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The environmental impact assessment (EIA) has been a tool for decision makers since the enactment of the
National Environmental Policy Act (NEPA). Since that time, few analyses have been performed to verify the
quality of information and content within EIAs. High quality information within assessments is vital in
order for decision makers, stake holders, and the public to understand the potential impact of proposed ac-
tions on the ecosystem and wildlife species. Low quality information has been a major cause for litigation
and economic loss. Since 1999, wind energy development has seen an exponential growth with unknown
levels of impact on wildlife species, in particular bird and bat species. The purpose of this article is to: (1) de-
velop, validate, and apply a quantitative index to review avian/bat assessment quality for wind energy EIAs;
and (2) assess the trends and status of avian/bat assessment quality in a sample of wind energy EIAs.
This research presents the development and testing of the Avian and Bat Assessment Quality Index (ABAQI), a
new approach to quantify information quality of ecological assessments within wind energy development
EIAs in relation to avian and bat species based on review areas and factors derived from 23 state wind/
wildlife siting guidance documents. The ABAQI was tested through a review of 49 publicly available EIA doc-
uments and validated by identifying high variation in avian and bat assessments quality for wind energy de-
velopments. Of all the reviewed EIAs, 66% failed to provide high levels of preconstruction avian and bat
survey information, compared to recommended factors from state guidelines. This suggests the need for
greater consistency from recommended guidelines by state, and mandatory compliance by EIA preparers to
avoid possible habitat and species loss, wind energy development shut down, and future lawsuits.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

The National Environmental Policy Act (NEPA) was enacted in 1973
to address the nation's environmental concerns related to development.
This landmark legislation sought to address the growing public discon-
tent regarding the environmental consequences of economic develop-
ment, and the failure of existing decision making tools (Petts, 1999).
The act established the Environmental Impact Assessment (EIA) pro-
cess, a generic term that refers to the decision tool that identifies and
evaluates the probable environmental consequences of proposed devel-
opment actions. Since its inception, EIA procedures have been formally
adopted by state and county agencies, lenders and funding agencies,
and over 100 nations (Petts, 1999; Wood, 1995).

From an applied science framework, an EIA is a process in which
scientific knowledge and expertise identifies the likely positive and/
or negative influence a potential project may have on the human en-
vironment through its construction or operation. Effectiveness of the
EIA depends on the identification and evaluation of baseline data to
predict the biological, social, and physical impacts of development
proposal prior to any environmental disturbance. Therefore, informa-
tion disseminated through an EIA provides vital knowledge for deci-
sion makers.

The utility of the EIA in informing decisions depend on the quality
of the science underlying the process. Limitations in the EIA process
may include missing information (about potentially significant im-
pacts); incomplete information (insufficiently studied relationships,
poor or incomplete science/investigations); biased information (pro-
duced from a limited perspective or based on too brief a time frame);
or untimely information (studies produced after a decision or
commitment) (Bartlett and Kurian, 1999). Therefore, the quality of
information presented is critical for the EIA process to be successful
in providing a full scope of potential impacts resulting from
development.
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1.1. Current standards and methods of evaluating EIAs

Critics assert that the majority of impact studies within EIAs are
poorly prepared (Haug et al., 1984). Many EIAs fail to solve a number
of problems such as accurately predicting the environmental impacts
of the proposed action or communicating information intelligibly to de-
cision makers and stakeholders (Elkin and Smith, 1988). This raises the
question, “what is an adequate EIA?”Hirji and Ortolano (1991) describe
the adequacy of an EIA depends on its completeness and the appropri-
ateness of the methods used in conducting the assessment. Given this
definition, a number of authors have proposed methodological ele-
ments that constitute an ideal EIA and introduce the concept of an envi-
ronmental assessment review process using qualitative factor
identification and scoring (King and Nelson, 1983; Lee et al., 1999;
Samarakoon and Rowan, 2008; Whitney and Maclaren, 1985). Gray
and Edward-Jones (1999) state that a good review procedure should
allow the reviewer to: (1) ascertain the completeness of the environ-
mental assessment; (2) assess the accuracy and validity of the informa-
tion presented; (3) rapidly become familiar with the project and
location, and be in a position to determine whether any part of the as-
sessment required further input; and 4) assess the significance of the
environmental effects of the proposed development.

Numerous studies evaluate EIAs using a variety of methodologies.
One of the most accepted and often cited is the Environmental State-
ment Review Package (ESRP) developed by Lee et al. (1999), which uti-
lizes hierarchically-based review categories (e.g. methodology of
assessment, timing of assessment) and a simple qualitative four-point
scale of A to D to assess quality for each category. Though this method
allows for variationswithin the literature for “good” data quality and al-
lows subjective scoring for the reviewer based on their experience, it is
limited in its ability to repeat similar outcomes from the analysis across
reviewer. Furthermore, the qualitative nature of the ESRP system pro-
duced different scores based on an individual's background under-
standing of the specific action's impact on an environment (Badr et al.,
2011). Sandham et al. (2008) notes this issue as a source of bias in the
review and also cites an evident limitationwith theweighting of review
criteria. In some cases, specific review factors have greater value to a de-
cision maker and stakeholder than others, but are equally weighted in
scoring to all other review factors. This discrepancy may rank an EIA
with a relatively high score in quality, yet it may fail tomeet key catego-
ries that are critical knowledge for understanding potential impacts of
the proposed action (Elkin and Smith, 1988; Riffat and Khan, 2006).
Therefore, a new review quantitative methodology is needed to better
consistently evaluate EIAs, to ensure that high quality information is
communicated (Badr et al., 2011; Peterson, 2009).

This study uses existing frameworks for EIA quality review and de-
velops a new quantitative scoring index to address the shortcomings
of the above mentioned method of a qualitative review analysis. In for-
mulation of a protocol, avian and bat assessments atwind energy devel-
opments were used as a case study to provide a specific direction for
assessment review. The short history of wind energy development
and uncertainty associated with wind energy development impacts on
birds and bats has resulted in a number of conflicts involving incom-
plete environmental assessment. Using this case study, a new index
based on a hierarchical review category structure was created and test-
ed to determine the viability for a quantitative quality analysis of EIAs.

1.2. Wind energy developments

Early experiences with wind energy developments highlight the
consequences of information quality and subsequent siting decisions
based on information found in EIAs. Over the last decade, observations
of mortality among avian and bat species populations prompted nu-
merous studies on the ecological impact of wind developments
(Arnett et al., 2008; Kunz et al., 2007). Orloff and Flannery (1992) ob-
served a significant number of golden eagle collision incidents in the

Altamont Pass wind farm that raised serious management concerns
due to the species' federal listing. Thelander et al. (2003) determined
that the Altamont Pass wind farm had the highest incidence of bird of
preymortality in North Americawith a recorded 24 golden eagles killed
annually. A follow-up report stated that even after improvements to re-
duce impacts, 65 golden eagles are still taken annually, demonstrating
the importance of the pre-site selection process and post-construction
monitoring of the EIA (Smallwood, 2010). Mortalities of birds and bats
attributed to wind farms have created controversy in the United States
aroundwind development. Since 2008, the growing number of lawsuits
includes Wyoming, West Virginia, New York, and California (Arnett et
al., 2008; Thompson, 2009). Numerouswind sitesmay face possible clo-
sure due to potential for avian and bat impacts. In 2009, a court case in
West Virginia halted the construction of a $300 million wind project
due to possible impacts on the endangered Indiana bat (AWI v. BRE,
2009). The court cited limited and incomplete information presented
in the environmental impact assessment as a critical factor deciding
this case. This setback demonstrated decision-making regarding wind
farms development was driven by limited information and low quality
of the EIA. In response to these challenges, several states, industry asso-
ciations, and the federal government have developed guidelines for
wildlife assessment and monitoring at potential wind developments.
However, no studies have demonstrated the effectiveness of these
guidelines to improve EIA quality and address shortcomings.

Ongoing agency implementation andmonitoring of mitigationmea-
sures are limited and in need of improvement (CEQ 1997, National
Environmental Policy Act, NEPA, 1970). Gray and Edward-Jones
(1999) state that there is little benefit in implementing a comprehen-
sive system of environmental assessment if no check is made on the va-
lidity and impartiality of the data presented to the decision maker. This
represents a failure in the EIA process given that the information dis-
seminated in these reports should reflect accurate, unbiased, and ap-
propriate data. Fairweather (1994) criticizes EIAs because many are
not peer reviewed or evaluated by knowledgeable scientists, and fail
to be evaluated for information quality before reachingdecisionmakers.
A means of evaluating EIAs for quality biological data is essential not
only to allow for better decisionmaking, but also in order to prevent fu-
ture law suits and avoid impacts on critical wildlife habitat.

This article reviews the development and application of an Avian
and Bat Assessment Quality Index (ABAQI), a novel methodology for
reviewing the comprehensiveness of quality of avian and bat assess-
ments in wind development EIAs. We define “quality”, in reference to
the measurable completeness of the environmental review and visible
application of the best available practices/science. For the remainder
of the article, the term “quality” will be used to be synonymous with
the term “quality of avian and bat assessments”. Although analysis of
EIA quality has been performed in numerous studies, none have used
an objective quantitative index. The ABAQI represents a quantitative
weighted scoring rubric built on critical factors derived and weighted
from literature and existing local/state guidelines. This methodological
research represents the first study to attempt to quantify wind EIA in-
formation quality and demonstrate a feedback mechanism in the EIA
process for adaptive improvement in the assessment and decisionmak-
ing process.

2. Methods

2.1. Developing a rubric of quality

Over the last ten years, 23 public voluntary state guidelines re-
garding wind energy developments have been published in the U.S.
that describe specific analysis that should be performed during the bi-
ological assessment process of an EIA. Although these state guidelines
are not mandatory, they provide wind energy developers with a
roadmap for the proper assessment of wildlife and determination of
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