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The “carbon emission gap”The “carbon emission gap”
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• Greater efficiency
• Renewable energy*
• Coal with CCS
• Nuclear
• Forest managem
• Agric soil managem



U.S. wind resourcesU.S. wind resources

1. North Dakota (138 GW)
2. Texas (136 GW)
3. Kansas (122 GW)
4. South Dakota (117 GW)
5. Montana (116 GW)
--------------------------------
15. New York (7 GW)
22. Pennsylvania (5 GW)
28. Virginia (1.4 GW)
32. W Virginia (0.59 GW)
37. Maryland (0.34 GW )



Installed Capacity 1999-2008Installed Capacity 1999-2008



Wind Energy Potential – a tale of two 
states
Wind Energy Potential – a tale of two 
states

Installed wind capacity (AWEA data):
– PA = 361 MW + 234 MW under construction (all onshore)
– MD = 0

~12 GW

~50 GW

Current 
Generation 

Capacity
(all sources)

10 GW

7.5 GW

Total

9.7 GW

2.5 GW

Offshore*

~85%0.34 GWMD

~15%5 GWPA

Wind 
potential 
as % of 
current 
capacity

Onshore 
(AWEA 
data)

*offshore values estimated using NREL offshore wind resource data and assuming 
1 km spacing w/ 3 MW turbines at 50% capacity factor

“Renewable/Alternative Energy Portfolio Standards”: 
PA 18% by 2020, MD 20% by 2022



Appalachian wind energyAppalachian wind energy
Benefits
– Mature technology and inexpensive compared to other 

renewable sources 
– No air pollution or CO2 emissions

Drawbacks
– Wind is intermittent (turbines generate ~10-35% of 

rated capacity depending on season)
– Land intensive (~2000 turbines = 1 conventional 1000-

MW power plant)
– Potential for adverse environmental impacts:

Collisions – primarily bats & birds
Interior forest habitat loss or degradation
Possible impacts on headwater streams
Aesthetics/noise/viewshed issues



Modern wind turbinesModern wind turbines



Modern wind turbinesModern wind turbines

Dimensions of GE 1.5-MW turbines:
– Blade length 35 m (115 ft), tip speed = 75 mps @ 20 rpm 
– Total height 100-115 m (330-380 ft)
– Rotor swept area ~1 acre

Dimensions of Gamesa 2-MW turbines:
– Blade length 44 m (145 ft), tip speed = 92 mps @ 20 rpm
– Total height 122 m (400 ft)
– Rotor swept area ~1.5 acre

Mountaineer Site, WV 



Wind turbine power equationWind turbine power equation
32 SpeedWindLengthBladeCPower a ⋅⋅⋅⋅= πρ

Power is sensitive to blade length
2X longer blade gives 4X more wind power

Power is highly sensitivity to wind speed – thus 
highest elevation regions targeted for devel

2X more wind speed 
gives 8X more wind power!

Rated capacity of 
turbine (e.g. 1.5-MW) is at 
peak conditions, typically 
~25-30 mph wind from www.awea.org
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Central Appalachian areas targeted 
for wind energy
Central Appalachian areas targeted 
for wind energy

From USFWS Assessing Bird and Bat Migration over Appalachian Ridges



B. Hayes

Hawk Mountain on the Kittatinny Ridge



There are many ridges that 
raptors can use during migration 



Altitude of raptor migrationAltitude of raptor migration
Raptors using ridge updrafts (slope soaring) for migration 
are often below 400 ft  - typical new generation turbine 
height (pers. obs.; Kerlinger, 1989; Farmer et al, 2006)

When thermals are strong, flight is typically much higher
than 400 ft & flight patterns are not closely tied to 
topography (pers. obs.; Hopkins, 1979; Kerlinger, 1989)



Raptor monitoring at Appalachian wind 
energy sites
Raptor monitoring at Appalachian wind 
energy sites

Few raptor fatalities reported; however, post-
construction studies (carcass counts) have so far 
been at low-risk sites (i.e. few raptors)
– Turbines now being proposed and built on known migration 

“flyways” (e.g. Allegheny Front in WV, MD, and PA)
Typically unpublished studies, little if any peer-
review process
A lack of quality data and scientific study 
throughout Appalachians, esp post-construction 
monitoring to understand flight behavior near 
turbines



Bottom line from all available studies:Bottom line from all available studies:

High collision rates are correlated with high 
rates of raptor use, esp foraging
– Some Appalachian ridges have high seasonal 

concentrations of raptors, thus there is potential
for problems…

– But, collisions likely to be episodic, related to 
specific weather conditions, poor visibility, etc



Indirect impacts also …Indirect impacts also …
Sub-lethal effects v difficult to determine
– Will avoidance of 1000s of turbines along ridge-

tops lead to raptors abandoning preferred 
migration routes, thus expending 2-4X more 
energy during migration??

Loss of forested ridge-top habitat

Meyersdale, PA Site

Aerial view



What do unbiased sources have to say 
about all this?
What do unbiased sources have to say 
about all this?

“concerns may be well-founded because significant 
development is proposed in areas that contain large numbers 
of species or are believed to be migratory flyways.”
“only a few studies exist concerning ways in which to reduce 
wildlife fatalities at wind power facilities”

- USGAO Report to Congress Wind Power Impacts on Wildlife, 2005

“in light of the lack of follow-up studies of environmental 
impacts of these facilities, more careful tracking of bird and 
bat populations, behavior, migration corridors, and other 
factors that may affect their risk of collisions with turbines 
is warranted, esp for threatened or endangered species”

- National Research Council Report to Congress Environmental Impacts of 
Wind Energy Projects, 2007



The windows & cats smokescreenThe windows & cats smokescreen

Plate glass windows and domestic cats are among 
the leading causes of songbird mortality
– Glass:  est 100 million to 1 billion birds per year, primarily 

songbirds (both neotropical migrants and residents)
– Domestic Cats:  est over 500 million birds per year, 

primarily songbirds, particularly species that nest and 
forage on the ground

Wind turbines are clearly not going to kill nearly as 
many birds… BUT:
– Number of eagles killed by wind turbines? 100s/year
– Number of eagles killed by window glass?   0
– Number of eagles killed by domestic cats?  See next slide



Sylvester the bird-killer meets his 
match
Sylvester the bird-killer meets his 
match

here Kitty, Kitty



Careful Siting is Key - Two 
Worst-Case Scenarios



Altamont Pass, CAAltamont Pass, CA
One of first sites in U.S., ~5000 turbines - varying designs
High densities of resident, migrant, and esp wintering raptors 
due to large prey base



Altamont PassAltamont Pass



Altamont Pass Altamont Pass 

Raptor fatalities highest near sloping ground and at ends of 
turbine clusters; hover-hunting a high risk behavior
Due to multiple lawsuits in the mid 2000s, ~200 turbines 
removed, half the turbines shut down from Nov to Feb each 
year, gradual replacement of older turbines with newer 
designs – so far results not very encouraging (Altamont Pass 
Avian Monitoring Team, 2008)

(from Developing Methods to Reduce Bird Mortality in the Altamont Pass Wind Resource Area).

Current estimates are that 
1000-2000 raptors killed 
annually, including burrowing 
owls, kestrels, red-tails, barn 
owls, and golden eagles 
(Smallwood & Thelander, 2008)



Smøla, NorwaySmøla, Norway
68-turbine wind farm built 2001-05 
within Important Bird Area along 
North Sea coast
15 White-Tailed Eagles killed in 
collisions with turbines in 3 years 
More than half of the eagle nest sites 
have now been abandoned

T. Katzner



But many wind energy sites pose 
minimal risk to raptors
But many wind energy sites pose 
minimal risk to raptors

Flat to gently rolling open land without 
raptor concentrations
– Maple Ridge Site, Tug Hill Plateau NY
– Garrett Site, Somerset Co PA
– Turnpike Site, Somerset Co PA

Garrett Site, PA Maple Ridge Site, NY 
from www.mapleridgewind.com



Golden Eagle is likely the raptor species 
at highest risk from wind energy 
development in the Appalachians

R. Flament



Eastern Golden EaglesEastern Golden Eagles
Small isolated eastern U.S. population breeds in Quebec, 
winters primarily in central/southern Appalachians
– Long-lived, slowly reproducing, a few thousand total

The highest known concentrations in the east are during 
migration through PA and NY in early spring and late fall 
when thermal lift is relatively weak – extensive use of 
ridge updrafts
Large fraction (> 50%) of breeding-age adults follow 
narrow migration corridor along southwestern ridges of 
PA – also MD/WV?



US WindForce Dan’s Mountain 
Project
US WindForce Dan’s Mountain 
Project



Avian Risk Assessment reportAvian Risk Assessment report

Raptor monitoring focused on Bald Eagles 
migrating Oct - Dec as per USFWS 
recommendation (letter dated Oct 22, 2004)
Subcontractor picked 20 days with “good 
visibility” Oct 16 - Dec 20, 2007:
– 339 raptors, mostly vultures, 4 bald eagles, 4 golden 

eagles
“Based on the low migration traffic rates of 
raptors reported, including Bald and Golden 
Eagles, risk is likely to be minimal” (Curry & 
Kerlinger, 2008)



Dan’s RockDan’s Rock

– Long known as a good site for viewing migrating raptors, 
primarily broad-winged hawks (Robbins, 1950; 
Heintzelman, 1979; Titus & Mosher, 1982)



Spring Golden Eagle migrationSpring Golden Eagle migration

Dan’s Rock, MD
(?)

Allegheny Front, PA
(75 – 125/yr)
(March peak)

Tussey Mtn, PA
(150 - 200+/yr)
(March peak)





Dan’s Mtn – spring eagle corridorDan’s Mtn – spring eagle corridor



Remote Tracking of Golden EaglesRemote Tracking of Golden Eagles



Satellite tracking data (Argos GPS)Satellite tracking data (Argos GPS)



New generation high resolution 
tracking data
New generation high resolution 
tracking data



Migration modeling based on energy 
minimization principles
Migration modeling based on energy 
minimization principles

Model results for SE wind 
and NNE axis of migration



SummarySummary
Wind energy is part of the solution to our fossil 
fuel carbon emission problem
– central Appalachians wind resource is small in comparison 

to (1) energy demand, and (2) wind resources of Great 
Plains and off Atlantic Coast

Due to lack of scientific study, risks posed by wind 
turbines to raptors migrating along narrow ridge-
tops is currently unknown – could be a significant 
threat for some rarer, long-lived species (e.g., 
Golden Eagles). Also a threat during wintering

Impacts will depend on site-specific conditions 
– Many sites can be developed with minimal risk to raptors, 

but other sites will likely result in problems



A Way ForwardA Way Forward

Science-informed decisions
Avoid known high risk locations (e.g. 
Kittatinny Ridge, edge of Allegheny Front). 
If not:
– Employ micro-siting (e.g. setbacks) away from 

high risk flight lines - requires detailed pre-
construction study

– Adopt flexible operation schedules – e.g., 
temporary shut-downs during conditions most 
conducive to migration over site or when 
wintering eagles are present at site



Research/Data NeedsResearch/Data Needs
1. Better monitoring data: multiyear pre- and post-

construction monitoring in cooperation with 
agencies and independent experts

2. Behavioral response of raptors to turbines 
A. How/when/why do collisions occur? (both during 
migration and wintering) 
B. Do raptors continue to move through turbine 
sites, or does avoidance shift flight patterns 
away?

3. Identify critical migration pathways and wintering 
areas to be avoided – many gaps in existing data



Questions?

For more info, see:
http://www.aviary.org/cons/pdf/WindEnergyRaptorsWhitePaper.pdf


