been recorded at any wind farm site. As a consequence, modelling using actual
utilisation rates for the species was not an option. Hence scenarios to represent
the possible interactions of Swift Parrots with each wind farm were developed
and used for modelling.
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The specific scenario developed for each wind farm site was determined from
published information about the size Swift Parrot population and its geographic
and temporal use of its distributional range. This was supplemented with more
detailed information kindly provided by specialists with the species, particularly
Chris Tzaros and Ray Brereton, of the National Swift Parrot Recovery Team.
This provided useful additional information about key habitat characteristics and
regions used by the parrots. Nevertheless, it is recognised that the seasonal
distribution of the species on the mainland is quite unpredictable and
considerable gaps in knowledge of the species exist, particularly with regard to
the nature of movements between patches of suitable habitat. Where
assumptions were made in the absence of empirical information, they are
believed to be valid judgements based on what is known. Parameters specific to
each site were used to account for seasonal variation in the population of Swift
Parrots and behaviours of parrots.

We have used a precautionary approach to input assumptions to modelling. For
instance, Swift Parrots have not been recorded at any of the thirty-nine wind
farm sites under consideration despite some level of active searching for them at
most of the sites. Thus there is no informative empirical data about actual
numbers or variation in numbers of birds that might visit at any site. However
we have modelled on the basis that a small number of birds do visit or pass
through the great majority of sites. The scenarios modelled here thus exceed all
actual experience. Similarly, we have modelled for birds to visit individual
mainland wind farm locations over a duration of six months - which is longer
than any birds have ever been recorded continuously from any mainland
location. We have intentionally adopted this approach in an attempt to err, if at
all, on the basis of over- rather than under-estimation of potential risks to the
species.

2.3 Parameters of wind farms

Of the thirty-nine wind farms considered here, fourteen are built and currently in
operation (Aurora, Blayney, Breamlea, Bluff Point (Woolnorth Lot 1), Canunda,
Challicum Hills, Codrington, Crookwell, Flinders Island, Hampton, King Island
Huxley Hill, Kooragang, Lake Bonney Stage 1, Toora (DEH data)). Yambuk is
currently under construction and a further twenty-five are not yet constructed but
fall within categories (i) or (ii) of Section 1.1, above. All of the thirty-nine wind
farms considered are shown in Table 2 and Figure 1.

Key to the collision risk posed by a wind farm to Swift Parrots are both the
specifications of turbines proposed to be used and configuration of turbines on
the landscape.
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Table 2 Details of the thirty-nine wind farms assessed.
EPBC
Wind farm rEEJ:rE\E;eIr col-D:rsdi;ioartles Nttl::;:s;:f Turbine model
applicable)
Aurora 144.96 -37.77 1 0.01 MW
Bald Hills, Vic 730 145.95 -38.75 52 REPower 2MW
Blayney, NSW 149.22 -33.56 15 Vestas 0.66 MW
E:)‘:f:)P‘T’g‘: (Woolnorth 12 14492 -40.78 37 Vestas V66
Breamlea, Vic 439 144.60 -38.25 1 Westwind 0.60 MW
Canunda, SA 691 140.40 -37.77 23 Vestas V80
Cape Bridgewater, Vic 18 141.38 -38.37 40 NEG Micon NM82
Cape Nelson, Vic 18 141.54 -38.42 39 NEG Micon NM82
vape Sir William Grant, 19 14162 -38.39 21 NEG Micon NM82
Challicum Hills, Vic 142.99 -37.24 35 NEG Micon NM64
Codrington, Vic 1929 141.97 -38.28 14 AN Bonus 1.3 MW
Crookwell, NSW 149.43 -34.57 8 NEG Micon NM44
Dollar, Vic 1110 146.17 -38.57 60 NEG Micon NM82
Drysdale, Vic 1960 40 *Vestas V90
Flinders Island, Tas 148.09 -40.04 2 Nordex 0.6 & 0.125 MW
Green Point, SA 529 140.88 -38.03 18 Vestas V90
Gunning, NSW 149.21 -34.74 31 Vestas V80
Hampton, NSW 150.11 -33.56 2 Vestas V52
Heemskirk, Tas 678 145.12 -41.83 53 Vestas V90
Jim's Plain, Tas 1162 144.84 -40.85 20 *Vestas V90
g::gelz :-Iléx;’ayrla-lsill 570 143.89 39.94 3 \l\/lg;dex 0.25 MW & Vestas
Kongorong, SA 568 140.50 -37.94 20 *Vestas V90
Kooragang, NSW 151.68 -32.97 1 Vestas V52
Lake Bonney Stage 1, SA 265 140.07 -37.42 46 Vestas V66
Lake Bonney Stage 2, SA 1630 140.36 -37.69 53 Vestas V90
Mussleroe, Tas 46 Vestas V90 on low tower
Naroghid, Vic 1542 22 *Vestas V90
Nirranda South, Vic 763 142.79 -38.56 >40 *Vestas V66
Nirranda, Vic 471 142.74 -38.52 28 NEG Micon NM82
Paling Yard, NSW 2018 149.69 -34.11 50 *Vestas V90
Rosedale Ridge, Vic 1100 146.83 -38.09 45 *Vestas V90
Studland Bay (Woolnorth 12 14492 -40.78 25 Vestas V90
Lot 2), Tas
Taralga, NSW 1888 69 *Vestas V90
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EPBC
referral iy
Wind farm number POSI.tlon Numl:_)er of Turbine model
(where co-ordinates turbines
applicable)

Toora, Vic 1109 146.41 -38.65 12 Vestas V66
Waubra, Vic 1864 143.66 -37.28 128 NEG Micon NM82
Wonthaggi, Vic 820 145.56 -38.61 6 REPower 2 MW
Woolsthorpe, Vic 1929 142.37 -38.15 30 *Vestas V90
Yaloak, Vic 925 144.29 -37.65 70 NEG Micon NM82
Yambuk, Vic 18 141.62 -38.39 20 NEG Micon NM82

* denotes turbine type used for modelling particular wind farm where manufacturer and model of turbine not specified

2.3.1

Turbines

The model of turbine in use, or proposed to be used, at the various wind farms
differ. The specific attributes of turbines are incorporated into the model since
the different turbine types present different collision risks to birds. Differences
are due to such things as the size (‘presented area’) of the structure that a bird
might strike and such specifics as operational rotor speed and percentage of time
that rotors are likely to turn, as dictated by variables of appropriate wind speed
and maintenance downtime.

As far as could be determined, sixteen different models of turbine are currently
in operation, or are proposed to be built at the thirty-nine wind farms considered
here. For nine potential wind farms we were not able to obtain a clear indication
of the turbine type proposed to be used as it appeared that proponents have not
yet determined which they might use. In those instances we modelled for a
turbine type most likely to be used based on the total generating capacity planned
for and from industry trends in the type of turbines being proposed. Table 2
provides information about turbines in use, or proposed for the thirty-nine wind
farms assessed here.

Manufacturer’s specifications for wind turbine models were used to calculate
attributes of each of the nine models. Sixteen dimensions for each turbine, in
combination with rotor speed, were input to the model. The mean presented area
[m?] of each turbine, that presents a collision risk to parrots, was calculated from
specification data for both the static elements (all physical components of a
turbine, including tower, nacelle, rotors) and the dynamic components
(accounting for the movement of rotors) of each turbine structure.

The plane of a wind turbine rotor pivots in a 360° horizontal arc around the
turbine tower in order to face into the wind direction. Hence, the area presenting
a collision risk to a bird flying in a particular direction may vary from a
maximum, in which the rotor plane is at 90° to the direction in which the bird is
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travelling, to a minimum in which the rotor plane is parallel with the travel
direction of the bird.

To account for this variable, specifications for turbine types were used to
calculate a mean area that each turbine presents to birds. The compass direction
of the wind at any given time influences the direction faced by turbines. Where
seasonal wind direction data for a particular wind farm site is known, it can be
used to appropriately weight the mean presented area of a turbine according to
the direction of birds’ flights if they, in turn, are strongly directional. However,
in the modelling undertaken here, seasonal wind direction data for the great
majority of wind farm locations was not available and few realistic assumptions
could be made about prevailing directions of the parrots’ flights. Strongly
directional movements are likely to be made by Swift Parrots during their annual
migrations, however the number of such flights is an extremely small proportion
of the total number of flights made by the birds during the course of a year. In
this situation the use of a mean turbine area is appropriate as it assumes that
neither the direction faced by turbines nor the direction of birds’ flights are
biased toward any particular compass direction and it is thus assumed that a bird
is equally likely to encounter a turbine from any direction. This approach was
adopted for the present modelling.

The area presented by a turbine does differ according to whether the rotors are
stationary or are in motion. When turbines are operational and rotors are in
motion, the area swept by the rotors during passage of a bird the size of a Swift
Parrot is included in calculations of the presented area.

Turbine rotors do not turn when wind speed is too low (usually below about 4
m/sec) and are braked and feathered to prevent them from turning if it is too high
(usually in excess of about 25m/sec), and during maintenance. During such
times only the minimum area of each turbine presents a collision risk. To
account for the difference in mean area presented by operational and non-
operational turbines a percentage of downtime is an input to the model.

2.3.2 Turbine number and configuration

Two principal components of the collision risk represented by a particular wind
farm are the number of turbines at the site and way in which they are positioned
relative to each other in the landscape.

The number of turbines at each site is a simple parameter input to the model.
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The layout of turbines relative to each other, in combination with the lengths and
directions of flights that birds make, affects the number of turbines that a bird
might be likely to encounter at the site. In relation to this, a linear array entailing
a single row of turbines is quite different from a cluster of turbines. This factor
is taken into account as a parameter input that can be varied according to the
known layout array of each wind farm modelled.

2.4 Parameters of Swift Parrots

241  Size and flight speed of Swift Parrots

Swift Parrots are approximately 23 cm long. Average flight speed of the species
was estimated from observations of birds at other locations and modelled as 60
km/h. These two factors were used to determine the time it would take for a bird
to fly through the danger zone of moving rotors. This was incorporated into
calculation of the amount of rotor travel that would be involved in an encounter
and hence contributed to determination of the area of turbine presented to the
bird.

24.2 Flight heights of Swift Parrots

The height at which birds fly within a wind farm is clearly relevant to the
likelihood of collision with turbines. This is due to the different heights of
turbine components and of collision risks they present to birds. The moving
rotors of a turbine are considered to present a greater risk than is the stationary
tower. By way of example, the largest turbines involved in this assessment
(Vestas V90 on 78 metre-high tower) sweep up to approximately 123 metres
above the ground. The height zone swept by rotors (in the case of Vesta V90
between 33 and 123 metres height) is considered to represent the zone of greatest
danger to flying birds.

In studies of the utilisation of wind farm sites by birds through south-eastern
Australia, we have consistently evaluated the height of each flight recorded
during standard point counts. No data for Swift Parrots are available since the
species has not been recorded in the course of those investigations. However, a
body of data has been obtained for a variety of other parrot species of south-
eastern Australia. Those species do fly within the rotor-swept-height at times
although the very great majority of recorded flights are from below that zone.
Flight behaviour, including height, is likely to vary according to the activity
being undertaken. Swift Parrots moving about a location in the course of routine
foraging generally do so within the height of the trees in which they feed. Less
frequent movements between sites, between feeding and roosting areas and on
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migration may be higher. We have assigned 25% of flights to the rotor-swept
zone and 75% to the zone below rotor height. This is conservative when
compared with our data for other parrots, in which a larger percentage of flights
have generally been below rotor-swept height.

243 Periodicity, population size and movements of Swift Parrots at wind
farm sites

For the purposes of scenario modelling, the Swift Parrot’s range falls into three
zones (Figure 1):

‘Migration Zone’: The portion of the range through which the entire population
moves twice annually between Tasmania and Victoria. A number of wind farms
exist or are proposed in this range.

‘Resident Zone’: The portions of the species’ distributional range where Swift
Parrots reside for up to six months per annum. These include the relatively small
portions of south-eastern and north-central Tasmania where breeding occurs and
the majority of the mainland range. No wind farms currently exist or are
proposed for the breeding range, however a number are operational or proposed
within the mainland ‘resident’ zone.

‘Incidental Zone’: The portion of the range from which only rare, incidental
occurrences of Swift Parrots are now reported. This includes south-eastern
South Australia, coastal western Victoria and central- to south-western
Tasmania. Throughout this area habitat suitable for the species is generally very
sparse and records of the parrot are rare. Nonetheless, birds are occasionally
found there for brief periods and a number of wind farms exist or are proposed in
this range.

The main differences between scenarios developed for the three zones is the
duration of the annual cycle in which parrots might encounter wind farms.

Of a total of thirty-nine wind farms within the overall range of the Swift Parrot
four were considered to offer no habitat for the bird and are also in geographic
locations where the species is highly unlikely to ever encounter them. Those
wind farms are noted in Table 4 and were not included in modelling.

Within the three zones, scenarios were developed and modelled to ascertain a
potential survivorship rate for Swift Parrots for each wind farm where it was
deemed possible that parrots might interact with the particular farm at all. A
scenario was developed to reflect the annual period during which birds might be
in the appropriate zone, number of annual movements that might occur within
the wind farm and numbers of parrots that might interact with the wind farm
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during those movements. The actual numbers of Swift Parrots and frequency of
their movements for any given wind farm are unknown and, outside of the
breeding range, it is not clear to what extent the population might be segmented,
or alternatively how widely the total population ranges (see Section 1). Hence,
the number of Swift Parrots potentially occurring at each wind farm has been
estimated. Assumptions about numbers of birds that might interact with any
given wind farm were informed, where possible, by records of locations used by
the species and by the area of the wind farm. However, in the absence of
substantive empirical data, both population size and the annual number of
movements used in the model are necessarily arbitrary. In total, the modelling
has assumed that 316 Swift Parrots may interact annually with thirty-five
existing and proposed wind farms across the species’ range.

Within the ‘Migration Zone’ it is assumed that birds may simply fly through each
site once on each of the two annual migrations during a total annual period
encompassing two months.

Within the ‘Resident Zone’ it is assumed that Swift Parrots may be within the
general vicinity of some wind farms for up to a maximum of six months in a
year. This is reflective of the annual cycle in which the parrots spend about half
of each year in the core breeding range in Tasmania and half in appropriate
locations on the mainland. Since none of the wind farms are sited within, or
contain good habitat for the species, modelling has assumed that a small number
of movements through a site may occur only when birds move between other
locations supporting habitat.

Within the ‘Incidental Zone’ it is assumed that occasional birds might move
through sites of some wind farms during a maximum period of six months in a
year. In the main, this zone simply accounts for rare instances that have been
documented of Swift Parrots moving outside of their principle range during the
period of each annual cycle when they are on the mainland. The modelled
assumption allows for any such bird to make two movements through a wind
farm within this zone.

Numerical values for assumptions used for the scenario for each wind farm is
shown in Table 4.

The Swift Parrot scenario modelled for each wind farm is outlined in Table 3.
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Table 3 Scenario modelled for Swift Parrot use of wind farms
Annual
duration Number of
(months) of Populati annual
possible . opuia '%n movements
Wind farm Zone Swift Parrot suef(t?_uén €' per bird per
interaction o dlr"s()j annum
with wind modefle modelled
farm
modelled
Aurora, Vic Not modelled as location N/A N/A N/A
inappropriate for species
Bald Hills, Vic Migration 2 10 2
Breamlea, Vic Migration 2 2 2
Blayney, NSW Resident 6 10 10
Bluff Point (Woolnorth N
Lot 1), Tas Migration 2 20 2
Canunda, SA Incidental 6 2 2

. . Not modelled as location
Cape Bridgewater, Vic inappropriate for species N/A N/A N/A

. Not modelled as location
Cape Nelson, Vic inappropriate for species N/A N/A N/A

Cape Sir William Grant, Not modelled as location

Vic inappropriate for species N/A N/A N/A
Challicum Hills, Vic Resident 6 10 10
Codrington, Vic Incidental 6 2 2
Crookwell, NSW Resident 6 2 10
Dollar, Vic Migration 2 10 2
Drysdale, Vic Incidental 6 5 2
Flinders Island, Tas Migration 2 20 2
Green Point, SA Incidental 6 2 2
Gunning, NSW Resident 6 10 10
Hampton, NSW Resident 6 2 10
Heemskirk, Tas Incidental 6 5 2
Jim's Plain, Tas Migration 2 20 2
King Is Huxley Hill Migration 2 20 2

Stages 1 & 2, Tas
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Annual
duration Number of
(months) of Pobulati annual
possible ropuia ":," movements
Wind farm Zone Swift Parrot s'zef(;”é“ €’ per bird per
interaction o d'r"S()j annum
with wind modelle modelled
farm
modelled
Kongorong, SA Incidental 6 2 2
Kooragang, NSW Resident 6 2 2
Lake Bonney Stage 1, Incidental 6 2 2
SA
Lake Bonney Stage 2, Incidental 6 9 2
SA
Mussleroe, Tas Migration 2 20 2
Naroghid, Vic Incidental 6 5 2
Nirranda, Vic Incidental 6 2 2
Nirranda South, Vic Incidental 6 2 2
Paling Yard, NSW Resident 6 10 10
Rosedale Ridge, Vic Migration 2 20 2
Studland Bay N
(Woolnorth Lot 2), Tas Migration 2 20 2
Taralga, NSW Resident 6 10 10
Toora, Vic Migration 2 20 2
Waubra, Vic Resident 6 20 10
Wonthaggi, Vic Migration 2 10 2
Woolsthorpe, Vic Incidental 6 5 2
Yaloak, Vic Resident 6 10 10
Yambuk, Vic Incidental 6 2 2
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244 Avoidance by Swift Parrots of wind turbines

Note that in modelling of the cumulative impacts of collision, any collision
caused by a bird striking, or being struck by, a turbine, is assumed to result in
death of the bird.

The use of the term ‘avoidance’ here refers to how birds respond when they
encounter a wind turbine, that is, the rate at which birds attempt to avoid
colliding with the structure.

At the request of DEH, three avoidance rates are modelled: 95%, 98% and 99%.
Given that static elements of a turbine (tower, nacelle, etc.) are stationary and
highly visible, we take the approach of modelling the likely avoidance rate of the
area presented by these parts as 99% in all scenarios. The three variable
avoidance rates that are modelled relate to the area presented by moving turbine
components (the area of rotors plus the area swept by rotors during the passage
of a bird at a given flight speed). Complete lack of avoidance (0%) is behaviour
that has not been observed in any study of bird interactions with wind turbines
and would be analogous to birds flying blindly without responding to any objects
within their environments. In should noted that 99% avoidance rate means that
for every 100 flight made by a bird it will make one in which it takes no evasive
action to avoid collision with a turbine. In real terms this equates to avoidance
behaviour that is considerably lower than that shown by most birds in most
circumstances. Absolute avoidance behaviour (100%) has been documented for
some species and may be a reasonable approximation for many species in good
conditions, but unlikely for some species in certain conditions.

It would seem likely that avoidance by a species with the flight characteristics of
the Swift Parrot would generally be close to 100% in most conditions, but it may
decrease in conditions of poor visibility, resulting in the average (mean)
avoidance rate, being less than 100%. Collisions with windows, chainmesh
fences and vehicles are known to cause the deaths of some Swift Parrots each
year within urban areas (see /.1.9 Swift Parrot Collisions). However, those
incidences of collisions generally occur within close proximity to trees where
birds are feeding in situations quite different from those at wind farms.

Birds of most species fly less frequently when visibility is reduced by fog or rain
(Richardson 1998, Tulp et al. 1999) than they do in clear conditions. However,
some individuals of some species do fly in conditions of reduced visibility and
this can lead to increased collision risk. This occurs due to a decreased level of
control individual birds have of their flight in very windy conditions or reduced
visibility in fog/mist events (Richardson 1998). In respect of migrating Swift
Parrots specifically, there are no data, however, is would seem unlikely that birds
would travel during storm weather conditions. This is consistent with migration
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behaviour as observed in birds generally (Richardson 1998). Overall,
considering the range of species sampled in Australia and overseas, the
consistency in avoidance rates and the absence of any documented cases lower
then 95%, it is appropriate to assume that Swift Parrots will have avoidance rates
in the range between 95% -100%.
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3.0 RESULTS: CUMULATIVE IMPACTS
MODELLING

3.1 Estimated impacts from modelling of individual
wind farms

The initial stage for modelling the cumulative risk of Swift Parrot collisions with
wind turbines is to determine a level of risk posed by each individual wind farm.
Results from this process also allow assessments to be made of the effects of any
single wind farm or of any combination of farms. For the purposes of evaluating
the potential impacts of current or future proposals to build wind farms this
component of the process provides a valuable tool.

No empirical values for annual variations in population numbers of Swift Parrots
exist and demographic parameters influencing the population are unknown.
Clearly, environmental variables and stochastic events have effects on the Swift
Parrot population, however in the absence of any known values and for
simplicity of presentation, we have not assigned arbitrary coefficients of
variation. Therefore, in the following results and discussion, mean values are
used throughout, but should be viewed as indicative only. Annual variations in
all values will occur and may have considerable influence on population numbers
used here and on predictions derived from them.

Predicted risk of collisions is expressed as a mean annual survivorship rate which
represents the proportion of the population at risk at a given wind farm, that is
expected to survive all encounters with turbines at during the course of a year.
Modelled survivorship rates for relevant wind farms are shown in Table 4. It has
been necessary to calculate and show these values to five significant numbers in
order for differences between them to be detected. It is important that this is not
to be misinterpreted to indicate any level of ‘accuracy’ in the predicted results.

Table 4 Modelled survivorship rates for wind farms presenting a collision risk to Swift Parrots
Survivorship rate Survivorship rate Survivorship rate
Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Bald Hills, Vic 0.99957 0.99970 0.99974
Breamlea, Vic 0.99998 0.99998 0.99998
Blayney, NSW 0.99982 0.99987 0.99988
Bluff Point (Woolnorth 0.99971 0.99977 0.99979
Lot 1), Tas

Canunda, SA 0.99986 0.99990 0.99991
Challicum Hills, Vic 0.99975 0.99980 0.99982
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Survivorship rate

Survivorship rate

Survivorship rate

Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

Codrington, Vic 0.99990 0.99993 0.99993
Crookwell, NSW 0.99990 0.99992 0.99993
Dollar, Vic 0.99959 0.99970 0.99973
Drysdale, Vic 0.99978 0.99985 0.99988
Flinders Island, Tas 0.99995 0.99996 0.99996
Green Point, SA 0.99985 0.99990 0.99992
Gunning, NSW 0.99918 0.99940 0.99948
Hampton, NSW 0.99993 0.99995 0.99996
Heemskirk, Tas 0.99975 0.99983 0.99986
Jim's Plain, Tas 0.99968 0.99979 0.99982
';'t’;%;';"g';ygg' 0.99994 0.99995 0.99996
Kongorong, SA 0.99984 0.99990 0.99991
Kooragang, NSW 0.99999 0.99999 0.99999
Lake Bonney Stage 1, 0.99984 0.99987 0.99989
Lake Bonney Stage 2, 0.99975 0.99983 0.99986
Mussleroe, Tas 0.99949 0.99967 0.99973
Naroghid, Vic 0.99984 0.99989 0.99991
Nirranda, Vic 0.99998 0.99998 0.99998
Nirranda South, Vic 0.99989 0.99992 0.99993
Paling Yard, NSW 0.99876 0.99917 0.99931
Rosedale Ridge, Vic 0.99952 0.99968 0.99973
(Woj;‘;dr'ti“fo?g‘)’, Tas 0.99965 0.99976 0.99980
Taralga, NSW 0.99855 0.99903 0.99919
Toora, Vic 0.99983 0.99987 0.99988
Waubra, Vic 0.99905 0.99929 0.99937
Wonthaggi, Vic 0.99927 0.99949 0.99957
Woolsthorpe, Vic 0.99981 0.99987 0.99989
Yaloak, Vic 0.99930 0.99947 0.99953
Yambuk, Vic 0.99989 0.99991 0.99992
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3.2 Estimated cumulative impacts across the range of
the Swift Parrot

The total number of Swift Parrots modelled as interacting annually with all
thirty-five wind farms under consideration here is 316 (2.4.3 Periodicity,
population size and movements of Swift Parrots at wind farm sites). This equates
to approximately 16% of the entire estimated population of 2000 Swift Parrots
believed to exist (Swift Parrot Recovery Team 2001) that is at risk of collisions
with wind turbines.

The mean survivorship rates determined for the cumulative impacts of collisions
at thirty-five wind farms across the Swift Parrot’s range are provided in Table 5.
Table 5 Cumulative annual survivorship rates for collision risk posed by turbines for the

portion of the Swift Parrot population modelled as interacting with 35 wind farms in the species’
distributional range

Survivorship rate Survivorship rate Survivorship rate
at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

0.99967 0.99977 0.99980

3.21 Impacts on annual survivorship of total Swift Parrot population

In order to assess the potential impact of altered survivorship rates that may be
imposed on the Swift Parrot population by collisions with wind turbines it will
first be necessary to know the background survivorship rate that affects the
population in the absence of any impacts of wind farm collision. Unfortunately,
this has not been determined for the species. If or when it is, it can be multiplied
by the cumulative collision risk survivorship rates predicted by the modelling
and shown in Table 5, for the portion of the total population that is assumed to
interact with wind farms. Since collision effects are considered to function as a
constant over time, the adjusted mortality rate will be applicable regardless of the
Swift Parrot population size.

3.2.2 Predicted Swift Parrot mortalities

The number of Swift Parrots that the model predicts might be killed on average
per annum at each wind farm, according to the three avoidance rates modelled,
are shown in Table 6. A total number of birds predicted to be killed annually by
the cumulative effects of turbine collisions across the species’ range is
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determined by summing the number of fatalities predicted for each avoidance
rate for all thirty-five wind farms, and is shown as a total in Table 6.

Table 6 Predicted average annual number of Swift Parrot mortalities due to collisions with

wind turbines

Number of deaths Number of deaths Number of deaths

Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Bald Hills, Vic 0.00431 0.00299 0.00255
Breamlea, Vic 0.00004 0.00003 0.00003
Blayney, NSW 0.00184 0.00135 0.00118
Bluff Point (Woolnorth 0.00589 0.00459 0.00416
Lot 1), Tas

Canunda, SA 0.00030 0.00021 0.00018
Challicum Hills, Vic 0.00248 0.00195 0.00178
Codrington, Vic 0.00019 0.00015 0.00013
Crookwell, NSW 0.00021 0.00016 0.00014
Dollar, Vic 0.00406 0.00303 0.00269
Drysdale, Vic 0.00111 0.00074 0.00062
Flinders Island, Tas 0.00106 0.00086 0.00079
Green Point, SA 0.00030 0.00020 0.00017
Gunning, NSW 0.00822 0.00596 0.00521
Hampton, NSW 0.00067 0.00049 0.00043
Heemskirk, Tas 0.00127 0.00085 0.00071
Jim's Plain, Tas 0.00634 0.00425 0.00355
'g't’;%éi I;Ith;yTI:gl 0.00129 0.00095 0.00083
Kongorong, SA 0.00031 0.00021 0.00018
Kooragang, NSW 0.00002 0.00001 0.00001
Lake Bonney Stage 1, 0.00032 0.00025 0.00023
Lake B°"g:y Stage 2, 0.00051 0.00034 0.00029
Mussleroe, Tas 0.01012 0.00651 0.00531
Naroghid, Vic 0.00082 0.00055 0.00046
Nirranda, Vic 0.00005 0.00003 0.00003
Nirranda South, Vic 0.00021 0.00016 0.00014
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Number of deaths Number of deaths Number of deaths

Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Paling Yard, NSW 0.01236 0.00828 0.00692
Rosedale Ridge, Vic 0.00951 0.00637 0.00533

Studland Bay

(Woolnorth Lot 2), Tas 0.00709 0.00475 0.00397
Taralga, NSW 0.01452 0.00973 0.00813
Toora, Vic 0.00335 0.00261 0.00237
Waubra, Vic 0.01900 0.01422 0.01263
Wonthaggi, Vic 0.00146 0.00102 0.00087
Woolsthorpe, Vic 0.00096 0.00064 0.00054
Yaloak, Vic 0.00703 0.00526 0.00467
Yambuk, Vic 0.00023 0.00017 0.00015
Total predicted 0.12745 0.08988 0.07737

deaths

Thus for the scenarios modelled here, a cumulative total of between 0.08 and
0.13 Swift Parrots per year are predicted to be killed by collisions at all of the
sites the population is likely to encounter within its natural range. This equates
to slightly more or less than a single parrot killed every ten years.

3.2.3 Conclusion

The cumulative impacts of collision with turbines on the overall population of
Swift Parrots, predicted by the modelling for all current and presently proposed
wind farms within the species’ range are very small. Results for the range of
avoidance rates modelled equate to slightly more or less than one parrot killed
due to wind turbine collisions every ten years.

It is recognised that assumptions about numbers of Swift Parrots and numbers of
their movements used in the modelling are necessarily arbitrary since there is no
empirical data on which to base them. It is therefore possible that they may not
reflect reality for every one of the thirty-nine wind farms encompassed by the
modelling. However, even if all assumptions for Swift Parrot numbers and
movements for all of the wind farms were too low by an order of magnitude the
model would still only predict a cumulative mortality of approximately one bird
killed each year across all the wind farms within the species’ range. Based on
knowledge of the species, it can be confidently assumed that predictions of the
present modelling are considerably more accurate than that.
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APPENDIX 1
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Abstract

The method to combine the individual wind-farm site assessments into
a cumulative effects model is described. It is shown that this is done by
multiplying all the individual site survival probabilities for each species
together. i.e Survival chance = P(S1)P(S2)P(S3)P(S4) ... P(Sn)

1 Introduction

Previous windfarm modelling has resulted in a measure of risk of bird-
turbine interactions. It inherently relied on the assumption that the bird
interacted with the site of the farm, and proceeded to generate a measure
of the probability of birdstrike through calculations of presented areas of
turbine and assumptions and observations of bird movements.

To approximate cumulative effects of multiple windfarms on the risk of
strike, we need to remove the assumption that the bird is already interact-
ing with the site. Having done this, we must account for the probabilities
of interacting with a given farm site, and then incorporate the risk of
strike associated with that farm. We then can proceed to calculate the
survival rate of a bird population residing or moving through a region
with resident windfarms.

2 Mechanics

This section is provided to allow for subsequent auditing of the process.
Due to its technical nature, it may be skimmed by the non-technical
reader.



2.0.1 Definitions

e ‘“region” At this stage we only refer to a region to allow the distinc-
tion between “home-ranges” and “habitats.” Appropriate choices
for what these regions represent will need to be made at a later
stage.

e N the number of wind farm sites found within the region of interest

e “site” A particular wind farm, consisting of turbines standing on
some of the region

o B, the event of a birdstrike associated with site 2
e A, the event of a bird interacting with site i
e S; the event of survival of an interaction with site 4

e P(C) a measure of the probability of an event, C, occurring

Note: The development of the method requires that all mortality risk
assessments be converted to survival chance. This is due to the impossi-
bility of a struck bird going on to either be struck again, or to survive the
next interaction. Only survivors can continue to interact.

2.1 Estimating Individual Site Risk (P(B;|A;))

As stated previously, the previous wind farm risk assessments have con-
centrated on the risk of strike, given that the bird is flying through the
site.

Using the definitions of section 2.0.1, this is written as

P(B;|As), (1)

and read as the probability of strike (event B;), given that the bird is
already on site (event A;).

A measure of this risk can be obtained one of two ways. Assuming
there is a significant population (defined to be large enough that the loss
of a single bird will not be significant and another individual will replace
it) then

Movements at Risk
Total Yearly Movements

(2)

can be used. Using this ratio implicitly assumes that the site population
is comparable to the number of observed movements. This may result in
a significant under estimate of risk.

If the population is small, then the mortality rate should be taken from
the earlier model’s measure of corpse numbers per year, and expressed as

Expected corpses per year

3)

Population

The later form, if population data is available, is the preferred form.
This is both for completeness as well as ease of implementation. If the
actual population is known to be small but site residency is unknown, it is
better to estimate site population, or enter the habitat population, than
to rely on the movements at risk approximation which could well be two
orders of magnitude below actual risk.



2.2 Estimating the chance of surviving a site

To estimate the chance of surviving a site, we need both the probability
of never visiting (P(A’)) and the chance of visiting, but not being struck
(P(B'|A)). As there are only three possibilities,

1. Visiting and not being struck,
2. Visiting and being struck,
3. and Not visiting at all

the easiest estimation of this risk is to calculate the risk of visiting and
being struck, and subtract this value from unity.
The probability of visiting and being struck is given by,

P(A;N B;) = P(A;)P(B;|A;) (4)
The chance of surviving site 4 is then given by
P((AiN By)') = P(Si) = 1 — P(A:) P(Bi|A:) (5)

Note: Earlier, non-cumulative models assumed that P(A) =1

The previous section (2.1) dealt with derivation of the second term.
The first term (P(A;)) can be approximated a number of ways. These are
detailed next.

2.3 Estimating the chance of visiting a site (P(4;))

Previous modelling successfully avoided the issue of the physical size of
the windfarm site through its implementation of the observational data.
Unfortunately, there does not appear to be any way to avoid incorporating
this measure into the model at this stage.

The chances of visiting a given site can be generated by measuring the
interaction between a region and the site. This is most naturally done
by comparing areas of the site relative to the region. This assumes that
there is no reason for visiting or avoiding the site relative to any other
area of the region. It may be appropriate to adjust this value if the site
is a significant habitat or food source likely to attract visits. Conversely,
if the site is barren, P(A;) might be adjusted downwards to account for
this. Without accurate data on visitation habits, the following estimates
are safe and realistic by assuming a homogenous region.

A basic measure of this probability is given by

Area of site

P(A;) = (6)

Area of region

This approximation is most appropriate for sedentary species, where
the relevant region is the home range, not the habitat.

The form indicated above may also be used for migratory species. If
it is to be used for a migratory species, the region appropriate becomes
the habitat area. Should the species be using a narrow corridor, this form
will be an underestimate of risk.

For a migratory species using a corridor, P(A;), is better approxi-
mated by taking the widest projection of the farm site (orthogonal to the



corridor), and dividing through by the width of the migratory corridor at
that location. i.e

width of site
width of corridor

P(A;) = (7)

This removes the possibility of birds flying around a farm placed in
the corridor, without ever “passing” it. This eventuality is possible for
sedentary species, who are free to roam in arcs whilst avoiding the actual
site.

2.4 Cumulative effect of N sites

Having generated the chance of surviving site i’s existence
(P(Si) =1— P(A;)P(Bil|As)),
we need to know the likelihood of surviving all N sites in the region.
This is given by
P(Slﬂ52ﬂ53ﬂ...). (8)
As surviving any one of the windfarm sites in the region is independent
of surviving any other site, this simplifies to

P(S1..n) = P(S1)P(S2)P(S5)... (9)
=11 P(S;) (10)

3 Summary

The derivation of cumulative effects takes into account the varying individ-
ual risk presented by each wind farm in a given region. This information
can be taken directly from the previously prepared reports on each site.
Extra information required to perform this calculation is:

For sedentary species : relative areas of home ranges and site areas occu-
pied by windfarms/turbines

For migratory species : effective blockage of corridors by windfarm sites.

3.1 Calculation steps
To calculate the cumulative effect on the survival rate of a species:

1. Identify the sites relevant to each species

2. Estimate the mortality rate for each site (P(B;|A;)). This can be
done either through the movements at risk, or mortality (corpse)
rate found on the summary pages. (See Section 2.2)

3. Determine an appropriate chance of site visitation, P(A;). (See Sec-
tion 2.3)
Note: If the home range of a sedentary species is signifi-
cantly smaller than the habitat, then average, representa-
tive values for these probabilities may be calculated and
substituted.



4. Determine the survival rate of each site via 1 — P(A;)P(B;|A;).

5. Multiply all the survival rates of each site relevant to the species
together.
Note: If using average properties (as discussed in the pre-
vious point), raise the average probability to the power of
the number of sites relevant to the size of the home range.

The resultant figure is a chance of survival for the species as a result
of the residency of windfarms in the habitat or corridor. A figure of unity
(1) indicates no individual will ever be struck. Zero (0) indicates complete
loss of the population.
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1.0

1.1

INTRODUCTION

Project Background

The White-bellied Sea-eagle Haliaeetus leucogaster is listed under provisions of
the Environment Protection and Biodiversity Conservation Act (1999) for
migratory species. The species has a world distribution from western India
through south-east Asia to southern Australia. In Australia it is distributed
around the coastline of most of Australia, including Tasmania and near-shore
islands (Marchant and Higgins 1993). It also inhabits some larger river systems
and large permanent inland waterbodies, such as major water-storage
impoundments. The species’ range includes a number of currently operating
constructed wind power generation facilities (wind farms) and more facilities
that are proposed.

Wind farms may pose a risk of collision to the White-bellied Sea-eagle since
mortalities of various eagle species are known from wind farms in a variety of
situations worldwide and large raptors have already been recorded as casualties
of collision with turbines in Australia. The present project is specifically aimed
at determining the cumulative risks posed by collision of sea-eagles with wind
turbines. A variety of associated impacts of wind farm developments may affect
bird populations. They include direct loss of habitat due to constructed facilities
and roads; alienation of habitat caused by disturbance during construction and
on-going operation; and potential for electrocution and collisions with overhead
distribution lines. These latter impacts are not addressed as part of the present
project.

The essential aim of the current project is to predict, the potential cumulative
impacts of collision risk posed by wind farms across the range of the species’
distribution. The project utilises bird collision risk modelling to generate
assessments of the cumulative risk to the White-bellied Sea-eagle posed by such
collisions.

Using data available for the White-bellied Sea-eagle, the Biosis Research
collision model is utilised to determine the bird strike risk for the sea-eagle’s
population from the wind farms in the following categories, as at 30" May 2005,
within the species range:

(1) already constructed or approved,

(1) referred under the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act) and:

BIOSIS RESEARCH Introduction
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determined to be not a controlled action (NCA);
determined to be not a controlled action manner specified (NCA-MS);
approved under the EPBC Act; and

proposed and currently being assessed for a determination under the EPBC
Act.

111 Risk modelling

The fundamental objective of modelling of risk is to provide a rigorous process
by which probability can be assessed in a manner that can be replicated.

When making predictions of risk, the rationale behind the predictions is
explicitly stated in the mathematics of a model, which means that the logical
consistency of the predictions can be easily evaluated. Compared to subjective
judgement, this makes models more open to analysis, criticism and modification
when new information becomes available. Although there may be assumptions
used and some arbitrary choices when deciding on the structure and parameters
of a model, these choices are stated explicitly when using a model but are
difficult to disclose when making subjective judgements. Assessments based on
subjective judgement can give the illusion that they are not scientifically rigorous
(Burgman 2000), regardless of whether they are or not. The assumptions
underlying a model can be tested. Models can be used to help design data
collection strategies. They can help to resolve and avoid inconsistencies, and the
rigorous analysis of data can help to clarify thoughts. Models are often most
valuable for their heuristic capacities, by focussing attention on the important
processes and parameters when assessing risks (Brook et al., 2002). These
benefits are difficult, if not impossible to achieve with subjective judgement.

Biosis Research’s Avian Collision Risk Assessment Model is designed to
determine the risk of birdstrike at individual wind farms. This model has been
modified to create a Multi-site Risk Assessment Model, enabling the assessment
of cumulative risk from multiple wind farms. No other windfarm avian collision
risk model currently exists in Australia, and the Biosis Research model is more
advanced than those that have been used overseas. The Biosis Research model
has been developed in the context of Australian birds and has been tested on a
range of wind farm proposals in Australia, and has been subject to independent
peer review by Uniquest Pty. Ltd. (University of Queensland). It has been
constantly updated and improved over the last five years and now constitutes a
unique and powerful tool for assessing the potential impacts of wind farms on
birds. The model is the proprietary software of Biosis Research Pty. Ltd.

BIOSIS RESEARCH Introduction
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1.1.2  Overview of Collision Risk Modelling for individual wind farms

In order to quantify levels of potential risk to birds of collision with turbines,
Biosis Research Pty Ltd developed a detailed method for the assessment of
deterministic collision risk, initially for the Woolnorth Wind Farm (now Bluff
Point and Studland Bay Wind Farms) in Tasmania. This model has continued to
be used for a variety of operating wind farms as further data has been obtained
and has also been used to assess the potential impacts of wind farms at a number
of further potential sites in , Victoria, South Australia and recently in Fiji. It is
applied here to determine levels of predicted risk to White-bellied Sea-eagles
from individual wind farms.

The model provides a measure of the potential risk at different rates at which
birds might avoid collisions. For example, a 95% avoidance rate means that in
one of every twenty flights a bird would hit an obstacle in its path. Clearly, birds
have vastly better avoidance capacity than this and it is well established overseas
that even collision-prone bird species avoid collisions with wind generators on
most occasions (see Section 2.4.4, below).

In the modelling undertaken for the present project we divide the risk into two
height zones according to components of wind turbine structures. These are:

1. the zone between the ground and lowest height swept by turbine rotors, and
2. the height zone swept by turbine rotors

We consider that birds will avoid collision with the stationary components of a
turbine in all but the most exceptional circumstances and model for 99%
avoidance rate in the height zone below rotor height. For the height zone swept
by rotors we provide predictions for movements at risk for each of 95%, 98%
and 99% avoidance rates.

In usual practice the model requires data on the utilisation rates of each species
being modelled, as collected during Point Count surveys on-site. This data
provides inputs to the model regarding activities of birds that might be at risk of
collision with turbines. Where data is not available because a species is not
recorded from a site, or where data are too few and is thus an unreliable basis for
extrapolation, a well informed scenario can be used. In the case of the present
project, data has been obtained for White-bellied Sea-eagles at four wind farms
and is used here. For the other wind farms scenarios are modelled based on
available information about the sites and experience from similar sites. The risk
assessment accounts for a combination of variables that are specific to the
particular wind farm and to birds that inhabit the vicinity.

BIOSIS RESEARCH Introduction
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They include the following:

e  The numbers of flights made by the species below rotor height, and for
which just the lower portion of turbine towers present a collision risk.

e  The numbers of flights made by the species at heights within the zone swept
by turbine rotors, and for which the upper portion of towers, nacelles and rotors
present a collision risk.

e  The numbers of movements-at-risk of collision. Usually this parameter is
as recorded for each species during timed Point Counts, which are then
extrapolated to determine an estimated number of movements-at-risk for each
species for an entire year. Account is taken of whether particular bird species are
year-round residents or are present for a portion of the year as annual migrants.

e  The mean area of tower (m” per turbine), nacelle and stationary rotor blades
of a wind generator that present a risk to birds. The multidirectional model used
here allows for birds to move toward a turbine from any direction. Thus the
mean area presented by a turbine is between the maximum (where the direction
of the bird is perpendicular to the plane of the rotor sweep) and the minimum
(where the direction of the bird is parallel to the plane of the rotor sweep). The
mean presented area is determined from turbine specifications supplied to Biosis
Research for individual turbine makes and models.

e  The additional area (m” per turbine) presented by the movement of rotors
during the potential flight of a bird through a turbine. This is determined
according to the length and flight speed of the bird species in question. In the
case of the White-bellied Sea-eagle the bird’s length is set at 80 cm and its flight
speed at 60 km/h.

e A calculation, based on the total number of turbines proposed for the wind
farm, of the number of turbines likely to be encountered by a bird in any one
flight. This differs according to whether turbines form a linear or a clustered
array on the landscape.

A value, or values, for each of the parameters above forms an input to the model
for each wind farm for which collision risk i1s modelled.

1.1.3 Presentation of results

All collisions are assumed to result in death of a bird or birds. Results produced
from modelling of the collision risk to White-bellied Sea-eagles, of both
individual wind farms and of the cumulative impacts of multiple wind farms, are
generally expressed here in terms of the annual proportion of the known
population of the species that are predicted to survive encounters with wind

BIOSIS RESEARCH Introduction
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1.1.4

turbines. We also provide estimates of our predicted results in terms of the
number of birds that might be affected annually.

The White-bellied Sea-eagle population

In Australia, the White-bellied Sea-eagle is distributed around the coastline of
most of the continent, including Tasmania and near-shore islands (Blakers ef al.
1984, Barrett et al. 2003, Marchant and Higgins 1993). It also inhabits some
larger river systems and large permanent inland waterbodies, such as major
water-storage impoundments. The species is less common along some portions
of the coast such as western Victoria from around Port Phillip Bay to the South
Australian border and along the Nullabor coast (Marchant and Higgins 1993). It
may be absent altogether from some portions of the coastline. The species
breeds throughout its coastal distribution and to a lesser extent near some inland
waters.

Adult White-bellied Sea-eagles are believed to remain as year-round residents
within home-ranges where they breed (Marchant and Higgins 1993). In common
with other large eagles, it would seem likely that adults actively defend a
relatively small breeding territory within the larger home-range. Breeding may
not occur until birds are six years old (Marchant and Higgins 1993) and
immatures are likely to be excluded from the core breeding territories of adults.

No estimate is available for the entire Australian population of the White-bellied
Sea-eagle. Mooney (1986 in Marchant and Higgins 1993) provides an estimate
of between 80 and 100 pairs around the Tasmanian coast, including Bass Strait
islands. This equates to between 40 and 50 kilometres of coastline per pair for
the 4,882 kilometres of Tasmanian coast including islands (Australian Bureau of
Statistics). The entire Australian coastline, including islands, is 59,736
kilometres in length (Australian Bureau of Statistics). If we were to assume that
two thirds of that length is suitable for White-bellied Sea-eagles, it would be
expected to support between 790 and 990 pairs of birds at the density range
reported for Tasmania. This approximation is for the number of territorial adult
pairs in the population. In addition, the total population includes an annual
cohort of juveniles and an unknown number of sub-adults. If these latter groups
collectively equate to half the number of adults, the total population may be
between 2000 and 3000 birds.

This is an extremely rough approximation and takes no account of inland waters
that are known to support some birds nor of some coastal regions where densities
may be considerably higher such as the Gippsland Lakes, Victoria and some
island groups (see citations in Marchant and Higgins 1993). Nonetheless, it
provides an order-of-magnitude estimation for the Australian population.

BIOSIS RESEARCH Introduction
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Breeding adults occupy their home-ranges year-round and generally maintain
life-long monogamous pair bonds. The death of a partner may be followed by
the survivor re-pairing (Marchant and Higgins 1993). It appears likely that
home-ranges would be occupied throughout the adult life of White-bellied Sea-
eagles.

Bilney and Emison (1983 in Marchant and Higgins 1993) have documented an
average of 0.8 young produced per occupied territory per annum in Victoria.
Juveniles remain within their parents’ territories for the first few months of life.
Dispersal of non-breeding birds has not been investigated thoroughly, although
some long-distance movements by a few of such birds have been recorded
(Marchant and Higgins 1993).

BIOSIS RESEARCH Introduction 10
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2.0

2.1

METHODS: CUMULATIVE IMPACTS
MODELLING

Methods are presented here for the aim of the project - to predict, based upon the
extant population of White-bellied Sea-eagles, the potential cumulative impacts
of collision risk posed by a number of wind farms across the range of the species
distribution.

The modelling outlined here assesses the potential risks to a bird population of
collision with wind-driven electricity turbines. Other potential impacts, such as
loss of habitat, increased disturbance, or other effects that may result from wind
farms are not encompassed by this assessment.

Mathematical approach to cumulative impacts
modelling

The mathematical approach to modelling of the potential cumulative impacts on
bird populations used, along with its rationale, is provided in Appendix 1
(Cumulative Wind Farm Effects Modelling by Dr. Stuart Muir).

Resident White-bellied Sea-eagles, including adult parents and their first-year
offspring, are sedentary and, for the purposes of modelling, such birds are thus
considered to have a probability of interacting with only one wind farm
throughout the course of a given year. It is feasible that, in common with other
eagles such as Aquila species, adult White-bellied Sea-eagles are likely to
maintain a home range, within which a smaller core breeding territory is actively
defended during the breeding season, whilst conspecifics are generally tolerated
within the larger home range.

Immature birds disperse from natal territories and some may move long distances
(Marchant and Higgins 1993). However, no data exists about patterns or
frequency of movements made by such birds, although there does not appear to
be evidence suggesting that immature White-bellied Sea-eagles make long-
distance movements away from the coast or large watercourses. There is no
information to suggest that they are likely to make numerous movements through
multiple wind farm sites. In the absence of evidence to the contrary, it seems
logical to assume that immature White-bellied Sea-eagles would generally
disperse from their natal territories to take up residence in nearby coastal
environments. Areas utilised by immature birds may be exclusive of the core
territories of breeding pairs and may not provide all of the resources necessary
for successful reproduction. Thus for the purposes of modelling, it has been
assumed that all birds, whether immature or birds of breeding age, should be
modelled as essentially sedentary residents of coastal habitats.

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling
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Modelling for the cumulative effects of collisions with wind turbines by White-
bellied Sea-eagles thus has assumed that all birds can interact with a single wind
farm during the course of any given year. The mathematical approach is
therefore as outlined in Appendix 1, where the number of wind farms that a
given bird can encounter is set at one.

Initially, the possible impact of each wind farm on the White-bellied Sea-eagle is
modelled on the basis of available information about that particular wind farm or
an informed scenario of how part of the sea-eagle’s total population might
interact with the wind farm annually. The impact is expressed as a mortality rate
(annual probability of sea-eagles being killed by the particular wind farm) for
that part of the sea-eagle population. Based on the number of individuals that are
assumed to be at risk of collision at each wind farm, the predicted number of
White-bellied Sea-eagle fatalities per annum is calculated from the mortality rate
(the direct inverse of survivorship rate) for that site.

The cumulative risk is subsequently determined as the number of birds that the
scenario modelling predicts might be killed due to collisions with turbines, on
average per annum, at all wind farms across the species’ range. This provides an
indication of the level of cumulative impact on the entire population of White-
bellied Sea-eagles.

A background annual survivorship rate, that effects the entire population in the
absence of impacts of wind farms, is not known. However, if or when that is
determined, the turbine collision mortality rate for the population can be
multiplied by the background rate to show the predicted change in population-
wide mortality that modelling predicts will occur due to collisions with turbines
across the species’ range. Since collision effects are considered to be constant
over time, the adjusted mortality rate will be applicable regardless of the White-
bellied Sea-eagle population size.

2.2 Model inputs

Inputs to the model have been determined to specifically assess the possible
cumulative effects upon the White-bellied Sea-eagle population posed by
existing and proposed wind farms, through the entire range of the species’
Australian distribution.

Sea-eagles are known from some inland areas and are known to breed along
some rivers, particularly in a central portion of the Murray River and associated
Riverina waterways. However, inland wind farm locations do not coincide with
those environments. The distribution of White-bellied Sea-eagles overlaps with
wind farm locations only in close proximity to the coast, which is where the great
majority of existing and proposed wind farms are located. In all, fifty-six wind

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling 12
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farms are considered likely to be encountered by the species and are considered
in modelling undertaken here. The species has been recorded at, or within close
proximity to, a number of these sites.

Field investigations of the utilisation by birds of many wind farms in south-
eastern Australia, including Tasmania, have been undertaken previously by
Biosis Research or other workers. From the results of those studies, documented
usage by White-bellied Sea-eagles was available for four sites, all in Tasmania
(Bluff Point, Heemskirk, Mussleroe and Studland Bay). Utilisation rates
recorded from those locations were used to develop scenarios for modelling of
the possible interactions of White-bellied Sea-eagles with all fifty-six wind
farms.

The specific scenario developed for each wind farm site was also informed from
published information about the density and dispersion of White-bellied Sea-
eagles around the Australian coastline.

Where assumptions were made in the absence of empirical information, we have
used what we believe are valid judgements based on what is known and have
attempted to err, if at all, on the basis of over- rather than underestimation of
potential risks to the species.

2.3 Parameters of wind farms

Of the wind farms considered here, twenty-nine are built and currently in
operation. The remaining twenty-seven wind farms are proposed and fall within
categories (1) or (i1) of Section 1.1, above. Specific attributes of each wind farm
were provided by DEH and were augmented, where required, from our own
investigations. Included in this assessment are a number of very small wind
‘farms’ and thirteen installations of single, small turbines. These have been
included where they appear to be situated within prime coastal habitats for sea-
eagles and, because there are a number of them across the entire range, the
cumulative risk they may pose to the species should not be ignored.

Bird utilisation data collected by Biosis Research at a variety of wind farms and
observations made during numerous assessments for other purposes, indicates
that White-bellied Sea-eagles residing in coastal locations are almost entirely
confined to a narrow zone and are rarely sighted more than 500 metres inland.
Key to the collision risk posed by a wind farm to White-bellied Sea-eagles are
both the specifications of turbines proposed to be used and configuration of
turbines on the landscape. Details of the fifty-six wind farms considered are
shown in Table 1 and Figure 1.

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling 13
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Table 1 Details of the fifty-six wind farms assessed.
EPBC
. rrlif:'nrl;::' Position Number .
Wind farm (where co-ordinates . o_f Turbine model
applicab urbines
le)
10 Mile Lagoon, WA 121.76 -33.89 9 Vestas V27
9 Mile Beach, WA 121.78 -33.9 6 Enercon 600 kW
Albany, WA 117.82 -35.07 12 Enercon E66
Bluff Point, Tas 12 144.92 -40.78 37 Vestas V66
Breamlea, Vic 439 144.6 -38.25 1 Westwind 0.60 MW
Bremer Bay, WA 119.38 -34.39 1 Enercon 600 kW
Canunda, SA 691 140.4 -37.77 23 Vestas V80
Cape Barren Is, Tas 148.03 -40.38 1 Westwind 10kW
Cape Bridgewater, Vic 18 141.38 -38.37 40 NEG Micon NM82
Cape Nelson, Vic 18 141.54 -38.42 39 NEG Micon NM82
Cape Sir William Grant, Vic 19 141.62 -38.39 21 NEG Micon NM82
Cathedral Rocks, SA 134.85 -34.72 33 *Vestas V90
Codrington, Vic 1929 14197  -38.28 14 AN Bonus 1.3 MW
Denham, WA 113.53 -25.93 3 Enercon E30 230kW
Denmark, WA 2105 117.32 -35.07 4 0.6 MW
Emu Downs, WA 115.01 -30.22 48 Vestas V82 1.65MW
Exmouth, WA 114.1 -22.08 3 20 kW
Flinders Island, Tas 148.09 -40.04 2 Nordex 0.6 & 0.125 MW
Fraser Is, Qld 153.21 -24.73 1 Westwind 10kW
Fremantle, WA 933 115.75 -32.06 8 *Vestas V90
Gabo Is, Vic 149.92 -37.57 1 Westwind 10kW
Green Point, SA 529 140.88 -38.03 18 Vestas V90
Heemskirk, Tas 678 145.12 -41.83 53 Vestas V90
Hopetoun, Wa 120.12 -33.85 1 Enercon 600 kW
Kemmiss Hill Road, SA 1611 138.48  -35.46 15 *Vestas V90
Nordex 0.25 MW & Vestas

King Is Huxley Hill Stages 1 & 2, Tas 570 143.89 -39.94 3 V52
Kongorong, SA 568 140.5 -37.94 20 *Vestas V90
Kooragang, NSW 151.68 -32.97 1 Vestas V52
Lake Bonney Stage 1, SA 265 140.07 -37.42 46 Vestas V66
Lake Bonney Stage 2, SA 1630 140.36 -37.69 53 Vestas V90
Mallacoota, Vic 149.75 -37.56 1 Westwind 10kW
Mount Millar, SA 136.71 -33.64 35 Enercon E70 2 MW
Mumbida stg 1, WA 114.68 -28.89 50 Enercon 600 kW
Mussleroe, Tas 148.00 -40.80 46 Vestas V90 on low tower
Myponga, SA 138.41 -35.36 20 Vestas V66
Nirranda South, Vic 763 142.79 -38.56 40 *Vestas V66

BIOSIS RESEARCH Methods: Cumulative Impacts Modelling



Modelled cumulative impacts of wind farms on the White-bellied Sea-eagle — December 2005

EPBC
referral N Number
Wind farm r(‘\:',r::;r co'?:zitlzc:tles o.f Turbine model
applicab turbines
le)
Nirranda, Vic 471 142.74  -38.52 28 NEG Micon NM82
North Keppel Is, Qld 150.90 -23.08 1 *Westwind 10kW
Pt Hicks, Vic 149.27 -37.80 1 Westwind 10kW
Rottnest Is, WA 115.53 -31.99 1 Enercon 600 kW
Sheringa, SA 503 11:?15'-) -33 55' 95 *Vestas V90
Starfish Hill, SA 138.16  -35.57 23 NEG Micon NM64C 1.5 MW
Studland Bay, Tas 12 144.92 -40.78 25 Vestas V90
Swan Valley, WA 116.00 -31.83 2 *Westwind 10kW
Thursday Is, Qld 14222  -10.59 2 Vestas 225kW
Toora, Vic 1109 146.41 -38.65 12 Vestas V66
Tortoise Head, Vic 145.29 -38.39 1 Westwind 10kW
Troubridge Point, SA 136.99 -35.16 15 *Vestas V90
Tungetta Hill & Loch Well Beach, SA 135 -33 55 NEC Micon 900 kW
Vincent North (She Oak Flat), SA 1001 137.86  -34.70 36 Vestas V82 1.65MW
Waitpinga, SA 1359 13328 -35 37 23 *Vestas V90
Walkaway Alinta, WA 114.80 -28.94 54 Vestas NM 82 1.65MW
Wattle Point, SA 137.73  -35.13 55 Vestas V82 1.65MW
Wilsons Promontory, Vic 146.37 -39.13 1 Westwind 10kW
Wonthaggi, Vic 820 14556  -38.61 6 REPower 2 MW
Yambuk, Vic 18 141.62 -38.39 20 NEG Micon NM82

* denotes turbine type used for modelling particular wind farm where manufacturer and model of turbine not specified

2.31 Turbines

The model of turbine in operation, or proposed to be used, at the various wind
farms differ. The specific attributes of turbines are incorporated into the model
since the different turbine types present different collision risks to birds.
Differences are due to such things as the size (‘presented area’) of the structure
that a bird might strike and such specifics as operational rotor speed and
percentage of time that rotors are likely to turn, as dictated by variables of

appropriate wind speed and maintenance downtime.

BIOSIS RESEARCH

At least twenty different models of turbine are currently in operation, or are
proposed to be built at the wind farms considered here. For a few potential wind
farms (noted by an asterisk in Table 1) we were not able to obtain a clear
indication of the turbine type proposed to be used as it appeared that proponents
have not yet determined which they might use. In those instances we modelled
for a turbine type most likely to be used based on the total generating capacity

Methods: Cumulative Impacts Modelling
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planned for and from industry trends in the type of turbines being proposed.
Table 1 provides information about turbines in use, or proposed for the wind
farms assessed here.

Manufacturer’s specifications for wind turbine models were used to calculate
attributes of each of them. Sixteen dimensions for each turbine, in combination
with rotor speed, were input to the model. The mean presented area [m°] of each
turbine, that presents a collision risk to sea-eagles, was calculated from
specification data for both the static elements (all physical components of a
turbine, including tower, nacelle, rotors) and the dynamic components
(accounting for the movement of rotors) of each turbine structure.

The plane of a wind turbine rotor pivots in a 360° horizontal arc around the
turbine tower in order to face into the wind direction. Hence, the area presenting
a collision risk to a bird flying in a particular direction may thus vary from a
maximum, in which the rotor plane is at 90° to the direction in which the bird is
travelling, to a minimum in which the rotor plane is parallel with the travel
direction of the bird.

To account for this variable, specifications for turbine types were used to
calculate a mean area that each turbine presents to birds. The use of a mean
turbine area is appropriate when the flights of birds are not biased toward any
particular compass direction and it is thus assumed that a bird is equally likely to
encounter a turbine from any direction. The flights of White-bellied Sea-eagles
in the vicinity of the relevant wind farms are multi-directional and the use of a
mean turbine area is thus the appropriate approach.

The area presented by a turbine also differs according to whether the rotors are
stationary or are in motion. When turbines are operational and rotors are in
motion, the area swept by the rotors during passage of a bird the size and speed
of a White-bellied Sea-eagle is included in calculations of the presented area.

Turbines rotors do not turn when wind speed is too low (usually below about 4
m/sec) and are braked and feathered to prevent them from turning if it is too high
(usually in excess of about 25m/sec), and during maintenance. During such
times only the static area of each turbine presents a collision risk. To account for
the difference in mean area presented by operational and non-operational
turbines a percentage of downtime is an input to the model.

2.3.2 Turbine number and configuration

Two principal components of the collision risk represented by a particular wind
farm are the number of turbines at the site and way in which they are positioned
relative to each other in the landscape.
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The number of turbines at each site is a simple parameter input to the model.

The layout of turbines relative to each other, in combination with the lengths and
directions of flights that birds make, affects the number of turbines that a bird
might be likely to encounter at the site. In relation to this, a linear array entailing
a single row of turbines is quite different from a cluster of turbines. This factor
is taken into account as a parameter input that can be varied according to the
known layout array of each wind farm modelled.

2.4 Parameters of White-bellied Sea-eagles

241 Size and flight speed of White-bellied Sea-eagles

White-bellied Sea-eagles are approximately 75 - 85 cm in length (Marchant and
Higgins 1993) and were modelled here as 80 cm long. Average flight speed of
the species was estimated from observations of birds and was modelled as 60
km/h. These two factors were used to determine the time it would take for a bird
to fly through the danger zone of moving rotors. This was incorporated into
calculation of the amount of rotor travel that would be involved in an encounter
and hence contributed to determination of the area of turbine presented to the
bird.

24.2 Flight heights of White-bellied Sea-eagles

The height at which birds fly within a wind farm is clearly relevant to the
likelihood of collision with turbines. This is due to the different heights of
turbine components and of collision risks they present to birds. The moving
rotors of a turbine are considered to present a greater risk than is the stationary
tower. By way of example, the largest turbines involved in this assessment
(Vestas V90 on 78 metre-high tower) sweep up to approximately 123 metres
above the ground. The height zone swept by rotors (in the case of Vesta V90
between 33 and 123 metres height) is considered to represent the zone of greatest
danger to flying birds.

In studies of the utilisation of wind farm sites by birds through south-eastern
Australia, we have consistently evaluated the height of each flight recorded
during standard point counts. The heights of 160 movements by White-bellied
Sea-eagles, within 120 metres of the ground, have been recorded by Biosis
Research at four wind farm sites. Of those, 30% were within 30 metres of the
ground and 70% were between 30 and 120 metres of the ground. This body of
flight-height data was used as a basis for determining scenarios for the
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proportion of sea-eagle flights that might occur relative to the dimensions of
particular types of turbines at sites for which no data exists.

For each wind farm modelled a number of sea-eagle flights are allocated to each
of two height zones in which birds may interact with turbines:

e the zone between the ground and the lowest point swept by rotors, and

e the zone between the lowest and highest point swept by rotors (the rotor-
swept-zone).

2.4.3 Population size and movements of White-bellied Sea-eagles at wind
farm sites

Specific investigations have not been undertaken into the population dynamics of
White-bellied Sea-eagles inhabiting any wind farm sites in Australia, or
elsewhere, so there is little empirical data about the number of birds using sites.
In order to provide necessary inputs about the number of birds that might interact
with turbines at any given site, and consequently across all sites, we have made
assumptions about the number of birds involved based on information collected
during bird utilisation studies undertaken by Biosis Research at four wind farm
sites where White-bellied Sea-eagles occur (Bluff Point, Heemskirk, Mussleroe
and Studland Bay). The basis for assessment of the number of birds present at a
site was the maximum number of individual birds sighted at any one time, or
identifiable as individuals from differences in plumage.

On the basis of the information from those wind farms, it appears that any one
site is likely to be part of the home range of a single pair of adult birds. A home-
range is expected to be occupied year-round by an adult pair and, on average, for
a few months by less than one juvenile. Almost all wind farms cover an area that
is considerably smaller than the expected home-range of such a family group.
Therefore the majority of wind farms have been modelled for the possibility of
three birds interacting with turbines throughout a given year (Table 2).

It is possible that larger wind farms may intersect the home-ranges of two family
groups. Taking this possibility into account, larger wind farms have been
modelled for the possibility of six birds interacting with turbines throughout a
given year (Table 2).

As outlined in Section 2.1, it has been assumed for modelling purposes that
immature birds occupy habitat at the same density as that at which home-ranges
of breeding pairs are occupied.
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We have assumed that development of a wind farm does not alienate the area
from further use by sea-eagles. This is considered to be the case because
previous land uses at all currently operating wind farm sites in Australia, are
believed to have continued and pre-existing habitat values have remained largely
unaltered following construction of facilities. It is also the case that White-
bellied Sea-eagles are known to continue to occupy operational wind farm sites
in southern Australia, including the large Bluff Point Wind Farm (formerly
Woolnorth Lot 1) in Tasmania.

It is also assumed that mortalities due to collisions with turbines do not alter
usage, or occupancy of wind farm sites by White-bellied Sea-eagles. We do not
consider that collisions are likely to result in heightened avoidance behaviours on
the part of survivors. In the short-term there may be a period of months before
an individual bird that is killed might be replaced in a local population. However
we do not consider that the presence of a wind farm or the incidence of collision
is likely to materially alter the rate at which dead sea-eagles will be replaced
from that which occurs elsewhere.

Following the rational outlined above, we have modelled the effects of collisions
on the basis that occupancy rates of wind farm sites and sea-eagle behaviours,
including avoidance rates for sea-eagles encountering turbines, will remain
constant over time.

In studies of the utilisation of wind farm sites by birds through south-eastern
Australia, the number of flights made by birds has been recorded during standard
point counts. Thus we have data for the numbers of movements-at-risk of
collision made by White-bellied Sea-eagles at the Bluff Point, Heemskirk,
Mussleroe and Studland Bay wind farm sites where Biosis Research has
undertaken such investigations. In order to determine possible numbers of
movements that might be made by sea-eagles at other locations, data from those
four sites has been averaged and then extrapolated to determine an estimated
number of movements-at-risk made by the species at each site for an entire year.
It is recognised that the basis for these estimations is a small pool of data from
limited locations which may not be representative of the wide range of wind farm
sites under consideration and is thus somewhat arbitrary. However, it is
considered best to base scenario modelling on the only available data rather than
on none at all.

The numbers of birds and number of flights per annum at risk of collision with
turbines that have been used in modelling for each site are shown in Table 2.
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Table 2 Scenario modelled for White-bellied Sea-eagle use of wind farms
Number of
. annual
Population
. size (number mov_ements
Wind farm of birds) at _rlsk per
modelled bird per
annum
modelled

10 Mile Lagoon, WA 3 330
9 Mile Beach, WA 3 330
Albany, WA 3 330
Bluff Point, Tas 6 660
Breamlea, Vic 3 330
Bremer Bay, WA 3 330
Canunda, SA 6 660
Cape Barren Is, Tas 3 330
Cape Bridgewater, Vic 3 330
Cape Nelson, Vic 3 330
Cape Sir William Grant, Vic 3 330
Cathedral Rocks, SA 3 330
Codrington, Vic 3 330
Denham, WA 3 330
Denmark, WA 3 330
Emu Downs, WA 6 660
Exmouth, WA 3 330
Flinders Island, Tas 3 330
Fraser Is, Qld 3 330
Fremantle, WA 3 330
Gabo Is, Vic 3 330
Green Point, SA 3 330
Heemskirk, Tas 6 660
Hopetoun, Wa 3 330
Kemmiss Hill Road, SA 3 330
King Is Huxley Hill Stages 1 & 2, Tas 3 330
Kongorong, SA 3 330
Kooragang, NSW 3 330
Lake Bonney Stage 1, SA 6 660
Lake Bonney Stage 2, SA 6 660
Mallacoota, Vic 3 330
Mount Millar, SA 6 660
Mumbida stg 1, WA 6 660
Mussleroe, Tas 6 660
Myponga, SA 3 330
Nirranda South, Vic 3 330
Nirranda, Vic 3 330
North Keppel Is, Qld 3 330
Pt Hicks, Vic 3 330
Rottnest Is, WA 3 330
Sheringa, SA 6 660
Starfish Hill, SA 6 660
Studland Bay, Tas 6 660
Swan Valley, WA 3 330
Thursday Is, Qld 3 330
Toora, Vic 3 330
Tortoise Head, Vic 3 330
Troubridge Point, SA 3 330
Tungetta Hill & Loch Well Beach, SA 6 660
Vincent North (She Oak Flat), SA 6 660
Waitpinga, SA 6 660
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Number of
. annual
Population
. movements
. size (number .
Wind farm ; at risk per
of birds) bird per
modelled p
annum
modelled
Walkaway Alinta, WA 6 660
Wattle Point, SA 6 660
Wilsons Promontory, Vic 3 330
Wonthaggi, Vic 3 330
Yambuk, Vic 3 330

244 Avoidance by White-bellied Sea-eagles of wind turbines

Note that in modelling of the cumulative impacts of collision, any collision
caused by a bird striking, or being struck by, a turbine, is assumed to result in
death of the bird.

The use of the term ‘avoidance’ here refers to how birds respond when they
encounter a wind turbine, that is, the rate at which birds attempt to avoid
colliding with the structures.

At the request of DEH, three avoidance rates are modelled: 95%, 98% and 99%.
Given that static elements of a turbine (tower, nacelle, etc.) are stationary and
highly visible, we take the approach of modelling the likely avoidance rate of the
area presented by these parts as 99% in all scenarios. The three variable
avoidance rates that are modelled here relate to the area in which the sweeping
motion of rotors is considered to present a higher risk. They are calculated as the
area swept by rotors during the passage of a bird at a given flight speed.
Complete lack of avoidance (0%) is behaviour that has not been observed in any
study of bird interactions with wind turbines and would be analogous to birds
flying blindly without responding to any objects within their environments. It
should be noted that 99% avoidance rate means that for every 100 flight made by
a bird it will make one in which it takes no evasive action to avoid collision with
a turbine. In real terms this equates to avoidance behaviour that is considerably
lower than that shown by many species of birds under most circumstances.
Absolute avoidance behaviour (100%) has been documented for some species
and may be a reasonable approximation for many species in good conditions, but
is unlikely for some species in certain conditions.

For all bird groups, specific avoidance rates measured to date are:
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1. Directly observed avoidance rates (i.e. observations of birds passing
through a turbine array, but showing active avoidance of collisions):

° 100% - Barnacle, Greylag, White-fronted Geese, Sweden (Percival 1998);

e 100% - range of species (Common Starling, Straw-necked Ibis, Australian
Magpie, Australian Raven, Little Raven, European Goldfinch, White-fronted
Chat, Skylark, Black-shouldered Kite, Brown Goshawk, Richards Pipit,
Magpielark, Nankeen Kestrel, White-faced Heron, Brown Songlark, Swamp
Harrier, Brown Falcon, Collared Sparrowhawk, egret sp., White Ibis),
Codrington, Victoria (Meredith ez al. 2002);

e 99% - migrating birds, Holland (diurnal and nocturnal data) (Winkelman
1992);

e  99.9% - gulls, Belgium (Everaert et al. 2002, in Langston & Pullan 2002);

e 99.8% - Common Terns, Belgium (Everaert ef al. 2002, in Langston &
Pullan 2003);

e  97.5% - waterfowl and waders, Holland (Winkelman 1992, 1994);
e  87% - waterfowl and waders at night, Holland (Winkelman 1990).

2.  Calculated avoidance rates (i.e. recorded fatalities compared with measured
utilisation rates — these are more accurately considered as survival rates of birds
passing through a wind farm, but they give an indirect estimate of avoidance
rate):

e 100% - waterfowl, Yukon, Canada (Mossop 1997);
e 100% - raptors, Yukon (ibid);

e 99% - Australian Magpie, Skylark, Codrington Victoria (Meredith et al.
2002);

e 99% - waterfowl, waders, cormorants, UK (Percival 2001);
e  >95% - Brown Falcon, Victoria [Codrington] (Meredith et al. 2002).

Based on the experience cited above, it is reasonable to conclude that an
avoidance rate of 99% or greater is typical for daylight and normal weather. The
only measured avoidance rate of nocturnal flights is 87% (Winkelman 1990).
While other sources conclude that birds’ avoidance behaviour differs between
night and day, they do not provide actual avoidance rates. Radar studies record
100% avoidance in most cases, but where a “reduction” in avoidance has been
noted, corresponding avoidance rates have not been provided (Dirksen et al.
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1996). These sources suggest that at night, birds are more cautious about flying
into a wind farm area, but have potentially lower rates of avoidance if they do
enter a wind farm. Since 87% is the only avoidance rate figure available for
conditions of poor visibility (e.g. night, fog), and in the absence of any other
empirical data this is most reasonable to use as a lower bound on ecologically
reasonable rates.

It would seem likely that avoidance by a species with the flight characteristics of
the White-bellied Sea-eagle would generally be in the range of 95% to 100% in
most conditions. Sea-eagles may fly infrequently when visibility is reduced by
fog or rain, however some individuals of some species do fly under these
conditions and this can lead to increased collision risk. They are highly unlikely
to fly during the hours of darkness. Data from overseas, based on findings of
bird carcasses, demonstrates that large raptors do collide with turbines.

However, empirical data about avoidance rates requires investigations that assess
the actual behaviours of birds when they are confronted by turbines. Such
studies for raptors have rarely been attempted and the only research into this
question for the raptors in Australia is that of Meredith ez al. (2002) who
investigated avian avoidance of turbines at the Codrington wind farm in Victoria.
They documented three instances of Wedge-tailed Eagles flying in the vicinity of
the wind farm and the birds avoided collision in each case. In a recent
investigation of collision risk for the Golden Eagle Aquila chrysaetos for the
proposed Lewis Wind Farm in Scotland, Coates (2004) modelled for avoidance
rates of between 95% and 99.9%. He considered that, ‘... the actual level of
avoidance is most likely to lie within the upper part of this range, that is, around
99.0 to 99.5%”. Overall, considering the range of species sampled in Australia
and overseas, the consistency in avoidance rates and the absence of any
documented cases lower then 95%, it is appropriate to assume that White-bellied
Sea-eagles will have avoidance rates in the 95% - 100% range. Nonetheless, we
recommend that this is a key area requiring further soundly based investigation
within operational wind farms.
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3.0 RESULTS: CUMULATIVE IMPACTS
MODELLING

3.1 Estimated impacts from modelling of individual
wind farms

The initial stage for modelling the cumulative risk of White-bellied Sea-eagle
collisions with wind turbines is to determine a level of risk posed by each
individual wind farm. Results from this process also allow assessment to be
made of the effects of any single wind farm or of any combination of farms. For
the purposes of evaluating the potential impacts of current or future proposals to
build wind farms this component of the process provides a valuable tool.

No empirical values for annual variations in population numbers nor for any
variables of demographic parameters influencing the population were available.
Clearly environmental variables and stochastic events have effects on the White-
bellied Sea-eagle population, however in the absence of any known values and
for simplicity of presentation, we have not assigned arbitrary coefficients of
variation. Therefore, in the following results and discussion mean values are
used throughout, but may be viewed as indicative only. Annual variations in all
values will occur and may have considerable influence on population numbers
used here and on predictions derived from them.

Predicted risk of collisions is expressed as a mean annual survivorship rate which
represents the proportion of the population that is expected to survive all
encounters with turbines at a given wind farm during the course of a year.
Modelled survivorship rates for relevant wind farms are shown in Table 3. It has
been necessary to calculate and show these values to five significant numbers in
order for differences between them to be detected. It is important that this is not
misinterpreted to indicate any level of ‘accuracy’ in the predicted results.

Table 3 Modelled survivorship rates for wind farms presenting a collision risk to White-bellied
Sea-eagles
Survivorship rate Survivorship rate Survivorship rate
Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

10 Mile Lagoon, WA 0.99364 0.99628 0.99716
9 Mile Beach, WA 0.99657 0.99801 0.99849
Albany, WA 0.99515 0.99719 0.99787
Bluff Point, Tas 0.98929 0.99359 0.99151
Breamlea, Vic 0.99997 0.99998 0.99998
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Survivorship rate Survivorship rate Survivorship rate
Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Bremer Bay, WA 0.99860 0.99919 0.99938
Canunda, SA 0.98879 0.99358 0.99519
Cape Barren Is, Tas 0.99996 0.99998 0.99999
Cape Bridgewater, Vic 0.98665 0.99218 0.99403
Cape Nelson, Vic 0.98681 0.99228 0.99411
Cape Sir William Grant, Vic 0.99031 0.99433 0.99567
Cathedral Rocks, SA 0.98327 0.99084 0.99337
Codrington, Vic 0.99255 0.99565 0.99668
Denham, WA 0.99267 0.99585 0.99692
Denmark, WA 0.99719 0.99837 0.99877
Emu Downs, WA 0.98538 0.99144 0.99346
Exmouth, WA 0.99994 0.99997 0.99998
Flinders Island, Tas 0.99815 0.99887 0.99911
Fraser Is, Qld 0.99996 0.99998 0.99999
Fremantle, WA 0.99173 0.99548 0.99673
Gabo Is, Vic 0.99996 0.99998 0.99999
Green Point, SA 0.98762 0.99322 0.99510
Heemskirk, Tas 0.98468 0.99153 0.99383
Hopetoun, Wa 0.99993 0.99995 0.99996
Kemmiss Hill Road, SA 0.98869 0.99381 0.99553
King ls Huxley Hill Stages 1 & 2, 0.99515 0.99733 0.99806
Kongorong, SA 0.98695 0.99286 0.99484
Kooragang, NSW 0.99783 0.99881 0.99913
Lake Bonney Stage 1, SA 0.98806 0.99286 0.99446
Lake Bonney Stage 2, SA 0.97885 0.98840 0.99161
Mallacoota, Vic 0.99996 0.99998 0.99999
Mount Millar, SA 0.99834 0.99858 0.99866
Mumbida stg 1, WA 0.99012 0.99427 0.99565
Mussleroe, Tas 0.97780 0.98790 0.99129
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Survivorship rate Survivorship rate Survivorship rate
Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Myponga, SA 0.99211 0.99528 0.99634
Nirranda South, Vic 0.98882 0.99345 0.99500
Nirranda, Vic 0.98784 0.99293 0.99463
North Keppel Is, Qld 0.99996 0.99998 0.99999
Pt Hicks, Vic 0.99996 0.99998 0.99999
Rottnest Is, WA 0.99860 0.99919 0.99938
Sheringa, SA 0.97178 0.98450 0.98878
Starfish Hill, SA 0.98986 0.99406 0.99547
Studland Bay, Tas 0.98543 0.99202 0.99423
Swan Valley, WA 0.99996 0.99998 0.99999
Thursday Is, Qld 0.99707 0.99829 0.99869
Toora, Vic 0.99389 0.99634 0.99717
Tortoise Head, Vic 0.99996 0.99998 0.99999
Troubridge Point, SA 0.98869 0.99381 0.99553
;uAngetta Hill & Loch Well Beach, 0.98436 0.99084 0.99300
Vincent North (She Oak Flat), SA 0.98733 0.99258 0.99434
Waitpinga, SA 0.98602 0.99234 0.99446
Walkaway Alinta, WA 0.98450 0.99092 0.99307
Wattle Point, SA 0.98436 0.99084 0.99300
Wilsons Promontory, Vic 0.99996 0.99998 0.99999
Wonthaggi, Vic 0.99374 0.99653 0.99745
Yambuk, Vic 0.99054 0.99446 0.99578

3.2 Estimated cumulative impacts across the range of
the White-bellied Sea-eagle

The total number of White-bellied Sea-eagles modelled as interacting annually
with all fifty-six wind farms under consideration here is 219 (2.4.3 Population
size and movements of White-bellied Sea-eagles at wind farm sites).
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The mean survivorship rates determined for the cumulative impacts of collisions
on this portion of the entire sea-eagle population at fifty-six wind farms across
the bird’s range are provided in Table 4.

Table 4 Cumulative survivorship values for the White-bellied Sea-eagle

population from potential collision risk posed by fifty-six wind farms in the species’ range

Survivorship rate Survivorship rate Survivorship rate
at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

0.99188 0.99537 0.99648

3.21 Impacts on White-bellied Sea-eagle annual survivorship

In order to assess the potential impact of altered survivorship rates that may be
imposed on the White-bellied Sea-eagle population by collisions with wind
turbines it will first be necessary to know the background survivorship rate that
affects the population in the absence of any impacts of wind farm collision.
Unfortunately, this has not been determined for the species. If or when it is, it
can be multiplied by the cumulative collision risk survivorship rates predicted by
the modelling and shown in Table 4, for the portion of the total population that is
assumed to interact with wind farms. Since collision effects are considered to
function as a constant over time, the adjusted mortality rate will be applicable
regardless of the White-bellied Sea-eagle population size.

3.2.2 Predicted White-bellied Sea-eagle mortalities

The number of White-bellied Sea-eagles that the model predicts might be killed
on average per annum at each wind farm, according to the three avoidance rates
modelled, are shown in Table 5. A total number of birds predicted to be killed
annually by the cumulative effects of turbine collisions across the species’ range
is determined by summing the number of fatalities predicted for each avoidance
rate for all thirty-five wind farms, and is shown as a total in Table 5.
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Table 5 Predicted average annual number of White-bellied Sea-eagle mortalities due to

collisions with wind turbines

Number of deaths Number of deaths Number of deaths

Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
10 Mile Lagoon, WA 0.01907 0.01115 0.00851
9 Mile Beach, WA 0.01030 0.00597 0.00452
Albany, WA 0.01030 0.00597 0.00452
Bluff Point, Tas 0.06427 0.03846 0.02983
Breamlea, Vic 0.00008 0.00007 0.00006
Bremer Bay, WA 0.00421 0.00244 0.00185
Canunda, SA 0.06728 0.03849 0.02887
Cape Barren Is, Tas 0.00011 0.00005 0.00003
Cape Bridgewater, Vic 0.04006 0.02346 0.01791
Cape Nelson, Vic 0.03956 0.02317 0.01768
Cape Sir William Grant, 0.02908 0.01702 0.01299
Cathedral Rocks, SA 0.05018 0.02749 0.01989
Codrington, Vic 0.02236 0.01306 0.00995
Denham, WA 0.02199 0.01244 0.00925
Denmark, WA 0.00842 0.00488 0.00369
Emu Downs, WA 0.08770 0.05138 0.03922
Exmouth, WA 0.00017 0.00008 0.00005
Flinders Island, Tas 0.00555 0.00338 0.00266
Fraser Is, Qld 0.00011 0.00005 0.00003
Fremantle, WA 0.02481 0.01357 0.00981
Gabo Is, Vic 0.00011 0.00005 0.00003
Green Point, SA 0.03714 0.02033 0.01470
Heemskirk, Tas 0.09194 0.05082 0.03705
Hopetoun, Wa 0.00022 0.00014 0.00012
Kemmiss Hill Road, SA 0.03392 0.01856 0.01342
g;'a‘ge': :*;X;‘T"T'a"si" 0.01455 0.00801 0.00582
Kongorong, SA 0.03914 0.02142 0.01549
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Number of deaths Number of deaths Number of deaths

Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate
Kooragang, NSW 0.00652 0.00358 0.00260
Sae Bonney Stage 1, 0.07162 0.04287 0.03325
e Bonney Stage 2, 0.12691 0.06959 0.05036
Mallacoota, Vic 0.00011 0.00005 0.00003
Mount Millar, SA 0.00997 0.00850 0.00801
Mumbida stg 1, WA 0.05930 0.03441 0.02608
Mussleroe, Tas 0.13321 0.07258 0.05224
Myponga, SA 0.02366 0.01415 0.01097
Nirranda South, Vic 0.03355 0.01964 0.01499
Nirranda, Vic 0.03647 0.02122 0.01612
North Keppel s, Qid 0.00011 0.00005 0.00003
Pt Hicks, Vic 0.00011 0.00005 0.00003
Rottnest Is, WA 0.00421 0.00244 0.00185
Sheringa, SA 0.16930 0.09299 0.06733
Starfish Hill, SA 0.06085 0.03561 0.02718
Studland Bay, Tas 0.08745 0.04788 0.03464
Swan Valley, WA 0.00011 0.00005 0.00003
Thursday Is, Qld 0.00880 0.00514 0.00392
Toora, Vic 0.01834 0.01097 0.00850
Tortoise Head, Vic 0.00011 0.00005 0.00003
Troubridge Point, SA 0.03392 0.01856 0.01342
R‘enlf’;t:aac'::’"si"°°h 0.09383 0.05498 0.04197
\ég‘lf:T;t;lC)sr,t\h (She 0.07603 0.04452 0.03398
Waitpinga, SA 0.08390 0.04593 0.03322
Walkaway Alinta, WA 0.09298 0.05448 0.04159
Wattle Point, SA 0.09383 0.05498 0.04197
\iisons Promontory, 0.00011 0.00005 0.00003
Wonthaggi, Vic 0.01877 0.01042 0.00764
Yambuk, Vic 0.02838 0.01661 0.01267
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Number of deaths Number of deaths Number of deaths
Windfarm at 95% avoidance at 98% avoidance at 99% avoidance
rate rate rate

Total predicted

deaths 2.09513 1.19430 0.89272

Thus for the scenarios modelled here, a cumulative total of between 0.9 and 2.1
White-bellied Sea-eagles per year are predicted to be killed by collisions at all of
the sites the population is likely to encounter within its natural range. From the
admittedly limited, but accumulating, information about bird avoidance of wind
turbines, particularly for large raptors, we consider that the higher avoidance
rates modelled here are the most likely to represent the avoidance capacities of
White-bellied Sea-eagles. Thus the lower annual mortalities predicted are
considered to be the closest to what might occur in reality.

3.23 Conclusion

The cumulative impacts of collision with turbines on the overall population of
White-bellied Sea-eagles, predicted by the modelling for all current and
presently proposed wind farms within the species’ range are provided. Results
for the range of avoidance rates modelled, predict an average of between slightly
less than one and slightly more than two sea-eagles may be killed due to wind
turbine collisions every year.

It is recognised that assumptions about numbers of White-bellied Sea-eagles and
numbers of their movements used in the modelling are necessarily arbitrary since
there is relatively few empirical data on which to base them. It is therefore
possible that they may not reflect reality for all of the fifty-six wind farms
encompassed by the modelling. Based on knowledge of the species, it can be
assumed that predictions of the present modelling are as accurate as can be
currently made.

We consider it important that further investigations of White-bellied Sea-eagles
at wind farm sites should be made in order to better validate modelled
predictions. Additional data for utilisation rates of sites by the species will
assist, as will studies that document the actual avoidance behaviours of birds in
flight within functioning wind farms.
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Abstract

The method to combine the individual wind-farm site assessments into
a cumulative effects model is described. It is shown that this is done by
multiplying all the individual site survival probabilities for each species
together. i.e Survival chance = P(S1)P(S2)P(S3)P(S4) ... P(Sn)

1 Introduction

Previous windfarm modelling has resulted in a measure of risk of bird-
turbine interactions. It inherently relied on the assumption that the bird
interacted with the site of the farm, and proceeded to generate a measure
of the probability of birdstrike through calculations of presented areas of
turbine and assumptions and observations of bird movements.

To approximate cumulative effects of multiple windfarms on the risk of
strike, we need to remove the assumption that the bird is already interact-
ing with the site. Having done this, we must account for the probabilities
of interacting with a given farm site, and then incorporate the risk of
strike associated with that farm. We then can proceed to calculate the
survival rate of a bird population residing or moving through a region
with resident windfarms.

2 Mechanics

This section is provided to allow for subsequent auditing of the process.
Due to its technical nature, it may be skimmed by the non-technical
reader.



2.0.1 Definitions

e ‘“region” At this stage we only refer to a region to allow the distinc-
tion between “home-ranges” and “habitats.” Appropriate choices
for what these regions represent will need to be made at a later
stage.

e N the number of wind farm sites found within the region of interest

e “site” A particular wind farm, consisting of turbines standing on
some of the region

o B, the event of a birdstrike associated with site 2
e A, the event of a bird interacting with site i
e S; the event of survival of an interaction with site 4

e P(C) a measure of the probability of an event, C, occurring

Note: The development of the method requires that all mortality risk
assessments be converted to survival chance. This is due to the impossi-
bility of a struck bird going on to either be struck again, or to survive the
next interaction. Only survivors can continue to interact.

2.1 Estimating Individual Site Risk (P(B;|A;))

As stated previously, the previous wind farm risk assessments have con-
centrated on the risk of strike, given that the bird is flying through the
site.

Using the definitions of section 2.0.1, this is written as

P(B;|As), (1)

and read as the probability of strike (event B;), given that the bird is
already on site (event A;).

A measure of this risk can be obtained one of two ways. Assuming
there is a significant population (defined to be large enough that the loss
of a single bird will not be significant and another individual will replace
it) then

Movements at Risk
Total Yearly Movements

(2)

can be used. Using this ratio implicitly assumes that the site population
is comparable to the number of observed movements. This may result in
a significant under estimate of risk.

If the population is small, then the mortality rate should be taken from
the earlier model’s measure of corpse numbers per year, and expressed as

Expected corpses per year

3)

Population

The later form, if population data is available, is the preferred form.
This is both for completeness as well as ease of implementation. If the
actual population is known to be small but site residency is unknown, it is
better to estimate site population, or enter the habitat population, than
to rely on the movements at risk approximation which could well be two
orders of magnitude below actual risk.



2.2 Estimating the chance of surviving a site

To estimate the chance of surviving a site, we need both the probability
of never visiting (P(A’)) and the chance of visiting, but not being struck
(P(B'|A)). As there are only three possibilities,

1. Visiting and not being struck,
2. Visiting and being struck,
3. and Not visiting at all

the easiest estimation of this risk is to calculate the risk of visiting and
being struck, and subtract this value from unity.
The probability of visiting and being struck is given by,

P(A;N B;) = P(A;)P(B;|A;) (4)
The chance of surviving site 4 is then given by
P((AiN By)') = P(Si) = 1 — P(A:) P(Bi|A:) (5)

Note: Earlier, non-cumulative models assumed that P(A) =1

The previous section (2.1) dealt with derivation of the second term.
The first term (P(A;)) can be approximated a number of ways. These are
detailed next.

2.3 Estimating the chance of visiting a site (P(4;))

Previous modelling successfully avoided the issue of the physical size of
the windfarm site through its implementation of the observational data.
Unfortunately, there does not appear to be any way to avoid incorporating
this measure into the model at this stage.

The chances of visiting a given site can be generated by measuring the
interaction between a region and the site. This is most naturally done
by comparing areas of the site relative to the region. This assumes that
there is no reason for visiting or avoiding the site relative to any other
area of the region. It may be appropriate to adjust this value if the site
is a significant habitat or food source likely to attract visits. Conversely,
if the site is barren, P(A;) might be adjusted downwards to account for
this. Without accurate data on visitation habits, the following estimates
are safe and realistic by assuming a homogenous region.

A basic measure of this probability is given by

Area of site

P(A;) = (6)

Area of region

This approximation is most appropriate for sedentary species, where
the relevant region is the home range, not the habitat.

The form indicated above may also be used for migratory species. If
it is to be used for a migratory species, the region appropriate becomes
the habitat area. Should the species be using a narrow corridor, this form
will be an underestimate of risk.

For a migratory species using a corridor, P(A;), is better approxi-
mated by taking the widest projection of the farm site (orthogonal to the



corridor), and dividing through by the width of the migratory corridor at
that location. i.e

width of site
width of corridor

P(A;) = (7)

This removes the possibility of birds flying around a farm placed in
the corridor, without ever “passing” it. This eventuality is possible for
sedentary species, who are free to roam in arcs whilst avoiding the actual
site.

2.4 Cumulative effect of N sites

Having generated the chance of surviving site i’s existence
(P(Si) =1— P(A;)P(Bil|As)),
we need to know the likelihood of surviving all N sites in the region.
This is given by
P(Slﬂ52ﬂ53ﬂ...). (8)
As surviving any one of the windfarm sites in the region is independent
of surviving any other site, this simplifies to

P(S1..n) = P(S1)P(S2)P(S5)... (9)
=11 P(S;) (10)

3 Summary

The derivation of cumulative effects takes into account the varying individ-
ual risk presented by each wind farm in a given region. This information
can be taken directly from the previously prepared reports on each site.
Extra information required to perform this calculation is:

For sedentary species : relative areas of home ranges and site areas occu-
pied by windfarms/turbines

For migratory species : effective blockage of corridors by windfarm sites.

3.1 Calculation steps
To calculate the cumulative effect on the survival rate of a species:

1. Identify the sites relevant to each species

2. Estimate the mortality rate for each site (P(B;|A;)). This can be
done either through the movements at risk, or mortality (corpse)
rate found on the summary pages. (See Section 2.2)

3. Determine an appropriate chance of site visitation, P(A;). (See Sec-
tion 2.3)
Note: If the home range of a sedentary species is signifi-
cantly smaller than the habitat, then average, representa-
tive values for these probabilities may be calculated and
substituted.



4. Determine the survival rate of each site via 1 — P(A;)P(B;|A;).

5. Multiply all the survival rates of each site relevant to the species
together.
Note: If using average properties (as discussed in the pre-
vious point), raise the average probability to the power of
the number of sites relevant to the size of the home range.

The resultant figure is a chance of survival for the species as a result
of the residency of windfarms in the habitat or corridor. A figure of unity
(1) indicates no individual will ever be struck. Zero (0) indicates complete
loss of the population.
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1.0 INTRODUCTION

1.1 Project Background

Biosis Research Pty. Ltd. was commissioned by the Department of the Environment &
Heritage to provide an assessment of the potential for a variety of birds and a bat to be at risk
of collisions with wind turbines at wind farms in Gippsland, Victoria.

Specific and detailed investigations of the bird and bat fauna of a number of individual wind
farm sites in Gippsland have been made (e.g. Organ and Meredith 2004a, b, Brett Lane and
Assoc. 2003a,b, 2005). However, those assessments are limited to the species that have been
recorded during fieldwork at the particular site and/or to records of birds and bats included in
public databases from areas local to the particular site.

The objective of the present study was to provide information about a suite of birds and a bat
species listed under provisions of the EPBC Act, regardless of whether records of their
occurrence in the immediate vicinity of wind farm sites presently exists or not. It thus has the
intent of using information available from a variety of sources about the distribution,
occurrence and behaviours of the species in question in order to provide an informed
assessment of the potential for a risk to be posed to them by collision with wind turbines. It
does not purport to provide a detailed quantification of collision risk of the kind that can be
determined by collision risk modelling (Smales, Meredith and McCarthy 2004). Rather, it is
designed to make a preliminary determination of whether a risk exists for a species and, if so,
the likely level of impact on the Australian population of the species that might exist.

The list of species to be assessed was provided by DEH (table 1). Following an initial
assessment of this list, we advised that some of the species have distributional ranges that do
not extend to eastern Victoria, or records of them from the area represent very rare vagrant
occurrences only. Those species are indicated by asterisk in table 1 and, as agreed following
our advice to DEH, were not included in further assessment. With one exception the species
assessed are all listed under provisions of the EPBC Act for “Migratory Species”. The
exception is the Grey-headed Flying —fox, which is listed as ‘Vulnerable’ under provisions of
the Act for “Threatened Species”.

Table 1 EPBC Act listed species assessed

Common Name

Scientific Name

Grey-headed Flying-fox
Common Sandpiper
Fork-tailed Swift

Great Egret

Cattle Egret

Ruddy Turnstone
Sharp-tailed Sandpiper
Sanderling

Red Knot, Knot
Curlew Sandpiper
Pectoral Sandpiper
Red-necked Stint

BIOSIS RESEARCH

Pteropus poliocephalus
Actitis hypoleucos
Apus pacificus
Ardea alba

Ardea ibis
Arenatria interpres
Calidris acuminata
Calidris alba
Calidris canutus
Calidris ferruginea
Calidris melanotos
Calidris ruficollis

Introduction
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Common Name

Scientific Name

Long-toed Stint

Great Knot

Double-banded Plover

Greater Sand Plover, Large Sand Plover
Lesser Sand Plover, Mongolian Plover
Oriental Plover, Oriental Dotterel
Latham's Snipe, Japanese Snipe
Swinhoe's Snipe *

Pin-tailed Snipe *

Grey-tailed Tattler

Wandering Tattler *

White-throated Needle-tail
Broad-billed Sandpiper

Asian Dowitcher *

Bar-tailed Godwit

Black-tailed Godwit

Eurasian Curlew *

Eastern Curlew

Little Curlew, Little Whimbrel *
Whimbrel

Red-necked Phalarope *

Ruff (Reeve)

American Golden Plover *

Pacific Golden Plover

Grey Plover

Short-tailed Shearwater

Wood Sandpiper

Common Greenshank, Greenshank
Marsh Sandpiper, Little Greenshank
Common Redshank, Redshank *
Terek Sandpiper

Calidris subminuta
Calidris tenuirostris
Charadrius bicinctus
Charadrius leschenaultii
Charadrius mongolus
Charadrius veredus
Gallinago hardwickii
Gallinago megala
Gallinago stenura
Heteroscelus brevipes
Heteroscelus incanus
Hirundapus caudacutus
Limicola falcinellus
Limnodromus semipalmatus
Limosa lapponica
Limosa limosa
Numenius arquata
Numenius madagascariensis
Numenius minutus
Numenius phaeopus
Phalaropus lobatus
Philomachus pugnax
Pluvialis dominica
Pluvialis fulva

Pluvialis squatarola
Puffinus tenuirostris
Tringa glareola

Tringa nebularia

Tringa stagnatilis
Tringa totanus

Xenus cinereus

The assessment here is based on available information about five wind farms in Gippsland.
One of them, the Toora Wind Farm, is operational. The Wonthaggi Wind Farm is currently
under construction and the remaining three, Bald Hills, Dollar and Rosedale Ridge Wind
Farms, are proposed and either do not require assessment under the EPBC Act (Rosedale
Ridge Wind Farm) or are at various stages of the project assessment or approval process.

BIOSIS RESEARCH Introduction
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2.0 METHODS

The project entailed a desktop study to evaluate available information from published sources
and the collective knowledge and experience of Biosis Research zoologists, about the listed
bird and bat species.

Our assessment was made against a matrix of the following criteria for each species:

= Based on geographic range and habitat requirements of each species, the likelihood that a
portion of the Australian population of that species might encounter wind farms in
Gippsland, assessed as Minimal / Low / Medium / High.

= Based on information available about population size and geographic distribution, an
estimation of the portion of the Australian population likely to encounter wind farms in
Gippsland, estimated as <2% /2 - 10% /11 - 50% / 51 - 100%. For some of the species
assessed there are no records from Gippsland. In such instances we considered that the
portion of the population that might encounter wind farms there is ‘minimal’.

= Based on migratory and other movement behaviours, where applicable, an indication of
season(s) and annual duration for potential encounters to occur.

= Based on life-history characters and behaviours, in combination with habitats at and in the
vicinity of Gippsland wind farm sites, potential for collision risk to exist, assessed as
Negligible / Low / Medium / High.

Where applicable, the conservation status of the particular species in Australia was taken into
account in combination with the above, to determine an indication of whether collisions with

turbines might affect the species. Note that we use the term ‘impact’ in the sense that it refers
to a negative effect on the conservation status of a species.

From the matrix of information provided by this assessment, we provide an evaluation of the
potential value of undertaking more detailed modelling for each species of the cumulative
impacts of collisions with turbines at the five wind farms combined.

For species with potential for cumulative modelling, the review provides a determination of
priority for modelling amongst the suite of species listed.

1.2 Information sources

The project undertook a literature review, searches of relevant databases and collation of
information from other reliable sources to ascertain relevant current data about bird and bat
species on the list provided by DEH. Published sources are detailed in References to this
report. Where applicable, information collected during field assessments of Gippsland wind
farm sites by Biosis Research and other workers was used (see Table 2 Notes).

Information about current and proposed wind farms in Gippsland, such as location and size of
the facility and type of turbines to be used, were drawn from information recently supplied to
Biosis Research by DEH for wind farms in Australia. Key information related to habitats
within, and in the vicinity of, wind farm sites was taken into account. In particular, given the
fact that the great majority of species are waders and shorebirds, the proximity of coastal and
freshwater wetlands to wind farm sites was evaluated. Information relative to habitats at and
in the vicinity of Gippsland wind farm sites was drawn from pre-existing reports and specific
Biosis Research knowledge of the sites.

BIOSIS RESEARCH Methods
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3.0 RESULTS

An assessment matrix for evaluation of potential and likely impacts of collision risk at
Gippsland wind farms for listed EPBC Act species is provided in Table 2. From evaluation of
the matrix, a resultant overall likely level of impact on the Australian population of each
species is provided on a scale of Negligible / Low / Medium / High (see Resultant Overall
Likely Level of Impact On Aust. Population of Species Table 2).

The assessment indicates that potential impacts on the majority of species evaluated is
considered to be Negligible and we consider that additional detailed collision risk modelling
is unlikely to be warranted for those species.

Impacts at the species level is considered to be Low for the following species: Grey-headed
Flying-fox, Great Egret, Cattle Egret, White-throated Needle-tail, Short-tailed Shearwater,
Fork-tailed Swift, Red Knot, Latham's Snipe, Sharp-tailed Sandpiper, Double-banded Plover,
Pacific Golden Plover, Common Sandpiper. For species assessed as having a Low impact
potential we consider that detailed collision risk modelling may be of value as a tool in
quantifying the level of impact that each species might experience as a result of collisions
with wind turbines. On the basis of risk posed by species’ flight behaviour and conservation
status, we consider that the White-throated Needletail, Latham’s Snipe and Grey-headed
Flying-fox would constitute the highest priority species, in terms of being the most likely
species to be at risk from collision with wind turbines at wind farms in Gippsland. All other
species would constitute a lower priority. It should be stressed, however, that this priority
ranking is only relevant in terms of the current group of species assessed in this study.
Further, this finding should not be interpreted as a recommendation that these species should
undergo a more detailed level of evaluation at this time, as the potential risk of collision posed
by the Gippsland wind farms to these species is considered to be Low.

It should be noted that collision risk modelling can be undertaken on the basis of scenarios in
the absence of actual bird or bat utilisation data obtained from field studies. However,
modelling can be expected to be most accurate, and results more robust, when it utilises
substantial field data collected from wind farm sites under various conditions and across a
number of seasons.

BIOSIS RESEARCH Results
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Risk to select EPBC species of turbine collisions at Gippsland wind farms— Dec 2005

4.0 CONCLUSION

We have assessed likely impacts on thirty-four species that might result from collisions with
turbines at current and proposed wind farms in Gippsland. Using a matrix of criteria to
determine likely levels of impacts, we conclude that impacts are likely to be low for twelve
species and negligible for twenty-two of them.

Results are due to a variety of species-specific factors. For many of the species, the
likelihood of any part of their populations interacting with wind turbines is low as a result of
the location of the wind farms relative to their required habitats. For the majority of them,
even those that might move through the wind farms, we also consider it most probable that
only a very small portion of their total Australian populations would ever do so. The known
behaviours of most suggest that they would also actively avoid collisions or do not frequently
fly in the zone swept by turbine rotors.

IN COMBINATION, THESE FACTORS DRAW US TO THE CONCLUSION
THAT COLLISIONS WITH WIND TURBINES POSE LITTLE RISK TO
THE MAJORITY OF THE THIRTY-FOUR SPECIES EVALUATED HERE.

BIOSIS RESEARCH Conclusion
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Windfarms in the Orange-bellied Parrot zone
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Windfarms in the Tasmanian Wedge-tailed Eagle zone
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Windfarms in the Swift Parrot zone
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South Australia
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Windfarms in the White-bellied Sea-Eagle zone
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