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NOTICE OF SCOPING

The U.S. Department of Energy (DOE) is requesting public input on the
scope of environmental issues and alternatives to be addressed in the:

Environmental Assessment
Univ. Maine Deepwater Offshore Wind Test Site
Gulf of Maine

The University of Maine is proposing to use federal funding from DOE to design, fabri-
cate, and temporarily deploy two 1/3-scale floating wind turbines in the Gulf of Maine
about two miles south of Monhegan Island. An Environmental Assessment (EA) will be
prepared by DOE pursuant to the requirements of the National Environmental Policy Act
(NEPA). The notice of scoping and description of the proposed project is available for re-
view at the DOE Electronic Public Reading Room at

http://www.eere.energy.gov/golden/Reading_Room.aspx.

Public comments on the NEPA process, proposed action and alternatives, and environ-
mental issues will be accepted until October 5, 2010. Please send comments to

Kurt Rautenstrauch, Department of Energy’s Golden Field Office, 1617 Cole Blvd, Gol-
den, CO 80401 or by email to kurt.rautenstrauch@goe.doe.gov.
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Subject: Wind power project

AMServiceURLStr: https://Slingshot.hdrinc.com/CFSS/control?view=services/FTService

From: Edie Caldwell [mailto:edie@edithcaldwell.com]
Sent: Tuesday, October 05, 2010 4:04 AM

To: krautenstrauch@jason.com

Subject: Wind power project

From: Edie Caldwell <edie@edithcaldwell.com>
Date: October 5, 2010 5:58:46 AM EDT (CA)
To: kurt-rautenstrauch@go.doe.gov

Subject: Wind power project

Dear Mr. Rautenstrauch,

I shall not go into the reasons now, but | wanted to let you know that | am totally opposed to the
offshore wind turbines being in the Gulf of Maine.

With kind regards to you,

Edie Caldwell
Rockport



Subject: Comments on Monhegan test site
Attachments: MLA_Monhegan Test Site_2010-Oct.pdf

AMServiceURLStr: https://Slingshot.hdrinc.com/CFSS/control?view=services/FTService

From: patrice.f.mccarron@gmail.com [mailto:patrice.f.mccarron@gmail.com] On Behalf Of Patrice McCarron (MLA)
Sent: Tuesday, October 05, 2010 8:00 AM

To: krautenstrauch@jason.com

Subject: Comments on Monhegan test site

Please find the attached comments from the Maine Lobstermen's Association on
the offshore wind test site off Monhegan Island.

Thank you for your consideration.

Patrice McCarron, Executive Director

Maine Lobstermen's Association

21 Western Ave # 1, Kennebunk, ME 04043

207-967-4555 (Office) * 207-205-4544 * 866-407-3770 (Fax)
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Department of Energy Golden Field Office
NEPA Division

Attn: Kurt Rautenstrauch

1617 Cole Boulevard

Golden, CO 80401

October 4, 2010

The Maine Lobstermen’s Association (MLA), an industry-based fishing organization representing
the interests of the Maine lobster industry, is submitting comments in response to the Notice of
Scoping for the University of Maine to construct, deploy, and retrieve 1/3 scale floating wind
turbines at a deepwater offshore wind test site off Monhegan Island in the Gulf of Maine.

The Maine lobster industry landed nearly 80 million pounds of lobster in 2009, valued at $228
million. Maine’s 5,500 commercial lobstermen contribute nearly $1 billion to the state’s coastal
economy each year.

The MLA has been a close observer of the state of Maine’s efforts to become a leader in ocean
wind energy by establishing 5 GW of ocean energy by 2030. While we support the state’s goal
of energy independence from foreign oil, the MLA believes that wind development should
proceed with caution and only with full consideration of local community and environment
impacts.

The Monhegan Test Site was selected through a careful process which included extensive
community outreach and meetings with stakeholders. The MLA strongly urges that the
Department of Energy continue to reach out to the effected parties to ensure that all economic,
social and environmental concerns are well understood.

Lobstering is the economic backbone of Maine’s coastal communities, and the residents of
Monhegan are highly dependent upon lobstering. It is imperative that the environmental
impacts of the proposed offshore wind development are understood for lobster and other
marine species, as well as habitat impacts. It is equally important that fishing patterns for both
lobster and other fisheries are well understood. The community must be closely consulted to
ensure that all of the economic consequences of potentially removing areas of bottom from
their local fishery are understood. Commercial fishing is both an economic livelihood for



Maine’s islands and coastal communities, but it is also a way of life. The value of this heritage
must be considered.

The MLA continues to cautiously support the development of offshore wind energy along the
coast of Maine, but it must be done in a way that is sensitive to our environment, economy and
heritage. It is essential to minimize any economic and social dislocation, through outreach and
close consultation with effected communities, resulting from ocean energy development
projects.

Thank you for your consideration of these comments.

Sincerely,

Patrice McCarron
Executive Director









Subject: Scoping - University of Maine Deepwater Offshore Wind Test Site, Gulf of Maine. Part 1 of 2
Attachments: ea_oceanwind_pbw_101810.pdf; ea_oceanwind_pbw_101810.docx; brostrom_jms_
2008.pdf; brostrom_huber_emails_july _aug_2010.pdf

AMServiceURLStr: https://Slingshot.hdrinc.com/CFSS/control?view=services/FTService

From: Ron Huber [mailto:coastwatch@gmail.com]

Sent: Monday, October 18, 2010 12:27 AM

To: krautenstrauch@jason.com

Subject: Scoping - University of Maine Deepwater Offshore Wind Test Site, Gulf of Maine. Part 1 of 2

Dear Mr Rautenstrauch

Attached are our scoping comments regarding the environmental assessment of the effect of the Department of
Energy funding the University of Maine Deepwater Offshore Wind Test Site

Also attached are pdf files of documents referenced, cited or alluded to in our comments for addition into the
record of the preparation of the environmental assessment. Additional reference documents are being sent by
separate email.

Please contact me If you have any difficulty downloading these documents or have any adidtional questions.
My telephone # is 207-691-7485. Or you may reach me by return email

Ron Huber

Ron Huber

Penobscot Bay Watch

POB 1871, Rockland Maine 04841
e: coastwatch@gmail.com

tel: 207-691-7485




Penobscot Bay Watch

POB 1871, Rockland ME 04841

October 18, 2010

Department of Energy Golden Field Office
NEPA Division

Attn: Kurt Rautenstrauch

116117 Cole Boulevard

Golden, Colorado 80403

Re: Scoping - University of Maine Deepwater Offshore Wind Test Site, Gulf of
Maine

Dear Mr. Rautenstrauch

Penobscot Bay Watch is a citizens association dedicated since 1993 to protecting
and restoring the living marine resources of Penobscot Bay and the greater Gulf
of Maine. Our oversight includes discharge licenses and major development
initiatives in Penobscot Bay and surrounding waters, including proposals for
industrial ports in upper Penobscot Bay and offshore energy facilities such as
those proposed off Monhegan Island and beyond. To that end we participate in
state and federal permitting and licensing processes as appropriate.

We are writing in response to the Department of Energy's Notice of Scoping for
An Environmental Assessment of the effect of funding the University of Maine
Deepwater Offshore Wind Test Site. The Department of Energy (DOE) has invited
comment from the interested public to supply information that will aid the
department in determining whether the proposed action warrants issuance of a
Finding of No Significant Impact, or requires preparation of an Environmental
Impact Statement.

Having reviewed the complete record of information used by the Maine Bureau of
Parks and Lands in its decision making process designating the site under present
consideration, as well as numerous other sources of information about the



resources at risk, we strongly believe that sufficient uncertainties exist, both
onsite and offsite, to warrant preparation of an environmental impact statement
prior to the Department of Energy making a final decision as to whether the
Monhegan site if the most appropriate of the alternatives. Given the facts, we do
not believe that it remotely possible for the Department to decide otherwise
without making a mockery of NEPA.

While the amount of funding is not specified in the notice, over the past year and
a half, the University of Maine "has been awarded nearly 540 million in funding to
pursue research in deepwater offshore wind energy technology," according to
Elizabeth Viselli of the University of Maine's DeepCWind Consortium. At least
twenty million dollars of that are the subject of this Environmental Assessment , if
not all forty millions.

We note that, while the public notice describes the proposal to "construct,
deploy. and retrieve 1//3-scale floating wind turbines within the deepwater
offshore wind test site", the University of Maine states that these funds also "will
be used to build, deploy and test a full-scale prototype of a 5 megawatt floating
wind turbine" source: Elizabeth Viselli.

Unless the DOE will specifically disallow these funds to be used for that second
purpose, then the impact of the deploying and testing (i.e. operation) of the full
sized floating turbine must also be factored into this Environmental Assessment.

SCOPE OF REVIEW
We ask that the DOE consider as broad a geographic scope as possible.

1. Impacts to both the two square mile footprint of the demonstration test site
and to the ill-defined but foreseeable footprint of the site farther offshore where
the full-sized floating wind turbine will be deployed as part of this expenditure of
DOE funds.

2. Impacts to the Eastern Maine Coastal Current, the Western Maine Coastal
Current and other existing oceanographic structure of the Gulf of Maine that will
be impacted by deployment of the test and full sized floating turbines.



3. Impacts to Gulf of Maine lobster larvae migration from alterations in existing
Gulf of Maine current dynamics caused by deployment of floating deepwater
wind turbines in hydrodynamically sensitive areas.

4 Impacts to Gulf of Maine nutrient flows and to overall seasonally significant
geographic concentrations of finfisheries, due to alterations in existing Gulf of
Maine current dynamics and alterations in thermal structure of the water column
of the footpring of floating deepwater turbines.

5. Impacts to irreplaceable scenic resources of state and national significance
from deploying this test project off of Monhegan Island, as opposed far lesser
impacts from deploying in one of the other two locations chosen by the state of
Maine as deepwater test areas, but relegated to later development, if at all.

6. Impacts to Atlantic puffins and other seabirds known and documented to
overfly the area of the proposed wind test site off Monhegan.

7. Impacts to land birds known and documented as seasonally migrating through
the location off Monhegan proposed for the University of Maine's deepwater
wind site

AT ISSUE

Below we will describe general and site specific issues of unavoidable adverse
impacts, followed by citations and excerpts or complete copies of relevant peer
reviewed research, followed by information gathered by competent bird
naturalists, that is worthy of consideration in the Department's Environmental
Assessment.

1. Unavoidable adverse impacts of artificially modified ocean wind on oceanic
processes. Winds play in key role in many natural marine processes, including the
natural Ekman Transport of energy from air to water; ocean surface circulation
(particularly at gyres); vertical water motion; mixing of upper ocean layers;
upwelling of deep, often nutrient-rich, anoxic waters to the surface, and
downwelling of oxygen rich waters to the lower water column

The operation of an ocean windfarm's turbines creates an in-situ forced 1
meter/day upwelling process in the water column beneath that facility. (1)
Brostrom 2008



By artificially and continuously impacting the natural Ekman Transport within the
windturbine complex's energy footprint, ocean windfarms, by their very nature
as moored or monopiled in-place energy sinks, appear to act as
anthropogenically generated artificial gyres, capable of generating eddies and
other perturbations of the water column and nearby water currents, with
implications for additional

The Gulf of Maine's marine ecosystem has evolved and adapted to seasonally
predictable gyres and eddies. The addition of year-round in-place artificial gyres
to the hydrodynamics of the Gulf of Maine is highly likely to have discernable
impacts on its surface water characteristics and currents, with consequences for
transport of lobster larvae and those of other animal species, as well as for the
timing of Gulf of Maine phytoplankton blooms.

It is the duty of the Department of Energy to determine the significance of those
impacts and those consequences before setting out any locations for
development of offshore renewable energy .

2. Unavoidable adverse impacts to a nationally significant scenic Monhegan
viewshed.

Lobster Cove on the southern tip of Monhegan, possesses nationally significant
scenic resources. It is reachable only by pedestrian footpath and is one of the
most popular destinations for day tripping tourists visiting the island,. It is also a
place of pilgrimage for generations of fine artists, who annually in their hundreds
paint the views of and from Lobster Cove, where the deep waters of the Gulf of
Maine are cut by the granite shieldwall of the continent, and by barely glimpsed
archipelagoes far to south'ard. The deep dark of the Atlantic ocean, and the clear
starfields, presentlyclaim the night here.

The proposed deployment of prototype small and full sized wind turbines at this
site for an indefinite number of years and renewals will unavoidably adversely
impact this nationally significant viewshed:

During the daytime, the turning blades will modify the optical experience of
dawn, from numerous places on the island, and throughout the day will
command the visual attention of all who gaze to the south upon the Gulf of Maine



viewscape, including those visiting publicly-accessible Lobster Cove, artist and
casual tourist alike.

At night the safety lights atop the turbines, blinking and occasionally flared by the
passing blades, will similarly command the attention of those viewing the evening
skies and starshed south of Monhegan.

It is not known what the sonic impact of the prototype turbines will be on the
public and the artists enjoying Lobster Cove, however, sonic pollution both in the
audible spectrum and "infrasound" are problems that challenge people living
similar distances from landbased wind.

3. Unavoidable adverse impacts to a unique island bird population and to an
internationally nationally significant migratory bird route along the Atlantic
Seaboard.

Birds living on or transiting Monhegan - and the site where the full scale 5
megawatt ocean wind turbine will be deployed, if outside the Monhegan test
center's waters - will be adversely impacted if the project's wind turbines are
funded, built, deployed and operated. Birds have been counted off Monhegan
and other outer Penobscot Bay islands since the 1940s

Lobster Cove, the public beach on Monhegan whose nationally significant scenic
viewshed is reachable only by pedestrian footpath, is also very popular as a
location for ornithologists desiring to count migrating birds heading north or
south in great numbers during the same times of year that the prototype
windturbines would be deployed - summer and autumn.

Maine Bureau of Parks and Lands erroneously concluded in its decision approving
the Monhegan Deepwater Test Area that little impact was likely to birds from
development and operation of this project. That decision is under review by
Maine Superior Court

To the contrary, however, the records of recent and historic professional and
amateur ornithologists experienced with the bird life of Monhegan and the
waters south of the island show a very heavy use of the island and those waters
by a large number of residential and migratory bird species.



* Bird sitings on Monhegan. September 14 to September 28, 2010 . Bryan Pfeiffer
professional bird naturalist, author and consultant, identified 122 bird species
during a visit to Monhegan from September 14th to September 28, 2010. (List
below)

* Maine eBird, sponsored by Audubon and Cornell Laboratory of Ornithology,
recorded 202 bird species during 2009 & 2010. (List below.)

* Bird sitings on Monhegan, July2 2010 to October 16, 2010 These are primarily
from Lobster Cove, the public beach on Monhegan whose nationally significant
scenic viewshed includes the location slated for the proposed Monhegan
Deepwater Wind Test Area. Migrating birds heading south along the atlantic
flyway pass over Penobscot Bay then stop at Monhegan in great numbers during
the times of year that the prototype windturbines would be deployed - summer
and autumn.

They were made by ornithologist Tom Magarian and submitted by him to the
Maine-Bird online forum & archive. (List below) Magarian is a professional
ornithologist who works with New Jersey Audubon. He has been tasked to carry
out radar sitings of birds off Lobster Cove, Monhegan. The visual observations he
recorded (see below) are a supplement to those readings, by this highly qualified
individual. His email address: tmagarian@alumni.unity.edu

Because the funds being released by Department of Energy will be used to build,
deploy and test both one or more 1/3 scale test prototypes, and "a full-scale
prototype of a 5 megawatt floating wind turbine", according to Elizabeth Viselli
of the University of Maine-led DeepCwind Consortium, the environmental
assessment needs to acknowledge the potential impacts of both size turbines on
birds.

Nothing is known about the proposed location for deploying the full scale 5
megawatt floating turbine. Neither the Bureau of Parks and Lands designation
of the deepwater wind test area off Monhegan, nor the enabling law MRSA 12
§1868. Identification of offshore wind energy test areas" limit the size of
prototypes that may be deployed in the test center's waters. However, the
expectation among Monhegan residents is that deployment will be limited there
to 1/3 sized prototypes, not full sized ones.



Unless the University proposes to renege on its informal agreement with the
Monhegan community to limit deployments off their island to 1/3 sized
prototypes, it will have to either choose one of the other two wind test areas, or
consider some hitherto undisclosed location elsewhere. If so, then a range of
alternative locations needs to be selected, examined and ranked, prior to final
determination and the releasing of funds to the University of Maine, as
construction and deployment of this full size windturbine will take place only
with the authorization of the DOE funds under present consideration.

4. Unavoidable adverse impacts to Fisheries

Direct impacts upon commercial and recreational fisheries and pleasure sailors
include the exclusion zone directly around each windturbine, as well as, for fishers
with bottom tending gear, cable areas and other seafloor installations of the
wind project.

Direct impacts to important fishing feeding and breeding and nursery areas, if
turbines are deployed there. Indirect impacts by deploying windturbines in
migratory pathways of fish, shellfish or prey species, due to the upwelling and
thermal modification of ocean hydrology per Brostrom 2008 and other
researchers cited in above.

In summary, because deployment of a full scale 5 megawatt floating turbine is a
reasonably anticipated outcome of the DOE releasing these funds, the adverse
impacts that it could likely have on birds and fish inside and outside the
immediate footprint of the offshore test area needs to be considered. The
Environmental Assessment will be deficient if it does not acknowledge and
include the reasonably foreseeable impacts to managed and protected resources.

Viable alternatives to the proposed project.

The state of Maine identified eight sites in Maine state waters as potentially
appropriate for hosting Maine's Offshore Wind Energy Test Areas. These sites
were winnowed down to three locations in 2009; of those three, the easternmost
site, two miles south of Monhegan, was chosen on December 14, 2009 to host the
Maine Offshore Wind Research Center.

The state's decision to locate the Offshore Wind Research Center off Monhegan is
being contested in Maine Superior Court as of October 18, 2010. The petitioner



suggests that the Bureau of Parks and Lands has underemphasized likely impacts
to Monhegan scenic and bird resources, due to a pre-made decision to locate the
University of Maine deepwater test site off Monhegan Island for logistical
reasons.

The Department of Energy has an opportunity to reexamine the record of the
BPL's decision, coupled with and tempered by additional information that
extends the Bureau's overly narrow definition of scenic, fishery and avian
resources at risk to one more consistent with natural resource conservation and
scenic resource preservation standards under federal law.

Irreversible and irretrievable commitments of resources.
Because the project being considered for funding by the Department of Energy
would build and deploy floating renewable energy facilities that would be
anchored or moored in place, irreversible and irretrievable commitments of
resources will be far fewer than those of fixed monopile wind turbines, such as
those approved off southern Massachusetts.

Should the site prove unsuitable due to unacceptable adverse impacts to living
and/or non living marine resources. the floating facilities can be towed to
different locations or returned to shore, for, maintenance, modification or
recycling.

Conclusion. We strongly believe that sufficient uncertainties exist, both onsite
and offsite, of the nature and extent of the adverse impacts of this project to
warrant preparation of an environmental impact statement prior to the
Department of Energy making a final decision as to whether the Monhegan site is
the most appropriate of the alternatives. Given the facts, we do not believe it
possible for the Department to decide otherwise.

We ask that the DOE consider as broad a geographic scope as possible. that it
consider:

1. Impacts to both the two square mile footprint of the demonstration test site
and to the ill-defined but foreseeable footprint of the site farther offshore where
the full-sized floating wind turbine will be deployed as part of this expenditure of
DOE funds.



2. Impacts to the Eastern Maine Coastal Current, the Western Maine Coastal
Current and other existing oceanographic structure of the Gulf of Maine that will
be impacted by deployment of the test and full sized floating turbines.

3. Impacts to Gulf of Maine lobster larvae migration from alterations in existing
Gulf of Maine current dynamics caused by deployment of floating deepwater
wind turbines in hydrodynamically sensitive areas.

4 Impacts to Gulf of Maine nutrient flows and to overall seasonally significant
geographic concentrations of finfisheries, due to alterations in existing Gulf of
Maine current dynamics and alterations in thermal structure of the water column
of the footpring of floating deepwater turbines.

5. Impacts to irreplaceable scenic resources of state and national significance
from deploying this test project off of Monhegan Island, as opposed far lesser
impacts from deploying in one of the other two locations chosen by the state of
Maine as deepwater test areas, but relegated to later development, if at all.

6. Impacts to Atlantic puffins and other seabirds known and documented to
overfly the area of the proposed wind test site off Monhegan.

7. Impacts to land birds known and documented as serasonally migrating through
the location off Monhegan proposed for the University of Maine's deepwater
wind site

See attachments, below.

Sincerely

Ko Huber

Ron Huber
Penobscot Bay Watch

Attachments (pdf files)
* On the influence of large wind farms on the upper ocean circulation by Goram
Brostrom, Norwegian Meteorology Institute. 2008



* Goram Brostrom. August 2010 . Personal communication

* Weather response to a large wind turbine array D. B. Barrie and D. B. Kirk-

Davidoff University of Maryland Department of Atmospheric and Oceanic Science,

Atmos. Chem. Phys. Discuss.: 29 January 2009

* Potential climatic impacts and reliability of very large-scale wind farms 2009”
by C. Wang and R. G. Prinn

* Bird sitings off Monhegan's Lobster Cove, July 2, to October 16, 2010,

_by Audubon ornithologist Tom Magarian

* Maine eBird Monhegan listings 2009-2010. Cornell Laboratory & Audubon

* Bird Observations, Monhegan, September 2010 Bird naturalist Bryan Pfeiffer

* Notes on a Fall Migration at Matinicus Rock, 1949 Rosario Mazzeo

* Gulf of Maine Circulation

* Gulf of Maine Fishing Grounds
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Large wind farms exert a significant disturbance on the wind speed in the vicinity of the
installation and in this study we outline the oceanic response to the wind wake from a large
wind farm placed in the ocean. We find that the size of the wind wake is an important factor for
the oceanic response to the wind farm. We show through simple analytical models and
idealized numerical experiments that a wind speed of 5-10 m/s may generate upwelling/
downwelling velocities exceeding 1 m/day if the characteristic width of the wind wake is of the
same size or larger than the internal radius of deformation. The generated upwelling is
sufficiently enough that the local ecosystem will most likely be strongly influenced by the
presence of a wind farm.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

It is predicted that large open-water wind farms will
become much more frequent in the decades to come (Archer
and Jacobson, 2003, 2005; Henderson et al., 2003; Kooijman
etal., 2003; Hasager et al., 2006). There are certain advantages
with oceanic wind farms, not least the higher wind speeds
and locations away from densely populated areas. On the
negative side are large costs of establishing and maintaining
wind farms out in the open water (Byrne and Houlsby, 2003),
wave forces on the structures, disturbance of ship traffic, and
environmental effects among others.

Although there are a number of plans and studies for large
wind farms in the open ocean the environmental conse-
quence are not well known and much of the literature is in a
so called gray form represented by reports, theses etc.
Presently, the environmental focus has mainly been on the
direct consequences of the solid structures of the wind farm
on the oceanic environment. The establishment of solid
structures will probably act as artificial reefs creating new
highly productive areas in the sea. Other possible environ-
mental consequences may be the impact of electric cables on
the fish migrations (Branover et al., 1971; Wiltschko and
Wiltschko, 1995), effects of sound generated by the power
plant on the fauna (Sand and Karlsen, 1986; Karlsen, 1992;

E-mail address: goran.brostrom@met.no.

0924-7963/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.jmarsys.2008.05.001

Knudsen et al., 1992; Karlsen et al., 2004; Hastings and
Popper, 2005), shadowing from the wind mills, and bird and
bat collisions with the wind mills (Tucker, 1996a,b; Garthe
and Hiippop, 2004; Wiggelinkhuizen et al., 2006). There is
probably also an influence of the wind farm on the local
climate (Baidya Roy and Pacala, 2004; Rooijmans, 2004) as
well as on the global climate if wind farms become abundant
(Keith et al., 2004).

In this study we outline how the presence of a large wind
farm, which changes the wind stress at the sea surface, affects
the upper ocean response to wind forcing. Using general
theoretical arguments we show that large wind farms may
have a direct, and strong, impact on the circulation pattern
around the installation. In particular, if the wind farm is large
enough variations in the wind will create upwelling and
downwelling patterns around the wind farm through diver-
gence in the Ekman transport. The main theoretical descrip-
tion is based on the so called reduced gravity model, which
describes the dynamics of a buoyant layer on top of a dense
stagnant layer. The theoretical framework follows standard
derivations used in the geophysical fluid dynamics (Gill, 1982;
Pedlosky, 1987) and the analysis shows that the oceanic
response is more sensitive to the curl of the wind stress than
to the wind stress itself. In the open ocean, the curl of the
wind stress is usually relatively small as the gradients in the
wind forcing are set by the scale of atmospheric low-pressure
systems, which are much larger than the corresponding
dynamical scales of the ocean. The presence of a wind farm
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will generate an unnaturally strong horizontal shear in the
wind stress, which creates a large curl of the wind stress that
causes a divergence/convergence in the upper ocean. We find
that the impact on the ocean currents will increase with the
size of the wind farm, and when the size is comparable with
the internal radius of deformation (or internal Rossby radius)
we expect to find a circulation, and an associated upwelling
pattern, to be excited by the wind farm. Using a simple
example we show that a wind speed of 5-10 m/s can induce
an upwelling exceeding 1/m day. It is well known that
upwelling can have significant impact on the local ecosystem
(e.g., Okkonen and Niebauer, 1995; Valiela, 1995; Botsford
et al, 2003; Dugdale et al, 2006). Thus, as upwelling of
nutrient rich deep water represent the main source of
nutrients during summer in most oceanic areas it is likely
that the upwelling induced by a wind farm will imply an
increased primary production, which may affect the local
ecosystem.

There are some notable similarities between the proposed
upwelling process and some natural upwelling systems
generated by divergence in the Ekman transport due to
wind curls at coastal boundaries (Dugdale et al., 2006; Fennel
and Lass 2007) or the marginal ice zone (MIZ) (Reed and
O'Brian, 1983; Okkonen and Niebauer, 1995; Fennel and
Johannessen, 1998). For the present scenario, the MIZ studies
are probably most relevant: Rged and O'Brian (1983)
estimated upwelling velocities of order 5 m/day for reason-
able wind speeds while Okkonen and Niebauer (1995)
invoked upwelling velocities of up to 8 m/day, which were
seen to fuel an extensive bloom in the MIZ.

In Section 2, the basic equations that describe the
structure of the oceanic response to wind forcing in the
vicinity of a wind farm are outlined. Some dynamical features
of these equations are described in Section 3, while Section 4
is devoted to discussion of the results.

2. Basic equations

In this section we will outline some simple equations that
describe a buoyant surface layer on top of a stagnant deep
layer; these equations are very similar to the equations
describing the barotropic flow and are generally referred to as
the reduced gravity model, or a 11/2 layer model. The model
is based on integration over the active upper layer and is thus
two-dimensional; vertical velocity is manifested as a vertical
movement of the pycnocline and is thus included implicitly. It
should be remembered that certain conditions must be
fulfilled for the reduced gravity model to be valid; the
reasonableness of these assumptions can be questioned for
the outlined scenarios. However, the reduced gravity model
highlights a number of processes that may be important in
the vicinity of large wind farms, and the primary aim of the
present study is to outline the basic response of the upper
ocean to a large wind farm, not to describe these processes in
detail.

2.1. Form and strength of wind drag
The form and strength of the perturbations in the wind

stress is the basic driving mechanism of this study. The wind
stresses used in this study are in the x-direction and the wind

farm creates a disturbance that is strongest in the y-direction.
We will consider two simple forms of the wind stress: 1) A
wind stress that is homogenous in the x-direction such that
analytical solutions can be found and 2) a wind wind-stress
pattern having a more realistic two-dimensional form. The
stresses are given by

_ 2
Ty = Txo—ATxe (/L) ,

Ty = Tyo-ATye /08L10207 gy (la,b)

(e"1™/Ix/L,0),

where T, is the wind stress outside the influence of the wind
farm, AT, reflect the change in the wind stress induced by the
wind farm, and L is the characteristic size of the wind farm.
For the more realistic scenario we assume that the wind
deficit is zero at the upwind end of the wind farm, reaches a
maximum at the end of the farm and declines downwind
from the farm with a characteristic length scale L. We also
assume that the width of the wind deficit increases in the
downwind direction, as expected from turbulent mixing and
meandering of the wake. The shapes of the proposed wind
stresses are shown in Fig. (1), and follow loosely results from
recent studies (Barthelmie et al., 2003; Corten and Brand,
2004; Corten et al., 2004; Hegberg et al., 2004; Christiansen
and Hasager, 2005; Hasager et al., 2006). However, it should

Fig. 1. The wind-stress deficit used in this study. a) Cross section of the one
one-dimensional case used for analytical studies and b) map of the more
realistic wind-stress deficit, where also the extent of the wind farm is
displayed by a black line.
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be noted that further investigations focusing on the wind
stress at the sea surface are required for more accurate
predictions, and specifications, of how a large wind farm
influence the wind stress at the sea surface.

2.2. Basic shallow water equations

Let us consider an ocean that rotates with the angular
speed f]2, where f is the Coriolis parameter, and having an
active upper layer with thickness h and density p-Ap
overlying an infinitely deep passive layer with density p.
The horizontal coordinates are x and y; the vertical coordinate
is z, which is zero at the sea surface and positive upwards. The
bottom of the active layer is located at z=-h(x,y) while the
free surface is located at z=0 according to the rigid lid
approximation (see Fig. 2).

The flow in the active upper layer can be described by
integrating the Navier-Stokes and continuity equations from
the bottom of the active layer to the surface, and by applying
the hydrostatic approximation. Neglecting the non-linear
terms for simplicity (although it should be recognized that
they are in general not negligible), the linear reduced gravity
equations in transport form become

ou ,, oh 1
r fV=-g hoa-‘rﬁﬂcs

Vv h 1
%t +fU = —g’h06—+—7'y, (2a—¢)

ah+ <6U+av> _0

ot ’

where U and V are the mass transports in x and y directions,
respectively, g'=gAp/p is the reduced gravity, hg is the initial
thickness of the upper layer and we will assume that ho=const,
Tw Ty=(Tx-T5,,-TE) are the stresses acting on the water
column where 73, 75, are the surface stresses and 7%, 75 are the
stresses at the bottom of the active layer (7%, 75 are assumed to
be zero in this study). An important assumption for the reduced
gravity model is that the bottom layer should be deep and
stagnant; furthermore, the amplitude in h must be small: These
assumptions may be questionable for wind farms placed in

Fig. 2. Schematic picture of the geometric settings used in this study.

relatively shallow water. As a final remark it may seem strange
that the gradient of the slope at the lower boundary appears to
induce a force in the upper layer; the force comes really from
the sloping surface and the slope in the lower layer only
removes the pressure gradient from the surface down into the
stagnant deep layer. However, the changes in the surface
elevation are small and can be neglected in the remaining
analysis, and this is the rigid lid approximation.

2.3. General equation for h

The response of the thickness of the upper layer to wind
forcing is the key feature in the reduced gravity model. If the
thickness of the upper layer is known, the velocities of the
system are easily calculated. After some manipulations of
Eq. (2) we find (Gill, 1982; Pedlosky, 1987)

~2
9 Ko—+f2>h—v - (ghoVh)| = —%curl(r)—%gv -T. (3)

ot t2

Eq. (3) is very general and describes an extensive set of
phenomena where the reduced gravity approximation is
valid. A normal problem in using this equation is to find
appropriate boundary conditions (Gill, 1982; Pedlosky, 1987);
for the reduced gravity model we will simply assume that
h=hg at the boundaries or that it is bounded at infinity.

In the following analysis we will neglect fast transients such
that the second order time derivative in Eq. (3) can be neglected
(i.e., we neglect internal gravity waves, the geostrophic
adjustment process and all processes for small time t<f).
Furthermore we assume that the wind forcing is constant and
neglect the last term. It is convenient to use non-dimensional
variables and we thus introduce the scales t=t'f"!, (xy)=(x"y")L,
and h=h'At[fpL: We have (dropping the primes on the non-
dimensional variables)

% (h-a®>V?h) = ~curl <%> , (4)

where a = /g’hg/fL is a non-dimensional number (here
considered as constant) identified as the internal radius of
deformation, or the internal Rossby radius, divided by the
size of the wind farm. Eq. (4) is easily integrated in time
such that

(h=ho)-a*V? (h~ho) = —tcurl(%), )

where hg is the initial non-dimensional depth of the
pycnocline. For the one-dimensional case there exists an
analytical solution whereas we solve this equation numeri-
cally for two dimensions. The important lesson to be learnt
from Eq. (5) is that the depth of the pycnocline changes
linearly in time, i.e., (h—ho)/t has a self-similar solution, and
that the rate depends linearly on the strength of the wind-
stress curl.

3. Some dynamical features of the equations
3.1. Analytical time-dependent solution for zonal wind forcing

In this section we aim at finding some analytical results. To
highlight the ocean response to wind forcing we consider a
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wind distribution in the form of a Gaussian, as outlined by
Eq. (1a). From Eq. (5) we find that

(h=ho)=a* 2= (h=ho) = ~t ———==. (6)
To obtain the full structure of the solution it is necessary to
also solve an inhomogeneous Helmholtz equation. Assuming
that the wind stress has a Gaussian distribution (Eq. (1a)), and

by requiring that the solution is bounded at infinity we find
the following solution

et VT —[— - 1
h(t,y)=ho 7t@e 2 | e <1 erfc <E+2y>>

-t (1— erfc (élla + Zy) )]

where erfc is the error function. The disturbance of the upper
layer thickness thus increases linearly with time and is
proportional to the magnitude of the wake. Due to the
dynamics of the geostrophic adjustment process the signal
has a form that depends on the non-dimensional parameter a
(Fig. 3) (again a is a measure of how large the internal

Fig. 3. a) The form of the disturbance in thickness of the upper layer and b)
the geostrophic velocity for various number of the a® parameter (here the
wind forcing is given by ,=e” ),

Fig. 4. The spatial structure of the disturbance in thickness of the upper layer
for a?=1 and t=1. Gray lines represent the wake in the wind forcing.

deformation radius is compared to the size of the wind farm).
If the variation in wind has a length scale that is much larger
than the internal deformation radius the form of the
disturbance is fully governed by the form of the wind curl
(as seen by setting a=0 in Eq. (6)). However, if the structure of
the wind field is of the same, or smaller, dimension than the
internal deformation radius the ocean responds by distribut-
ing the signal over an area with a characteristic width
corresponding to the internal deformation radius. It should
also be noted that the amplitude of the signal becomes
smaller for large values of a.

3.2. More general time-dependent numerical solution

In two dimensions it is more difficult to find analytical
solutions and we rely on numerical solutions using the self
adapting finite element technique implemented in FEMLAB®
package, the relative tolerance was set to 107® and two
refinements of the grid were made (the self adaptation
implies that the resolution will depend on the parameter a?).
It should be remembered that the linear solution predicts that
the shape of the response is self-similar and will not change in

Fig. 5. Section of the disturbance in thickness of the upper layer at the
downwind end of the wind farm.
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Fig. 6. The maximum amplitude of the disturbance in thickness of the upper
layer as a function of a2.

time and we evaluate the solution at t=1 (Fig. 4). From Fig. (5)
we see that the pycnocline will rise on the southern side of
the wind farm and will be depressed on the northern side. The
ocean response follows the wind pattern to a large degree,
although the signal covers a slightly larger area than the wind
wake as expected from the geostrophic adjustment process.
The spatial response depends critically on the deformation
radius, and cross sections of the pycnocline position at x=1 (at
the downwind end of the wind farm) are displayed in Fig. (5);

for a®=1 the amplitude is about 25% of the amplitude for
small a®. Apparently, the geostrophic adjustment process
mixes the positive and negative response appearing on each
side of the wind wake such that the magnitude of the
response becomes weaker. It is a notable feature that the
response for increasing value of a> becomes wider as well. A
key parameter for the environmental influence is the strength
of the upwelling and the maximum value of the pycnocline
height as a function of a? is shown in Fig. (6). Again we see
that the amplitude of the response decreases rapidly with a?,
showing that a key parameter for the ocean response is the
physical size of the wind wake.

Inserting f=1.2-107% 571, ho=10 m, Ap=2 kg/m>, we find
that the internal radius of deformation is 3.7 km and using
L=5 km we find a®~0.54, which implies that there should be
an important signal from a 5 km wide wind farm on the
upwelling pattern. The upwelling velocity can be estimated
from the horizontal shear in the wind wind-stress times the
spatial distribution/influence of the response as outlined in
Figs. (5) and (6), and we thus expect the maximum upwelling
velocity to be roughly A7,/(pfL)-0.3~1 m/day for the case with
AT,=0.025 N/m?, and a?~0.54. It should be noted that this
only gives a very rough estimate of the upwelling velocity.
When the disturbances grow larger it is expected that non-
linear terms, lower-layer motions, and bottom friction
become important. Anyway, the predicted upwelling velocity

Fig. 7. The spatial structure of the disturbance in the mixed layer depth after 1 day (left panels) and 5 days (right panels) for wind forcing T4=0.05 N/m?,

AT,=0.025 N/m? (upper panels), and T, =0.1 N/m?, A7,=0.05 N/m?, (lower panels).
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would provide a very strong forcing on the ecosystem in the
vicinity of the wind farm during typical summer situations.

3.3. Results from a general circulation model

We end this section by showing results from some simple
experiments carried out with the MITgcm general circulation
model (Marshall et al., 1997a,b), which provides a non-linear as
well as a full three-dimensional solution; we use the model in
its hydrostatic mode although it has non-hydrostatic capability.
To describe mixing in the upper ocean we apply the KPP
turbulence mixing scheme (Large et al., 1994). We here assume
that L=5 km and that the ocean is 20 m deep, and we apply no
slip condition at the bottom (notably the KPP model will
calculate the velocity at the first grid point according to a
quadratic law). The temperature is 10 °C below -10 m and is
20 °C above -10 m, and we use a linear equation of state such
that p=po(1-aT), where po=1000 kg m~> and a=2-10"% K.
f=1.2-10"* is taken as constant. The horizontal resolution is
200 m and the domain stretches from x=-5L to 15L and from
y=-10L to 10L, and we apply periodic boundary conditions. In
the vertical we use 0.5 m resolution. The wind is applied
instantaneously to an ocean at rest.

To visualize the ocean response to the wind forcing we
define the following quantity

AHpy = ho- J%(T-Tg)dz, ®)

1
Ty-Tp
where hy=10 m is the initial position of the thermocline, (Ty,
Tg)=(20,10) °C is the initial temperature of the upper and
lower layers, respectively. The right-hand side of Eq. (6) will
essentially measure the depth of the 10 °C isotherm, and
subtracting this from the initial position of the 10 °C isotherm
AH;y will measure the amount of upwelling at a certain
location.

The distributions of AH,, after 1 resp. 5 days and a wind
stress corresponding roughly to a wind speed 5 and 7.5 m/s
(using a drag coefficient of 1.5-1073) are displayed in Fig. (7).
The initial magnitude of the upwelling/downwelling is on the
order of 0.8 m/day for the weak wind case, and is about 1.5 m/
day for the strong wind case (Fig. 7a, c¢) in rough agreement
with the theoretical estimates presented in Section 3.2 (i.e.,
1 m/day and 2 m/day, respectively). However, after some time,
say 2-3 days, the response becomes weaker, this weakening
being most evident in the strong wind-forcing case. Most
likely, non-linear effects become important as the amplitude
of the disturbance grows. (The Rossby number (U/Lf) that
measures the importance of non-linear terms relative to the
Coriolis force is of order unity for U=0.6 m/s, furthermore the
movements of the pycnocline are not negligible; we thus
expect that the non-linear terms are important, but they do
not dominate the system). Internal friction may be important
but due to weak velocities in the lower layer we do not expect
bottom friction to be important. Furthermore, it is clear from
the numerical experiments that the shape of the disturbance
changes and become wider with time.

Another striking property of the numerical model solution
is that the response tends to become asymmetric with time,
which is not predicted by the linear model. Notably, the
depression of the pycnocline is wider and by smaller
amplitude than the response in the upwelling sector. A

possible explanation is that the upwelling leads to a cyclonic
circulation while the downwelling generates an anti-cyclonic
circulation. It is known in geophysical fluid dynamics that
there are certain differences between cyclonic and anti-
cyclonic eddies. However, an analysis of the dipole structure
seen in these experiments is beyond the scope of the present
study.

4. Results and discussion

The demand for electric power has stimulated many plans
for constructing large off-shore wind-power plants. However,
there have only been a few studies on the environmental
impact of these wind farms on the oceanic environment; most
available studies describe the direct effects of the wind mill
constructions, noise and shadowing from the installations,
and the possible influence of electric cables on the marine life.
In this study we outline a possible environmental influence of
the wind farms that, to our knowledge, has not previously
been described in any detail in the scientific literature. More
specifically, the wind farms may influence the wind pattern
and hence force an upper ocean divergence. This will in turn
influence the upwelling pattern, thereby changing, for
instance, the temperature structure and availability of
nutrients in the vicinity of the wind farm.

The basic oceanic response depends on the reduction in
the wind stress at the sea surface, both in magnitude and the
size of the affected area. From a literature review it appears
that these quantities have not yet been studied in sufficiently
detail to provide a reliable description of these features. Most
studies of wind-farm influence on the wind focuses on the
wind structure within the farm and how it will affect the
efficiency of the wind farm. However, the far-reaching wind
deficit and the wind stress at the sea surface have not been
subjected to in substantial investigations. Thus, it is probably
necessary with complementing studies of these issues before
accurate estimates of the influence on the upper ocean
physics can be established. Here, it should also be underlined
that the size of the wind farm is a very important factor and
that the oceanic response rapidly becomes much stronger
when the size of the wind farm becomes larger than the
internal radius of deformation.

Examples of how divergence of the wind causes upwelling
in the ocean are when winds blow along a coast, over an
island, or along the MIZ (Gill, 1982; Rged and O'Brian, 1983;
Okkonen and Niebauer, 1995; Valiela, 1995; Botsford et al.,
2003; Dugdale et al., 2006). With a wind-driven transport
directed out from the coast the water that is transported out
from the coast will be replaced by water from deeper layers
through upwelling. These types of systems and the ecosystem
response to the upwelling of nutrient rich, but also plankton
poor, deep water have been studied extensively (Valiela, 1995;
Botsford et al., 2003; Dugdale et al., 2006). However, there is
an important difference between the upwelling forced along a
coast and the type of upwelling that may be forced by large
wind farms. In the coastal upwelling case, the presence of
land implies that the ecosystem properties cannot be
supplied from upstream condition; the wind-farm induced
upwelling on the other hand, has an important upstream
import of water that carries the properties of the ecosystem.
The situation along the MIZ is probably more relevant but has
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not been studied to the same degree; one difference here is
that the position of MIZ change with time and reacts to the
wind forcing while a wind farm has a fixed position.

We have not outlined the barotropic response in this
study; this response is somewhat different but needs to be
addressed. To the lowest order approximation the geostrophic
balance inhabits vertical movements and the flow follows
depth contours, or more specifically closed f/H contours. The
basic steady state balance is characterized by a state where
the net divergence over a closed f/[H contour due to wind
forcing is balanced by the net divergence induced by the
Ekman layer at the bottom (Walin, 1972; Dewar, 1998; Ngst
and Isachsen, 2003). It should be noted that the divergence of
the wind field is generally small given the large size of
atmospheric low-pressure systems. Accordingly, the wind
tends to generate relatively weak barotropic signals around
depth contours having small horizontal scales (say 100 km).
The presence of a wind farm may create a substantial
divergence of the wind field in the immediate vicinity of the
wind farm. If the farm is placed close to a sloping bottom it is
thus possible that the wind farm may provide a substantial
additional forcing of the barotropic-current system in an
ocean area. However, more studies using realistic systems are
needed before it is possible to judge the strength of this
forcing mechanism. Furthermore, if a substantial part of an
enclosed or semi-enclosed ocean area is subject to wind farms
there may be a measurable affect on the major basin-scale
circulation and the associated pathways of nutrients.
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from Ggran Brostrem <goranb@met.no>

to Ron Huber <coastwatch@gmail.com>

date Thu, Aug 19, 2010 at 8:38 AM

subject Re: Ocean windfarm - hydrology and climate question.
hide details 8:38 AM (3 hours ago)

Hi Ron

Thanks for your letter. | am not sure | have a clear answer to you. | think that
further studies are needed for more realistic situations. However, | have not
been able to work any more on this subject altough | am still interested in what
a large wind farm may impact the ocean currents.

| do think large wind farms can potentially have a relatively large impact on the
local oceanographic conditions. | say potentially because it has not yet been
proven yet. Thing that should be investigated may be:

1. Will the wind farms increase the upwelling in the area? If so, how will the
nutrient levels and primary production be affected by the increased nutrient
levels? Will the risks for toxic algae blooms increase?

2. Will the induced changes in wind stresses (or more specifically, the large
increase in wind stress curl) give rise to a changing current system in the
area? Will this affect local transport mechanism for e.g., plankton, larvae and
sediment. Will the new current pattern influence wave climate in nearby areas
and the nearby coast. What is the extent of the induced current system (if
barotropic motions are excited there is a possible remote affect from the wind
farms).

3. It should be noted that different wind farms may act in concert such that you
cannot envestigate the impact of each wind farm seperately, it could be that
the most important ascpect is the total area covered by wind farms.

For our question concerning Lobster larvaes | think that the transport of these
may change. However, without really knowing | would say that the wind farms
will not affect Lobster production in a negativ way. The possibility of increased
primary production will probably take out any negative impacts on larvae
transport but | really do not know.

My phone number to my office is (+47) 22963348. | work late monday to
wendsday so call me if you have any qustions. Unfortenately, | am not aware
of any other simiar studies.


mailto:goranb@met.no
mailto:coastwatch@gmail.com

Sincerely
Goran



Ocean Wind Energy Extraction and Climate

Following is an email from Ron Huber to Norwegian meteorologist Goran Brostrom inquiring
about the impact of ocean wind energy extraction and ocean climate, and Dr Brostrom's
emailed response.

from Ron Huber <coastwatch@gmail.com>

to Goran Brostrom <goran.brostrom@met.no>

date Tue, Jul 20, 2010 at 11:34 AM

subject Ocean windfarm - hydrology and climate question.

Goran Brostrom,
Norwegian Meteorological Institute,
Postboks 43 Blindern, N-0313 Oslo, Norway.

Dear Dr Brostrom,

My organization, Penobscot Bay Watch, is trying to understand the possible effect of ocean
windfarms on local and regional climate. The Gulf of Maine may soon join other coastal oceans
in hosting large scale ocean windfarms. We have read with great interest your 2008 paper:
"On the influence of large wind farms on the upper ocean circulation", and an English
translation of your commentary "Windmills at sea will affect the climate" of 2008.

Now we are seeking additional research examining the actual or potential effects ocean
windfarms can have on coastal currents.

As you may know the United States' Gulf of Maine region has committed to large scale ocean
wind farming. There are plans for deepwater floating wind turbines to be anchored 30 to 80
kilometers offshore of Maine, and shallow water farms set into the seafloor in shallower
regions. No ocean windmills of either kind have been built yet in the Gulf of Maine

Doctor Brostrom, what are the questions that we need to ask and seek answers for, when
considering what possible impacts should be examined during the review process for these
offshore windfarms?

For example, Penobscot Bay's lobster fishery is very productive, but it is very dependent on the
Eastern Maine Coastal Current transporting

lobster larvae to this bay at a precise season. Is it possible that the very large arrays of ocean
windmills proposed for the Gulf of Maine by both the United States and Canada could have
any accelerating or delaying effect, or thermal diverting effect upon such local ocean currents?



It is difficult to predict precise number of windturbines proposed, as the development is still in
planning. Because ocean windfarming is still in a planning stage for the Gulf of Maine region,
we would like to ensure that those windfarms that are emplaced here have as little impact on
the Gulf of Maine's hydrology and meteorology as possible. Any information you can share that
we can bring to the considerations would be most gratefully appreciated. If there are other
researchers studying the effect of ocean windfarming on the regional environment that you can
recommend, that too would be welcomes..

Sincerely

Ron Huber

Penobscot Bay Watch

POB 1871. Rockland Maine 04841
e: coastwatch@gmail.com

tel: 207-691-7485

web: www.penbay.org

2. Ggran Brostrgm replies to Ron Huber

from  Ggran Brostrgm <goranb@met.no>

to Ron Huber <coastwatch@gmail.com>

date  Thu, Aug 19, 2010 at 8:38 AM

subject Re: Ocean windfarm - hydrology and climate question.

Hi Ron

Thanks for your letter. | am not sure | have a clear answer to you. | think that further studies are
needed for more realistic situations. However, | have not been able to work any more on this
subject although | am still interested in what a large wind farm may impact the ocean currents.

| do think large wind farms can potentially have a relatively large impact on the local
oceanographic conditions. | say potentially because it has not yet been proven yet. Thing that
should be investigated may be:

1. Will the wind farms increase the upwelling in the area? If so, how will the nutrient levels and
primary production be affected by the increased nutrient levels? Will the risks for toxic algae
blooms increase?

2. Will the induced changes in wind stresses (or more specifically, the large increase in wind
stress curl) give rise to a changing current system in the area? Will this affect local transport
mechanism for e.g., plankton, larvae and sediment. Will the new current pattern influence
wave climate in nearby areas and the nearby coast. What is the extent of the induced current



system (if barotropic motions are excited there is a possible remote affect from the wind
farms).

3. It should be noted that different wind farms may act in concert such that you cannot
investigate the impact of each wind farm seperately, it could be that the most important
aspect is the total area covered by wind farms.

For our question concerning Lobster larvaes | think that the transport of these may change.
However, without really knowing | would say that the wind farms will not affect Lobster
production in a negativ way. The possibility of increased primary production will probably take
out any negative impacts on larvae transport but | really do not know.

My phone number to my office is (+47) 22963348. | work late monday to wendsday so call me if
you have any qustions. Unfortenately, | am not aware of any other simiar studies.

Sincerely
Goran
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